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I. OVERVIEW

This review is an updating through December 1983 of
the Review of Particle Properties [Particle Data Group
(1982)],a compilation of experimental results on the prop-
erties of particles studied in elementary particle physics.
Thcsc properties include masses, widths oI lifetimes,
branching ratios, and other experimentally determined prop-
erties. %&ere feasible, we provide a suggested "best" value
of each parameter based on our own judgment, using the
best available data. A discussion of some of the procedures
that we apply, arid a brief review of the historical perform-
ance of averages of measurements, may be found belo~
(Section V Part D).

The results of this compilation are presented in two sec-
tions, the "Tables of Particle Properties'* and the "Data
Card Listings. " The Tables give our estimates of the prop-
erties of those states whose existence we consider well estab-
lished. Our opinion of whether or not a particle's existence

is well established can change as new data become available.
%'e attempt to be conservative, so particles whose existence
awaits con6rmation are not included, even if they may be
theoretically well understood. Reported states which have
been omitted from the Tables are indicated there by a short
arrow (~).

The Listings contain a complete record of our compiled
data on all states ~hose existence is either well established
or unconirmed, but do not include reported states of histor-
ical interest only. AH data used for the numerical estimates
in the Tables are listed here, with references and our com-
ments, if any. Those measurements considered recent
enough or important enough to mention, but which for
some reason were not used in the averaging, appear in
parentheses.

The Listings also contain short reviews, which we call
"mini-reviews, "about subjects of particular interest or data
which have particular problems. These are usually written
by the same experts who have assisted with the data compi-
lation itself.
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In the past, we have attempted to use the Listings as an
archive of all reported data on particles of interest. This is
no longer possible because the growth of information would
require a S to 19% per year expansion in this Review.
Therefore we refer interested readers to previous editions
[for example, Particle Data Group (1982)j for references to
data considered obsolete.

We categorize the particles into types, intended to
correspond rou~&&y to the different types of data snd prob-
lems encountered:

STABLE PARTICLES —All particles stable under the
strong interaction. This includes the truly stable par-
ticles as well as those which decay weakly or elec-
tromagnetically, including the q, D(1869), F, A, W,
Z, and so on.

MESONS —All meson resonances, including the f, x, and
T families.

BARYONS —All baryon resonances, including the
resonant N and b famihes, dibaryon candidates, and
so On.

This classi6cation scheme is used to organize the Tables
and the Listings.

We include a section of "Miscellaneous Tables, Figures,
and Formulae. " These are designed as a quick reference for
the practicing elementary particle physicist. They normally
presuppose some understanding of the subject matter, and
do not attempt to serve as a textbook. We welcome all
suggestions and comments regarding topics for inclusion or
deletion, any errors or confusing passages, etc.

A pocket-sized Particle Properties Data Booklet is avail-
able. This contains the complete Tables of Particle Prop-
erties and the Miscellaneous Section, but not the Listings.
For North and South America, Australia, and the Far East,
write to Technical Information Department, Lawrence
Berkeley Laboratory, Berkeley, CA 94720, USA. For all
other areas, write to CERN Scientific Information Service,
CH-1211 Geneva 23, Switzerland.

This year we are beginning a multiyear effort aimed at
mode~imtion and reorga»~ation. The 6rst fruits are visi-
ble immediately in the form of improved readability. We
also include, for the 6rst time, an Index at the back. The
Miscellaneous Section has been almost completely reorgan-
ized. Some new material has been added, and some of the
old material is now in different sections. A detailed descrip-
tion of the changes is given in Section III belo~.

II. AtJ r HORS AND INSUI.TAUNTS

The primary responsibilities of the authors are as fol-
lows:

(1) Stable particles: R. Frosch, T. Shimada, R.E. Shrock,
T.G. Trippe, W.P. Trower, and C.G. Wohl.

(2) Meson resonances: M. Aguilar-Benitez, J.J. Hernan-
dez, M.J. Losty, L. Montanet, F.C. Porter, M. Roos, N.A.
T5rnqvist, and Ch. Walck

(3) Baryon resonances: R.L. Crawford, G.P. Gopal, R.E.
Hendrick, G. Hi5hler, LD. Roper, and -C.G. Wohl.

(4) General, including Introductiott: All authors.
Of increasing importance to the production of this

Review is a world-wide network of consultants, experts in
particular topics. We wish to mention the following people
with thanks:

~ R.A. Amdt (Virginia Polytechnic Institute and State
University)

~ S. Aronson (BNL)
~ W.B. Atwood (SLAC)
~ C. Baltay (Columbia University)
~ A. Barbaro-Galtieri (LBL)
~ B. Barish (California Institute of Technology)
~ A.V. Barnes (LBL)
~ M.J. Berger (U.S. National Bureau of Standards)
~ D. Besset (Stanford University)
~ C. Bricman (CERN)
~ W. Carithers (LBL)
~ J. Carr (LBL)
~ M.S. Chanowitz (LBL)
~ J.M. Dorfan (SLAC)
~ J. Engler (DESY)
~ G. Feldman (SLAC)
~ V. Flaminio (University of Pisa)
~ F. Foster (University of Lancaster)
~ M.K. Gaillard (LBL)
~ G. Gida& (LBL)
~ F.J. Gilman (SLAC)
~ G. Goldhaber (LBL)
~ M. Goldhaber (BNL)
~ R. Hagstrom (ANL)
~ G. Hall (Imperial College, London)
~ I. Hinchliffe (LBL)
~ J.H. Hubbeii (U.S. National Bureau of Standards)
~ J.D. Jackson (LBL)
~ D.A. Jensen (University of Massachusetts at Amherst)
~ J. Learned (University of Hawaii)
~ G.M. Lewis (University of Glasgow)
~ M. Matsuda (University of Hiroshima)
~ T. Mizutani (Virginia Polytechnic Institute and State

University)
~ W.G. Moorhead (CERN)
~ D.R.O. Morrison (CERN)
~ B.Nefkens (University of Cahfornia at Los A.ngeles)
~ P. Ni:methy (LBL)
~ O.E. Overseth (University of Michigan)
~ S.I. Parker (University of Hawaii)
~ N. Rivoire (CERN)
~ D.N. Schramm (University of Chicago)
~ M. Shaevitz (Nevis Laboratory)
~ M. Suzuki (LBL)
~ B.N. Taylor (U.S. National Bureau of Standards)
~ J.A. Thompson (University of Pittsburgh)
~ G.H. Trilling (LBL)
~ R.D. Tripp (LBL)
~ Y.S. Tsai (SLAC)
~ L Wolfenstein (Carnegie-Mellon University)
~ G.B. Yodh (University of Maryland)

In addition, the Berkeley Particle Data Group has bene-
6ted from the advice of the PDG Advisory Committee,
which meets annually to discuss matters of i.mportance to
the group, including the structure snd content of this
Revie~. The members of the 1983 committee are G. Feld-
man (SLAC) (chair), C.M. Lederer (University of California,
Berkeley), J. Rosner (University of Chicago), R. Thun
(University of Michigan), and L. Wolfenstein (Carnegie-
Mellon University). In addition, G. Gidal (LBL) served in
1982.

The usefulness of this compilation depends in large part
on the interaction between the users and the authors and
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consultants. We appreciate comments, criticisms, and
suggestions for improvements of all stages of data retrieval,
evaluation, and presentation.

III. RKGRGANIZATION

This year we have reorganized the Introduction and Mis-
cellaneous Sections, added an Index (at the back), changed
the Appendices to reQect modern interest, and improved the
readability of most of the Review. This is the first stage of
our modernization of the Revie~ of Particle Properties sys-
tem. The input of our readership into this process is wel-
come and encouraged. Many of the planned future changes
will be internal, e.g. , in the data-handling programs, but we
do plan some additional improvements in the appearance
and layout of the Review.

The changes in the Introduction Section have been to
move the portions with physics discussion to other places.
The discussion on the quantum numbers of mesons is now
found (condensed) in the new Nonrelativistic Quark Model
discussion in the Miscellaneous Section. The discussion of
partial-wave amplitudes is partly in the Kinematics, Decays,
and Scattering portion of the Miscellaneous Section and
partly in some of the baryon mini-reviews, along with the
discussion of sign conventions for resonance couplings. The
conventions and parameters for weak and electromagnetic
decays are now in various mini-reviews in the Stable Parti-
cle Section„preceding the appropriate particles.

The changes to the Miscellaneous Section and the
Appendices are as follows. Sections which have been sub-
stantially revised or which are new appear in italics.
Physical Constants:

General reorganization and updating. Most of the
numerical constants have been removed to
improve readability.

Clebsch-Gordan CoefIicients, Spherical Harmonics, and
d Functions:

No change.
SU(3) Isoscalar Factors:

No change.
SU(n) Multiplicities:

Removed; see new SU(n) Multiplets and Young
Diagrams Section.

SU(n) Multiplets and Young Diagrams:
New.

Properties of Quarks:
Replaced by Nonrelativistic Quark Model Section.

Tests of Conservation Laws:
New.

Weak Interactions of Quarks and Leptons; Relativistic
Kinematics; Lorentz Invariant Phase Space Formulae:

Incorporated into the following five new sections:
Kinematics, Decays, and Scattering
Standard Model ofElectroweak Interactions
Cabibbo and Kobayashi-Maska~a Mixing
Quark Parton Model for Deep Inelastic Scattering
Nonrelativistic Quark Model
C.M. Energy and Momentum vs. Hearn Momentum:

No change.
Probability and Statistics:

Minor revisions.
Particle Detectors, Absorbers, and Ranges:

Revised. Silicon detectors added. Mean Range in

Pb, Cu, Al, C figure revised. Photon Mass
Attenuation figures slightly revised. Atomic and
Nuclear Properties of Materials revised.

Electromagnetic Relations:
Revised to include motion of charged particles in
magnetic and electric fields, conversion of units.

Radioacti vity and Radiation Protection:
Revised to include SI units, lethal dose, other
changes.

Periodic Table:
No change.

Plots of Cross Sections and Related Quantities:
Revised. New vN figure. Structure Functions
expanded. New e+e figures. K Regeneration
figure deleted. ~ n (=m p) deleted.

L

Appendices:
Old Appendices [b,i = I/2 Rule, SU(3) Classifica-
tion of Baryon Resonances, Growth of Informa-
tionI deleted. Portions of the Growth of Informa-
tion Appendix moved to Introduction, Section V
Part D.

Appendix I: Status of the Standard Model ofElectroweak
Interactions:

New.
Appendix II: The Perturbative QCD Coupling Constant:

New.
Appendix III: Kobayashi-Maska~a Mixing Matnx.

New.

IV. NGMKNCI. %TURK

Our particle name conventions are summarized in
Table I.

Stable particles tend to have a well-accepted colloquial
name, e.g. , e, r, it, ~, K„D,B, A, Z, etc. , and we use that
name. If a meson resonance has such a well-accepted name,
we use that. If not, or if there is conflict in the literature,
we follow the naming conventions of Table I. For baryon
resonances, the naming conventions of Table I are regularly
followed in the literature. All of the resonances incorporate
the mass value in the name, e.g., p(770), ~(783), N(1440),
A(1520), Z(1385), etc. This allows one to distinguish, e.g. ,
the charmed and bottomed mesons, D and B (stable under
strong decay), from the meson resonances D(1285) and
B(1235). It also distinguishes ail of the N, b„A,etc. , baryon
resonances from one another.

The meson resonance naming convention of Table I
incorporates some information as to the spin-parity Jp into
the name. For a few such states believed to have identical
quantum numbers, the colloquial names in the literature
may incorporate primes into the name, e.g., p(770),
p'(1600), $1270), f'(1525), etc. However, we discourage this
practice except for isosinglets within one SU(3) nonet. Thus
it'(958) and f'(1525) keep their primes, whereas p'(1600)
becomes p(1600) in analogy with the radial excitations of
the P(3100) and the T(9460). We have taken the liberty of
changing some colloquial meson names in accordance with
Table I, having been urged for years to standardize the jun-
gle of letters. The old names will still appear next to the
new ones, to facilitate this conversion. We have restricted
ourselves to relatively minor changes in this edition, but are
considering more radical possibilities for the future. For
example, it may be argued that, since the D(1285) and the

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



Particle Data Group: Review of particle properties

E(1420) have the same quantum numbers, they should get
the same letter in spite of historical considerations. For a
second example, there are several possible states whose
interpretation is unclear [e.g., c(1440), 8(1690), $(2220),
g&(1240), and g&(2240)). To the extent that some of these
may be ordinary qq mesons, their exotic names should
presumably be changed to more conventional ones. To the
extent that some may not be ordinary mesons, it is less
clear what naming convention, if any, should be adopted.
We hope the reader will understand the rationale for the

changes we have made and, in particular, not take any
name change as an offense.

For baryon resonances, the strangeness, charm, "bottom-
ness, "and isospin are incorporated into the name. The Jp
is listed separately along with the spectroscopic notation for
the partial-wave amplitude in which the particle is produced
or decays. Our convention for spectroscopic notation is as
follows:

2I 2J

for N, 6, and resonances, and

Name
Isospin Strangeness Bottom

6-Parity Charm

Mes ons,

("normal" J )
cv, p, p, Tf
e, f

P

D'
F'
B'

0
0

1

1/2
1/2
0

1/2

0
0
0
0

0
+1

0

0
0
0
0
0

+1
+1

0

0
0
0
0
0
0
0

~a

Mesons,
P ( 1)J+1
("abnormal" J )

g, D 0
m, A 1

H 0
8 1

K, Q 1/2
D 1/2
F 0
8 1/2

0
0
0
G

0

0

0
0
0
0
0

+1
+1

0

0
0
0
0
0
0
0

+1

Baryon s

N

0

~c
A

Z]

1/2
3/2
0, 1

0
1

1/2
0
0
1

I/2
0

0
0

+1
—1
—1
—2
—3

0
0

—1

0

0
0
0
0
0
0
0

+1
+1
+1

0

0
0
0
0
0
0
0
0
0
0

—1

We use the symbol co for IG = 0 mesons which are
mainly uu and dd quark states, g for those which are
mainly ss quark states, f for mainly cc states, and I for
mainly bb states.
~ We occasionally use the symbol N' to refer to the N and
6 resonances together, and Y to refer to the 4 and Z reso-
nances together.

Table I. Particle name conventions. These names are used
in the absence of a different generally accepted name in the
literature.

for A. and X resonances. Here the orbital angular momen-
tum L is represented by S P, D, F, . as L = 0, 1, 2, 3,

. For example, the J 7/2 A(2100) is 0 and the
p + 07

J - 5/2 h(1905) is F3&. Where more than one resonance
with the same quantum numbers exists, we add a prime to
the lowest mass state, two primes to the second lowest, etc.
Thus, for example, the J = 5/2+ states A(1820) and
A(2100) are listed as F&5 and F05, respectively.

Some discussion about quantum numbers is found under
the Nonrelativistic Quark Model in the Miscellaneous Sec-
tion.

V. PRGCKDURKS

A. Selecdon and treatment of Cata

The Listings contain a complete record of all relevant
data known to us from the journals listed in the Illustrative
Key at the start of the Listings. As a general rule, we do not
include results from preprints or conference reports. It is
our experience that preprinted results may change before
publication. In some cases, such results may be cited but
not used in computing the estimates given in the Tables.
There are a few exceptions to this exclusion, which we
decide on a case-by-case basis after consultation with the
experimenters.

As mentioned earlier, we no longer attempt to maintain
an archival record of data of historical importance only.
Thus, in this edition, results from many early papers on the
baryon resonances have been omitted.

If data are included in the Listings but not used in the
Gnal average given in the Tables, they are set off by
parentheses. We give explanatory comments in some such
cases. If no comment is given, the reason the data were
excluded is one or more of the following:

~ No error was given.
The data were contained in a preprint or conference
report.
The result involves some assumptions we do not
wish to incorporate.

o The measurement has poor signal-to-noise ratio, 1ow
statistical signi6cance, or is otherwise of much
poorer quality than other data which are available.
The measurement is clearly inconsistent with other
results which appear to be highly reliable (see discus-
sion in Section V Part D below).
The measurement is not independent of other
results, e.g., it is from one of several partial-wave
analyses, all of which use the same data, rendering
averaging meaningless.
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In some cases, none of the measurements pass all these
criteria and no statistically meaningful average is quoted.
For example, the masses of many of the baryon resonances,
obtained from partial-wave analyses, are quoted as a range
thought to probably include the true value rather than as an
average with error. This is discussed in more detail in some
of the Listings mini-reviews in the Baryon Section.

Our treatment of upper limits is normally to quote in
the Tables the strongest limit available from a single experi-
ment. We do not average or combine upper limits except in
a very few cases where they may be re-expressed as meas-
ured numbers with Gaussian errors.

Our treatment of quantum number assignments is to
indicate in the Tables those which are either well estab-
lished or probable. For the Meson Table, we underline
those which we consider well established; the others are
inferred from whatever experimental evidence is available.
In the Stable Particles Section, nearly all quantum numbers
are well established and we do not underline; those which
are not welk established are indicated by a footnote.

As is customary, we assume that antiparticles are the
result of operating with CPT on particles, so both share the
same spins, masses, and mean lives. There is a new entry
in the Miscellaneous Section, Tests of Conservation Laws,
which contains tests of CPT and other conservation laws.

B.Criteria for neve states

An experimentalist who sees indications of a new state
will of course want to know what has been seen in that
region in the past. Hence, we include in the Listings all
reported states which have not been, in our opinion,
disproved by better (e.g., more rehable) data.

For the Tables we are much more conservative in our
judgment. We include only those reported states which we
feel have a large chance of survival. An arrow (~) at the
left of the Tables of Particle Properties indicates that a ques-
tionable candidate has been omitted from the Table in that
mass region, but that it can be found in the corresponding
part of the Data Card Listings. One's betting odds for sur-
vival are of course subjective; therefore no precise criteria
can be de6ned. For more detailed discussions, see the
mini-reviews in the Listings. In what follows we shall
attempt to specify some guidelines.

(a) When energy-independent partial-wave analyses are
available (mostly for irN resonances), approximate Breit-
Wigner behavior of the amplitude appears to us to be the
most satisfactory test for a resonance. We can check that
the Argand plot follows roughly a left-hand circle, and that
the "speed" of the amplitude also shows a maximum near
the resonance energy; further, there should be data well
above the resonance, showing that the speed again
decreases. Indeed proper behavior of the partial-wave
amplitude could accredit a resonance even if its elasticity is
too small to make a noticeable peak in the cross section.

Gf course even if Argand plots are available, it may still
be a matter of opinion as to what behavior constitutes a
resonance. Such an example is the Z&(1780) state seen in
KN total cross-section experiments and in partial-wave
analyses. The partial-wave analyses of Giacomelli (1974)
and Martin (1975) find preferred solutions which exhibit a
resonance-like loop in the Po& wave near 1740 MeV. How-
ever, Giacomelli et al. and Martin point out that, despite
the resonant-like appearance of the loop, the evidence for

resonant energy dependence is inconclusive. Thus we omit
the Z0(1780) from the Baryon Table. A similar quandary
has existed for some time concerning the Zl(1900), and it
!oo has been omitted from the Tables.

(b) When there are insufficient data to perform energy-
independent analyses, one often resorts to energy-dependent
partial-wave analyses. In this case Breit-Wigner behavior is
an input. We therefore require that resonance solutions be
found by several different analyses, preferably in different
channels (KN ~ KN, n.Z, etc.), before putting the claim in
the Tables.

(c) Stable particles, most meson resonances, reso-
nances, and high-mass N» and Y» resonances fall into a
category for which no partial-wave analyses exist. In gen-
eral, we accept such states if they are experimentally reli-
able, of high statistical significance, or observed in several
different production processes.

(d) Partial-wave analyses of three-body final states (irN~ ~irN) are also available. While these analyses are based
on the isobar model (irN ~ pN, n.h, etc.) and are subject to
theoretical objections of varying importance, they provide
increasingly reliable information on inelastic decay modes
of otherwise-established resonances.

Thus, we enter into the Tables of Particle Properties
only states for which there is experimentally convincing evi-
dence, and we expect that nearly all of them will survive.

C. Statistical Procedures

We divide this discussion on obtaining averages and
errors into two sections:

1. The unconstrained case, or "simple averaging;" and
2. The constrained case.
In what follows, the term "error" means one standard

deviation (10); that is, for central value x and error bx, the
range x + 8x constitutes a 68.3% confidence interval.

1.Unconstrained averaging

We use a standard Gaussian procedure with a "scale fac-
tor" applied to the errors as our method of averaging the
data. The Student's t-distribution, the basis of an earlier
experiment of ours in data averaging, would give more con-
servative (and perhaps more realistic) errors at the two-
standard-deviation (20) and higher level, but we do not
choose to quote such errors. It is ~orth bearing in mind,
however, that a 2~ error might more realistically be some-
what larger than twice a 10 error, owing to the non-
Gaussian character of some sets of real measurements. This
is a persistent problem in data averaging arising from the
existence of mildly discrepant measurements.

We begin by assuming that measurements of a given
quantity obey a Gaussian distribution, and thus we calculate
a weighted average and error

—1/2
x ~bx = gwx;/gw; + gw,

w, = [1/(bx;) j,
where x; and Bx; are the value and error, respectively,
reported by the ith experiment, and the sums run over N
experiments. We also calculate x and compare it with its
expectation value of N —1.
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WEIGHTED AVERAGE = 2282. 0 + 3. 1

ERROR SCAl ED BY 1.8

LAMBDA/C+ MASS

2300
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. ABRAMS
G I BON I

CNOPS
-BALTAY
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I

2340

82 DBC
82 HBC
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81 SPEC
80 DBC
80 HYBR

80 EMUL

80 SMK2
79 SPEC
79 DBC
79 HLBC
76 SPEC
75 HBC

CH I SQ

0,. 6
0, 1

0. 2
0. 5
7. 1

0. 2
4. 0
5. 5
6. 3
4 9

29. 3
(CONLEV
=0. 001)

Fig. 1. Ideogram of measurements of the A.
+ mass. The vertical

line indicates the position of the weighted average, while the hor-
izontal bar atop the line gives the error in the average aAer scaling
by the SCALE factor. Only those experiments indicated by + error
flags were precise enough to be accepted in the calculation of the
SCALE factor; the column on the far right gives the x contribution
of each of these experiments. The less precise experiments were
included in the calculation of the weighted average, but not
SCALE; they have X error Rags.

If X2/(N —1) is less than or equal to 1, and there are no
known problems with the data, we accept the above results.

If X /(N —1) is very large, or if there is prior knowledge
of extremely large inconsistencies among experiments, we
may choose not to average the data at all. Alternatively, we
may quote the calculated average, but then give an educated
guess as to the error; such a guess is generally a quite con-
servative estimate designed to take into account known
problems with the data.

Finally, if x /(N —1) is greater than 1, but not greatly
so, we still average the data, but then also do the following:

(a) We plot an ideogram to display the pattern of the
data. Sometimes only one or two data points lie apart from
the main body; other times the data split into two or more
roughly equal-sized groups. The reader may use this infor-
mation in deciding upon an alternative average, but caution
is urged, as "outlying" data points are sometimes the
"correct" ones. An example of such an ideogram is given in
Fig. 1 below. Each experiment appearing in the plot is
represented by a Gaussian with central value x;, error Bx;,
and area proportional to I/bx;. The choice of area is some-
what arbitrary; it assumes that an experimenter will work to
reduce the systematic errors until they are slightly smaller
(but seldom much smaller) than the statistical errors. Thus,
as a physicist collects more events, he or she will use them
both to reduce the statistical errors and to study the biases.
Our confidence that a significant systematic error has not
been made in a given experiment, as compared with other
contradictory experiments, then tends to go up as 1/Bx; .

But why not assign a weight I/(bx;)2, as is done when
computing a weighted average? We feel that this assign-
ment is equivalent to assuming that large systematic errors
are as infrequent as large statistical fluctuations, and that
this assumption is unrealistic.

We emphasize the difference between least-squares
averaging (where the weighting factor is the inverse square
of the error) and the ideograms prepared for visual display.
The former arithmetic is of course best if one has unbiased

data whose errors are well understood. In particular, the
error analysis assumes that the true error on each datum is
sampled from a Gaussian whose width is correctly reported.
Then we obtain a narrow Gaussian distribution centered at
the weighted mean for the answer. The ideogram (often
multipeaked and certainly not Gaussian) is based on the
opposite hypothesis that some of the input is systematically
in error. The idea behind least-squares averaging is that
experiments 1, 2, 3, etc. , are all valid (so we should multi-
ply their probabilities). Our ideograms are based on the
assumption that 1 Or 2 or 3, etc., is valid, "hedged" with
I/Bx; betting odds; we then add their probabilities. Both
approaches cannot simultaneously be right; we allow the
reader to choose. However, we quote the least-squares
result in the Tables. This is the most precise value if the
data satisfy the appropriate assumptions. A glance at the
ideogram will show that the difference between the two
approaches is usually not severe.

(b) The second way in which we try to take account of
X /(N —1) being greater than 1 is to scale up our quoted
error bx in Eq. (1) by a factor

SCALE = [X /(N —I)] / (2)

Our reasoning is as follows. Since we do not know which of
the experiments are wrong, we assume that all experimental-
ists underestimated their errors by the same scale factor (2).
If we scale up all input errors by this factor, X becomes
X —1, and of course the output error scales up by the same
facto~.

If we are to combine experiments with widely varying
errors, we modify this procedure slightly. This is because it
is the more precise experiments that most influence not
only the average value x, but also the error Bx. Now, on
the average, the low-precision experiments each contribute
about unity to both the numerator and the denominator of
SCALE, hence the X contribution of the sensitive experi-
ments is diluted, i.e., reduced. Therefore, we evaluate
SCALE by using only experiments for which the errors are
not much greater than those of the more precise experi-
rnents, i.e., only those experiments with errors less than 80,
where the ceiling 80 is (arbitrarily) chosen to be

b = 3X'~2bx.0

Here Bx is the unscaled error of the mean of all the experi-
ments. Note that if each experiment had the same error
bw;, then Bx would be 8x; /Nl/2, so each individual experi-
ment would be well under the ceiling on SCALE.

This scaling approach has the property that if there are
two values with comparable errors separated by much more
than their stated errors (with or without a number of other
experiments of lower accuracy), the error on the mean value
Bx is increased so that it is approximately half the interval
between the two discrepant values.

We wish to emphasize the fact that our sealing pro-
cedures for errors in no way affect central values. In addi-
tion, if one wishes to recover the unscaled error Bx, one
need only divide the given error by the SCALE factor for
that error.

2. Constrained fits

Except for trivial cases, all branching ratios and rate
measurements are analyzed by making a simultaneous
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least-squares fit to all the data and extracting the partial
decay fractions P;, the width F, the partial widths I';, and
the associated error matrix.

Assume, for a simple example, that a state has only three
partial decay fractions, Pl, P2, and P3 (g P; = 1), which
have been measured in four different ratios, R1, . . . , R4,
~here, e.g. , R

1
- P l /P2, R

&
- P

1 /P3, etc. Further assume
that each ratio r has been measured by N„experiments (we
designate each experiment with a subscript x, e.g. , R

1 ).
%"e then fnd the b st values of P1, P2, and P3 by minimiz-
ing X:

r=1 +=1

R„—R„(Pl,P2,P3)
2

BR„

In addition to the fitted values P;, we calculate an error
matrix LbP bPJ ). W. e tabulate the diagonal elements of bP;
= &bP;bP;) (except that some errors are scaled as dis-/2

cussed below). In the Listings we give the complete error
matrix; we also calculate the fitted value of each ratio, for
comparison with the input data, and list it below the
relevant input, along with a simple unconstrained average of
the same input.

Two further comments on the example above:
(1) There was no connection between measurements of

the width and the branching ratios. But oAen we also have
information on partial widths F; as well as total width F.
In this case we must introduce I' as a parameter into the fit,
along with the relations F; - FP;, g I'; - F. When
appropriate, we tabulate the I'; along with the P;, and give
error matrices in the Listings.

(2) We do not allow for correlations between input data.
We do try to pick those ratios and widths which are as
independent and as close to the original data as possible.

For asymmetric errors, we use a continuous function of
b(P)+ and b(P) in the fitting. When no errors are
reported, we merely list the data for inspection.

Inconsistent constrained data. According to Eq. (3), the
double sum for x is first summed over experiments x = 1

to N„,leaving a single sum over ratios

x =gx„
We test for SCALE factors aAer the fit. Knowing the fitted

and its expectation value (x„),we form SCALE factors
Qust as before), i.e.,

g We can handle any R of the form R = g a; P; /g P; P;, where

a; and P; are constants, usually 1 or 0. The forms R = P; Pi
and R = (Pg.PJ )' 2 are also allowed

&SCALE), = x„/&x„),
and if any (SCALE)„is greater than 1, all N„ofthe meas-
urements of that particular ratio are equally penalized by
having their errors increased by (SCALE)„.We then recycle
the full 6t, yielding new values BP; for the errors in the par-
tial decay modes, as well as new central values P;.

Because of the constraint (g P; = 1), some of the new

SCALE factors may still be greater than l. If this is so, the
whole procedure (i.e., increasing errors by the new SCALE
factors and recycling through the fit) is repeated until the
process converges.

At the end, we have final estimated errors 6P; for the
P;. If SCALE factors have been used, they normally will
have caused a shift in the central fitted values P;, as well as
havinggiven larger errors bP; O.ften we find that the shift

~ P; P; ~

-due to the SCALE factors is the same size as (or
greater than) the bP;. We have decided to incorporate this
shiA into our errors as a reflection of the uncertainty due to
the introduction of the SCALE factor; we tabulate an error

(bP, )~h = [&bP,')2+(P, —P,')']'/2,

~here P; is the fitted value of the ith partial decay mode
before scaling, P; is its value after all scaling, and tjP; is the
error in P;. The SCALE factors we finally list in such cases
are defined by

(SCALE); = (bP;)~h/bP; .

However, in line with our policy of not letting SCALE affect
the central values, we quote the values of P; obtained from
the original (unscaled) fit [which are always less than or
equal to one standard deviation from P;, by construction of

D. Discussion

The entire question of averaging data containing
discrepant values is nicely discussed by Taylor (1982). He
considers a number of algorithms which attempt to incor-
porate data which are not completely consistent into a
meaningful average. Problems occur because it is very diffi-
cult to develop a procedure which handles simultaneously
in a reasonable way two basic types of situations: (a) data
which seem to lie apart from the main body of the data are
incorrect (contain unreported errors); and (b) the opposite
(the main body of the data is systematically wrong). Unfor-
tunately, as Taylor shows, case (b) is not infrequent. His
conclusion is that the choice of procedure is less significant
than the initial choice of data to include or exclude.

We place a great emphasis on the choice of data to
include or exclude. Unfortunately, the volume of data pre-
cludes spending as much time on the problem as we would
like. We address this problem by soliciting the help of as
many outside experts (consultants) as possible. In the final
analysis, however, it is often impossible to determine which
(if either) of two discrepant measurements is correct. Our
SCALE factor technique is an attempt to address this
ignorance by increasing the error above that suggested by
least-squares analysis. In effect, we are saying that present
experiments do not allow a precise determination of this
constant because of unresolvable discrepancies, and one
must await further measurements. The reader is warned of
this situation by the size of the SCALE factor; he or she is
then able to go back to the literature (via the Listings) and
redo the average as desired.

Our situation with regard to discrepant data is easier to
handle than most of the cases Taylor considers, such as esti-
mates of the fundamental constants like 5, etc. Most of the
errors in his case are dominated by systematic effects. In
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particle properties data, statistical effects are often at least
as large as systematic effects, and statistical errors are usu-
ally easier to estimate. A notable exception occurs in
partial-wave analyses, where different techniques applied to
the same data yield different results. In this case, as stated
earlier, we OAen do not attempt an average, but just quote a
range of values.

A brief history of Particle Data Group averages is given
in Rosenfeld (1975). Updated versions of some of
Rosenfeld's 6gures are shown in Fig. 2. The least-squares
error is shown by the thick portion of the error bars; the full
error bar exhibits the SCALE factor extension.

Some cases of rather wild Quctuation are shown; this
usually represents the introduction of signiacant new data
or the discarding of some older data. Older data are some-
times discarded in favor of more modern data if it is felt
that the newer data had fewer systematic errors, had more
checks on their systematic errors, made some corrections
unknown at the time of the older experiments, or some such
reason. Near the time at which a large jump takes place,
the SCALE factor sometimes becomes large, reQecting the
uncertainty introduced by the new existence of partly incon-
sistent data.

By and large, a full scan of our history plots shows a
rather dull progression toward greater precision at a central
value completely consistent with the first data point shown.
These plots are available on request from the Berkeley Par-
ticle Data Group.

We conclude that the reliability of the combination of
experimental data and Particle Data Group averaging pro-
cedures is usually good, but it is important to realize that
Quctuations outside of the quoted errors can and do occur,
perhaps with more frequency than expected for truly Gaus-
sian errors.

AC~0%'I KDGMKNTS

The Particle Data Group wishes to acknowledge with
appreciation the efforts made over many years by Robert
Kelly. Kelly was in charge of the Baryon Section for a
number of years and served a term as Berkeley group leader.
His contributions will be missed, and we wish him well in
his new endeavors.

We thank ail those who have assisted in the many
phases of preparing this Review. In particular, we acknow-
ledge the usefulness of feedback from the physics commun-
ity, especially those who have made suggestions or pointed
out errors.

The European members of the Particle Data Group wish
to acknowledge the generous support of CERN, in particular
Division EP and Dr. A. GQnther and his services.

REFERENCES

G. Giacomelli, et al. , Nucl. Phys. $71, 138 (1974).
B.R. Martin, Nucl. Phys. $94, 413 (1975).
Particle Data Group". M. Roos, F.C. Porter, M. Aguilar-

Benitez, L. Montanet, Ch. Walck, R.L. Crawford, R.L.
Kelly, A. Rittenberg, T.G. Trippe, C.G. Wohl, G.P. Yost,
T. Shimada, M.J. Losty, G.P. Gopal, R.E. Hendrick,
R.E. Shrock, R. Frosch, L.D. Roper, and B. Armstrong,
Phys. Lett. 111$(1982).

A.H. Rosenfeld, Ann. Rev. Nucl. Sci. 25, 555 (1975).
B.N. Taylor, "Numerical Comparisons of Several Algo-

rithms for Treating Inconsistent Data in a Least-Squares
Adjustment of the Fundamental Constants, "U.S.
National Bureau of Standards NBSIR 81-2426 (1982).

[ [ [ I
I

[ 1 [ [
I

[ I [ [
I

[ I [ 'I

I
[ [ 1 [

I
[ [ [ [

O Q.p
[L[
Vl 38.

!IItIIIIII 1.5

CI

CO 1.5 36.
1.0

OP

1.0—

180.

O

I I [ I
I

[ l l I
I

I I I [
I

[ l [ [
I

1 [ I I

34.

OP 32.

O
hC 30.

I I I [ I [ [ [ [ I I [ [ [ I I [ I [ I I I [ I I I l

[ [ [ [ [ [ I l [ I I ~[ [ [ [ [ [ [ I ~T [ [ [ I

[

10.

T,~T T l T~ [ [ [ r
[ I

a

140.
CO

CO

180.3

50.
CD

45.

1pp [ i [ [ ! I [ l [ I I [ I [ I [ I [ [ I I [ I [ I [ [ [ I

1960 1965 1970 1975 1980 1985 1990

PUBLICATION DATE

4p I [ l [ I [ I [ [ I [ I [ [ I [ [ « I [ «[ I [ I

1960 1965 1970 1975 1980 1985

PUBLICATION DATE

1990
» [ [ I I I [ I I I I I [ I [ [ « I I [ I I I I I [

1960 1965 1970 1975 1980 1985 1990

PUBLICATION DATE

Fig. 2. Historical perspective of a few quantities tabulated in the Review of Particle Properties; abcissa specifies date of publication of the

Review. Data measured by a variety of diferent techniques are included. The general reliability of the averages is good; very few are

presently more than two standard deviations from their first tabulated values. Full error bar indicates quoted error; thick-lined portion

indicates quoted error with "scale factor" removed (see Section V Part C above).

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



Particle Data Group: Review of particle properties

' 'A. ."~:S v ~A. l' ' C -': ~:&'~"~.~::."'..'.".'S
Ayril 1984

M. Aguilar-Benitez, R.N. Cahn, R.L. Crawford, R. Frosch, G.P. Gopal„R.E. Hendrick,
J.J. Hernandez, G. H5hler, M.J. Losty, L. Montanet, F.C. Porter, A. Rittenberg,
M. Roos, L.D. Roper, T. Shimada, R.E. Shrock, N.A. Tornqvist, T.G. Trippe,

W.P. Trower, Ch. Walck, C.G. Wohl, G.P. Yost, and B. Armstrong (Technical Associate)

(Closing date for data: Jan. 1, 1984)

Stable Particle Table

For additional parameters, see Addendum to this table.

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1982.

Particle t (J )C Mass
(MeV)

Mean life
(sec)

CT

(cm)

Partial decay mode

Fraction
P of

C

(MeV/c)

GAUGE BOSONS

Z

0,1(1 )— ( ~ 3x10 33)

80800
%2700

92900
R 1600

F&7 GeV

F&8.5 GeV e+e

( seen

( seen
( seen

46450
46450

~ weak gauge boson searches

( ~ 0.000046) d

LKPTGNS

stable stable
(~ 3x10 m (MeV))

VC,

0.5110034
*0.0000014

stable
()2x10 y)

stable

0( & 0.50)

105.65932
a0.00029

& 164

stable stable
(o 1.1x10 m {MeV))

v~

~ (ort
2.19709x10 6 e vv

~0.00005 t[e vvy
c~ 6.5867x 104 e v~v„

e vve+e
e y
e e+e
e

~chg. conj.)
(100

1.4 ~ 0.4
(&5
( 2.2 ~ 1.5
( &1.7
( ~1.9
( &8.4

)%
)%
)x]
)x10
)xlo '0
)x10
)x10

53
53
53
53
53
53
53

1784.2
x 3.2

(or r+ ~chg. conj.)
(3.4~0.5)x10 u vv ( 18.5 ~ 1.1 )%
cv 0.010 e vv ( 16.5 ~ 0.9 )%

hadron neutrals ( 48.1 + 2.0 )% S=1.1~

3(hadron* ) neutrals ( l7.0 ~ l.3 )% S=1.2»

5{hadron~) neutrals ( ~1.4 )%
t[3(hadron»)v ( 5 ~ 4 )%

3(hadron~)v(mls) ( 12 ~ 4 )%]
t[~ v ( 10.3 ~ 1.2 )%

p v ( 22. 1 + 2.4 )%
K v ( 1.3 ~ 0.5 )%
K neutrals { smail )%]

(continued next page)

889
892

887
726
824
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Sr»ble Particle Table (cont d')

Particle I (JP}C e Mass
(MeV)

Mean life
(sec)

CT

(cm)
Mode

Partial decay mode

Fraction
p or

C

(MeV/c)

T (continued)

~ searches for massive neutrinos and lepton mixing~ v bounds from astrophysics and cosmology~ heavy lepton searches

{or r+ ~chg. conj.)

t[K» (892)v
K» (1430)v

p v
e chgd. parts.

+ p, chgd. parts.
Y

e

p e+e
e e+e
p
e ~0

Ko

e K.o

P
e p'

1.7 ~ 0.7
«0.9

5.4 + 1.7

&4
&5.5
&6.4
&49
&3.3
&44
&40
&8.2
&2.1

& 1.0
&1.3
&4.4
&3.7

)%
)96

}%]

)96

)x10 4

)x10 4

)x10 4

)x10 4

)x10 4

)x10 4

)x10
)x10
)x10
)x10
)x10 4

669
323
718

889
892
876
886
889
892
884
887
819
823
722
726

NONSTRANGK MKSONS ~

1(0) 139.5673
x 0.0007

m ~
—m ~ 33.9080

a0.0008

26030x10 8

a0.0023
cT-780.4

(or e «chg.
V

e+v
t[~'tv

e+vy
e+v~o
e+ve+e

v

Ve

conj.)
100%

( 1.232 ~ 0.024
( 1.24~ 0.25

5.6 + 0.7
( 1.033+0.034
(&5
( ~I.5
(~S

)x10 4 S=20»
)x10 4

)x10
—8

]
)x10—8

)x10
)x10
)x10

30
70
30
70

5
70
30
30

1 (0 )+ 134.9630
a 0.0038

m ~
—m~ 4.6043

a 0.0037

083x10 16

*0.06 S-1.8
cT 2.5x10

VV
ye+e
YTV
e+e e+e
VTVT
e+e
VV

g+e +p, e+

( 9$.802~
( 1.198

&3.8
( 3.24
( &4
( 1.8
( &2.4
(&7

0.030 )%
)96
)x10
)x1Q
)x10

0 7 )x10
)x10
)x10

67
67
67
67
67
67
67
26

0+.(0 )+ 548.8
*0.6

S 1.4~

F-(0.8$a 0.12)keV
Neutral decays

(70.9~ 0.7)%

Charged decays
(29.1 x 0.7)%

YY
3~0

"VY

e+e
Y

e+e

x+m e+e
VT

7r+7r
~oe+e

K P P

( 39.0 ~
( 31.8 ~
( 0.10 ~
( 23.7 ~
( 4.91~
( 050~
( 3.1 ~
(&3
( 65~
( 0.13~
( &0.21
(&6
( ~0.15
(&5
(&5
(&3

0.8
0.8
0.02
0.5
0.13
0.12
0.4

2.1

0.13

)%
}%
)%
)%
)%
}%
)x10
)x10
)x10
)%
)%
)x10 4

)%
)x10
)x10
)x10

274
180
258
175
236
274
253
274
253
236
236
175
236
258
211
211
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Stable Particle Table (cont'd)

Pardcle Mass
(Me~

Mean life
(sec)

CT'

(cm)

STRANGE MESGNS ~

Partial decay mode

Fraction
p or

C
pmax

{MeVgc)

—'(0 )
/

493.667
20.015

mg g —IKg —4.01
%0.13

8=1.1»

1.2371x
+ 0.0026 S
cv 370.9

K+~ (or K ~chg.
10 8

p, v
1.9» m+m'

7r+Ã+x
+++0~0
Ã P P
~0e+v

K'p vy
~Oe+vy
~0~0e+v
~++ e+v
x+x+e v

7f' P P
P

e+v
e+vy (SD+)"
e+vy (SD—)h

~+e+e
x e+e+

p
~+VV

VP

x ~e+g*
x e
e vpp

VPP

p.+ve+e
p, ve+e+
e+ve+e

+p ~v

ve
Oe+v e

conj.)
( 63.51+
( 21.17~
( 559~
( 173+
( 3.18~
( 4.82 z
( 58~

2.75+.
1.0 +.

(&6
( 3.7 +'

( 1.&
( 3.90+.
( &1.2
( 14+
( &3.0
( 1.54+
( 1.52+
( &1.6
( 27+
(&1
( «2.4
(&8
( ~1.0
( &1.4
(&7
(«5
(«6
(&6
(11 +
( «2.0
( 2
(&4
( «3.3
(&3

0.16
0.15
0.03
0.05
0.10
0.05
3.5
0.16
0.4

1.4
2.4
0.6
0.15

0.9

0.07
0.23

0.5

)%
)%
)% S=1.1»

S=1.4.
)% S=1.9»

)% S= l.1»

)x10
)x10 4

)x10 4

)x10
)x10 4]
)x10
)x10
)x10
)x1Q
)x10
)x10
)x10
)x10 4

)x10
)x10
)x10
)x10
)x10
)x10
)x10
)x10
)x10
)x10
) 1Q 7

)x10
)x 1Q

)x10
)x10
)x10

236
205
125
133
215
228
236
205
125
215
228
207
203
203
151
151
247
247
247
-227
227
172
227
227
227
214
214
247
236
236
236
247
236
236
228

497.67
a0.13

S 1.1»
0.8923x10-'O

a0.0022
cv 2.675 t[~+n

e+e

( 68.61+, 0 24
( 31.39

1.85+ 0.10
( «3.2
( &3.4
(&4
( «8.5
( &3.7

50 96 Kshe~, 50% Kl ng

)%
)%

S=1.1»

)x10 3]
)x1Q
)x10 4

)x10 4

)x10
)x10 ~

206
209
206
225
249
249
133
139

2(0 ) 5.183x10 8

a 0.040
co~1554

mK m~- 0.5349x10 0 5 sec
~00022

3.521 x10 ~2 MeV
R 0.014

7! P P
m*e~v

t[m eely
Y

yy
ep
P

P
X'P P

( 21.5 ~ 1.0 )% S=1,7'
( 12.39+ 0.20 )% S=1.3»

( 2'7. 1 +. 0.4 )% S=1.4»

( 38.7 + 0.5 )% S=1.5»
i( 0 203~0 005)% S 1 1

'( 0.094~0.018)% S=1.5»

( 1.3 ~ 0.8 )%
( 4.41~ 0.32 )xl0 5]
( «2 4 )x10
( 4.9 ~ 0.4 )x10
( «6 )x10 6

( 9.1 +. 1.9 )x10
( 2.8 + 2.8 )x10
( «1.2 )x1Q

—6

(continued next page)

139
133
216
229
206
209
229
206
231
249
238
225
225
177
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Particle Data Group: Review of particle properties

Stable Particle Table (cont 'd)

Particle I (JP) Mass
(MeV)

Mean life
(sec)

CT

(cm)
Mode

Partial decay mode

Fraction
per

C

(MeV/c)

continued e+e
e+e y
~0e+e-

e+e
~0~~e u

(ep atom) v

J( «20
( 1.7 ~ 0.9
( &2.3
( &9
( 6.2 + 2.0
( 1.05 ~ 0.11

)x10
)x10
}x10
)x10
)x10
)x10

249
249
231
206
207

D
D+~ (or D ~chg

e+ anything
K anything
K any + K any
K+ anything
g anything

P
t[K-~+~+

K x+m+m+x'
K0~+

K'K+
K+K m+
K+~+~-
~+~0

t[K~~+

De~ (or D ~chg. c
)x 10 e+ anything

K anything
K any+ K0any
K+ anything
g anything

t[K w+

K x'+a+a
K-~+~0~0

K0~+~

Ã+7r+Ã 7r

K+K
t[K»

K~~0
K p+
K0p0

Kg4 0

K. ~+p0
K~m+m
K A2+

. conj.)
(9.2+', 7)x 10
cT 0.028

—,'(0 ) ( 19
( 16
(48 +
( 6.0 ~

k(&13
(&2
(
{ 26
(&4
( 1.8
( 13
( 8.4 +
( 0.45~
( &0.6
( &0.23
( &0.5
( &0.4

( &3.7

1869.4
%0.6

mD+ —mD0 4.7
a0.3

onj. )
(4 4 +-o.'s

cT 0.013
( 5.3
( 44
( 33
( 8

k (
( 2.4 ~
( 9.3 ~
( 4.6 ~
( seen
( 22~
( 4.2 a
( 7.9 ~
( «1.0
( 2.7 ~
( 3.4

{ 1.4
( 7.2
( 0.1

( 0.7 +

( 39
( «2.3
( «0.8

2(0 ) 1864.7
~0.6

[m —m [
& 6.5xlO 10 MeVe

DO DO
1 2

DO D2
«0.55e

average

F(Do-»D ~K+e ) «0.16
F(Dc~Km)

F(De~D ~g anything) 0 044
F(De~y ~ anything}

CHARMED STRANGE MESON ~

CHARMED NONSTRANGE MESONS ~

4
3

15
3.3

0.5
8
3.5
0.30

2.9
1.3
10
10
3

0.4
2.8
1.4

1.1

0.8
3.8

0.8
1.4

2.3
1.4
3.0
3.1
0.6
0.1
0.8
0.7
1.3
1.6

)%
)%
)%
)%
)%
)%
)% S-1.3»
)%
)%
)%
)%
)%
)%
)%
)%
)%
)~]
)~]

}%
}% S=1.3»

)96
)%
}%
)%
)%
)% S=1.2»

)
)%
)%
)x 10 4

)%
)x10 3]
)%
)%
}%
)%
)%
)96

)%

932
845
816
772
862
845
814
792

845
925
908
714

861
844
812
815
860
842
922
880
791
711
711
679
677
423
613
685
198

0(0-) m 1971m

a6

F+~ (or F ~chg. conj.)
(1.9+a's7) x10 ( seen
cr 0.006 ( possibly seen

( possibly seen
( possibly seen

4p+ ( possibly seen

713
903
857
679
411
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14 Particle Data Group: Review of particle properties

Stable Particle Table (cont 'd)

Particle I (JP) Mass
(MeV)

Mean life
(sec)

(cm)

Sea aOM MESeNS ~

Partial decay mode

Fraction
p or

C
&InaX

{MeV/c)

-'(o-) " 527o g
a 3.0

8+~ (or 8 ~chg. conj.)
D m+ ( 4.2 ~ 4.2 )%
D~ m+x+ ( 4.8 ~ 3.0 )96

2303
2243

80 2 a 2.8

B ~ (or B ~chg. conj.)
(D'-~+ (

13 + 9 )%
2.6 ~ 1.9 )%

2298
2253

8*,8, 8
(not separated) &

(14~4)x 10
cr 0.042

e~ v hadrons
p, *v hadrons
Do anything
K anything
p anything
A. anything
e+e anything
p,

+
p anything

( 13.0 ~ 1.3 }%
( 12.4 + 3.S )%
( 80 ~28 )%
( seen )
( o3.6 )%
( )2.2 )%
( (0.8 )%
( (0.7 )%

-(- )1 1+
2 2

938.2796
x0.0027

NGNSTRANGK SARYGNS ~

stable ()103 y) 4 stable

I tip I

—
I q I

—(- )1+
2 2

939.5731
*0.0027

898+ 16
cv 2.7x10~

pe v
pvv (chg.noncons. )

100%
(~9 )x 10 24

1.2
1.3

m —mn- —1.293329
*0.000016 1o "Iq.l"

STRANGENESS —i S~RVONS '
2

1115.60
a 0.05

S 1.2~

m+ —m&0 —76.86
a 0.08

2.632x10
+ 0.020 S= 1.6~
cv 7.89

pK
n~o

pe v

pp
t[u

64.2
35.8
8.37~
1.57+
8.5 +

)%0 S
)9t,

0.14 )x10
0 35 )x10
14 )xlo ]

100
104
163
131
100

2
1189.36
a 0.06

S-1.8~

m~+ Ixl~ ~ 7.97
a0.07

S=1.3~

0.800x10 'O

a 0.004
c7-2.40

p 0

nx'

PV
t[ne.+y

A.e+v

~(~+ + )
ng v

& .04 ne+v
F(Z ~ nv) ~+e—

( 51.64
( 48.36
( 1.20~

'( 4.5 +
( 2.0 +.

( ~3.0
(~5
((7

)%0.30 )~
0.13 )xlo
0.5 )x 10 ]
0 5 )x10

)x10
)x10 6

)x10

189
18S

S=1.2~ 225
185
71

202
224
225

gO 1(—' )'
2

1192.46
~ 0.08

5.8x10
a 1.3
cr-1.7x10

A.y
A.e+e

10096
5.45

(&3
)x10-3
)%

74
74
74

2
1197.34
a 0.05

m~0 —m~ ——4.88
+ 0.06

1.482x10
E0.011 S=1.3~
cr 4.44

nm

ne v

np v
A.e v

t[ns

10096
( 1.022+.0.034 )x 10
( 4.5 + 0.4 )x10
( 5.74+ 0.27 )x 10
( 4.6 + 0.6 )xlo ]

193
230
210

79
193
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Particle Data Group: Review of particle properties

Stable Particie Table (cont'd)

Particle I (JP) Mass
(MeV)

Mean life
(sec)

CT

(cm)
Mode

Partial decay mode

Fraction
y or

(MeV/c)

STRANGKNKSS —2 BARYONS

(t+) s 1314922

mA —m„—6.4
+ 0.6

2.90x10
+ 0.10
cv 8.69

Ay
go~
pic
pe v
Z+e v
Z e+v
Z+p, v

Z p, v

pp v

10096

( 05+
(&7
( &3.6
( &1.3
( &1.1
( &0.9
( &1.1
( &0.9
( &1.3

0.5 )96
)96
)x10
)x10
)x10
)x10
)x10
)x10
)x10

135
184
117
299
323
120
112
65
49

309

—'(—'+) s 1321.32
~0.13

1.641 x 10
—10

+ 0.016
c7 492

A.~
A,e v
Z'e p
Ap, v
Zop p

n&
ne v

np v
Z
pR
pn. e v

pyr p, v"e v

10096
( 5.5 +.

( 87+
( 35+
(&8
( ~1.9
( &3.2
( &1.5
( ~1.2
( &4
(~4
(&4
( &2.3

0.6
1.7
3.5

139
)x 10 4 S=20~ 190
)x10 5 123
)x10 163
)x10 70
)x10 303
)x10 327
)% 313
)x10 118
)x10 4 223

304
)x10 4 250
)x10

STRANGENESS —3 BARYON

0(s+) s 1672.45
a 0.32

0.819x10
—10

+ 0.027
c~-2.46

AK

0
M
w e v

(1530)~
A.~
M

( 68.6
( 23.4
( 80
(
( -2
( &1.3
( &3.1

+ 1.3
1.3

+ 08

)96
)96
)96
)96
)x10
)x10
)x10

211
294
290
319

NONSTRANGE CHARMED BARYON ~

0(—'+) s 2282.0
2 + 3.1

S 1.8~

(23+~o)xio "
cv' 0.007

pK. m+

pK.O

pK.O~+~
A anything

t[x~+
Ax+++~
go +

t[~KeO
6++K
pK.' ~+
e+ anything

t[pe+ anything
A.e+ anything

( 2.2 + 1.0
( 1.1 + 0.7
( &4, seen
( 33 %29
( 0.6 + 0.5
( & 3.1, seen
( seen
( 0.48~ 0.30
( 0.45~ 0.27
( seen

( 4.5 + 1.7
( 1.8 + 0.9
( 1.1 + 0.8

)96

}96
)96
)96
)%
)96

)]
)96
)96

)]
)96
)96

)~]

820
870
751

861
804
822
681
706
575

~ top hadron searches~ free quark searches~ magnetic monopole searches~ axion searches~ other stable particle searches
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Particle Data Group: Review of particle properties

7

A.DDKNDUM TO

Stable Particle Table

Magnetic Moment

1.001 159 652 209
& 000000000031 2mec ]

1.001 165 924
+ 000 000 009

Michel parameter

p 0.72 a 0.15

pa Decay parameters ~

p 0.752~0.003 g —0.06 +.0.15 S-1.1
$ P & 0.9959" 6 - 0.7SS+0.009 h - 1.01+0.06
a' - —0./2~0. 10 P' -0.029~0.037 g - 0.006~0:080

I gp, /gv I
-0 91-o.os &Av

I gs/gv I
~0 29

I gT/gv I
~0'4 181 /gv I

~0 25

Left-right asymmetry
( 0.12~.17)%
( 0.88*.40)%

Sextant asymmetry Quadrant asymmetry
(0.19+ 0.16)% (—0.17~0.17)%

P-0.047 ~ 0.062 S-1.5»

Slope parameters for K ~ ~~
K+~++~+~ g —0.215+ .004
K ~m ~ ~+ g- —0.217+.007
K+~xo~ox* g 0.607+ .030
K~~m+m m g 0.670+ .014

See Data Card Listings
for quadratic coeKcients.

~ ~ -EQ In I@decay
Re x = 0.009~.020 S=1.4~

Im x = —0.004~.026 S=1.1~

S=1.4~

S=1 3~
S=1 6~

Form factors for K~ decays x

X+ = 0.029+ 0.004
i f8/f+ i

= o125~0.044
l fT/f+

l

= 0.22~0. 14

X+ = 0.032~0.008 S 2.3~

K+3 Q = 0.004~0.007 S-2.3'
i fT/f+ l

= 0.02+ 0.12

CP-violation parameters &'

i
-(2.274 ~ .022)x 10

-(44.6+ 1.2) goo-(54+ 5)'

I&+-ol 0.12 l&oool ~01

I
&+ = 0.0300+ 0.0016 S 1.2e

K 3 'i lfg/f+ i
(0.04

lfT/f+ l M.23

[ X+ = 0.034+ 0.005 S-2.3'
K„3'~ Q = 0.025~0.006 S-2.3e

lfT/f+ l
M. 12 ~ 0.12

v1ool-(2. 33+.08)x10 3 S= I.l~
Re e-(1.621+ 0.088)x10

6 (0.330+ .012)96

Magnetic
moment
(eh/2m c)

Byway parameters ~

Measured

degree)

Derived
b,(degree)

Coupling Constant Ratios

2.7928456
+ .0000011

-1.91304184 pe v

*.00000088

—0.613
+.004

0.642 ~0.013 (—6.5+ 3.S) 0.76 (7.7 ~ 4.1)
0.646+.0.044

gA/gv —1.254+ 0.006

QAv (180.11+0.17)

/gv 0.694+ 0 025 S 1

2.379
+.020

—0.979~0.016
+0.068 c0.013
—0.72+ 0.29

(36~ 34) 0.17 (187~ 6
(167~ 20)' —0.97 (—73 Io

)'
S= 1.1~

—0.068 ~ 0.008 (10~ 15) 0.98 (249»6)'
l g~/gv l

-0.372 ~ 0.050 S= 1.9e

gv/gA 0.01 0.10 S=1.5 g~/gA 2.4

-1.250
+.014
—1.85
+.75

A.e v

—0.413~ 0.022
S=2.0~

—0.434 a 0.015
S=1.4~

(21 ~ 12)

(2~6)
S=1.1~

0.85 (218+Is)

0.90 (184+ 12)

gA/gv —0.25 0.05

AK —0.10+0.38
S 1.2~
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Particle Data Group: Review of particle properties

Stable Particle Table (cont'd)
~ Indicates an entry in the Stable Particle Data Card List1ngs Qot entered in the Stable Particle Table.

S - Scale factor - gy /(N —1), where N number of experiments. S should be = l. If S ) 1, we have enlarged the
error of the mean, Bx; i.e., Bx ~ %K This convention is still inadequate, since if S ~~ 1 the experiments are probably
inconsistent, and therefore the real uncertainty is probably even greater than %x. See the Introduction, and ideograms
in Stable Particle Data Card Listings.
Square brackets indicate subreactions of some previous unbracketed decay mode(s). Reactions in one set of brackets
may overlap with reactions in another set of brackets. A radiative mode such as m ~ pry is a subreaciion of its parent
mode x' ~ pp.

a. The strangeness S, charm C, and bottomness (beauty) 8 of the hadrons which appear in the Table are as follows:

Mesons S C B Meson s S C B Baryon s S C 8
0 0 0 F+ +1 +1 0 P,Q 0 0 0

K.+,K.' +1 0 0 F —1 —1 0 A,Z —1 0 0
K.—,K.' —1 0 0 8+ 80 0 0 +1 —2 0 0
D+,Do 0 +1 0 8, 8 0 0 —1 0 —3 0 0
D D' 0 -1 0 A. 0 +1 0

b. Quoted upper limits correspond to a 90% confidence level. Masses, mean lives, and partial rates evaluated assuming
equity for particles and antiparticles. ~ Conservation Laws Section for further details.

c. In decays w1th more than two bodies, p ~ is the maximum momentum that any particle can have.
d. 99% confidence level. See footnote in Stable Particle Data Card Listings.
e. ~ Stable Particle Data Card Listings for energy limits used in this measurement.
f. Theoretical value; see also Stable Particle Data Card Listings.
g. The direct emission branching fraction is (1.56+ .35)x10
Ii. Structure-dependent part with positive (SD+) and negative (SD—) photon hehcity.
i The K. ac ~ x~ and KoL ~ irir branching fractions are from our branching fraction and rate fits and do not include results

of Kcz—Ko interference experiments. The i' rate results are combined with the interference results to obtain the
I iI+

and
I itco I

values given in the addendum.
j. The stronger limit w2x IO of Clark et al. , Phys. Rev. Lett. 26, 1667 (1971) is not hsted because of possible (but unk-

nown) systematic errors. See Stable Particle Data Card Listings.
k. This is a weighted avenge of D* (44%) and Dc (56%) branching fractions.

Djo —D20 hmits inferred from limit on D ~ D ~ p, anything.
M. F mass determined from ~ mode. Scc note on conflicting F meson results 1Q Stable Particle Data Card L1st1ngs.

Quantum numbers shown are favored but not yet established.
n. Quantum numbers not measured. Values shown are quark model predictions.
p. Except for the neutraiwurrent decay modes (1+4' anything), only data from T(10575$decays are used. Behrends et al.

[Phys. Rev. Lett. 50, 881 (1983)] estimate the T(10575) ~ 8+8 and T(10575) ~ 8 8 branching fractions to be 60~2
and 40~2%.

q. P~al mean life for p ~ e+x mode. For antiprotons the best mean life limit, inferred. from observation of cosmic ray
p s, is v—w 10 yrs, the cosmic ray storage time.
L~~~t from neutraiity~f-m«te«xperiments Assumes

I q, I
=

I qp I

—
I q I.

s. P for, J for 0 and Zo, and J for A.+ not yet measured. Values shown are quark model predictions.
t. For limits on electric dipole moment, see Conservation Laws Section. Forbidden by P and T invariance.
". Ig~/gv I definedby gA =.I C~ I

+
I C~ I ~ gv =

I Cv I
+

I Cv I
and &[er.&] Pr (C+C &5)"] ~ defined by

cos 4 - —R@CAC~+CAC&)/gAg&. For more details, see Data Card Listings.
v. Value assumes p - 5. P is muon longitudinal polarization from ~ decay. In standard V-A theory, P - 1 and p - 6-

3l4.
w. The definition of the slope parameter of the Dalitz plot is as follows [see also note in Data Card Listings]:

X.

3'

z.

S3—So
IMI 1+g

, m+
For definitions of form factors f+, fg, and fT, and linear t dependences X+ and Q of f+(t) and fo(t), see note in K+ sec-
tion of Data Card Listings.
The definition for the CP violation parameters is as follows [see also note in Data Card Listings]:

iy &(Keg~~+ir ) A(Ko~~ x x )
I+—=

I I+ —
I A(Ko + —

)
too

=
I too I

e
~(~o 0 o

r(K'„~+)-r(K',~-) r(K,' ~+~-~')cP ~o' r(K& ~'~'~')cP '"
r(Ko~+)+r(Kc~ )

' + r(Kc ir+x )
'

r(Ko 7g )
The definition of these quantities is as follows [for more details and sign convention, see note in Data Card Listings]:

g~ gv gwbt defined by (8rl&dgv —g~&5)+«wM/ms)~q I8i)
2isi ipicosd /

I
s

I
'+

I p I

'
p 2 y - v I neo+ $&v d—efinedby g&/gv = lg&/gvle

—2 I s I I p I sim
V

'&AV

I
s

I

'+
I p I'
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Particle Data Group: Review of particle properties

Meson Table

In addition to the entries in the Meson Table, the Meson Data Card Listings contain all
substantial claims for meson resonances. See Contents of Meson Data Card Listings at end of this Table.

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1982.

N I K~,~ 16(gP)c

A,
+ q/D 8

H tw/A,
; J estab

FglI
Width

I'
(MeV)

NONSTRANGK MEANS

p of
Fraction(%) P~

[Upper hmits (4) are 90% CLi (Mey~e)

139.57
134.96

~+ 548.8
~0.6
769~

Q.G

7.95 eV
+0.55 eV

0.83 keV
+6.12 keV

M and I' from neuter mode.

co(783) 0 (1 )— 782.6
+ 6.2

S 1.1»

9.9
+ 0.3

0.29
+ 0.65

H(1190) O (1 )— 1190
~60

Seen in one experiment only.

B(1235) 1+II 1 ~ 1234
~ 10~

S(975) 0+(0~+ 975 33
or S» +4

See note on xx and ~ S wave.

b(980)~ 1 +0+)+ 983 54
+2 +7

@1026) Q (1~ 1019.5 4.22
+ O. l +- 0.13

S 1.2»

See Stable Particle Table

m'
For upper

76.9
29.1

—106
0.046 + 0.605

6.6067+ 6.001
6.~6+

seen
limits, see footnote e

89.9 ~6.5
8.7 + 0.5
1.4 ~ 6.2

0.016~ 6.002
6.0067+ .6664S-

seen
limits, see footnote f

65.3 ~ 1.6
30.0+ 1.6
2.8+ 0.5
1.9 ~ 0.2

0.009+ 0.662
limits, ~ footnote g

78+ 3
22+'3

See Stable
Particle Table

358
372

2" 370
2 384

189

327
386
366
349
391
199

1.2»

K+K-
K Ks

(ind. pw)

e e
p,

For upper limits, see

49.3~1.0
34.7+ 1.6
14.8+ 6.7
1.2+ 0.2

6.14 ~ 6.05
6.031 + 6.601
6.-025 + 6.663
0.02+ 0.01

footnote i

S-1.2»

S l.4»

4dÃ only mode seen
[D/S amplitude ratio - 0.29~ 0.05)
For upper limits, see footnote j
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Particle Data Group: Review of particle properties

Meson Table (cont 'd)
0 1

6/f p

se/P b

g/D B

~

H ~/A,

t

2
Fell

%'idth
I'

(Mev)

p Or

Fraction(%) Pmax
[Uyyer limits (%) are 96% CL] (Me~/q)

A(1270)
or A)

e(1300) 0+(0+)+ -1300

31~5

+45

'y'y
~+~ 2~'
For upper limits, see

y[6~
4s. (prob. pcs)

84.3+ 1.2
2.9 ~ 0.4
2.9 + 0.2

0.0015 ~ 0.0002
scen

footnote k

dominant( 0.7

11+3
49+ 6
36 ~7]
40+- 7

-90
~1Q

possibly seen

622
559
398
637
562

t(1440)~ 0+(0 )+ 744K
~ JO~

f'(1525) 70
+ 10~

See note on ~x and KK S wave.

s(1300) 1 (0 )+ 1300~ 200—600
~ 100~

Not a well-established resonance.

A2(1320) 1 (2+)+ 1318 110
~55 ~5tl

neer

QP%'K

'K'y

y"y

KKs (ind. K~K+ KK~)
Vgrlr

)[br
KKx (incl. K~K+KK~)
ytr'lr

$[bm.

KK

70.1+ 2.2
14.5+ 1.2 .

10.6 ~ 2.5
4.9 + 0.8( 2 (CL-97%)

0.27+ 0.06
0.0007+ 0.0002

seen
possibly seen
possibly seen]

seen

dominant
possibly. seen
0.0011+-0.0002

407
612

419
534
361
434
286
652
659

423
565
348

441

763

p{1600)
or p

/1680)
or Q'

0 (1 )— 1685
+ 10~

A(1680/ i-(2-)+ 1680&
or A3 30&

166
+ 15~
S 1.1~

250&
50&

150~
~3O&

4s (incl. ps+a, A(1270)s) 60+ 8
23~7

K~K + K~K 9~2
7+2

KK 1+0.5
C C 0.003+ 0.001

3Ã SCCn

&[ps. seen]
5m scen

$[tdss (prob. B~) seen]

fx 53+ 5
px' 34+ 6
m(em)s 9+5
KK + K'K 4~1.4
For upper limits, see footnote 8
K~K + K~K

seen
possibly seen

733
783
377
669
623

616

336
656
813
459

466
624
683
842
814
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820

0 1
l
2

+ e/f p
1 (J )Ca

+ q/0 8
egg@b.

Jp, M, and I' from the

8(1690) Q+(2~+

4(1850) 9 (3 )-

1690
+30
1853
+10

modes.

180
+50

M&e Fraction( /o)

[Uyyer limits (%) are

2K 23.8 ~ 1.3
4m' (incl. xxp,pp, A2x, mx) 76.9+ 1.9
~sr (incl. K~K+~~) 3.8+ 1.2

1.5 + 0.3

Meson Table (cont'd)

p oI'
b

90% CL]

834
787
625

S-1.3' 684

h(2030) 220
+30

17+2
0 7+0.4—02

3/f(3100) 0 (1 )— 3096.9
+Q. j,

( 20

6.063
~ 0.009

2(x ~ )
K+K ~+m.

PP

e e

hadrons + radiative

7.4+ 1.2
7.4+ 1.2
85+ 2

Decay modes into hadronic resonances

t[2(~+~ )~'

~ ~-K+K-
PPF x'

2(s.+a )
3(a+a )
nnK x'

2(~+~ )K+K
9-'-'"
PP9
PP
pnx' of'pnÃ
nn
ppK'

zW
AA
ppR'
2(K+K )
K+K

AX

3.7+.0.5
2.9+ 0.7
1.2+ 0.3
6.9+ 0.3

0.72 ~ 0.23
0.53+ 0.66
0.4 + 0.1

0.4 + 0.2
6.38 ~ 6.36
0.32+ Q.QS

0.31+0.13
6.26+ 0.07
0.24+ 0.26
0.23+ 0.04
6.22 ~ 0.02
0.21+ 6.02
6.18+6.09
6.16 ~ 0.06~
0.13+0.64
0.11 ~ 6.02
6.11+0.01
0.07+ 0.03

0.022+ 6.068
6.611 + 0.665( 0.615( 0.009I

gf ps
602%' 2X'

pA2

K~o(892)K~O(1430)+c.c.
K~ K~ ~(892)
B*(1235)s
K K~0(892)+c.c.
mf

9PP

4lPP

A
(t)f'(E 525)
$S(975)

K'0(3430)K'0(1430)
K K~ (1430)+c.c.
K+K~*(1430)
/2m 2x'
4n'
K+O(892)K+O(892)
yf
auf'( 1 525)

1.22 ~ 0.12
6.85 ~0.34
6.84+ 0.45
0.68+ 6.19
0.67+ 6.26
0.34 ~ 0.05
6.29+ 0.07
0.27 ~ 6.06
0.23+ 0.08
0.21 +-0.09
6.18 ~0.06
6.18+ 0.08
0.16~ 0.03
0.16+0.10
0.16+0.66

6.037+ 0.013
k 026 ~ 0.006( 0.43( 0.29( 0,2( Q.2( 6.15( 6.13( 6.05( 6.037( 0.016]

1449
1392
1126
1435
1009
1373
1298
1370
1143
1365
596

1176
768

1265
1320
871

EE84

1263
666

1158
1159
1318
1192
1261
1037
1063

0.49+ 0.17
$88Pl

0.42+ 0.12"
6.36+ O.M
6.15+0.64

0.686 ~ 0.009
0.667 ~ 6.005

Radiative decay mMes

y[~2(~+~ )
YPP
yc(1440)~y~x
vn'
yf

Y~'

Vv,(2980)
y8(1690)

yD(1285)
2V
yf (1525)
YPP
37

Seepl( 6.6( 0.05( 0.03( 0.61( 0.006]

Radiative decay modes (cont'd)

114
1687
1487
1283
1548
1173
1232
1548
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oui
6/'E p

' ~IV

y/0 8
H ~IA

Meson Table (cont'd)

P or
Fraction(%) P~

[Uyyer limits (%) are 909' CL[ (Me~/c)

x(3415)

x(3510)

x(3555)

0+(0+)+

0+(1+3+ 3510 0
+ 0.6

0+(2+)+ 3555.8
~0.6

0 lfE )— 3686.0
+ 0.1

0.215
+ 0.040

2(x+~ ) (incl. ~~p) 4.3+ 0.9
s+s K K (incl. sKK~) 3.4+ 0.9
3(s+s ) 1.7+ 0.6

0.9+ 0.2
yJ/lt (3100) 0.8 ~0.3
K+K— 0.8+ 0.2
pp7f' x' 0.6 + 0.2
For upper limits, see footnote 0

yJ/P(3 f00) 28+ 3
3(++x ) 2.4 + 0.9
2(s+e ) (incl. ssp) 1.8~0.5

K+K (incl. m KK~) 1.0+ 0.4
~+~ pp 0.15~0.10
For upper limits, see footnote p

yJ/$(3100) 15.5 ~ 1.8
2(s+s ) (incl. n~p) 2.3~0.5

K+K (incl. mKK~) 2.0+ 0.5
3(s+s. ) 1.2 + 0.8

pp 0.35+ 0.14
0.20+ 0.1 1

K+K 0.16+0.12
For upper limits, see footnote q

c e 0.9+ 0.1

0.8+ 0.2
hadrons + radiative 98.1+.0.3

1679
1580
1633
1702
303

1635
1320

389
1683
1727
1632
1381

429
1750
1656
1706
1410
1772
1708

m+36/5) m@3joo)
589a06 00 13

Radiative decay modes Decay modes into hadrons

t[~x(34»)
ex(351o)
yx(3555)
pic(2980)
yy' 3590

ya(1440)~yKKs

8.2+ 1.4
8.0+- 1.3
7.4+ 1.3

0.43+ 0.26
0.2 to 1.3
(0.5 (CL-95%)
«0.02
«0.02
(0.012"[

f(3770) fE )— 3770
+3

m~ —
m@ 83.9 2.4

S-a.8~

t[J/Ps+a
Jg~'~o
J/fg

~+~-K+K-
Jjets o

ppÃc x'

K~0(892)K e.++cc.
2(++x )
px' Ã

pp
3(~+~ )
K+K-
Ã+7r

e+e
DD

33+ 2
17+-2

2.8 ~0.6~

0.35 ~ 0.15
0.16~ 0.04
Q. EQ+-0.03
0.08 ~ 0.02

0.067 ~ 0.025
O.GS + 0.01

0.042+ 0.015
0.019+0.005
0.015+0.010
0.010+0.007
0.008 + 0.005

«Q. E(0.04j

0.0011 ~ 0.0002
dominant

477
481
196

1799
1726
528

1491
1674
1817
1751
1586
1774
1776
1838
1760
1467

f(4030)

f(4160)

$(4415)

4030~
50

20&

e e
hadron s

t[DD
DD'+ D'D
D~D

e+e
hadron s

e+e
hadrons

0.0014+0.0004
dominant

seen
seen
seen

0.0010+ 0.0004
dominant

0.0010~ 0.0003 S 1.4~
dominant

752
559
177

2079

2207
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gP 0 1
2

Meson Table (cont'd)

+ e/f pN —— ——K~,a 16(~P)c
A — —K,Q

+ q/D 8
( HJ~/A ~
T(9460)
or Y(1S)

~giOOZ5) r 9460)

Ql )— 9469.0
+ 0.3
S-1.6~

yb(9875) ( )+ 9872.9
or yb(1 P0) a5.8
Xb(9895) ( )+ 9894.5
or Xb(1 P)) *3.5
xb(9915) ( )+ 99M6
or Xb(1 P2) *2.4
T(10025) Q )— 10023.4
or T(2S) +.0.3

9.~3
+ 9.9966

9.0296
~9.~7

4729
4739
4381

404

20.0+ 4.4

1.9~1.8
1.6 ~9.3

1%5+1.7
3.5+.1.4
5.9+ 1.4
6.1 ~ 1.4

P OI'

Fracdon(%) P~
IUyyer hmirs (o)io) are 90& Cl.)

2.9+ 9.5
2.5+ 9.5
3.4+ 0.8

Xb(10255) ( )+
«Xb(2 P1)

Xb(10270) ( )+
or xb(2 P2)"

T(10355) (1 )—
or T(3S)

X(10355)

10253.7
x 3.4

10271.0
a 2.4

10355.5
+ 9.5

10573

0.0177
+ 0.0051

$88'Pl

2.0+ 0.7
3.3+ 2.0
5.1 ~1.1

3+3
7.6+ 3.5

15.6+ 4.2
12.7+ 4.1

0.9017+9.7

779
245

5178
5177
814
177
122
101
84

493.67
497.67

STRANGE MKSONS

Ke(892) 1i2(~1 892.1 51.3
*0.4 + 1.0

S 1.4~ S 1.1~

M and I' from eh~ed mode; mo —m* = 6.7+. 1.2

euso»an+»ooo& y~o

of Qi a 10~ ~20~

= 199
9.10+9.91
~ 9.95

94+ 6
3+- 3
2&2
1+1

493
299
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Meson Table (cont'd)
0

2
+ ~/f p

~u/g b

+,y/D 8
H x/A

K~(1430)

Pull
Width

I'
(Mev)

100&
+. 10~

Pracdon(%)
[Upper limits (%) are 90/o CL]

44.8+ 2.3 S 2.7~

24.5+ 2.0 S=1.1~

13.0+ 2.6 S=1.1~

8.8 +. 1.0 S=1.2~

4.2~1 5
5+5

0.24 ~ 0.05

p or
b

&m ~
(MeV/e)

618
417
366
324
310
485
627

dominant 286
651

See note on L(1770).

0@) 1/2(3 3K~(178
or K~

See note on K~(1780).

K~(2060) 1/2(4 Q

K7rx

t I
K'(892)~
Kx

796
620
657
815

Not a well-established resonance.

2010.1

+ 0.7

e+ —m 0 - 145.4~0.2 MeV+
D~ (2010) 1/2(1 ) 2007.2 ( 5

+ 2.1

39
38

136

F+
CHA~KD, STRANGE MESON

1971 See Stable Particle Table

See Stable Particle Table

~ Indicates an entry in the Meson Data Card Listings not entered in the Meson Table. %e do not regard these as established
resonances. All the entries in the Listings can be found in the Table of Contents of the Meson Data Card Listings immedi-
ately following these footnotes.

See Meson Data Card Listings.
* Qootederro i ci deeacaie facto d- ~x/(N —t). Seeroot otetodtable Particle Tabl .

Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s).

This is only an educated guess; the error given is larger than the error on the average of the published values. (See the Meson
Data Card Listings for the latter. )

a. I'M is approximately the half-width of the resonance when plotted against M2.

b. For decay modes into ~ 3 particles, pm~ is the maximum momentum that any of the particles in the final state can have.
The moments have been calculated by using the averaged central mass values, without taking into account the widths of the
resonances.

c. From pole posit1on (M iF/2).
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Meson Table (cont'd)
d. The e+e branching fraction is from e+e ~ m x experiments only. The ~p interference is then due to ~p mixing only,

and is expected to be small. See note in the Meson Data Card Listings. The p, +p, branching fraction is compiled from 3
experiments, each possibly with substantial cop interference. The error reAects this uncertainty; see notes in the Meson Data
Card Listings. Ifeg universality holds, I"(p ~ g+g ) - I'(p ~ e+e ) x 0.99785.

e. Empirical limits on fractions for other decay modes of p(770) are a *r) & 0.8% {CL-84%),a.+a.+a a & 0.15%, a *a+a
& 0.2% (CL 84%).

f. Empirical limits on fractions for other decay modes of a&(783) are a.+a y & 596, a.oa y & 1%, q + neutral(s) & 1.5%, )t+1r
& 0.02%.

g. Empirical limits on fractions for other decay modes of r)'(958) are a+a «296 (CL-84%), a+a ao & 5% (CL-84%),
a. & 1% (CL 9596), a.+a.+a a a & 1% (CL-84%), 6a «196, a.+a e+e «0.6%, aee+e «1.396 (CL-84%),

ge+e & 1.1%, x p (496, gp, +p, & 1.5 x 10,+ p, +g (6 x 10

h. The mass and width are from the t)a mode only. If the KK channel is strongly coupled, the width may be larger.

i. Empirical limits on fractions for other decay modes of /{1020) are a a y & 0.796, ~y & 596 (CL-8496), py & 2% (CL-84%),
2a 2a. a. & 1%(CL 9596), 2a+2a & 0.1%.

j. Empirical limits on fractions for other decay modes of B(1235)are as «1596, KK & 2% (CL-84%), 4a & 50% (CL=84%), 4)a
«1.5% (CI 84%), tra «2596, (KK)*so «8%, KSKSa.* & 2%, KSKLa —& 6%.

k. Empirical limits (CL 9596) on fractions for other decay modes of $1270) are qua & 196, K K a + c.c. «0.496, t)t) & 2%.

Empirical limits on fractions for other decay modes of A(1680) are t)a & 1096, 5a & 10%.

rn. Includes pp~+m y and excludes ppg, p~, ppg'.

rt. See E(1420}mini-review.

o. Empirical limits on fractions for other decay modes of X(3415) are 2y & 0.17%, pp «0.11%.

p. Empirical limits on fractions for other decay modes of X(3510}are (m x and K K }( 0.2%, yy ~ 0.16946, pp ~ 0.1396.

q. Empirical limits on fractions for other decay modes of x(3555) are 2y & 0.06%, pp «0.1096, J/Pa a. a «1.5%.

r. Spectroscopic labeling for these states is theoretical, pending experimental information.

Contents of Meson Data Card I.istinls

entry

Non-strange (S 0; C,B - 0)

I~(JP)C

Strange (i S
i

- 1; C,B - 0)

p (770)

{783)

(958)
S (975)

{980)

(1020)
H (119Q)

B (123S)
~ gs (1240)

~ p (12SG)

f (1270)
A (1270)

(1275)
0 (128S)

(1300)

(1300)

(1320)

E {1420)

f' {1s2s)
~ D (1S30)

p (1600)

1 (0)+
0+(0 )+
1+(1 )—
0 (1 )—
0+(0 )+
0+(0+)+
1 (0+)+
0 (1 )—
0 (1+)—
1+(1+)
0+(0+)+

1+(1 )—
0+{2+)+
1-(1+)+
6+(0 )+
0+(1+)+
0+(0+)+
1 (0 )+
1 (2+)+

0+(1+)+
0+(0 )+
0+(2+)+
0+(1+)+
1+(1 )—

~ A

~ A

p

gT

p

p

(1670) 0 (3 )—
(1680) 1 (2 )+
(1680) 0 (1 )—
(1690) 1+{3-)-
(1690) 0+( +)+
(1700)

{1730) 0+(0+)+

{1770) 1 (0 )+
(1810) 0+(2+)+

(1850) 0

(1935)

(2030) 0+(4+)+

(2040) 1-(4+)+
(2050) 1 (3+)+
(2160) 1-(2-)+
(2150) 1+(1 )—
(2150) 0+(2+)+

(2220) 0 ( +)

(224Q) 6+(2+)+

(2256) 1+(3 )—
(2300) 0+(4+)+

(23SQ) 1+(S-)—
(245Q) 1 (6+)

(2510) 0+(6+)

0+ +

6
6 (0+)+
0+(1+)+
0+(2+)+

0 (1 )—
(1 )—
(1 )—
(1 )—
(1 )—
(1 )—

( )+

)—
( )+

( )+

e+e (1100—2200)

NN (1206—3600)

X (1966—3600)

(2980)

J/$ (3160)

(3415)

(3516)

(3555)

c (3S90)

{3685)

(3770)

{4030)

(4166)

(4415)

T (9460)

(9875)

(9895)

(9915)

T (10025)

Xb (10235)

(10255)

Xb (10270)

T (10355)
T (10575)

K 1/2(0 )
K' (892) 1/2(1 )

Q (»80) 1/2(1+)

(1350) 1/2{6+)

Q (1400) 1/2(1+)

~ K (1400) 1/2{0
—

)
K' (1430) 1/2(2+)

L {1580) 1/2{2-)
K {1650) 1/2(1 )

(1770) 1/2(2-)
K' (1780) 1/2(3-)

~ K (1830) 1/2(0-)
K (2060) 1P{4+)
K (2250) 1/2(2 )

(2320) 1/2(3+)

(2500) 1/2(4 )
Charmed (iCi - 1)

0 1/2(0 )
D {2010) 1/2(1 )
F 0 (0-)

~ F (2140)
Bottom (Beauty) ( i B i 1}

B
~ Exotics
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:Baryon . .'ab]ie

April 1984

The following short list gives the name, the nominal mass, the quantum numbers (where known), and the status of
each of the Baryon States in the Data Card Listings. States with 3- or 4-star status are included in the Baryon Table
below; the others are omitted because the evidence for the existence of the effect and/or for its interpretation as a reso-

nance is open to question.

N(939) P1 1

N(1440) Pl 1

N(1S20) D13
N(1535) Sl 1

N(1540) P13
N(1650) S1 1

N(1675} D15
N(1680) F15
N(1700) D13
N(1710) P 1 1

N(1720) P13
N(1990) F17
N(2000) F15
N(2080) D13
N(2090) S1 1

N(2100) Pl 1

N(2190) G17
N(2200) D15
N(2220) H19
N{2250) G19
N(2600) I111
N(2700) K113
N(-3000)

h(1232) P33
h(1550) P31
h(1600) P33
h(1620) S31
h(1700) D33
h(1900) S31
h(1905) F35
h(1910) P31
h(1920) P33
h(1930) D35
h(1940) D33
h(1950) F37
h(2150) S31
h(2200) G37
h(2300) H39
h(2350) D35
h(2390) F37
h(2400) G39
h(2420) H311
h(2750) 1313
h(2950) K315
h(-3000)

ZO(1780) POI

ZO(1865) D03
Z 1(1900}P13
Z 1(2150)
Zl(2500)

h(1116) P01
h(1405) S01
h(1520) D03
h(1600) P01
h(1670) S01
h(1690) D03
h(1800) S01
h(l &00) P01
h(1820) FOS

h(1830) DOS

h(1890) P03
h(2000)
h(2020) F07
h(2100) G07
h(2110) FOS

h(2325) D03
h(2350)
h(2585)

X(1193) Pll
Z(1385) P13
Z(1480)
X(1560)
X(1580) D13
X(1620) Sll
X(1660) Pll
Z(1670) D13
X(1690)
X(1750) Sll
Z(1770) Pll
X(1775) D15
X(1840) P13
X(1880) P 1 1

X(1915) F15
X(1940) D13
X(2000) S1 1

X(2030) F17
X(2070) F15
Z(2080) P13
Z(2100) G17
X(2250)
X(2455)
Z(2620)
X(3000)
X(3170)

"(1318)Pll
"(1530)P13
R(1630)
"(1680)
Z(1820) 13
"(1940)
"(2030) 1

"(2120)
"(2250)
"(2370) 1

"(2500)

0(1672} P03

h (2282}

X (2450)

A(2460)

hb(5500)

Dibaryons

NN(2170) 1D2 ~~

NN(2250) 3F3 ™
NN(?)
hN(2130) 3S1 ~~

"N(?)

Particle

Partial decay modes

Freon g y"
Modef (%} (MeV/c)

M Full
Pheatn (GeV/c) M width I'

I(J }L21.~ & 4~g2(mh) (MeV) (MeV)

S~O 1~1/2 NUCLEON RESONANCES (N)

938.3
939.6

1/2(1/2+} See Stable Particle Table

Good, clear, and unmist »ble.
Good, but in need of clari6cation or not absolutely certain.
Not established; needs conflation.
Evidence weak; could disappear.

N(1440) 1/2(1/2+)Pl 1 p 061
e 31.0

1400 to
1480

120 to
350

(200)

Nm

Ng
Nxa

Np
Ne

50-70
8-18

30
12-28 -

j
5

397
t

342
143

N(1520} 1/2{3/2 )DI3 p 0.74
23.5

1510 to
1530

100 to
140

(125)

Na
Ny
Nxx

Np
Ne

50-60 456
0.1 149

35-50 410
15-25 - 228
15-25

5 f
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baryon Table (qgnt'd)

Particle ~

Mass
tieam (

I(J )L21 2J ~ 4~g2 (~b) (MeV)P b

Full
width F
(MeV)

Partial decay modes

Fraction g p"
Mode (%) (Me V/c)

N(1535} 1/2(1/2 }Si1

N(1650) 1/2(1/2 )Si'1

N(1675) 1/2(5/2 }D15

N(1680) 1/2(5/2+)F15

N(1700) 1/2(3/2 )D 1'3

p 0.76
cr 22.5

p 0.96
cr 16.4

p 1.01
o' 15.4

p 1.01
~ -15.2

p - 1.05
a 145

1520 to
1560

1620 to
1680

1660 to
1690

1670 to
1690

1670 to
1730

100 to
250

(150)

100 to
200

(150)

120 to
180

(155)

110 to
140

(125)

70 to
120

(100)

Nm

Np
Ne

Nx
Ny
AK
XK
Nm~

Np
Na

Nm

Ny

Np

Nm

Ng
AK
Nam

Np
Ne

Nm

Ny
h.K
Nmm

35-50
35

5
] -iII

3

55-65
~1 5

8
3-10

30
4-15

20
&5

30-40
1

0.1

55-70
50-65

5

55-65
w1

not seen
40
12
10
20

8-12
4

0.2
85

15-40
5

&40

467
182
422
242

547
346
161

511
344

f

563
374
209
529
364

567
379
218
532
369

580
400
250
547
385

N(1710) 1/2(1/2+)P i~i p 1.07
14.2

1680 to
1740

90 to
130

(110) AK
XK
Nmm
be'
Np
Ne

10-20
25

~15
2-10
&50

10-25
25-65
15-40

587
410
264
138
554
393
48

N(1720) 1/2(3/2+)Pi'3

~ N(2190) 1/2(7/2 )G17

p 1.09
o 13.9

p 2.07
o 6.21

1690 to
1800

2120 to
2230

125 to
250

(200)

200 to
500

(350)

Nm

Nq
AK
ZK
Nmm

Np
Ne

Nm

Ng
h,K

10-20
3.5

5
2-5
70
20

45-70
20

~14

0.3

594
420
278
162
561
401
104

f
888
790
712
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Baryon Table (cont 'd)

Particle

N(2220) p 2.14
cr S.97

2150 to
2300

N(2250) 1/2(9/2 )G19 p 221
cr 5.74

2130 to
2270

N(2600) 1/2(1 I/2 )Il 11 p 3.12
cr 3.86

2580 to
2700

Mass
(GeV/e) M

I(J )L21 2J 4 g2 ( b} (MeV)

I /2(9/2+)H 19

Foll
width F
(MeV)

300 to
500

(400)

200 to
500

(300)

w300
(400)

Nm'

Ng
AK

Nm

Ng
AK

Nx

18
-0.5

0.2

10
2

-0.3

905
811
732

923
831
754

1126

Partial decay modes

Fraction g p
Modef (%%uo) (MeV/c)

Smo Im3/2 DELTA RESGNANCES (A)

g(1232) 3/2(3/2+)P33

A(1620) 3/2( 1/2 )S31

A(1700) 3/2(3/2 )D33

A(1900) 3/2(1/2 )S3'1

h(1905) 3/2(5/2+ }F35

b(1910) 3/2(1/2+)P3'I

A(1920) 3/2(3/2+)P3'j

A(1930) 3/2(5/2 )D35

p 0.30
94.8

p-091
o 177

p - 1.05
cr 14.5

p 1.44
o 971

p m 1.45
cr 9.62

p 1.46
o 9.54

p 1.48
o -9.38

p 1.50
9.21

1230 to
1234

1600 to
1650

1630 to
1740

1850 to
2000

1890 to
1920

1850 to
1950

1860 to
2160

1890 to
1960

110 to
120

(115)

120 to
160

(140)

190 to
300

(250)

130 to
300

(150)

250 to
400

(300)

200 to
330

(220)

190 to
300

(250)

150 to
350

(250)

Nm
Nma

Np

Nw
Nmx

Np

Nx
XK
Nxx
b,m

Np

Nx
XK
Nmm

Np

Nm

ZK

99.4
0.6

25-35
70

35-50
&40

10-20
85

(50
~40

8-15
3

-80
10-30
-60

20-25
2-20
&40
small
&40

14-20
5

4-14
(10

227
259

526
488
318

t
580
547
385

t
710
410

713
415
687
542
421

716
421
691
545
426

722
431

729
441

A(1950) 3/2(7/2+}Fj7 p 1.54
o 891

1910 to
1960

200 to
340

(240)

Nm
ZK
Nxx

Np

35-45
& 1

-60

741
460
716

4P 574
20 469

A(2420) 3/2(11/2 )H311 P 2.64
o 4.68

2380 to
2450

300 to
500

(300)

5-15 1023
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Baryon Table (cont'd)

Particle 1(JP)L,'
Mass

e —4~%.' (mb) (M'")

Full
width F
(MeV)

Partial decay modes

Fraction g y"
ode ('Yo) (MeV/c)

A(1405)

0(1/2+)

0(1/2 )Sp1 Below
K p
threshold

1405
~SJ

4G~ aoi

S~—1 I~0 LAMBDA RESONANCES (A)

1115.6 See Stable Particle Table

152

A(1520) 0(3/2 )D('g

A(1600) 0(1/2+)Pp1

p - 0.395
o 82.3

p - 0.58
cr . 41.6

1560 to
1700

50 to
250

(150)

1519.5 15.6 ~ 1.0'
~ 1.0i

NK
Xm
Am'm

Xam
Ay

NK
Xm'

45+1
42+ 1

10+1
0.9~o. a

0.8 ~0.2

15-30
10-60

244
267
252
152
351

343
336

A(1670)

A(1690)

0(1/2 )Sp'1

0(3/2 )Dp'3

p 0.74
28.5

p 078
26.1

1660 to
1680

1685 to
1695

25 to
50

(35)

50 to
70

(60)

NK
Xx'

Ag

NK
Xm
Am'm

Zmm'

15-25
20-60
15-35

20-30
20-40

25
20

414
393
64

433
409
41S
350

A(1800) 0(1/2 )Sp'1

A(1800) 0(1/2+)Pp'1

A(1820) 0(5/2+)Fp5

A(1890) 0(3/2+)Ppp

A(1830) 0(5/2 )Dp5

p - 1.01
cr 17.5

p 1.01
o 175

p - 1.06
cr 16.5

p 1.08
o 160

p - 1.21
cr 13.6

1720 to
1850

1750 to
1850

1815 to
1825

1810 to
1830

1850 to
1910

200 to
400

(300)

50 to
250

(150)

70 to
90

(&0)

60 to
aao

(95)

60 to
200

(aoo)

NK
Zx'

E(1385)n
NKi(892)

NK
Xx'

E(1385)e
NK~(892)

NK
Xx

E(1385+

NK
Xx'

X(1385)e

NK
Zm

Z(1385)~
NK~(892)

2S-40
seen
seen
seen

20-SO
10-40
seen

30-60

55-65
8-14
5-10

3-10
35-75
&aS

20-35
3-10
seen
seen

528
493
345

528
493
345

545
508
362

553
515
371

S99
559
420
233

A(2110) 0(5/2+)Fp5

A(2350) 0(9/2+)

A(2100) 0(7/2 )Gp7 p 1.68
cr 8.68

p 1.70
o 853

p - 2.29
cr - 5.85

2090 to
2110

2090 to
2140

2340 to
2370

100 to
250

(200)

150 to
250

(200)

100 to
250

(150)

NK
Zm

Ag
K

A.m

NK~(892)

NK
Zw

h.ao

E(1385)~
NK~(892)

25-35
5
3( 3

& 8
10-20

5-25
10-40
seen
seen

aO-6O

12
~10

751
704
617
483
443
514

7S7
711
455
589
524

915
867
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Baryon Il'able (cont'd)

Farth:le 1(&P)gb

Mass
Pb ~ (GeV/e) M

e - 4a'L (tnb)

Fell
width F
(MeV) Mode

Partial decay modes

Fang p"
(%) (MeV/c)

1(1/2 )

S~—I 1~1 SIGMA RESONANCES(X)

(+)1189.4
(0)1192.5
(-)1197.3

See Stable Particle Table

X(1385) 1(3/2+)P13 Below (+)1382.3a 0.4
K p S1P
threshold (0)1382.0a2.5

S-1.61
(-)1387.4a 0.6

S-2.2~

35%1
S-1.0I

35

40a2
S-1.9j

8&F2
12%2

20&
127

~ X(1660)

X(1670)

X(1750)

l(l /2+)Pl 1

1(3/2 )Dt'3

l(l/2 )St'1

p 0.72
29.9

p~074
e 285

p 0.91
e 20.7

1630 to
1690

1665 to
1685

1730 to
1&00

40 to
200

(100)

40 to
80

(60)

60 to
160

(90)

10-30

7-13
5-15

30-60

10-40
seen
w &

15-55

405
439
385

414
447
393

486
S07
455

81

X(1915) 1(5/2+)F15

X(1940) 1(3/2 )Dt'j

X(2030) 1(7/2+)F17

X(2250)

X(1775) 1(5/2 )D15 p 0.96
o' 19.0

p 1.26
cr 12.8

p 1.32
e 12.1

p 1.52
cr 9.93

p 2.04
o' 6.76

1770 to
1780

1900 to
1935

1900 to
1950

2025 to
2040

2210 to
2280

105 to
135

(120)

80 to
160

(120)

150 to
300

(220)

150 to
200

(1$0)

60 to
150

(100)

NK

X(1385)e
L(1520)x

NK

Xx'

X(1385)s

NK
ha
Xx'

X(1385)s'
A(1520)a'
h(1232)K
NKe(892)

NK
ha
Xx'

K
X(1385)e
A(1520+
rL(1232)K
NKe(892)

NK

Xa

37-43
14-20

2-5
&-12

17-23

5-15
seen
seen
& 5

&20
seen
seen
seen
seen
seen
seen

17-23
17-23
5-10c 2
5-15

10-20
10-20
& 5

&10
seen
seen

508
525
474
324
198

618
622
577
440

637
639
594
460
354
410
320

702
700
657
412
529
430
498
438

851
&42
803
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Baryon Table (cont'd)

Particle ~ '(~ )'21 2J

Full
width I'
(MeV)

S=—2 1=1/2 CASCADE RESONANCES (8)

Partial decay modes

Fraction p
ole (%) (MeV/c)

"(1530)

1/2(1/2+)

1/2(3/2+)P13

(0)1314.9
(—)1321.3

9.1+0.5(0)1531.8 ~0.3
S - 1.3J

(—)1535.0+ 0.6 10.1+ 1.9

See Stable Particle Table

148

"(1820) 1/2(3/2 ) 1823
+, 6t

20+ 15
—10 A.K

XK
PaeP 7f

(1530}m

10
small

45

396
306
413
231

"(2030) 1/2( '? ) 2024
+, 6l

16+15
5 20

80
small
small

587
524
573
418

0(3/2+)

0(1/2+)

OTHER BARYONS

1672.4

2282

See Stable Particle Table

See Stable Particle Table

~ Each arrow in the leA-hand margin indicates there is an entry in the Data Card Listings for a baryon that is not we11
enough established (status less than 3 stars) to be included here. There is a short list of all the baryons in the List-
ings, whatever their status, at the front of this Table.

This mode is energetically forbidden when the nominal mass of the decaying resonance (and of any resonance in the
final state} is used, but is in fact aUowed due to the nonzero widths of the resonance(s}.

. The modes in brackets are subreactions of the N~~ mode.

a.. The nominal mass here (in MeV) is used for identification. See column 4 for the actual mass.

b. When there is more than one baryon with the same quantum numbers, one prime is attached to the spectroscopic
symbol for the first of them (e.g., S11), two primes to the second, etc.

c. The quantities here are calculated using the nominal mass of column 1.

d. Usually a conservatively large range of masses rather than a statistical average of the various determinations of the
mass is given. In these cases, the mass determinations are nearly entirely from various phase-shift analyses of more
or less the same data. It is thus not appropriate to treat the determinations as independent measurements or to
average them together. The masses, widths, and branching fractions in this Table are Breit-signer parameters. The
Data Card Listings also indude pole parameters where they are available.

e. Usually a conservatively large range of widths rather than a statistical average of the various determinations of the
width is given (see note d for the reason). The nominal value in parentheses is then simply a best guess.

f. For information on the Ny decay modes, see the Note on N and A Resonances in the Listings.

g. Most of the inelastic branching fractions come from partial-wave analyses, and these determine Vxx, where x and
x' are the elastic and inelastic branching fractions, not x' directly. Thus any uncertainty (and it is often consider-
able) in x carries over into x'. When x' so determined is really poarly known, we here simply note that the mode is
seen. The values of ~xx' are given in the Data Card Listings.

h. For a 2-body decay mode, this is the momentum of the decay products in the rest frame of the decaying particle.
For a mode with more than two decay products, this is the maximum momentum any of the products can have in
this &arne. The nominal mass of column 1 is used, as is the nominal mass of any resonance in the final state.

i The error g. iven here is only an educated guess. It is larger than the error on the weighted average of the published
values (the error on this average is given in the Listings).

j. The error given here has been scaled up by the "S factor" (see the ~ footnote to the Stable Particle Table for how S
is defined) because the various measurements disagree more seriously than one would expect fram statistics.
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PHYSICAL CONSTANTS

Quantity

speed of light
Planck constant
Planck constant, reduced

electran charge magnitude

conversion constant
conversion constant

electron mass
proton mass

deuteron mass
atomic mass unit (amu)

fine structure constant
classical electron radius
electron Compton wavelength

Bohr radius (mn„cle„s- oo)

Rydberg energy
Thomson cross section

Bohr magneton
nuclear magneton

electron cyclotron frequency/field

proton cyclotron frequency/field

Symbol, equation

c
h
h h/2m

hc
(hc)

me

mp

mg
(mass C12 atom)/12 - (1 g)/NA

n-e /hc
r -e/mc
A. -h/mc-ro.

—2a -h /cme -ra
hcR -me /2~ -mc ~/2 2

&B eh/2mec
p,N

- eh/2m cP
1/B e/m c
1/B- e/m c

Value

2.997 924 58(1.2)x10 cm s (see note )
6.626 176(36)x10 erg s
1.054 588 7(57)x10 erg s
- 6.582 173(17)x10 MeV s

4.803 242(14)x10 esu
= 1.602 189 2(46)x10 coulomb

197.328 58(51) MeV fm

0.389 385 7(20) GeV mbarn

0.511 003 4(14) MeV/c2 = 9.109 534(47)x10 28
g

938.2796(27) MeV/c = 1.672 648 5(86)x10 g
= 1.007 276 470(11)amu = 1836.151 52(70) m

1875.628 0(53) MeV/c2
931.501 6(26) MeV/c - 1.660 565 5(86)x10 g

1/137.036 04(11)
2.817 938 0(70) fm
3.861 590 5(64)x10 cm

0.529 177 06(44)x10 cm
13.605 804(36) eV
0.665 244 8(33) barn

5.788 378 5(95)x10 15 MeV gauss
3.152 451 5(53)x10

—18 MeV gauss
—1

1.758 804 7(49)x107 rad s 1 gauss

9.578 756(28)x10 rad s gauss

Uncert. (ppm)

0.004
54
54
2.6
2.9
2.9
2.6
5.2

2.8, 5.1

2.8, 5.1

0.011, 0.38
2.8

2.8, 5.1

0.82
2.5
1.6
0.82
2.6
4.9

1.6
1.7
2.8
2.8

gravitational constant
grav. acceleration, sea level, 45 lat. g
Fermi coupling constant GF/(bc)

6.672 0(41)x10 cm g
1 s

980.62 cm s
1.166 37(2)x10 5 GeV

615

17

Avogadro number
Baltzmann constant

molar volume, ideal gas at STP
Stefan-Boltzmann constant

NA
k

N&k(273. 15 K)/(1 atmosphere)
0 ~ k4/60h3c

6.022 045(31)x10 mol
1.380 662(44)x10 6 erg K
- 8.617 35(28)x10 5 eV K

22 413.83(70) cm mol
5.670 32(71)x10 5 erg s

—1 cm
—2 I—4

5.1

32
32
31

125

3.141 592 653 589 793 238 e - 2.718 281 828 459 045 235 y = 0.577 215 664 901 532 861

1 in 2.54 cm
1A 10 Scm

1fm - 10 13cm
1 barn 10 cm

1 newton - 105 dyne
1 joule - 107 erg

1 eV 1.602 189 2x10—12 erg
1 eV/c2 1.782 676x10 g

1 coulomb = 2.997 924 58x10 esu
1 tesla - 104 gauss
1 atm. = 1.013 25 x106 dyne/cm2

0 C = 273.15 K

1 tropical year
1 light year

1 parsec
1 astra. unit

3.155 69 x107 s
9.460 528 x1017 cm
3.261 633 light year

Revised 1984 by Barry N. Taylor, based mainly on the "1973Least-Squares Adjustment of the Fundamental Constants, " by E.R. Cahen
and B.N. Taylor, J. Phys. Chem. Ref. Data 2, 663 (1973). The figures in parentheses give the 1-standard-deviation uncertainties in the last
digits of the main numbers; the uncertainties in parts per million (ppm) are given in the last column. The uncertainties of the output
values of a least-squares adjustment are in general correlated, and the laws of error propagation must be used in calculating additional
quantities.

The set of constants resulting from the 1973 adjustment of Cohen and Taylor has been recommended for international use by
CODATA (Committee on Data for Science and Technology), and is the most up-to-date, generally accepted set currently available. Since
the publication of the 1973 adjustment, new experiments have yielded better values for some of the constants: NA = 6.022 097 8(63)x10
mol (1.04 ppm); a - 137.035 963(15) (0.11 ppm); and m /m - 1836.152 470(79) (0.043 ppm). However, since a change in the
measured value of one constant usually leads to changes in the adjusted values of others, one must be cautious in using together the values
from the 1973 adjustment and the results of more recent experiments.

A new adjustment of the fundamental constants is planned for completion in 1984.

In October 1983, the Conference Generale des Poids et Mesures adopted a new definition of the meter. The meter is the length of the
path traveled by light in vacuum during a time interval of 1/299 792 458 s. Thus the speed of light is defined to be 299 792 458 m/s. For
a discussion of this change, see B.W. Petley, Nature 303, 373 (1983).

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



832 Particle Data Group: Review of particle properties

CLE&SCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS, AND D FUNCTIONS

Note: A J is to be understood over every coefficient; e. g. , for -8/15 read -48/15.
J J

N ot at ion'.
~ ~

1/Z" 1/2 „', Y = ~ cos60 3
1 4~

1 2

'+1/2+1/Z 1 0 0

+1/2 -1/2 1/2 1/2 1

-1/2 +1/2 1/Z -1/2 -1
-1/2 -1/? 1

3 . jysine e
tetr

o cos 9-—
2 4rr 2 2

/

1 " 1/2, ,'/", ,
+1 +1/2 1 a 1/2 +1/2

+1 -1/2 1/3 2/3
0 +1/2 2/3 -1/3

Q -1/Z
-1 +1/2

Y —— —sinO cos 6 e1 15 iQ

2 8~
3/2 1/Z

-1/2 -1/2
2/»/3 3/2
1/3 2/3 3/2
-1 -1/2

2 1 +15 sin g44~

p x

+2 +1 1 +2 +2

+2 0 1/3 2/3
+1 +1 Z/3 «1/3 +l

+? -1 1/15
+1 0 8/15

Q +1 6/15

3/? .
+3/2 +1 1 +3/? +3/2

+ 3/2 0 2/5 3/5 5/?
+1/Z +1 3/5 -Z/5 +1/2

+3/2 -1 l/10
+1/2 o 3/5
-1/2 +1~ 3/10

3/2 1/2
+ 1/2 + 1/2

2/5 /2
1/1 5 - 1/3 5/2

-8/1 s 1/6 -1/2
+1/2 -1 3/lo
-1/Z 0 3/5
-3/2 + 1

I 1/10

2 1
+1

1/3 3/5
1/6 -3/10 3

-1/2 1/1O

i+1 -1 1/5
0 0 3/5

-1 +1 1/5

1 "1.. .
+1 +1 1 +1 +1

+1 0 1/Z 1/2
0 +1 1/Z -1/2

3/2 l/2
1/2 -1/2
8/1 5 1/6

—1/1 5 - 1/3
-'2/5 1/2

-1/2 -1
3/Z O

2 1

0 0

1/2 3/1 o
0 2/5
1/2 3/1 o

S/2 3/2
~

3/2 -3/2

3/S 2/S 5/2
2/s -3/s -5/2

-3/2 -1 1

3 2 1
-1 -1 -1

Z 1 Q

0 0 0

6/15 1/2 1/10
8/15 1/6 -3/lo 3
1/15 - 1/3 3/5 -2 -2

-1 -1 2/3 1/3
-2 o 1/3 -2/3 -3

II-2 -1

1/6 1/2 1/3
2/3 O -1/3 2
1/6 -1/2 1/3 -1 -1

0 -1 1/2 1/2 2
-1 0 1/2 -1/Z -2

I-1 -1 1

0 -1
-1 0
2+1

I

+1 -1
0 0

-1 +1

(]]mm i]]&JM)
Yg = (-1) Y

4 Tr Ym —impel]
rn, o 2 X+1

'2
( 1) (j j m m]i]&]]JM)

2 m m Coefficients
s/2 3/2 1 2

+ Z 1/2 1 3/» 3/2

+2 -1/2 1/5 4/5 5/2 3/2
+1 +1/Z 4/5 1/5 +1/Z +1/2

+ 1 -1/2 2/5 3/5 5/Z 3/ZI
Q +1/2 3/5 -2/5 1 /2 - &/2

0 -1/2 3/5 Z/5 5/2 3/2
-1 +1/2

i

2/5 -3/5 -3/2 -3/Z

3/2 1/2 2+1/2~ 1/5 -4/S -S/2
+3/2 tl/2 1 +1 +1 2 -1/2

+3/2 -1/2 1/4 3/4 2 1

+1/? +1/2 3/4 -1/4 0 0

1/2 -1/2 1/2 1/2 2 1

-1/2 +1/2 1/Z -1/2 -1 - 1

-1/Z -1/2 3/4 1 /4 2

-3/Z +1/2 1/4 -3/4

-3/2 -1/2

3/2" 3/2, 5 1/z e
1/2, 1/2 2

]

dj ( 1 )ITl -IT1 dJm', m m, m'
ijz . 6
ij2, -ijz

d3
2

+2

i!2 3 Z
-1jZ +1 +1
-1/z 1js 1jz
+1!2 3j5 0
+ 3jz 1js -1jz

+ 3jz
+1jz,
-1j2
-3!2

-m, -m
+3/2 + 3j2 1 +2

+3!2 +1!2 1j2
+1!2 +3!2 1j2

+3!2
3j2 '

+ 1j2
+3jZ - ijz

zjs
-2j5 7j2 5j2 3jz

1j5 +1j2 + 1j2 + 1jZ
-3jz 1!3s 6j3s zjs
-1!2 12!35 5!i4 0

1j2 18!35 -3!35 -1/5
3j2 4/'35 -27!70 2j5

+1
0

-1
-2

1 " 3/2, 7jZ
+ 7/Z

I

+'1jZ
i3j2

1+ cos6
1,1 2

7jz sjz
+5!2 +5!2

3j7 4j7 7jZ
4j7 -3j7 +3!2

+2 -i!2 1!7
1jZ 4j7

0 3jz 2j7

sine
1,0+2+3!2

3!iO

-zjs
3ji O

-3jz
-1j2
+ 1jz
+3!2

sjz
+3!2
16j3s

1!3S
-18!35

+2
+1

0

i 0
0 0

9jzo 1j4
-1jzo -1j4

1jZQ 1j4
9jzo -i!4
+1/2 -3jZ
-1j2 -1j2
-3/2 +ijZ

3 2
0 0

1j20 1j4
9!20 1!4
9!20 -1!4
1jzo -i!4

1-cosg
1;1 2

1j2
+ 1j2
zjs

-3!1O

ijs
-1!10
-3!2
- i!2

1!2
3!2,

3 2
-1 -1
1js 1jz
3j5 0
1jS -1jz

-1j2
-3!2

X 1
d = cose

3ji O

-ZjS 3 Z

3jiO -Z -Z

-3j2 1j2 1j2 3
-1/2 1j2 -1j2 -3

-3jz -3jZ

4 3
+3 +3

ijZ ij2
1j2 -i!2

+2
+1 1

0 2

I[+2+2 1

+2 +1
+1 +2

7jz sjz
-1j2 -1j2
4!35 27!70

18!35 3!35
1 2!35 —5!14
1!35 -6!35

4 3 2
+2 +2 +2

3!14 1jZ Zj7
4j7 0 -3j7
3!14 -1jZ Zj7

+2 -1
+1 0

g 0 1
cos p

3jZ 1j2
-i!2 -ij2
zjs 1ji o

-1j5 -ij5
0 3!10

zjs -zjs
0 -3j2

-1 -i!2
-2 1jZ

7jz sjz
,
-3jz -3jz
zj7 18/'35 1!5
4j7 -ij3S
ij7 -16!35 zjs~

-1 -3jZ
,

-2 -ij2

d3 jZ 1+ cose
3jz, 3jz

2 1 Q

0 Q

2/7 2!5 1jS
1j14 -i!iO 1!5

-2j7 0 i!5
1!14 1ji o

- 2/'5

+1
0

2cos 9-1)

7/2
- 5/2
4j7
3j7

sjz
-sjz
3j7

-4!7 -7jZ

-3jz

d3jz ./3 1+cose . g
d3/z ijz

— ' 3 2 stn~
4 3

-1
1j14 3ji 0 3!7 1j5
3j7 1/5 -iji4 -3!10
3j7 -1!5 -1!14 3!10

i

1!14 -3ji O 3j7 -1jS
0 -2

-1
-2 0

3/2 ~1-cos9 9
3/z, -i jz z

d2
2, 1

,

-2

2 1 +cos 9(
1,1

4 3
2 2 «2

z M6 . z
2,0 4

d3/2 1-cose . 9
3/2, -3/2 2 '"2

3ji4 1jZ Zj7
4j7 0 -3!7
3!14 -1jZ Zj7,

-2
-2 -1

2 — 3 sing cose
1,0d 3/2 3cos 6-1 9

'ijz, ijz —
z 'z d2 1-cose sing'2, -1 —

2
4 3

-3 -3
1jZ 1jz 4
1!2 -ijz -4

-2 -2 1

d3jZ 3 o e+1 . 6
ijz, -1jz

d2 1-cos 6(2 6+1)
1

2 3 2
d = ~ cos 6

4 3 2 1
+1 +1 +1 +1

1ji 4 3ji O 3j7 1jS
3j7 1!5 -1!14-3!10 .

3j7 -1j5 -1ji4 3!10 4 3
1j« -3!iO 3j7 -1jS 0 O

~ z +z -z ij7o ijio
1+ cose

( +1 1 8!35 Zjs
)~ 0 0 18!35 0

8j3s --zjs
1+cose 2 2, ij7O ijiO9'

conve»o»s tha«f signer (Group Theory, Academic press, New York, 1959), also used by Condon and Sho~ley (The Theo~ of
Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (E/ementary Theory of lingu/ar /]momentum Wiley, New York, 1957), nd
Cohen (Tables of the Ciebsch Gordan Coefficients, N-orth American Rockwell Science Center, Thousand Oaks, Cahf. , 1974). The signs and
numbers in the current tables have been calculated by computer programs written independently by Cohen and at LSg. (Table extended
April 1974.)
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SU(3) ISOSCALAR FACTORS

The most commonly used isoscalar factors, corresponding
to the singlet, octet, and decuplet content of 8 S 8 and 10 S 8, are
displayed at the right. The notation uses particle names to identify
the coefBcients, so that the pattern of relative couplings can be seen
at a glance. We illustrate the use of the coefficients by example; see
J.J de Swart, Rev. Mod Phys. 35, 916 (1963) for detailed explana-
tion and phase conventions.

2 Q is understood over every integer in the matrices; the
exponent '/2 is a reminder of this. For example, in de Swart's nota-
tion the ~ OK element of our 10 ~ 10 S 8 matrix reads

10 8 10 - V6
0 —2 ~/z 1 '/2 —1,

1~88

8

c
N7T NQ ZK AK

NK Z7r Am Zq =K

l
NK Z~ hq =K

ZK AK "m

~20

-1 -9 -1
0 4 4 -6

-12 -4 -2
-1 -9 -1

(h) ~ ( NK Z7r hei "K ) = (2 3 -1 -2 )1
88

r(tl' (=K)1-0)
F(A (Ne')1 3/2)

12 X (phase space factors) .

Intramultiplet relative decay strengths can be read directly from
our matrices. Thus, the partial widths for I ~ (N~)1 3/2 and 0»
~ (:-K)1 0 are in the ratio

82~8 8

r
N71' Ng ZK AK

NK Z7r Am Zq =K

NK Z~ hq

ZK AK

Supplying isospin Clebsch-Gordan coeAicients, one obtains, e.g., 10~8 8

F(0 ~" K ) 1/2 12 f 3 x
r(a+ ps. )

Partial widths for 8 ~ 8 S 8 involve a linear superposition of 8&

(symmetric) and 82 (antisymmetric) couplings. For example,

r
N'lT ZK

!

Z~ hm Zq

l ZK AK "Tr

88

( '
1 -2 2 -3 3 2

~12 3 -3 3 3

12

I'( a) — — gt + 82
8~10 S S

W= —V2DTr([B,B]+M)+ V 2FTr([B,B] M),

1s

v30
24

Thus,

1'(=-»~ =-a ) —(1.—2a)

where a —= D/(D+F).

The relation between gt,g& (with de Swart's normalization) and the
standard D,F couplings appearing in the interaction Lagrangian,

10~10 8

her ZK

E71 Eq ™K

Em =K

:"m =q AK

h7f hq ZK

AK Zm Eq =K

ZK =m =q QK

:-K Qq 10 8
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SU(N) MULTIPLETS AND YOUNG DIAGRAMS

This note tells how SU(n) particle multiplets are identified or
labeled, how to 6nd the number of particles in a multiplet from its
label, how to draw the Young diagram for a multiplet, and how to
use Young diagrams to determine the overall multiplet structure of
a composite system, such as a 3-quark or a meson-baryon system.

(1) Multlplet labels —An SU(n) multiplet is uniquely identified
by a string of (n-1) nonnegative integers: (n, P,y, . ). Any such
set of integers specifies a multiplet. For an SU(2) multiplet such as
an isospin multiplet, the single integer a is the number of steps
from one end of the multiplet to the other (i.e., it is one fewer than
the number of particles in the multiplet). In SU(3), the two
integers a and P are the numbers of steps across the top and bot-
tom levels of the multiplet diagram. Thus the labels for the SU(3)
octet and decuplet

are (1,1}and (3,0}. For larger n, the interpretation of the integers
in terms of the geometry of the multiplets, which exist in an (n —1)-
dimensional space, is not so readily apparent.

The label for the SU(n) singlet is (0,0,...,0). In a flavor SU(n),
the n quarks together form a (1,0,...,0) multiplet, and the n anti-
quarks belong to a (0,...,0,1) multiplet. These two multiplets are
conjugate to one another, which means their labels are related by
( P~x, )—(--,P. ,~).

(2) Number of particles —The number of particles in a multi-
plet, N - N(a, P,...), is given as follows (note the pattern of the
equations}. In SU(2}, N - N(a} is

In SU(3), N N(a, P) is

(a+ I) (P+ I) (a+/+2)
1 1 2

In SU(4), N - N(a, P,y) is

(a+I) (|}+I) (y+I) (a+@+2) (P+~+2) (a+P+~+3)
1 1 1 2 2 3

Note that there is no factor with (n+y+2): only a consecutive
sequence of the label integers appears in any factor. One more
example should make the pattern clear for any SU(n). In SU(5), N

N(n, P,y,b) is

(a+ I) (P+ I) (y+ I) (b+1) (a+/+2} (P+p+2)
1 1 1 1 2 2

(y+b+2) (a+P+y+3) (P+y+b+3) (n+P+y+b+4)
2 3 3 4

Multiplets that are conjugate to one another obviously have the
same number of particles, but so can other multiplets. For exam-
ple, the SU(4) multiplets (3,0,0) and (1,1,0) each have 20 particles.

(3) Young dke~~ams —A Young diagram consists of an array of
boxes (or some other symbol) arranged in one or more legj ustified

rows, with each row being at least as long as the row beneath. The
correspondence between a diagram and a multiplet label is: The
top row juts out a boxes to the right past the end of the second
row, the second row juts out ti boxes to the right past the end of
the third row, etc. A diagram in SU(n) has at most n rows. There
can be any number of "completed" columns of n boxes buttressing
the left of a diagram; these don't affect the label. Thus in SU(3) the
diagrams

I I I I I

represent the multiplets (1,0), (0,1), (0,0), (1,1), and (3,0). In any
SU(n), the quark multiplet is represented by a single box, the anti-
quark multiplet by a column of (n —1) boxes, and a singlet by a
completed column of n boxes.

(4) Coupling multiplets together —The following recipe tells
how to find the multiplets that occur in coupling two multiplets
together. To couple together more than two multiplets, first couple
two, then couple the third with each of the multiplets obtained
from the first two, etc.

First a definition: A sequence of the letters a,b, e, ... is admissible
if at any point in the sequence at least as many a's have been
reached as b's, at least as many b's have been reached as c's, etc.
Thus abed and aabcb are admissible sequences and abb and acb are
not. Now the recipe:

(a) Draw the Young diagrams for the two multiplets, but in one
of the diagrams replace the boxes in the first row with a' s, the
boxes in the second row with b's, etc. The unlettered diagram
forms the upper left hand corner o-f all the enlarged diagrams con-
structed below.

(b) Add the a's from the lettered diagram to the unlettered
diagram to form all possible legitimate Young diagrams that have
no more than one a per column. (All the a's appear in each new
diagram. )

(c) Use the b's to further enlarge the diagrams already obtained,
subject to the same rules. Throw away any diagram in which the
sequence of letters formed by reading right to leg in the first row,
then the second row, etc., is not admissible.

(d) Proceed as in (c) with the c's, etc.
Thus, for example, the calculation to find the multiplets that

can occur in a system made up of two SU(3) octets (one might be
the x-meson octet, the other the N-baryon octet) is as follows:

l aa
b

la a g la a @ I a@ la i a@
b a b a b

b b a ab
where only the diagrams with admissible sequences and with fewer
than four rows (since n - 3) have been kept. In terms of multiplet
labels, the above may be written

(1,1) S (1,1) = (2,2) 9 (3,0) 9 (0,3) 9 (1,1) 8 (1,1) 9 (0,0),
or in terms of numbers of particles,

8 S 8 = 27 9 10 9 10 e 8 S 8 9 1 .

The product of the numbers of the leA is equal to the sum on the
right. (See the section on the Nonrelativistic Quark Model for
results for 3-quark systems. )
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TESTS OF CONSERVATION LAWS

HV aaGDUc=aiGN

In response to the current interest in tests of conservation laws,
we have made a list of experimental limits on all weak and elec-
trom~etic decays, mass differences, and moments, whose obser-
vation would violate conservation laws. The list is in two parts,
"Number Conservation Laws, " i.e., lepton, baryon, hadronic fla-
vor, and charge conservation, and "Discrete Space Time Sym-
metries, " i.e. C, P, T, CP, and CPT. The references for these data
can be found in the Stable Particle Section of the Data Card List-
ings in this Review. A discussion of these tests follows.

CONSERVATION OF LEPTON NUMBERS

Present experimental evidence and the standard electroweak
theory are consistent with the absolute conservation of three
separate lepton numbers: electron number Le, muon number L„,
and ~-number L . Searches for violations are of the following
types:

a) hL ~ 2 for one type of lepton. The best limit comes from the
search for neutrinoless double beta decay (Z,A) ~
(Z+2 A}+e + e . The best laboratory limit is t&&2 ) 2x10 yr
for Ge [E. Bellotti et al., Phys. Lett. 1218, 72 (1983)j.

b) Conversion of one lepton type to another. For purely leptonic
processes, the best h~it is on p, ~ ~. For semileptonic processes,
the best »~it comes from the coherent conversion process in a
muonic atom p + (Z,A) ~ e + (Z,A). Of special interest is the
case in which the hadronic flavor also changes, as in K~ ~ p, *e
Limits on the conversion of ~ into e or p, are found in v decay and
are much less stringent that those for p, ~ e conversion.

c) Conversion of one type of lepton into another type of antflep-
ton. The case most studied is p + (Z,A) ~ e+ + (Z—2,A}.

d) Relation to neutrino mess. If neutrinos have masses then it is
expected even in the standard electroweak theory that separate lep-
ton numbers are not conserved. With small neutrino masses this
would be observed first in neutrino oscillations which have been
the subject of extensive experimental searches. If the rhL. - 2 type
of violation occurs, it is expected that neutrinos will have a
nonzero mass of the Majorette type.

CONSERVATION OF HADRGNIC FLAVORS

The conversion of quarks of a given charge, (d,s,b) or (u,c,t),
into one another is forbidden in strong and electrom~etic interac-
tions by the conservation of hadron flavors: S (strangeness}, C
(charm), B (bottomness), and T (topness). The weak interactions
violate these conservation laws as a result of the Cabibbo or
Kobayashi-Maskawa mixing (see Appendix III in the complete
Review of Particle Properties). The way in which these conserva-
tion laws are violated is tested as follows:

a) hS ~ hQ rule. In the semileptonic decay of strange parti-
cles, the strangeness change equals the change in charge of the

hadrons. Tests come from limits on decay rates such as X+ ~
ne+v and from a detailed analysis of KL ~ xev, which yields the
parameter x. A corresponding rule for charm decays is hC - AQ.

b) Change of flavor by 2 units. In the standard model this
occurs only in second-order weak interactions. The one example
for which this has been measured is the ~ 2 K —K mixing,0 —0

which is directly measured by m(Ks) —m(KQ. A limit on the hC- 2 D —D mixing provides a limit on
i m(D~) —m(D2) i.

c) Flavorwhanging neutral-currents. In the standard model the
neutral-current interactions do not change Qavor. The low rate of
K~ ~ p, +p, puts limits on such interactions; the nonzero value for
this rate is attributed to a combination of the weak and electromag-
netic interactions. The best test should come from a limit on K+
~ x+vv, which occurs in the standard model only as a second-
order weak process with a branching fraction of 10 0 to 10
Limits for charm-changing or bottom-changing neutral currents are
much less stringent.

CPT INVARIANCK

General principles of relativistic field theory require invariance
under the combined transformation CPT. The simplest tests of
CPT invariance are the equality of the masses and lifetimes of a
particle and its antiparticle. The best test comes from a limit on
the mass difference between K and K . Any such mass difference
contributes to the CP-violating parameter e. In fact e can be
explained by a CPTwonserving but CP-violating mixing of Kc and
K, which yields a prediction that Q+ —44, while a K —K
mass difference would yield P 44 + 90 . It is thus possible
to deduce that [m(K ) —m(K

i
( 10 im(Ks) —m(K+ i

(
3x]0 10 eV. Also, an upper limit on

i
m(D )—m(D )) can be

derived from the bound
i m(D~) —m(D2) I

(0.65x10 MeV
(inferred from bound on Dc ~ D ~ g anything), given an input
value of, or bound on, the CP-violation parameter a for Do—D
mixing.

CP AND T INVARIANCK

Given CPT invariance, CP violation and T violation are
equivalent. So far the only evidence for CP or T violation comes
from the measurements of g+, F00, and the semileptonic decay
charge asymmetry for Kz. Other searches for CP or T violation
should be divided into (a) those that involve weak interactions or
parity violation, and (b) those that involve processes allowed by the
strong or electromagnetic interactions. In class (a) the most sensi-
tive is probably the search for an electric dipole moment of the
neutron, which requires both P and T violation to be nonzero.
Class (b) searches involve looking for C or T violation in strong or
electromagnetic processes. Examples are the search for C violation
in g decay, believed to be an electromagnetic process, and the
search for T violation in a number of nuclear and electromagnetic
reactions.

Prepared April 1984 by R.E. Shrock, T.G. Trippe, and
L. Wolfenstein.
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TESTS OF CONSERVATION LAWS (Cont'd)

ouantityle l

Number Conservation Laws

Value(b) Conservation Law Tested

und

g effects

Ka)
D ~ p+ anything)
s limit)

p+~e vg /aH~ e+T fall~ e+e+e /all~ e+yy/aH
S32 ~ e S32/all

coupling for (tt+e ~ tt e++
r+ ~ g+y/all

~ e+y/all
~ pa+p, +pa /all~ e+p, +p /all~ y+e+e /all~ e+e+e /all~ p+s' /all~ e+~0/all

+Ko/all
~ e+Ko/all
~ p, +p /all~ e+po/all

~+ ~ p+v /all
K ~ a e+g /all~ ~+e p,

+ /all~ g+ve/all~ p. ve+e+/all
K& ep /charged
v oscillations and lepton mixin

in particle decays
S32 ~ e+ Si32/all

pa I ~ e+ Sbsuble/all
12& + 127~+ ~y+v /all

K+ ~ ~ e+e+/all
e+ps+ / all~ y, +v~/all

~ e+~™ve/all
neutrinoless double beta decay
rp/BR(p ~ e+s )
mean time for n ~ n trans.
e mean life
n ~ pvv/pe v
Re x from Ko ~ ~ev
Im x from Ko ~ ~ev
K+ ~ ~+~+e v/all~ ~+~+p, v/all
X+ ~ ne+v/all

~ np, +v/all
(X+ ~ ni'+v)/(X ~ nd v)
g~~ X e+v/all

~ X p, +v/all
~ pe v/all~ pp, v/all~ ne v/all~ np, v/all~ pl e v/all

v /all+~ pir /all
/all

/all
a-~X~ /all
m~- m~
(Do Do» K+a )/(Do
(Do ~ D ~ p anything)/(

l mDo —m&el (from previou
Koq ~ tt+tt )all~ e+e /all

y /all~ e+e y/all~ a~p, +
pa /all~ ~~e+e / all

~+a e+e /all
Ko ~ tt+tt /all~ e+e /all
K+ ~ ~+e+e /all

/ all
~ ~+vv/all

B ~ e+e anything/al)
anything / all

&5x10
& 1.7 x 10-10
&1.9 x 10
&8.4x 10

7 x 10

&42GF
&55x10 4

&64x10 4

(49x10 4

(33x 10 4

&4.4x 10 4

&40x 1Q

&&.2x10 4

&21 x 10
&10x 1Q
&1.3 x 10
&44x 10 4

(37x 10 4

(8.0 x 10-'«)
(7x 10
&5x10
(4x 10 3«)
&2 x10 ~

&8x 1Q

See Data Card Listings
&9x 10

—10

3x10
(1.5 x 10-3«&
&1x10
&7x10
& 3.3 x 10 3«&

&3x 10 3«)
See Data Card Listings( 1 x 103 years
& 1.0 year
~ 2 x 10 years
(9x10
0.009 ~ 0.02G

-0.004 a 0.026
(12x 10
&3x10—6

&5x10
&3x 1Q

& 0.04
(9x10 4

&9x10 4

(1.3x 10
(1.3x 10
(3.2 x 10
&1.5x 10
&4x 10 4

(4x 10
&3.6 x 10
(1.9 x 10
(4x 10
&31x10
(3.521~0.014) x 10 ~2 MeV
& 0.16
& 0.044
&65 x 10 MeV

(9.1 ~ 1.9)x10
&2.0x 10
(2.8+ 2.8)x10
(1.7+ 0.9)x10
&1.2 x 10
&2.3x 10
&9x10 6

&3.2x 10
(3.4 x 10
(2.7 a 0.5)x10
&2.4x 10

—6

&1.4x 10
& 8x10=3
& 7x1Q

Lepton family numbed
Lepton family numbed~~

Total lepton numberi/l

Baryon number

Charge

gq6r)

2 forbidden&)

hC 2 forbidden&&

no Qav. chng. neut. curr.
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TESTS OF CONSERVATION LAWS (Cont'd)

Discrete Space Time Symmetries

quantity(e)

(e e )J $ yyy/all
g ~ e+e ~0/all

p, a /all
parameters:

left-right asymmetry
sextant asymmetry
quadrant asymmetry

y patrameters:
IeA-right asymmetry
beta (D-wave)

y ~ ~+~-/aH
e electric dipole moment
p, electric dipole moment
p electric dipole moment
n electric dipole moment
A electric dipole moment
a'/a from p, ~ evv
P'/ a from p ~ evv
Im $ in K+3 decay (from transverse p pol. )
Im $ in K 3 decay (from transverse g pol. )

4QLA)
—4Kgv) «r n

n 3-vector corr. coeff
K+ ~ ~*a+~ rate difference/average
K+ ~ m*2~ rate difference/average
K+ ~ m+~ y rate difference/average
K~3~*slope (g+ —g )/sum

F(Ko e'+ e' e' ) / F(Kt e'

I' - F(K,' 3~') /F(K'
Charge asymm. j in Kot ~ e'

Kz~ (p, +x v —p, ~ v)/sum

K& (e+~ v —e x+v)/sum
i~~i - iA(Ko, ~ ~'~')/A(K,'~ ~'~')i

iA(K[» e+e' )/A(Kso ~ e' e'

P+ .. phase ofy+
&00. phase of goo
Re~
(g + —g ) /average
(g + —g ) /average

{g —yj'/a ersge

g+ —a mass difference / average
K+ —K mass difference / a~erage

[
Ko —K I mass diiference/average

p —p mass difference / average
A —A mass difference / average

mass difference / a~erage
0 —0+ mass difference /average
p,

+ —p, mean life difference / average
mean life difference / average

K+ —K mean life difference/average
A —A mean life difference / average

+ mean life difference / average
K* ~ p*v rate difference/average
K+ ~ a+ao rate difference/average

Value~b ~

(3.8 x 10
(5+ 3)x10
&5x10
&5x10

(1.2 ~ 1.7}x 10
(1.9 + 1.6) x 10
(—1.7 + 1.7) x 10

(8.8 + 4.0) x 10
0.047 ~ 0.062
(1.5 x 10
(3x 10 2 ecm
{3.7 g 3.4) x 10 ecm
&4 x 10 ecm
(2.3 + 2.3) x 10 ecm
& 1.5 x 10 ~~ecm
-0.12 + 0.10
—0.029 ~ 0.037
—0.017 + 0.025
—0.020 + 0.022

(180.11 + 0.17)
—0.0007 ~ 0.0014
(0.07 + 0.12)%
(—0.03 + 0.55)%
(0.9 ~ 3.3)%
(—0.7 a 0.5)%( 0.12
& 0.1

0.0011 ~ 0.0008
(0.319 w 0.038)%
(0.333 + 0.014)%
(2.33 + 0.08) x 10
(2.274 + 0.022) x 10
(44.6 + 1.2)
(54 + 5)'
(1.621 + 0.088) x 10
(2.2 ~ 6.4) x 10
(—2.6 + 1.6) x 10

(—1+ 7)x10
(2~ 5)x10
(—0.6 + 1.8) x 10
& 6x10
(7 ~ 4) x 10
(7 ~ 7) x 10-6
(1.1 + 2.7) x 10 4

(—4+ 6)x10
(3 z 8) x 10
(5+ 7)x10 4

(1.1 + 0.9) x 10
(4.4 ~ 8.5) x 10
(0.02 + 0.18)
(-0.54 + 0.41)%
(0.8 ~ 1.2)%

Symmetry Tested or Violated

C
C
C (single photon process)
C (single photon process)

C
C
C

C
C
P and CP
T and P
Tand P
Tand P
Tand P
T and P
T
T
T
T
T (0 or 180)
T
CP
CP
CP
CP
CP
CP
CP
CP (violated)
CP (violated)
CP (violated)
CP (violated)
CP (violated)
CP (violated)
CP (violated)
CPT
CPT
CPT

CPT
CPT
CPT
CPT
CPT
CPT
CPT
CPT
CPT
CPT
CPT
CPT
CPT
CPT(')

a. Branching fractions are described by a shorthand notation, e.g., "p.+ ~ e+y/all" means F(p, +~ e+y)/ F(g+ ~ all).
b. Limits are given at 90% confidence level while errors are given as c 1 standard deviation.
c. Test of additive vs. multiplicative lepton family number conservation.
d. Lepton family number conservation means separate conservation of e-number, p,-number, and v-number.
e. These limits are derived from the analysis of neutrino oscillation experiments.
f. Violation of total lepton number conservation also implies violation of lepton family number conservation.
g. Can be violated in second-order weak interactions.
h. Orthopositronium data are from Liu and Roberts, Phys. Rev. Lett. 16, 67 (1966).
i. Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys. Rev. D12, 2744 (1975).
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KINEMATICS, DECAYS, AND SCATTERING

A. LORKNTZ TRANSFORMATIONS

The energy E and three-momentum II of a particle form a four-
vector p (E, II). Viewed from a second frame with velocity
v = Pcz relative to the original frame, the components of p are (E',
II'), where

E' = VE —PVVz,

p,'= m, —PvE,

B.l.b Two-body partial decay rate: If A'is the Lorentz invariant
matrix element (see Section D below), the partial decay rate in the
rest frame of the decaying particle is

32~

where dQ is the differential solid angle in the rest frame of the
decaying particle.

8.2.a Three-body kinematics:
px px py py

and where y (I —P ) l/ . It follows that the scalar product of
two momenta, pl.p2 - ElE2 —IIt l)2, is invariant, that is, frame
independent.

If II makes an angle 8 with the z-axis, then il' makes an angle 8'
with the z-axis,

P, M

P),Al)

p2, ftl2

p3 t7la

~here

z/
%'e denote

Then

P12 P 1 + P2 m12 P12, etc.2 = 2

i Ill sin8

y I II I cos 8 —PyE

In particular, if the unprimed frame is the center of mass and the
primed frame is the lab, and if the velocity of the center of mass in
the lab frame is P z, we use P = —P above to find (denoting

I)

p~ sin ~cm
tan ~h b 'r pcm cm+P & cm

IfP ) p /E, the particle is necessarily moving forward in
the lab and

pcm
0

cm —p /E

We denote p& = p&' = lily sin8 . Then given a fixed pcm and

E~, as, for example, in a two-to-two scattering process, as Hcm
varies from 0 to 2x the lab momentum describes an ellipse:

(p,
' —PYE, )

+ = 1
~2 2 2

pCm pcm

m12+m23+m13 = M +ml+m2+m32 2 2 2 2 2 2

The invariant mass of the pair 1-2 is related to the energy of parti-
cle 3 in the rest frame of M,

mt2
——(P —p3) = M + m3 —2ME3.

B.2.b Dalitz ylot: If the orientation of the decaying particle is
ignored, there are two kinematic variables, which may be chosen to
be m12 and m13. For fixed m12, the range of m13 is determined by
letting ill be parallel or antiparallel to p3. In the rest frame of
(pl + p2), the energy of particle 3 is E& - (M —ml2 —m3)/(2mt2),
and that of particle 1 is El = (ml2+ ml —m2)/(2mt2). Thus for a
given m 122,

(m&&) = (E& + E3) — V E&
—

m&
—V Ep —ml

L

(Ill l3)m;n
= (Et + E3) — El —mt + E3 —m32 ~ ~2 ~2 2 ~2 2

B. DECAYS

B.l.a T%FO-body +I~ematlcs:
(M —m )2-

P, M

P),Al)

p2, Al2

In the rest frame of the decaying particle,

M +m1 —m2
2 2 2

2M

[M —(mt+ m2) l[M —(mi —m2) j
1/2

(m, +m3)2 —,

(m, +mz)2
2

m)2

(M —m3)2

The scatter plot in m12 and m13 is called a Dalitz plot. Phase
space density is uniform across the plot. See below.
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KINEMATICS, DECAYS, AND SCAI 1ERING (Cont'd)

B.2.c Three-body p»m space: Fixing the energies E1 and E2 of
two of the final state particles in the M rest frame determines the
relative orientation of the three outgoing particles. Their momenta
may then be regarded as a rigid body whose orientation with
respect to the initial particle is specified by the Euler angles a, P,
and y. The partial decay rate in the M rest frame is

di' I&I dE1 dE2dadcosPdy .(2~) '

If the angles are integrated out, we have the Dalitz plot form,

dI' = IMI dE dE = IWI dm dm
SM 1 2

—
32M3 12 23.

An alternative expression is

lilt I III3I dmt2dQt dQ3
16M

where

[mt2 —(mi+ m2) ][mt2 —(mt —m2) ]
IIII I-

4m122

is the momentum of particle 1 in the rest frame of m12,

[M —(m12+ m3) ][M —(mt2 —m3) ]
I 3l =

4M2

C. SCAi i'RRING

Throughout Section C, we set It -1, c - 1. Use hc - 197.3
MeV fermi, and (hc)2 - 0.3894 GeV2 mb for conversions.

C.1 Partial sheaves: The amplitude in the center of mass for elastic
scattering of spinless particles may be written in a partial wave
expansion

I(k,8) —g(2C'+ 1) a& P& (cos 8),1

k

where k is the c.m. momentum, 8 is the c.m. scattering angle, a&

2'~ th(i' —I)/2i, 0 c it& ~ 1, and 8& is the phase shiA of the 8
partial wave. For purely elastic scattering, g& - 1. The differential
cross section is

= If(k,8) I2.

The optical theorem is

atct = Im I(k,O),

and the cross section in the 1+ partial wave is

rr = (2l+ 1) Iari

The partial-wave amplitude a& can be displayed in an Argand plot.

is the momentum of particle 3 in the M rest frame, d01 is the solid
angle element for particle 1 in the 1-2 rest frame, and dQ3 is the
solid angle element for particle 3 in the M rest frame.

B9 n-body pb~m space

Im A

P1,m)

p2, m2

~n mn

The partial decay rate in the M rest &arne is

I

-1/2 0
I

1/2
Re A

dF - IWI2d4 (P;pt, , p ),
where

The usual Lorentz invariant matrix element W(see Section D
below) for the elastic process is related to f(k,8) by

A' = —gs Ks I(k,8),
n n dp.

d+ (P'pl ' ' ' p ) = 8 (P gp;)/
1-1 i-1 (2ir) 2E;

so

stet = — Im&(t= 0),1

2k s
In particular,

dC2(P;pt, p2) = (2a) M dQ1,

where
I III I

is the momentum of particle 1 in the M rest frame and
dQ1 is the solid angle element in the same frame.

Phase space for n particles can be related to that for n —1 by
treating particles 1 and 2 as a single system of momentum pt2-
p1+ p2 and mass squared m12 p12. Thus2 2

d4n(P;PI, P2, ~ ~ ~, Pa) = d@n t(P;P12, P3, ~ ~ ~, Pn)

xd@Z(pt2 Pi PZ) (2a) dm12.3 2

where s and t are the center-of-mass energy squared and momen-
tum transfer squared, respectively (see Section C.3.a).

C.2 Reson~nces: The Breit-Wigner form for a& with a resonance at
c.m. energy ER, elastic width Fe1, and total width F«t is

—'r
el

1
ER —E ——Ftot

where E is the c.m. energy. This gives a circle in the Argand plot
with center ixe1/2 and radius xe1/2, where xe1 Fe1/Ftot. The quan-
tity x

1
is called the elasticity. The amplitude has a pole at E-

ER &tot/2.
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KINEMATICS, DECAYS, AND SCAI+ERING (Cont'd)

Im A
1

C.3.b Two-body differential cross sections: In the center of mass
or lab,

64~s
P1cm

In the center of mass,

Re A

The Breit-Wigner cross section for a spin-J resonance produced
in the collision of particles of spin S1 and S2 is

(2J+1) a in out tot9. B I'

(2SI + 1)(2S2 + I)
R + tot

where k is the c.m. momentum, E is the c.m. energy, and B;n and

Bout are the branching fractions of the resonance into the entrance
and exit cb~nnels. The 2S+ 1 factors are the multiplicities of the
incident spin states, so they are replaced by 2 for photons, etc.

d~ P1cmP3cm do'

dO, ~ dt

IC.4 n-body differential cross sections:

pt, m)

p2, m2

In the c.m. or lab

/ /pt, mt
/p, , m,

/ /P„,ITI„

CDm Two-body scattering ttt~ematlcs:

pt, mt

p, ,m,

In the center of mass,

P3, ITl3

P4, ITI4

(2tr)
«'n(PI + P2, Pl, P2, ,P,'),

4 (Pl P2) —
mt m2

2 2 2

where n-body phase space, d4, is described in Section 8.3 above.

Note that (pl p2) —m
1 m2 pl&bm2 plcm V s .2 2 2

C.Sm Leptoproduction kI~ematics:

s+m2 —m2
2E1~-

2
1/2

[s —(mt+ m2) ][s—(ml —m2) ]
P1cm 4s

P11abm2

P, M

q - k —k' is the four-momentum transferred to the target.

Invariant quantities:

where Vs is the total c.m. energy. The Lorentz invariant Mandel-
stam variables are

(Pl + P2) (P3 + P4)

ml + 2E1E2 —2III'112+ m2

t - (Pl —P3) - (P2 —P4)

-
mt

—2EIE3+ 2/1 I)3 + m3,

(P I P4) (P2 —P3)

m12 —2EIE4+ 2III i)4+ m42,

and they satisfy

s+ t+ u m2+ m2+ m32+ m2

If8~ is the c.m. scattering angle between particles 1 and 3, then
(de&«ng Plein

- lIIicml » P3cin
= ]II3cml)

( lcm 3cm) (P lcm P3cm) PlcmP3cm ' ( cm/ ) .

For 8~ 0, —t is a minimum.

E —E' is the lepton's energy loss in the lab (in earlier
literature sometimes v = q.P). Here, E and E'
are the initial and final lepton energies in the
lab.

Q —q 2(EE' —k.k') —m —m ~ where
mmmm

.) is the initial2 2 & ~ 2 2
e e', . e 2(final) lepton mass. If EE' sin (8/2))) m&,

me. , then2

—4EE'sin2(8/2), where 8 is the lepton's scattering angle in the
lab.

Q2
x In the parton model, x is the fraction of the target

nucleon's momentum carried by the struck
quark. See section on Quark Parton Model

y = = —is the fraction of the lepton's energy lost in the lab.kp E

W = (P+q) - M +2Mv —Q is the mass squared of the sys-
tem recoiling against the lepton.

C.S.b Leptoproduction cross sections:

do'
2MvE de 2 dt, =2xME d&2 2 2 2

dx dy dv dQ2 E' dOh, b dE' dx dQ2
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KINEMATICS, DECAYS, AND SCATTERING (Cont'd)

C.5.b.i Electroproduction structure functions:

d e Sx'a ME 1+(1—y —2 Fem
dxdy Q4 2 "1

For the production of a resonance of mass mR and spin J,

(+ — + -R) 2(2J+ 1)8~2r(R-~V) f(mR)
mR$ s

+ (1 y)(Fem 2xFem} xyF emM
2 1 2E

Ft (x, Q ) and F2em(x, Q ) are the (unpolarized) structure func-
tions, which are, in the naive parton model, independent of Q .
C.5.b.ii Neutrino production structure functions:

C.7 Inclusive hadronic reactions: A particle's momentum can be
parametrized by selecting a particular direction for the z-axis and
writing

(E = m& cosh y, pz = m& sinhy, p„,p ),
where

d2+ Gp ME

dxdy

2
(1 —y — xy) F& + ~2xFt

2E 2

m =m +p +pJ X

2
+ (y —~)xF$

d2+ GF ME M — 2

dxdy ~ 2E 2
(1 —y — xy) F2 + 2xFf

—(y — )xFf

E+ pz
y = —Zn

2 E —p

E+p= Zn
m&

tanh
Pz

, E,

Ed
0' d 0'

d p dyd2p&

Feynman's x variable is defined to be

The variable y is called the rapidity. A boost in the z-direction
then modifies y by y ~ y + 5, where' = cosh', p = tanhh.
Thus the shape of the distribution dN/dy is invariant under such a
boost, and

The structure functions F;""are related to quark distributions in the
parton model (see section on Quark Parton Model). There are
separate F s for neutral- and charged-current processes.

C.6u e+e ~~~&hQ~tion: For pointlike spin-1/2 fermions in the
c.m. , the differential cross section for e+e ~ ff via single photon
annihilation is

p 1+cos28+ (1 —p }sin 8 et',

where p is the velocity of the final state fermion in the center of
mass, and ~here e& is the charge of the fermion in units of the pro-
ton charge. For p ~ 1,

4~~2 2 S6.8 e~2 nb
e2 =

s(GeV2)

C.6.b e e two-photon process: In the equivalent photon approxi-
mation, the cross section for e+e ~ e+e X is related to the cross
section for yy ~ X by

dkr + + (s}- it Jdkof(~)dkr (res),

where

pz

pz max
~ cm

pzcm 2m& sinh ycm

2&cmFor yc not small (e cm (( I)

x ~ mg ycm

and

(ycm)mm = ~n
m

(Ptp2lsiptp2) = 1 i(2~) ~ (Pt+P2 Pt P2)

D. LORKNTZ INVARIANT AMPLITUDES

The quantity -iE is determined in perturbation theory by the
Feynman rules. Our convention above is consistent with the
Appendices of Bjorken and Drell except that fermion spinors are
normalized so that uu = 2m, etc. In particular, the S-matrix for
two-body scattering is

and

Zn
2~ „4me2—

~(p t,P2,P t,p2)

(2E1)
1 /2(2E2)1/2(2E1) 1/2(2E2)1/2

where the states are normalized so

f(au) = —(2 + au)2 du ——2(1 —ao)(3 + co)
1 1

&
p'

l p& = (2s') ~ (Il —il') .
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM

(for scattering on a proton target}

m v dP =m dP
p beam beam p beamE dE = m dTcm cm p beam

PBEAM
(GEVIC)

-----C M ENERGY-----
(GEV)

PBEAM
(GEV/C)

NTUM IN C.
(GEV/C}

PBEAM -- --C. M. ENERGY-- ——
(GEVI C} {GEV)

-----C. M. ENERGY-----
(GEV)

-MOME -MOMENTUM IN C
(GEVIC)

Ypi&p
MeP

. 791 .788 .756

.796 .793 .762

.802 .799 . 768

.Bof .805 .774

.813 .810 .780

Ypi&P
~eP

5.807
5.887
5.g66
6.044
6. 122

YPi &P
~OP

2. o 1 8
2. 027
2. 036
2.045
2. 054

YPi vp
~a P

~ 938
.958
~ 977.996

1.015

Yprvp
~cP KP

2. 109
2 ~ 117
2. 126
2. 134
2. 143

KP1l' P

2.025
2.034
2.043
2.053
2.062

PP PP PP PP

17 ~ 5
18.o
18.5
19.0
19 ~ 5

5.829
5-909
5.988
6.066
6. 142

.686

.6gz

.698

. f04

.710

5.809
5.88g
5.968
6.046
6. 1z3

5.886
5 ~ 965
6.o43
6. 120
6. 196

.o78
~ 079
~ o83.089
.096

1.877
1.877
1.877
1.8 f8
1.8'fB

0.00
0.02
0.04
o.o6
o. oS

1.432
1.432
1 ~ 433l. 434
1.436

2. 325
2 ' 332
2 ' 339
z. 346
2. 353

1.70
1.72
1.74
1.76
1.78

.000.020.o38.056

.074

. 000

.017
~ 035.052
.o68

.000
~ 013
.026
.039.052

.000

.010

.020

.030

.040

20
21
22
23
24

6.218 6 ~ 272
6.367, 6.419
6.513 6.564
6.655 6.7o5
6.795 6.843

.065.o78

.091

. 104

. »6

2.071
2.080
2.089
2.098
2. 107

.816

.Szl

.827

.832

.837

.716.721.727
~ 733
~ 739

.o85

. 101

. 117

. 132

. 147

2. 360
2. 367
2.374
2. 381
2. 388

6. 199
6. 34g
6.495
6.638
6. 778

1.8o
1.82
1.84
1.86
1.88

z. o64
2. 073
z. oBz
2. 091
2. 100

.785

.791

.796

.Boz

.Bo8

.818

.824

.Szg

.835

.84o

6. 198
6.347
6.4g3
6.636
6.776

1 ~ 033
1.051
1.069
1.QB f
1 . 104

1.879
1.88o
1.882
1.883
1.885

2. 151
2- 159
2. 168
2. 176
z. 184

1.4391.441
1.445
1.44S
1.453

0. 10
0. 12
0. 14
o. 16
o. 18

1.105
1. 1 16
1.127
1.13g
1.152

.091

. 107

. 123.138.153

.050.o6o

.070.oBo

.090

.813

.819

.824

.Bzg

.835

.744

.750

.756

.761

.767

.845

.851

.856

.861.86'f

6.g13
y. o48
7. 180
7 ~ 309
v. 436

6.915
7.049
7. 181
7.311
V. 438

.843

.848

.853.859.864

1 ~ 165
1.1fS
1.192
1.206
1.219

1.457
1.462
1.468
l.473l.48o

1.887
1.88g
1.892
1.8g4
1.8gy

6.932 6.979
7.066 7. 112
7 ~ 197 7-243
7.326 7.371
v. 453 7.49v

. 167.18z
~ 195.209.222

. 161
~ 175
. 189
.202
.215

1.121
1.137
1.154
1 .170
1.186

0.20
0.22
0.24
0.26
o.28

2 193
2. 201
2. 209
2 ~ 217
2.226

395
2. 402
2. 409
2.416
2.4z3

25
26
27
28
29

. 129. 141

. 153.166.178

~ 099
~ 109
. 119
. 129
. 138

1.90
1.92
1.94
E.g6
1.98

2. 109
2. 117
2. 126
2. 135
2. 144

2. 115
2. 124
2. 133
2. 142
2. 151

.84o.866

.Bgz
~ 917
. 941

7.578
7.701
7.822
7.941
B.o58

30
31
32
33
34

l. 486
1.493
-1.500
1.507
1.514

.872

.897

.922
~ 947
970

7.562
7.685
7.8o6
7 925
B.o43

.234.247
F 259
~ 271.282

7. 6z 1

7.743
7.864
7.982
B.o99

.869.895

.920

.g44

. g68

.228.241

.253

.265
~ 277

. 189.201

.213

.224

.235

. 148

. 158

. 167
~ 177
. 186

2.234
2. 274
2. 314
2 ' 353
2 392

1.233
1.z4V
1.261
1.275
1.288

.772
-799.826
.85z.877

2. 430
z. 465
2. 500
2. 534
2. 568

1.900
1.903
1.906
1.910
1.913

7.563
7.686
7.8oy
y. gz6
8.044

1.201
1.217
1.232
1.z47
1.262

0.30
0.32
0.34
0.36
o. 38

2. 159
2. 202
2. 244
2. 286
2. 326

2. 0
2. 1

2. 2
2 ' 32.4

2. 153
z. Eg6
2. 238
z. 28o
2. 320

2. 366
2. 405
2. 444
2. 482
2. 520

.965.989
1.01
1.03
1.06

.901

.g26

.949
~ 972
~ 995

.247

.z58

.268
F 279.290

. 196

.205

.214

. 224
~ 233

z. 6oz
2. 636
2. 669
2. 702
2. 735

8. 158
8.2'f 3
8.385
8.4g6
8.606

8. 16o
8.274
8.386
8.4gS
8.6oy

2. 430
2. 468
2. 505
2. 542
2.578

.294
-305
~ 316
~ 327
~ 337

0.40
0.42
0.44
0.46
o.48

35
36
37
38
39

S. 174
8.288
8.4oo
8.511
8.621

1.522
1.530
1.538
1.546
1.554

1.917
1.921
1.925
1.929
1.934

~ 288
. 300
.311.322
.332

1.277
1.292
1.306
1.320
1 ~ 335

1.302
1.315
1.329
1.342
1.356

2. 5
2. 6
2 ' 7
2. 8
2. 9

~ 994
1.02
1.04
1.06
1.oB

z. 36o
2. 400
2.439
2. 477
2. 514

~ 991
1.01
1.04
1.06
1.08

8.214
8.327
8.43g
8.549
8.658

2. 768
2.800
2. 832
2. 863
2. 895

8.716
8.823
8.928
9 0339. 136

8.766
8.872
S.gyS
9.081
g. 184

1.10 1.10 1.08
1.12 1.12 1.10
1.14 1. 14 1. 12
1.16 1 ~ 16 1. 14
1.18 1.18 l. 16

2. 613
2. 649
2. 683
z. 718
2. 752

1.02
1.04
l. o6
1.o8
1.10

. 348

.358.368.378
~ 388

'l .563
1.571
1.58o
1.589
1.598

1.938
1.943
1 ~ 947
1.952
1.957

2. 556
2. 593
2. 629
2. 664
2. 699

4o
41
42
43
44

8 ~ 729
8.836
8.941
g. o46
9. 149

.343
353

.363
~ 373
.383

.242

.251

.z6o

.26g

.278

1.369
1.382
1 ~ 395
1.408
1.421

1.349
1.362
1.3f6
1.390
1.403

8. 715
8.822
8.927
9.032
9 135

2. 551
z. 588
2, 624
2. 660
2. 695

.300.310

.321
~ 331
. 341

3.0
3. 1

3-2
3 ~ 3
3.4

0.50
0.52
0.54
0.56
o. 58

g. z38
9 ~ 339
9 ~ 439
9.538
g. 636

1.18 1.Ez
1.20 1 ~ 14
1.22 l. 16
1,24 1. 18
1.26 1.20

z. gz6
2 ' 957
z. gBy
3.o18
3.o48

9.286
g. 386
9.486
9.584
g. 681

.28f

.296

. 304
~ 313.322

z. 785
2.818
2.851
2.884
2.916

1.962
1.968
1 ~ 973
1.978
1.984

l.416
1.430
1.443
1.456l. 468

0.60
0.62
0.64
0.66
o. 68

9.25E
9- 352
9.451
9.550
g. 648

1.434
1.447
1 ~ 459l.472
1.484

.350

.360

.370
~ 379.388

9 ~ 237
9.338
9.438
9 ~ 537
9.635

1.607
1.616
1.625l. 634
1.643

2. 734
2. 768
2.801
2.835
2. 868

3 ' 5
3.6
3 ' 7
3.8
3 ~ 9

1.20
1.22
1.24
1.26
1.28

~ 397.407
.416
.425.434

~ 393
.402
.412
.421
.430

2.729
2.763
2. 797
z. 83o
2.863

1.20
1.22
1.24
1.26
1.28

46
47
48
49

9.778
9.968
10. 15
10.34
10.52

9 ' 745
9 935
10.12
10.31
10.49

1.481
1.494
1.506
1.519
1.531

1.6531.662l. 671l. 681
1.690

1.989
995

2. 001
2. 007
2. 013

.443.452

.461
~ 470.478

439
.448
~ 457.465
.474

2 ~ 947
2 979
3.010
3.041
3.071

1.27
1.29
1.31
1 ~ 331.34

l. 496
1.509
1.521
1 ~ 533
1.545

50
52
54
56
58

9 732
9 ' 923
10. 11
10.29
10.47

9 ' 733
9.924
10.11
10.30
10.48

3 ' 077
3. 10'f
3. 136
3. 165
3 ~ 194

4. o

4. 2
4. 34. 4

2. 896
z. gzB
2. 960
2. 992
3.023

~ 397.4o6
.415
.424

~ 330
~ 339
. 34v
~ 355
. 364

2. 900
2.932
z. g64
2. 996
3 ~ 027

1.22
1.24
1.z6
1.27
1.29

1.30 1.291.31 1.31
33 1 33
35 1 351.36

0.70
0. fz
0.74
0.76
o.78

Eo. 66
EQ. B4
11.01
1 1.18
11.35

1.36
1.38
1.40
1.41
1.43

1.38
1.4o
1.41
1.43
1.45

. 482

.490
~ 499
~ 507
.515

.442.450
~ 459.467
.475

.486
F 495.503.511.519

l. 38
1.40
1.42
1.43

6o
62
64
66
68

10.69
10.87
11.04
11.21
11.37

3.058
3.o88
3. »8
3. 148
3. 178

1.699
1.709
E.718l. 728
1 ~ 737

~ 372
. 38Q
. 388.396.404

1.31
1 ~ 33
1.34
1.36
1.38

3.054
3.084
3. 115
3. 144
3. 174

10.65 10.65
10.83 10.83
11.00 11.00
1 1.17 1 1.17
11.34 11.34

o.Bo
0.82
0.84
0.86
o.88

4. 5
4. 6
4. 7
4. 8
4. 9

3 223
3.251
3 ~ 279
3 307
3 335

1.543l. 555
1.567

579
1.591

3. 101
3. 131
3. 161
3. 190
3.220

2.019
2. 025
2.031
2.037
2.043

1.557
1.569
1.580
1.592
1.604

3.207 3.248
3.265 3. 305
3.322 3.362
3.378 3.417
3.433 3 471

.484

.492.500.5o8
-515

.412

. 420

.4z8

.435

.443

1.46
1.50
1 ~ 53
1.56
1 ~ 59

1.44
1.48
1.51
1.54
1.57

1.40
1.43
1.46
1.4g
1.52

1.747
1 .756
1-765
1-775l. 784

3.204
3.262
3 ' 319
3.375
3.430

3.363
3.417
3.4 "(1
3.524
3.5v6

11.50
11.66
11.S2
11.98
12. 13

11.50
11.66».Sz
1 1.98
12. 14

1.46
1.49
1 ~ 53
1.56
1.59

1.603
1.615
1.626
1.638
1.64g

1.615
1.6zy
1.638
1.649
1.661

.523

. 531

.538

.546

.554

~ 527.535
.542
.550.558

11.51».67
11.83
11.99
12. 14

2.050
2. 056
z.o6z
2. 069
2 ' 075

5. 0
5. 2

5. 6
5.8

70
72

76
78

0.90
0.92
0.94
0.96
0.98

11.54
11.70».86
12.02
12. 'l7

1.60
1.63
1.65
1.68
1.71

1 ~ 61
1 ~ 64
1.67
1 . 'f 0
1.73

. 561

.569

.576.583.591

l. 6z
1.64
1.67
1.70
1 ~ 73

3.484
3.538
3.590
3.642
3.693

2.082
z. o88
2. 095
2. 102
2. 108

3.487
3.541
3 593
3.645
3.696

3.627
3.678
3.728
3.778
3.827

6.o
6. 2
6. 4
6. 6
6.8

.451

.458

.466

.4V3

.481

.565

.573.58o

.58V.594

1 .794
1.803
1.812
1.822
1.831

1.55l. 58
1.61
1.64l. 67

Bo
82
84
86
88

1.66o
1.672
1.683l. 6g4
1.705

.523

.531

.538.546

.553

1.672
1.683l. 6g4
1. f05
1.716

1.00
1.02
'l. 04
1.06
1.08

12.29 12.29
12.44 12.44
12.59 12.59
12.74 12. f4
12.88 12.89

3.524
3 577
3.6zg
3.68o
3 731

12.32
lz. 48
12.63
12.77
12.92

12.30
12.45
12.60
12.75
12.89

1.74
1.76
1 ~ 79
1.82
1.84

.488

.495

. 502

.510

.517

.598.6o5

.61z

.619

. 626

1-75
1.78
1.81
1.83
1.86

.561.568
~ 575.583.590

.6ol.609

.616.622.62g

3.781
3.83o
3.878
3.926
3.974

3.875
3 923
3 970
4, 016
4.062

13.04
13.18
13.32
13.46
13.6o

3.747
3-797
3.846
3 ~ 894
3.942

1.70
1.'f2
1.75
1.78
1.Bo

1.84o
1.850
1.859l.868
1.877

13.06
13.21
13 ~ 35
13.49
13.63

1.yz6
1 ~ 737
1.748
1 ~ 759
1-769

1.751.78
1.81
1.83
1.86

1.716
727l.738

1.748
1 ~ 759

90
92
94
96
98

7.0
7 ~ 2
7. 4
7. 6
7.8

13 03
13.17
13 ~ 32
13.46
13-59

2. 115
2. 122
2. 129
2. 136
2. 142

13 ~ 03
13.17
13.31

13 ' 59

1.10
1.12
1.14
1.16l. 18

3-794
3.843
3.891
3.939

3.989
4. 036
4. 082
4. 128
4. 173

S.o
8.2
8.4
8. 6
8.8

3.987
4. 033
4.oBo
4. 125
4. 1 f1

13.76
16.83
lg. 4z
21.70
23. 'f 6

4. 021
4. 067
4. 113
4. 158
4. 203

1.87
1.8g
1.92
1.94
1.96

1.88 1.88
1.91 1.91
1 ~ 93 1 ~ 93
1.96 1.951.98 1.98

1.83
1.85
1.88
1.901.93

.524

.531

.538
-. 545
~ 552

1.887l. Sg6
1.905
1.914
1.923

~ 636.643
.633
.639.646
.653.66o

2. 149
2. 156
2. 163
2. 170
2 ~ 177

13.74
16.81
19.40
21.69
23.75

1.780
1.790
1.800
1.811
1.821

~ 597.6o4
.6»
.618.6z4

4. 108
4. 153
4. 198
4. 242
4.z86

1.770l.78o
1.791
1.801
1.812

100
150
200
250
300

1.20
1.22
1.24
1.26
1.28

13 73 13 73
16.80 16.80
19.40 19.40
21.68 21.68
23 ~ 75 23 ~ 75

.650.656.663

.666

.673

.679

.685

.692

.631.638.645.651

.658

2. 184
2. 191
2. 198
2.205
2.212

25. 65
27. 42
29.08
30.65
32. 14

1.831
1.841
1.851
1.862
1.Byz

.669.676

.682

.68g

.695

2. 00 1.99 1.95
2. 03 2.01 1.97
2. 05 2. 03 2. 00
2.07 2.06 2.02
2.09 2. 08 2. 04

z5. 66
27. 43
29.09
3o.66
32. 15

1.822l.832
1.843
1.853
1.863

~ 559
.565
~ 572
579

. 585

2.00
2.03
2.05
2.07
2.09

4. 215
4. z6o
4. 303
4. 347
4 ' 390

1.932
1.941
1.950
1 ~ 959
1.968

z5. 65
27. 41
29.07
30.65
32. 14

25. 65
27. 41
29.07
30.65
32. 14

9.0
9.2
9.4
9.6
9.8

1.30l. 32
1.34l. 36
1.38

350
400
450
500
550

4. 218 4 ' 247
4. 262 4. 291
4. 306 4. 335
4. 34g 4. 378
4. 392 4. 420

4. 329
4. 372
4. 415
4.457
4. 498

.664

.671

.677.684

.690

4. 435 4. 462
4. 539 4. 566
4. 642 4. 668
4. 742 4.767
4. 839 4. 864

.6g8

.704

.711
~ 717
~ 723

2. 10
2. 16
2.21
2.26
2. 31

4. 540
4. 641
4.741
4.839
4. 934

33.58
34 ~ 95
36.27
37 ' 54
38.77

2. 07
2. 12
z. 18
2 ' 23
2. 28

2. 12
2. 17
2. 22
2. 28
2 ' 33

2. 12
2. 17
2.22
2.28
2 ' 33

.592
~ 599
.605
.612
.618

1.873
1.883
1.893
1.903
1.913

4. 432
4. 537
4. 639
4 ' 739
4. 837

l. 882
1.891
1.901
1.911
1.921

.701.yo8.714

.720.726

1 ~ 977
1.g86
1 ~ 995
2.004
2.013

2.219
2.226
2 233
2.24o
2. 247

10.0
10.5
11.0
11.5
12.0

1.40
1.42
1.44
1.46
1.48

33.57
34.94
36.26
37 ' 53
38.76

39 ' 95
41.11
42. 23

600
650
700
750
800

33 57
34. 94
36.26
37 ' 53
38.76

33 ~ 57
34. 94
36 ~ 26
37.53
38.76

39.95 39.96
41. 11 41.12
42. 24 42. 24

39 ~ 95
41. 11
42. 23

2. 38
2. 43
2. 47
2. 52
2. 57

2. 36
2. 41
2. 46
2. 51
2. 56

85o
900
950

. 624

.631

. 637.643

. 650

2. 38
2. 43
2. 47
2 ' 52
2-57

.696

.702
~ 709
~ 715.721

4. 935 4. 960
5.030 5.053
5. 122 5. 145
5.213 5.236
5. 302 5.324

5.028
5. 120
5.211
5. 300
5. 388

4.933
5.027
5. 120
5.211
5.300

2. 254
2.261
2.268
2.275
2. 282

~ 729
~ 735
.741
~ 747
.753

2.022
2.031
2.039
2.048
2.057

.732.738

.744
~ 750.756

12.5
13.0
13 ~ 5
14.0
14.5

1 .922
1.932
1.942
1.951
1.961

2 ~ 33
2. 38
2.43
2. 48
2 ' 53

1.931
1.940
1.950
1 ~ 959
1.969

1.50
1.52
1.54
1.56l.58 43.34

61.28
g6. 8 j
137.0
193 ~ 7

43.33
61.27
96.8'f
137.0
193 ~ 7

43 ~ 33
61.27
g6. 87
137.0
193 ~ 7

43 33
61.27
g6. 87
137.0
193 ~ 7

1000
2000
5000

10000
20000

.656

.662

.668.674.68o

2. 60
2. 65
2. 6g
2. 73
2. 78

2.61
2. 66
2. 70
2. 74
2 ' 79

2.065
2.074
2.083
2.091
2. 100

z.zBg
2.296
2.304
2.311
z. 318

. f62.768
-773
-779.785

2.61
2.66
2. 70
2. 74
2 ' 79

2. 57
2. 62
2. 66
2. 70
2. 75

l.gy8
1.g88
1.997
2.006
2.016

5.412
5.498
5.582
5.666
5.748

5.4v4
5 ~ 559
5.642
5.725
5.8o6

-727.733
~ 739
-745
~ 751

~ 759
.765
~ 770
.776
.782

5- 390
5.476
5.561
5.645
5 ~ 727

1.60
1.62
1 ~ 64
1.66
1.68

15.0
15 ~ 5
16.o
16.5
17.0

1.9 fo
1.98o
1.98g
1 ~ 999
2.008

5.474
5 ' 559
5.643
5.726 3o6. 3

433.2
612.6
968.6

1370

306.3
433.2
61z. 6
968.6

1370

306. 3
433.2
612.6
968'. 6

1370

306. 3
433 2
612.6
g68. 6

1370

50000
100000
200000
500000

1000000
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(GEV/C)

Yp. &p
~eP
2.83 2.83
2.87 2.87
2.91 2.91

95 2.95
99 2.99

KP

2. 82
2.86
2.90
2. 94
z, gB

2.79
2.83
2.87
2.91
2 ~ 95

2 ' 99
3 ' 07
3. 14
3-22
3-29

3.02
3 ' 09
3- 17
3.24
3 ~ 31

3 ~ 03
3. 10
3. 18
3-25
3-32

3 ' 03
3. 10
3. 18
3.25
3 ' 32

3.38
3.45
3 ~ 52
3-59
3.65

3.36
3 ' 43
3 ' 50
3.56
3-63

3 ~ 39
3.46
3 ~ 53
3 59
3.66

3-39
3.46
3 ' 53
3 ' 59
3.66

3 ~ 71
3.78
3.84
3.90
3.96

3 ~ 72
3 ~ 79
3.85
3 ~ 91
3 ' 97

3 ~ 72
3.78
3.85
3 ~ 91
3 ' 97

3.69
3.76
3.82
3.88
3 ' 94

4.02
4.o8
4. 13
4. 19
4. 24

4. oO
4.06
4. 11
4. 17
4 Z3

4. 03
4. oB
4. 14
4. 20
4. 25

4.02
4. oB
4. 14
4.20
4. 25

4. 31
4. 36
4. 41
4. 47
4. 52

4. 28
4. 34
4. 39
4. 44
4. 50

4. 31
4. 36
4. 41
4. 47
4. 52

4. 30
4. 35
4. 41
4. 46
4. 51

4. 56
4. 62
4. 67
4. 72
4 ' 77

4 ' 57
4. 62
4. 67
4. 72
4 ' 77

4-55
4. 60
4. 65
4. 7o
4, 75

4. 62
4. 67
4. 72
4 ' 77

4. 82
4. 92
5.01
5. 10
5.20

4. 81
4.91
5.01
5. 10
5 ~ 19

4. Bo
4. 89
4 ' 99
5.oS
5 ' 17

4. 82
4. 92
5.01
5. 10
5 ~ 19

5.28
5.37
5.46-
5.54
5. 63

5.26
5.35
5.44
5-53
5.61

5.28
5 ' 37
5.45
5. 54
5. 6z

5.z8
5 ' 37
5.46
5 ' 54
5.63

5 ~ 71
5 ' 79
5.8V
5 ' 95
6.03

5 ~ 69
5 ~ 77
5.85
5 ~ 93
6.01

5 ~ 71
5 ' 79
5.87
5 ' 95
6.o3

5 ~ 71
5 ~ 79
5.87
5.95
6.o3

6. 11
6. 18
6.26
6.33
6.41

6. 1o
6. 18
6. 26
6.33
6.40

6.09
6. 17
6.z4
6.32
6.39

6. »
6. 18
6.26
6.336.41

6.48
6.55
6. 62
6.6g
6.76

6.48
6 ~ 55
6.62
6.69
6.76

6.46
6.54
6.61
6.68
6.75

6.48
6.55
6.62
6.6g
6.76

6.83
8.37
9.67
10.8
11.9

6.83
8.38
9.67
10.8
11.9

6.83
8. 38
g. 68
lo. 8

6.82
8.36
9.66
10.8
11.8

1 z. 8
13.7
14.5
15 ~ 3
16. 1

lz. 8
13-7
14.5
15.3
16.o

12.8
13 ' 7
14.5
15.3
16. 1

12.8
13 ~ 7
14.5
15.3
16 ' 1

16.8
17.4
18. 1

18.7
19.4

16.8
17 ~ 5
18. 1

18.8
19.4

16.8
17 ~ 5
18. 1

18.8
lg. 4

16.8
17 ~ 5
18. 1

18.8
19.4

20. 0 20. 0 20. 0 20. 0
20. 5 20. 5 20 ~ 5 20 ~ 5
21. 1 21. 1 21. 1 21. 1

21.6
3o.6
48.4
68.5
96.9

21.7
30.6
48. 4
68. 5
96.9

21.7
3o. 6
48. 4
68. 5
96.9

21.7
30.6
48. 4
68. 5
96.9

153
217
306
484
685

153
217
306
484
685

153
217
306
484
685

153
217
306
484
685
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STANDARD MODEL
OF ELECTROWEAK INTERACTIONS

CABIBBO AND KOBAYASHI-MASKAWA
MIXING

eQA + T+W++T W
V 2 sin8W

+ T3 —stn 8 Q Z
sin 8W cos 8W

u c "e

The couplings of the photon, W+, and Z to fundamental fer-
mions are

The quark mass eigenstates are not the weak eigenstates. The
unitary matrix connecting them is known as the Kobayashi-
Maskawa matrix. It genem»~es to three generations the Cabibbo
mixing which includes only the first two generations. The K-M
matrix can be parametrized by three angles 81, 8&, and 83 and a
phase e's, as described in Appendix II (found in the full Review of
Particle Properties, not in the data booklet). Independent of such a
parametrization we can write

&a~ ~us ~ub

b', ,&~ ~t ~tb, .b,

T+

T3

for mixing effects defining d', s', and b' see the
section on Cabibbo and Kobayashi-Maskawa
Mixing;

—(1 —ys) x weak isospin raising operator (T* act
2

on left-handed fermions);

—(1 —y5) x third component of weak isospin, (i.e.,
1/2 for ue, v, v, u, c, t;T

—1/2 for e, g, r, d, s, b};

0.21 to 0.24 0. to 0.014
0.971 to 0.973 0.036 to 0.070
0.036 to 0.069 0.997 to 0.999

The primed quarks are the weak eigenstates, while ihe unprimed
ones are the mass eigenstates. The analysis in Appendix II leads to
an estimate of the K-M matrix:

0.9705 to 0.9770
0.21 to 0.24
0. to 0.024

Mw2
v2sln 8wGF

37.3 GeV
sin

MZ MW/cos 8W .

See Appendix I of this Review (found only in complete version, not
in booklet) for more details.

Branching fractions of the W* and Z are predicted to be
roughly

Q electric charge operator, in units of proton charge;

8w - weak mixing angle;

A - electromagnetic vector potential.

Thus, for example, the Wee coupling is
r

W e + —(1—y5)v+ W+ v y" —(1—y5)e.V2sin8W.

and the Zuu coupling is
I

e
( ys) " 8w

1

~ "n 8w cos8w

The physical neutral fields A and Z are mixtures of W3, the partner
of W+, and another field B:

A W3sin8W+ Bcos8W, Z = W3cos8W —Bsin8W.

The SU(2) x U(1) gauge couplings g and g' appear as

gW T+ g3 —,Y
p 2

where electric charge Q, T3, and Y/2 are connected by
Q = T3+ Y/2 . The couplings and mixing angle are related by
tan8w - g'/g, sin8w - e/g.

In lowest order

QUARK PARTON MODEL
FOR DEEP INELASTIC SCATTERING

In the naive parton model, the number of quarks, q(x)dx, of
type q carrying i fmction between x and x+dx of the proton's
momentum (in a frame in which it is large) is independent of the
Q of the scattering. (In more complete QCD models there is a
logarithmic dependence on Q .) Thus deep inelastic leptoproduc-
tion probes u(x), d(x), u(x), etc. In particular, the structure func-
tions for scattering from a proton (see section on Kinematics,
Decays, and Scattering) are determined by these:

F2~ = 2x [d(x)+ s(x) + u(x) + c(x)]

xF3 = 2x [d(x) + s(x) —u(x) —+ex)]

F2 = 2x [u(x)+ c(x)+ d(x)+ s(x)]

xF3~C = 2x [u(x) + c(x) —d(x) —s(x)]

F2em = x — u(x)+ u(x), + — d(x}+d(x) +
9 9

F2 = 2p x' ———stn 8W+ —sin 8W u(x)+u(x)vNC2& 1 2 ~ 28. 4
-4 3 9

+ ———x{n Hxx+ —x{x {)xx d{*)+d{x)1 1 . 2 2 -4
-4 3 9

XF3 2p x ' ———sin 8w u(x) —u(x)&4C 2 i 1 2
-4 3

+ ———sin 8w d(x} —d(x)1 1
-4 3

BR(W+ ~ e+p ) 0.08,
BR(Z~ veve) - 0.06,
BR(Z~ uu) 0.10,

BR(W+~ud) - 0.24,
BR(Z~e+e ) - 0.03,
BR(Z~ dd) - 0.13, etc.

F2 = 2xF1 (in all cases. This is the Callan-Gross relation,
and ignores parton transverse momentum. )

FRANC

FRANC

1 1

and similarly for the other generations, assuming there is no
suppression for phase space even for the t quark. The total widths
are expected to be (with sin 8W —0.21): I'(W) —2.8 GeV and
I'(Z) —2.$ GeV.

Here p = Mw/(Mzcos 8w). See section on the Standard Model
of Electroweak Interactions and Appendix I of this Review (found
only in complete version, not in booklet).
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NONRELATIVISTIC QUARK MODEL

Quantum number

Quark type (flavor)

b t

electric charge +— —— +— —— +—1 2 1 2 1 2
3 3 3 3 3 3

W —z-component of isospin —— +— 0 0 0 0z 2 2

A. QUANTUM NUMBERS

Each quark has spin 1/2. The additive quantum numbers (other
than baryon number - 1/3) of the known (and presumed) quarks
are shown in the table.

States in the "normal" spin-parity series, P - (—1), must, accord-
ing to the above, have S -1 and hence CP - +1. Thus mesons
with normal spin-par~it and CP —1 are forbidden in the qq
quark model. The J 0 state is forbidden as well. Mesons
with such J~ could exist, but ~ould lie outside the qq' model.

States with the same Jp and additive quantum numbers can mix
(if they are eigenstates of charge conjugation, they must also have
the same value of C). Thus the physical J - 1+, strangeness 9'-
1 states, Q(1280) and 1400), are mixtures of QA and Q&. The
p(3770) is a mixture of Sl and Dt. The g and Tt' are mixtures of
the SU(3) octet and singlet states.

For the pseudoscalar mesons, the Gell-Mann-Okubo formula is

strangeness

8'—charm

W —bottomness

9—topness

0 0 0 0 0

0 0 0 0 -1

0 0 0 0 0 +1

0 0 0 +1 0 0

m„=—(4mK —m ),
assuming no octet-singlet mixing. However, the octet Ttg and
singlet yt mix because of SU(3) breaking. The physical states Tr and
g' are given by

g8 cos Hp 'g1 sin Hp

g' = g8sinHp+ g1cosHp.

%'ith these conventions the strangeness Wof the K+ is + 1 and the
bottomness W of the B+ is +1.

The G-parity operator is defined to be G - Ce ", where C is
the charge conjugation operator. The mesons with P'- S'- W - 9

0 are eigenstates of G. Ifa meson is also an eigenstate of the
charge conjugation operator with charge conjugation C, then G-
C(—I)t, where I is its isospin; all the other particles in the same
isomultiplet have the same value of G: G(Tr*) - G(s ) - —1,
G(p*) G(p ) +1, etc.

$.MEANS
Nearly all known mesons can be understood as bound states of

a quark q and an antiquark q' (the flavors of q and q' may be dif-
ferent). If the orbital angular momentum of the qq' state is L, then
the parity P - (—1) +1. A state qq of a quark and its own anti-
quark is also an eigenstate of charge conjugation with C-
(—1) +, where the spin S 0 or 1. The L 0 states are the pseu-
doscalars, Jp - 0, and the vectors, Jp 1 . See table below.

These combinations diagonalize the mass-squared matrix
T

2 2
M11 M18

18 M88
2 2

where Mgg —(4m& —m ) . It follows that2 1 2 2
3

M2 —m88

2 2
88

The sign of 8& is meaningful in the quark modeL If

gt = (uu+ dd+ ss)/ V 3

Ttg
= (uu+ dd —2sgs/v 6,

then the matrix element M18, which is due mostly to the strange

Standard quark model assjianments for some of the known mesons. Some assignments, especially for 0++, are controversial. Note that
only the states in the uu, dd, ss, cc, and bb columns and the neutral states in the I = 1 column are eigenstates of charge conjugation C.

I 28+ lL JPCJ
uu, dd, ss i ud, uu, dd

I~Q I 1

su, sd
I 1/2

cu, cd
I 1/2

cs
I~0

cc
I 0

bu, bd
I 1/2

bb
I Q

'So

3S1

Q
+ D

KR(892) DB(2010)

F B

H B(1235) Qs
3Po

3p

3P

D2

3D
1

3D2

3D
3

0++ S(975), e

D(1285), E A(1270)

A2

A(1680)

cu(1670)

KB(1430)

L(1770)

KR(1780)

X(3415)

y(3510)

7r(3555)

$(3770)

orb(9875)

7tb(9895)

yb(9915)
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NONRELATIVISTIC QUARK MODEL (Cont'd)

quark mass, is negative. From the relation

SS
—m„2 2

tan 8p
M128

we find Hp w 0.
For the vector mesons we replace ~~ p, K~K~, g~Q, and

g ~(d, so

~8cos HV ~1 sin HV

~8 sinHV+ ~1cosHV .

For "ideal mixing, "
qh

= ss, tan(IV = I/ V 2, so 8V —35.3'.
ExperimentaHy, HV is near 35, the sign being determined by a for-
mula analogous to that for tan 8p. Following this procedure we
find the mixing angles below. There are uncertainties of a few
degrees arising &om electromagnetic mass splittings and uncertain-
ties in resonance masses.

Singlet~et mixing for the pseudoscalar, vector, and tensor me-
sons. The sign conventions are as above. The value of 8+~ is ob-
tained from the equations above, and Hh is obtained by replacing
m2~ m throughout. Of the two isosinglets, the mostly octet one is
listed Grst.

This difference has major implications for internal structure, mag-
netic moments, etc. (For a nice discussion, see Ref. 1.)

Few of the baryons containing c or heavier quarks have yet
been discovered, so we restrict further attention to baryons made
up ofjust d, u, and s quarks. The three flavors imply a flavor
SU(3), which requires that baryons made of these quarks belong to
the multiplets on the right side of

3 S 3 (SI 3 = 10S S SM 9 SM S 1~

(see the section on SU(n) Multiplets and Young Diagrams). Here
the subscripts indicate symmetric, mixed-symmetric, or antisym-
metric sites under interchange of any two quarks. The figure
shows particle assignments in these multiplets. States h.s and A. 1
that have the same spin and parity can mix; an example is the
mainly octet DM A(1690) and mainly singlet D&3 A(1520). The
formalism is the same as for it it' or—$—&o mixin (see above),
except that for baryons the mass M instead of M is used. The sec-
tion SU(3) Isoscalar Factors sho~s how relative decay rates in, say,
10~8 IS) 8 decays may be calculated. A summary of results of fits
to the observed baryon masses and decay rates for the best-known
SU(3) multiplets is given in Appendix II of our 1982 edition.

Flavor and spin may be combined in a flavor-spin SU(6) in
which the six basic states are dt, dl - sh (t, l spin up,
down). Then the baryons belong to the multiplets on the right side
of

J~ Nonet Members
6 (3 6 8 6 = 56S e 70M S 70M S 20~ .

0 +

2++

3

x, K, y, y'

p, K~(892), P, ao

A2, K (1430), f', f
g(1690), K~(1780), +1850), cv(1670)

—10

39

29

36"

26

28

These SU(6) multiplets decompose into flavor SU(3) multiplets as
follows:

56= 410 e 28

70 = 210 9 48 e '8 e 1

28 e 41

C. BARYONS

All the established baryons are apparently 3-quark (qqq) states,
and each such state is an SU(3) color singlet, a completely antisym-
metric state of the three possible colors. Since the quarks are fer-
mions, the state function for any baryon must be antisymmetric
under interchange of any two of its quarks. Thus the state is sym-
metric under interchange of the quantum labels other than color.

Iqqq)A - Icolor)A x Ispace, spin, flavor)&,

where the subscripts S and A indicate symmetry or antisymmetry
under interchange of any two of the quarks. Note the contrast with
the state function for the three nucleons in H or He:

I NNN)A I space, spin, isospin)A .

where the superscript (2S+ 1) gives the net spin S of the quarks for
each particle in the SU(3) multiplet. The J - I /2+ octet contain-
ing the nucleon and the JP - 3/2+ decuplet containing the h(1232}
together make up the "ground-state" 56-piet in which the orbital
angular momenta between the quarks are zero (so that the spatial
part of the state function is trivially symmetric}. The 70 and 20
require some excitation of the spatial part of the state function in
order to make the overall state function symmetric.

The quark model for baryons is extensively reviewed in Ref. 3.

1. F.E. Close, in Quarks and Nuclear Forces (Springer-Verlag,
1982), p. 5$.

2. Particle Data Group, Phys. Lett. 111$(1982).
3. A.J.G. Hey and II..L. Kelly, Phys. Reports 96, 71 (1983).
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PROBABILITY AND STATISTICS

A. PROBAB~-& 1'Y DISTMBUTIONS AND CO&f1 CADENCE
LEVELS

&e give here properties of the three probability distributions
most co~rnonly used in»sh energy physics: normal (or Gaus-
sian), chi-squatied (X ), and Poisson. We warn the reader that there
is no ~~reversal convention for the term "con6dence level"; thus,
explicit de&~itions that correspond to cow~on usage are given for
each distribution. It is exp»i~ed below how con6dence levels for
all three distributions may be extracted Rom the following figure.

A.g y distribution
The X distribution for nD degrees of &eedom is:

P. 0')dx' - ' (x')"-"-""dx' {x'~0),
D 2hF(h)

(3)

whete h {for"half') nD/2. The mean and variance are nD and
2nD respectively. In evaluating Eq. 3) one may use Stirling's
approximation: F(h) —2.507 e "h / )(1 + 0.0833/h), which
is accurate to a 0.1% for all h ~ 1/2. The confidence level associ-
ated with a given value of nD and an observed value of Xo is the
probability of the y exceedi~ the obam ed value, i.e.,

CONFIDENCE LEVEL VS. g2 FOR nD DEGREES OF FREEDOM

2 3 4 5 6 8 IO 20 30 405060 80IOO
I.O

0.6
Q 4
Q. 3
0.2

O. I

0.06

0.03
0.02

0.0 I

0.006
0.004
0.003

o 0.002
C3

0.00 I

0.0006
0.0004
0.0003
0.0002

0.000 I

—For n~& 50,

with y=/2X~—
I i ii

2 3 4 5 6 8 IO 20 30 40 50 60 80 IOO

(or g x IOO for ——)
2

~ 8

'L
'C 1, '~ ~

x x x' &1a

1

riD = W 1 'g2 'S!'s& ~~6 $8'i, l0 $15 '$0'2/311 'it(i'1')'&

1 h I
'E

1 'Ir— L L

2 \ x \ x 1 x I l s
1, C \ \ 1 \ \ \ i x

t 1 1 1 t
\

1 l l

L I ~ ~ ~ I
h ~ . l a ~ ~

'L \ 1 \ I 1 x I I I
1 I

1 x i x l l i I x I
1 \ \ \ t x t l 1 I I i i

I t 'l t 1 1 1, 1 1
\ i 'i 'L I 1 \ I 1 1 l

'i I 1 l 'i l
l' ll l I

I 1 'll i I..
~ ~ ~ % ~ I

~ % ~ ~ ~ ~ I I

X~ l I x l l 1 \ I I I 1
L \ i l l I

EXP (» ~)dX \ I x i 'i i i i I I I

2 t I 1 1 1 t 1 1

&2no-I 5 7 ', ( i 1 1

I 1 lilillll I 'i, Kite i il
'i iibttI,

CL= fdic'P. {x')

0 IO
X2

I5

(4)

The small figure in Eq. (4) is drawn with nD = 5 and CL - 10%.
CL is plotted as a function of X for several values of nD in the
large figute. For large nD, X btwomes normally distributed about
nD. Thus,

yl = (X nD)/+2nD (5)

becomes normaHy distributed with unit standard deviation and
mean zero. A better approximation is that x, not X, becomes nor-
maHy distributed; specifically

y2 - V2y —+2nD —1

approaches normality with unit standard deviation and mean zero.
For smaH CL's in particular, y2 is much more accurate than y&.
Thus, for nD - 50 and X - 80, the true CL - 0.45%, but y& is 3.0
corresponding to a CL of 0.13%, while y2 is 2.7 corresponding to a
CL of 0.35%.

AB Poisson distribution
The Poisson distribution with mean n is:

e n~n
Pgn) (n = 0, 1, 2, ).n

(7)

A.l Nor ~& distribution
The normal distribution with mean x and standard deviation o

(variance a ) is:

P(x)dx 1 e-(x-+x/2v d

The confidence level associated with an observed deviation 8 from
the mean is the probability that

i
x-x

i
) 8, i.e.,

CL 2 I dx P(x),
x+4

(2)

-2cr -cr 0 cr 2cr

since the distribution is symmetric about x. The small figure in Eq.
{2)is drawn with 8 2a. CL is given by the ordinate of the
nD I curve in the large figure at X - (8/a) . The confidence
level for 8 le is 31.7%; 2cr, 4.6%; 3e, 0.3%. The odds ~~~inst
exceeding 8, (1-CL)/CL, for 8 la are 2.15:1;2a, 21:1;3cr, 370:1;
4cr, 16,000:1;5r, 1,700,000:1. Relations between 0 and other meas-
ures of the width: probable error (CL - 0.5) - 0.67a-, mean abso-
lute devhs6on 0.8(kr; RMS deviation cr; half width at half max-
imum 1.18m.

The variance is equal to the mean. Confidence levels for Poisson
distributions are usuaHy defined in terms of quantities caHed
"upper 1imits" as foHows: The confidence level associated with a
given upper limit N and an observed value n0 of n is the probabil-
ity that n ) no if n N, l.e., CL

A

CL = g PN{n)
n n+10

0= 1 —g PN(n)
n~o

1 -CL
1

0
I

4 N 8
I 1 . .

l2

(8)

Tables of confidence levels for aH three of these distributions,
the relation between Poisson and x confidence levels, and
numerous other useful tables and relations may be found in Ref. 1.

The small figure in Eq. (8) is drawn with no = 2 and CL - 9(y16. A
users relation between Poisson and y confidence levels aHows one
to look up this quantity on the large figure. Specifically, the quan-
tity 1 —CL is given by the ordinate of the nD 2(n0+1) curve at

2N. Thus, 90% confidence level upper limits for ~ 0, 1,
and 2 are given by half the x value corresponding to an ordinate
of 0.1 on the nD - 2, 4, and 6 curves, respectively; the values are N

2.3, 3.9, and 5.3.
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PROBABILITY AND STATISTICS (Cont'd)

Ny- —g y and
N n-~ n

N
g (yn —y) -

N 1
((y)) —(y) (10)

are unbiased estimates of y and n; the asg ~&nr brackets denote an
average over the data. The variance of y is a /N. If the parent
distribution is normal and N is large, the variance of e is 2e /N.

(2) If the yn are independent estimates of the same y, and the nn
are known, then the weighted average

1
y - —gwnyn,

where wn ~ 1/en and w - X wn, is an appropriate unbiased esti-
niate of y. This choice of weighting factors in Eq. (11)minimizes
the variance of the estimate; the variance is 1/w.

B.2 I.&~ear least-squaae St
We wish to dete~i~e the best 6t of independent unbiased data

y so, measured at points x, to the form y(x) - Xa;f;(x), where
the f; are known, linearly independent functions (e.g., Legendre
polynomials) one-one over the allowed ranee of x The esti-
mates for the linear coef6cients a; which mi»~im the sum of the
squaed deviations are

g Vii j(~)yn/e
j,n

Here V is the covariance matrix of the 6tted parameters

(12)

Vti (att
—Q)(aj —aj),

~here the oveMe denotes the u»~own true value; V is estimated
by

')u - g f; (x )fj(x )/~ .

The es~a~ variance of an interpolated or extrapolated value of
y at point x, y - Z a;f;(x), is:

(y —y) [est g Vtlft(x)fj(x) .

B. STATISTICS

Suppose one is presented with N independent data, yn R on, and
it is desired to make some inference about the "true" value of the
q~ntity represented by these data. For this purpose we interpret
each datum yn as a sinnle snmple point drawn randomly (and
independently of the other data) from a distribution having true
mean yn (which we wish to estimate} and variance an. We do not
require that they be normally distributed. (Identification of the
true-on with the en datum is own an approximation which may
become seriously inaccurate when an is an appreciable &action of
yn. ) Some methods of estimation commonly used in high energy
physics are given below; see Ref. 2 for numerous applications. Sec-
tion B.1 deals with the case in which all yn are the same, e.g.,
several ARerent measurements of the same quantity; Sec. B.2 deals
with the case in which yn - y(x ), where x represents some set of
independent variables, e.g., cross-section measurements at various
values of ene.~y and angle, x - (E, 8$.
B.l S&~N&e me~~ and variance el&~tel

(1) If the yn represent a set of values all supposedly drawn from
a single distribution with mean y and variance n (i.e., the o are
all the snme, but their common value is u»nown), then

1' Sx' Sy, Sxx, Sxy
= + (1~ xn' yn' n' nyn)/+n

2 - 2

respectively, and

D S)S —S2.

The covariance matrix of the 6tted parameters is:
r'

ab 1 xx x
Ve Vbb D,—S„S,

(17)

(lg)

The estimated variance of an interpolated or extrapolated value of
y at point x is:

(y-~) i
- —+-

est
1

Sx
'2

x (19)

A least-squares fit gives estimates for the a; [Eq.(12)] with the smal-
lest variance, under the conditions that the expansion of y in terms
of a;f; is the correct model and that the y are independent,
unbiased measurements whose variances ~n are ~own.

C. ERROR PROPAGATION

Suppose one wishes to calculate the value and error of a func-
tion of some other q~ntities with errors, e.g., in a Monte Carlo
program. Let {y)be a set of random variables with means +y and
covariance matrix V. Then the mean and variance of a Amction of
these variables are approximately (to second order in (y—gy):

1 82ff-f(~y)+ —g v, —
' "Iyn'N-R (2o)

(f—f) —g V Bf
mn a

b) -R ' " '(y)-%
E.g., the mean and variance of a function of a single variable with
mean y and variance a are

(21)

f = My+ 2n f"%, (22)

(f—f) —~f'Av (23)
Note that these equations will usually be applied by substituting
measured qnnntities, +y say, for the true means, +y. If, as is often
the case, yn

—
yn is of order QV~, then the secondmrder terms in

Eqs. (20) and (22) may be small compared with the firit-order
errors introduced by the substitution.

1. M. Abramowitz and I. Stegun, eds , Handbook of.Mathemati
cal Functions (Dover, New York, 1972).

2. W.T. Eadie, D. Drijard, F.E. James, M. Roos, and B. Sadoulet,
Statistical Methods in Experimental Physics (North Ho&&nod,

Amsterdam and London, 1971);S.L. Meyer, Data Analysis for
Scientists and Engineers (John Wiley and Sons, Inc., New
York, 1975); A.G. Frodesen, O. Skjeggestad, and H. Tpfte, Pro-
babi!ity and Statistics in Particle P/tysics (Universitetsforlaget,
Oslo, Norway, 1979).

For the case of a straight line fit, y(x) - a + bx, one obtains the fol-
lowing estimates of a and b,

a - (SyS~ —S„S,y)/D,

b (S1S„„—S„S„}/D,
where
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PARTICLE DETECTORS, ABSORBERS, AND RANGES

A.2 Cerenkov: The»&&-~~lie 8 of the Cerenkov cone aperture in
ted~a of the velocity p and the index of refraction n is:

T

1 1/2
~c are cos 2 1—

, pn, , pn.

The thosshold velocity is: dt —i/o; Tt —i/ gt —dt . There-

fore, ptyt - 1/ V26 + 6, where b - n —1. Values of 6 for various
commonly used gases are given as a function of pressure and
wavelength in Ref. 4; for values at atmospheric pressure, see the
Table of Atomic and Nuclear Properties, following.

The number of photons N per cm of path length is given by:

N a 1 2srdsy- —Pt
a

c p2n2 c
1 1

2 2adu
p2~2 p2+

- 500 sin Hc/cm (visible spectrum) .
A9 Photion collection: In addition to the photon yield, one should
take into account the»aht collection efficiency (~ 10% for typical
Icm-thick scintillator), the attenuation length (-1 to 4 m for typi-
cal scintitlators5), and the quantum efficiency of the photomulti-
plier cathode (~25%).

AR4 Typkal debtor characteristics:

A. OETEOTOR tsARAMETKRE

In this section we give various parameters for common detec-
tors. The quoted numbers are us~By based on some typical
appatratus, and obviously should be regarded as rough approxima-
tions, valid only for pre»mi~ary design when applied to other
cases. A more detailed introduction to detectors can be found in
"A Consumer's Guide to Particle Detectors, "by D.J. Miller, Ruth-
erford Lab Report RI 76472, July 1976.

A.1 Scinstttators: The photon yield in the frequency range of prac-
tical photomultiplier tubes is —ly per 100 eV of charged particle
ioni~~tion energy loss in plastic scinti1&ator and - ly/25 eV in

1s2

NaI (20 rad. lengths):
2%

F1/4

Lead glass (14 rad. lengths): 8 10 —12%

Lead-liquid argon (15.75 rad. lengths):6 16%

(42 cells: 1.1 mm lead, 2 mm liquid argon,
2.3 mm leadW10, 2 mm liquid argon)

Lead-scintillator sandwich (12.5 rad. lengths): 9 17%

(66 cells: 1 mm lead, 5 mm scintillator)

Proportional wire shower chamber (17 rad. lengths): 10

(36 cells: 0.474 rad. length type-metal + Al,
9.5 mm 80% Ar - 20% CH4 gas)

A.6 dK/dx resolution ln Argon: Particle identification (relativistic,
Q - 1 incident particles) by dE/dx is dependent on the width of the
distribution".

Multiple-sample Ar gas counters (no lead):

FWIXM
L most probable o 0 96N 0 46( ) p 32dx

dE

most probable

N - no. samples, t - thickness per sample (cm), p - pressure
(atm. ); most commonly used chamber gases (except Xe) give
approximately the same resolution.

A.7.Proportional chN ~her wire lnstabQity: The limit on the voltage
V for a wire tension T, due to mechanical effects when the electros-
tatic repulsion of adjacent wires exceeds the restoring force of wire
tension, is given by (MSKA) 12

V ~ 4~&OT,
S

ZC

Detector Type Accuracy (rms)
Resolution Dead

Time Time

where s, C, and C are the wire spacing, length, and capacitance per
unit length. An approximation to C for chamber half~p t and
wise diameter d (good for s ~ t) gives13

Bubble chamber
Streamer chamber
Proportional chamber
Drift c&ember
Scintillator
Emulsion
Silicon strip

x 10 to —~ 150',
~ 300',

~*300pb'
LSD to 300'

a lp,
~5@,

1 ms
2 ps

50 ns
2 ns

-150 ps

-1/20 s
-100 ms
-200 ns
-100 ns

10 ns

~ Multiple pulsing time.
300', is for 1 mm pitch.
Delay line cathode readout can give a 150@,
parallel to anode wire.
For two chambers.
Limited at present by noise and readout
time of attached electronics.

AB Shower detectors: We give below typical energy resolutions
(FWHM) for an incident electron in the 1 GeV range; E is in GeV.
For a fixed number of radiation lengths, F'WHM in the last three
detectors would be expected to be proportional to V t for t (- plate
thickness) m 0.2 radiation lengths. 6 For all detectors, operational
resolution may be up to 50% ahorse due to dead areas, non-
normelly incident tracks, and other effects.

V ~ 59T1/2 + —Zn

where V is in kV, and T is in grams-weight equivalent.

A.S Proportional and drift chamber potence&s: The potential dis-
tributions and 6elds in a proportional or dry chamber can usually
be calculated with good accuracy from the exact formula for the
potential around an array of parallel line charges q (coul/m) along z
and located aty -0, x - D, ~s, +2s,...,

fn ' 4 sin —— + sinhf
41K60

Errors from the presence of cathodes, mechanical defects, TPC-type
edge effects, etc., are us~&&y small and are beyond the scope of this
review.

A.9 SiHcon strip detectors: These are silicon diodes operated with
a reverse bias voltage V (typically 30-300 volts) sufflcient to deplete
the sensitive volume of most mobile charge carriers (electrons and
holes). The active (depletion layer) thickness t is given in a simple
model by (MKSA)
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)

t bb/2pideV,
2&V
ne

where

number of impurity centers/m
e electron clarge

dielectric constant - 105 pF/m 11.9 eo
p resistivity - 10-200 0-m

majority charge carrier mobility
—0.13%.15 m /volt-sec (electrons)- 0.045%.06 m /volt-sec (holes).

A mi»mum-io~~~~~ particle bag a»ndau energy-loss distribution
with average energy loss 39 keV/100 p,m and full width at half-
maxbnbum of 0.071t/p keV, where t is the detector thickness in
microns and P vmJc. The width is usually increased fturther by
electronic noise (dr -1-10keV) and for thin layers by a Gaussian
contribution due to atomic effects [o —(0.3%.4) V t keV]. The
average energy required to produce an electron-hole pair is 3e62 eV,
&om which one can estiinate total charge of either sign released.
Silicon detectors can tolerate integrated charged-particle fluxes of
up to 10 -10 /m and still operate as efBcient detectors.

S. COSMIC RAY FLUXES

The fluxes of particles of different types depend on the latitude,
their energy, and the conditions of measurement. Some typical
sea-level valuest4 for charged particles are given below:

I lux per unit solid ~&e about vertical
direction crossing unit horizontal area
perpendic &~~ component of total flux crossing
unit horizontal area from above

J2 total Aux crossing unit horizontal area

Total Hard Soft
Intensity Component Component

I„ l.1 x10 O.gx10 0.3x10 m 2 sec 1 sterad
Jl 1.8x10 1.3x10 0.5x 10 m 2 sec
J2 2.4x10 1.7x10 0.7x10 m sec

Very approximately, about 75% of all particles at sea level are
penetrati~N. and are muons. The sea-level vertical flux ratio for
protons to muons (both charges together) is about 3'% at 1 GeV/c,
d cressiad to about bta at i 0 QsV/c.

The muon lux at sea level b~s a mean energy of 2 GCV and a
ddyeteetiai saemyom f ll' m E, staeee

'
smootbly to E

above a few TeV The ~a~&~~ distribution is cos28 cben~ng to
sec8 at energies above a TeV, where 8 is the zenith a~&e at produc-
tion. The + —charge ratio is 1.25-1.30. The mean energy of
muons oriltbbating in the atmosphere is roughly 300 GeV at slant
depths & a few hundred meters. Beyond slant depths of -10 km
eater-equivalent, the muons are due primarily to in-the-earth neu-
trino interactions (ron~&&y 1/8 interaction ton year for E )
300 MeV, —constant throughout the earth). 15 Muons from tins
source arrive with a mean energy of 20 GeV, and have a flux of
2x10 m sec ~ sterad in the vertical dictation and about
twice that in the horizontal, ~6 down at least as far as the deepest
All%les,

C. PA'SSAGE OF PARTICLES THROUGH MA I a KR

C.1 Energy loss rates for heavy charged projectiles: A heavy pro-
jectile {much more massive than an electron) of charge Z ce,
incident at speed pc (p» 1/137) through a slowing medium, dis-
sipates energy principally via interactions with the electrons of the

medium. The mean rate of such energy loss per unit path length x,
called the stopping power, is given by the Bethe-Bloch equation:

HlC

p

D Zm~ pm~dE
a UKC

2m+P c

I e[I + v]',f t,x Zn
C

L med

where D = 4irNAr m c = 0.3070 MeV cm /g (see Physical Con-
stants Table). Mean range and energy loss figures appear at the end
of this section.

Here, Z ~ and A ~ are the charge and mass numbers of the
medium and pm~ is the mass density of the medium; I, 8, C, and v
are phenomenological functions. Frequently, the values of b, C,
and iy are negligibly small; the parameter I characterizes the bindbybg

of the electrons of the mediumm As a rule of thumb, we may esti-
mate I for an idedb»~ed medium as I —16 (Z ~)0 9 eV when

Zm~ w 1. For realistic media the value of I wi11 vary at the 10%
level from this estimate. Variations of this order occur due to
atomic effects such as completion of a shell, also due to chemical
binding, and even due to the phase of the substance. Hydrogen,
perhaps the most sensitive, has I of about 15 eV in the atomic
mode, rising to about 19.2 eV as H2 gas and to 21.8 eV as H2
liquid. ~s For many substances, the transition from gas to solid is
accompanied by a 20-30% increase in I. 8 We may approximately
treat media which are chemical mixtures or compounds by comput-
ing

2

N dE

with (dE/dx)n appropriate to the n+ chemical constituent (using
pm(~~ as the partial density in the formula for dE/dx). 19 For many
chemical compounds, small corrections to this additivity rule may
be found in Ref. 18.

The function 5 represents the density effect upon the energy loss
rate; it is non-negligible only for lughly relativistic projectiles in
denser media. For ultra-relativistic projectiles, 8 approaches
2/ny + constant, where the value of the constant depends upon the
density of the medium as well as its chemical composition.

The function C represents shell corrections to the energy loss
rate. 17 These effects are non-negligible only for projectiles with
speeds not much faster than the speeds of the fastest electrons
bound in the medium.

The function v represents corrections due to»~&er order elec-
trodynamics. 21 These effects become important when I Z c/p [ is
comparable to 137. For relativistic unitwharge projectiles, [iy

~
is

of the order of 1%; positively charged projectiles lose energy more
rapidly tha do their chmge conjug tes 21,22

For nonrelativistic projectiles, our formulae above are inapplicaem

ble. At the very slowest speeds, total energy loss rates are believed
to be proportional to p, rising through a peak at projectile speeds
comparable to atomic speeds (p on the order of nc), offe having
passed through a smaller peak (due to elastic Coulomb collisions
with the nuclei of the slowing medium23) at intermediate speeds.
For example, for protons in Si, dE/dx - 61.23 p GeV/(gm cm )
for p (0.005; the peak occurs at p 0.0126 where dE/dx 522
MeV/(gm cm ). In some cases, energy loss rates depend sblybbfi-

cantly upon the relation of the projectile trajectory to the crystdblHne

structure of the slowing medium. 2

For relativistic projectiles, (dE/dx) falls rapidly with increas-
ing p until reaching a minimum around p —0.96 (slyybost indepen-
dent of medium), followed by a slow rise. Because of the density
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d2N ) Zm~ Z;nc
dTdx 2 A ~, P

1
pm~ 2

F
T

for Ic& T a Tm~, where

2mPpc

me me1+2' +
MC inc

L

' 2

M c is the mass of the incident projectile, and all other quantities
except F are as in Sec. C.l. F (- 1 for T « Tm ) is a factor
dependent upon the spin of the projectile.
For spin-0 projectiles,

F= 1 —P2 T
msx

for spin-1/2 projectiles,

F= 1 —P +- T
T 2

~ . 2max i T;nc M;ncc

where Tine is the kinetic energy of the projectile;
for electrons incident,

F
T(Tine T) Tine

and for positrons incident,

effect, the quantity in square brackets approaches any + constant
for large y.

The quantity (dE/dx) gx is the mean total energy loss via
interactions with electrons of the medium in a layer of thickness Bx.
For any finite bx, Poisson fluctuations can cause the actual energy
loss to deviate from the mean. For thin layers, the distribution is
broad and skewed, being peaked below (dE/dx)gx, and having a
long tail toward large ene losses. 25 Only for a very thick layer
[(dE/dx)g»& 2m+ pc l will the distribution of energy losses
become nearly Gaussian. The large fluctuations of the total energy
loss rate &om the mean are due to a small number of collisions
involving large energy transfers. The fluctuations are greatly
reduced for the so-Imlled restricted energy loss rate, described in
Section C.4.

C.2 lottt~tion yields: Physicists frequently relate total energy loss
to the number of ion pairs produced near the projectile's track.
This relation becomes complicated for relativistic projectiles due to
the wandering of energetic knock-on electrons whose ranges exceed
the dimensions of the fiducial volume. For a qualitative appraisal
of the nonlocality of energy deposition by such modestly energetic
knock-on electrons in various media, see Ref. 26. Furthermore, the
mean local energy dissipation per local ion pair produced, W, while
essentially constant for relativistic projectiles, increases at slow pro-
jectile speeds. 27 The numerical value of W for gases can be
surprisingly sensitive to trace amounts of various contaminants. 27

Of course, in addition to the preceding effects, practical ionization
yields may be peatly influenced by subsequent recombinations and
other factors. 2

C.3 Energetic knock-on electrons: For a relativistic point-charge
projectile, the production of high energy (kinetic energy T» I)
electrons is given by:

dF 1 ZmedPmed

dx, wE 2 A
Hlc

p

x Zn
EmmTmm

12
—p —b—2 2C

med

Notice the overall factor of 1/2. See Sec. C.1 above for definitions
of the quantities in this equation.

The density effect causes the restricted energy loss rate to
approach a constant, the Fermi plateau value, for the fastest projec-
tiles.

C.g Multiple scattering through small angles: As a charged particle
traverses a medium it is deflected by many small-angle elastic
scatterings. The bulk of this deflection is due to elastic Coulomb
scattering from the nuclei within the medium, hence the usual iden-
tification as multiple Coulomb scattering (note, however, that
strong interactions do contribute to the total multiple scattering for
hadronic projectiles). For both Coulomb and strong interactions,
the Central Limit Theorem provides little useful guidance in estab-
lishing the precise nature of the distribution of the total deflections
resulting from multiple scattering. The true distribution is roughly
Gaussian only for small deflection angles, while it shows much
greater probability for large-angle scatterings (~ a few 80, see
below, depending on absorber) than the Gaussian would suggest.
These tails on the distribution (a few per cent of peak height in the
region where the Gaussian part becomes negligible) are more pro-
nounced for hadrons than for muons as projectiles. The large-angle
behavior of these distributions is best estimated by computing the
exact distribution for the vectorial sum of the largest deflections
based upon the true elastic scattering cross section of the projectile
against the medium, or, when applicable, by interpolation from
tabular data. An easier alternative which may suf5ce for noncrit-
ical applications would be to use a Gaussian approximation with
the following width:

14.1 MeV/c 1

pp
Z; c+L/LR 1 +

9 logto L/LR (radians),

where p, p, and Z are the momentum (in MeV/c), velocity, and
charge number of the incident particle, and L/LR is the thickness,
in radiation lengths, of the scattering medium. LR for certain

2 2
F P 1 +

inc ~ inc ~

For incident electrons, the indistinguishability of projectile and tar-
get means that the range of T is only up to T /2. For additional
formulas see Ref. 30. Our formula is inaccurate for T close to I;
for 2I ~ T & 10I, the 1/T dependence above becomes —T
with 3 & g 53~

C.4 Rates of restricted energy loss for relativistic charged projec-
tiles: The variability of energy loss for heavy projectiles is due pri-
marily to the variability in the production of energetic knock-on
electrons. Bremsstrahlung and pair-production processes make this
variability even greater for electrons than for heavy particles as pro-
jectiles (see, e.g., the figure "Fractional Energy Loss for Electrons
and Positrons in Lead, " following). If an instrument, such as a
bubble chamber, is capable of isolating these highwnergy-loss
interactions, then it is appropriate to consider the rate of energy
loss excluding them, i.e., a restricted energy loss rate. The mean
energy loss rate via all collisions which have energy transfer T such
that T w Em~ (w Tm~ is:

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



Particle Data Group: Review of particle properties

PARTICLE DETECTORS, ABSORBERS, AND RANGES {Cont'd)

materials is given in the Table of Atomic and Nuclear Properties of
Materiah, following. See also Sec. C.7 below. The angle, 80, is a
fit to Mohere theory, accurate to about 5% for 10 ~ L/LR ~
10 except for very light elements or low velocity where the error is
about 10 to 20%. In this Gaussian approximation, 80 has the
meaning

rms 1 rms
Ho -

Hph 'e -
V- Hsp

' .
V2

The nonprojected (space) andgrojected (plane) angular distribu-
tions are given approximately by the Gaussian forms:

1 Hsp
2

exp — dO,

2~80 280

integral of the tail, N dL is fit to better than 2.5%. The total
l. a/b

longitudinally projected e* path length, N dL 5.51 E Z, is

less than the total e* path length due primarily to multiple
Coulomb scattering.

C.7 Radiation length: For the passage of electromagnetically
interacting particles through a medium it is convenient to measure
thickness in terms of radiation length. 37 For most electromagnetic
processes (Bremsstrahlung, Coulomb scattering, showering, pair
production, etc.), over large energy intervals, some or all of the
dependence upon the medium is contained in the radiation length.

The radiation length may be defined as the distance LR over
which a high energy electron (~ 1 Gev for most materials) loses all
but a fraction 1/e of its energy to Bremsstrahlung, on average. For
a homogeneous monoatomic medium, Z ~ 5,

1
exp

VZ~ 8,

2
Hph e

«pa e
2802

2 2 r

184.15 1 1194
A [,Zt/3, Z .Z2/3,

—1.202m Z

rms ~ rms1
yplane

V
HplaneV3

1
splane

V4V3

1~L80,

1

4V3

where 8 is the deflection angle.
Other q~ntities are sometimes used to describe the amount of

multiple Coulomb scattering„' the auxiliary quantities f b e,
y b e, and s h e (see the figure) obey:

rms
H

fms'H - 'H1 plane ~3 plane ~3 0 '

,fl,
4 l.oos 'z'1, L j

1+~2Z2 j 716.405A '

~here a, re, and NA are found in the Physical Constants Table, and
Z and A are the atomic number and weight of the medium. For Z( 5, a more complex numerical calculation is required. Radiation
lengths for many substances are tabulated in the Table of Atomic
and Nuclear Properties of Materials, following. For media which
are chemical mixtures or compounds,

L
2

Plane &pl „

lane

plane8

All the quantitative estimates in this section apply only in the limit
of small 8pbse and in the absence of large-angle scatters.

C.6 Longltwltnal distribution of electrornarrrretic showers: A pho-
ton of energy E m 0.1 GeV converting in a semi-infinite medium
produces an electrom~etic cascade whose intensity initially
increases with depth and then falls oK The average number ofe+
with kinetic energy above 1.5 MeV, crossing a plane at a depth of L
radiation lengths from the beginning of the medium, in a material
of atomic number Z, calculated using the Monte Carlo program
EGS, can be 6t by the empirical formula

N~ae -bL

where N0 - 5.51 E(GeV) VZ ba+ 1/1'(a+1) and b - 0.634
—0.0021 Z. For Z m 26, a 2.0 —Z/340 + (0.664 —Z/340)ln E.
For Z 13, a 1.77 —0.52/n E. The maximum intensity, Nm~,
occurs at the depth L - a/b. The maximum error of the fit occurs
in the vicinity of this depth and is less than 0.15 Nm~. The

' LR

where f; is the fraction by mass of atoms of type i, radiation length
LR. Chemical binding can lower LR from this, typically by a few
per cent.

For electrons of energy below about one GeV, the average frac-
tional energy loss per unit length decreases as the energy decreases
(see Fractional Energy Loss for Electrons and Positrons in Lead fig-
ure, following). With distances measured in units of LR, depen-
dence of the Bremsstrahlung fractional energy loss upon Z of the
medium in the low energy region (~ 10 MeV) is of order a few
percent or less.

For photons of infinite energy, the total pair-production cross
section is

n = —(A/LRNA) .7
9

This is accurate to within a few per cent down to -1 GeV for most
materials. For energies below about 1 GeV, the cross section varies
in a manner which may be determined from the Photon Mass
Attenuation figures, following. See also Contributions to Photon
Cross Section in Carbon and Lead figure, following.

C.S Electron practical range: The electron "practical range" —a
common measure of straight-line penetration distance —is shorter
than the total path length because of multiple Coulomb scattering,
which becomes increasingly important as the electron slows down.
E.g., for a fast electron the rms projected angle due to multiple
Coulomb scattering reaches 1 radian by the time the electron has
sloyd to 0.4 MeV in hydrogen, 1.5 MeV in carbon, 9 MeV in
copper, and 24 MeV in lead. Electrons which have energy less than
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0.2 MeV in Ar, 1.5 MeV in Cu, 3.5 MeV in Sn, and 5 MeV in Pb
are likely to deposit 10%of their energy behind their starting plane.
The practical range, R, is defined as that absorber thickness
obtained by extrapolating to zero the linearly decreasing part of the
curve of penetration probability vs. absorber thickness. Data for Al
in the T range up to about 10 MeV are available, and fit (to

F10%) R AT[1-B/(I+CT)] mg cm 2, a form suggested in
Ref. 38, with A 0.55 mg cm

—2 keV
—

& B - 0.9841, and C - 0.0030
keV . At this penetration depth, 90 - 95% of the incident elec-
trons have stopped. Data for other elements are sketchy, but sug-
gest that higher-Z (~50) elements have I ~ R /R (Al) ~ 1.4
below -10keV, and 0.6 ~ R / (Al) & 1 above —100 keV.
The "critical energy" (above whic the enetgy loss due to
bremsstrahlung exceeds that due to ionization, and showering
becomes important) is 400 MeV for hydrogen, 100 MeV for car-
bon, 25 MeV for copper, and 10 MeV for lead. The mean positron
range may differ from the mean electron range by several percent.
See Refs. 39 and 40. Electron energy deposition and penetration
probability vs. range are discussed in Refs. 26, 41, and 42.

C.9 Atomic and nuclear properties of matter: See table following.

C.IO Range and energy loss for heavy projectiles in lead, copper,
al~~&»m-. and carbon: See figure following.

C.II Range and energy loss for heavy projectiles in Iigtdd hydro-
gen: See figure following.

C.12 Photon m~es attenuation coenlclents, energy deposition: See
figures following.

C.13 Fractional energy loss for electrons and positrons fin lead: See
6gure following.

C.14 Contributions to photon cross section in lead and carbon: See
6gures following.

Revised April 1984 by Sherwood Parker, Ray Hagstrom, and
Geoff Hall.
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Atomic and Nuclear Properties of Materials

Material Z Nuclear Nuclear Nuclear
total inelastic collision
cross cross length

section section
a& [barn] e'1 [barn] [g/cm2]

Nuclear
interaction

length

[g/cm2]

dE/dx min
E „,1 cm

[Mev]
() is for gas

g/cm [kev]

Radiation length
Lmd

[g/cm2] [cm]
() is for gas

D nsityf
[g/cm3]

() is for gas
[g/e]

Refractive
index nf

() is (n-1)x 10
for gas

H2
D2
He
Li
Be

C
N2
02
Ne
Al
Si
Ar

Fe
Cu
Sn
Xe

Pb
U

1 1.01 0.0387
1 201 0073
2 4.00 0.133
3 6.94 0.211
4 9.01 0.268

6 12.01 0.331
7 14.01 0.379
8 16.00 0.420

10 20.18 0.507
13 26.98 0.634
14 28.09 0.660
18 39 95 0 868

26 55.85 1.120
29 63.54 1.232
50 118.69 1.967
54 131.30 2.120
74 183.85 2.767
82 207.19 2.960
92 238.03 3.378

0.033
0.061
0.102
0.157
0.199

0.231
0.265
0.292
0.347
0.421
0.440
0.566

0.703
0.782
1.21
1.29
1.65
1.77
1.98

43.3
45.7
49.9
54.6
55.8

60.2
61.4
63.2
66.1

70.6
70.6
76.4

82.8
85.6

100.2
102.8
110.3
116.2
117.0

50.8
53.7
65.1

73.4
75.2

86.3
87.8
91.0
96.6

106.4
106.0
117.2

131.9
134.9
163
169
185
194
199

4.12 (0.19)
2.07 (0.17)
1.94 (0.16)
1.58 0.70
1.61 2.61

1.78 3.S7
1.82 (0.93)
1.82 (1.31)
1.73 (0.75)
1.62 3.81
1.66 3.36
1.51 (1.30)

1.48 10.7
1.44 11.85
1.26 8.3
1.24 (3.57)
1.16 21.1

1.13 11.7
1.09 19.3

61.28
122.6
94.32
82.76
65.19

42.70
37.99
34.24
28.94
24.01
21.82
19.55

13.84
12.86
8.82
8.48
6.76
6.37
6.00

865
757
755
155
35.3

18.8
44.5
28.7
24.0

8.9
9.36

14.0
1.76
1.43
1.21
2.77
0.35
0.56

=0.32

0.0708(0.090)
0.162(0.177)
0.125(0.178)

0.534
1.848

2.265 g
0.808(1.25)

1.14(1.43)
1.207{0.90)

2.70
2.33

1.40(1.78)

7.87
8.96
7.31

3.057(5.89)
19.3
11~ 35

=18.95

1.112(140)
1.128

1.024(35)

1.205(300)
1.22(266)

1.092(67)

1.233(283)

{705)

Air, 20 C, 1 atm. (STP in paren. )
H20
Shielding concrete "
Si02 (quartz)

62.0
60.1

67.4
67.0

9O.O
84.9
99.9
99.2

1.82 (1.12)
2.03 1.72
1.70 3.68
1.72 3.28

36.66 (30420)
36.08 36.1

26.7 10.7
27.05 12.3

0.001205(1.29)
1.00
2.5
2.2

1.000273(293)
1.33

1.458

1.775
1.56
2.15
1.581

1.474

H (bubble chamber 26 K) 43.3- 50.8 4.12 0.20 61.28 =1000 0 063 1.100
D (bubble chamber 31 K) 45.7 53.7 2.07 0.22 122.6 =900 =O. 14O' 1.110
H-Ne mixture (50 mole percent) ~ 65.0 94.5 1.84 0.59 29.70 73.0 0.407 1.092

Ilford emulsion GS 82.0 134 1.44 4.79 11.0 2.89 3.815
NaI 94.8 152 1.32 4.13 9.49 2.59 3.67
BaF2 92.1 146 1.35 3.78 9.91 2.05 4.83
BGO (Bi4Ge30]2) 97.4 156 1.27 8.07 7.98 1.12 7.1

Polystyrene, scintillator (CH)" 58.4 82.0 1.95 1.72 43.8 42.4 1.032

Lucite, Plexiglas (C5H802) 59.2 83.6 1.95 1.98 40.55 =.34.4 1.16-1.20 = 1.49
Polyethylene (CH2) 56.9 78.8 2.09 1.68 44.8 =47.9 0.92-0.95
Mylar (C5H402) 60.2 85.7 1.86 2.24 39.95 28.7 1.39
Borosilicate glass (Pyrex) ~ 66.2 97.6 1.72 3.32 28.3 12.7 2.23

CO2 62.4 90.5 1.82 (1.92) 36.2 (18310) (1.977) (410)
Methane CH4 54.7 74.0 2.41 (0.91) 46.5 (64850) 0.423(0.717) (444)
Isobutane C4H &0 56.3 77.4 2.22 (3.43) 45.2 (16930) (2.67) (1270)
Freon 12 (CC12F2) gas, 26 C, 1 atm. ~ 70.6 106 1.62 4.49 23.7 4810 4.93 1.001080
Silica Aerogel " 65.5 9S.7 1 ~ 83 0.28 29.85 =150 0.1-0.3 1.0+0.25p
G 10 plate ~ 62.6 90.2 1.87 2.7 33.0 19.4 1.7

Table revised April 1984 by Joachim Engler. For details, see Report KfK 3386B, Kernforschungzentrum, D 7500 Karlsruhe, P.O. Box 3640, FRG.
a. cr«~ at 80-240 GeV for neutrons (= o for protons) from Murthy et al. , Nucl. Phys. 892, 269 (1975).
b e;neh uc oto~. oeh nc

—n;e&s—uc, for neutrons at 60-'375 GeV from Roberts et al. , Nucl. Phys. , B159, 56 (1979). For protons and other particles,
acme carroll et aL, Phys. Lett. B, 319 (1979); note that el(p) = crt(n).

c. Mean free path between collisions (XT) or inelastic interactions (Xt), calculated from X A/(Nx&r).
d. For minimum-ionizing protons and pjons. hE is energy loss per g/cm from Barkas and Berger, Tables ofEnergy Losses and Ranges ofHeavy2

Charged Particles, NASA-SP-3013 (1964). For electrons and positrons see: M.J. Berger and S.M. Seltzer, Stopping Poli/ers and Ranges ofElectrons
and Pasitrons (2 Ed.), U.S. National Bureau of Standards report NBSIR 82-2550-A (1982). E is the most probable deposited energy in one cm,
in MeV for solids and liquids, in keV for gases. E varies with depth in a nonproportional manner. (See Sec. C. 1 preceding. ) Parentheses refer to
gaseous form at STP (0 C, 1 atm. ).

e. From Y.S. Tsai, Rev. Mod. Phys. 4$, 815 (1974). Corrections for molecular binding applied for H2, and D2. Parentheses refer to gaseous form at
STP (0 C, 1 atm. ).

f. Values for solids, or the liquid phase at boiling point, except as noted. Values in parentheses for gaseous phase at STP {0C, 1 atm. ). Refractive
index given for sodium D line.

g. For pure graphite; industrial graphite density may vary 2.1 - 2.3 g/cm .
h. Standard shielding blocks, typical composition 02 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, Al 4%, plus reinforcing iron bars. The attenuation length,

115 a 5 g/cm, is also valid for earth (typical p 2.15), from CERN-LRL-RHEL Shielding exp. , UCRL-17841 (1968).
i. Density may vary about ~ 3%, depending on operating conditions.
j. Values for typical- working conditions with H2 target: 50 mole percent, 29 K, 7 atm.
k. Typical scintillator; e.g., PILOT B and NE 102A have an atomic ratio H/C 1.10.
/'. Main co~po~e~ts: 80% SiO2 + 12% B203 + 5% Na2O.
m. Used in Cerenkov counters. Values at 26 C and 1 atm. Indices of refraction from E.R. Hayes, R.A. Schluter, and A. Tamosaitis, ANL-6916 (1964).
n. n(Si02) + 2n(H20) used in Cerenkov counters, p - density in g/cm . From M. Cantin et al. , Nucl. Instr. Meth. 118, 177 (1974).
o. G 1o-plate, typical 60% Si02 and 40% Epoxy.
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PARTiCLE DETECTORS, ABSORBERS, AND RANGES {Cont'd)

Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon

1000, 1000

10

pb ti CU

~~ c
Pb ~i Al

~~ Cu

.01 0.1

I' I',GBV/c, 'I

Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, Al, and C indicated, using Bethe-Bloch
equation (Section C.1 above) with corrections. Calculated by M.J. Berger, using ionization potentials and density effect corrections as dis-
cussed. in M.J. Berger and S.M. Seltzer, "Stopping Powers and Ranges of Electrons and Positrons, " (2 ~ ed.), U.S. National Bureau of Stan-
dards Report NBSIR 82-2550-A (1982). The average ionization potentials (I) assumed were: Pb (823 eV), Cu (322 eV), Al (166 eV), and C
(78.0 eV). Figure indicates total path length; observed range may be smaller (by —1 % - 2% in heavy elements) due to multiple scattering,
primarily &om small energy-lass collisions with nuclei. The functional forms have not been experimentally verified to better than roughly
a 1%. For higher energies refer to discussion by Cobb ["A Study of Some Electromagnetic Interactions of High Velocity Particles with
Matter, "University of Oxford Report HEP/T/55 (1973)]and by Turner ["Penetration of Charged Particles in Matter: A Symposium, "
National Academy of Sciences, Washington D.C. (1970), p. 48]. Scaling to other beam particles is, to a good approximation, described by
the expression on the next page.
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PARTICLE DETECTORS, ABSORBERS, AND RANGES {Cont'd}

INean Range and Energy Loss in Liquid Hydrogen

IOO
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Raiile and enelay loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C.1 above) using an average ionization
potential for H2 of I - 20.0 eV, which is an approximate average of the experimental result of Garbincius and Hyman [Phys. Rev. A2,
1834 (1970)]and the theoretical result of Ford and Browne [Phys. Rev. A7, 418 (1973)]. Bubble chamber conditions are chosen to be
those of Garbincius and Hyman: parahydrogen of density - 0.0625 g/cm3 (note: range jx 1/density), with vapor-pressure 60.8 Ib/in2
(absolute) and temperature 26.2 K. The functional dependence of the Bethe-Bloch equation is not experimentally verified to better than
about a 1%over momentum nutges. It should be noted that the number of bubbles per cm of a track in a bubble chamber is nearly
proportional to I/p not dE/dx For the linear portions of the range curves R oc p Scrjjlittg law for @we~~ of other ~~a or chmlje
(except electrons): for a given medium, the raiige Rb of any hearn plirticle with mass Mb, charge zb, and momentum pb is given in terms of
the ra~le R of any other particle with mass Ms, charge zs, and momentum ps - pbMs/M& (i.e., having the same velocity) by the expres-
Slon:

Mb/M~
Rb(M&zb, pb) R (Ms,zs,ps pbMs/Mb) .

„zb/z2 2
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PARTICLE DETECTORS, ASSORSERS, AND RANGES (Cont'd)

Photon Mass Attenuation CoeNcients, Energy Deposition
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The photon mass attenuation coefficient p for various absorbers as a function of photon energy (solid nuwe) For a hom. ogeneous medium
of density p, the intensity I rem»~f~g after traversal of thickness t is given by I - 10 exp(-pt). The accuracy is a few percent. Interpolation
to other Z should be done in the cross section!r - (p/p) A/NA cm /atom, where A is the atomic weight of the absorber material and NA is
Avogadro's number. For a chemical compound or nuxture, use (p/p) fr —gw;(p/p);, accurate to a few percent, where w; is the proportion
by weight of the i constituent. See next page for hi lb energy range. The ~Msf ntn as give the mass energy-absorption coefficient p~,
which is p multiplied by the fraction of photon energy deposited in a small volume (assumed large enough to contain the ra&les of most
secondary electrons) about the interaction. This fraction is smaller than 1.0 because such processes as Compton scattering and electron
bremsstrahl~ftN imp1y radiation of some of the energy away from the immediate area. The absorption coeKcient is an approximation to
the enemy avst»ble for chemical, biological, and other effects associated with exposure to iom~ng radiation. At high energies, the ranle of
secondary electrons tends to become comparable to the photon mean free path, and pen is not a useful approximation. From Hubbell,
Gimm, and (I!)verbfi, J. Phys. Chem. Ref. Data 9, 1023 (1980). See also J.H. Hubbell, lnt. J. of Applied Rad. and Isotopes 33, 1269 (1982).
Figures courtesy J.H. Hubbe11.
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PARTICLE DETECTORS, ABSORBERS, AND RANGES {Cont'd)

Fractional Energy Loss
for Electrons and Positrons in Lead

Photon Mass Attenuation Coefficients {High Energy)
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The photon mass attenuation coe%cient, »& energy range (note that
ordinate is linear scale). See caption on previous page for details.

io'

E (Mev)

Fractional energy loss per radiation length in lead
as a function of elytron or positron energy. Elec-
tron (positron) scattering is considered as iom~~-
tion when the energy loss per collision is below
0.255 MeV, and as Moiler (Bhabha) scattering
when it is above. Adapted &om Fig. 3.2 from
Messel and Crawford, EIeetron-Photon Shower Dis-
tribution Function Tables for Lead, Copper, and Air
Absorbs, Peqyunon Press, 1970. Messel and
Crawford use +Pb) 5.g2 g/cm2, but we have
modified the figures to reflect the value given in the
Table of Atomic and Nuclear Properties of Materi-
als (following), namely +Pb) - 6.4 g/cm2. The
development of electron-photon cascades is approx-
imately independent of absorber when the results
are expressed in terms of inverse radiation lengths
(i.e., scale on left of plot).

Contributions to Photon Cross Section in Carbon and Lead
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Photon total cross sections as a function of energy in carbon and lead, showing the contributions of diferent processes.

T Atomic phot~frect (electron ejection, photon absorption)

ocoH coherent scattering (Rayleigh scattering —atom neither ionized nor excited)

elNcoH Incoherent scattering (compton scattering off an electron)
Pair production, nuclear field
Pair production, electron field

ePH N Photonuclear absorption (nuclear absorption, usually followed by emission of
a neutron or other particle)

From Hubbell, Gimm, and gherbtI, J. Phys. Chem. Ref. Data 9, 1023 (1980). Figures courtesy J.H. Hubbell.
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ELECTRONIAGNETIC RELATIONS

Quantity

Units and
conversions:
Charge:

Potential:

Magnetic field:

Electron charge:

Gaussian CGS

2.99792X10 esu

(1/299.792}statvolt
= ( I/299. 792) erg/esu

10 gauss = 10 dyne/esu

e = 4803 242X10 0esu

= 1 coul = 1 amp-sec
= 1 volt = 1 joule/coul

= 1 tesla = 1 nt/amp-m
= 1.602 189 2x10 ~ coul

Impedances (MESA)

p resistivity in 10 Om:
1.7 for Cu
2.4 for Au

—2.8 for Al
(Al alloys may have
double this value. )

5.5 for W
—73 for SS 304
—100 for Nichrome

V = V e' = ZI .0

For alternating currents, instantaneous current I, voltage V,
angular frequency co:

Lorentz
force:

Maxwell
equations:

F = q(K+ —x 8)c

V.D = 4%p

VxK = ——1 a8
c Bt

F = q(E + v x 8)

V-D= p
()IBVxK =—
Bt

Impedance of self-inductance L: Z i~L .
Impedance of capacitance C: Z - 1/iaoC .
Impedance of free space: Z - Qpo/e0 376.7 tl .

Impedance per unit length of a Qat conductor of width w
(high frequency, v):

VB 0
4j 18D
c c Bt

V.B =0
VxH = j+

Bt

Z=,where 8 = eftective skin depth;(1+i)p
w6

Materials:

Dielectric
constant:

D=eK, B= pH

'vac = '

D=EE, B= pH

~vac
= '0

p 66 cm f
V v(sec ')

Capacitance C and inductance L per unit length (MESA}

Flat rectangular plates of width w, separated by d && w:
Magnetic

susceptibility:
&vac

= 1 &vac
= &0 WC=e—;

d '
dL=p
w

Fields:

Static
potentials:
(coulomb
gauge)

Relativistic
transforma-
tions:
(v is the
velocity of
primed system
as seen in un-
primed system)

E= -VV ——1 8A
c 8t8- VxA

charges

A=—1 I
currents

EI( =
KI(

K& = y(K&+ —vxB)I 1

c

8(( = BII

8& = y(B~ ——vx E)1

c

E = —VV—8A
Bt

1

4~&0 chmges '
~o I
4~ cents r

II II

E~ = y(K~ + v x 8)

8 = yiI'8 ——v X E)I 1
J J 2c

= 2 to 6 for plastics; 4 to 8 for porcelain, glasses.
c0

Coaxial cable of inner radius r&, outer radius r2.

C=;L = en(r2/r&) .
&n(r2/rt)

' 2s.

Transmission lines (no loss):

Impedance: Z = VL/C.

Velocity: v = I/VLC = 1/Vga .

Motion of charged particles in a uniform, static, magnetic
field

The path of motion of a charged particle of momentum p
is a helix of constant radius R and constant pitch angle X,
with the axis of the helix along 8:

p(GeV/c)cos X = 0.29979 q B(tesla} R(m),

4 1
107 coul 1 55 10~9 coul2 2

c2 nt sec2 8.987 nt m2

&O nt sec2= 10; c = 2.997 924 58X10 m sec
coul2

where the charge q is in units of the electronic charge. The
angular velocity about the axis of the helix is

cy(rad sec 1) = 8.98755X107 q B(tesla)/E(GeV},

where E is the energy of the particle.
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ELECTROMAGNETIC RELATIONS (Cont'd)

Synchrotron radiation (CGS)

For a relativistic particle of charge e, velocity P, y, energy E, travel-
ing in a circular orbit of radius R:

Energy loss/revolution (MeV) - —P y
4m e
3 R

—0.0885 [E(GeV)] /R(m) for e* if P -1.

Energy spectrum: The energy radiated into the photon energy
interval d(ltru) is

dI = czyF(cujru )d(ltco},

where cz = e2/(itc) is the fine-structure constant,

F(y) = 2V 3y dx K5/3(x), with K5/3(x) a modified spherical
JJ

Bessel function of the this'd kind, and ooe - 3y c/R is a critical fre-
quency;

itic (keV) —4.44 [E(GeV)] /R(m) for e + if P -1.

In the hnut p ~~ 1,

for co (& co

1 i]3
dI 3 3 cg)R

d(it ca))

for —= (0.01, 0.1, 0.2, 1.0, 2.0):
~c

dI -(1.0, 1.6, 1.6, 0.5, 0.08)czp, respectively;
d(ltcci)

for a) ~ 2aoe.'

dI &l -2'/eo
3&A+ e

d(ha)) 40

The radiation is confined to angles ~ I/p relative to the instan-
taneous direction of motion.

See J.D. Jackson, Classical Electrodynamics, 2nd edition (John
Wiley & Sons, New York, 1975) for more formulae and details.
(Prepared April 1974; revised April 1984.)

RADIOACTIVITY AND RADIATION PROTECTION

The International Commission on Radiation Units and Meas-
urements (ICRU) recommends the use of SI units. Therefore we
list SI units first, followed by cgs (or other common) units in
parentheses, where they differ.

Unit of activity = becquerel (curie):
1 Bq = 1 disintegration/sec [= 1/(3.7x10 ) Ci].

Unit of exposure, the quantity of X- or y- radiation at a point in
space integrated over time, in terms of charge of either sign pro-
duced by showering electrons in a smaH volume of air about the
point:

1 coul/kg of air (roentgen; 1 R = 2.58x10 coul/kg= 1 esu/cm —87.8 erg released energy per g of air); implicit
in the de6nition is the assumption that the small test volume is
embedded in a suf6ciently large uniformly irradiated volume
that the number of secondary electrons entering the volume
equals the number leaving.

Unit of absorbed dose = gray (rad):
1 Gy = 1 joule (= 10 erg/g = 10 rad)

6.24x10~ MeV deposited energy.
Unit of dose equivalent for biological damage = sievert = 1

rem (roentgen equivalent for man)]:
Dose equivalent in Sv - grays x Q, where Q (quality factor)
expresses long-term risk (primarily cancer and leukemia) from
low-level chronic exposure; it depends upon the type of radia-
tion and other factors. For y rays and P particles, Q —1; for
protons, Q —1 at -10 Mev, rising gradually to —2 at -1
Gev; for thermal neutrons, Q —3; for fast neutrons, Q ranges
up to 10; and for cz particles and heavy ions (assuming internal
deposition —skin and clothing are usually suf5cient protection
against external sources), Q —20.

Natural aii~ual background, all sources: Most world areas, whole-
body dose equivalent rate —(0.4-4} mSv (40-400 millirems}.

Can range up to 50 mSv (5 rems) in certain areas. U.S. average
—0.8 mSv. The lungs receive an additional —0.1 mSv (- 10
mrem) from inhaled natural radioactivity, mostly radon and
radon daughters (good to —factor of 2 in open areas; can range
an order of magnitude higher in buildings and up to 1000x in
poorly ventilated mines .

Cosmic ray bac ound in counters Earth's surface:
-10 /min/m /ster. For more accurate estimates and more
details, see Sec. B of Particle Detectors, Absorbers, and Ranges.

Fluxes (per m2) to deposit one Gy in one kg of matter, assuming
uniform irradiation:

(charged particles) 6.24x1012/(dE/dx), where dE/dx (MeV
m /kg), the energy loss per unit length, may be obtained (afier
conversion of units) from the Mean Range and Energy Loss fig-
ures.

—3.5x10 minimum-ionizing singly charged particles in car-
bon.- (photons} 6.24x 1012/[E(MeV)(tc /p)(m /kg) ], for photons

of energy E, mass energy absorption coef6cient p,en, and density
p (see Photon Mass Attenuation CoeKcients, Energy Deposition
figure), for samples of thickness enough to contain the secon-
dary electrons but (( I/tc

2X1015 photons of 1 MeV eneqO on carbon
(Quoted fluxes good to about a factor of 2 for all materials. }

U.S. ma~i~um permissible occupational dose for the whole body:
50 mSv/year (5 rem/year}.

Lethal dose: Whole-body dose from penetrating ionizing radiation
resulting in 50% mortality in 30 days (assuming no medical
treatment), 2.5-3.0 Gy (250-300 rads) as measured internally on
body longitudinal center line; surface dose varies due to variable
body attenuation and may be a strong function of energy.

For a recent review, see E. Pochin, Nuclear Radiation: Risks
and Benefits (Clarendon Press, Oxford, 1983).

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



860 Particle Data Group: Review of particle properties

PERIODIC TABLE QF THE ELEMENTS
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES

NOTE: THE FIGURES IN THIS SECTION ARE INTENDED TO SHOW THE "BEST" OR "MOST REPRESENTATIYE" DATA IN THE

OPINION OF THE COMPILER. THEY ARE NOT NECESSARILY COMPLETE COMPILATIONS OF ALL THE WORLD'S RELIABLE DATA.
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd)
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'cI)
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. .. .. .usi:rai. ive '. key
Name of particle as it appears

in table.

Arrow indicates this particle
omitted from table-

( l
PPP)+4(xxNEIoi c1210~ -)

OR IGINALLY CALLED XXX

OMITTED FROM TABLE

Particle name, and quantum
numbers (if known) i

Particle code (for internal
use only)

General comments on particle.
Quantity tabulated below-

Code for quantity tabulated
(M~ass, W~idth, etc ).

Symbol used to key together
data card and related com-
ments

Number of events above back-
ground

+M 1216.
M L i150( 1192.)

74 l XXC 1200) NASS CNEV) I

11. IMERR ILL
(16.) LYNCH

IONABLE BACKGROUND
7.l PIERCE

FENNER
SMITH

ESULT

AVERAGE

76 ABC 0 3.2 K-P
77 HBC +- 2.7 PI-P

SUBTRACTION
78IASPKi+ 2. 1 K-P
79 HBC 0 4 2 P I+P
83 MMS

7/76
6/77

9/78
9/79

Abbreviated reference for this
result; full reference
given below.

Measurement technique (see
abbreviations on next
page) ~

Charge(s) of particle(s)
detected.

Measured value (parentheses
indicate value not used in
average).

+ error in measured value
(- field blank if error
symmetric; parentheses on
error only indicate data
not used in average due to
problems with error' estima-
tion) ~

Average value (and error) of
quantity tabulated.

Vertical bar indicates aver-
age; width of horisontal
bar on top is (scaled)
error on average

00) WDTH CNaV)

MERRILL 76 HBC QI3. 2 K-Pi
PIERCE 78 ASPK + 2. 1 K-P
FENNER 79 HBC 0 4.2 PI+P
SMITH 83 MMS — 3 ~ 5 PI-P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF i1.3[)
OGRAM BELOW)

HTED AVERAGE ~ 38.4 A 8. 0
ERROR SCALED BY 1.3

Reaction producing particle,
or comments

Scale factor & 1 indicates
inconsistent data-

Ideogram to display incon-
sistent data; curve is sum
of Gaussi. ans, one for each
experiment (area of Gaus-
sian 1/error; width of
Gaussian « + error).

7/76
9/78
9/79

l 1/84' I
Date this result entered

(asterisk indicates result
added or changed since pre-
vious edition).

Value and error for each
experiment.

-20 20 eo 100
XX(1200) WIDTH (MEV)

FEINER
~ PIERCE
.MERRILL

'1 40

79 HSC
78 ASPK
7e HBC

CH I SO

l1.3f
0, 5
1.e

(COblLEV
~a0. 179)

Cont~ibution of experiment to
(if no entry present,

experiment not used in cal-
culating )( or scale factor2

because of very large
error&.

Partial decay mode (labeled by
p ) ~

P1
P2

74 XXC1200) PARTIAL DECAY NODES

XX(1200) INTO 3P I I

XX(1200) INTO K KBAR

74 XXC 1200) BRANCH INI RATIOS

DECAY MASSES
l139+ 139+ 139
493+ 493

Representative masses of decay
products (used for calcu-
lating last column of Par-
ticle Property Tables).

Sranching ratio (labeled by
R ) ~

Value (and error) of quantity
tabulated, as determined
from constrained fit (using
all measured branching
ratios for this particle)-

R1
R1
R1

INTO
~ 50.41

0.468
0.480

KKBARI SPI.03 FENNER.04 SMITH

0.043 AVERAGE (ERROR
0-027I FROM FIT (ERROR

XXC1200) INTO 3Pl/TOTALl.66 .02 MERR ILL
L (.68) (.03) LYNCH
L LYNCH DATA HAS QUESTIONABLE BACKGROUND

0-675 0.012l FROM F I T (ERROR

) INTO KKBANITOTAL.35 .05 PIERCE

0.325 0.012I FROM FIT (ERROR

CP1)
76 HBC 0 32 K-P
77 HBC + 27 PI-P

SUBTRACTION

INCLUDES SCALE FACTOR OF 1.3)

CP2)
78 ASPK + 2. 1 K-P

INCLUDES SCALE FACTOR OF 1.3)
lcP2)/cP1) I

79 HBC 0 4.2 PI+P
83 MMS — 3.5 PI-P

INCLUDES SCALE FACTOR OF 1-8)
INCLUDES SCALE FACTOR OF 1.3)

7/76
6/77

9/78

9/79
1/84*

Sranching ratio R in terms of
partial decay ILode frac-
tions P above-i

References' listed by year,
then author.

Abbreviated reference form
used on data cards above.

Journal, report, prep rint,
etc. (see abbreviations on
next page).

t
MERRILL
LYNCH
PIERCE
FENNER
SMITH

f
76 I PRL 16 143
77 PR 155 610
78 PL 27B 230
79 NC 61B 372
83 PRL 46 14l

A. MERR ILL
B. LYNCH

I N. P I ER CE
D. FENNER, B. BEANEJ. SMITH

ACLAY+CERN)II JP
(BNL)
(LRL)

(NYSE+AMEX)
l(SLAC)

«em000 0000004*0 *400000%0 00000404* 400**4044 e*etkee**0 4440***40 mm04*000
000000 *00000%0* 00004*000 *00001%00 Ommmet00e» Oeemmm*me *44000%4* 000*4000

004000 000400000 004000440 mm00*mm*e 00*4r*mmee 0044004*4 00010440* m*mm0000

REFERENCES FOR XX{1200) Au thor( s ) .
Quantum number determinations

in this reference

Institution(s) of author(s)
(see abbreviations on next
page)
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Abbreviations
Illustrative Key (cont'd)

Journals Institutions

APAH

ADVP
ANP
APJ
APP
ARNS
BAFS
CJP
JAP
JETP
JETPL
JPA
JPG
JPSJ
LNC
NAT

NC

NIM
NP

PL
PN
PFSL
PR
PRAM

PRL
PRPL
PRSE
PRSL
PS
PTP
RA

RMP

RRP
SCI
SJNP
SPU
ZNAT

ZPHY

Acta Phys ~ Aced. Hungarica
Advances in Physics
Annals of Physics
Astrophysical Journal
Acta physics Polonica
Annual Review of Nuclear Science
Bulletin of the Amer. Phys. Soc.
Canadian Journal of Physics
Journal of Applied Physics
English Transl. of Soviet Physics JETP
Letters of Soviet Physics JETP
Journal of Physics A

Journal of Physics G
Journal of the Phys. Soc. of Japan
Letters to Nuovo Cimento
Nature
Nuovo Cimento
Nuclear Instruments and Methods
Nuclear Physics
Physics Letters
Particles and Nuclei
Proc. of the Phys Soc. of London
Physical Review
Premana
Physical Review Letters
Physics Reports (Physics Letters C)
Proc of the Royal Soc. of Edinburgh
Proc. of the Royal Soc. of London
Physics Scripta
Progress of Theoretical Physics
Radiochimica Acta
Reviews of Modern Physics
Revue Romaine de Physique
Science
Soviet Journal of Nuclear Physics
Soviet Physics — Uspekhi
Zeitschrift fur Naturforschung
Zeitschrift fur Physik

Conferences

Conferences are referred to by the location in which
they were held (e.g. , DUBNA, BOULDER, LUND, etc )

AEMS
ARG

ASPK
BEBC
BONA
SPWA
CALO
CBAL
CC
CELL
CHRM

CIBS
CLED
CNTR
COSM
CUSB
DASP
DBC
DLCO
DM1

DPWA

ELEC
EMVL

FBC
FIT
FRAB
FRAG
FRAM

FRBC
GOLI
HBC
HEBC
HDBC

HLBC
HRS
HYBR
INDU
IPWA
JADE
LASS
LENA
HAC

MBR
MMS

MPS
MPWA

MRKJ
MRS
NEUL
0LYA
OMF.G

OSPK
PBC
PLAS
PLVT
PWA

RFDE
RVUE
SFM
SII.I
SNAG

SHK 2
SHK3
SP EC
SPRK
STRC
TASS
THF.O

TPC
UA1
UA2

UA5
WIRE
XEBC

Argonne effective mass spectrometer
ARGUS detector at DORIS
Automatic spark chambers
Big European bubble chamber at CERN
Bonanza nonmagnetic detector at DORIS
Barrelet-zero partial-wave analysis
Calorimeter
SLAG-SPEAR Crystal Bell detector
Cloud chamber
CELLO detector at DESY
CHARM neutrino detector at CERN
CERN-IHEP boson spectrometer
Cornell magnetic detector at CESR
Counters
Cosmology and astrophysics
Columbia U ~ - Stony Brook segmented NAI
DESY double-arm spectrometer
Deuterium bubble chamber
SLAG SPEAR DELCO detector
Detector at Orsay DHI collider
Energy-dependent partial-wave analysis
Electronic combination
Emulsions
Freon bubble chamber
Fit to previously existing data
ADONE BB Group detector
ADONE ff Group detector
ADONE MEA Group detector
Freon bubble chamber
CERN Goliath spectrometer
Hydrogen bubble chamber
Helium bubble chamber
Hydrogen and deuterium bubble chambers
Heavy-liquid bubble chamber
SLAG high-resolution spectrometer
Hybrid: bubble chamber + electronics
Hagnetic induction
Energy-independent partial-wave analys
JADE detector at DESY
Large-angle superconducting solenoid s
Non-magnetic lead-glass NaI detector a
HAC detector at PEP/SLAG
Molecular beam resonance technique
Missing mass spectrometer
Hultipar ticle spectrometer at BNL
Model-dependent partial-wave analysis
Mark-J detector at DESY
Magnetic resonance spectrometer
Neuland large-angle neutrino spectrome
Detector at VEFP-4, Novosfbirsk
CERN OMEGA spectrometer
Optical spark chamber
Propane bubble chamber
Plastic detector
DESY PLUTO detector
Partial wave analysis
Resonance depolarization
Review of previous data
CERN split-field magnet
Silicon detector
SPFAR magnetic detector
SLAC Mark-II detector
SLAC Hark-III detector
Spectrometer
Spark chamber
Streamer chamber
DESY TASSO detector
Theoretical or heavily model-dependent
TPC detector at PEP/SLAC
UA1 detector at CERN
UA2 detector at CERN
UA5 detector at CERN
Wire chamber
Xenon bubble chamber

detector at CESR

is

pectrometer at SLAC
DORIS

ter

result

Measurement Techniques (i.e ~ . Detectors and Methods of Analysis)

AACH

AARH

ABO

ADEL
AERE
AGDR

AICH
AIKO
ALAH

ALBA
ALBE
AMST
ANIK
ANKA

ANL

ARIZ
ARZS
ATEN
ATHU

AUCK

BARC
SARI
BART
BASL
BAY R

BEDF
BELG
BELL
BERG
BERL
BERN
BGNA

BHAB
BHEP
BIEL
BING
BIRM
BNL
BOHR
BOIS
BOMB
BONN

BORD
BOST
BRAN
BRCO
BRIS
BROW

BRUX
BUCH

BUDA
BUFF
SURE
CAEN
CAIW
CAMS

CANB
CARI.
CARN

CASE
CATH
CAVE

CCAC
CDEF
CEA
GENG
CERN
CHIC
C INC
CIT
CLEV
CNRC
COLO
COLU
CORN

COSU
CRAG
CUNY

CURI
DARE
DART
DELF
DELH
DESY
DOE
DORT
DUKE
DURH

DUUC

EDIN
EFI
ELHT
EPOL
ERLA
ETH
FIRZ
FISK
FLOR
FNAL
FOM

FRAS
FRFI
FSU
GENO

GESC
G EVA

GLAS
GMAS

G RAZ

GRF.N
GSCO
GUEL
HAIF
HAHB

HARV

HA WA

HEBR
HEID
HELS
HIRO
HOUS

HPC
IAS
IBH

Rep.

ton

stol

unty

fes

tter

nter

noble

logy

Technische Univ. Aachen
Univ. of Aarhus
Abo Akademi
Adelphi Univ.
Atomic Energy Res. Estab.
Aced. of Sci. of the German Demo.
Aichi Univ. of Education
Inst. Kernphys. Onderzoek
Univ. of Alabama at Huntsville
State Univ. of New York at Albany
Alberta Univ. , NRC

Univ. of Amsterdam
Amsterdam NIKHEF
Middle East Technical Univ.
Argonne National I.ab
Univ. of Arizona
Arizona State Univ.
Nuclear Res. Centre Demokritos
Univ. of Athens
Univ. of Auckland
Univ. de Barcelona
Univ. di Barf
Bartol Research Foundation
Univ. of Basel
Univ. Bayreuth
Bedford College
Inst. Interunjv. des Sci. Nuc.
Bell Labs.
Univ- of Bergen
Inst. Hochenergiephys ~ DAW

Univ. Bern
Univ. di Bologna
Bhabha Atomic Research Center
Inst. of High Energy Physics
Univ. Bielefeld
State Univ. of New York at Bingham
Birmingham Univ.
Brookhaven National Lab.
Niels Bohr Inst.
Boise State Univ.
Univ. of Bombay
Univ Bonn
Univ de Bordeaux
Boston Univ.
Brandeis Univ.
Univ. of British Columbia
H H. Wills Physi Lab. ~ U. of Bri
Brown Univ.
Univ. Libre de Bruxelles
Bucharest State Univ
Central Research Inst. of Physics
State Univ. of New York at Buffalo
Inst. des Hautes Etutes Sci.
Lab. de Phys. Corpusculafre
Carnegie Inst. of Washington
Cambridge Univ.
Australian National Univ.
Carleton Univ.
Carnegie-Mellon Univ.
Case Western Reserve Univ.
Catholic Univ. of America
Cavendish Lab. , Cambridge Univ.
Community College of Allegheny Co
College de France
Cambridge Electron Accel.
CEN, Grenoble
European Org. for Nuclear Research
Univ. of Chicago
Univ. of Cincinnati
Calif ~ Inst' of Technology
Cleveland State Univ.
Canadian National Research Council
Univ. of Colorado
Columbia Univ.
Cornell Univ.
Colorado State Univ.
Inst. for Nuclear Research
City Univ. of New York
Laboratoire Joliot-Curie
Daresbury Nuclear Physics Lab ~

Dartmouth College
Univ of Technology
Univ. of Delhi
Deutsches Elektronen-Synchrotron
U. S. Department of Energy
Univ. Dortmund
Duke Univ-
Univ. of Durham
University College
Univ. of Edinburgh
Enrico Fermi Inst for Nucl. Stud
Flmhurst College
Fcole Polytechnique
Univ. Erlangen Nurnberg
Swiss Federal Inst. of Technology
Univ. di Firenze
Fisk Univ.
Univ. of Florida
Fermf National Accelerator Lab ~

Found' for Fundamental Res ~ on Ma
Lab. Nazionali del C NiE. N. ,

Univ. of Freiburg
Florida State Univ
Univ di Genova
General Electric Res and Dev. Ce
Univ. de Geneve
Univ. of Glasgow
George Mason Univ
Univ Graz
Inst des Sci Nuc. , Univ. de Gre
Geological Survey of Canada
Guelph Univ.
Technion — Israel Inst. of Techno
Univ. Hamburg
Harvard Univ.
Univ- of Hawaii
Hebrew Univ.
Univ Heidelberg
Helsingin Yliopisto
Hiroshima Univ.
Univ. of Houston
Hewlett-Packard Corp
Inst' for Advanced Study
International Business Machines

Aechen, West Germany
Aerhus, Denmark
Abo, Finland
Garden City, NY, USA
Harwell, Berks. , England
Berlin-Zeuthen, East Germany
Kariya, Aichi Pref-, Japan
Amsterdam, Netherlands
Huntsville, AL ~ USA
Albany, NY, USA
Edmonton, Alta. , Canada
Amsterdam, Netherlands
Amsterdam, Netherlands
Ankara, Turkey
Argonne, IL, USA
Tucson, AZ, USA
Tempe, AZ, USA
Athens, Greece
Athens, Greece
Auckland, New Zealand
Barcelona, Spain
Barf, Italy
Swarthmore, PA, USA
Basal, Switzerland
Bayreuth, West Germany
London, England
Bruxelles, Belgium
Murray Hi. ll, NJ, USA
Bergen, Norway
Berlin-Zeuthen, East Germany
Bern, Switzerland
Bologna, Italy
Bombay, India
Bei)ing, China
Bielefeld, West Germany
Binghamton, NY, USA
Birmingham, England
Upton, L.I ~ , NY, USA
Copenhagen, Denmark
Boise, ID& USA
Bombay, India
Bonn, West Germany
Bordeaux, France
Boston, MA, USA
Waltham, MA, USA
Vancouver, B C , Canada
Bristol, England
Providence, RI, VSA
Bruxelles, Belgium
Bucharest, Romania
Budapest, Hungary
Buffalo, NY, USA
Bures-sur-Yvette, France
Caen, France
Washington, DC, USA
Cambridge, England
Canberra, Australia
Ottawa, Ont. , Canada
Pittsburgh, PA, USA

Cleveland' OH, USA
Washington, DC, VSA
Cambridge, England
Pittsburgh, PA, USA
Paris, France
Cambridge, MA, USA
Grenoble, France
Geneva, Switzerland
Chicago, IL, USA
Cincinnati, OH, USA
Pasadena, CA, USA
Cleveland, OH, USA
Ottawa, Ont. , Canada
Boulder CO, USA
New York, NY, USA

Ithaca, NY, USA
Fort Collins, CO, USA
Crecow, Poland
New York, NY, USA
Paris, France
Daresbury, England
Hanover, NH, USA
Delft, Netherlands
Delhi, India
Hamburg, West Germany
Washington, DC, VSA
Dortmund, West Germany
Durham, NC, USA
Durham, England
Dublin, Ireland
Edinburgh, Scotland
Chicago, IL, VSA
Elmhurst, IL, USA
Palaiseau, France
Erlangen, West Germany
Zurich, Switzerland
Firenze, Italy
Nashville, TN, USA
Gainsville, FL, VSA
Batavia, IL, USA
Utrecht, Netherlands
Frascati, Italy
Freiburg, West Germany
Tallahassee, FL, USA
Genova, Italy
Schenectady, NY, USA
Geneva, Switzerland
Glasgow, Scotland
Fairfex, VA, USA
Graz, Austria
Grenoble, France
Ottawa, Ont. , Canada
Guelph, Ont. , Canada
Haifa, Israel
Hamburg, West Germany
Cambridge, HA, USA
Honolulu, HI, USA
Jerusalem, Israel
Heidelberg, West Germany
Helsinki, Finland
Hiroshima, Japan
Houston, TX, USA
Cupertino, CA, USA
Princeton, NJ, USA
Palo Alto, CA, USA
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Ijlj.ustrative Key (con, t'd)
Institutions (cont d) Institutions (cont'd)

IFRJ
IIT
ILL
ILLC
ILLG
IND
INEL
INFN
INNS
INRN
INUS
IOFF
IOWA

IPCR
IPN
IPNP
IPPC
IRAD
ISU
ITEP
ITHA
ITPU
IUPU
JAGL
JHU
JINR
KAGO

KANS

KARL
KAZA

KEK
~.ENT
KEYN
KHAR

KIAE
KIEL
KIEV
KINK
KNTY
KOBE
KONA

KONS
KYOT

LALO
LANC

LANL

LAPP
LA SL
LAVS
LBL
LCGT
LEBD
LEED
LEHI
LEHM
LEID
LEMO

LKNI
LIBH
LINZ
LISB
LIVP
LLL
LOIC
LOQM
LOUC

LOWC

LPNP
LPTP
LRL
LSU
LUND

LVLN
LYON
MADR

MADU

MANH

MANI
MANZ

MARS
MASA

MASS
NCGI
NCHS

MEIS
MELB
MHCO

MICH
MILA
MINN
MINR
MIOH
MIT
MODE

MONP

MONS

MONT

MOSU
MPEI
MPIH
MPIM
MSNA

MSU

NTHO
NULH

MUNI

MURA

NAG 0
NAP L
NARA

NASA

NBS
NDAM

NEAS
NEUC
NEVI
NI JN
NIU
NORD

NOVO

HPOL
HRL
NSF
HTUA
NWES
HYV

OHIO
OKAY
OREG
ORNL

ORSA
OSAK
OSKC

Inst de Fisiea, Rio de Janeiro
Illinois Inst. of Tech.
Univ of Illinois
Univ. of Illinois at Chicago
Inst. Leuc-Langevin
Univ of Indiana
Idaho National Engineering Lab.
Ist. Nazionale di Fisica Nuclear
Phys Inst. , Univ. Innsbruck
Inst' for Nuclear Research
Inst for Nuclear Study at Tokyo Univ.
Ioffe Inst. of Physics and Tech.
Univ. of Iowa
Inst. of Physical and Chemical. Research
Inst' de Physi Nueleaire
Inst. de Physique Nucleaire
Inst. for Particle Physics of Canada
Inst. du Radium
Iowa State Univ.
Inst for Theor. and Exp Physi
Ithaca College
Inst. for Theoretical Physics
Indians U — Purdue U at Indianapolis
Jagellonian Univ.
Johns Hopkins Univ.
Joint Inst. for Nucl ~ Research
Kagoshima Univ.
Univ. of Kansas
Univ. Karlsruhe
Kazakh Academy of Science
Nat. Lab for High Energy

Physi�

, Japan
Kent Univ. at Cantebury, Kent
Open Univ.
Phys. -Tech. Inst , Aced. Sci. , Ukr. SSR
Kurchatov Inst' of Atomic Energy
Kiel Univ.
Physical-Technical Inst.
Kinki Univ
Univ. of Kentucky
Kobe Vniv
Konan Univ.
B P. Konstantinov Inst. of Nuel Phys.
Kyoto Univ.
Linear Accelerator Lab, Orsay
Lancaster Univ.
U C. Los Alamos National Lab.
Lab. d'Annecy de Phys. des Particules
U CD Los Alamos Scientific Lab.
Univ. of Lausanne
U. C. Lawrence Berkeley Lab.
Lab- di Cosmo-Geofisica del CNR

Lebedev Physics Inst'
Univ. of Leeds
Lehigh Univ.
Herbert HE Lehman College
Inst. Lorentz
Le Moyne College
Inst. of Nucl. Phys. , USSR Acad. Sci
Lab. Interuniv. Beige High Eng
Linz Inst. fur Physik, Kepler Hoch.
Univ de Lisboa
Liverpool Univ.
Lawrence Livermore Lab.
Imperial Col. of Sci and Tech.
Queen Mary College
University College
Westfield College
Lab de Physi Nucl et Hautes Energies
Lab ~ de Physi Theor. et Hautes Energies
U. C. Lawrence Berkeley Lab.
Louisiana State Univ.
Univ. I Lund
Univi Catholique de Louvain
Univ. de Lyon
Junta de Energia Nuclear
Univ. Autonome de Madrfd
Manhattan College
Univi of Manitoba
Univ. Mains
Center National de la Recherche Sci.
Univ of Massachusetts
Univ. of Nassachusetts
McGill Univ.
Univ. Manchester
Meisei Univ.
Univi of Melbourne
Mount Holyoke College
Univ of Michigan
Univi di Milano
Univ of Minnesota
Inst for Nuclear Research
Miami Univi
Massachusetts Inst of Technology
Ist di Ffsica dell Univ.
Univ. de Montpellier
Univ- de 1 Etat, Mons
Univ. de Montreal
Moscow State Univ-
Moscow Phys. Eng. Inst.
Max Planck Inst. fur Kernphysik
Max Planck Inst. fur Phys -Astrophys.
Ist ~ di Fisica dell Univ.
Michigan State Vniv
Mt. Holyoke College
Centre Univ. du Haut-Rhin
Univ. of Munich
Midwestern Univ. Research Assoc.
Nagoya Univi
Univ. di Napoli
Nara Women's Univ
NASA, Goddard Space Flight Center
U S. National Bureau of Standards
Univ of Notre Dame
Northeastern Univ.
Univ. de Neuchatel
Nevfs Lab
R. K. Univ. Ni)megen
Northern Illinois Univ.
Nordisk Inst. for Teor htomfys.
Inst. of Nucl. Phys.
Northern Polytechnic
Naval Research Laboratory
V ST National Science Foundation
National Technical Univ.
Northwestern Univ
New York Univ.
Ohio Univ.
Okayama Univ.
Univ. of Oregon
Oak Ridge National Lab.
Univ. de Paris, Fac. des Sci.
Osaka Univ.
Osaka City Univ.

Rio de Janeiro, Brazil
Chicago, IL, USA
Urbane, IL, USA
Chicago, IL, USA
Grenoble, France
Bloomington, IN, USA
Idaho Falls, ID, USA
Rema, Italy
Innsbruck, Austria
Moscow, USSR
Tokyo, Japan
Leningrad, USSR
Iowa City, IA, USA
Saitama-ken, Japan
Orsay, France
Paris, France
Montreal, Que. , Canada
Paris, Prance
Ames, IA ~ USA
Moscow, USSR
Ithaca, NY, USA
Utrecht, Netherlands
Indianapolis, IN, USA
Cracow, Poland
Baltimore, MD' USA
Dubna, USSR
Kagoshima, Japan
Lawrence, KS, USA
Karlsruhe, West Germany
Alma-Ata, USSR
Tsukuba-gun, Japan
Cantebury, England
Milton Keynes, England
Kharkov, USSR
Moscow, USSR
Kiel, West Germany
Kiev, USSR
Osaka, Japan
Lexington, KY, USA

Kobe, Japan
Kobe, Japan
USSR
Kyoto, Japan
Orsay, Prance
Lancaster, England
Los Alamos, NM, USA

Annecy, France
Los Alamos, NM, USA
Lausanne, Switzerland
Berkeley, CA, USA
Torino, Italy
Moscow, USSR
Leeds, England
Bethlehem, PA, USA

Bronx, NY, USA
Leiden, Netherlands
Syracuse, NY, USA
Leningrad, USSR
Bruxelles, Belgium
Linz, Austria
Lisboa, Codex, Portugal.
I.iverpool, England
Livermore, CA, USA
London, England
London, England
London, England
London, England
Paris, France
Paris, France
Berkeley, CA, USA
Baton Rouge, Lh, USA
Lund, Sweden
Louvain-La-Neuve, Belgium
Villeurbanne, France
Madrid, Spain
Msd rid ~ Spain
Hew York, NY, USA
Winnipeg, Man. , Canada
Mainz, West Germany
Narseille, Prance
Amherst, MA, USA
Boston, MA, USA

Montreal, Que. , Canada
Manchester, England
Hino, Tokyo, Japan
Parkville, Australia
South Hadley, MA, USA
Ann Arbor, MI, USA
Milano, Italy
Minneapolis, MN, USA
Moscow, USSR
Oxford, OH, USA
Cambridge, MA, VSA
Modena, Italy
Montpellfer, France
Mons, Belgium
Montreal, Que. , Canada
Moscow, USSR
Moscow, USSR
Heidelberg, West Germany
Munich, West Germany
Messina, Italy
East Lansing, MI, USA

South Hadley, NA, USA
Mulhouse, Prance
Munich, West Germany
Stroughton, WI, VSA

Nagoya, Japan
Napoli ~ Italy
Nara, Japan
Greenbelt, MD, VSA
Washington, DC, USA
Notre Dame, IN, USA
Boston, MA, USA
Neuchatel ~ Switzerland
Irvington-on-Hudson/ NYp USA

Nijmegen, Netherlands
De Kalb, IL, USA

Copenhagen, Denmark
Novosibirsk, USSR
London, England
Washfngton, DC, USA
Washington, DC, USA
Athens, Greece
Evanston, IL, USA
New York, NY, USA
Athens, OH, USA
Okayama, Japan
Eugene, OR, USA
Oak Ridge, TN, USA

Orsay, France
Osaka, Japan
Osaka, Japan

OSLO
OSU
OTTA
OXF
PADO

PATR
PAVI
PENN
PGIA
PHIL
PISA
PITT
PNL
PPA
PRAG
PRIN
PSLL
PURD

QUKI
RAL
REGE
REHO
RHEL
RICE
RISO
RL
RMCS
ROCH

ROCK
RONA

ROSE
RUTG

SACL
SAGA
SANI
SBER
SCUC
SEAT
SEIB
SKOU
SERP
SETO
SFLA
SFSU
SHEF
SHMP

SIBE
SIEG
SIN
SLAC
SMAS

SOFI
STAN
STEV
STLO
STOH
STON
STRE
SURR
SUSS
SYDN
SYRA
TAMV

TBLI
TELA
TEMP
TENN
TEXA
THES
TIFR
TIT
TMSK
TNV
TNTO
TOHO

TOIN
TOKY
TORI
TRIK
TRIN
TRIU
TRST
TSUK
TTAM

TUFT
TWAS
UBEL
UCB
UCD

UCI
UCLA
UCND

UCR
UCSB
UCSC
UCSD

UMD

UNCS
UNH

UNM

UOEH

UPNJ
UPPS
USC
USTL
UTAH
UTRK
VAND

VICT
VIEN
VIRG
VPI
WARS
'WASH

WIEN
WILL
WINR
MISC'
WITW
WMI U

WOOD

WUPG

WUPP

WURZ

WVSL
MYON

YALE
YERE
YOKO
YORK
ZAGR

ZEEM
ZURI

Oslo Univ.
Ohio State Univ.
Univ of Ottawa
Oxford Univ.
Univ. di Padova
Univ. of Patras
Univ. di Pavia
Univ. of Pennsylvania
Univ. di Perugia
Philipps Univ.
Univ. di Pisa
Univ. of Pittsburgh
Pacific Northwest Lab.
Princeton-Pena. Proton Accel.
Inst of Physics, CSAV
Princeton Univ.
Physical Science Lab.
Purdue Univ.
Queens Univ
Rutherf ord hppleton Lab. (form
Univ. Regensburg
Weizmann Inst of Sci
Rutherford High Energy Lab.
William Marsh Rice Univ
Research Estab. Rise
Rutherford Lab. (formerly RHEL
Royal Military College of Scie
Univ. of Rochester
Rockefeller Univ.
Univ. di Roma
Rose Polytechnic Inst
Rutgers Univ.
Cntr. d'Etudes Nuel. Saclay
Saga Univ.
Ist. Superiore di Sanita
San Bernardino State College
Univ. of South Carolina
Seattle Pacific College
Research Center Seibersdorf
Korea Unfv.
Inst. of High Energy Physics
Seton Hall Univ.
Univ. of South Florida
San Francisco State Univ.
Univ. of Sheffield
Univ. of Southampton
Inst' of Nucl.

Physi�

, USSR hca
Gesamthochschule Siegen
Swiss Inst. of Nuclear Researc
Stanford Linear Accel. Center
Southeastern Massachusetts Uni
Bulgarian Aced. of Sci.
Stanford Univ.
Stevens Inst. of Tech.
St Louis Univ'
Stockholm Vniv.
State lJniv of New York at Sto
Centre des Res. Nucleaires
Univ of Surrey
Univ. of Sussex
Univ. of Sydney
Syracuse Univi
Texas h and M Univ.
Tbilisi State Univ-
Univ. of Tel-Aviv
Temple Univ.
Univ of Tennessee
Univ. of Texas
Univ. of Thessaloniki
Tata Inst' of Fundamental Rese
Tokyo Inst. of Technology
Nucl. Phys. Inst. , Tomsk Polyt
Tokyo Metropolitan Univ.
Univ. of Toronto
Tohoku Univ.
Tokyo Inst' of Technology
Univ. of Tokyo
Univ. di Torino
Rikkyo Univ.
Trinity College
TRIUNF, Vniv. of British Colum
Univ. di Trieste
Univ of Tsukuba
Tamagawa Univ.
Tufts Vniv.
Waseda Univ.
Univi of Belgrade
Univ. of Calif. at Berkeley
Univ. of Calif' at Davis
Univ- of Calif. at 'Irvine
Univ. of Calif at Los Angeles
Union Carbide Nuclear Division
Univ. of Calif at Rfverside
Univ. of Calif' at Santa Barbs
Univ- of Calif' at Santa Cruz
Univ. of Calif at San Diego
Univ. of Maryland
Union College
Univ. of New Hampshire
Univ. of New Mexico
Univ. of Occup. and Environ. H

Upsala College
Gustaf Werner Inst
Univi of Southern California
Univ. Sci. et Tech. du Langued
Univ. of Utah
Univ of Utrecht
Vanderbilt Univ.
Univ. of Victoria
Inst. for High Energy Physfcs,
Univ. of Virginia
Virginia Polytechnic Inst'
Univ. of Warsaw
Univ. of Washington
Vniv Wien
College of William and Mary
Warsaw Inst of Nuclear Resear
Univ. of Wisconsin
Univ. of the Wftwatersrand
Western Michigan Univ.
Woodstock College
Gesamthochschule Wuppertal
Univ Wuppertal
Univ. Wurzburg
Washington Univ
Univ. of Wyoming
Yale Univ
Yerevan Physics Inst.
Yokohama Univ.
York Univ
Inst Rudder Boskovic
Zeeman Lab. ~ Univi of Amsterda
Univ. Zurich

erly RL)

nce

d. Sci

ve

nyb rook

arch

ech Inst'

bia

ra

ealth

oc

ho A ST

ch

England

England

England

SA

nd

Os lo, Norway
Columbus, OH, USA
Ottawa, One , Canada
Oxford, England
Padova, Italy
Patras, Greece
Pavia, Italy
Philadelphia, PA, USA
Perugia, Italy
Marburg, Meat Germany
Pisa, Italy
Pittsburgh, PA, USA
Richland, WA, USA
Princeton, NJ, USA
Prague, Czechoslovakia
Princeton, NJ ~ USA
Las Cruces, NM, USA
Lafayette, IN, USA
Kingston, One , Canada
Chilton, Did ~ ,

Berks'�

,
Regensburg, West German
Rehovoth, Israel
Chilton, Did ~ ,

Berks'�

,
Houston, TX, USA
Roskilde, Denmark
Chilton, Did. ,

Berks'�

,
Shrivenham, England
Rochester, NY, USA
New York, NY, USA
Rome, Italy
Terre Haute, IN, USA
New Brunswick, NJ, USA
Gif-sur-Yvette, France
Saga, Japan
Rome, Italy
San Bernardfno, CA, USA
Columbia, SC, USA
Seattle, WA, USA
Vienna, Austria
Seoul, Korea
Serpukov, USSR
South Orange, NJ, USA
Tampa, FL, USA
San Francisco, CA, USA
Sheffield, England
Sou thamp ton, England
Siberia, USSR
Huttental, West Germany
Villigen, Switzerland
Stanford, CA, USA
North Dartmouth, MA, USA
Soffa, Bulgaria
Stanford, CA, USA
Hoboken, NJ, USA

St Louis, NO, VSA
Stockholm, Sweden
Stonybrook, L.I ~ , NY, U

Strasbourg, France
Surrey, England
Falmer, Brighton, Engla
Sydney, Australia
Syracuse, NY, USA
College Station, TX, USA
Tbili@i, USSR
Tel-Aviv, Israel
Philadelphia, PA, USA
Knoxville, TN, USA
Austin, TX, USA
Thessaloniki, Greece
Bombay, India
Tokyo, Japan
Tomsk, USSR
Tokyo, Japan
Toronto, Ont , Canada
Sendai, Japan
Tokyo, Japan
Tokyo, Japan
Torino, Italy
Tokyo, Japan
Dublin, Ireland
Vancouver, B.CD ~ Canada
Trieste, Italy
Tsukuba, Japan
Tokyo, Japan
Medford, MA, USA

Tokyo, Japan
Belgrade, Yugoslavia
Berkeley, Ch, USA
Davis, CA, USA
Irvine, Ch, USA
Los Angeles, CA, USA
Oak Ridge, TN, USA
Riverside, CA, USA

Santa Barbara, CA, USA
Santa Cruz, CA, USA
La Jolla, CA, USA

College Park, MD, USA
Schenectady, HY, USA
Durham, NH, USA
Albuquerque, HM, USA
Kitakyushu, Japan
East Orange, NJ, USA

Uppsala, Sweden
Los Angeles, CA, USA
Montpellier, France
Salt Lake City, UT, USA
Utrecht, Netherlands
Nashville, TN, VSA
Victoria, B.C. , Canada
Vienna, Austria
Charlottesville, Vh, USA

Blacksburg, Vh, USA
Warsaw, Poland
Seattle, WA, VSA
Wien, Austria
Williamsburg, Vh, USA
Warsaw, Poland
Madison, MID USA
Johannesburg, S. Africa
Kalamazoo, NI ~ USA
Woodstock, MD' USA
Wuppertal, West Germany
Wuppertal, West Germany
Wurzburg, West Germany
St ~ Louis, MO, USA
Laramie, WY, USA
New Haven, CT, USA
Yerevan, Armenia, USSR
Yokohama, Japan
Toronto, Onto' Canada
Zagreb, Yugoslavia
Amsterdam, Netherlands
Zurich, Switzerland
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876 Particle Data Group: Review of particle properties

Stable Particles
y, W, Z, WEAK GAUGE BOSON SEARCHES

Data, Card Listings

11*111****1*1*111*111111»»1*11*1**tttttttt ttt»111*1 11**1**11111111*1
1111111*tt**11****1*»1*t111111111ttttttttt *1*111111ttttttttt 11**1111

0 6ANIA(0, J~1) P1
P2

44 Z PARTIAL DECAY MODES

Z INTO E+ E-
Z INTO HU+ MU-

DECAY MASSES.511+.511
106+ 106

M F
M

N

H F
M

H
H

M

M

H F

0 6AMNA MASS (MEV)

(6. E-21)OR LESS PATEL
(6 ~ E-21)OR LESS GINTSBURG
(2.3E-21)OR LESS GOLDHABER
(6. E-23)OR LESS FRANKEN
(1 ~ E-20)OR LESS WILLIAMS
(4 ~ E-13)OR LESS LOMENTHAL
(7.3E-22)OR LESS HOLl. MEG
(6. E-22)OR LESS CL~.997 DAVIS
3. E-33 OR LESS CHIBISOV

VALIDITY QUESTIONABLE. SEE CRITICISM IN

65
64
68
71
71 CNTR
73
74
75
76
KROLL 71

SATELLITE DATA
SATELLITE DATA
SATELLITF DATA
LOM FREQ RES CIR
TESTS GAUSS LAM
GENL RELATIVITY
ALFVEN WAVES
JUP I TER MAGF IELD
GALACTIC NAG FLD

AND GOLDHABER 71.

10/69
10/69
10/69
3/72
3/71
8/77
7/74
1/78
2/84»
3/78

R1
R1
R1
R1
R1-

R2
R2

44 Z SRANCHIN6 RATIOS

Z INTO (E+ E-)/TOTAL (P1)
4 SEEN ARNISON 83 UA1 P AP, ECH~540 GEV.

8 8 SEEN SAGNAIA 83 UA2 P AP, ECM~550 GEV.
8 BAGNAIA 83 INTERPRET THEIR EVENTS AS EITHER (Z--)E+ E-) OR
8 (Z--)E+ E- GAMMA)

Z INTO (IRI+ MU-)/TOTAL (P2)
1 SEEN ARNI SON 83 UA1 P AP, ECH~540 GEV.

11111*111*11111**1»1*ttt 11*****11111***1*111***1111**11»1*»111111*11

11/83*
11/83»
11/83»
11/83»
11/83»

11/83*

ttt*t* **11111»1ttttttttt 11111111111*1*11*1***1»1*»1111111111*1***111

REFERENCES FOR 6AINIA
ARNISON 83 PL 1268 398
ARNISON2 83 PL 1298 2?3
BAGNAIA 83 PL 1298 130

REFERENCES FOR Z(95000)

UA1 COLLAB ~ (AACH+LAPP+SIRN+CERN+HELS+LOQH+)
UA1 COLLAB ~ (AACH+LAPP+SIRM+CERN+HELS+LOQM+)
UA2 COLLAB. (BERN+CERN+BOHR+LALO+PAVI+SACL)

GINTSBUR 64 SOV. ASTR. AJ7 536 M. A. GINTSBURG
PATEL 65 PL 14 105 VS L. PATEL
GOLDHABE 68 PRL 21 567 A. GOLDHABER, M. NIETO
FRANKEN 71 PRL 26 115 P A FRANKEN, G W AMPULSKI
WILLIAMS 71 PRL 26 721 +FALLER, HILL

(ACAD SC I,USSR)
(DURHAM)

(STONY BROOK)
(MICH)

(MESLEYAN)

1111*1**11111»1111111111ttttttttt *1***1111ttttttttt *1**»»1***11111»1**1*1111****1111*1*»»»»1 11111**1111111*1***111*1*t*1111***11111*1111

WEAK GAUGE BOSON SEARCHES
LOMENTHA 73 PR D8 2349
HOLLWEG 74 PRL 32 961
DAVIS 75 PRL 35 1402
CHIBISOV 76 SPU 19 624

D ~ D ~ LOMENTHAL (UCI )
J V HOLLWEG (NATL CENTER FOR ATMOS RESRCH)
+GOLOHABER, NIETO (C IT+STON+LASL )
6 ~ 8 ~ CHIB I SOY (LEBD)

PAPERS NOT REFERRED TO IN DATA CARDS
HEASUREMENTS OF PARAMETERS OF THE M AND Z ARE LISTED IN
SEPARATE SECTIONS ABOVE'

43 V(80000, JP )
NEASURENENTS OF CHARGED WEAK GAUGE BOSON PARAMETERS
ARE LISTED HERE. SEE ALSO blEAK GAUGE BOSON SEARCHES SECTION BELObl.

43 V MASS (6EV)

6 (81.)
27 80 ~ 9

(81 ~ 0)
4 80.

SAGNAIA 83

M (5-)
H 2.9
H B (2.8)
M 10. 6.
H 8 MASS IS PREL IMINARY

N AVG 2.7 AVERAGE

ARNISON 83 UA1 REPL ~ BY ARNISON2 83
ARNISON2 83 UA1 P AP, ECN~540 GEV.
BAGNAIA 83 UA2 P AP, ECM~550 GEV.
BANNER 83 UA2 P AP, ECN~550 GEV.

VALUE OBTAINED IN ZO EXPERIMENT

43 V VIDTH (6EV)

GOLDHABE 71 RMP 43 277 A S GOLDHABER, M M NIETO (STON+BOHR+UCSB)
KROLL 71 PRL 26 1395 N N KROLL (SLAG)
BYRNE 77 AST. SP.SCI.46 115 J.C. SYRNE (LOI C)

1**111 1*****1*1*11111»11 1111111**11*111*11111111111 *****1**111**11*1
1111111111111111*11*111111111111*1111**ttt11111111111111*1*1tttttttt

3/83*
11/83»
11/83*
3/83»

11/83»

N
M

H

M

H

N

M

M

H
N
M

H
N

M

M

H
N

M

M

N
M

M

N

V BOSON MASS LINITS (6EV)
0 1.7 OR MORE CL~ ~ 99
0 2.0 OR HORE CL~. 90
0 3.8 OR MORE CLM. 90
0 4.5 OR NORE CL~. 90
0 4.7 OR NORE CL~. 90
0 5.0 OR NORE CL~ ~ 95
0 NONE WITH MASS 10-20 GEV
0 NONE WITH HASS 5 ' 5-8.5 GEV

BERNARDIN
BURNS
SARI SH
BARISH
BARI SH
BERGESON
SUSSER
ABRAMOV

65 HYBR
65 OSPK
73 ASPK
73 ASPK
73 ASPK
73 ELEC
74 MIRE
77 CNTR

+ NEU N, CERN
+ NEU N, BNL
+ W+ TO LEP+NEU~. 2
+ M+ TO LEP+NEU~. 5
+ M+ TO LEP+NEU~. S

+-0 P-P, 52 ' 7 GEV CH

2/74
2/74
2/74
2/74
2/74
1/76
8/76

12/77

BARISH 73 LOOKEO FOR (NEU N) TO (M+ MU- N), M+ TO (MU+ NEU) AT NAL.
RESULT GIVEN FOR THREE ASSUMED BR ~ FRACS ~ M+ TO (LEPTON NEU)/ALL.

BERGESON 73 LOOKED AT ENERGY DISTR OF NEU-INDUCED MUON FLUX UNDER-
GROUND. SCALE INVARIANCE OF THE INELASTIC STRUCT FN ASSUMED.

BUSSER 74 IS CERN ISR EXPT. LOOKED FOR ELECTRONS OF LARGE
TRANSVERSE MOMENTUM. RESULT QUOTED ABOVE IS MODEL DEPENDENT.

ABRANOV 77 IS 70 GEV P-CU EXPT AT SERP LOOKING AT DIRECT HUONS OF
HIGH TRANSVERSE HON. RESULT IS MODEL DEPENDENT.

2/74
2/74

1/76
1/76

8/76
8/76

12/77
12/77

LOOKED FOR (NEU N) TO (M+ MU- N), M+ TO (MU+ NEU, E+ NEU, OR HDRNS) 2/74

P1

43 V PARTIAL DECAY NODES

M+- INTO E+- NEU
DECAY MASSES

~ 511+ 0

27 7 ~ OR LESS CL~. 90 ARNISON2 S3 UA1 P AP, ECH~540 GEV. 11/83* NR
HR
MR

MR

MR

MR

NR
NR
NR
HR

RI6HT-HANDED V BOSON NASS LIMITS (6EV) 11/831
SERGSMA 83 CHRM + NUMU E --)HU NUE 1/84*

380 ' OR MORE CL= ~ 90 CARR 83 ELEC + HU+ DECAY 11/83»

BERGSMA 83 SET LIMIT N(W2)/M(M1) ) 1.9 AT CL~.90. 1/84*

CARR 83 IS TR IUNF EXPERIMENT MI TH A HIGHLY POLARIZED NU+ BEAN. 11/83*
LOOKEO FOR DEVIATION FROM V-A AT THE HIGH MOMENTUH END OF THE DECAY 11/83»
F+ ENERGY SPECTRUM. LIMIT FROM PREVIOUS WORLD-AV ~ NUON POLAL IZATION 11/83*
PARAHETER IS H(MR)) 240 GEV. 11/83»

43 V SRANCHIN6 RATIOS 10/831

R1 V+- INTO (E+- NEU)/TOTAL (P1) 10/831
R1 6 SEEN ARNI SON 83 UA1 REPL. BY ARNISON2 83 10/83»
R1 52 SEEN ARNISON2 83 UA1 P AP ECN~540 GEV 11/83»
R1 8 4 SEEN BANNER 83 UA2 P AP ECN~540 GEV 10/83»
11*11*111111***111111111111*11****11»1»1*t*11**1111*11111»111**ttttt

REFERENCES FOR V

V SOSON PRODUCTION CROSS SECTION (1011-36 CN*12)
0 6 0 OR LESS ANKENBRAN 71 CNTR +- W TO(MU NEU)~1. 0

ANKENBRANDT 71 LOOKED FOR (P N)TO(W HADRONS) ~ W TO (HU NEU) AT BNL.
THIS ASSUNES BR OF M TO NU NEU IS 1. IN GENERAL THIS VALUE IS6.0/SR, blHERE BR~(W TO MU NEU)/(M TO ALL).

2/74

2/74
2/74
2/74

ARNISON 83 PL 122B 103
ARNISON2 83 PL 1298 273
BAGNAIA 83 PL 1298 130
BANNER 83 PL 1228 476

UA1 COLLAB ~ (AACH+LAPP+BIRH+CERN+HELS+LOQH+)
UA1 COLLAB ~ (AACH+LAPP+BIRM+CERN+HELS+LOQH+)
UA2 COLLAB ~ (BERN+CERN+BOHR+LALO+PAVI+SACL)
UA2 COLLAB. (BERN+CERN+BOHR+LALO+PAVI+SACL)

44 Z(95000, JP~ )
NEASUREHENTS OF NEUTRAL WEAK GAUGE BOSON PARAMETERS
ARE LISTED HERE. SEE ALSO MEAK GAUGE BOSON SEARCHES SECTION BELOW.

1**ttt **11*11111*****111ttttttttt 111111111ttttttttt 1*1111**111111*»1
1**1*1tttt*1*tt *11tttttt 1**11111111ttttttt **1111»11ttttttt11 11*ttttt

ZOA
ZOA
ZOA
ZOA
ZOA
ZOA
ZOA
ZOA
ZOA
ZOA
ZOA
ZOA

CHAR6E ASYINIETRY IN E+ E- —) NU+ IHI-
SARTEL 82 JADE MCM~25. -36.8GEV
FERNANDEZ 83 MAC MCM~29 GEV
ALTHOFF 84 TASS MCN~34. 4 GEV

SARTEL 82 OBTAINED A -0.118+-.038 AFTER RAD. COR. AND FOR
COS(THETA) WITHIN (+-0 ~ 8) . CONSISTENT WITH STANDARD MODEL
PREDICTION A~-0. 078) .

1/831
1/83»

11/83»
11/83»

1/83»
1/83»
1/83»

FERNANDEZ 83 GOT AM-. O?6+.018-.003.ST.MODEL(INCL. RC) GIVES A~-. 060. 11/83»

ALTHOFF 84 OBTAINED A~-. 098+-.023+-.005, SIN(THETA/W)**2~. 27+-.07. 11/83»

M

M

M

M

M AVG

bl A

M

M

bl A

M A

M A

5 (95.2)
5 95.6
4 91.9

44 Z NASS (6EV)

(2.5)
3 ' 2
1 ~ 9

ARNISON 83 UA1 REPL. BY ARNISON2 83 11/83»
ARNISON2 83 UA1 P AP, ECH~540 GEV ~ 11/83»
BAGNAIA 83 UA2 P AP, ECM 550 GEV. 11/83*

92.9 1 ~ 6 AVERAGE

11/83»
1 1/83»
11/83»
11/83»
11/83»
11/83»

44 Z WIDTH (6EV)

4 (10.2) OR LESS CL~.90 ARNISON 83 UA1 REPL. SY ARNISON2 83
4 8 ~ 5 OR LESS CL~.90 ARNISON2 83 UA1 P AP, ECN~550 GEV.
4 (11~ ) OR LESS CLI.90 SAGNAIA 83 UA2 P AP, ECM~550 GEV.

ARNISON 83 GIVE A HOST PROBABLE VALUE OF 6.2 GEV AND AN UPPER LIMIT
OF 10.2 GEV FOR THE MIDTH ~ THIS IS CONSISTENT WITH THEIR
EXPERIMENTAL RESOLUTION ANO A NATURAL Z WIDTH OF 3.0 GEV ~

ZOM
ZOM
ZOM
ZOM
ZOM
ZOH
ZOH
ZOM
ZOM
ZOH
ZOM
ZOM
ZOH
ZOM
ZON
ZOH
ZOH
ZOH
ZON
ZON
ZON

ZO 10SON MASS LIMITS IN E+ E- ANNIHILATION (6EV)
0 51. OR NORE CL~.95 BARTEL 81 JADE
0 40. OR NORE CL~. 95 BERGER 81 PLUT

45.0 OR NORE CL ~ 95 BRANDELIK 82 TASS
BETWEEN 43.1-81.8 CL~.95 BRANDEL2 82 TASS

50. OR MORE CL~.95 FERNANOEZ 83 MAC

ABOVE LIMITS ARE IN STANDARD SU(2)XU( 1) MODEL. FOR BOUND-PLOTS IN
EXTENDED MODELS WITH TMO OR MORE ZO'Sg SEE INDIVIDUAL PAPERS'

BARTEL 81 AT DESY-PETRA STUDIED E+E- --)E+E-,MU+NU- UP TO WCH~36GEV
IN STANDARD MODEL WITH FREE ZO NASS AND WITH COUPLINGS FIXED AT LOM
Q2 VALUES(SIN(THETA/M)»*2~ ~ 23) .
BERGER 81 AT DESY-PETRA ANALYZED E+E- --)E+E-,HU+MU-, TAU+TAU- DATA
AT MCM~27. 5-31.6 GEV IN STANDARD MODEL. CL~. 95 CONTOUR IN GV»»2 AND
GA»*2 PLANE IS INCONSISTENT M. NU E RESULT IF MZ BELOW ABOVE LIMIT.

BRANDELIK 82 AT OESY-PETRA FITTED TO TOTAL E+E- CROSS SECTION WITH
MCN 14-36.7 GEV INCLUDING QCD CORRECTION MITH ALPHAS 0.17 ~ ABOVE
LIHI T ASSUNES SIN(THETA/W)»*2~ ~ 228.

2/82
2/82
2/82

10/83»
11/83»
11/83»

2/82
2/82

2/82
2/82
2/82

2/82
2/82
2/82

1/83»
1/83»
1/83*
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Particie Data Group: Review of particle properties S77

For notation, see key at front of Listings. Stable Particles
WEAK GAUGE BOSON SEARCHES, Neutrinos

ZOM 0 BRANOELIK2 82 STUDIED E+E- --)E+E-,MU+MU- AT WCM~34. 4 GEV. LIMIT
ZOM D ASSUMES LOW-ENERGY NU E SCATTERING RESULT GV*~2=.0016,GA**2=.25
ZOM
ZOM E FERNANDEZ 83 ANALYZED E+E- --MU+MU- AT WCM29 GEV WITH PEPMAC.
ZOH E ABOVE LIMIT IS FROM FIT TO THE ENERGY-DEPENDENCE OF ASYMMFTRY DATA

ZOM E INCLUDING THIS DATA AND ASSUMES GA(E)*GA(MU)=0. 25.

S SCALAR BOSON MASS LIMITS &GEV)
S A 0 10.0 OR MORE CL= ~ 90 CONVERSI 73 ASPK 0 E+E- FRASCATI

S
S A

S A

CONVERSI 73 LOOKEO FOR QED VIOLATION IN E+E- SCATTERING AT 2.8 GEV

AND ASSUHED W BOSON MASS=10 GEV. FOR HW=15 GEV, HS LIMIT= 6.5 GEV

4**044 0*4444444 *40*%4*4*444*44444 044444444 *44444444 44k*4444* 44k44444

REFERENCES FOR WEAK GAUGE BOSON SEARCHES

BERNARDI 65 NC 38 608
BURNS 65 PRL 15 42
ANKENBRA 71 PR D3 2582

BAR ISH 73 PRL 31 180
BERGESON 73 PRL 31 66
CONVERSI 73 PL 468 269
BUSSER 74 PL 488 371
ASRAMOV 77 SJNP 25 41

SARTEL 81 PL 998 281
BERGER 81 ZPHY C7 289
BARTFL 82 PL 1088 140
BRANDELI 82 PL 1138 499
BRANDEL2 82 PL 1178 365

BERNARDINI, SIENLEIN, BOHM, DARDEL, + (CERN)
+GOUL IANOS g HYMAN, LEDERMAN, LEE + (COLU+BNL )
ANKENBRANDT ~ LARSEN ~ LE I PUNER+ (BNL+YALE )

+BARTLETT, BUCHHOLZ, HUMPHREY+ (CIT+FNAL)
+CASS IDAY, HENDR I CKS (UTAH)
+O'ANGELO, GATTO, PAOLUZI (ROMA)
+CAMILLERI, DI LELLA + (CERN+COLU+ROCK)
+ANISIHOVA, BONDARENKO, GRIDASOV + (SERP)

JADE C. (DESY+HAMB+HEID+LANC+HCHS+RL+TOKY)
PLUTO C. (AACH+BERG+DESY+HAMB+UMD+SIEG+WUPP)
JADE C. (DESY+HAMB+HEIO+LANC+MCHS+RL+TOKY)
TASSO C. (AACH+BONN+DESY+HAMB+LOIC+OXF+RL)
BRANDELIK+ TASSO C. (AACH+BONN+DESY+HAMS+)

NQTK ON NEUTRINOS

BERGSMA 83 PL 1228 465 CHARM C. (ANIK+CERN+HAMS+ITEP+ROMA)

CARR 83 PRL 51 627 +GIDAL, GOSB I, JODI DIO, ORAM+ (LBL+NWES+TR IU)
F ERNANDE 83 PRL 50 1238 + (COLO+FRAS+HOUS+NEAS+STAN+SLAC+UTAH+WI SC)
ALTHOFF 84 ZPHY (TO BE PUBL. )TASSO C. (AACH+SONN+DESY+HAMB+LOIC+OXF+RL+)

aLso 82 BRaNDELIK2

44*04* 444040*40 44440*4** *44*44*4% 44*4**404 *44*44*44 4*4*444** 04404404
4k0404 040400**4 440*0**44 04004**40 4*444*P*0 4**4*4*4*0040040*4 04040004

11/83*
11/83*

11/83*
11/83*
11/83*

3/74

3/74
3/74

theory the mixing of the left-handed components of the
mass eigenstates (v )& to form the weak gauge-group

eigenstates (v& )L is specified by the transformation
a
n

(g)l. = gU j(j)L,8 j
where Ut = U 1. (In the case of Dirac neutrinos there

are right-handed components of the v, but they are

singlets under the gauge group; in the case of Majorana
neutrinos in the standard theory there are no right-

handed components. ) The ordering of the mass eigen-

basis is defined such that U is as nearly diagonal as pos-
sible, i.e., lU"

l (no sum on j) lU k(, k w j. This
does not imply that m(v ) ) m(vk) ifj ) k, although
this ordering might be regarded as natural in view of the
similar one that obtains in the quark sector. The virtue

of this convention is that a mass limit on "m(v )" cane,
be used as a definite limit on v-, j = a, the dominantly

(by R.E. Shrock, State Univ. of New York, Stony
Brook)

VA'th the 1982 edition of this Review, the section on
neutrino properties was expanded and reorganized. As

before, there are listings which deal specifically with v,
v, and v . In addition, in the category of searches near
tde end of the Stable Particle Listings, we include sec-

tions which deal with correlated bounds on neutrino

masses and lepton mixing but which do not pertain to
any one weak eigenstate individually. Furthermore, we

include constraints from cosmological and astrophysical
data. (Since this Review is a compendium of data tradi-

tionally derived more or less directly from particle and
nuclear physics, we have been somewhat less compre-
hensive in our coverage of astrophysical data. )

In contrast to the other particles in this Revie~, the
neutrinos v, v, and v are defined as weak eigenstates

p, ' t
(that is, states which couple weakly with unit strength to
e, v, and r) and are not, in general, states of definite

mass. In the conventional case, ~here all neutrinos

were assumed to be massless and hence degenerate, it
was possible to define the weak eigenstates to be simul-

taneously mass eigenstates. However, in the general

case of massive (nondegenerate) neutrinos, the weak

eigenstates have no we11-defined masses, but instead are
linear combinations of mass eigenstates. Let us denote
the charged leptons as the set (8 ), a = l, ,n, where

n ~ 3 is the number of generations, with Z&
=—e, 12 =—

p, 83 —=r In the standard .SU(2)LxU(1) electroweak

coupled mass eigenstate in v& .
a

Thus, in this general case of n massive (Dirac or
Majorana) neutrinos, decays such as H
He +e +v and ~+ ~ p, ++v, which have been
used to set the best bounds on the respective neutrino

masses, really consist of incoherent sums of the separate

decay modes H ~ He3+e + v and ~+ ~ p, ++vk,
where the v. , v& are mass eigenstates, and the indices j
and k range over the subset ( I, ,n) allowed by
phase space in these two respective decays. The cou-

pling strengths for the j "modes are given for the two

decays by the factors (U1 [ and (U2 l, respectively.
There are, in addition, certain kinematic factors depend-

ing on the m(v ) which enter in determining the branch-' ying ratio for the j decay mode. Assuming that the off-

diagonal elements of the lepton mixing matrix U are
small relative to the diagonal elements, the dominantly

coupled decays are the ones with coupling strength

iU l, a=j, i.e., H3~He3+e +vl and~+ ~
p + v2.
+"

It follows that the old neutrino mass limits quoted in
the literature for "m(v )", "m(v )" and "m(v )"are
meaningful only insofar as they are reinterpreted as lim-

its on the corresponding mass eigenstates. Specifically,
a bound such as the Bergkvist limit, "m(v )"( 60 eV
(90% CL), really constitutes a weighted limit on each of
the mass eigenstates v in the weak eigenstate v which

are kinematically allowed to occur in tritium decay and
which are coupled with strength

l
Ul. l

2 su6iciently
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Stable Particles
Neutrinos

Data Card Listings

large to make a significant contribution to the observed
spectrum. It is thus certainly a limit on v&. If leptonic
mixing is hierarchical as quark mixing is known to be

(at least for the first three generations), i.e., l U& l

i U k ~, j S k, then i
&

is the only mass eigenstate signi-

ficantly constrained by a bound on "m(v )." Further-

more, a neutrino mass limit cannot be stated in isola-

tion; it always contains some implicit dependence on
the relevant lepton mixing angles. Fortunately, this

dependence is relatively unimportant for the dominantly

coupled decay modes, i.e., ev&, p,v&, and 7.v&. Since these

modes were the ones responsible for the mass limits

given previously, the latter can be reinterpreted without

significant complication as proper limits on m(vj), j = I,
2, and 3, respectively.

In addition to mass and lifetime limits, we have

added data on neutrino magnetic dipole moments.
These are of interest because a massless, purely chiral

(empirically, left-handed) Dirac neutrino cannot have a
magnetic (or electric) dipole moment. The same is true

for a Majorana neutrino, whether massless or massive,

because of its defining property of being self-conjugate.
If one considers the possibility of nonzero masses for

neutrinos, for consistency one must also consider the

leptonic mixing which would in general occur concomi-
tantly. Accordingly we have devoted one category in

the searches section to correlated bounds on neutrino
masses and lepton mixing angles. These can be divided

into two types. First, there are those due to decays
involving neutrinos in the final state, which must be
recognized to have the general multimode structure

pointed out above. In the two most sensitive cases sug-

gested as tests for neutrino masses and mixing, 2 one
obtains a limit on m(v ) and

l
U

i
individually for

each j. Second, there are those due to processes involv-

ing the propagation and subsequent interaction of neu-

trinos. The latter are often called neutrino "oscilla-
tion" limits, although this term is correct only if the

differences in neutrino masses are sufficiently small rela-

tive to their momenta that the propagation is effectively
coherent in a quantum mechanical sense; otherwise, the
individual s from a given decay such as m 2 or k 2 pro-

3
pagate in a measurably incoherent manner and there is
no "oscillation. " Experimentalists usually present their
results in terms of a simplifying model in which mixing
is assumed to occur only between two neutrino species.
Then the transformation equation becomes

'e
'e

bJ

cos8 sin 8 v;

—sin8 cos8 v.
3

Let the distance between the source of the neutrinos and

their point of interaction be labeled as x, and their

energy as E. Assume furthermore that the m(v ) are

such that the coherence assumption is valid. Then, the

probability of an initial v& being equal to ~& at time t,
a b

or equivalently (given the above assumption) at distance

x = t, is

l(i& (0) lv& (t)) i
= sin 28 sin

b a

where

b,m = m(v;) —m(v )

nm= g U& m(v)'3
3j=l

and rl, the fractional admixture of right-handed leptonic

current.
The correlated limits given in the section on Massive

Neutrinos and Lepton Mixing are in digital form. For

Thus, neutrino oscillation experiments cannot measure

individual neutrino masses, but only differences of
masses squared, and indeed these are generally weighted

in a more complicated way by mixing-matrix coeffi-

cients than in the two-species model. Experimental

results are presented as allowed regions on a plot, the

axes of which are
l
b,m

l
and sin 28. These are often

summarized in terms of the asymptotic limits

lb, m l
„

for sin228 = I, and sin 28 for "large"

l
hm [, i.e., sufficiently large

~

Am
l

that the detector

averages over many cycles of oscillation (or there ceases

to be any coherence). We refer the reader to the original

papers for the two-dimensional plots; for the purpose of
these Listings, we shall give only the asymptotic limits.

An important question has to do with whether neu-

trinos are Dirac or Majorana (self-conjugate) particles.

In the former case neutrinoless double beta decay, (Z,A)

~ (Z+2,A) + e + e, is forbidden from occurring.

In the Majorana case it may occur if (a) neutrinos are

massive and/or (b) there are right-handed leptonic
currents. In the light-neutrino case an upper limit on

neutrinoless double beta decay yields a correlated upper
bound on the quantity
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Further explanatory notes are included in the List-

ings.
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1 NU-E( J~1/2&

NOT IN GENERAL A MASS EEGENSTATE

M

M

M

M

M 0
M

M

M

M

M

M L
M L
M

M

M

M P
M Y
M D
M D

M L
M L
M L
M L
M L
M L
M L
M Y
M Y
M P

NU-E ~ slIASS ~ ~ (EV&

APPL IES TO NU 1 ~ THE PR IMARY MASS E I GENSTATE IN NU E WOULD ALSO
APPLY TO ANY OTHER NU-J WHICH MIXES STRONGLY IN NU-E AND HAS
SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS.
THE NEUTRINO MASS MAY BE OF DIRAC OR MAJORANA TYPE) THE FORMER
CONSERVES TOTAL LEPTON NUMBER WHiLE THE LATTER VIOLATES IT ~

IN GENERAL, EITHER WOULD VIOLATE LEPTON FAMILY NUMBER, SINCE
NOTHING FORCES THE NEUTRINO MASS EIGENSTATES TO COINCIDE WITH THE
NEUTRINO INTERACTION EI GENSTATES. FOR LIMITS ON MA JORANA NU-E
MASS, SEE THE SECTION ON MASSIVE NEUTRINOS AND LEPTON MIXING,
PART 5(C), ENTITLED SEARCHES FOR NEUTRINOLESS DOUBLE SETA DECAY.

NOTE -- THE ABBREVIATION ANU IS USED BELOW FOR ANTINU

(250. ) OR LESS LANGER 52 CNTR ANU-E, TRITIUM
(500. ) OR LESS HAMILTON 53 CNTR ANU-E, TRITIUM
(550 ' ) (280. ) FR IEDMAN 58 CNTR ANU-E, TRITIUM

(4100.) OR LESS CL=. 67 BECK 68 CNTR NU, SODIUM 22
(500. ) OR LESS CL=. 90 DARIS 69 CNTR ANU-E, TRITIUM
(320. ) OR LESS CL~. 90 SALGO 69 CNTR ANU-E, TRITIUM
(60. ) OR LESS CL=.90 BERGKV IS 72 CNTR ANU-E, TRITIUM
(86. ) OR LESS CL=. 90 RODE 72 CNTR ANU-E, TRITIUM

('100. ) OR LESS PIEL 73 CNTR ANU-E, TRITIUM(4.5E5)OR LESS CL=. 90 CLARK 74 ASPK KE3 DECAY
(35.) OR LESS CL~. 90 TRETYAKOV 76 SPEC ANU-E, TRITIUM
(14.) TO 46. CL=. 99 LUBIMOV 80 SPEC ANU-E, TRITIUM
(65. ) OR 1 ESS CL~. 95 SIMPSON 81 CNTR ANU-E, TRITIUM

(1300.) OR LESS ANDERSEN 82 CNTR NU, HOLMIUM 163
(500. ) OR LESS CL~. 90 JONSON 83 CNTR NU, PLATINUM 193
(20. ) OR MORE C1.=.95 LUBIMOV 83 CNTR ANU-E, TRITIUM

(1250.) OR LESS YASUMI 83 CNTR NU, HOLMIUM 163
DARIS 69 VALUE 75EV(CL=.67) DISAGREES METH THEIR FIG.6. ME USE
FIG ~ 6 ~

TRETYAKOV 76 DATA INCLUDED, AT LEAST IN PART, IN LUBIMOV 80.
NOTE THAT LUBIMOV 83 REMARKS THAT THE 14 EV LOWER LIMIT GOES TO
ZERO IF THE INTRINSIC RESOLUTION OF THE CONVERSION LINES USED FOR
CALIBRATION ARE TAKEN INTO ACCOUNT. A DETAILED DISCUSSION IS GIVEN
BY SIMPSON 84. SEE ALSO THE DISCUSSION OF THE LUBIMOV 80 RESULT
BY BERGKVIST 80. ME CONTINUE TO USE UPPER LIMIT FROM LUBIMOV 80
IN THE STABLE PARTICLE TABLE.
LIMIT OBTAINED BY YASUMI 83 ASSUMES UPPER LIMIT ON Q-VALUE
REPORTED BY ANDERSEN 82.

PREL IMINAR Y RESULT FROM BR I GHTON CONF .

(NU-1& — (ANU-1& MASS OIFF (EV)

TEST OF CPT FOR A DIRAC NEUTRINO

DM

OM

DM

DM Y
DM Y

(4100. ) OR
(4.5E5)Olt

(1300.) OR
1250. OR

ASSUMES UPPER

LESS CL=.6? BECK 68 CNTR NU, SODIUM 22
LESS CL=.90 CLARK 74 ASPK KE3 DECAY
LESS ANDERSEN 8? CNTR NU, HOLMIUM 163
LESS YASUMI 83 CNTR NU, HOLMIUM 163
LIMIT ON Q-VALUE REPORTED BY ANDERSEN 82.

T R
T R
T R
T R
T R
T R
T R
T R
T R
T R

1 NU-1 MEAN LIFE/MASS (UNITS SEC/EV&

3. E 2 OR MORE RE INES 74 CNTR ANTI-NEUTRINO
REINES 74 LOOKEO FOR NU-E OF NON-ZERO MASS DECAYING TO A NEUTRAL
OF LESSER MASS + GAMMA ~ USED LIQUID SCINT. DETECTOR NEAR FISSION
REACTOR. FINDS LAB LIFETIME 6.E7 SEC OR MORE. ABOVE VALUE OF
MEAN LIFE/MASS ASSUMES AVG. EFFECTIVE NEUTRINO ENERGY OF 0.2MEV.
TO OBTAIN THE LIMIT 6.E7 SEC REINES 74 ASSUMED THAT THE FULL
ANTI-NUE REACTOR FLUX COULD BE RESPONSIBLE FOR YIELDING DECAYS
MITH PHOTON ENERGIES IN THE INTERVAL 0. 1 MEV TO 0. 5 MEV. THIS
REPRESENTS SOME OVERESTIMATE SO THEIR LOMER LIMIT ES AN OVER-
ESTIMATE OF THE LAB LIFETIME (P. VOGEL, PRIV. COMM. , 1984).
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HAMII. TON
FR IEOMAN
BERNSTEI
BECK
DARES
SALGO
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53 PR 92 1521
58 PR 109 2214
63 PR 132 1227
68 ZPHY 216 229
69 NP A138 545
69 NP A138 417
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SIMPSON 81 PR O23 649 J.J.SIMPSON (GUEL)

NU-1 MAGNETIC MOMENT (UNITS EV/GAUSS&

MUST VANISH FOR MAJORANA NEUTRINO OR PURELY CHIRAL MASSLESS
OI RAC NEUTR I NO

MM 8 (1.1E-17)OR LESS BERNSTEIN 63
MM 8 BERNSTEIN 63 IS A THEORETICAL ANALYSES OF REACTOR ANTENU-E
MM 8 SCATTERING DATA.
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3 ELECTRON(0 5~ Jm1/2&
2 NU-NUC J~1/2&

3 ELECTRON NASS CNEV&
NOT IN GENERAL A MASS EIGENSTATE ~ SEE NOTE ON NEUTRINOS
IN THE ELECTRON NEUTRINO SECTION ABOVE.

(0 ' 511006 0 ' 00002)
(0.5110041 ~ 0000016)
0.5110034 .0000014

COHEN
TAYLOR
COHEN

65 RVUE
69 RVUE USING NEW E/H
73 RVUE

7/70
3/74 2 NU-NU ''NASS'' CNEV&

T HS
T
T S
T S
T
T
T 8
T M

T M

T S
T S
T 8
T 8

3 ELECTRON MEAN LIFE / BRANCHING FRACTION &UNITS YRS&

TEST OF CHARGE CONSERVATION

SEE NOTE S BELOW
E- --) NEU GAMMA
SEE NOTE S BELOW
SEE NOTE S BELOW
E- --) NEU GAMNA
E- --) NEU GAMMA
SEE NOTE 8 BELOW

(2. E21) OR MORE NOE 65 CNTR
(4 ~ E22) OR MORE NOE 65 CNTR
(5.3E21) OR MORE STEINBERG 75 CNTR
2. E22 OR NORE CL~. &8 KOVALCHUK 79 CNTR

(3.5E23) OR MORE CL~. &8 KOVALCHUK 79 CNTR
(3 ~ E23) OR MORE CL=.&8 BELLOTTI 83 CNTR
2. E22 OR MORE CL~. &8 BELLOTTI 83 CNTR

SEE HOE 65 FOR DISCUSSION OF EARLIER EXPERIMENTS'
MOE 65 LIMIT REESTINATED BY STEINBERG 75 TO BE (1. E20) .
THESE LIMITS ARE FOR ALL MODES IN WHICH DECAY PARTICLES ESCAPE
FROM THE DETECTOR WITHOUT DEPOSITING ENERGY.
SECOND LIMIT OF BELLOTTI 83 IS FOR DISAPPEARANCE OF K-ELECTRONS IN
GE-ATOMS. THIS WOULD PRODUCE A PEAK IN THE GE(LI) COUNTER SPECTRUM.

3 ELECTRON MAGNETIC NONENTCE/2NE&

BOLOMETRIC TECHN
RPL ~ BY VANDYCK79
PENNING TRAP
PENNING TRAP

MH ELECTRON OR POSITRON G/2-VALUE
MH THIS IS HAGNETIC MOMENT IN UNITS (E/2ME-) FOR E-, (E/2ME+) FOR E+.
MM FOR REVIEWS OF THEORY AND EXPERIMENTS, SEE KINOSHIA 78, LAUTRUP 72,
MM AND RICH 72.
MM FOR MOST ACCURATE THEORETICAL CALCULATION, SEE KINOSHITA 81.
MM (1.0011609) +-(24) E-7 SCHUPP 61 CNTR
HM (1.001159622) +-(27)E-9 WILKINSON 63 CNTR
HM (1 ~ 001168) +-(22) E-6 RICH 66 CNTR + POSITRON
HM R (1.001159557) +-(30)E-9 RICH 68 CNTR
HM (1.0011596389)+-(31)E-10 TAYLOR 69 RVUE
MH (1.001159644) +-(7)E-9 WESLEY 70 CNTR
HM (1.0011596577)+-(35)E-10 WESLEY 71 CNTR
MM (1.0011603) +-(12)E-7 GILLELAND 72 CNTR +
MH (1.0011596567)+-(35)E-10 COHEN 73 RVUE
NM (1.001159667) +-(24)E-9 WALLS 73 CNTR
MH (1 ~ 00115965241)+-(20)E-11 VANDYCK 77 CNTR
NH V 1 ~ 001159652200+-(40)E-12 VANDYCK 79 CNTR
NM 1.001159652222+-(50)E-12 SCHW INBER 81 CNTR +
MM R RICH 68 IS REEVALUATION OF WILKINSON 63.
MM V VANDYCK 79 CONFIRMED FINAL BY H. DEHMELT, PRIV. COMM.

MM AVG 1.001159652209+-(31)E-12 AVERAGE (ERROR INCL. SCALE FACTOR 1.0)
MM AVERAGE ASSUMING EQUAL G/2-VALUES FOR E+ AND E- BY CPT.

6/66
6/66
2/76
1/81
1/81

11/83*
11/83*

1/e1
1/81
1/81
1/e1

11/834
11/83*

8/66
8/66
6/68
2/71
6/70
2/72
2/72
3/74

11/77
12/77

1/82
1/82

1/82

1/82

M

H

M

H

M

M

M 8 H
M S
M 8 M

N

H

M L
N

M N

M 8
M S
H L
M L

DM

T 8
T 8
T 8
T 8
T 8
T 8
T 8
T 8

(3.5) OR LESS BARKAS 56 EMUL
(4 ' 0) OR LESS DUDZIAK 59 CNTR(3.6) OR LESS FEINBERG 63 RVUE
(3 ' 0) OR LESS ALLCOCK 65 RVUE
(2 ' 5) OR LESS SARDON 65 ASPK
(2.8) OR LESS CL~. 90 SHAFER 65 CNTR(1.6) OR LESS CL~. 90 SOOTH &7 CNTR
(2.2) OR LESS CL~. 90 HYMAN 67 HEBC(1.2) OR LESS CL~. 90 BACKENSTO 71 CNTR
( 1.15) OR LESS CL~. 90 SHRUM 71 CNTR
( 1.15) OR LESS CL ~ 90 BACKENSTO 73 CNTR
(0.65) OR LESS CL ~ 90 CLARK 74 ASPK
(0.57) OR LESS CLc ~ 90 DAUH 79 SPEC
(0.52) OR LESS CL~. 90 LU 80 CNTR
0.50 OR LESS CL~. 90 ANDERHUS 82 SPEC

WE CAI, CULATE UPPER LINIT AT CL~.90 FROM M*~2.
BACKENSTOSS 73 REPLACES SACKENSTOSS 71 AND USES THEIR NEW PI- MASS.
SHRUM 71 USES SHAFER 67 PI- MASS VALUE AND CRANE 71 HU MASS VALUE.
LU 80 COHSINES DAUM 79 PI+ --) MU+ NUMU MEASUREMENT WITH NEW LU 80PI- MASS AND REPLACES DAUM 79.

0. K- HE
M**2~-1 28+-1 24
M**2 -1.55+-1.14
M**2~-0.29+-0.90
KMU3 DECAY
M~*2~ 0 ~ 13+-0.14
M**2 0.102+-.119
M**2~-0.14+-0.20

2 CNU-2& — CANU-2& NASS DIFF. CNEV&

TEST OF CPT FOR A DIRAC NEUTRINO

(0.45) OR LESS CL~. 90 CLARK 74 ASPK KMU3 DECAY

2 IU-2 IIEAN LIFE/NABS CUNiTS SEC/EV&

0 (3. E-3) OR MORE CL~.90 BELLOTTI 76 HLBC NU, CERN GGN
1 (1.3E-2) OR MORE CL~.90 BELLOTTI 76 HLSC ANTINU, CERN GGM
0 (2.2E-3) OR HORE CL~. 90 BARNES 77 DBC NU, ANL 12FT ~

0 (1.0E-2) OR NORE CL .90 BLIETSCHA 78 HLSC NU-HU CERN GGM
0 ( 1.7E-2) OR MORE CL~.90 BLIETSCHA 78 HLSC ANU-MU CERN GGH
0 0.11 OR HORE CL~.90 FRANK 81 CNTR NU, ANU LAHPF

THESE EXPERIMENTS LOOK FOR NU(MU) --) NU(E)+GAMMA OR ANU(NU)
ANU(E)+GAMMA.

APPLIES TO NU-2, THE PRIMARY MASS EIGENSTATE IN NU-HU. WOULD ALSO
APPLY TO ANY OTHER NU-J WHICH MIXES STRONGLY IN NU-MU AND HAS
SUFFICIENTLY SMALL NASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS.
(THIS WOULD BE NONTRIVIAL ONLY FOR J .GE. 3, GIVEN THE NU-F ' 'MASS' '
LIHIT ABOVE ~ )

7/66
7/66

5/71
3/68

11/&7
10/71
12/71
1/73
7/74

10/81
1/81

11/82*
1/76
1/73
1/73
1/82
1/82

11/75

1/78
1/78
1/78
1/82
1/82
1/82
1/78
1/78

MMR

MNR
HMR
MMR

POSITRON TO ELECTRON G-FACTOR RATIO MINUS ONE, (G+/G-)-1
TEST OF CPT

&1.6E-8) OR LESS CL=.95 SEREDNYAK 7? CNTR HE+=ME- ASSUHED
2.2E-11 6.4E-11 SCHWINBER 81 ELEC PENNING TRAP

3 ELECTRON ELECTRIC DIPOLE NONENTCUNITS 'l0~~-23 E-CN&

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE

4/82
4/82

2 C — CNU-2 VELOCITY& —ABSC(V-C&/C& CUBITS 10~*-4&
EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO

77 (2.0) OR LESS CL~.99 ALSPECTOR 76 SPEC )50GEV NU
26 (4.0) OR LESS CL~.99 ALSPECTOR 76 SPEC (50GEV NU

9800 (0.4) OR LESS CL~.95 KALBFLEIS 79 SPEC

1/78
1/78

12/79

EDM
EDM
EDM
EDM

0 ~ 3 OR LESS CL=.90 WEISSKOPF 68 NRS CESIUH
(0 ~ 07) (0.22) CL= ~ 90 PLAYER 70 NRS XENON
(0.19) (0.34) CL~.90 SANDARS 75 MRS THALLIUH
(8.1) (11~ 6) VASILEV 78

*000*0 40044*04* 400000004 0*0*0***0**04*4**+400440400 0040*0004 *0*40*00

SCHUPP 61 PR 121 1
WILKINSO 63 PR 130 852
COHEN 65 RMP 3? 537
HOE 65 PR 140 8 992

RICH 66 PRL 17 271
RICH 68 PRL 20 967
WEISSKOP 68 PRL 21 1645
TAYLOR 69 RHP 41 375

REFERENCES FOR ELECTRON

A A SCHUPP g R W PI DD H R CRANE (MICH)
D T MILK INSON, H R CRANE (MICH)
COHEN, DUMOND (N. A. AVIATION SCI.CENTER+C IT)
H K HOE, F REINES &CASE INST TECHNOLOGY)

A RICH, H R CRANE (MICH)
A RICH (MICH)
WE ISSKOPF, CARR I CO, GOULD, L IPWORTH+ (BRAN)
+PARKER, LANGENBERG (PR IN+UC I+PENN)

PLAYER
WESLEY
WESLEY
GILL ELAN
LAUTRUP
RICH
COHEN
WALLS
SANDARS
STEINBER
SEREDNYA
VANDYCK
KINOSHIT

70 JP 83 1620 M. A. PLAYER, P. G. H. SANDARS (OXF)
70 PRL 24 1320 J C WESLEY, A. R ICH (MICH)
71 PR A4 1341 J C WESLEY, A RICH (MICH)
72 PR A5 38 J GILLELAND, A RICH (MICH)
72 PRPL 3 193 8 LAUTRUP g A ~ PETERMAN ~ E ~ DE RA FAE L ( GER N+BURE )
72 RNP 44 250 A R I CH, J C WESLEY (MICH)
73 J.PHYS. CHEM. REF. DATA 2, P.663, E.R. COHEN, B.N. TAYLOR
73 PRL 31 975 F L WAL} St T S STEIN (WASH)
75 PR A11 473 P. G. H. SANDARS, R ~ M. STERNHE IMER (OXF+BNL)
75 PR D12 2582 R. I .STEINBERG ~ KWIATKOWSK I,MAENHAUT+ (UND)
77 PL 668 '}02 SEREDNYAKOV, SIDOROV, SKR I NSKY+ (NOVO)
7'7 PRL 38 310 +SCHWINBERG, DEHMELT (WASH)
78 TOKYO HEP P.571 T. KINOSHITA (CORN)

VASILEV 78 JETP 47 243 +KOLYCHEVA & J INR)
KOVALCHU 79 JETPL 29 145 KOVALCHUK, POMANSKY, SHOLNIKOV ( I NRM)
VANDYCK 79 BULL. APS 24 758 +SCHWINBERG, DEHMELT &WASH)

ALSO 81 AT ~ PHYS. 7, P. 337 H. DEHHELT&EDS. KLEPPNER+, PLENUH, NY, 81)(WASH)
KINOSHIT 81 PRL 47 1573 T ~ KINOSHITA, W. B.LINDQUIST (CORN)
SCHWINBE 81 PRL 47 1679 SCHWINSERG, VAN DYCK, DEHHELT (WASH)
BELLOTTI 83 PL 1248 435 +CORTI, F IOR INI, L IGUOR I, PULL I A+ (MILA)

***4%4 %4%000*0* 000*44044 40**44*0**0040%4** 40*4**4*0***00*44*4144040*
*000%4 400*004*0 4*4040044 444*044** 444*4*44* 0444*404* 44*44**4* 4044r0000

12/79
4/82
4/82

12/79

2 NU-2 IIA6NETIC NONENT CINITS EV/6AUSS&

MUST VANISH FOR MAJORANA NEUTRINO OR PURELY CHIRAL MASSLESS
DIRAC NEUTRINO

MM K (4.7 E-17)OR LESS KIM 74
MM K KIM 74 IS A THEORETICAL ANALYSIS OF ANTINUMU REACTION DATA.

000004 *000*0*00 000000**0 4*0400000 004*0*004 000*40*00 00*040400 004000*0

REFERENCES FOR IU-NU

SARKAS 56 PR 101 778
DUDZIAK 59 PR 114 336
FEINBERG 63 ARMS 13 431
ALLCOCK 65 PPSL 85 875
BARDON 65 PRL 14 449

W H BARKAS, W BIRNBAUN, F M SMITH (LRL)
W F DUDZ IAK, R SAGANE, J VEDDER (LRL)
G FEINBERG, L M LEDERMAN (COLUMBIA)
G R ALLCOCK (LIVERPOOL)
BARDON, NORTON, PEOPLES + (CO}.U+STONY BROOK)

SHAFER
BOOTH
HYHAN
BACKENST
SHRUM
SACKENST

CLARK
KIN
ALSP ECTO
SELLOTTI
BARNES
BLIETSCH

65 PRL 14 923
67 PL 268 39
67 PL 258 376
71 PL 368 403
71 PL 378 114
73 PL 438 539

74 PR D9 533
74 PR D9 3050
76 PRL 36 837
76 LNC 17 553
77 PRL 38 1049
78 NP 8133 205

R E SHAFER, CROWE, JENKINS (LRL)
SOOTH, JOHNSON, WILLIAMS, WORNALD (L IVERPOOL)
+LOKEN, PEWI TT, MCKENZI E+ (ANL+CARN+NWES)
BACKENSTOSS, DANIEL, KOCH+ (CERN, KARL, HEI D)
E V SHRUM, K 0 H ZIOCK (UNIV OF VIRGINIA)
BACKENSTOSS, DANIEL, KOCH+ (CERN+KARL+MUNICH)

+ELIOFF r FRISCHe JOHNSONiKERTHt SHEN + (LSL)J.E.K IM, V ~ S.MATHER, S.OKUBO (ROC H)
ALSPECTOR + (BNL+PURD+CIT+FNAL+ROCK)
+CAVALL I, F IOR INI, ROLL IER &MILA)
+CARHONY, DAUWE, FERNANDEZ + (PURD+ANL)
BLIETSCHAU+(AACH+LISH+CERN+EPOL+MILA+ORSA+)

KALSFLEI 79
DAUH 79

ALSO 76
ALSO 78

LU 80
FRANK 81
ANDERHUB 82

PR L 43 1361
PR D20 2&92
PL 608 380
PL 748 126
PR L 45 1066
PRD 24 2001
PL 1148 76

KALBFLEISCH, BAGGETT, FOWLER+(FNAL+PURD+SELL)
+EATON, FROSCH, HIRSCHMANN, MCCULLOCH+ (SIN)
DAUM, DUBAL, EATON, FROSCH, HCCULLOCH+(SIN+ETH)
DAUM, EATON, FROSCH, HIRSCHMANNg+ (SIN)
+DELKER, DUGAN, WU, CAFFREY+ (YALE+COLU+JHU)
+BURMAN+ (LASL+YALE+NIT+SACL+SIN+CNRC+BERN)
+BOECKLIN, HOFER, KOTTHANN+ (ETH+SIN)

44*000 *40*0***0*400%0**0 00*004004 00000444* ***0*40040004044** 00400000
4*0**0 400****0***0%0*400 *00000%00 040400440 000000000 04000**04 *4+00000

1/82
1/82
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Particle Data Group: Review of particle properties

For notation, see k,ey at front of Listings. Stable Particles

M

M

M

M

M

M

M

M

M

M

M

M

M

M

4 NJONC 106,J~1/2&

4 NJON NASS CNEV)

(105.659) (0.002) FE INBERG 63 RVUE
(105.6599) (0 ~ 0014) TAYLOR 69 RVUE USING NEW E/H

C ( 105 ' 6597) (0 ' 0005) CRANE 71 CNTR INCLUDED IN COHEM73
O &105.6594& (0.0004& CROWE 72 CNTR INCLUDED IN COHEN73

(105.65948)(0.00035) COHEN 73 RVUE
A (105.65945) (0.00033) CASPERSON 77 CMTR +
K ( 105 ' 65933)(0.00029) KLEMP7 82 CNTR + INCL IN MARIAM 82
M 105.65928 0.00029 MAR IAM 82 CNTR +
C CRANE 71 GIVES MU/ME~206. 76878&85). WE USE ME~. 5110041(16)MEV.
0 CROWE 72 GI VES MU/ME 206.7682(5) AND USES ME .5110041(16)MEV.
A CASPERSON 77 GIVES MU/ME~206. 76859(29). WE USE ME~. 5110034(14)MEV.
K KLEMPT 82 GIVES MU/ME~206-76835(11) - WE USE ME -5110034(14)MEV.
M MAREAM 82 GIVES MMU/ME~206. 768259(62). WE USE ME~. 5110034(14)MEV.

F I T 105.65932 0.00029 FROM F I T

4 NUON NEAN LIFE CUNIT$10*»-6 SEC)

7/70
1/73
2/72
3/?4

12/77
2/82
1/83*
1/73
1/73

12/77
2/82
1/83*

3/84*

MPR
MPR
MPR
MPR
MPR

P1
P2
P3
P4
P5
P6
P7

Rl
R1
R1
R1
R1

4 NJON PhRTEAL DECAY NODES

MUON INTO E ANUE NUMU
MUON INTO E ANUE NUMU GAMMA
MUON INTO E NUE ANUMU
MUON INTO E GAMMA
MUON INTO 3ELECTROMS
MUON INTO E 2GAMMA
MUON INTO E- E+ E- AMUE MUMU

DECAY MASSES.511+ 0+ 0.511+ 0+ 0+.511+ 0+ 0.511+ Q

~ 511+.511+.51'i.511+ 0+ 0
~ 511+.511+~ 511+

4 IIUON BRANCHIN6 RATIOS

NJON INTO Cf ANUE NUNU 6AMNA)/TOTAL CP2)
27 EVENTS SEEN ASHKEN 59 CMTR

1.4E-2 0 ' 4E-2 CRITTENDE 61 CNTR T(GAM) GT 10 MEV(3.3E-3) (1.3E-3) CRITTENDE 61 CMTR T(GAM) GT 20 MEV
862 EVENTS SEEN BOGART 67 CMTR T(GAM) GT 14.5 MEV

H CROWE 72 SUPERSEDES HAGUE 70.
F FAVART 71 ASSUMES A ZERO VALUE FOR THE PROTQM POLARIZABILITY.

E USES INCORRECT THEO. EXPRESSION FOR NU(HFS}. SEE KLEMPT 82, TBL.XI.
AVG 3.1833452 ~ 0000010 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

0+

1/73
2/82

1/78
1/78
1/78
1/78

DT
DT
07
DT
DT
OT

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MMR

MMR

MMR

2. 198 0 001 0 001 FARt EY 62 CNTR
2.203 0.004 LUMDY 62 CNTR CONLEV~. 98
2.202 0.003 0 ' 003 ECKHAUSE 63 CNTR
2. 'l97 0.005 0.002 MEYER 63 CNTR +
2. 198 0.002 0.002 MEYER 63 CNTR

W (2.20026) (0.00081) WI LL IAMS 7? CNTR +
2. 1973 0 ~ 0003 DUCLOS 73 CNTR +
2. 19711 0.00008 BALANDIN 74 CNTR +
2. 1948 0.0010 BAILEY2 77 CNTR — STORAGE RINGS
2. '1966 0.0020 SAILEY2 77 CNTR + STORAGE RINGS

(2.197182 0.000121) SARD IN 81 CNTR REPL. BY BARD IN 84
2. 197078 0.000073 BARD IN 84 CNTR +
2. 197025 0.000155 SARD IN 84 CIiTR

W WILLIAMS 72 MEAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF
W THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATER EXPTS. NOT AVGO.

AVG 2. '197090 0.000050 0.000050 AVERAGE

4 NJ+/NJ- MEAN LIFE RATIO

AVG

TEST OF CPT
1 ~ 000 0.001
1 ~ 0008 0.0010
1.000024 0.000078

1.000029 0.000078 AVERAGE

MEYER
BAILEY
BARD IN

63 CMTR MEAN LIFE MU+/MU-
79 CN TR STORAG E R I NG
84 CNTR

4 NJON ELECTRIC DIPOLE MOMENT CUNETS 10»*-19 E-CN&

FORSIODEN BY BOTH T INVAREANCE AND P INVARIANCE

4 NJON ANNALOUS IIA6N. MOMENT C)O»+-6»E/(2*NJ IIAS$))

FOR REVI EWS OF THEORY AND EXPER IMEMTS g SEE COMSLEY 81 & FARL EY 79 ~
KINOSHITA 7&, CALMET 77, COMSLEY 74, LAUTRUP 72, AND RICH 72.

(1162~ 0) (5.0) CHARPAK 62 CN7R +
B (1165.75& (0.71) BAILEY 68 CNTR + STOR ~ RINGS
B &1166.25& (0.24) SA ILEY 68 CNTR — STOR. RINGS
B ERRORS STATISTICAL ~ VALUES COMBINED TO GIVE MU+- VALUE BELOW

1166.16 0 ~ 31 BAILEY 68 CNTR +- STOR ~ RINGS
1060. 67. HENRY 69 CNTR +

IA (1165.895) (0 ~ 027) BAILEY 75 CNTR + STORAGE RING
IA (1165' 922) (0 ' 009) BAILEY 77 CNTR +- STORAGE RING
I (1165.911) (0.011) BAILEY 79 CNTR + STORAGE RING
E (1165~ 937) (0 ~ 012) BAILEY 79 CNTR - STORAGE RING

I 1165.924 0.0085 BAILEY 79 CNTR +- STORAGE RING
A BAILEY 77 INCLUDES RESULTS OF BAILEY 75.
I BAILEY 79 IS FINAL RESULT. INCLUDES BAILEY 75 ANO 77 DATA.

THIRD BAILEY 79 RESULT IS FIRST TWO COMBINED.

AVG 1165.9242 0 F 0085 AVERAGE

MU+ TO MU- G-FACTOR RATIO MINUS ONE, (G+/G-)-1
TEST OF CPT-2.6E-S 1.6E-8 BAILEY 79

11/67

7/66
2/76
1/76
1/76
2/79
2/79
1/82
2/84»
2/84*
1/76
'i /76

7/66
7/79
2/84*

5/69
5/69
5/69
5I69
1/77

11/75
11/77
7/79
7/79
7/79

11/77
7/79
7/79

2/84*

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

NJON INTO CE 6AMNA)/TOTAL (UNITS 10*»-8)
FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATEON

(4 ' 3) OR LESS CL=.90 FRAMKEL1 63 OSPK(2.2) OR LESS CL~. 90 PARKER 64 OSPK
(2.9) OR LESS CL~.90 KORENCH1 71 OSPK(0.36) OR LESS CL~. 90 DEPOMMIER 77 CNTR(0.1'I) OR LESS CL~.90 POVEL 77 ELEC(0.019)OR LESS CL». 90 BOWMAN 79 SPEC
(0.10) OR LESS CL .90 SCHAAF 80 ELEC
0.017 OR L.ESS CL~. 90 KINNISOM 82 SPEC

(0.10) OR LESS CL~. 90 AZUELOS 83 CNTR

(P4)

+ DUSNA
REPL. BY AZUELOS 83
REPL. BY SCHAAF 80
REPL. BY KINNISON 82
+ SIN
+ LAMP F
+

R4
R4
R4 F
R4 F
R4 F
R4 F
R4 K

R4 K

R4 F
R4 F
R4
R4 K

RS
R5
R5
R5 P
R5 A
R5 B
R5 P
R5 A

R5 S
R6
R6 L
R6 G

R6 C
R6 L
R6 L
R6 G
R6 G

R6 C
R6 C

NJON INTO (3ELECTRONS)/TOTAL CVNETS 10»*-7) (P5)
FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION

(5.0) OR LESS CL~. 90 PARKER 62 CNTR(1.3) OR LESS CL~. 90 ALIKHANOV 62 OSPK(1.5) OR LESS CL~. 90 FRANKEL2 63 CNTR(1.2) OR LESS CL~. 90 BABAEV 63 OSPK(0.062)OR LESS CL~. 90 KORENCH2 71 OSPK DUBMA0.019 OR LESS CL~. 90 KORENCHEN 76 SPEC + DUSNA
FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND
ORDER V-A NEUTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED
SY ASSUMING A CONSTANT MATRIX ELEMENTS
THESE EXPERIMENTS ASSUME A CONSTANT MATRIX ELEMENT.

NJON ENTO CE 26ANNA)/TOTAL CUNITS 10~*-7) (P6)
FORBIDDEN SY LEPTON FAMILY NUMBER CONSERVATION

(160.) OR LESS CL~. 90 FRANKEL1 63 OSPK +
(40. ) OR LESS CL .90 POUTISSOU 74 CNTR + LBL
(0 5) OR LESS CL~ 90 BOWMAN 78 CNTR OEPOMMIER 77 DATA
0.084 OR LESS CL~. 90 AZUELOS 83 CNTR +

POUTISSOU 74 LIMIT APPLIES TO SUM OF ALL MEUTRINOLESS MU+ DECAYS.
BOWMAN 78 ASSUMES INT. LAGRANG. LOCAL ON SCALE OF INVERSE MU MASS.
AZUELOS 83 USES PHASE SPACE DISTRIBUTION OF BOWMAN 7&. SEE ABOVE.

NJON ENTO (E- E+ E- ANUE NUNU)/TOT. (UNITS 10**-5)CP7)
3 (1.5) (1-0) LEE 59 HBC +
1 (2 ' ) GUREVICH 60 EMUL +
7 2 2 1.5 CRITTENDE 61 HLBC + E(E+E-))10MEV

IN THE THREE LEE 59 EVENTS, THE SUM OF ENERGIES S=E(E+)+E(E-)+E(E+)
WAS SI51 MEVg 55 MEVg AND 33 MEV ~

GUREVICH 60 INTERPRET THEIR EVENT AS EITHER VIRTUAL OR REAL PHOTON
CONVERSION. E+ ANO E- ENERGIES NOT MEASURED
CRITTENDEN 61 COUNT ONLY THOSE DECAYS WHERE TOTAL ENERGY OF EITHER
(E+,E-) COMBINATION IS )10 MEV )

4 LINET ON MUON —) ELECTRON CONVERSION

MUON+ ENTO CE+ ANUE NUNJ)/TOTAL CP3)
FORBIDDEN BY ADDITIVE CONSERVATION LAW FOR LEPTON FAMILY NUMBER-
MULTEPLICATIVE LAW PREDICTS THIS BRANCHING RATIO TO BE 1/2.
FOR A RECENT REVIEW SEE NEMETHY 81.

(0.25) OR LESS CL~. 90 EICHTEN 73 HLBC +(0.13) (0.15) BLIETSCHA 78 HLBC +- AVG. OF 4 VALUES(0.09) OR LESS CL~. 90 JONKER 80 CALO REPL. BY BERGSMA 83(-0.001) (0.061) WILLIS 80 CNTR +
A 0.05 OR LESS CL~. 90 BERGSMA 83 CALO ANUMU E --)MU- ANUE
A SERGSMA 83 GIVES LIMIT ON INVERSE MUON DECAY CROSS SECTION RATIO
A SIGMA(ANUMU E- --) MU- ANUE) / SIGMA(NUMU E- --) MU- NUE), WHICH
A IS ESSENTIALLY EQUIVALENT TO R2 FOR SMALL VALUES LIKE THAT QUOTED ~

11/75
1/82
2/82
&I&1

11/83*
2/82
2/82
2I82

10/71
12/77

1/79
7/79
3/82

11/82*
10/83»

2/72
6/77

10/77

12/75
4/82

10/83*
1/76
4/82

10/83»

11/83*
11/83*
11/83*
11/83*
11/83*
11/83*
11/83*
11/83*
11l&3*

EDM
EDM
EDM
EOM
EDM

MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR
MPR

S
B

B
S
B

D

C

H

C
D

F
H

R
R

E

O
D
D

C

(8.6) (4.5) BAILEY 78 CNTR + STORAGE RINGS(0.8) (4 ' 3) BAILEY 78 CMTR — STORAGE RINGS
3 ' 7 3 ' 4 BAILEY 78 CMTR +- STORAGE RING

BAILEY 78 YIELDS EOM ( 1.05*10**-18WITH CL~.95. THIRD RESULT IS
FIRS7 TWO COMBINED ASSUMING CPT.

4 NJON TO PROTON NA6NETEC MOMENT RATIO

THIS RATIO IS USED TO OBTAIN A PRECISE VALUE OF THE MUON MASS.(3.1865) (0.0022) COFFIN 5S CNTR + SPIN RESONANCE(3.1830& (0.001 1) LUNDY 58 CNTR + PRECESSEON STROB(3.176) (0.013) LUNDY 58 CNTR — PRECESSION STROB(3.1834) (0.0002) GAR'WIN 60 CNTR + PRECESSION PHASE
(3 ' 18336)(0.00007) BINGHAM 63 CNTR + PRECESSION STROB(3.1808) (0.0004) B INGHAM 63 CNTR — PRECESSION STROB(3.18338)(0' 00004) HUTCHINS 63 CNTR + PRECESSION PHASE(3.183351 0 ~ 000016) EHRl. ICH 69 CNTR HFS SPL ITTENG(3.183314 0.000034& THOMPSON 69 CNTR HFS SPLITTING(3.183330 0.000044) HUTCHIMS 70 CNTR + PRECESSION PHASE
(3 ' 183347 0.000009) HAGUE 70 CNTR + PRECESSION PHASE(3.183336 0.000013) CRANE 71 CNTR HFS SPLITTING(3.183349 0.000015) DEVOE 71 CNTR HFS SPL ETT ENG(3.183326 O. 000013) FAVART 71 CNTR HFS SPLITTING(3.1833467 .0000082) CROWE 72 CNTR + PRECESSION PHASE

THE RESULTS THROUGH 19?2 ARE INCLUDED IN COHEN 73.3.1833402 ~ 0000072 COHEN 73 RVUE(3.1833299 .0000025) CASPERSON 75 CNTR
3 ~ 1833403 ~ 0000044 CASPERSON 77 CNTR + HFS SPLITTING(3.1833448 .0000029) CAMANI 78 CNTR + REPL. BY KLEMPT&2
3 ~ 1833441 .0000017 KLEMPT 82 CMTR + PRECESSION STROB3.1833461 .0000011 MARIAM 82 CNTR + HFS SPLITTING

OEVOE 71 SUPERCEDES EHRLICH 69. THIS IS MOT A DIRECT MEASUREMENT.
WE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF-7.8+-2.3 PPM, AS DISCUSSED IN FOOTNOTE 35A OF CROWE 72.
CRANE 71 SUPERSEDES THOMPSON 69. THIS IS NOT A DIRECT MEASUREMENT.

2/79
2/79
2/79
2/79
2/79

2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
1/73
2/?2
2/72
3/74
3/74
2/76

12/77
7/79
2/82
1/83*
1/73
1/73
1'/73
1/73

RE
RE
RE
RE

RP1
RP1
RP1

RP2
RP2
RP2
RP2
RP2

MC
MC
MC
MC
MC

MC
MC

FORBIDDEN SY LEPTON FAMILY NUMBER CONSERVATION

(NJ- SULFUR32 —) E- SULFUR32)/(MU-SULFUR32 —) NUNU PHOSPHORUS32»)
CROSS SECTION RATIO

(4. E-10)OR LESS CL~. 90 BADERTSCH 77 STRC SIN
0.7E-10 OR LESS CL~.90 BAOERTSCH 80 STRC SIN

4 LIMIT ON MUON —) POSITRON CONVERSION

FORBIDDEN BY TOTAL LEPTON NUMBER CONSERVATION

(NJ- SULFEJR32 —) E+ SILECON32»)/CMU-SULF32 —) NINU PHOSPNORUS32*)
( 1.5E-9) OR LESS CL~. 90 BADERTSCH 78 STRC SIN
0.9E-9 OR LESS CL~ ~ 90 SADERTSCH 80 STRC SIN

CNJ- EODENE12? --) E+ ANTENONY127»)/CMU- IODENE127 —& ANYTHIN6)0.3E-9 OR LESS CL~.90 ABELA SO CMTR RADIOCHEMICAL 7ECH.
ABELA 80 IS UPPER LIMIT FOR MU- E+ CONVERSION LEADING TO PARTICLE-
STABLE STATES OF SB127. LIMIT FOR TOTAL CONVERSION RATE IS HIGHER
BY A FACTOR LESS THAN 4 (G. SACKENSTOSS, PRIVATE COMM. )

4 LIMIT ON CNU+, E-& BND. STATE CONVERSION TO (llU-, E+)

FORBIDDEN SY LEPTON FAMILY NUMBER CONSERVATION

R6 ~ 6C/6F
WHERE GF ~ 1.16637E-5 GEV**(-2) IS THE FERMI CONSTANT AND
GC IS AN EFFECTIVE COUPLING (DIMENSIONS GEV»*(-2&) FOR A
FOUR-FERMION INTERACTION ASSUMED 70 BE RESPONSIBLE FOR THE
CONVERSION OF THE (MU+, E-& BOUND STATE 70 (MU-, E+).

42 OR LESS CL=.95 MARSHALL 82 CMTR

1/82
1/82

1/82
1/ 82

4/82
4I82
4I82
4/82
4/82

12/83*
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Stable Particles Data Card Listings

NOTE ON MUON DECAY PARAMETERS

The p, decay parameters describe the momentum

spectrum (p and if), the asymmetry ($ and 5), and the

helicity (h) of the electron in the process p ~ e + v

+ s e. Assuming a local and lepton-conserving interac-

tion, the matrix element in the charge-retention form

may be written as

+[el';g] [v„t';(C;+C y5)v ],
where the summation is taken over i = S, V, T, A, P.
Using the definitions and sign conventions of Sachs and

Sirlin and Scheck for the Lorentz-covariant operators,
we have for the momentum parameters:

P = (3SA+ 3SV+ 6ST)/D,

if = (SS
—gp2+ 2gA

—2gV)/D;

for the asymmetry parameters:

2
6gggp cos pgp

—
8gASV cos B'AV + 14STcos

HATT

D

By using the above equations and the experimental

determinations of p, il, $, 8, and h, limits can be placed

o" lgs/gvl ISA/gvl IST/gvl ISP/gvl a"d~AV.
The results, given in the Data Card Listings, assume nei-

ther two-component neutrinos nor time-reversal invari-

ance. If, however, two-component neutrinos are

assumed, then sin B'AV is the amplitude of time-reversal

violation. Note that most experiments study only the

upper end of the spectrum where p and if are highly

correlated, so they can only report p for if - 0 and if for

p - 3/4. The values for p and if we use here were

obtained by combining measurements of both upper

and lower ends of the spectrum and turn out to be

nearly uncorrelated.
Note also that the radiative corrections are unambi-

guous only when gs - gT - gp = 0. The same limits on

gA/gV and QAV are obtained, ho wever, as when gS, ST,
and gp are left free,

References

1. A.M. Sachs and A. Sirlin, in Muon Physics II, eds.
C.S. Wu and V. Hughes (Academic Press, New
York, 1975), p. 49.

2. F. Scheck, Phys. Rep. 44, 187 (1978).

( 6gAgV cos QAV + 6gT cos ATT)/D);

and for the parameter describing the helicity of the elec-

tron:

2SSgp cos pgp + 8SASV cos B'AV + 6ST cos
HATT

2

D

Here

D = gS+ gp+4gv+6gT'+4gA

4 NJON DECAY PARAMETERS

RHO RHO PARAMETER (V-A THEORY PREDICTS RH0~0. 75)
RHO C (0.741) (0.027) DUDZIAK 59 CNTR + 20-53 MEV E+
RHO P9213 0.745 0 ' 025 PLANO 60 HBC + WHOLE SPECTRUM
RHO P TWO PARAMETER FIT TO RHO AND ETA.
RHO C 2276 (0 ' 751) (0.034) BLOCK 62 HEBC — WHOLE SPECTRUM
RHO D (0 ' 64) (0.04) BARLOW 64 CNTR — WHOLE SPECTRUM
RHO D (0.661) (0.016) BARLOW 64 CNTR + WHOLE SPECTRUM
RHO D (0.867) (0.035) PONTECORV 64 CC
RHO D RESULTS IN DOUBTS
RHO C 800K (0.7503) (0.0026) PEOPLES 66 ASPK + 20-53 MEV E+
RHO C 280K (0.760) (0.009) SHERWOOD 67 ASPK + 25-53 MEV E+
RHO C 170K (0.762& (0.008& FRYBERGER 68 ASPK + 25-53 MEV E+
RHO C ETA CONSTRAINED ~0. THESE VALUES INCORPORATED INTO A TWO PARAMETER
RHO C FIT TO RHO ANO ETA BY DERENZO 69.
RHO 0.7518 0.0026 DERENZO 69 RVUE
RHO ~ ~ ~ ~ ~ ~ ~ ~

RHO AVG 0.7517 0 ' 0026 AVERAGE

10/69
10/69

10/89
10/69
10/69
10/69
10/69
10/69
10/69
10/69

10/69

and

8,
" = Ic;I'+ Ic I'.

costt; = Re(C; C'+ C C )/g;g .

ETA ETA PARAMETER (V-A THEORY PREDICTS ETA~O)
ETA P 9213 (-2.0) (0.9) PLANO 60 HBC + WHOLE SPECTRUM
ETA P TWO PARAMETER FIT TO RHO AND ETA- PLANO 60 DISCOUNTS VALUE FOR ETA
ETA C 800K (0.05) (0.5) PEOPLES 66 ASPK + 20-53 MEV E+
ETA C 280K (-0 ' 7) (0.6) SHERWOOD 67 ASPK + 25-53 MEV E+
ETA C 170K (-0.7) (0 ' 5) FRYBERGER 68 ASPK + 25-53 NEV E+
ETA C RHO CONSTRAINED ~0.75.
ETA 6346 -0.12 0.21 OERENZO 69 HBC + 1 ' 6-6.8 NEV E+
ETA A1.2M 0.19 0. 18 CORRIVEAU 83 CNTR + 10-53 HEV E+
ETA A CORRIVEAU 83 MEASURE TRANSVERSE POLARIZATION OF E+ VERSUS ENERGY OF

ETA A E+ ~ THEY DERIVE (ALPHA/A)~0. 11+-0.11, (BETA/A) ~-0.038+-0.037, ANO

ETA A ETA~(ALPHA-2*BETA)/A. ALPHA, BETA AND A ARE DEFINED IN SECTION 3 OF

ETA A SCHECK 78 . RESULTS ON T-VIOLATION SEE SECTIONS ALP, BTP BELOW

ETA ~ ~ ~ ~ ~

ETA AVG 0.06 0. 15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)

10/69
10/69
10/69
10/69
10/69

10/69
11/83*
11/83»
11/83»
11/83*
11/83*

The quantities g; are defined to be real non-negative

numbers, and the P" are phase angles between the i-type
1J

and j-type interactions. Under the assumption of two-

compo~ent neutrinos, C& ———C& and C& = —CA, the

S, P, and T terms vanish, and B'AV is the phase angle

between C& and C& in the complex plane.
DEL DELTA PARAMETER
OEL 8354 0.78
OEL 0 ~ 782
DEL 490K 0.752
DEL VOSSLER 69 HAS
DEL ~ ~ ~ ~ ~

DEL AVG 0.7551

(V-A THEORY PREDICTS DELTA~1. 75)
0.05 PLANO 60 HBC + WHOLE SPECTRUM
0.031 KRUGER 61
0.009 FRYBERGER 68 ASPK + 25-53 HEV E+
MEASURED THE ASYMMETRY BELOW 10 HEV

0.0085 AVERAGE

XSI (XSI PARAMETER)»(MUON LONGITUDINAL POI.ARIZATION)
XSI (V-A THEORY PREDICTS XSI~1, LONG. POL. s 1)
XSI 9K (0.97) (0 F 05) BARDON 59 CNTR BRONOFORH TARGET
XSI 8354 (0.93) (0.06) PLANO 60 HBC + 8.8 KGAUSS
XSI A (0 ' 903) (0 ' 027) ALI-ZADE 61 EMUL + 27 KGAUSS
XSI A DEPOLARIZATION BY MEDIUM NOT KNOWN SUFFICIENTLY WELL.
XSI 66K (0.975) (0.030) GUREVICH 64 EMUL REPL. BY AKHHANOV 68
XSI (0 ~ 975) (0.015) AKHNANOV 68 ENUL 140 KGAUSS
XSI C 0.9959 QR MORE CL~. 90 CARR 83 SPEC + 11 KGAUSS
XSI C CARR 83 FIND (XSI*PMU»DELTA/RHO) ) 0 ' 9959 ' WE USE (DELTA/RHO) ~ 1.0
XSI C FROM V-A THEORY TO DERIVE ABOVE LIMIT FOR (XSI*PMU)

10/69
10/69
10/69

10/69
9/81

10/83»
10/83»
10/83*

10/69
10/69
10/69
11/69
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For notation, see key at front of Listings. Stable Particles
p. v,

HEL HELICITY OF DECAY ELECTRON.
HEL (V-A THEORY PREDICTS HELICITY=+-1 FOR E+-,
HEL WE HAVE FLIPPED THE SIGN FOR E- SO OUR PROG
HEL 0 (0 ' 28) (0.16) DI CK 63
HEL D IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN
HEL 1 ~ 05 0 ~ 30 BUHLER 63
HEL 0.94 0 ' 38 BLOOM 64
HEL 1.04 0 ~ 18 DUCLOS 64
HEL 29K 0.89 0.28 SCHWARTZ 67
HEL 500K 1.010 0.064 CORRIVEAU 81
HEL ~ ~ ~ ~ ~ ~ ~ ~

HEL AVG 1 F 008 0.057 AVERAGE

RESPECTIVELY)
RANS CAN AVERAGE
CMTR + ANNIHILATION

BE MODERATOR.
CNTR + ANNIHILATION
CNTR + BRENS TRANSMI SS
CNTR + BHABHA SCATT
OSPK — MOLLER SCATT
CNTR + BHABHA + AHNIHIL

10/69

10/69
10/69
10/69
10/69

1/82

BALANDIN 74
POUT ISSO 74
BAILEY 75
CASPERSO 75
KOREHCHE 76
BADERTSC ?7

JETP 40 811
NP 880 221
PL 558 420
PL 598 397
JETP 43 1
PRL 39 1385

+GR EBENYUK s Z I NOV, KON I N, PONOMARE V ( J I HR )
POUTISSOU, FELAWKA, INGRAM + (MONT+BRCO)
+BORER+&CERN+DARE+BERN+SHEF+MANZ+RNCS+BIRM)
CASPERSON, CRANE+ (YALE+LASL+HEID+BERN+WYON)
KORENCHENKO, KOSTIN, MITSELNAKHER+ & J INR)
BADERTSCHERsBORERsCZAPEKsFLUECKIGER+ (BERN)

CROWE 72 PR 05 2145 +HAGUE, ROTHBERG, SCHENCK+ (LBL+WASH)
WILLIAMS 72 PR D6 737 R W WILLIAMS, D L WILLIAMS (WASHINGTON)
COHEN 73 J.PHYS ~ CHEM ~ REF. DATA 2, PE 663, E.R ~ COHEN, 8 AN. TAYLOR
DUCLOS 73 PL 478 491 +MAGNON, PICARD (SACL)
E I CHTEN 73 PL 468 281 +DEDEN+(AACH+BELG+CERN+EPOL+NILA+LALO+lOUC)

ALP (ALPHA-PRINE)/A
ALP ALPHA-PRIME AND BETA-PRIME (SEE BELOW) AFFECT DEPEHDENCE OF DIFFER-
ALP ENTIAL DECAY PROBABILITY ON ELECTRON SPIN DIRECTION, ANO ARE ZERO
ALP IF TINE-REVERSAL INVARIANCE HOLDS. ALPHA-PRIME, BETA-PRIME AND A

ALP ARE DEFINED IN SECTION 3 OF SCHECK 78
ALP C1.2M -0. 12 0. 10 CORRIVEAU 83 CNTR + 10-53 MEV E+
ALP C CORRIVEAU 83 MEASURE TRANSVERSE E+ POLARIZATION VERSUS E+ ENERGY

11/83*
11/83*
11/83*
11/83%
1 1/83*
1 1/83*

BAILEY 77
OR 77

BA ILEY2 77
ALSO 79

CASPERSO 77
DEPONMIE 77
POVEL 77

PL 678 225
PL 688 191
NATURE 268 301
BAILEY
PRL 38 956
PRL 39 1113
PL 728 183

+BORER+(CERN+DARE+BERN+SHEF+NANZ+RMCS+BIRM)
+BORER+/CERN+DARE+BERN+SHEF+MANZ+RMCS+BIRM

(DARE+BERN+SHEF+CERN+MANZ+RMCS+BIRM)

CASPERSON, CRANE+ &BERN+HEIO+LASL+WYOM+YALE)
DE POMM I E R, MART I M+ (MONT+BR CO+ TR I U+V I CT+NE LB )
+DEY, WALTER, PFEIFFER + (ZUR I+ETH+SIN)

ETS
ETB
ETB
ETB
ETB
ETB
ETB AVG

6S
GS
GS A

GS A

6A
GA
GA A

GA 8
GA 8
GA A

FAV
FAV
FAV A

FAV 8
FAV 8
FAV A

ETA-SAR PARANETER (V-A THEORY PREDICTS ETA-SAR~0&
ETA-BAR AFFECTS SPECTRUM OF RADIATIVE MUON DECAY.

+0.09 0. 14 BOGART 67 CNTR +
(-0 ' 014) (0.090) EICHENBER 84 ELEC + RHO FREE-0.035 0.098 EICHENBER 84 ELEC + RH0=0. 75 ASSUMED

0.006 0.080 AVERAGE

SCALAR BOSON COUPLIN6 CONSTANT IN MUON DECAY (IN UNITS OF GV)
0 ' 29 OR LESS NURSULA 83 RVUE

(0 ' 16) OR LESS MURSULA 83 RVUE
ASSUMING EQUAL S AND PS COUPLINGS, AND NO TENSOR COUPLING'

AXIAL BOSON COUPLIN6 CONSTANT IN MUON DECAY &IN UNITS OF GV)
'0. 91 0 ~ 24 0.06 MURSULA 83 RVUE

(0.94) (0.19) &0.07) NURSULA 83 RVUE
(0.97) (0 ~ 16) (0 ~ 10) MURSULA 83 RVUE

ASSUMING NO SCALAR OR PSEUDOSCALAR COUPLINGS ~

ASSUNING EQUAL S AND PS COUPLINGS, AND NO TENSOR COUPLING ~

PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLIN6S (DEGREES)
180 ~ 9. MURSULA 83 RVUE

(182.) (5.) (9.) MURSULA 83 RVUE
(184 ' ) (4. ) ( 10.) MURSULA 83 RVUE

ASSUMING NO SCALAR OR PSEUDOSCALAR COUPLINGS ~

ASSUMING EQUAL S AND PS COUPLINGS, AND NO TENSOR COUPLING.

STP (SETA-PRIME&/A
BTP SEE COMMENT IN SECTION ALP ABOVE
BTP C1.2M 0.029 0.037 CORRIVEAU 83 CNTR + 10-53 MEV E+
STP C CORRIVEAU 83 MEASURE TRANSVERSE E+ POLARIZATION VERSUS E+ ENERGY

11/83»
11/83»
11/83*
11/83»

2/84*
2/84*
2/84*
2/84*

3/83*
3/83*
3/83*

3/83*
3/83*
3/83*
3/83*
3/83»

3/83*
3/83*
3/83*
3/83*
3/83*

BADERTSC
BAILEY

ALSO
BLIETSCH
BOWMAN
CAMANI
BAILEY
BOWMAN

78 PL 798 371
78 JPG 4 345
79 BAILEY
78 NP 8133 205
78 PR L 41 442
78 PL 778 326
79 NP 8150 1
79 PR L 42 556

BARD IN 81
CORR I YEA 81
NENETHY 81
K INN I SON 82
KLENPT 82
MARIAN 82
MARSHALL 82

AZUELOS 83
BERGSMA 83
CARR 83
CORRIVEA 83
MURSULA 83
BARD IN 84

ALSO 82
EICHENBE 84

NP A352 365
PR D24 2004
CNPP 10 147
PR D25 2846
PR 025 652
PRL 49 993
PR 025 1174

PRL 51 164
PL 1228 465
PRL 51 627
PL 1298 260
NP 8219 321
SACLAY PREPRINT
THESIS 2567
MP A41Z 523

ABELA 80 PL 958 318
BADERTSC 80 LHC 28 401
JONKER 80 PL 938 203
SCHAAF 80 MP A340 249
WILLIS 80 PRL 44 522

ALSO 80 PRL 45 1370

BADERTSCHERtBORER, CZAPEKtFi UECKIGER+ (BERM)
(DARE+BERN+SHEF+MANZ+RMCS+CERN+BIRN)

BL IETSCHAU+ (AACH+LI BH+CERN+EPOL+MI LA+ORSA+)
+CHENG, L I,MAT IS (LASL+IAS+CARN+EFI)
+GYGAX, KLEMPT, SCHENCK, SCHULZE+ (ETH+NANZ)

(DARE+SERN+SHEF+MANZ+RMCS+CERN+BIRM+LBL+}
+COOPER, HAMN, HOFFNAN + (LASL+EF I+STAN)

+BACKEHSTOSS, SIMONS, WUEST + &BASL+KARL)
BADERTSCHERtBORERtCZAPEKrFLUECKIGER+ (BERN)
CHARM COLLAB. (ANIK+CERN+HAMB+ITEP+ROMA)
+ENGFER, POVEL, OEY+ (ZUR I+ETH+SIM)
+HUGHES+ (YALE+LBL+LASL+SACL+SIN+CNRC+BERN)
WILLIS+ (YALE+LBL+LASL+SACL+SIN+CMRC+BERN)

+DUCLOS, MAGNON+ (SACL+CERN+BGNA+TR IU)
CORR I VEAU, EGGER, FETSCHER + (ETH+SIN+MAMZ)
P. NEMETHY, V. W. HUGHES (LBL+YALE)
+ANDERSON, MATIS, WRIGHT + (EFI+STAN+LANL)
+SCHULZE t WOLF r CANAN I s GYGAX+ (NANZ+ETH)
+BEER BOLTOMs EGAN s GARDNER+ (YALE+HE

ID+BERN�

)
+WARREN, ORANtKIEFL (BRCO)

+DEPOMMIER, LEROY, MARTIN+ (MONT+TRIU+BRCO)
CHARM COLLAB. (ANIK+CERN+HAMB+ITEP+RONA)
+GIDAL, GOBB I, JODIOIO, ORAN+ (LBL+NWES+TR IU)
CORRIVEAU, EGGER, FETSCHER+ &ETH+SIN+MANZ)
K ~ NURSULA, M. ROOS, F.SCHECK (HELS+MANZ)
+DUCLOS, MAGNON+ (SACL+CERN+BGNA+FIRZ)J. MART I NO (ORSA)
EICHENSERGERsEMGFER, VAN DER SCHAFF (ZURI)

6T
GT

6P
GP

TENSOR BOSON COUPLING CONSTANT IN NUON DECAY &IN UNITS OF GV)
0. 14 OR LESS MURSULA 83 RVUE

PS SCALAR SOSON COUPLING CONSTANT IN MUON DECAY &IN UNITS OF 6V)
0.25 OR LESS MURSULA 83 RVUE

REFERENCES FOR MUON

*»*»»» »»»»****» »»»»»»**» »»»»»»»»» »»»*»»»»* »*»»»»**» »**»**»»» *»»*»*»»

3/83*

3/83*
FISHER
ASTBURY
DEVONS
LATHROP
LATHROP
REITER
TELEGO I

59 PRL
60 ROCH
60 PRL
60 NC

60 NC

60 PRL
60 ROCH

3 349
CONF 60 542
5 330
17 109
17 114

5 22
CONF 60 713

PAPERS NOT REFERRED TO IN DATA CARDS

F I SHER t L EONT I C LUNDBYs NEUN I ERs STROOT (CERN)
ASTBURY, HATTERSLEY, HUSSAIN + (LIVERPOOL)
DEVONS, 6IDAL, LEDERMAN, SHAP IRO (COLUMBIA)
J LATHROP, R A lUNDY, V L TELEGDI + (EFI)
J LATHROP, R A LUNDY, S PENMAN + (EFI)
RE I TER ROMANOWSK I t SUTTON + (CARNEGI E)
V L TELEGD I (CERN)

COFFIN
LUNDY
ASHK IN
SARDON
OUDZ IAK
LEE
GARWIN
GUREVI CH
PLANO

AL I-ZADE
CR I TTEND
KRUGER
AL IK HANO
BLOCK
CHARPAK
FARLEY

LUNDY
PARKER
SASAEV
BING HAN

BUHLER
DICK

ECKHAUSE
FE INBERG
FRANKEL1
FRANKELZ
HUTCHINS
NEYER

BARLO'W
BLOOM
DUCLOS
GUREVI CH
PONTECOR
PARKER

PEOPLES
BOGART
SCHWARTZ
SHERWOOD
AKHMANOV
BAILEY

ALSO
FRYBERGE

DERENZO
EHRL ICH
HENRY
TAYLOR
THOMPSON
HAGUE
HUTCHINS

CRANE
DE VOE

ALSO
FAVART
KORENCH1
KORENCH2

58 PR 109 973
58 PRL 1 38
59 MC 14 1266
59 PRL 2 56
59 PR 114 336
59 PRL 3 55
60 PR 118 271
60 JETP 10 225
60 PR 119 1400

61 JETP 13 313
61 PR 121 1823
61 UCRL-9322 (UNPUB)
62 CERN CONF 423
62 MC 23 1114
62 PL 1 16
62 CERN CONF 415

62 PR 125 1686
62 NC 23 485
63 JETP 16 1397
63 NC 27 1352
63 PL 7 368
63 PL 7 150

63 PR 132 422
63 ARNS 13 431
63 NC 27 894
63 PR 130 351
63 PR 131 1351
63 PR 132 2693

64 PPS 84 239
64 PL 8 87
64 PL 9 62
64 PL 11 185
64 DUSNA CONF
64 PR 1338 768

66 NEVIS-147 (UNPUB)
67 PR 156 1405
67 PR 162 1306
67 PR 156 1475
68 SJNP 6 230
68 PL 288 287
72 NC 9A 369
68 PR 166 1379

69 PR 181 1854
69 PRL 23 513
69 NC 63A 995
69 RMP 41 375
69 PRL 22 163
70 PRL 25 628
70 PRL 24 1254

71 PRL 27 474
71 PRL 25 1779(ER)
?1 PRL 26 213
71 PRL 27 1336
71 SJNP 13 190
71 SJNP 13 728

R I CHARD A LUNDY
S PARKER, S PENMAN
BABAEV, BALATS&KAFTAMOVslAHDSBERG +
G. MCD. BINGHAM
+CABIBBO, FIDECARO, MASSAN, MULLER+
DI CK t FEUVRAI St SP IGHEL

(EFI)
(EFI)

{ITEP)
(LRL)

(CERN)
(CERN)

M ECKHAUSE, T A FILIPPAS + (CARNEGIE)
GERALD FEIMBERG, L N LEDERMAN (COLUMBIA)
S FRANKEL, W FRAT I, J HALPERN + (PENN)
S FRANKEL, W FRATI, J HALPERN + (PENN)
HUTCHI NSON t MENES ~ PATLACH t S HAP IRO ( COLUMBI A)
S L NEYER, ANDERSON sBLESERt LEDERMAN+ (COLU)

+BOOTH, CARROL, COURT, DAY IES, EDWARDS+ (L IVP)
+DI CK t FEUVRAI Ss HENRY r MACQ SPI GHEL (CERN)
+HEINTZE, DE RUJUi. A, SOERGEL (CERN)
GUREVICH, MAKARIYNA+ (K IAE)
PONTECORVO, SULYAEV (MOSCOW)
S PARKER, H L ANDERSON, C REY (EFI)

J PEOPLES (COLUMBIA)
+DICAPUA, NEMETHY, STRELZOFF (COLU)
0 N SCHWARTZ {EFI}
8 A SHERWOOD (EFI)
+GUREV I CH s DOBRE TSOV s MAKAR I NA+ (KIAE)
+BARTL, VON BOCHMANN, BROWN, FARLEY+ (CERN)
+BARTL, VON BOCHMANN, BROWN, FARLEY+ (CERN)
D FRYBERGER (EFI)

S DERENZO (EFI)
+HOFER, MAGNON, STOWELL, SWANSON+ (CHICAGO)
+SCHRANK, SWANSON . (STAN+UCSB+UCSD)
+PARKER, LANGENBERG (PRIN+UCI+PENN)
+AMATOtCRANEtHUGHEStNOSLEY+ (YALE)
+ROTHBERG, SCHENCK, WILLIANS+ (WASH+LRL)
HUTCHIMSON, LARSON, SCHOEN, SOBER, + (PPA)

+CASPERSON s CRANE s EGAH HUGHES+
+NCINTGRE, MAGNON, STOWELL, SWANSON+
DEVOE s MC I N TG RE s MAGNON s STOWEL L+
+MC INTYRE, STOWELL, TELEGDI, DEVOE+
KORENCHENKO, KOSTIN, MICELNACHER+
KORENCHENKO, KOSTIN, NICELMACHER+

(YALE)
(CHICAGO)
(CHICAGO)
(CHICAGO)

(JINR)
( J INR)

+GARW IN, PENMAN, LEDERMAN, SACHS (COLUNBI A)
+SENS, SWANSON, TELEGDI, YOVANOV ITCH (CHI CAGO)
+FAZZINI, FIDECARO, LIPMAN, MERRISON + (CERN)
M BARDON, D BERLEY, L LEDERMAN (COLUMBIA)
W DUDZIAK, R SAGANE, J VEDDER (LRL)
JULIET LEE, N ~ P. SAMIOS (COLU)
GARWIN, HUTCH INSON, PENMAN, SHAPIRO (COLUMBIA)
GURE V I CH, N IKOL SK I I,SURKOVA (ITEP)
R J PLANO (COLUMBIA)

AL I ZADE GUREVICH s NIKOLSKI (USSR)
CRITTENDEN, WALKER, BALLAN (WISC+NSU)
H KRUGER (LRL)
A I ALIKHAMOV, A BABAEV + (ITEP MOSCOW)
BLOCK, F IOR INI, KIKUCHI+(DUKE, BOLOGNA, MILANO)
G CHARPAK, F J N FARLEY, R L GARWIN + (CERN)
FARLEY sMASSAMs MULLER Z ICHI CHI (GERM)

CHARPAK 61 PRL 6 128
HUTCHINS 61 PRL 7 129
SHAPIRO 62 PR 125 1022
FA I R L E Y 66 NC 45A 281
VOSSLER 69 NC 63A 423

CHARPAK, FARLEY, GARWIN, MULLER, SENS + (CERN)
D P HUTC H I NSON s J NENES + ( COLUMB I A)
G SHAPIRO, L N LEDERMAH ( COLUMBIA)
FA IRLEY, BAILEY, BROWN, G IESCH + (CERN)
C VOSSLER (EFI)

LAUTRUP
RICH
COMBLEY
CALNET
K I NOSH IT
SCHECK
FARLEY
DEPOMMIE
COMSLEY

72 PRPL 3 193
72 RMP 44 250
74 PRPL 14 1
?7 RMP 49 21
78 TOKYO HEP P. 571
78 PRPL 44C 187
79 ARNPS ?9 243
80 HP A335 97
81 PRPL 68 93

8 LAUTRUP A ~ PETERMAN sE DE RAFAEL(CERN+BURE)
A RICH, J C WESLEY (MICH)
F.COMBLEY, E.PICASSO (CERN)J.CALNET. S-NARISOHsN PERROTTET+ (NARS)
T. KINOSHITA (CORN)
F ~ SCHECK (MANZ)
F. J AM. FARLEY, E ~ PICASSO (RNCS+CERN)
P ~ DEPONMIER (MONT)
CONBELY, FARLEY, PICASSO (SHEF+RNCS+CERN)

*»*»*» *»*»*»»»* *»*»***»»»»»»»*»»» »**»*»*»» *»»*»»»»* »»»**»»»» »*»*»»*»
*»»»»» *******»»*»»*»»»»» »»»»*»*»» »»*»»*»»* *»**»*»**»»»»»»*»» *»»»»»*»

36 NU-TAO& J~i /Z)

EXISTENCE INDIRECTLY ESTABLISHED FRON TAU DECAY DATA
COMBINED WITH NU REACTION DATA. SEE FOR EXAMPLE
FELDMAN 81. KIRKBY 79 RULES OUT J=3/2 USING
TAU --) PI NUTAU BRANCHING RATIO.

NOT IN GENERAL A MASS EIGENSTATE. SEE MOTE ON NEUTRINOS
IN THE ELECTRON NEUTRINO SECTION ABOVE.

36 NU-TAU ''MASS'' (IIEV)

APPLIES TO NU-3, THE PRIMARY MASS EIGENSTATE IN NU-TAU. WOULD ALSO
APPLY TO ANY OTHER NU-J WHICH MIXES STRONGLY IN NU-TAU AND HAS
SUFFICIENTLY SMALL MASS THAT IT CAM OCCUR IN THE RESPECTIVE DECAYS.
(THI S WOULD BE NONTRI VIAL ONLY FOR A HYPOTHET ICAL J GE 4t GIVEN
THE NU-E AND NU-MU ' ' MASS ' ' LIMITS ABOVE. )

P 144 (600. ) OR LESS CL~. 95
(740. ) OR LESS CL= ~ 90

8 594 (250. ) OR l ESS CL=.95
(250. ) OR LESS CL= ~ 95

'l64. OR LESS CL=. 95
P PFRL ?7 IS E+E- TO TAU+ TAU-
P AND TAU MASS=1900 MEV ~

8 BACINO 79 EXPT RULES OUT V+A
8 IN GOOD AGREEMENT WITH V-A.

PERL 77 SNAG
BRANDELIK 78 DASP
SACINO 79 DLCO
BLOCKER 82 SMKZ
NATTEUZZI 84 SMK2

EXPT. VALUE QUOTED

E+E-3.8-7.8GEV ECM
ASSUMES V-A DECAY
E+E- ECM~3. 5-7.4GEV
E+E- ECM~5. 2 GEV
E+E- ECM~29 GEV
ASSUMES V-A DECAY

DECAY, DISFAVORS PURE V OR A, AND IS

PERL
BRANDELI
ALLES
BAC I NO

KIRK BY
FELDMAN
BLOCKER
MATTEUZZ

77 PL 708 487
78 PL 738 109
79 NCL 25 404
79 PRL 42 749
79 SLAC-PUB-2419
81 SLAG-PUB-2839
82 PL 'l098 119
84 SLAC-PUB-3291

REFERENCES FOR NU-TAU

+FELDMAN, ABRAMS, ALAM, BOYARSKI+ (SLAC+LBL)
BRANDELIK + (AACH+DESY+HAMB+MPIM+TOKY)
W ~ ALLES (BGNA)J
+FERGUSON, NODULMAN+ (UCLA+SLAC+UCI+STON)
J ~ KIRKBY(LEPTON PHOTON SYMP. BATAVIA)(SLAC)J
G ~ J.FELDNAN(SANTA CRUZ APS 1981)(SLAG+STAN)
+DORFAN, ABRAMS, ALAM, BLONDEL+ (LBL+SLAC)
MATT EUZZ I, ABRANS+ (SLAC+LBL+HARV)

*»»»*» »»»»»»»*» »»»»»»»»» »»»»»»»»» *»»»»»»»» »»»»»»»»* »»»»»»»»» »»»»*»»*
»»»»»***» »»»»»»»»» »»»»»»*»» **»»»»»»» »»»»»»*»» »»»»»»»»» »»»»»»»»

»»»*»» *»»**»»»» »*»****»*»**»»»»»* *»»»»»**» »**»*»»»* »»»*»**»» »**»»**»

12/77
3/78
7/79
2/82
2/84*

12/77
12/77
7/79
1/82
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S84 Particie Data Group: Review of particle properties

Stable Particles Data Card Listings

35 TAV+-(1785~ J~1/2& HEAVY LEPTON

E+E- --) TAU+TAU- CROSS SECTION THRESHOLD BEHAVIOR
AND MAGNITUDE CONSISTENT WITH POINTLIKE SPIN 1/2
DIRAC PARTICLE. BRANDELIK 78 RULES OUT POINTLIKE
SPIN 0 OR SPIN 1 PARTICLE ~ FELOMAN 78 RULES OUT
J~3/2. KIRKBY 79 ALSO RULES OUT J INTEGER, J=3/2.

35 TAU HASS CHEV&

PERL
BURMEST1
PERL
BACINO
BARTEL
BRANDE L IK
BLOCKER
BLOCKER1

P 64 (1800.)
8 220(1910.)
P 144(1900.)
A 692 1783 '
R 299 1787 '

1807.
1787 ~

1138(1803.)

(200. )
(30 ' )

(100.)
3 ~

10 ~

20 '
10 ~

(16.)

75 SMAG INCL. IN PERL 77
77 PLUT ASSUMES V-A DECAY
77 SHAG E+E- 3.8-7.8GEV ECH
78 DLCO E+E- 3 ~ 1-7.4GEV ECM
78 SPEC E+E- 3.6-4. 4GEV ECH
78 DASP E+E- 3.1-5.2GEV ECM
80 SMK2 E+E- 3 ' 5-6.7GEV ECM
82 SHK2 INCL. IN BLOCKER 80

H

M

H
M

M

H

M

H
M

H
M

H
H
H

M

H

H
M

H
H

M

M

H

H R BARTEL ?8 FITS
M R HASS VALUE NOT

H AVG 1784.2

4.
18.

8 BURMESTER 77 MASS VALUE ARE FROM EVENTS CONTAINING HU+- PLUS ONE
8 OTHER PRONG, ORIGINATING FROM E+ E- --) TAU+ TAU-. THE MASS
8 VALUES CONE FROM A FIT TO THE SHAPE AND ECM DEPENDENCE OF THE
8 HU+- SPECTRA, ASSUMING THAT THE TAU SPIN IS 1/2 AND ITS ASSOC
8 NEUTRINO HAS M~O.

P PERL 77 VALUE COMES FROH E+ E- TO E+- HU-+ AND NO OTHER DETECTED
P PARTICLES. ASSUMES V-A COUPLING AND ZERO MASS FOR ASSOC NEUTRINO.

ENERGY DEPENDENCE OF CS FOR E+- AND HU+- EVENTS.
DEPENDENT ON WHETHER V-A OR V+A DECAY ASSUMED.

3.2 AVERAGE

35 TAV IIEAN LIFE CVNITS 10»»-13 SEC&

T 77 (90. ) OR
T 594 (23. ) OR
T 38 (14.) OR
T 102 4.6
T 131 4.9
T 143 4.7
T 156 3.20

T AVG 3.43

LESS
LESS
LESS
1 ' 9
2.0
3 ' 9
0 ' 54

0 ~ 50

CL= ~ 95
CL~. 95
CL=.95

2 ~ 9

ALEXANDER
BACIN02
BRANDE L IK
FELDMAN
FORD
BEHREND?
JAROS

AVERAGE

79 PLUT
79 OLCO
80 TASS
82 SHK2
82 HAC
83 CELL
83 SMK2

E+E-
E+E-
E+E-
E+E-
E+E-
E+E-
E+E-

3.9-5 GEV ECH
ECM~3. 5-7.4GEV
ECM~30GEV
ECH=29 GEV
ECM 28, 29 GEV
ECH=22, 34 GEV
ECH=29 GEV

35 TAV PARTIAL DECAY NODES

A BACINO 78 VALUE CONES FROH E+- X-+ THRESHOLD. PUBLISHED MASS 1782
A HEV INCREASEO BY 1 MEV USING THE HIGH PRECISION PSI-PRIME MASS
A MEASUREMENT OF ZHOLENTZ 80 TO ELIMINATE THE ABSOLUTE SPEAR ENERGY
A CALIBRATION UNCERTAINTY.

2/78
12/77
12 /77
2/82
7/79
3/78
2/82
2/82

12/77
12/77
12/77
12/77
12/77

12/77
12/77

2/82
2/82
2/82
2/82

7/79
7/79

7/79
7/79
8/81
1/82

11/82*
11/83»
10/83»

3/84»

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4

RS
R5
R5
R5
R5
R5
R5
R5
R5

35 TAU BRANCHING RATIOS

TAV+- INTO CHV+- NUHU NUTAU&/TOTAL
220 0. 15 0.03 BURMEST1 77

0. 175 0.040 PERL 77
0.22 0.10 0.07 CAVALL I SF 77

11 0.22 0 ~ 07 0.08 SMITH 78
0.35 0. 14 BRANDEL IK 80
0 ~ 178 0.027 BERGER 81

E 4? 0.176 0.033 BEHR END 83
E STATISTICAL AND SYSTEMATIC ERRORS COMBINED

AVG 0. 175 0.015 AVERAGE
FIT 0 ~ 185 0.0'11 FROM F IT

(P1)
PLUT ASSUMES V-A DECAY
SHAG E+E- TO HU+- X-+
SPEC E+E- TO HU+- X-+
SPEC E+E- TO HU+HU-XO
TASS E+E- ECM=30GEV
PLUT E+E- 9-32GEV ECH
CELl E+E- ECH=34 GEV ~

IN QUADRATURE.

TAV+- INTO E+- NUE NUEAU/HU+- NVHV NUTAU
PREDICTED TO BE 1 FOR SEQUENTIAL LEPTON, 2
AND 1/2 FOR PARAHUON. PARAELECTRON ALSO RU
21 0 ' 92 0 ' 37 BURMEST2 77

8 18 1.09 0.38 BRANOELIK 78
L 154 0.75 0 ' 23 BLOCKER1 82
8 BRANDELIK 78 QUOTES THE INVERSE OF THIS RA
L BLOCKER 82 GIVES THE INVERSE OF THIS RATIO

AVG 0.86 0. 17 AVERAGE
FIT 0.892 0.079 FROM FIT

«P2&/CP1&
FOR PARAELECTRON,

LED OUT BY HE ILE 78.
PLUT ASSUMES V-A DECAY
DASP E+E- 3 ' 1-5.2GEV ECM
SHK2 E+E- ECH=3. 5-6.7GEV

TIO AS .92+-.32
AS 1.33+-.18+-.36

TAV+- INTO (HV+- NVNU NUTAU)»(E+- NVE NVTAU) (P1&*(P2)
(0.034) (0.006) ABRAHS 79 SMK2 REPL BY BLOCKER 82

8 20 0 ' 034 0.009 BACIN01 79 DLCO E+E- ECM=3. 6-7.4GEV
257 0.030 0.005 BLOCKER1 82 SMK2 E+E- ECM=3. 5-6.7GEV

8 SACIN01 79 QUOTES BR(MU)=0. 21+-0.058(STAT-+SYST. ERRORS COMBINED IN
8 QUADRATURE) ASSUMING BR(E)=0.16. WE HPY. BY 0. 16 TO GET ABOVE VAL.

0.0309 0.0044 AVERAGE
0 ' 0304 0.0024 FROM FIT

AVG
FIT

TAV+- INTO (E+- NVE NVTAV)/TOTAL (P2)
8 459 0.160 0.013 BACINO 78 DLCO E+E- ECH=3. 1-7.4GEV

0 ~ 19 0 ~ 09 BRANDEL IK 80 TASS E+E- ECM=30GEV
E 60 0 ~ 183 0 ~ 031 BEHREND 83 CELL E+E- ECH=34 GEV.
8 BACINO 78 VALUE COMES FROM FIT TO EVENTS WITH E+- AND 1 OTHER
8 NONELECTRON CHARGED PRONG'
E STATISTICAL AND SYSTEMATIC ERRORS COHSINED IN QUADRATURE.

AVG 0. 164 0.012 AVERAGE
FIT 0. 1646 0 ~ 0094 FROM FIT

TAV+- INTO (L+- NUL NUTAU)/TOTAL SORT(P 1*P2)
WHERE L MEANS E OR MU. EQUALITY OF E AND HU MODES IS ASSUHED-

P 105 0. 17 0.06 0.03 PERL 76 SMAG
8 144 0. 186 0.030 PERL 77 SMAG
8 21 0.224 0.055 BARBARO-G 77 SHAG
8 13 0. 182 0.031 BRANDELIK 78 DASP ASSUMES V-A DECAY
8 WE HAVE COMBINED STATISTICAL AND SYSTEMATIC ERRORS QUADRATICALLY.
P ASSUMES V-A COUPLING, TAU HASS=1. 8 GEV, TAU NEUTRINO MASS=O-
8 ASSUHES V-A COUPLING, TAU MASS=1 ~ 9 GEV, TAU NEUTRINO MASS 0.

AVG 0. 186 0.018 AVERAGE
FIT 0 ~ 1743 0.0069 FROM F I T

12/77
12/77
1/78
7/79
8/81
1/82

11/83»
11/83»

1/79
8/81

11/83*
1 /79
1/79

11/83*

3/77
12/77
11/7?
3/78
3/78

12/77
12/78
2/82

12/78
2/82

12/79
1/79
2/82
1/79
1/79

P1
P2
P7
PS
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23

TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-
TAU+-

LEPTON FAMILY NUMBER VIOLATING MODES.

INTO MU+- NUHU NUTAU
INTO E+- NUE NUTAU
INTO HADRON+- NEUTRAL(S)
INTO 3 HADRONS+- NEUTRAL{S)
INTO NUTAU RHOO Pl+-
INTO NUTAU A1(1100)+-
INTO K+- NEUTRAl. (S)
INTO NUTAU PI+-
INTO NUTAU 2PI+- PI-+ (INCL. P9, P10)
INTO NUTAU 2PI+- PI-+ (PIOS) (INCL. P13)
INTO NUTAU .GE. 3HADRONS+- NEUTRAL(S)
INTO NUTAU RHO+-
INTO 3 HADRONS+- NUTAU
ENTO 3 HADRONS+- NUTAU GAMMA(S)
INTO HADRON+- (NOT RHO+-, PI+-) NEUTRAL(S)
INTO 5 HADRONS+- NEUTRAL(S)
INTO NUTAU K*(892)
ENTO NUTAU K*(1430)
INTO NUTAU K+-

DECAY MASSES
106+ 0+ 0.511+ 0+ 0

0+ 769+ 140
0+ 1275

0+ 140
0+ 140+ 140+ 140
0+ 140+ 140+ 140

0+ 769

0+ 892
0+1425
0+ 494

R8
RS
R8
R8
R8
R8
RS
RS

R9
R9
R9

R10
R10
R10
R10
R10
R10
R10
R10
R10

TAV+- INTO (HADRON+- NEUTRAL(S))/(TOTAL) (P12+P16+P19)
19 0 ~ 45 0.19 BARBARO-G 77 SMAG

0.29 0. 11 BRANOELIK 78 DASP ASSUMES V-A DECAY
8 (0.22) (0.14) BRANDELIK 80 TASS E+E- ECH=30GEV
8 NOT INDEPENDENT OF BRANDELIK 80 R1, R2 AND R21 VALUES.

AVG 0.330 0 ' 095 AVERAGE
FIT 0 ~ 481 0.020 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

TAV+- INTO CK+- NEVTRALCS»/TOTAL CP11&
8 SHALL SRANDELIK ?? DASP 3.6-5.2ECM E+E-
8 BRANDELIK 77 FINDS 0.07+-0.06 K+- PER EVT IN E+E- --) E+- PRONG-+.

TAV+- INTO (3 HADRONS+- NEUTRALCS»/TOTAL (P17+P18&
0 ~ 35 0. 11 BRANDELIK 78 DASP ASSUMES V-A DECAY

35 0.24 0.06 BRANDELIK 80 TASS E+E- ECH=30 GEV
186 0. 150 0.020 BEHRENO 82 CELL E+E- 32-36.8GEV ECH

8 152 (0.14) (0.02) BLOCKER3 82 SHK2 E+ E- ECH = 29 GEV
8 NOT INDEPENDENT OF BLOCKER3 82 ONE-PRONG VALUE (R21).
AVG 0 ' 165 0.027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
FIT 0. 170 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

(SEE IDEOGRAM BELOW)

11/77
11/77
3/78
8/81
8/81

1/78
1/78

3/78
8/81

10/83*
10/83*
10/83*

P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43
P44

TAU+- EN TO
TAU+- INTO
TAU+- INTO
TAU+- INTO
TAU+- INTO
TAU+- IN TO
TAU+- IN TO
TAU+- INTO
TAU+- iNTO
TAU+- INTO
TAU+- INTO
TAU+- INTO
TAU+- INTO
TAU+- INTO

HU+- GAMMA
E+- GAMMA
HU+- CHARGED PARTICLES
E+- CHARGED PARTICLES
MU+- MU+ MU-
E+- MU+ MU-
HU+- E+ E-
E+- E+ E-
MU+- P 10
E+- P I 0
HU+- KO
E+- KO
MU+- RHOO
E+- RHOO

106+ 0.511+ 0

106+ 106+ 106.511+ 106+ 106
106+.511+~ 511.511+.511+~ 511
106+ 135.511+ 135
106+ 498

~ 511+ 498
106+ 769.511+ 769

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , ~here

1 1 1
6P. = Q&6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients (6P.6P. ) j(6P. ~ 6P, ). For the definitions of the individual P. , see the listings1 j 1 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to 4.

P12 P16 P18 P19P 1 P 2 P17
P 1 .1845+-.0114
P 2 —.1141 .1646+-.0094
P12 ~ 0145 —~ 1273 .1034+-.0125
P16 —.1190 —.1179 .0150 .2215+-.0242
P17 ~ 0029 ~ 0023 —.0003 —~ 0007 .0532+-.0409
P18 ~ 0056 ~ 0044 —~ 0006 —.0013 —~ 9476 ~ 1171+-.0416
P 1 9 —~ 2544 —.1 233 —.3746 —.6963 —.0481 —.0927 . 1 557+-.0314

WEIGHTED AVERAGE = 0. 165 + 0. 027
ERROR SCALED BY 1. 5

values abo~e of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

CHISQ
-BEHREND 82 CELL 0. 5
-BRANDEL IK 80 TASS 1.6
-BRANDEL IK 78 DASP

2. 1

(CONLEV
=0. 146)

I

0, 0 0. 2 0, 4 0. 6

TAU+ — INTO (3 HADRONS+ — NEUTRALS(S))/ALL
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Particle Data Group: Review of particle properties S85

For notation, see key at front of Listings. Stable Particles

R11
R11
R11

R12
R12
R12
R12
R12
R1?

TAU+- INTO (NUTAU RHOO PI+-)/TOTAL CP9)
21 (0.0045) (0.0013) ALEXAND1 78 PLUT REPL. BY WAGNER 80
27 0.0054 0 ' 0017 WAGNER 80 PLUT E+E- 4-5 GEV ECM

TAU+- INTO CNUTAU A1&1'IOO&+-)/TOTAL (P10&
21 (0.10) (0.03) ALEXAND1 78 PLUT REPL. BY WAGNER 80
27 (0.108) (0.034) WAGNER 80 PLUT E+E- 4-5 GEV ECM
NOT INDEPENDENT OF WAGNER 80 R11 VALUE ABOVE' ASSUMES THAT ALL
(NU RHOO PI+-) EVENTS ARE (NU A1+-l AND BR(L+- NU NU)~.173+-.013

3/78
2/82

12/78
2/82
2/82
2/82
2/82

R53 TAU+- INTO (Nl+- 6ANNA)/TOTAL
R53 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R53 5.5E-4 OR LESS CL~. 90 HAYES 82

R54 TAU+- INTO (E+- 6ANNA)/TOTAL
R54 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R54 6 4E-4 OR I ESS CL~.90 HAYES 82

R55 TAU+- INTO CNU+- NU+ NU-)/TOTAL
R55 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R55 4 9E-4 OR LESS CL .90 HAYES 82

CP31&

SMK2 E+E- 3.8-6.8GEV ECM 4/82

CP32&

SMK2 E+E- 3.8-6.8GEV ECM 4/82

CI 35)
SMK2 E+E- 3.8-6.8GEV ECM 4/82

R13
R13
R13
R13
R13
R13

R14
R14
R14
R14
R14
R14
R14

R15
R15
R15
R15
R15
R15
R15

R16
R16
R16
R16
R16
R16
R16
R16
R16
R16

R17
R17
R17
R17
R17

FIT

TAU+- INTO CNUTAU 2PI+- PI-+ (PIOS))/TOTAL C P 17+P18)
ASSUMED EQUAL TO (3 HAORONS+- NEUTRAL(S) ) FOR FIT SINCE DECAY
MODES CONTAINING KAONS ARE EXPECTED TO BE CABISSO SUPPRESSEO.
33 0 ~ 18 0.065 JAROS 78 SMAG E+E- ECM o 6 GEV

0.170 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

1/79

TAU+- INTO (NUTAU 2PI+- PI-+)/TOTAL CP17)
ASSUMED EQUAL TO (3 HADRONS+- NUTAU) FOR FIT SINCE DECAY MODES
CONTAINING KAONS ARE EXPECTED TO BE CABIBBO SUPPRESSED.

J 13 0.07 0.05 JAROS 78 SNAG E+E- ECM w 6 GEV
J JAROS 78 EVENTS CONSISTENT WITH BEING RHO PI OR A1.

FIT 0.053 0.041 FROM FIT

1/79
1/79

FIT

TAU+- INTO (NUTAU .6E.3HADRONS+- NEUTRALCS)) (P17+P18)
692 0.32 0.05 BACINO 78 DLCO E+E- ECM~3. 1-7.4GEV

FOR THE FIT WE ASSUME THAT THIS EQUALS THE BRANCHING FRACTION FOR
(3HADRONS+- NEUTRALS), ICE. THAT THE BRANCHING FRACTION FOR 5 OR
MORE CHARGED HADRONS IS ZEROS

0 ' 170 0 ' 013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

1/79

TAU+- INTO (NUTAU PI+-&+(E+- NUE NUTAU) (P12)*(P2)
A 23 0.015 0.006 ALEXAND2 78 PLUT E+E- ECM~3. 6-5 GEV
8 10 0.013 0.006 BACIN01 79 DLCO E+E- ECM~3. 6-7.4GEV
A ALEXANDER2 78 QUOTE BR(PI)~.090+-.038(STAT. +SYST.ERRORS COMBINED IN
A QUADRATURE) USING BR(E)~.167+-.010. WE MPY. BY .167 TO GET ABV. VAL ~

8 BACIN01 79 QUOTES BR(PI)~0.080+-0.035(STAT. +SYST ~ ERRORS COMBINED IN
8 QUADRATURE) ASSUMING BR(E)~0.16. WE MPY ~ BY 0. 16 TO GET ABOVE VAL.

AVG 0.0140 0 ' 0042 AVERAGE
FIT 0.01?0 0.0022 FROM F I T

2/79
1/?9
2/79
2/79
1/79
1/79

FIT

TAU+- INTO (NUTAU RHO+-)*(E+- NUTAU NUE) C P16)0(P2) 12/79
(0.0421) (0.0090) ABRAMS 79 SMK2 REPL. SY BLOCKER 80 12/79

139 0 ' 034 0.008 BLOCKER 80 SMK2 E+E- ECM~3. 5-6.?GEV 2/82

0 ' 0365 0.0043 FROM FIT

R56 TAU+- INTO (E+- NU+ NU-)/TOTAL
R56 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R56 3 3E-4 OR LESS CL~.90 HAYES 82

R57 TAU+- INTO CNU+- E+ E-)/TOTAL
R57 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R57 4.4E-4 OR LESS CL~. 90 HAYES 82

R58 TAU+- INTO (E+- E+ E-)/TOTAL
R58 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R58 4.0E-4 OR LESS CL~. 90 HAYES 82

R59 TAU+- INTO (IIV+- PIO&/TOTAL
R59 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R59 8.2E-4 OR LESS CL~. 90 HAYES 82

R60 TAU+- INTO CE+- PIO&/TOTAL
R60 TEST OF. LEPTON FAMILY NUMBER CONSERVATION
R60 2. 1'E-3 OR LESS CL~.90 HAYES 82

R61 TAU+- INTO (NU+- KO)/TOTAL
R61 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R61 1-OE-3 OR LESS CL~90 HAYES 82

R62 TAU+- INTO CE+- KO&/TOTAL
R62 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R62 1.3E-3 OR LESS CL~. 90 HAYES 82

R63 TAU+- INTO CNU+- RHOO)/TOTAL
R63 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R63 4.4E-4 OR LESS CL~. 90 HAYES 82

R64 TAU+- INTO (E+- RHOO)/TOTAL
R64 TEST OF LEPTON FAMILY NUMBER CONSERVATION
R64 3 ' 7E-4 OR LESS CL .90 HAYES 82

CP36&

SMK2 E+E- 3.8-6.8GEV ECM 4/82

CP37)

SMK2 E+E- 3.8-6.8GEV ECM 4/82

CP38)

SMK2 E+E- 3 ' 8-6.8GEV ECM 4/82

CP39&

SMK2 E+E- 3.8-6 ~ BGEV ECM 4/82

CI'40&

SMK2 E+E- 3.8-6.8GEV ECM 4/82

CP41)

SMK2 E+E- 3.8-6.8GEV ECM 4/82

CP42)

SMK2 E+E- 3.8-6.8GEV ECM 4/82

CP43)

SMK2 E+E- 3.8-6.8GEV ECM 4/82

CP44&

SMK2 E+E- 3.8-6.8GEV ECM 4/82

R18
R18
R18
R18
R18 FIT

TAU+- INTO (NUTAU RHO+-)~(NU+- NUTAU NUMU) (P16)4(P1) 12/79
(0 ~ 0329) (0.0100) ABRAMS 79 SMK2 REPL. BY BLOCKER 80 12/79

103 0.041 0.009 BLOCKER 80 SMK2 E+E- ECM 3.5-6.7GEV 2/82

0.0409 0.0049 FROM FIT

35 TAU DECAY PARAMETERS

RHO RHO CMICHEL& PARAMETER CV-A THEORY PREDICTS RHO~0. 75)
RHO 594 0.72 0. 15 BACIN02 79 DLCO E+E- ECM 3.5-7.4GEV 3/83*
000000 44044'4*40 00*0*000* **0*0*0*4*004*4444 40044044* *4**0******0*004*

R19
R19
R19
R19
R19

TAU+- INTO (3 HADRONS+- NUTAU&/TOTAL &P17)
8 (0.09) (0.06) BRANDELIK 80 TASS E+E- ECM~30GEV
8 NOT INDEPENDENT OF BRANOELIK 80 R10 AND R20 VALUES.

FIT 0053 0041 FROM FIT

8/81
8/e1
8/81

REFERENCES FOR TAU&1785) HEAVY LEPTON

PERL 75 PRL 35 1489 +ABRAMS, BOYARSKI, BREIOENBACH + (LBL+SI.AC)
PERL 76 PL 638 466 +FELDMAN, ABRAMS, ALAM, BOYARSKI + (SLAC+LBL)

R20
R20
R20
R20

R21
R21
R21
R21
R21
R21
R21
R21

TAU+- INTO C3 HADRONS+- NUTAU GANMA&S))/TOTAL CP18&
0.15 0 ~ 07 BRANOELIK 80 TASS E+E- ECM~30GEV

FIT 0.117 0.042 FROM FIT

TAU+- INTO &1 CHAR6ED NEUTRALCS)&/TOTAL (P 1+P2+P12+P16+P19)
37 0 ' 76 0.06 BRANDELIK 80 TASS E+E- ECM~30GEV

672 0 ' 840 0 ' 020 BEHREND 82 CELL E+E- 32-36.8GEV ECM
8 764 0.86 0.022 SLOCKER3 82 SMK2 E+ E- ECM ~ 29 GEV
8 SYSTEMATIC AND STATISTICAL ERRORS COMBINED IN QUADRATURE.

AVG 0.844 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
FIT 0.830 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

8/81

8/e1
8/81

10/83*
10/83*
10/83*

BARBARO-
BRANDELI
BURMEST1
BURMEST2
CAVALL IS
PERL

ALEXAND1
ALEXAND2
BACINO

ALSO
ALSO

BARTEL

77 PRL 39 1058
77 PL 708 125
77 PL 688 297
77 PL 688 301
77 LNC 20 337
77 PL ?08 487

78 PL 738 99
78 PL 788 162
78 PRL 41 13
78 TOKYO CONF'
80 PL 968 ?14
78 PL 778 331

BARBARO-GALT IERI+ (I SL+NWES+SLAC+HAWA)
BRANDELIK + (AACH+DESY+HAMB+MPIM+TOKY)
BURMESTER, CRIEGEE + (DESY+HAMB+SIEG+WUPG)
BURMESTER, CRIEGEE + (DESY+HAMB+SIEG+WUPG)
CAVALL I SFORZA ~ GOGG I + ( PAV I+PR IN+UMO)
+FELDMAN, ABRAMS, ALAM, BOYARSKI+ (SLAC+LBL)

ALEXANDER, CRIEGEE+ (DESY+AACH+SIEG+WUPG)
ALEXANDER+ (DESY+AACH+HAMB+SIEG+WUPG)
+FERGUSONtNODULMAN + (UCLA+SLAC+UCI+STON)J

P. 249 J ~ KIRZ(19TH INTL. CONF. ON HEP) (STON)
ZHOLENTZ, KURDAOZE, LELCHUK, MISHNEV+ (NOVO)
+0 I TTMANN, DU INK ER, OL SSON, ONE ILL+ (DESY+HE I 0 )

R22
R22
R22
R22
R22

R23
R23

R24
R24

R25
R25
R25
R25
R25
R25
R25

R26
R26

R27
R27

R?8
R28
R28
R28
R28

TAU+- INTO (5 HADRONS+- NEUTRAL(S»/TOTAL CP?0&(0.06) OR LESS CL~. 95 BRANDELIK 80 TASS E+E- ECM~30GEV
8 10 0.010 0.004 BEHREND 82 CELL E+E- 32-36 ~ BGEV ECM
8 2 0.005 OR LESS CL~.95 SLOCKER3 82 SMK2 E+ E- ECM ~ 29 GEV
8 IN THE STABLE PARTICLE TABLES WE QUOTE AN UPPER LIMIT 0.014 OR LESS

TAU+- INTO CNUTAU K~&892)+-)/TOTAL CP?1)
11 0 ~ 017 0 ~ 007 DORFAN 81 SMK2 E+E- 4.2-6 ~ 7GEV ECM

TAU+- INTO (NUTAU K*C 1430)+-)/TOTAL CP22)
0 0.009 OR LESS CL~. 95 DORFAN 81 SMK2 E+E- 4 ' 2-6.7GEV ECM

TAU+- INTO CNUTAU PI+-)/TOTAL (P12)
1138 0.117 0.019 BLOCKER1 82 SMK2 E+E- ECM~3. 5-6.?GEV

E 34 0.099 0.021 BEHREND 83 CELL E+E- ECM~34 GEV ~

E STATISTICAL AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE.

AVG 0.109 0.014 AVERAGE
FIT 0 ~ 103 0.012 FROM FIT

TAU+- INTO (NUTAU 2PI+- PI-+ NON-RES. )/TOTAL CP13-P9)(0.014)OR LESS CL~ ~ 95 WAGNER 80 PLUT E+E- 4-5 GEV ECM

TAU+- INTO (NUTAU K+-)/TOTAL CP23)
15 0.013 0.005 BLOCKER2 82 SMK2 E+E- ECM~3. 9-6.?GEV

TAU+- INTO (NUTAU RHO+-)/TOTAL (P16)
E 101 0 ~ 228 0.033 BEHREND 83 CELL E+E- ECM~34 GEV.
E STATISTICAL AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE ~

FIT 0.221 0.024 FROM FIT

8/81
8/81

10/83*
10/83*
3/84*

12/81
12/81

12/81
12/81

2/82
11/83*
11/83*

?/e?

11/82+
11/82*

11/83*
11/834

BRANDELI 78 PL 738 109
HEILE 78 NP 8138 189
JAROS 78 PRL 40 1120
SMITH 78 PR D18

ABRAMS 79 PRL 43 1555
ALEXANDE 79 PL 818 84
ALLES 79 NCL 25 404
BACIN01 79 PRL 42 6
BACIN02 79 PRL 42 749

BLOCKER
BRANOELI
WAGNER
ZHOLENTZ

ALSO
BERGER
DORFAN

BEHR END
BLOCKER1
BLOCKER2
BLOCKER3
FELOMAN
FORD
HAYES

80 LBL-10801,THESIS
80 PL 928 199
80 ZPHY C3 193
80 PL 968 214
81 YAD. PHYS. 34 1471
81 PL 998 489
81 PRL 46 215

82 PL 1148 282
82 PL 1098 119
82 PRL 48 1586
82 PRL 49 1369
82 PRL 48 66
82 PRL 49 106
82 PR D25 2869

BEHREND 83 PL 1278 270
BEHREND2 83 NP 8211 369
JAROS 83 PRL 51 955

BRANDELIK + (AACH+DESY+HAMB+ MPIM+TOKY)J
+PERL, ASRAMSgALAN, BOYARSKI+ (SLAC+LBL)
+ABRAMS, ALAM+ (SLAC+LBL+NWES+HAWA)
+FORD, MORSE, MANN, RESVANIS+ (COLO+PENN+WISC)

eALAM, BLOCKER, BOYARSKI+ (SLAC+LBL)
ALEXANDER + (DESY+AACH+HAMB+SIEG+WUPP)
W ~ ALLES (BGNA) J
+FERGUSON, NODULMAN + (UCLA+SLAC+UCI+STON)
+FERGUSON, NODULMAN+ (UCLA+SLAC+UCI+STON)

C. A. BLOCKER (LBL)
BRANDELIK + (AACH+SONN+DESY+HAMB+LOIC+OXF+)
+ALEXANDER+ (AACH+OESY+HAMB+SIEG+WUPG)
+KURDADZE, L ELCHUK, MI SHNEV, NIK ITIN+ (NOVO)
ZHOLENTZ + (NOVO)
+GENZEL+(AACH+BERG+DESY+HAMB+UMD+SIEG+WUPG)
+BLOCKER ~ ABRAMS ~ ALAM + (SLAC+LBL)

+CHEN+ (D ESY+KARL+MP IM+LALO+LPNP+SACL)
+DORFAN t ABRAMS ~

ALAMO'

BLONDEL+ (LBL+SLAC) J
+ABRAMS, ALAM, BLONDEL, BOYARSKI + (SLAC+LBL)
+LEVI, ABRAMS, AMIDEI, BACKER+ (HARV+LBL+SLAC)
+TRILLING, ABRAMS, AMIDE I+ (SLAC+LBL+HARV)
+SMITH+(COLO+FRAS+NEAS+STAN+SLAC+UTAH+WISC)
+PERL, ALAM, BOYARSKI, BREIDENBACH+ (SLAC+LBL)

+CHEN+ (DESY+KARL+MP IM+LALO+LPNP+SACL)
+CHEN+ (D ESY+KARL+MP IM+LALO+LPNP+SACL )
+AMIDE I,TRILLING+ (SLAC+LSL+HARV)

R51
R51
R51
R51

R52
R52
R52
R52

TAU+- INTOCIIU+- 6AMNA(S) + E+- 6ANNACS»/TOTAL CP31+P32&
TEST OF LEPTON FAMILY NUMBER CONSERVATION

8 (0.12) OR LESS CL~. 90 SURMEST2 77 PLUT E+E- 4-5 GEV ECM
8 ASSUMES SAME MU, E MOM. SPEC ~ AS (MU E + NOTHING DETECTED).

TAU+- INTO(NU+- CHGD. PARTS. + E+- CHGD. PARTS. )/TOTAL (P33+P34)
TEST OF LEPTON FAMILY NUMBER CONSERVATION

8 0.04 OR LESS CL~.90 BURMEST2 77 PLUT E+E- 4-5 GEV ECM
8 ASSUMES SAME MU g E MOM SPEC AS (MU E + NOTHING DETECTEO ) ~

12/77
12/77

12/77
12/77

REVIEWS

PERL? 77 HAMBURG SYMP. ALSO ISSUED AS SLAG-PUB-?022, M. PERL (SLAG)
FLUGGE 77 MESON CONF ~ BOSTON ALSO ISSUED AS DESY 77-35, G ~ FLUGGE (OESY)

AZIMOV 78 SPU 21 225 +FRANKFURT, KHOZE (LENI)
FELDMAN 78 TOKYO CONF. , P. 777 G. J.FELDMAN (19TH INTL. CONF. ON HEP)(SLAG)J
PERL 78 SLAG-PUB-2219 M. L. PERL (KARLSRUHE SUMMER INST. 1978)(SLAG)

FL'UGGE
KIRKBY
PERL

79 ZPHY C1 121 G ~ FLUGGE (DESY)
79 SLAC-PUS-2419 J.KIRKBY(LEPTON PHOTON SYMP. BATAVIA)(SLAG)J
80 ARNPS 30 299 M ~ L ~ PERL (SLAG)

*00%4* 0004*4**0 *04**0*0*440***40*4***0***0**00400%4 44*4*4040 00404444
400000 000000000 0400000*4 00*0****0*****0*0*000**0040 000*00400 00044000
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S86 Particle Data Group: Review of particle properties

Stable Particles
SEARCHES FOR MASSIVE v'S R LEPTON MIXING

Data Card Listings

SEARCHES FOR MASSIVE NEUTRINOS
AND LEPTON MIXING

SEE THE MOTE ON NEUTRINOS BY R. E. SHROCK IN THE ELECTRON NEUTRINO
SECTION NEAR THE BEGINNING OF THESE DATA CARD LISTINGS.

SEARCHES FOR INDIRECT EFFECTS OF NEUTRINO MASSES AND LEPTON MIXING
ARE LISTED HERE. DIRECT SEARCHES FOR MASSES OF DOMINANTLY COUPLED
NEUTRINOS ARE LISTED IN THE APPROPRIATE SECTION ON NU-MU, NU-E,
OR NU-TAU ~ RESULTS OF THESE INDIRECT SEARCHES ARE CORRELATED
UPPER BOUMDS ON MIXING MATRIX COEFFI CIENTS U(A, J) VERSUS
NEUTRINO .MASS ~ THESE RESULTS ARE DIVIDED INTO THREE SECTIONS--

(A) BOUNDS FROM PARTICLE AND NUCLEAR DECAYS
(8) BOUNDS FROM NEUTRINO REACTIONS
(C) SEARCHES FOR NEUTRINOLESS DOUBLE BETA DECAY

DN
DM

DM

DM

DM

DM

DM

5 (B). BOUNDS FROM NEUTRINO REACTIONS

5 SOLAR NEUTRINO EXPERINENTS

SOLAR NU FLUX &UNITS' SNU)
( 1 SOLAR NEUTR I NO UN IT ~ SNU ~ ~ 1 E 36 CAPTURES /SEC /TARGET ATOM)

(7.3) ( 1.5) SAHCALL 80 THEOR. GALS FLUX
2. 1 0 ~ 3 DAVIS 81 ME AS. FLUX

(7.0) (3.0) F I L IPPONE 82 THEOR. CALC. FLUX
SEE ALSO THE REVIEW BY BAHCALL 82 AND THE ANALYSIS BY EHRLICH 82.

5 DEEP IIINE EXPER IIIENTS

R~ &NEASURED FLUX OF NU-MU)/(EXPECTED FLUX Of NU-MU)
0.62 0 ~ 17 CROUCH 78 CASE WEST/UCI

8 0 ' 95 0.22 BOL IEV 81 BAKSAN
8 FROM THIS DATA BOLIEV 81 OBTAIN THE LIMIT DELTA(M**2) .LE. 6.E-3
8 EV**2 FOR MAXIMAL MIXING, NU(MU) -/-) NU(MU) TYPE OSCILLATION.

AVERAGE MEANINGLESS (SCALE FACTOR ~ 1.2)

5 REACTOR ANTINEUTRINO EXPERIMENTS

1/82
1/82
1/82

12/83*

1/82
12/83*
12/83*
12/83*

U1J
U1J
U1J
U1J 0
U1J 0
U1J A

U1J 8
U1J 8
U1J C
U1J C
U1J 0
U1J A

U1J 8
U1J 8
U1J C
U1J
U1J
U1J
U1J
U1J
U1J
U1J
U1J
U1J 8
U1J 8
U1J 8
U1J
U1J
U1J 8
U1J 8
U1J 8
U1J 8
U1J 8
U1J
U1J
U1J
U1J
U1J

UZJ
U2J
U2J
U2J A

U2J A

U2J A

U2J A

U2J A

U2J 8
U2J 8
U2J C

U2J C
U2J C
U2J
U2J
U2J D

UZJ D

U2J D

U2J D

U2J D

U2J D

U2J D

U2J E
U2J E
U2J E
U2J E
U2J E
U2J E
U2J A

U2J A

U2J 8
U2J C

U2J 0
U2J E
U2J
U2J
U2J
U2J
U2J
U2J

APPL I CAT ION
5 ~ E-2

E-2
1 ~ E-2
1 ~ E-4
3 ~ E-5
6. E-3
5. E-3
6. E-6
5. E-7
6. E-6

OF PEAK SEARCH TEST TO EXISTING
OR LESS CL~.95 SHROCK 80
OR LESS CL .95 SHROCK1 81
OR LESS CL~.95 SHROCK1 81
OR LESS CL~.68 SHROCK1 81
OR LESS CL~.68 SHROCK1 81
OR LESS CL~.68 SHROCK1 81
OR LESS CL .68 SHROCK1 81
OR LESS CL~.95 ASANO 81
OR LESS CL~. 95 ASANO 81
OR LESS CL~.95 ASANO 81

DATA ~

M(NU-J)~4-6 MEV
M(NU-J)17 MEV

~13 ME V
M(NU-J)~13 MEV

~33 ME V
M(NU-J)~80 MEV

~120 MEV
M(NU-J)»240 MEV

~280 MEV
~300 MEV

NEW EXPERIMENTS TO APPLY PEAK SEARCH TEST.
1. E-1 OR LESS CL~.90 ABELA 81 M(NU-J)~4 MFV
7. E-5 OR LESS CL~.90 ABELA 81 ~11 MEV
2. E 4 OR LESS CL~90 ABELA 81 M(NU-J)~11 MEV
2. E-5 OR LESS CL~ ~ 90 ABELA 81 ~16 MEV
2. E-5 OR LESS CL ~ 90 ABELA 81 M(NU- J) 16-30 MEV
1. E-2 OR LESS CL~.95 CALAPR ICE 81 M(NU- J)~7 MEV
3- E-3 OR LESS CL~.95 CALAPRICE 81 ~33 MEV
2. E-5 OR LESS CL~.95 ASANO 81 M(NU-J)~170 MEV
3. E-6 OR LESS CL ~ 95 ASANO 81 ~210 MEV
3. E-6 OR LESS CL~.95 ASANO 81 ~230 MEV
1. E-4 OR LESS CL~.90 HAYANO 82 M(NU-J)~70 MEV
9. E-7 OR LESS CL~.90 HAYANO 82 ~250 MEV
5. E-6 OR LESS CL~.90 HAYANO 82 ~330 MEV

ANALYSIS OF MAG. SPEC. EXP. , BC EXP. AND EMUL. EXP. OM PI+ --) MU+
NU-MU DECAY.
ANALYSIS OF MAG ~ SPEC. EXP' OM K--)MU, NUMU DECAY.
ANALYSIS OF EXP' ON K+ --) MU+ NU-MU NU-X ANU-X DECAY.
PI+ --) MU+ NU-MU PEAK SEARCH EXP.
K+ --) MU+ NU-MU PEAK SEARCH EXP.

PEAK SEARCH IM MUON-CAPTURE
LIMIT ON CABS(U(2, J))**2 AS FUNCTION OF(1.E-1) OR LESS DEUTSCH

(7 ~ E-3) OR LESS DEUTSCH(1.E-1) OR LESS DEUTSCH

MA SS ( NU- J )
83 M(NU-J)~45 MEV
83 ~70 MEV
83 ~85 MEV

5 &A). BOUNDS FR&N PARTICLE AND NUCLEAR DECAYS

LIIIITS ON CABS&U&1, J))»*2 AS FUNCTION OF NASS&NU-J)

APPLICATIOM OF PEAK SEARCH TEST TO EXISTING DATA.
1. OR LESS CL~.95 SIMPSON 81 M(NU-J)~0. 1 KEV
4. E3 OR LESS CL~95 SIMPSON 81 ~10 KEV
0. 1 OR LESS CL .68 SHROCK 80 M(NU-J) 0.1-3 MEV
1. E-4 OR LESS CL .68 SHROCK1 81 M(NU- J) 10 MEV
5. E-6 OR LESS CL~.68 SHROCK1 81 ~60 MEV
1. E-5 OR LESS CL .68 SHROCK 80 M(NU-J) 80 MEV
3. E-6 OR LESS CL .68 SHROCK 80 ~160 MEV

APPLICATION OF KINK SEARCH TEST TO TRITIUM BETA DECAY KURIE PLOT.
APPLICATION OF TEST TO SEARCH FOR KINKS IN BETA DECAY KURIE PLOTS.
ANAl YSIS OF (Pl+ --) E+ NU-E)/(Pl+ --) MU+ NUMU) AND
(K+ --) E+ NUE)/(K+ --) MU+ NUMU) DECAY RATIOS.
ANALYSIS OF (K+ --) E+ NUE) SPECTRUM.

NEM EXPERIMENTS TO APPLY PFAK AND KINK SEARCH TESTS.
1. E-4 OR LESS CL~.90 BRYMAN 83 CNTR M(NU-J)~5 MEV
1.5E-6 OR LESS CL~.90 BRYMAN 83 CNTR ~53 MEV
1 ~ E-5 OR LESS CL~.90 SRYMAN 83 CNTR ~70 ME V
1. E-4 OR I.ESS CL~.90 SRYMAN 83 CNTR ~130 'MEV

SEARCHES FOR DECAYS OF MASSIVE NEUTRINOS
1. E-2 OR LESS CL~.90 BERGSMA 83 CNTR M(NU-J)~10 MEV
1. E-5 OR LESS CL~90 SERGSMA 83 CNTR ~110 MEV
6. E-7 OR LESS CL~.90 BERGSMA 83 CNTR ~410 MEV
1. E-5 OR LESS CL~.90 GRONAU 83 M(NU-J)~160 MEV
1. E-6 OR LESS CL~.90 GRONAU 83 M(NU-J)~480 MEV

BERGSMA 83 ALSO QUOTE LIMITS ON CABS(U(1, 3))**2 WHERE THE INDEX 3
REFERS TO THE MASS EIGENSTATE DOMINANTLY COUPLED TO THE TAU. THOSE
LIMITS ARE SENSITIVE TO ASSUMPTIONS ABOUT F PRODUCTION AND F MASS.
A 1970 MEV F MASS MOULD WEAKEN THESE LIMITS AND WOULD GIVE NO

LIMIT FOR NU-TAU MASS ABOVE 190 MEV.

KINK SEARCH IN NUCLEAR BETA DECAY
USE-2 OR LESS CL~. 90 SCHRECKEN 83 CNTR M(NU-J)~30 KEV
0.4E-2 OR LESS CL .90 SCHRECKEN 83 CNTR 140 KEV
0.8E-2 OR LESS CL~.90 SCHRECKEN 83 CNTR ~440 KEV

LINITS ON CABS&U&Z, J))»*2 AS FUNCTION OF NASS&NU-J)

1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

1/82

12/83*
12/83*
12/83*
1?/83*

12/83*
12/83»
12/83*
2/84*
2/84»
2/84»
2/84»
2/84*
2/84*
2/84*

2/84*
2/84*
2/84*

1/82
1/82
1/82
1/82
1/e?
1/82
1/82
1/82
1/82
1/82

1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

11/82*
11/82*
11/82*

1/82
1/e?
1/82
1/82
1/82
1/82

12/83*
12/83*
12/83*

RD
RD
RD
RD
RD
RD
RD
RD
RD
RD
RD
RD
RD
RD
RD
RD

8
A R
A R

8
V
8
8
8
A
A

A
A

R
R
V

D1
D1
D1
01
01
D1

--& NU-E
DELTA(N»*2) FOR

1.2 OR
1.2 OR
1.7 OR
0.6 OR
1.7 OR

SIN(2»THETA)»»2 1 (UNITS EV**2) NU-MU —& NU-E
LESS CL~.95 BELLOTTI 76 HLBC GGM CERN PS
LESS CL~ ~ 95 SLIETSCHA 78 HLBC GGM CERN PS
LESS CL~.90 ARMENISE 81 HLSC GGM CERN SPS
LESS CL~.90 BAKER 81 HLSC 15FT FNAL
LESS CL~.90 ERRIQUEZ 81 HLBC BEBC CERN SPS

S1
S1
S1
S1
S'1
S1

SIN(2»THETA)»»2
E-2 OR

6 ~ E-2 OR
1. E-2 OR
6 ~ E-3 OR
1 ~ E-2 OR

FOR IsLARGEII
LESS CL~.95
LESS CL~.95
LESS CL~.90
LESS CL=.90
LESS CL~.90

DELTA&M»»2)
BELLOTTI 76 HLBC
BLIETSCHA 78 HLBC
ARMENI SE 81 HLSC
BAKER 81 HLSC
ERR IQUEZ 81 HLSC

NU-MU —) NU-E
GGM CERN PS
GGM CERN PS
GGM CERN SPS
15FT FNAL
BEBC CERN SPS

ANU-MU —) ANU-E

D2
D2
D2
D2

82
S2
S2
S2

DELTA&1»»2) FOR SIN(2*THETA)»»2~1 (UNITS EV**2) ANU-MU —& ANU-E
1. OR LESS CL~.95 BLIETSCHA 78 HLSC GGM CERN PS
0 91 OR LESS CL~.90 NEMETHY 81 CNTR LAMPF
2.4 OR LESS CL~.90 TAYLOR 83 HLSC 15 FT FNAL

SIN(2»THETA)»»2 FOR ''LARGE'' DELTA(M»»2) ANU-MU —) ANU-E
6. E-2 OR LESS CL=.95 BLIETSCHA 78 HLSC GGM CERN PS
0.2 OR LESS CL~.90 NEMETHY 81 CNTR LAMPF
1.3E-2 OR LESS CL~.90 TAYLOR 83 HLBC 15 FT FNAL

NU-Nj —) NU-TAU

03
03
D3
D3
D3

DE L'TA(1»»2) FOR
4 ~ 6 OR
3 ~ OR
6 ~ OR
3 ~ OR

SIN(2*THETA)»»2~1 (UNITS EV*»2) NU-MU —& NU-TAU
LESS CL~90 ARMENISE 81 HLBC GGM CERN SPS
LESS CL~.90 BAKER 81 HLBC 15FT FNAL
LESS CL= ~ 90 ERRIQUEZ 81 HLBC BEBC CERN SPS
LESS CL= ~ 90 USHIDA 81 EMUL FNAL

S3
S3
S3
S3
S3

SIN&2»THETA)»»2
1.7E-2 OR
6 ~ E-2 OR
5. E-2 OR
1.3E-2 OR

FOR ''LARGE'' DELTA&N*»2)
LESS CL~.90 ARMENISE 81
LESS CL~.90 BAKER 81
LESS CL~.90 ERRIQUEZ 81
LESS CL~.90 USHIDA 81

NU-IIU —) NU-TAU
HLBC GGM CERN SPS
HLBC 15FT FNAL
HLBC BEBC CERN SPS
EMUL FNAL

(EVENTS OBSERVED)/(EVENTS EXPECTED) FROM REACTOR ANU-E EXPTS.
(0.89) (0 ' 15) BOEHM 80 ANU-E P --) E+ N

0.38 0.21 RE INES 80 SEE NOTE A

0 ' 40 0 ' 22 RE INES 80 SE E NOTE A
0.955 0 ~ 12 KWON 81 ANU E P --) E+ N

1.05 0 ' 054 VUILLEUMI 82 ANU-E P —) E+ N

KWON 81 REPRESENTS AN ANALYSIS OF A LARGER SET OF DATA FROM THE
SAME EXPERIMENT AS BOEHM 80. SYST.+STAT. ERRORS COMBINED IN
QUADRATURE'
REINES 80 INVOLVES COMPARISON OF NEUTRAL- AND CHARGED-CURRENT
REACTIONS ANU-E D --) N P ANU-E AND ANU-E 0 --) N N E+ RSPECTIVELY.
COMBIMED ANALYSIS OF REACTOR ANU-E EXPTS. MAS PERFORMED BY
SILVERMAN 81 ~

THE TMO REINES 80 VALUES CORRESPOND TO THE CALCULATED ANU-E FLUXES
OF AVIGNONE-GREENWOOD AND DAVIS ET AL RESPECTIVELY.
STATISTICAL AND SYSTEMATIC ERRORS COMBINED IN QUADRATURE.

5 ACCELERATOR EXPERIMENTS

BOUNDS ON DELTA(ll»»2) VS. SIN(2»THETA)»*2
MHERE DELTA(M**2) IS MAGNITUDE OF ( MASS(NU-I)**2 — MASS(NU-J)**2)
AND THETA IS THE MIXING ANGLE FOR THE SIMPLIFYING ASSUMPTION OF
MIXING BETWEEN TMO NEUTRINO FAMILIES ONLY.

EACH EXPERIMENTAL RESULT IS A PLOT GIVING ALLOMED AND EXCLUDED
REGIONS AS FUNCTIONS OF DELTA(M**2) AND SIN(2*THETA)**2. ME QUOTE
TMO REPRESENTATIVE LIMITS FROM EACH PLOT

1) DELTA(M**2) FOR SIN(2*THETA)**2=1.
2) SIN(2»THETA)»*2 FOR ''LARGE'' DELTA(M**2), I.E. SUFFICIENTLY

LARGE DEl. TA(M**2) THAT THE DETECTOR MOULD MEASURE ONLY AN

EFFECT AVERAGED OVER MANY OSCILLATIONS.
EXPERIMENTS ARE OF TMO GENERAL TYPES

(A) THOSE WHICH SEARCH FOR NU(A)--)NU&S) (8 NOT EQUAL A), I.E.
THE APPEARANCE OF L(8) FROM CHARGED CURRENT REACTION OF A

NU(A) BEAM.
(8) THOSE WHICH SEARCH FOR THE 'DISAPPEARANCE' OF PART OF THE

INITITAL NU(A) BEAM BY COMPARING THE NUMBER OF OBSERVED L(A)
EVENTS WITH THE NUMBER EXPECTED FROM FLUX CALCULATIONS.
THESE EXPERIMENTS DO NOT TRY TO OBSERVE THE ANOMALOUS
L(B)'ST ME LABEL SUCH EXPERIMENTS AS NU-A -/-) NU-A

1/82
1/82
1/82
1/82

11/82*
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

11/82*

1/82
1/82
1/82
1/82
1/82

1/82
1/82
1/82
1/82
1/82

1/82
1/82
2/84*

1/82
1/82
2/84*

1/82
1/82
1/82
1/82

1/82
1/82
1/82
1/82

UAJ
UAJ
UAJ
UAJ

PRO
PRO
PRO
PRO
PRO

1. E-2 OR LESS CL~.90 BERGSMA
1. E-5 OR LESS CL~.90 BERGSMA
7. E-7 OR LESS CL~.90 BERGSMA

83 CNTR M(NU-J)=10 MEV
83 CNTR ~140 MEV
83 CNTR ~370 MEV

LIIIITS ON CABS&U&A, J))»*2, WHERE A~1,2, FRON RHO PARAM. IN MU DECAY.
1 E-2 OR I ESS CL~ 68 SHROCK2 81 M( NU- J ) m 10 ME V

2. E-3 OR LESS CL~.68 SHROCK2 81 ~40 MEV
4. E-2 OR LESS CL .68 SHROCK2 81 ~70 MEV

LINITS ON CABS&U&1, J)»U(2~ J)) AS FUNCTION OF MASS&NU-J)

1/82
1/82
1/82

12/83*
12/83*
12/83*

ANU-NJ —) ANU-TAU

04
04
D4

S4
S4
S4

DELTA&M»»2) FOR SIN&2*THETA)»*2~1 (UNITS EV»»2) ANU-MU —& ANU-TAU
2.2 OR LESS CL= ~ 90 ASRATYAN 81 HLBC FNAL 1/82
7 ' 4 OR LESS CL~.90 TAYLOR 83 HLSC 15 FT FNAL 2/84*

SIN(2»THETA)*»2 fOR ''LARGE'' DELTA(M**2) ANU-MU —) ANU-T'AU
4.4E-2 OR LESS CL~. 90 ASRATYAN 81 HLBC FNAL
8.8E-2 OR LESS CL~.90 TAYLOR 83 HLBC 15 FT FNAL

1/82
2/84»
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For notation, see key at front of Listings. Stable Particles
MASSIVE v'S &: LEPTON MIXING, v BOUNDS FROM ASTROPHYSICS &. COSMOLOGY

NU-E -/-) IU-E

06
06
D6
D6
D6

DEI.TACN»»2) FOR SIN(2»THETA)»»2 1 (UNITS EV**2) NU-E -/-) HU-E
8. OR LESS CL~.90 BAKER 81 HLBC 15FT FNAL

56. OR LESS CL~90 DEDEN 81 HLBC BEBC CERN SPS
10. OR LESS CL .90 ERRIQUEZ 81 HLBC BESC CERN SPS
2.3 TO 8 EXCLUDED CL~.90 NENETHY 81 CNTR LANPF

S6 SIN(?»THETA)»»2 FOR ''LAR6E'' DELTA(M»»2) NU-E -/-) HU-E
S6 0.6 OR LESS CL~.90 BAKER 81 HLBC 15FT FNAL
S6 0.3 OR LESS CL~.90 OEDEH 81 HLBC BEBC CERN SPS
S6 7.E-2 OR LESS CL~.90 ERRIQUEZ 81 HLBC BEBC CERN SPS

1/82
1/82
1/82
1/82

1/82
1/82
1/82

BALTAY
SOL I EV
CALAPRIC
DAVIS
OEDEN
DOI

ALSO
ALSO

81 NU 81 CONF HAWAII
81 SJNP 34 787
81 PL 1068 175
81 BNL NU WKSHP
81 PL 988 310
81 PL 1038 219
81 PTP 66 1739
81 PTP 66 1765

ASRATYAN 81 PL 1058 301
BAKER 81 PRL 47 1576

ALSO 78 PRL 40 144

+EFRENENKO, FEDOTOV + (ITEP+FHAL+SERP+NICH)
+CONNOLLY, KAHN, KIRK, MURTAGH+ (BNL+COLU)
CNOPS, CONNOLLY, KAHN, KIRK+ (BNL+COLU)

C.BALTAY (COLU)
+BUTKEVICH, ZAK IDYSHEV, NAKOEV, NIKHEEV+(INRM)
CALAPR ICE, SCHREISER, SCHHEIOER + (PRIN+INO)
B.T ~ CLEVELAND, R.DAVIS JR. , J.K. ROWLEY (SNL)
+ (AACH+BONN+CERN+ATEN+LOIC+OXF+SACL)
+KOTANI, NISHIURA, OKUOA, TAKASUGI (OSAK)
OOI, KOTANI, NISHIURA, OKUDA, TAKASUGI (OSAK)
OOI, KOTANI, NISHIURA, OKUDA, TAKASUGI (OSAK)

ANU-E —) ANU-TAU

S7 SIN(?*THETA)»*2 FOR ''LARGE'' DELTA(M»»2) ANU-E —) AHU-TAU
S7 F 0.7 OR LESS CLM ~ 90 FRITZE 80 HYBR BEBC CERN SPS
S7 F AUTHORS GIVE P(NUE--)NUTAU)( .35, EQUIVALENT TO ABOVE LIMITS

NU-NU —) CANU-E)-L

THIS IS A LIMIT ON LEPTON FAMILY-NUMBER VIOLATION AND TOTAL LETPON-
NUNBER VIOLATION. (ANU-E)-L DENOTES A HYPOTHETICAL LEFT-HANDED
ANTI-ELECTRON NEUTRINO. THE BOUND IS QUOTED IN TERNS OF DELTA
(N*»2), SIN(2»THETA), AND ALPHA, 'WHERE ALPHA DENOTES THE FRACTIONAL
AONIXTURE OF (V+A) CHARGED CURRENT.

1/82
1/82

12/83»
12/83*
12/83»
12/83»
12/83»

A01 ALPNA»OELTACM»»2) FOR SIN(2»THETA)*»?~1 (UNITS EV»*2) 12/83»
A01 C 7.E-1 OR LESS CL~.90 COOPER 82 HLBC 12/83»
A01 C EXISTING SOUNDS ON V+A CURRENTS REQUIRE ALPHA SMALL — SEE COOPER82. 12/83»

AS1 ALPIIA»»?»SIN(2»THETA)»*2 FOR ''LAR6E'' DELTACN**2) 12/83»
AS1 C 1.E-3 OR LESS CL~.90 COOPER 82 HLBC 12/83»
AS1 C EXISTING BOUNDS ON V+A CURRENTS REQUIRE ALPHA SMALL — SEE COOPER82. 12/83»

NU-E —) CAHU-E)-L 12/83»

AS2
AS2 C
AS2 C

Al. lHA»»2»SIN(2»THETA)»»2 FOR ~ ~ LAR6E ~ ~ DELTA(N*»2) 12/83»
5.E-2 OR LESS CL~.90 COOPER 82 HLBC 12/83»

EXISTING BOUNDS ON V+A CURRENTS REQUIRE ALPHA SMALL — SEE COOPER82. 12/83»

5 CC) ~ SEARCHES FOR NEUTRINOLESS OOUBLE BETA DECAY

THE DECAY (Z ~A) . ) (2+2 ~ A) + E + E ~ I E NEUTR I NOLESS DOUBLE
SETA DECAY, VIOLATES TOTAL LEPTON NUMBER SY TWO UNITS. IT IS
FORBIDDEN IF NEUTRINOS ARE DIRAC PARTICLES BUT CAN OCCUR IF
NEUTRINOS ARE NAJORANA PARTICLES AND (A) THEY ARE MASSIVE OR
(8) THEY HAVE NON (V-A) COUPLINGS ~ PRIMAKOFF 81, ROSEN 81, ANO
HAXTON 83 DISCUSS CORRELATED BOUNDS ON MNUW AND RIGHT-HANDED
COUPLINGS- FURTHER THEORETICAL DISCUSSIONS INCLUDE DOI 81,
HAXTON 82, AND GROTZ 83.

SEE NOTE FOR NU-MU --) (ANU-E)-L LIMIT 12/83»
AO? ALPIIA»OELTACN»»2) FOR SIN(?»THETA)~1 (UNITS EV**2) ;. 12/83»
A02 C 7. OR LESS CL~.90 COOPER 82 HLBC 12/83*
AD2 C EXISTING BOUNDS ON V+A CURRENTS REQUIRE ALPHA SMALL — SEE COOPER82. 12/83»

ERRIQUEZ 51 PL 1028 73
HAXTON 81 PR L 47 153
KWON 81 PR D24 1097
NEMETHY 81 PR D23 262

+NATAL I+ (BAR I+BI RM+LI BH+EPOL+RHEL+SACL+)
+G ~ J ~ STEPHENSON, D ~ STROTTNAN (PURD, LASL)
+SOEHN, HAHN, HENRIKSON+ (C IT+GREN+MUNI )
+ (YALE+LBL+LASL+MIT+SACL+SIN+CNRC+BERN)

PRINAKOF 81 ARNS 31 145 H. PR IMAKOF F, S.P ~ ROSEN
ROSEN 81 NU 81 CONF HAWAII S.P ~ ROSEN

ALSO 78 RMP 50 11 D. BRYMAN, C.P ICCIOTTO
SHROCK1 81 PR D24 1232 R.E.SHROCK
SHROCK2 81 PR 024 1275 R.E.SHROCK

(PURD)
(PURO)

(TRIU, V I CT)
(STON)
(STON)

SILVERMA 81 PRL 46 467
SINPSOH 81 PR 024 2971
USHIDA 81 PRL 47 1694
WOLFENST 81 PL 1078 77

D. SILVERMAN, A ~ SONI (UC I+UCLA)J.SIMPSON (GUEL)
(AICH+FNAL+KOBE+SEOU+MCGI+NAGO+OSU+OKAY+)

L.WOLFENSTEIN (CARN)

BAHCALL
COOPER
EHRL ICH
F I L IPPON
HAXTON
HAYANO
Nl NKOWSK
VERGADOS

ALSO
ALSO

VU IL LEUM

AV IGNOHE
BELLOTTI
BERGSMA
BRYNAN

ALSO
OEUTSCH
DOI
GRONAU
GROTZ
HAXTON
KIRSTEN

ALSO
SCHRECKE
TAYLOR

82 RNP (TO SE PUSL. )
82 PL 1 128 97
82 PR 025 2282
82 APJ 253 393
82 PR 025 2360
82 PRL 49 1305
82 NP 8201 269
82 PL 1098 96
82 PL 1138 513
83 NP 2188 109
82 PL 1148 298

83 PRL 50 721
83 PL 1218 72
83 PL 1288 361
83 PRL 50 1546
83 PRL 50 7
83 PR D27 1644
83 PTP 69 602
83 PR D28 2762
83 JPG 9 L169
83 CNPP 11 41
83 PRL 50 474
83 ZPHY 16 189
83 PL 1298 265
83 PR D28 2'705

+HUEBNER, LUBOW+ (IAS+LANL+HPC+YALE+UCLA)
+GUY, MICHETTE, TYNDEL, VENUS (RL)
R ~ EHRL ICH (GNAS)
B.W. FILIPPONE, O. H. SCHRANM (ANL+EF I)
+STEPHENSOH, STROTTMAN (LANL+PURD)
+TANIGUCHI, YAMANAKA + (TOKY+KEK+TSUK)
P MI NKOWSK I (BERN)J.D. VERGADOS (CERN)
J ~ 0.VERGAOOS (CERN)J.O. VERGADOS (CERN)
VUILLEUNIER, BOEHM, EGGER + (CIT+SIN+NUNI )
+BROOZINSKI, BROWN, EVANS, HENSLEY+ (SCUC+PNL)
+ F I OR IN I, L I GUROR I, PULL I A, SARRAC I NO+ (MILA)
CHARM COLLAB. (ANIK+CERN+HAMB+ ITEP+ INFN)
+DUBOI S,NUMAO, OLANI YI,OL IN+ (TR IU+CNRC )
BRYNAN, DUBOIS, NUNAO, OLANIYA+ (TR IU+CNRC)J.P.OEUTSCH, N ~ LEBRUN, R.PRI EELS (LVLN)
+KOTAN I ~ N IS H I URA ~ TAKASUG I (OSAK+KYOT)
GRONAU (HAIF)
K. GROTZ, H. V ~ KLAPDOR, J ~ METZINGER . (NPIH)
W. C ~ HAXTON (LASL+PURD)
T.K IRSTEN, H ~ RI CHTER, E ~ JESSBERGER (NPI H)
T.KIRSTEN, H ~ RICHTER, E ~ JESSBERGER (MPIH)
SCHRECKENBACH, COLV IN+ (GREN+ ILLG)
+CENCE, HARR IS,JONES+ (HAWA+LBL+FNAL)

»»»*»» »»****»»» »»»»»»»»* »»*»»»»»» »»»»»»*»» »»»***»»» »»»*»****»»»»»»»*
»**»»»»»»»»»»»* *1»»»»»»»»»»»*»»»»»»»1»»1*» *»*»»»»»»»*1»»»»»»»»»*»»*»

NW

NW

NW

NW

NW

MW

NW

MW D

NW H

NW M

MW

MW

NW 8
MW 8
NW

MW D

MW D
M'W D

MW H

MW H

NW H

MW H

MW H

MW M

MW M

MW N

MW M

MW M

MW N

MW 8
NW 8

ETA
ETA
ETA
ETA
ETA
ETA
ETA 8
ETA 8
ETA
ETA 8
ETA 8

MNUW, THE EFFECTIVE WEIGHTED SUM OF NEUTRINO MASSES CONTRIBUTING TO
NEUTRINOLESS DOUBLE BETA DECAY (UNITS EV)

MNUW~ CABS(SUM FROM 1 TO N OF U( 1,J)**2*M(NU-J)), WHERE N~ NUMBER
OF NEUTRINO GENERATIONS, AND NU-J IS A NAJORANA NEUTRINO. NOTE
THAT U( 1,J)»*2, NOT CABS(U(1, J))»»2, OCCURS IN THE SUN; THE
POSSIBILITY OF CANCELLATIONS HAS BEEN STRESSED IN WOLFENSTEIN 81.

(30.) APPROX. DOI 81
12. OR LESS HAXTON 81(.8) OR NORE MI NKOWSK I 82 CAUTION-SEE NOTE
40 OR LESS VERGADOS 82 CA-48
10 OR LESS CL~.90 AVIGNONE 83 CNTR+THY GE-76
22 OR LESS CLM. 68 SELLOTTI 83 CHTR+THY1 GE-76
8.3 OR LESS CL~.68 BELLOTTI 83 CNTR+THY2 GE-76
5.6 OR LESS CL~.95 KIRSTEN 83 SPEC+THY TE-128/TE-130

DOI 80 IS THEORETICAL ANALYSIS OF LIFETIME RATIO FOR
TELLURIUM-128/TELLURIUM-130 ANO USES NUCLEAR NATRIX ELEMENTS
CALCULATED BY VERGADOS.
HAXTON 81 IS THEORETICAL ANALYSIS OF LIFETIMES OF GERMANIUM-76 AND
SELENIUN-82, THE FORMER OF WHICH YIELDS MNUW ~ LT. 12 EV ANO THE
LATER OF WHICH YIELDS MNUW ~ LT. 15 EV. WE LIST THE MORE RESTRICTIVE
UPPER LIMIT ABOVE. THE DOI 81 VALUE OF MNUW AND THE HAXTON 81 LIMIT
ON NNUW BOTH ASSUME V-A COUPLINGS.
THE DEFINITION OF WEIGHTED NEUTRINO MASS GIVEN IN NINKOWSKI 82
IS WRONG IT SHOULD INVOLVE U(1, J)»»2, NOT CABS(U(1, J) )»»2. THE
CONCLUSION OF THIS PAPER, THAT 'EXPERIMENTAL RATES DO IMPLY A

VIOLATION OF LEPTON NUNBER', lS IH DISAGREEMENT WITH THE
CONCLUSIONS OF HAXTON 81, ROSEN 81, HAXTON 83, AVIGNONE 83 ~

KlftSTEN 83, AND SELLOTTI 83.
LIMITS ARE OBTAINEO FROM ANALYSIS OF DATA USING THEORETICAL
CALCULATIONS BY DOI-83 (~THY1) AND ROSEN 81 (~THY2).

LIMITS ON LEPTON-NUMBER VIOLATING (V+A) CURRENT ADMIXTURE
ETA IS DEFINED AS THE FRACTIONAL ADMIXTURE OF (V+A)
CHARGED CURRENT, RELATIVE TO (V-A) IN ELECTRON-TYPE
LEPTON SECTOR.

2.4E-5 OR LE SS AVIGNONE 83 CNTR+THY GE-76
4. E-5 OR LESS CL~.68 BELI.OTTI 83 CNTR+THY1 GE-76
1.5E-5 OR LESS CL~.68 BELLOTTI 83 CNTR+THY2 GE-76
2.4E-5 OR LESS CL~.95 KIRSTEN 83 SPEC+THY TE-128/TE-130

LIMITS ARE OBTAINED FROM ANALYSIS OF DATA USING THEORETICAL
CALCULATIONS BY DOI-83 (~THY1) AND ROSEN 81 (~THY2).

1/82
12/83»
12/83»
12/83»
12/83»
12/83»
12/83*

1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83*
12/83»
12/83*
12/83*
12/83*
12/83*
12/83»
12/83»

12/83*
12/83*
12/83»
12/83*
12/83*
12/83*

SELLOTTI 76 LNC 17 553
BLIETSCH 78 NP 8133 205
CROUCH 78 PR D18 2239

REFERENCES FOR COR. BOUNDS ON NU MASS ~ NIXIN6.

+CAVALL I, F IORINI, ROLL IER (MILA)
BL IETSCHAU+ (AACH+L I BH+CERN+EPOL+MI LA+ORSA+)
+LAND ECKER, LATHROP, RE INES+ (CASE+UC I+WI TW)

»»*»»» »»*»»»»** *»»»»*»»» »»»»»»»»» »»»*»*»»» »»»*»»»»» »*»*»»»»» *»»»»»»»

NEUTRINO BOUNDS FROM
ASTROPHYSICS AND COSMOLOGY

SEE THE NOTE ON NEUTRINOS BY R.E. SHROCK IH THE ELECTRON NEUTRINO
SECTION NEAR THE BEGINNING OF THESE DATA CARO LISTINGS ~ FOR
INFORMATION ON NEUTRINOS DERIVED FROM NORE CONVENTIONAL
(TERRESTRIAL) EXPERIMENTS, SEE THE NUE, NUMU, NUTAU, ANO
HEAVY-NU SECTIONS ABOVE.

NOTE ON v MASS LIMITS

These limits apply to m«& given by

g„
m - g —~ mtot j=1,n,

where n is the number of neutrino species and g is the

number of independent components in the neutrino

field: g 4 for Dirac neutrinos; g 2 for chiral
V.

J
Majorana neutrinos.

RE INES 80 PRL 45 1307
ALSO 59 PR 113 273
ALSO 66 PR 142 852
ALSO 76 PRL 37 315

SHROCK 80 PL 968 159

F .RE INES, H ~ W. SOBEL, E .PAS IERB
F.REINES, C.L.COWAN
F ~ A. NEZRICK, F.REINES
F.REINES, H. S.GURR, HE W. SOSEL
R. E ~ SHROCK

(UCI)
(LASL)
(CASE)

(UCI)
(STON)

ABELA 81 PL 1058 263
ARNENISE 81 PL 1008 182
ASANO 81 PL 1048 84

ALSO 81 SHROCK1

+DAUM g EATON g FROSCH g JOST g K ETTLE ~ STE I NER( SI N)
+FOGL I-MUG IACCIA+ (BARI+CERN+NILA+LALO)
+HAYANO, KIKUTANI, KUROKAWA+ (KEK+TOKY+OSAK)

BAHCALL 80 PRL 45 945 +LUSOW, HUEBNER+ (IAS+LASL+YALE+LI. L+UCLA)
ALSO 76 SCIENCE 191 264 J.N. BAHCALL, R ~ DAVIS ( I AS+ BNL )

BOEHN 80 PL 978 310 +CAVAIGNAC, FE ILITZSCH+ (ILLG+CIT+GREN+NUNI )
FRITZE 80 PL 968 427 +GRASSLER+ (AACH+BONN+CERN+LOIC+OXF+SACL)

M

N
N

N

M

M

N

N

M.
N
N

6 NU NABS CEV)

L INI T ON TOTAL HEUTR INO MASS g SUMMED OVER ALL SP IN COMPONENTS g

OF EFFECTIVELY STASLE NEUTRINOS (I.E. THOSE WITH NEAN LIVES ROUGHLY
EQUAL TO OR GREATER THAN THE AGE OF THE UNIVERSE) (UNITS EV)

A (132.) OR LESS COWS IK 72 COSM
A (80. ) OR LESS LEE 77 COSM

(100.) OR LESS OLIVE 81 COSM
A COWSIK 72 AND LEE 77 HAVE SEEN GENERALIZED TO APPLY TO N(TOT) AS
A DEFINED ABOVE, WHERE ONE ALLOWS EITHER DIRAC OR NAJORANA NEUTRINOS.
A THESE PAPERS ASSUMED DIRAC NEUTRINOS.

FOR OTHER LIMITS SEE SATO 77, VYSOTSKY 77, OrCuS 78, HUT 79,
AND ZELDOVICH 80.

9/81
1/82
4/82
4/82
4/82
2/82
2/82
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Stable Particles Data Card Listings
v BOUNDS FROM ASTROPHYSICS & COSMOLOGY, HEAVY LEPTON SEARCHES

NL
Nl
Nl
Nl
NL
ML
NL
NL
HL
NL
NL
NL
HL
ML
ML
Ml

ASTROPHYSICAL AMO COSNOLOGICAL LIMITS ON NEUTRINO MASSES. (UNITS EV)
ANALYSES OF NASS/LIGHT RATIOS AND DYNAMICS OF GALAXIES AND
CLUSTERS ARE CONSISTENT WI TH PRESENCE OF DARK HATTER ~ TREHAINE 79
STATED THAT THE DARK HATTER COULD NOT BE MUON OR ELECTRON NEUTRINOS
OF NONZERO REST MASS OR ANY NEUTRAL LEPTON LESS NASSIVE THAM 1 MEV.
AUTHORS BONO 81, DAVIS 81, AND SCHRAHN 81 CLAIMED THAT THIS DARK
NATTER COULD CONSISTENTLY SE ASCRIBED TO MASSIVE NEUTRINOS
WITH SUFFICIENTLY LONG LIFETIMES. SUBSEQUENT ANALYSES HAVE
CHALLENGED THIS CLAIM; SEE PRIHACK 83. FOR DEGENERATE NEUTRINOS,
SEE FREESE 83.

ORDER 30
50-100
4-20
NO CONSISTENT VALUE

TREMAIME 79 COSM ISOTHERMAL 1/82
BONO 81 COSH AD IABATI C 2/82
DAVIS 81 COSH AOIA. +DECAYING NUS 1/82
SCHRANM 81 COSH ISOTHERMAL 1/82
PR INACK 83 COSH 12/83»

1g/83»
12/83»
12/83»

6 NU RAOIATIVE NEAN LIFE VERSUS MASS

STROMGLY CORRELATED
LIMITS. SEE REFERENCES

COWS IK
OICUS
GOLDNAN
FALK
COWS IK
GOLDHAN
DERUJULA
STECKER
HENRY
KIHBLE
REPHAELI
TURNER
KRAUSS

77 COSH
77 COSH
77 COSM
78 COSM
79 COSM
79 COSH
80 COSM
80 COSM
81 COSH
81 COSM
81 COSH
81 COSH
Sh COSH

1I82
1/82
4/S2
1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83*
1/82

12/83»

N

N

N

N

N S
N

N

N

N

N

M

N S
N

N

N

6 POSSIBLE LIMITS ON NUNSER OF LIGHT (( ABOUT 1 N5V)
TMO-COHPONENT NU TYPES

NUMBER COUPLING MITH FULL WEAK STRENGTH
SHVARTSMA 69 COSH

(7) OR LESS STEIGNAN 77 COSN
(4) OR LESS YANG 79 COSN

CRITICISM OF BOUMO STECKER2 80 COSH
MAYBE NO FIRM BOUND Ot. I VE 81 COSN

(4) OR LE SS TURNER 81 COSN
CRITICISM OF BOUND RANA 82 COSM

(4) OR LESS SCHRANM 82 COSM
(FRON 10 TO 1000) OR LESS ELLIS 83 ASTROPHYS MODEL-DEP
(4) OR LESS YANG 84 COSH

SEE, HOWEVER OLIVE2 81 CRITIQUE AND STECKER 81 REPLY.
UNCERTAINTIES AND CRITICISHS COME FROM DIFFERING ESTIHATES OF LOMER
LIMIT OM BARYON DENSITY OF THE UNIVERSE AND UPPER LIMIT ON THE
PRIMORDIAL HELIUM-4 ABUNDANCE. SEE AlSO BERNSTEIN 82.

1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/84»

12/83»
1/84»
1/82
4/82
4/82
4/82

NSM NUMBER COUPLING WITH LESS THAN FULL WEAK STRENGTH
NSW A (20) OR LESS STEI GNAN 79' COSH
NSM A LIMIT VARIES WITH STRENGTH OF COUPLING.

1/82
4/82

6 MAGNETIC MOMENT OF SUFFICIENTLY LIGMT NU
(UNITS EV/GAUSS)

MSM LIMITS OM MASSES OF STABLE RIGHT-HANDED NEUTRINOS
MSM (WITH NECESSARILY SUPPRESSED INTERACTION STRENGTHS)
NSW 0 OL IVE 82
MSM 0 ALLOWED VALUFS Of MASS ARE STRONGLY CORRELATED WITH INTERACTION
NSM 0 STRENGTH. SFE FIG. 1 OF OLIVE 82.

ELLIS
FREESE
KRAUSS
PR INACK

ALSO
YANG

83 NP S223 256
83 PR D27 1689
83 PL 128B 37
83 PHII. ADELPHIA
82 NAT 299 37
84 APJ (TO SE PUBL)

J.ELLIS, K.A+OLIVE (CERN)
K ~ FREESE,E-M ~ KOLB, N-S TURNER (CHIC+LAML)
L.N. KRAUSS (HARV)J.PRIMACK (4TH MKSHP. ON GRANO. UNIF. ) (UCSC)
BLUNENTHAL, PAGELS, PRINACK (UCSC+ROCK)
+TURNER, STEIGMAN, SCHRANN, OLIVE (CHIC+BART)

»»»*»» »»»»*»»»» k»»»»»»»» »»»»»»»»» »»»P»»*»» »»»»»»»»» »»»0»»»»» »»»»»»»»
»»*»»1»»»»1»1*»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»*»»»»»»»»»»»»»»»»»

HEAVY LEPTON SEARCHES

Data on the ~* are listed in a separate section

above, following the e and p, listings.

The following section contains information on
searches for heavy leptons of other types and searches

for the v
+ in collisions other than e+e

Several types of heavy leptons (that is, non-strongly-

interacting fermions other than e and y,}have been pro-

posed. In the Data Card Listings we distinguish four

types. ~ Each has a corresponding antiparticle with

opposite charge and lepton number. For convenience

we omit writing the antiparticles in the following

descriptions. The four types are:

while the weak decays (assuming mL sufficiently large)

Sequential leptons (L,vl ). Such a pair is assumed

to have its own separately strictly conserved lepton

number n& - +1. This means that the radiative decays

~1,' are forbidden,
L ~p,

HH S (4.9E-19)OR LESS SUTHERLAN 76 COSH FOR N(NU)(10 KEV.
MM S USES SUTHERLAND 76 EQ. 3 WITH F(1/3 FROM TIIEIR TABLE AS MODIFIED TO
HM S APPLY AS A LIMIT ON ANY ONE NEUTRINO SPECIES IMDIVIDUALLY ~

»»»»»» »»»»»*»»» *»»»*»»»» »»»»»»»»» »»*»»»»»» *****»»»»*»»»»»»»» »»»»»»»»

REFERENCES FOR Nll BOUNDS FRON ASTRO. ANO COSN.

1/S2
1/S2
1/82

L ~u~e
) are allowed.

SHVARTSN 69 JETPL 9 184
COWSIK 72 PRL 29 669
SUTHERlA 76 PR D13 2700

V. F. SHVARTSMAN (NOSU)
R. COWS IK, J.MC CLELLAND (UCB)
SUTHER lANO, NG, FLOWERS, + (PENN+COLU+NYU)

L ~ v& hadrons

COWS IK
ALSO

DICUS
GOLDNAM
LEE
SATO
STEI GHAN
VYSOTSKY

77 PRL 39 784
79 COMSIK
77 PRL 39 168
77 PR 016 ZZ56
77 PRL 39 165
?7 PTP 58 1775
77 Pl 66B 202
77 JETPL 26 188

R. COWS IK (MP I H+ T I FR')

0 ~ A. OI GUS, E.'M. KOLB, V.L.TEPLITZ (TEXA+VP I).
T.GOLDHAN, G. J.STEPHENSOM (LASL)
BE W. LEE, S. MEIMSERG (FMAL+STAN)
K SATO ~ H KOSAYASH I (KYOT)
G ~ STEIGHAN~0 SCHRANN~J GUNN (YALEgCHIC ~ CIT)
VYSOTSKY, OOLGOV, ZELDOVICH (ITEP)

OICUS 78 PR 017 1529
FALK 78 Pl. 79B 511

ALSO 78 APJ 223 1015

+KOLB, TEPLITZ, WAGONEIt (TEXA+VP I+STAN)
ST FALK, D. SCHRANN (CHIC)
GUNN, LEE+ (C IT+CANS+ FNAL+CHIC+YALE )

COMB IK
GOLOMAN
HUT
STEI GNAN
TRENAINE
YANG

ALSO

79 PR 019 2219
79 PR D19 2215
79 PL 87B 144
79 PRL 43 239
79 PRL 42 407
79 APJ 227 697
79 STEIGMAN

R. COWSIK (TIFR)
T.GOLDNAN, G. J.STEPHEMSON (LASL)
P. HUT, K.A. OLIVE (AHSTEROAN+EFI)
G. STE IGNAN, K.OL I VE, D. SCHRANN (BART+E F I )
S. TRENAIME, J. E. GUNN (CIT+CANB+CAIM)
YANG, SCHRAHM, STE I GMAM, ROOD ( CHI C+YALE+V I RG )
FOOTNOTE 4

DERUJULA 80 PRL 45 942
STECKER 80 PRL 45 1460

ALSO 81 NU 81 CONF HAMAI I
STECKER2 80 PRL 44 1237
ZELOOVIC 80 SJNP 31 664

(HI T+HARV)
(NASA)
(NASA)
(NASA)

A. DE RUJULA, S.L.GLASHOM
F.W. STECKER
F.W. STECKER (PROC. V. 1, P. 124)
F.W. STECKER
ZELOOVICH, KLYPIM, KHLOPOV, CHECHETKIN

BOND
DAVIS
HENRY
KIHBLE

OLIVE
OLIVE2
REPHAELI
SCHRAMN
STECKER
TURNER

81 APJ 246 557
81 PRL 46 516
81 PL 106B 73
81 APJ 243 1
81 PRL 46 517
81 NU 81 CONF HAWAII

+SCHRAMM, STEI GMAN, TURNER, YANG+
K.A. OLIVE, M. S.TURNER
Y.REPHAELI, A. S.SZALAY
O. N. SCHRAMM, G. STEIGMAN
F.W. STECKER
M. S.TURNER

(CHIC+BART)
(EFI)

(UCSB+CH I C )
(CHIC+BART)

(NASA)
(UCSB+CH I C )

BERNSTEI 82 PRL 48 774
OLIVE 82 PR D25 213
RANA 82 PRL 48 209
SCHRAMM 82 PRSL A307 43

J.BERNSTEIN
K. A ~ OLIVE, N AS. TURNER
N. C ~ RANA
O. N ~ SCHRAHM

(STEV)
{CHIC+UCSS)

(TIFR)
(CHIC)

81 NU 81 CONF HAMA I I J.R. BONO, A. S.SZALAY (UCB+CH I C )
81 AP J 250 423 N. DAVIS, H. LECAR, C.PR YOR, E.WI TTEN(HARV+PR IN)
81 PRL 47 618 R. C. HENRY, P. D. FELDHAN (JHU)
81 PRL 46 80 R. KINBLE, S ~ BOMYER, P. JAKOBSEN (UCB)

There could be an increasing mass sequence of such

pairs. It is frequently assumed that the neutrinos are
massless.

Decay rates are assumed calculable from conven-

tional weak interaction theory. For an L mass

between 1 and 3 GeV, the branching fraction to each of
the two leptonic modes above should be roughly 10 to
20%. For an L mass above 1 GeV, the mean life

should be ~ 10 seconds.

Paraleptons (E+, E ) an& (lvI+, ~ ). These pairs

have the same lepton numbers as the opposite-charge

ordinary leptons, i.e., e and y, , respectively. Radia-

tive decays are again forbidden and decays similar to

those allowed for L are allowed here, e.g.,

M+ ~v e+ve
or
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For notation, see key at front of Listings. Stable Particles
HEAVY LEPTON SEARCHES

M+~V p, v
+

However, the lightest member is not stable as is the case
for sequential leptons, so that bizarre decay schemes
such as (assuming mEO (m +)

E+ Eop+v
4

C.H. Llewellyn Smith, Invited paper presented at
the Royal Society Meeting on New Particles and
New Quantum Numbers, 11 March 1976, Oxford
Ref. 33/76.
J.D. Bjorken and C.H. Llewellyn Smith, Phys.
Rev. D7, 887 (1973).
F. Wilczek and A. Zee, Nucl. Phys. B106, 461
(1976).

SEE PERL 81 FOR A REVIEW

are allowed.
Heavy leptons of this type (and/or a neutral inter-

mediate boson Z ) are desired in unified gauge theories
of weak and electromagnetic interactions to cancel
unphysical high energy behavior in such processes as
e+e ~W+W

Ortholeptons(F and N ). These have the same

lepton numbers as e and p, , respectively. They may
or may not have associated neutral leptons. Radiative
decays are allowed in addition to weak modes similar to
those of sequential leptons. The radiative mode can
dominate or can be relatively unimportant depending
on the model. " Decays such as

F ~ e + hadrons

are also allowed.

MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS

PROPERTIES OF THE TAU+-(1785) HEAVY LEPTON AND ITS ASSOCIATEO
NEUTRINO ARE LISTED SEPARATELY ABOVE FOLLOWING THE E AND MU

LISTINGS. THE FOLLOWING SECTIGN CONTAINS INFORMATION ON SEARCHES
FOR HEAVY LEPTGNS OF OTHER TYPES AND SEARCHES FOR TAU+- IN
COLLISIONS OTHER THAN E+E-. WE LIST MASS LIMITS ANO CROSS SECTION
UPPER LIMITS REPORTED AS NEGATIVE SEARCH RESULTS. WE NO I.ONGER
LIST CROSS SECTIONS FOR THE ESTABLISHED PROCESS E+ E- --) TAU+ TAU-
AS WAS DONE IN OUR 1977 SUPPLEMENT.

25 HEAVY LEPTON MASS LIMITS

LIMITS APPLY ONLY TO HEAVY LEPTON TYPE GIVEN IN COMMENT AT RIGHT ON
DATA CARD. SEE REVIEW ABOVE FOR DESCRIPTION OF TYPES.
IN COMMENTS BELOW, ALL SEAMS ARE MU TYPE NEUTRINO OR ANTINEUTRINO.
L, E, M, F, N STAND FOR SEQUENTIAL LEPTON, PARA-ELECTRON, PARA-MUON f
ORTHO-ELECTRON, ORTHO-MUON RESPECTIVELY.

3/77
3/77
3/77
3/77
3/77

SEQUENTIAL HEAVY LEPTON MASS
(13~ ) OR MORE
16. OR MORE CL~.95

NONF 4GEV TO 14.5GEV CL=. 95
NONE BELOW 15.5 GEV CL=. 95
NONE BELOW 14 GEV CL .95
NONE BELOW 18 GEV
NONE BELOW 18.0 GEV CL~. 95

LIMITS (GEV)
AZ I MOV 80
BARBER 80 CNTR
BERGER 81 PLUT
BRANDELIK 81 TASS
ADEVA 82 MRKJ
AOEVA 83 MRKJ
BARTEL 83 JADE

+- SEQUENTIAL (L)
+- SEQUENTIAL (L)
+- SEQUENTIAL (L)
+- SEQUENTIAL (L)
+- SEQUENTIAL (L)
+- SEQUENTIAL (L)
+- SEQUENTIAL (L)

2/82
9/81
1/82
1/82
1/84*

11/83»
11/83*

AZ IMOV 80 ESTIMATED PROBABILITIES FOR M+N TYPE EVENTS IN E+ E- --)
L+ L- DEDUCING SEMI-HADRONIC DECAY MULTIPLICITIES OF L FROM E+ E-
ANNIHILATION DATA AT WCM~(2/3)*ML. OBTAINED ABOVE LIMIT COMPARING
THESE WITH E+E- DATA (BRANDEL IK 80, PL '92B 199).
BARBER 80 LOOKED FOR E+ E- --o L+ L-, L--)NEU(L)+X WITH MARK-J AT
DESY-PETRA'

2/82
2/82
2/82
2/82

9/81
9/81

BERGER 81 IS DESY DORIS AND PETRA EXPT. I OOK ING FOR E+E- --) L+L-. 1/82

BRANDELIK 81 IS DESY PETRA EXPT. LOOKING FOR E+E- --) L+L-.

ADEVA 83 LOOKEO FOR MUON OPPOSITE AGAINST A HADRON JET.

1/82

11/83»

BARTEL 83 LIMIT IS FROM PETRA E+E- EXP WITH AVERAGE WCM=34. 2 GEV. 11/83*

Long-lived penetrating particles. Heavy leptons
could have long mean lives under certain circumstances.
For example, if m ~ m&, then L, the sequential

Vg.

lepton, is completely stable since its lepton number is
conserved.

Experimental results. The results are summarized in
the Data Card Listings below. Mass limits for sequen-

tial leptons are listed in subsection MS, awhile all other

types are listed together in subsection M.
The Listings also contain cross-section upper limits

reported as results of unsuccessful searches. We no

longer list cross sections for anomalous ep, events in
e+e collisions. These cross sections are consistent
with coming from e+e ~ v+~ where the v. —is

assumed to be a spin-1/2 Dirac point particle with a
mass about 1785 MeV.

References

1. M.L. Perl and P. Rapidis, SLAC-PUB-1496
(October 1974).

HEAVY LEPTON MASS L I MITS (GEV
0 1.0 OR MORE

NONE BETWEEN 0. 12 AND 0.57
NONE BETWEEN 0.3 AND 0.7
NONE BETWEEN 0.2 ANO 0.92
NONE BETWEEN 0.97 AND 1.03
NONE BETWEEN 0. 1 AND 1 ' 3
NONE BETWEEN 0.2 AND 0.6

0.490 OR MORE
NONE BETWEEN 0.26 AND 1.32
20 (0 ' 424) (0.013) (0.00
22 (0.431) (0.004)

0 0 ~ 1 OR MORE
0 0.6 OR MORE
0 2.2 OR MORE
0 2.0 OR MORE CL~. 90
0 1.4 OR MORE CL~. 95
0 1.0 OR MORE CL~. 95

NONE BETWEEN 0.55 AND 4.5
0 2. 4 OR MORE CL~. 90

7.8 OR MORE CL~.95
1.8 OR MORE CL~.90
8.4 OR MORE CL~.90

NONE BETWEEN 0 AND 2.0
0 1 ' 15 OR MORE CL= ~ 95
NONE BETWEEN 0.25 AND 2.3

1.2 OR MORE
10 3 OR MORE CL~ 98

0 7.5 OR MORE
0 9.0 OR MORE

10.0 OR MORE
12. OR MORE CL~. 90

NONE 1 GEV TO 9 GEV CL=.90
NONE 1 GEV TO 9 GEV CL~.90
NONE BETWEEN 0.6 AND 3.3
NONE BETWEEN 0.5 AND 3.3

24. 5 OR MORE CL~. 95
22. 5 OR MORE CL=. 95

)
BEHREND
BETOURNE
BUDNITZ
SARNA
SARNA
SOLEY
L ISERMAN
ROTHE
LICHTENST

2)RAMM
RAMM

ANSORGE
BACCI
BACC I
SARI SH
BERNARD IN
BERNARD IN
SUSHNIN
EICH TEN
HANSOM
ASRATYAN
SARI SH
GI TTI.ESON
OR I TO
SACC I
MEYER
ASRATYAN
CNOPS
CNOPS
ERRIQUEZ
HOLDER
CLARK
CLARK
HAYES
HAYES
BARTEL
BARTEL

65 SPEC
65 SPEC
6& SPEC
68 CNTR
68 CNTR
68 SPEC
69 GSPK
69 RVUE
70 SPEC
70 HLBC
71 HLBC
73 HBC
73 ELEC
73 ELEC
73 ASPK
73 ASPK
73 ASPK
73 CNTR
73 HLBC
73 W I RE
74 HLBC
74 SPEC
74 SPEC
74 ASPK
77 SPEC
77 SHAG
78
78 HLBC
78 HLBC
78 BEBC
78 CNTR
81 SPEC
81 SPEC
82 SMK2
82 SMK2
83 JADE
83 JADE

ORTHOELECTRON(F)
ORTHOELECTRON(F)
GRTHOELECTRON(F)
LONG-LIVED
LONG-LIVED
ORTHOELECTRON(F)
ORTHOMUGN(N)

ORTHOELECTRON(F)
0

ORTHOMUON(N)
LONG-LIVED

+- ORTHOELECTRON(F)
+- ORTHOELECTRON(F)
+ PARAMUON (M)
+- ANY NON-RAD TYPE
+- ANY NON-RAO TYPE

LGNG-LIVED
+ PARAMUON (M)

ORTHOELECTRON(F)
+- ORTHOMUON (N)
+ PARAMUON (M)

ORTHOMUON (N)
+- ANY NON-RAD TYPE
+- ORTHOELECTRON(F)
0 NEUTRAL

ORTHOMUGN (N)
ORTHOMUON (N)

+ PARAMUON (M)

+ PARAMUON (M)
0 PARAMUON(MOSAR)
++
+- ORTHOMUON (N)
+- ORTHOELECTRON(F)
0 PARAELECTRON(EO)
0 PARAELECTRON(EO)

BEHRENO 65 IS DESY EXPT. I.OOKS FOR E P--oF P, F--) E GAMMA.
THIS MASS LIMIT CORRESPONDS TO A LIMIT ON LAMBDA**2 OF 6.25*10**-4.
BETOURNE 65 IS ORSAY EXP' LOOKS FOR E P --)F P. MASS OF .12
CORRESPONDS TO COUPI. ING CONSTANT LAMBDA**2 GT .0016, MASS OF .57
TO LAMBDA**2 GT .22 '

BUDNITZ 66 IS CEA EXP' LOOKS FOR E P--)F P.

BARNA 68 IS SLAC PHOTOPRODUCTION EXPT.

BOLEY 68 IS CEA EXPT ~ LOOKS FOR E P--)F P ~ MASS OF ~ 1 CORRESPONDS
TO COUPL I NG CONSTANT LAMBDA**2 GT 3*10**-4, MASS L IMIT OF 1 ~ 3 TO
LAMBDA**2 GT .01.
LIBERMAN 69 IS A BNL EXPT MEASURING MUON BREMSSTRAHLUNG.

6/77
6177
6/?7
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6/77
6177
1/76
1/76
2/74
2/74
2/74
2/74
3/74
6/77

'I 1/75
7/74

12/77
11/75
12/77
12/77

1/79
8/78
8/78
1/79
6/78
1/82
1/82
4/82
4/82

11/83*
11/83*

6/7?
6177

6177
6/77
6/77

6/77

6/77

6/77
6/77
6/77

6/77
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Stable Particles
HEAVY LEPTON SEARCHES

Data Card Listings

LICHTENSTEIN 70 IS CORNELL EXPT MEASURING E BREMSSTRAHLUNG.
MASS LIMIT DEPENDS ON COUPLING CONSTANT. FIRST VALUE ABOVE IS FOR
LAMBDA"*2 GT .17, SECOND IS FOR LAMBDA**2 GT .42.

RANM 70 FINDS PEAK IN MU PI COMBINED MASS PRODUCED BY NEUTRINO
IMTERACTIONS. HE ALSO CLAIMS EVIDENCE FOR THIS IN KOMU3 DECAYS IN
HBC WHERE PI MU COMBINED MASS PEAKS IN SAME REGION. CLARK 72 FINDS
NO EVIDENCE FOR PI MU PEAK IN HI'GH STATISTICS KL3 EXPT.
RAMM 71 SEES PEAK IN MU GAMMA COMBINED MASS PRODUCED BY NEUTRINOS.

ANSORGE 73 LOOKS FOR ELECTRON PAIR PROD AND ELECTRON-LIKE SREMSS.

BACCI 73 IS FRASCATI E+E- EXPT. LOOKS FOR F --) E GAMMA.
MASS LIMIT DEPENDS ON COUPLING CONSTANT LAMBDA FOR THIS DECAY.
FIRST VALUE ABOVE IS FOR LAMBDA**2 GT 9*10**-5, 2ND IS FOR
LAMBDA**2 GT 10**-3.
BARISH 73 IS FNAL 50, 145 GEV NEU EXPT. LOOKS FOR (NEU NUCLEON --)
M+ ANYTHING) . ASSUMES (M+ --) MU+ NEg' NEU) WITH BR=.3.
BERMARDINI 73 IS FRASCATI E+E- EXPT. FIRST VALUE ASSUMES UNIVERSAL
COUPLING TO ORDINARY LEPTONS ~ SECOND VALUE ALSO ASSUMES COUPLING
TO HADRON'

SUSHNIN ?3 IS SERPUKOV 70 GEV P EXPT. NASSES ASSUME MEAN LIFE ABOVE
7E-10 AND 3E-8 RESPECTIVELY. CALCULATED FROM CROSS SEC(DC BELOW)
ANO 30 GEV MUON PAIR PRODUCTION DATA.

EICHTEN 73 IS CERN 1-10GEV NEU EXPT. LOOKS FOR M+ PRODUCED IN
NEU NUCL --) M+ HADROHS ASSUMING 15 PERCENT DECAY TO E+ HEU NEU.

HANSON 73 LOOK FOR DEVIATIONS FROM QEO IN E+ E- --)2 GAMMA. THEY
MEASURE THE PRODUCT OF THE F MASS * THE COUPLING CONSTANT LAMBDA,
WHICH IS THE VALUE QUOTEO ABOVE.

6/77
6/??
6/77

6/77
6/77
6/77
6/77
6/77

6/77

1/76
1/76
1/76
1/76

3/77
3/77

2/74
2/74
2/74

2/?4
2/74
2/74

2/76
2/76

6/77
6/77
6/77

ROTHE 69 EXAMINES PREVIOUS DATA ON MU PAIR PROD AND PI AND K DECAYS 6/77 TBD
TBD
TBD
TBD
TBD
TBD
TBD

SD
BD
SD
BD

IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

TAU LEPTON PRODUCTION CROSS SECTIONS IN HADROHIC COLLISIONS (CN»»2)
1 ' 8E-30 OR LESS CL= ~ 90 AGAKISHIE 80 SPRK 70GEV P FE BM DUMP

AGAKISHIEV 80 REANAl YZED BEAN DUMP DATA (ASRATYAN 78 PL 798 497).
FOUHD NO EXCESS OF MUONLESS EVENT IN NEUTRINO DETECTORS ABOVE LIMIT
IS FOR CS(P NUC--oF X)*BR(F--)TAU NUTAU X) ASSUMING LINEAR A DEP
AND THAT SOLE SOURCE OF TAU LEPTON IS DECAY OF F-MESON.

PRODUCTION OF HEAVY LEPTON IN SEAN DUMP
LOSECCO 81 CALO 28 GEV PROTONS

l.OSECCO 81 AT BNL AGS SET LIMIT FOR CS(PROD)*CS(INT) RATIO OF
SLObl (SETA(0.89) HEAVY LEPTONS TO PROMPT NEUS AS 2.2E-2(CL=.90) ~

INVARIANT HEAVY LEPTON PROD. CROSS SEC. (P NUCLEON) (CN»»2/SEV»»2)
0 5 ' 4E-39 OR LESS CL=. 90 CRONIN 74 SPEC — M=1-6 ' 8 GEV
0 6.4E-35 OR LESS CL=. 90 BINTINGER 75 SPEC +- M=1-5 GEV
0 1.8E-33 OR LESS CL=. 90 ARMITAGE 79 SPEC M=1.87 GEV

CRONIN 74 IS AN FNAL 300 GEV P CU EXPT. LOOKED FOR LONG LIVED
PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABLE. MULTIPLY IT BY
EXP(1.22E-8*N/TAU) FOR MASS M(GEV) AND LIFETIME TAU(SEC) . LIMIT
OBTAINED AT THETA(LAB) = 77 MRAO, PT = 2.38 GEV/C.

BINTINGER 75 IS A 30-300 GEV P C EXPT. LOOKED FOR LONG LIVED
PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABLE. MULTIPLY IT BY
EXP(3.5E-8*N/TAU/P) FOR MASS M(GEV), LIFETIME TAU(SEC), MOM. P(GEV) .
OBTAINED AT THETA(LAB) = 91 MRAD, PT = 1-2.25 GEV/C. .

ARNITAGE 79 IS CERN-ISR EXPT AT ECM=53 GEV. VALUE IS FOR X=O. 1 AND

PT~. 'l5.

2/82
2/82

2/82
2/82
2/82
2/82

1/83»
1/83*
1/83*
1/83*

1/76
2/76
7/79

2/76
2/76
2/76
4/77

2/76
2/76
2/76
4/77

7/79
7/79

N S
N S
M

M T

M

M

N

M

N

M

N

M

N

M

M

M

M

M

N

M

M

M

M

ASRATYAN 74 USES EICHTEN 73 DATA ON NEU HUCL --) E- HAORONS AND

AHTINEU NUCL --) E+ HADRONS TO SET LIMITS ON ORTHOMUOH PRODUCTION.

BARISH 74 IS FNAL 50, 135 GEV NEU EXPT. LOOKS FOR (MEU NUCLEON --)
M+ ANYTHING). ASSUMES (N+ --)MU+ NEU MEU) WITH BR=.3.
GITTLESON 74 IS MU P --) P ORTHONUON SEARCH. COUPLING CONSTANT
LAMBDA**2 IS (.01 FOR MASS UP TO .7 GEV, LIMIT ON LAMBDA**2 RISES
TO (.1 FOR MASS OF 2.0 GEV.

ORITO 74 LOOKED FOR H+H- PAIRS GIVING MU-E PAIRS. MASS LIMIT REFERS
TO ANY NONRAOIATIVE TYPE HEAVY LEPTON -- L, E, N, F, N.
COUPLING TO HADRON ASSUMED FRON THEORETICAL MODELS.

BACCI 77 IS SAME TYPE AS BACCI 73 ' LOWER MASS LIMIT CORRESPONDS TO
LAMBDA**2 LIMIT OF 4*10»*-5, UPPER VALUE IS FOR LAMBDA**2 L IMI T OF
1.5» 10**-3.
MEYER 77 LOOKS FOR NARROW NEUTRAL RESONANCE IN(E PI )AHD(NU PI)
CHANNELS PRODUCED BY E+E- AT 6.8 GEV (ECM). ASSUMED TO BE DECAY
PRODUCT OF THE TAU. SEE SECTION NE BELOW.

ASRATYAN 78 ANALYZES DEPENDENCE OF N. C. /C. C. ON ENERGY OF ASSOC.
HADRONS. USES DATA OF HOLDER 77 (PL 728, 254)--NUMU INTERACTIONS
AT CERN-SPS ~

CHOPS 78 IS FNAL EXPT LOOKING FOR NEUNU NE --) L+(-), FOLLOWD BY
L+(-) --o E+(-) NEU NEU.

ERR IQUEZ 78 IS CERN SPS EXPT. LOOKS FOR NUMU NUCLEON--)NU- E+ X.
FINDS CS FOR PRODUCING HVY LEPT--& Ee (.7*10**-3*C.C. CS.

HOLDER 78 IS A CERN NEU EXPT LOOKING FOR NEUNU NUCLEON --) MU+ ANY

THING. ASSUMES M+ --) MU+ 2NEUNU WITH BR=0.2

CLARK 81 IS FHAL EXP WITH 209 GEV NUONS. BOUNDS APPLY TO MO WHICH
COUPLES WITH FULL WEAK STRENGTH TO MUON. SEE ALSO SECTION MU.

HAYES 82 IS SLAC SPEAR EXPT. THEIR TBL ~ 5,6 GIVES CROSS SEC ~ LIMITS
FOR ORTHOMUON AND ORTHOELECTRON FOR MASSES IN ABOVE RANGE.

2/76
2/76

7/74
7/74

12/77
12/77
12/77

3/74
3/74
3/?4

12/77
12/77
12/77

12/77
12/77

1/79
1/79
1/79

8/78
8/?8

1/79
1/79

6/78
6/78

1/82
1/82

4/82
4/82

BARTEL 83 IS PETRA E+E- EXP WITH AVERAGE WCM=34. 2 GEV. FIRST(SECOND) 11/83*
LIMIT IS FOR V+A(V-A) TYPE W-EO-E COUPLING. 11/83*

RPX
RP I
RP I
RP I
RPI
RP I
RP I

CN
CN
CN
CH
CH
CN
CN
CN
CN
CH
CN
CN
CN
CN
CH

I%I
MM

MM

MM

MM

BUSSIERE 80 IS CERN-SPS EXPT WITH 200-240 GEV PROTONS ON BE AND AL
TARGET SEARCHING' FOR LONG-LIVED PARTICLES. FOR LIMITS AT OTHER
MASS RANGES SEE THEIR FIG. 7.

12/81
12/81
12/81

NEUTRAL HEAVY LEPTON PRODUCTION CROSS SECTION (CN**2)
5 (1 ~ E-37 OR MORE) KRISHNASW 75 CNTR +0- M=2-5 GEV
0 BENVENUTI 75 SPEC 0

KRISHNASWANY 75 IS KOLAR GOLD MINE COSMIC RAY EXPT. TYPICAL EVENT
HAS VERTEX IN AIR 70 CM FROM WALL WITH THREE OBSERVED CHARGED
TRACKS. AUTHORS SUGGEST NEU+ROCK GIVES NEW PARTICLE WITH MEAN LIFE
10E-9 SEC OR LONGER. DE RU JULA 75 GIVES ANOTHER INTERPRETATION.
SEE ALSO RAJASEKARAH 75.
BENVENUTI 75 IS AN FNAL EXPERIMENT blHICH ROUGHLY SIMULATES THE
KRISHNASWANY 75 EXPT. BUT APPARENTLY CONTRADICTS IT, FINDING NO

EVENTS. SENSITIVE TO DECAYS OF NEUTRAL PENETRATING PARTICLES
PRODUCED BY THE PRIMARY PROTONS OR BY SECONDARY NEUTRINO
INTERACTIONS IN THE 1 KM ~ NEUTRINO BEAM EARTH SHIELD.

2/76
2/?6

2/76
2/76
2/76
2/?6
8/76

2/76
2/76
3/77
3/77
3/77

NEUTRAL HEAVY LEPTON PRODUCED IN NEUTRINO INTERACTIONS
1 POSSIBLY SEEN BARANOV 77 HLBC 0 SERPUKHOV
2 POSSIBLY SEEN BARANOV 79 HLBC 0 SERPUKHOV

BARANOV HEAVY LEPTON CLAIM REFUTED BY BALTAY 78 '

12/77
1/82

1/82

UNEXPLAINED NISSINS NEUTRAL (HEAVY LEPTON') NNENTUN /TOTAL NONENTUN

0 F 05 0.03 ELLIOT 77 CALO

ELLIOT 77 IS SLAG 10.5 GEV PI+ P --) P NPI+- NEUTRALS. FINDS THAT
NEUTRAL SPECTRUM CAN BE EXPLAINED BY GAMMA, KO, LAMBDA, NEUTRON.

1/78

1/78
1/78

HEAVY LEPTON PROD. CROSS SECTION ( CS(NVY LEP) / CS(PION) ) 12/81
0 7. E-12 OR LESS CL=. 95 BUSSIERE 80 CNTR Q= —1 M=4-4. 5 GEV 12/81
0 2. 5E-12 OR LESS CL=. 95 BUSSIERE 80 CNTR Q= -2 N=5-7. 5 GEV 12/81

NEU
NEU
NEU
NEU A

NEU 8
MEU
NEU
NEU
NEU
NEU
NEU
HEU
NEU
NEU
NEU
NEU
NEU

HEAVY LEPTON LIMITS (NEUTRINO NUCLEON&
SEE ALSO SECTION 'T' IN 'OTHER NEW PARTICLE SEARCHES'.

6 TR IMUON EVENTS BENVENU1 77 NEUL 5/6NEU, 1/6NEUBAR
10 NU+ NU-, 3 NU- MU- FVENTS BENVENU2 77 NEUt.

BOSETTI 78 HYBR

BENVENUT1 77 IS FNAL EXPT. AND CLAIMS TRINUON EVTS. INDICATE BY PROD
OF A NEW HEAVY LEPTON —. -&MU- NEUBAR NEW L'I GHTER LEPTON --& NU+ MU-
NEUTRINO ~ SEE ALSO SENVENUT2 77, ALBRIGHT 77 AND BARGER 77 FOR
FURTHER ANALYSIS. THIS CLAIM blAS REFUTED BY LATER EXPS. AT CERN
(HOLDER 78) AND FNAL (CNOPS 78), AND BY THEORETICAL ANALYSIS OF
OF COMBINED DATA — SEE SMITH 78.
BOSETTI 78 ANALYSES MOMENTA OF MUONS FROM DIMUON EVENTS USING
200 GEV NARROW BAND NEU BEAM AT CERN. FINDS (NEUMU P --) HVY-LEPT)/
(NEUMU P --) MU) ( 0.06 (90 PCNT CL) WHERE HVY-LEPT --& E- NU(E)
NU(HVY-LEPT) 15 PCNT OF THE TINE.

1/78
1/78
6/78

7/77
7/77
7/77
7/77
7/77
7/77

6/?e
6/?e
6/78
6/78

CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP

NEUTRAL HEAVY LEPTON PROD CROSS SEC. (PROTON NUCLEON& (CN»»2)
0 1. E-29 OR LESS FAISSNER 76 HLBC 0
0 2.8E-35 OR LESS CL=. 90 BECHIS 78 SPEC 0
0 8.2E-40 OR LESS CL=. 90 AGAKISHIE 80 SPRK 0 N=4GEV, TAU=E-7 S

FAISSNER 76 LIMIT ASSUMES STABLE NEUTRAL WEAKLY INTERACTING LEPTON.
ALSO RULES OUT DE RU JULA 75 INTERP. OF. 5 KRISHNASWAMY 75 EVENTS AS
(P NUCLEON --o L+ X, L+ --) LO X) UNLESS L+ MASS IS ABOVE 3 GEV.

BECHIS 78 IS 400 GEV FNAL EXPT. LOOKS FOR P NUCLEON --o L+,
L+ ) LO X g LO --) MU P I OR E P I . RESUl T I S CL= .90 FOR MASS OF LO

1 GEV, LI FETIME BETW 10**-10 AND 10**-8 SEC. (VAL ID ONLY FOR CASES
WHEN LO UNACCOMPANIED BY MUON OF P)10 GEV. )

AGAKISHIEV 80 REANALYZED BEAN DUMP DATA FROM 70 GEV PROTON ON IRON
(ASRATYAN 78 PL 798, 497). ASSUMED ORELL-YAN PROD OF CHGD HVY LEPTON
PAIR FOLLOWED BY DECAY INTO NEUTRAL HVY LEPTON. ABOVE VALUE IS WHEN

LIMIT IS NOST STRINGENT. FOR OTHER MASS AND LIFE, SEE THEIR TABLE 1,
AND FOR LIMIT DEDUCED FOR PI NUCLEON INTERACTION, SEE THEIR TABI E 2.

1/77
8/78
2/82

1/77
1/77
1/77

8/78
8/78
8/78
8/78

2/82
2/82
2/82
2/82
2/82

NU
MU

MU

NU
NU
MU

NU

MU

MU

NU
MU

MU

DC
DC
DC
DC
DC
DC
DC
DC

HEAVY LEPTON PRODUCTION CROSS SECTION (NU NUCLEON) (CN*»2)
SEE ALSO SECT 'MU' lN CHARM SEARCHES AND OTHER NEW PARTICLE SEARCHES

1.22E-34 OR LESS LEBR ITTON 80 SPEC MO--oMU+ MU- NU

0 4 ~ E-38 OR LESS CLARK 81 SPEC 0 PARAMUON(NOBAR)
0 6 ~ E-38 OR LESS CLARK 81 SPEC ++

10/81
10/81
12/81

1/82
1/82

CLARK 81 IS F NAL EXP 'W I TH 209 GE V MUON. LOOKED FOR MU+ N--. )NOBAR X,
NOBAR--)MU+ MU- ANT I NE U( MU ) AND MU+ N--)M++ X,M++--&2MU+ NE U( NU ) .
ABOVE LIMITS ARE FOR CS*SR TAKEN FROM THEIR MASS-DEP PLOT FIG. ?.

1/82
1/82
1/82

HEAVY LEPTON PRODUCTION DIFF. CROSS SEC. (P NUCLEON) (CN»»2/SR-GFV)
0 1.6E-37 OR LESS CL=.90 GOLOVKIN 72 CMTR- 70GEV P, SERPUKHOV
0 4. E-38 OR LESS CL=.90 BUSHMIN 73 CNTR- 70GEV P, SERPUKHOV

MASS RANGE 1 TO 4. 5 GEV, THETA=O, P=25 GEV/C.

SUSHMIN 73 HEAVY LEPTON PATH TRAVERSES 6800 GM/CM**2 ABSORBER.
DIFFERENTIAL CROSS-SECTION MEASURED AT P=30 GEV/C THETA= 2 MRAD.

1/76
2/74

1/76

2/74
3/?4

LESRITTON 80 IS BNL EXP WITH 10.5GEV NUONS. TRINUONS ARE CONSISTENT 12/81
blITH QED TRIDENT AND DIFFRACTIVELY PRODUCED RHO DECAY. 12/81

NE
.NE
NE
NE
NE
NE
NE

TNU
TNU
TNU
TNU
TNU
TNU

EXC
EXC
EXC
EXC
EXC
EXC

NEUTRAL HEAVY LEPTON PROD. CROSS SECTION (E+ E-) (CN»»2)
4.5E-36 OR LESS CL=.90 NEYER 77 SNAG E+E- 6.8 GEV (ECM)

12/77
12/77

LINIT ON NU(TAU) PRODUCTION IN BEAN DUNP EXPERINENT
FR IT ZE 80 HYBR

FRITZE 80 IS CERN SPS EXP WITH BEBC. MC/CC RATIO CORRESPONDS TO
Rm(PROMPT-NU (TAU)-INDUCED EVENTS ) / (ALL PROMPT —NU EVEHTS ) (0 1 ~

MIXING PROBABILITY P(NU(E)--&HU{TAU)) ( 0.35 AT CL=.90.

1/82
1/82

1/82
1/82
1/82

LINITS ON EXCITES ELECTRONS(E*) AND NUONS(NU»)
NONE BELOW 58 GEV CL=.95 AOEVA 82 NRKJ
MONE BEI.Obl 10 GEV CL=. 95 ADEVA 82 MRKJ

BUK IN 82
RE HARD 82
FORD 83 MAC

E* PROD IN E+E-
MU* PROD IN E+E-
E* PROD IN E+E-
G-2 OF E*,MU*
MU* PROD IN E+E-

1/84*
1/84*
1/84*

11/83*
11/83*

MEYER 77 EXPT LOOKS FOR NARROW NEUTRAL RESONANCE IN E-PI AND MU-PI 12/77
CHANNELS. VALUE GIVEN IS FOR MASS OF. .5 GEV, AND IS PRODUCT OF CS* 12/77
BR(TAU--& NEW NEUTRAL LEPTON)*BR(NEUTRAL LEPTON--o E OR MU PI). IF 12/77
MASS OF NEUTRAL LEPTON IS 1 5 GEV t LI NI T BECONES 2 5E 36 SEE S?5N 12/77
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Stable Particles
HEAVY LEPTON SEARCHES, vr'

EXC A BERGSMA 83 M&E») LIMIT ASSUMES E» COUPLING EQUALS TO THAT OF E ~

EXC A SEE THEIR FIG. 2 FOR DEPENDENCE ON THE COUPLING.
EXC
EXC 8 BUKIN 82 IS VEPP-2M RING EXP FOR E+E- --)E+ E- GAMMA WITH WCM~0. 64-
EXC 8 1.4 GEV ~ OBSERVED NO PEAK IN M(E GAM) SPECTRUM ~ SET CL~. 95 LIMIT
EXC 8 CS(E»+E-)/CS(E+E-) ( (0.2-6)»10»*-4 FOR M(E*)~0.2-1.0 GEV.
EXC
EXC C REMARD 82 DERIVED FROM G-? DATA LIMITS ON MASS AND COUPLINGS OF E»
EXC C AND MU». SEE FIGS. 2 AND 3 OF THE PAPER.
EXC
EXC D FORD 83 AT PEP-MAC (WCM~29 GEV) SET CL~.90 LIMITS
EXC D CS(MU*MU*)/CS(MU+MU-) & ( 1-2)*10*»-3 FOR M(MU*)=2-14 GEV, AND
EXC D CS(MU* MU)/CS(MU+MU-& ( ( 1-2)*10»»-3 FOR M(MU»)~2. 5-27 GEV.

»»»*»» »»**»»*»* »»»»»4»»» *»»»»»»»» »*»»»»»»» **»»»»»»* *»*»*»»»» »0»»**»*

1/84»
1/84»

1/84»
1/84»
1/84»

11/83»
11/83*

11/83*
11/83»
11/83»

M S
M 8
M M

M M

M M

M D
M D

M

M AVG
M FIT

SHAFER ?2 UPDATES SNAFER67 WITH NEW ALPHA AND MEW CALIB. LIME EMER.
BACKENSTOSS 73 CORRECTS SACKENSTOSS 71 WITH NEW VACUUM POL. CALC ~

THIS MARUSHENKO 76 VALUE USED AT AUTHORS REQUEST BECAUSE IT USES
ACCEPTED SET OF CALIBRATION GAMMA ENERGIES. ERROR INCREASED FROM
~ 0017 TO IMCt. UDE QED CALC. ERROR OF .0017 (12 PPM).
DAUM 79 VALUE DEPENDS ON ASSUMED MU+ MASS M(MU&=105. 65948+-.00035
ENTERS OUR FIT VIA PI-MU MASS DIFF. BELOW WHICH IS INOEP. OF M(MU).

139' 56761 0.00077 AVERAGE
139.5673 0.0007 FROM FIT

8 &PI+) — (NU+) IIASS DIFFERENCE (MEV)

1/73
1/73
3/78
3/78
3/78
2/78
2/78

3/84»

BEHRENO 65 PRL 15 900
BETOURNE 65 PL 17 70
BUDNITZ 66 PR 141 1313
BARNA 68 PR 173 1391
BOLEY 68 PR 167 1275

REFERENCES FOR HEAVY LEPTON SEARCHES

+BRASSE, ENGLER, GANSSAUGE+ (DESY+KARL)
+NGUYEN NGOC, PEREZ Y JORBA+ (ORSA)
+DUNNING, GOITE IN, RAMSEY, WALKER, WILSON(HARV)
+COX, MARTIN, PERL, TAN, TONER, ZIPF+& SLAG+STAN)
+EL IAS, FR IEDMAN, HARTMANN, KENDALL+ (MIT+CEA)

D

D
D 145
0
D
D

D AVG
D FIT

34 F 00
33.89
33.881
33.925
33.9063

0.076
0.076
0.035
0.025
0.0018

33.9064 0 ' 0018 AVERAGE
33.9080 0.0008 FROM FIT

SARK AS
BARKAS
HYMAN
BOOTH
DAUM

56 EMUL
56 EMUL
67 HEBC + K-HE 2/71
70 CNTR + MAGNETIC SPECT. 2/71
79 SPEC + SEE MOTE D ABOVE 10/81

3/82
LIBERMAN 69 PRL 22 663
ROTHE 69 NP 810 241
LIGHTENS 70 PR D1 825
RAMM 70 NATURE 227 1323

ALSO 72 NATURE 237 388

+HOFFMAN, ENGELS, IMRIE+(HARY+CASE+MCGI+SLAC)
K. W. ROTHE, A. M. WOLSKY (PENN)
LICHTENSTEIN sASH sBERKELMAN sHARTILL+ (CORN)
CD A. RAMM (CERN)
CLARKr ELIOFFsFIELOs FRISCHs JOHNSON+ (LBL) OM

DM

8 ((PI+) — (PI-) )/AV6. s IIASS DIFFERENCE (PERCENT)

TEST OF CPT
0 ' 02 0.05 AYRE S 71 CNTR 3/71

RAMM 71 NAT. PH. SC. 230
GOLOYKIN 72 PL 428 136
ANSORGE 73 PR D7 26
BACCI 73 PL 448 530
BARISH 73 PRL 31 410

BERNARDI 73 NC 17A 383
ALSO 70 LNC 4 1156

SUSHNIN ?3 NP 858 4?6
ALSO 72 PL 428 136

EI CHTEN 73 PL 468 281
HANSON 73 NCL 7 587

ASRATYAN 74 PL 498 488
BARISN 74 PRL 3? 1387
CRONIN 74 PR D10 3093
GITTLESO 74 PR D10 1379
OR ITO 74 PL 488 165

145 C. A. RAMM (CERN)
+GRACHEVrKHODYREVsKUBAROVSKY+ (SERP)
+BAKER, KRZESINSKI, NEALE, RUSHSROOKE+ (CAVE)
+PARI SI,PENSO, SALVINI, STELLA+ (ROMA+FRAS)
+BARTLETT, BUCNHOLZ, HUMPHREY+ (CIT+FNAL)

BERNARD I NI, BOLLINI, BRUNIMI+(CERN+SGNA+FRAS)
AL LE S BORE L l I s BERNAR 0 I N I ~ SOL L I N I + ( C ERR )
+DUNAYTZEV, GOLOVKIN, KUSAROVSKY + (SERP&
GOLOVKIN, GRACHEV, SHOOYREV + (SERP)
+DEDEN+(AACH+BELG+CERN+EPOL+MILA+LALO+LOUC)
+LEONG, NEWMAN, LAW, L ITKE+ (MI T+HARV+CEA+HA IF )

+GERSHTEIM s KAFTANOV sKUSANTZEV s LAP IN+ (SERP)
+BARTLETT, BUG HHOLZ, MERR I TT + (C IT+FNAL )
+FR ISCN, SNOCHET, SOYMOMD, MERMOD + (EF I+PRIM&
G I TT LE SON, K I RK+ (HARV+ROCH+COLU+FNAL)
+VI SENT IN, CERAD INI, CONVERSI + (FRASeROMA)

T
T 8000
T
T
T
T N

T N SY
T
T
T
T
T
T AVG

25.6 0 ~ 5
25.6 0 ' 8
25.46 0 ' 32
26.02 0.04
25 ' 6 0.3
25 ' 9 0.3

(26.40) (0.08)
STEMATIC ERRORS IN

26.67 0.24
26.04 0 ' 05
26.02 0.04
26.09 0 ' 08

?6.030 0.023

CROWE
ANDERSON
ASHK IN
ECKHAUSE
BAROON
OUNA ITSEV
KINSEY

CALI BR. IM THIS EXP
LOSKOW I C Z
NORDSERG
AYRES
DUNA ITSEV

57 RVUE
60 CNTR
60 CNTR +
65 CNTR +
66 CNTR
66 CNTR
66 CNTR +.DISCUSSED BY NORDSERG 67
66 CNTR
67 CNTR +
?1 CNTR +-
73 CNTR +

0.5
0.8
0 ' 32

0.023 AVERAGE

8 CHAR6EO PION IIEAN LIFE (UNITS 10»»-9 SEC)

9/66
6/66
6/68
6/66
8/67
9/66
8/67
3/71
3/74

BENVENUT
8IMT INGE
BACCI
KR IS HNAS

ALSO
ALSO

75 PRL 35 1486
75 PRL 34 982
77 PL 718 227
75 PL 5?8 105
75 PRL 35 628
75 PRAMANA 5 78

BENVENUT I, CL INE, FORD+ & HARV+PENN+WI SC+FNAL)
BINT INGER, CURRY+ (EFI+HARV+PENN+WISC)
+DEZORZI, PENSO, STELLA+ (ROMA+FRAS)
KR IS HNASWAMY, MENON+ (BOMBAY+OSAKA)
DE RUJULA, GEORGI, GLASHOW (HARY&
RAJASEKARAN, SARMA (TIFR)

8 ((PI+) — (PI-))/AV6. ~ IIEAN I.IFE DIFF. (PERCENT)

DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W. I.
FAISSNER
BARANOV

ALSO
8ENVENU1

ALSO
ALSO

BENVENU2

76 PL 608 401
77 PL 708 269
77 SJNP 26 57
77 PRL 38 1110
77 PRL 38 1187
77 PRL 38 1190
77 PRL 38 1183

ELLIOT 77 PR D15 1851
MEYER 77 PL 708 469
ASRATYAN 78 PL 768 237
BALTAY 78 TOKYO CONF.

+HASERT+(AACH+BELG+CERN+EPOL+MILA+OXF+LOUC)
+VOLKOV, GERSHTEIN, IVANILOV + (SERP)
BARANOV, VOLKOV, GERSHTEIN, IVANILOV +(SERP)
BENVEMUTI, CLIME+ (FMAL+HARV+PENM+RUTG+WISC)
ALBRIGHT, SMITH, VERMASEREN (FMAL+STOM)
BARGER, GOTTSCHALK+ (WISC+ZARAGOZA+RHEL)
BENVENUT I,CL INE+ (FNAL+ HAR V+P ENN+RUTG+WI SC)

+FORTNEY, GOSHAW, LAMSA, LOOS+ (DUKE+ALBA)
+NGUYEN, ASRAMS, ALAM+ (SLAC+LBL+NWES+HAWA)
ASRATYAN, KUBANTSEV (ITEP)
C ~ BALTAY (19TH INTL. CONF. ON HEP) (COLU)

DT
DT L
DT
DT
DT
OT
DT AYG

0 ' 23 0.40 LOBKOWICZ 66 CNTR SEE NOTE L
ABOVE IS THE MOST CONSERVATIVE VALUE QUOTED BY AUTHORS

0 ' 4 0.7 BARDON 66 CMTR-0.14 0 ~ 29 PETRUKHIM 68 CNTR0.055 0 ' 071 AYRES 71 CNTR

0.053 0.068 AVERAGE

8 CIIAR6ED PION PARTIAL DECAY MODES

9/66
9/66
7/66
8/68
3/71

BECHIS
BOSETT I
CROPS
ERR IQUEZ
HOLDER
SMITN

78 PRL 40 602
78 PL 738 380
78 PRL 40 144
78 PL 778 227
78 PL 748 277
78 NU 78 CONF

ARMITAGE ?9 NP 8150 8?
SARANOV 79 PL 818 261

ALSO 79 SJNP 29 622

+CHANG s DOMBECK s ELLSWORTHs GL ASSER s LAU+ (UMD )
+DEDEN + (AACH+BONM+CERN+LOIC+OXF+SACL)
+CONNOLLY, KAHN, KIRK, MURTAGH + (SNL+COLU)

BARI+BIRM+BRUX+EPOL+RHEL+SACL+LOUC
+KNOBLOCH, MAY + (CERN+DORT+HEID+SACL+BGNA)J.SMITH (COLU)

+BENZ, BOSBIMK+ (CERN+DARE+FOM+MCHS+UTRECHT)
+ I VAN I LOV, KON YUS HKO, KORAB LE V+ (SERP)
BARANOV, +VOLKOV, IVANILOV, KONYUSHKO, + (SERP)

P1
P2
P3
P4
P5
P6
P7
P8

CHAR. PION INTO MU (MU-NEU)
CHAR. PION INTO E ( E-NEU)
CHAR. PION INTO MU (MU-NEU) GAMMA
CHAR ~ PION INTO PIO E (E-NEU&
CHAR. PION INTO E NEU GAMMA
CHAR. PION INTO E NEU E+ E-
PI+ INTO MU+ NEUBAR(E)
PI+ INTO MU+ NEU(E)

DECAY MASSES
106+ 0.511+ 0
106+ 0+ 0
135+.511+ 0

~ 51'I+ 0+ 0.511+ 0+ ~ 511+~ 511
106+ 0
106+ 0

AGAK ISHI
AZ IMOV
BARBER
SUSSIERE
FR ITZE
LEBRITTO

80 SJNP 32 345
80 JETPL 32 665
80 PRL 45 1904
80 NP 8174
80 PL 968 42?
80 PL 898 271

ADEVA
BUKIN
HAYES
RENARD

82 PRL 15 967
82 SJNP 35 844
82 PR D25 2869
82 PL 1168 264

BERGER 81 PL 998 489
BRANDELI 81 PL 998 163
CLARK 81 PRL 46 299

ALSO 82 PR D25 2762
LOSECCO 81 PL 1028 209

AGAKISHIEV, VOVENKO, GORYACHEV, MUKHIN &SERP)
YA ~ I ~ AZ IMOV, V ~ A. KHOZE &KONS)
+BECKER, SEI+ (AACH+DESY+MIT+AIKO+BHEP)
+GIACOMELL I, LESQUOY+ (BGNA+SACL+LAPP)
AACH+BONN+CERN+LOIC+OXF+SACL COLLABORATION
LESR ITTON, MC CAL, ME L I SS INOS+ (ROCH+BNL+NS F )

+GENZEL+&AACH+BERG+OESY+HAMB+UMO+SIEG+WUPP&
BRANDELIK+ (AACH+BONN+DESY+HAMB+LOIC+OXF+)
+JOHNSON, KERTH, LOKEN+ (UCB+LBL+FNAL+PRIM)
SMITH, CLARK, JOHNSON+ (UCB+LSL+FNAL+PRIM)
+SULAK, GALIK, HORSTKOTTE+ &MICH+PENN+BNL)

MARK-J C (AACH+DESY+MIT+MADR+ANIK+CIT+BHEP)
+KUROADZE, LELCHUK, PANINs S IDOROV+ (SIBE)
+PERL, ALAM, BOYARSKI, BREIOENSACH+ (SLAC+LBL)
F.M. RENARD (CERN)

8 CNAR6ED PION BRANCHIN6 RATIOS

R1 CHAR. PION INTO NU NEU 6AlNA (llNITS 10»*-4) (P3)/&P1)
R1 26 1 ~ 24 0.25 CASTAGNOL 58 EMUL E(MU). LT.3.38 MV

R2 CHAR PION INTO E NEU &UNITS 10*»-4) (P2) /(P1)
R2 1.21 0.07 ANDERSON 60 CNTR
R2 D 11K &1.247) &0.028) DI CAPUA 64 CNTR 11/75
R? D 11K 1.274 0.024 BRYMAN 75 RVUE 9/75
R? 32K 1.218 0.014 BRYMAN 83 CNTR + 10/83*
R2 0 SRYMAN 75 IS A RECALC. OF DICAPUA 64 EXPT USING LATEST Pl l IFETIME. 9/75
R2 AVG 1.232 0.024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ' 0)

(SEE IDEOGRAM BELOW&

WEIGHTED AVERAGE = 1.232 + 0.024
ERROR SCALED BY 2. 0

ADEVA
BARTEL
FORD

PERL

83 PRL 51 443
83 PL 1238 353
83 PR L 51 257

81 SLAG-PUB-2752

MARK J C. (AACH+DESY+MI T+MADR+AIKO+BHEP+C I T)
+CORDS+(DESY+HAMS+HEIO+LANC+MCHS+RHEL+TOKY)
+READsSMITH+(COLO+FRAS+NEAS+SLAC+UTAH+WISC)

REVIEWS

M. L.PERL, PHYS. IN COLL. CONF, V ~ P ~ I.(SLAC)
»»***» *»*»***»»»»»»**»»* »»»**»»»» »»****»»» *0»**»»»» »»*»»*»»» **»*»»»»*»»**» *»»»»»»»» »»»»»»*»» »*»»»*»»» »»»»»»*»» »*»»»»»*» »»»**»»»» »»»**»*»

8 CHAR6EO PION(140, JP6~0—) I~1

8 CIIAR6ED PION NASS CMEV)

M

M

M S
M 8
M S
M 8
M

M

M M

M D

M

139~ 37
139.68

(139.577)
(139.549)

139' 566
139.569
139.571
139 ' 5686
139.5667

(139.5658)
139.5675

0 ' 20
0. 15

(0 ~ 013&(0.008)
0.013
0.008
0 ~ 010
0 ' 0020
0.0024

(0 ~ 0018)
0.0009

CROW E 54
BARK AS 56
SHAFER 67
BACKENSTO 71
SHAFER 72
BACKENSTO 73
BRANDAODO 76
CARTER 76
MARUSHEMK 76
DAUM 79
LU 80

CNTR
EMUL +
CNTR — MESONIC
CNTR — MESONIC
CNTR — MESONIC
CNTR — MESONIC
CNTR — MESONIC
CNTR — MESONIC
CNTR — MESONI C
SPEC + PI+ --)
CNTR — MESONI C

ATOMS
ATOMS
ATOMS
ATOMS
ATOMS
ATOMS
ATOMS
MU+ NE U

ATOMS

6/68
10/71
1/?3
1/73
1/?8
6/77

I?/77
10/81

1/81

BRYMAN

BRYMAN

ANDERSON

1, 2 1.3 1.4
P I+— INTO E+— NU (UNI TS 10"» —4)

83 CNTR
75 RVUE
60 CNTR

CH I SQ
0. 9
&. 1

4. 'I

{CO~LEV
=0. 044)
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892 Particle Data Group: Review of particle properties

Stable Particles
Tr fr

0

Data Card Listings

R3 CHAR. PION INTO P10 E NEU (UNITS 10*a-8) (P4&/(P1&
R3 D 52 (1.15) (0.22) DEPOMMI1 63 CNTR +
R3 0 36 0 ' 97 0.20 BARTLETT 64 OSPK +
R3 D 38 1 ~ 07 0 21 BACASTOM 65 OSPK +
R3 0 1.10 0 ~ 26 BERTRAM 65 OSPK +
R3 D 43 1 ~ 1 0.2 DUNAITSEV 65 CNTR +
R3 332 1.00 0.08 0. 10 DEPOMMIER 68 CNTR +
R3 M 1235 1.036 0.039 MCFARLANE 83 CNTR + DECAY IN FLIGHT
R3 0 DEPOMMIER 68 STATES THAT THE RESULT OF DEPOMMIER 63 IS AT LEAST
R3 D 10 PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE PIO
R3 0 DETECTION EFFICIENCY ~ THIS MAY BE TRUE OF ALL THE PREVIOUS
R3 D MEASUREMENTS ACCORDING TO DEPOMMIER 68 AND V ~ SOERGEL, PRIVATE
R3 D COMMUNICATION, 1972 .
R3 M COMBINES MEASURED RATE(. 398+-.015)/SEC WITH 1982 PDG MEAN LIFE.

R3 AVG 1 ' 033 0.034 AVERAGE

R4
R4
R4
R4
R4

CHAR. PION INTO E NEU 6ANNA (UNITS 10a*-8& (PS)/(P1&
143 (3 ' 0) DEPOMMI2 63 CNTR + E+, GAM KE )48MEV

S2?6 56 07 STETZ 78 SPEC + E MOM )56 MEV/C.
S STETZ 78 IS FOR E-GAMMA OPENING ANGLE )13?DEG ~ OBTAINS 3.7 WHEN

S USING SAME CUTOFFS AS DEPOMMIER.

R5 CHAR. PION INTO E NEU E+ E- (UNITS 10*a-8) (P6) /(P 1)
R5 (3.4) OR LESS CL=.90 KORENCHEN 71 OSPK +
R5 0 ' 48 OR LESS CL~. 90 KORENCHEN 76 SPEC +

R6 PI+ INTO NU+ NEUBAR(E) (UNITS 10*a-3) (P7)/(P1)
R6 FORBIDDEN BY TOTAL LEPTON NUMBER CONSERVATION.
R6 1.5 OR LESS CL~.90 COOPER 82 HLBC WIDEBAND NEU BEAM

R7 PI+ INTO NU+ NEU(E) (UNITS 10*a-3) (P8) /(P 1)
R7 FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION.
R7 8.0 OR LESS CL-.90 COOPER 82 HLBC WIDEBAND NEU BEAM

aa**aa aaaa***aa a**a*aaaa aaaa*a*** aaa*a*aa* a*aaaaaa* aa*aaaaa* *aa**aaa

REFERENCES FOR CHAR6ED PION

2/72

6/66
7/66
3/68

10/83*
2/72
2/72
2/72
2/72

10/83*

3/82
12/79
12/79
12/79

10/71
1/78

1/83*

1/83*

0
D

0

D AVG

4 ' 6056
4.59
4.6034

0 ' 0055
0 ' 03
0 ' 0052

CZ IRR 63 CNTR
PETRUKHIN 63 CNTR
VASILEVSK 66 CNTR

4.6043 0.0037 AVERAGE

9 NEUTRAL PION NEAN LIFE (UNITS 10*a-16 SEC&

N 76
N 45
N 88

T
T
T
T
T N

T
T N

T K
T
T
T B
T N

T N

T K
T B
T
T AVG

WEIGHTED AVERAGE = 1.207 + 0.080
ERROR SCALED BY 1.8

(1.9) (0.5) (0.5) GLASSER 61 EMUL
(2.3) (1.1) (1.0& TIETGE 62 EMUL
(2.8) (0.9) (0.9) KOLLER 63 EMUL SEE STAMER 66
1.05 0.18 0 ' 18 VON DARDE 63 CNTR

75 ( 1.7) (0.5) SHWE 64 EMUL
0.730 0.105 BELLETTIN 65 CNTR

67 (1.6) (06) (0 ~ 5) EVANS 65 EMUL
232 1.0 0.5 STAMER 66 EMUL

0 ' 56 0 ' 06 BELLETTIN 70 CNTR PRIM. EFF. ON NUC
0.9 0 ' 068 KRYSHKIN 70 CNTR PRIMAKOFF EFFECT
0 ' 82 0 ' 04 BROWMAN 74 CNTR PRIMAKOFF EFFECT

OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC
SHIFT TO LARGER MEAN LIFE VALUES.
INCLUDES EVENTS OF KOLLER 63.
BROMMAN GIVES PIO WIDTH~8. 02+-.42EV. MEAN LIFE IS HBAR/WIDTH ~

0.828 0.057 0.053 AVERAGE (ERROR INCL. SCALE FACTOR OF
(SEE IDEOGRAM BELOM)

9/66

6/66
6/66
8/67
7/70

12/70
7/75

8/67
11/75

1 ~ 8)

CROWE 54 PR 96 470
BARKAS 56 PR 101 778
CROWE 57 NC 5 541
CASTAGNO 58 PR 112 1779

ANDERSON
ASHK I N

DE POMMI 1
DE POMMI 2
BARTLETT
DI CAPUA

60 PR
60 NC

63 PL
63 PL
64 PR
64 PR

119 2050
16 490

5 61
7 285
136B 1452
133B 1333

DEPOMMI E
PETRUKHI
BOOTH
AYRES

ALSO
ALSO
ALSO
ALSO

BACKENST
ALSO

KORENCHE
SHAFER
BACKENST

ALSO
DUNAITSE

68 NP B4 189
68 J I NR-P1-3862
70 PL 32B 723
71 PR 3D 1051
67 PR 157 1288
68 PRL 21 261
69 UCRL-18369
69 PRL 23 1267

71 PL 36B 403
70 THESIS
71 SJNP '13 189
72 PRIVATE COMM.
73 PL 43B 539
73 SUBMITTED TO NP
73 SJNP 16 292

BACASTOW 65 PR 139 B407
BERTRAM 65 PR 139 B 617
DUNAITSE 65 JETP 20 58
ECKHAUSE 65 PL 19 348

BARDON 66 PRL 16 775
DUNAITSE 66 PL 23 283
KINSEY 66 PR 144 1132
LOBKO'MIC 66 PRL 17 548

HYMAN 67 PL 25B 376
NORDBERG 67 PL 24B 594
SHAFER 67 PR 163 1451

ALSO 65 PRL 14 923

K M CROME, R H PHILLIPS (LRL&
W H BARKAS, M BIRNBAUM, F M SMITH (LRL)
K M CROME (STANFORD HEPL)
C CASTAGNOLI, M MUCHNIK (ROMA)

H L ANDERSON, T FUJI I,R H MILLER + (EFI)
ASHK IN g FAZZI NI F IDECAROg L I PMAN + ( CERN)
DEPOMMIER, HE INTZE, RUBB IA, SOERGEL (CERN)
P DEPOMMIER, HE INTZE, RUBB IA, SOERGEL (CERN)
BARTLETT, DEVONS, MEYER, ROSEN (COLUMBIA)
DI CAPUA, GARLAND, PONDROM, STRELZOFF (COLU)

+GHESQUIERE, WIEGAND, LARSEN (LRL+SLAC)
BERTRAM, MEYER, CARR IGAN+ (MICH+CARNEGIE)
DUNA ITSEV, PETRUKHIN, PROKOSHK IN + (DUBNA)
ECKHAUSE, HARR I S, SHULER+ (MILL I AM AND MARY)

BARDON, DORE, DORFAN, KRIEGER + (COLUMBIA)
+KUTYIN, PROKOSHKIN, RASUVAEV, SIMONOV (DUBNA)
KINSEY, LOBKOWICZ, NORDBERG (ROCHESTER UNIV)
LOBKOWICZ, MEL I SS INOS, NAGASHIMA+ (ROCH+BNL)

+LOKEN, PEW I TT, DERRICK + (ANL+CARN+NWES)
NORDBERG, LOBKOMICZ, BURMAN (ROCHESTER UNIV)
ROBERT E. SHAFER (LRL)
SHAFER, CROME, JENKINS (LRL)

DEPOMMIER, DUCLOS, HEINTZE, KLEINKNECHT+(CERN)
PETRUKHIN, RYKAL IN, KHAZINS, CI SEK (DUBNA&
+ JOHNSON, W I L L I AMS, WORMA LD (LIVP)
+CORMACK, GREENBERG, KENNEY + (LRL, UCSB)
AYRES, CALDWELL, GREENBERG, KENNEY, KURZ+ (LRL)
AYRES, CORMACK, GREENBERG, KENNEY+ (LRL, UCSB)
DAVID S AYRES (THESIS) (LRL)
GREENBERG, AYRES, CORMACK, KENNEY+ (LRL, UCSB&

BACKENSTOSS, DANIEL, KOCH+ (CERN, KARL, HE ID)
CD VON DER MALSBURG (HE IDELBERG)
KOREblCHENKO, KOST IN, MICELMACHER+ ( J INR)
R. SHAFER, 1972 (FNAL)
BACKENSTOSS, DANIEL, KOCH+ (CERN+KARL+MUNICH)
L. TAUSCHER
DUNA ITSEV, PROKOSHK IN, RAZUVAEV+ (SERP)

P1
P2
P3
P4
P5
P6
P7
P8

CH I SQ
74 CNTR 0. 0
70 CNTR
70 CNTR 8. 9
66 EMUL

65 CNTR 0. 7

63 CNTR 2. 3
13.2

(CONLEV
=0. 010)

-BROWMAN
- KRYSHK I N

-BELLETTIN
-STAMER
-BELLETTIN
AVON DARDE

9 NEUTRAL PION PARTIAL DECAY NODES

PIO INTO 2GAMMA
P IO INTO E+ E- GAMMA

PIO INTO 4ELECTRONS
PIO INTO 3 GAMMA

PIO INTO 4 GAMMA

PIO INTO E+ E-
PIO INTO 2 NEUTRINOS
PIO INTO MU+ E- + MU-

DECAY MASSES
0+ 0

~ 511+.511+ 0.511+.511+.511+~ 511
0+ 0+ 0
0+ 0+ 0+ 0.5 11+.511
0+ 0

106+.511

0 2 3

NEUTRAL P I DECAY RATE(UNITS 10» ~ 16SEC-1 )

BRYMAN
BRANDAOD
CARTER
KORENCHE
MARUSHEN

ALSO
ALSO

STETZ
DAUM

ALSO
LU
COOPER
BRYMAN
MCFARLAN

CARTWR IG
MERR I SON
SHAPIRO
CZ IRR
CARR IGAN
DE POMMI E
MI LK IN

75 PR D1 1 1337
76 ZNAT 31A 1150
76 PRL 37 1380
76 JETP 44 35
76 JETPL 23 72
76 PR IVATE COMM.
78 PRIVATE COMM.

78 NP B138 285
79 PR D20 2692
78 PL 74B 126
80 PRL 45 1066
82 PL 112B 97
83 PRl. 50 7
83 PRL 51 249

53 PR 91 677
62 ADVP 11 1
62 PR 125 1022
63 PR 130 341
68 NP B6 662
80 NP A335 97
80 JPG 6 L5

+PI CCIOTTO (UNI V OF VICTORIA)
BRANDAO 0 OL IVERA ~ DANIEL AVON EG IDY+ (NUN I )
+DIXIT, SUNDARESAN+ (CARL+CNRC+CHIC+CIT)
KORENCHENKO, KOSTIN, MICELMACHER+ (J INR)
MARUSHENKO, MEZENTS EV, PETRUNI N+ (LENI)
R. SHAFER (FNAL)
A ~ I . SMIRNOV (LENI)

+CARROLL' ORTENDAHL PEREZ MENDEZ+ (LBL+UCLA)
+EATON, FROSCH, HIRSCHMANN, MCCULLOCH+ (SIN)
DAUM, EATON, FROSCH, HIRSCHMANN, + (SIN)
+DE LKER g DUGAN MU ~ CAF FREY+ ( YAL E+COLU+ J HU)
+GUY, MI CHETTE, TYNDEL, VENUS (RL)
+DU BO I S, NUMAO+ ( TR I V+V I CT+CNRC+BR CO+QUK I )
MCFARLANE, AUERBACH, GAILLE+ (TEMP+LANL)

PAPERS blOT REFERRED TO IN DATA CARDS

CAR TWR I6 HT, R I C HMAN, MH I TE HEAD, MI L COX (L R L ) J
A M MERRISON (L IVERPOOL)
G SHAPIRO, L M LEDERMAN (COLUMBIA)
JOHN B CZ IRR (LRL)
R. A ~ CARR IGAN JR ~ (CARN). J
P. DEPOMMIER (MONT)
C. MILK IN (LOUC) P

9 NEUTRAL PION BRANCHING RATIOS

R1 PIO INTO (6ANNA E+ E-)/(26ANNA& (PERCENT&
R1 (1.196) THEORET. CALC. JOSEPH 60
R1 27 1.17 0. 15 BUDAGOV 60
R1 3071 1 ~ 166 0.047 SAMIOS 61
R1 1 ' 25 0.04 SCHARDT 81
R1 S SAMIOS VALUE USES PANOFSKY RATIO = 1.62

R1 AVG 1 ' 213 0.030 AVERAGE

HBC
HBC
SPEC

R2
R2
R2
R2
R2
R2
R2

PIO INTO (3 GANNA&/TOTAL (UNITS 10a*-6)
FORBIDDEN BY C INVARIANCE ~

D 0 (4.9& OR LESS CL~. 90 DUCLOS 65 CNTR
D (4.9) OR LESS CL=.90 KUTIN 65 CNTR
D THESE EXPTS. GIVE BR(3GAMMA/?GAMMA)(5. 0a10**-6.

0 (1 ' 5) OR LESS CL= ~ 90 AUERBAC1 78 CNTR
0 0.38 OR LESS CL= ~ 90 HIGHLAND 80 CNTR

R3 PIO INTO (6+E+E-E-)/(2 6ANNA) (UNITS 10a*-5)
R3 N 146 (3 ~ 18) (0.30) SAMIOS 62 HBC
R3 3.28 THEORET. CALC. MIYAZAKI 73
R3 N ABOVE VALUE USES PANOFSKY RATIO = 1 ' 62

(P2)/(P1)
QUANTUM ELECT.

PI- P --) PIO N

PI- P --w PIO N

9/66

1/82

(P4)

6/66
3/68

1/79
1/81

(P3&/(P1&
SEE NOTE N BELOM 6/66
QUANTUM ELECT. 2/76

0
m 9 NEUTRAL PION(13$, JP6~0—) I~1

a*aaaa *aaa**aa* aaaaaa*aa *aaaaa*aa *a**aa*a*aaa******a**aaa*a* *aaa**aa
aaaaaa *a*a*a*aa a**a*a****aaaaaaaa a*aaaa**a *****aaa**aaaaa*aa *aaa*a** R4

R4
R4
R4
R4

PIO INTO (4 GANNA&/TOTAL (UNI TS 10aa-5) (PS)
A 0 (6.0) OR LESS CL=.90 ABRAMS 73 ASPK
A ABRAMS 73 GIVES BR(4GAMMA/2GAMMA)(6. 1*10**-5~

0 (3.8) OR LESS CL= ~ 90 AUERBAC2 78 CNTR
0 0.44 OR LESS CL~. 90 AUERBACH 80 CNTR

8/73
8/73

2/79
8/81

(5.37)
4.50
4 ' 62
4 ' 60
4 ' 55
4 ' 69

(1 ~ 0)
0.31
0.05
0.04
0.07
0 F 07

PANOFSKY
C H INOWSK Y
HADDOCK
HILLMAN
CASSELS
SAMI OS

51 CNTR
54 CNTR
59 CNTR
59 CNTR
59 CNTR
60 HBC

9 (PI+-) — (PIO& NASS DIFFERENCE (NEV&

2/72

RS
R5 D

R5
R5
R5
R5
R5 0
R5
R5 AVG

R6 PIO INTO (2 NEU)/TOTAL (UNITS 10a*-5) (Pl)
R6 0 2.4 OR LESS CL~. 90 HERCZEG 81 RVUE

PIO INTO (E+ E-)/TOTAL (UNITS 10a*-6) (P6) /(P1)
(2.0& OR LESS CL~. 90 DAVIES 74 RVUE
(4 ~ 0) OR LESS CL=.90 SCHACHER 77 STRC PI- P --) PIO N

8 0.223 0.240 0. 110 FISCHER? 78 SPRK K+ EXPT. CL~. 90
58 (0.18) (0.06& MISCHKE 82 SPEC REPL. BY FRANK 83
59 0 ' 17 0 F 07 FRANK 83 SPEC PI- P --) PIO N

DAVIES 74 EXTRACTS THIS INFORMATION FROM BLOCH 75 K+ EXPERIMENT.

0 ~ 177 0.065 AVERAGE

12/75
12/75
11/82*
6/78

11/82*
11/83*
12/75

2/82
2/82
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Particle Data Group: Review of particle properties

For notation, see k,ey at front of Listings. Stable Particles

R7
R7
R7
R7
R7

Plo INTO (NU+ E- + NU- E+)/TOTAL
FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION

7E-8 OR LESS BRYMAN 82 RVUE
(14E-8) OR LESS HERCZEG 84 RVUE

(ZE-15)OR LESS HERCZEG 84 THEO

(PS)

K+ --& PI+ MU E
K+ --& PI+ MU E
MU- --& E- CONY

11/83*
2/84*
2/84*

WEIGHTED AVERAGE = 548. 82 + 0.56
ERROR SCALED BY 1.4

9 NEUTRAL PION ELECTRONA6NETIC FORN FACTOR

THE AMPi. ITUDE FOR THE PROCESS PIO --& E+ E- GAMMA CONTAINS A
FORM FACTOR GAMMA(X**2) AT THE (PIO GAMMA GAMMA) VERTEX
WHERE X~MASS(E+E-)/MASS(PIO). THE PARAMETER A IN THE LINEAR
EXPANSION GAMMA(X**2)~1+A*(X*~2) IS LISTED BELOW'

A
A
A

A

A
A

LINEAR COEFFICIENT OF PIO(-0.15) (0.10)
3071 (-0.24) (0.16)
2200 (+0.01) (0.11)

F 30K +0 ~ 10 0.03
F ERROR STAT ISTI CAL ONLY ~

ELECTROMAGNETIC FORN FACTOR
KOBRAK 61 HBC NO RAD. CORR.
SAMIOS 61 HBC NO RAD ~ CORR.
DEVONS 69 OSPK NO RAD. CORR.
FISCHER1 78 SPEC RAD ~ CORR.

RESULT WITHOUT RAD. CORR. =+0.05+-0.03 '

PANOFSKY 51 PR 81 565
CH I NOWSK 54 PR 93 586
CASSELS 59 PPS 74 92
HADDOCK 59 PRL 3 478
HILLMAN 59 NC 14 887

REFERENCES FOR NEUTRAL PION

W K H PANOFSKY, R L AAMODT, J HADLEY (LRL)
W CHINOWSKY, J STEINBERGER (COLUMBIA)
CASSELS, JONES, MURPHY' 0.NEILL (LIVERPOOL)
HADDOCK, ABASHIAN, CROWE, CZIRR (LRL)
HILLMAN, MIDDEI KOOP, YAMAGATA, ZAVATT INI (CERN)

BUDAGOV
JOSEPH
SAMIOS
GLASSER
KOBRAK
SAMIOS
SAMI OS
TIETGE

60 JETP 11 755
60 NC 16 997
60 NC 18 154
61 PR 123 1014
61 NC 20 1115
61 PR 121 275
62 PR 126 1844
62 PR 127 1324

BUDAGOV, VIKTOR, DZHELEPOV, ERMOLOV + ( J INR)
D W JOSEPH (EF I)
N P SAMIOS (COLUMBIA)
R G GLASSER, N SEEMAN, B STILLER (NRL)
H. KOBRAK (EFI)
N P SAMI OS (COLUMBI A+BNL)
SAMIOS, PLANO, PRODE LL + (COLUMBIA+BNL)
J TIETGE, W PUESCHEL (MAX PLANCK INST)

*0%0** 04**444**0***4*40**0%0**4**OI*40444* 44*4**444 *4'*00**0*400*4*0*

2/80
2/80
2/80
2/80
2/80

JAMES
FOSTERS
KRAEMER
FOELSCHE
DELCOURT
Al FF
P I CKUP
BASTIEN

540 545 550
ETA MASS (MEV)

555 560
I

565

14 ETA PARTIAL DECAY NODES

66 HBC
65 HBC
64 DBC
64 HBC
63 CNTR
62 HBC
62 HBC
62 HBC

CH I SQ
9. 6
0, 9

. 1

0, 1

0. 0
0, 7

0. 0
12. 4

( CONL EV
=0. 054)

STAMER
VASILEVS
DEVONS
BELLETTI
KRYS HK IN
ABRAMS
MI YAZAK I
BROWMAN
DAVIES

66 PR 151 1108
66 PL 23 281
69 PR 184 1356
70 NC 66A 243
70 JETP 30 1037
73 PL 458 66
73 PR D8 2051
74 PRL 33 1400
74 NC 24A 324

CZ IRR 63 PR 130 341
KOLLER 63 NC 27 1405

ALSO 66 STAMER
PETRUKHI 63 SIENA CONF 208
VON DARD 63 PL 4 51

SHWE 64 PR 1368 1839
BELLETTI 65 NC 40 A 1139
DUCLOS 65 PL 19 253
EVANS 65 PR 139 8 982
KUTIN 65 JETP LETT 2 243

JOHN 8 CZ IRR
E L KOLLER, S TAYLOR, T HUETTER

(LRL)
(STEVENS)

V I PETRUKHIN, YU D PROKOSHKIN ( J INR)
VON DARDEL, DEKKERS, MERMOD, VAN PUTTEN+(CERN)

H SHWE, F M SMITH, W H BARKAS (LRL)
BELLETTINI, BEMPORAD, BRACCINI+(P ISA+F IRENZE)
DUCLOS, FREYTAG, HEINTZE + (CERN+HEIDELBERG)
D A EVANS (OXFORD)
KUTIN, PETRUKHIN, PROKOSHK IN ( J INR)

STAMER, TAYLOR, KOLLER, HUETTER+ (STEVENS)
VASILEVSKY, V ISHNYAKOV, DUNAITSEV + (DUBNA)
+NEMENTHY, NISSIM-SABAT, Dl CAPUA+&COLU+ROMA)
BELLETTINI, BEMPORAD, LUBELSMEY+ (PISA+BONN)
+STERLIGOV, USOV (TOMSK POLYTECH. INST. )
+CARROLL, KYCIA, LI, MICHAEL, MOCKETT + (BNI. )
T.MIYAZAKI, E.TAKASUGI (TOKY)
+DEWIRE, G ITTELMAN, HANSON+ ( COR N+8 I NG )
+GUY, 1I A &8 IRM+RHEL+SHMP )

P1
PZ
P3
P4
P5
P6
P7
P8
P10
P11
P12
P13
P14
P15
P16
P17

ETA INTO 2GAMMA
ETA INTO 3P IO
ETA INTO PI+ P I- P I 0
ET A INTO P I + P I — GAMMA
ETA INTO E+ E- PI 0
ETA INTO E+ E- PI+ PI-
ETA INTO PIO 2GAMMA
ETA INTO E+ E- GAMMA
ETA INTO PI+ PI- PI 0 GAMMA
ET A I NTO P I+ P I - 26AMMA
ETA INTO MU+ MU-
ETA INTO MU+ MU- GAMMA
ETA INTO MU+ MU- PIO
ETA INTO PI+ PI-
ET A INTO E+ E-
ETA INTO MU+ MU- PIO GAMMA

D

0+
135+
140+
140+
135+
140+
135+.5'l1+
140+
140+
106+
106+
106+
140+

~ 511+
106+

ECAY MASSES
0

135+ 135
140+ 135
140+ 0

.511+~ 511
140+.511+~ 511

0+ 0.511+ 0
140+ 135+ 0
140+ 0+ 0
106
106+ 0
106+ 135
140.511
106+ 135+ 0

SCHACHER 77 LNC 20 177
AUERBAC1 78 PRL 41 ?75
AUERBAC2 78 PL 788 353
F ISCHER1 78 Pl. 738 359
FISCHERZ 78 PL 738 364

+CZAPEK, HAHN, MARTI (BERN)
AUERBACH, HIGHLAND, JOHNSON, + &TEMP+LASL)
AUERBACH, HIGHLAND, JOHNSON, + (TEMP+LASL)
+EXTERMANN, GUISAN, MERMOD, + &GEVA+SACL)
+EXTERMANN, GUISAN ~ MERMOD, MOREL+ &GEVA+SACL)

AUERBACH 80
HIGHLAND 80
HERCZEG 81
SCHARDT 81
BRYMAN 82
MISCHKE 82
FRANK 83
HERCZEG 84

PL 908 317
PRL 44 628
PL 1008 347
PRD 23 639
PR D26 2538
PRL 48 1153
PR D28 423
PR D TO BE PUBL.

+HAIK, HIGHLAND, MCFARLANE, MACEK+
+AUERBACH, HAIK, MCFARLANE, MACEK+
P. HERCZEG, CD MD HOFFMAN
+FRANK, HOFFMANN, MISCHKE, MOIR +
D. BRYMAN
+FRANK g HOFF MAN ~ MO IR SARRAC I NO +
+HO F F MAN ~ Ml SCHKE ~ MO I R+
PE HERCZEG, C.M. HOFFMAN

(TEMP+LASL)
(TEMP+i. ASL)

(LANL)
(ARZS+LANL)

(TRIU)
(LANL+ARZS)
(LANL+ARZS)

(LANL)

14 ETA(549, JP6~0-+) I~O

*4*0+4 4*0*4**4**40**004*00*00*4*4 440000**4 440*0*40* 0*4**40*4*00*0000
0*044* 4%**00400 04**440*4 4***0004***00040%4 *0*44*4**00**04**4**00%0**

P 7P 4P 1 P 2
P 1 ~ 3902+-.0084
P 2 -.6885 ~ 3179+- ~ 0080
P 3 —.4327 —.3366 ~ 2368+-.0054
P 4 —~ 3764 —~ 2950 .8016 .0491+-.0013
P 7 —~ 0107 —.0162 —.0016 —.0013 ~ 0010+- ~ 0002
P 8 —.0521 —.0462 —~ 0546 —.0540 —.0000 ~ 0050+-.0012

P 8

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The &matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where1 1 1
6p. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-t 1 1
cients (6P.6P. ) j(6P. ~ 6P.). For the definitions of the individual P. , see the listings

1 J 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1

are thus constrained to add to 1.

M

M

M

M

M

M

M

M

M

M AVG

14 FTA NASS (NEV)

1.2 BASTIEN 62 HBC
4.0 PI CKUP 62 HBC
1 ~ 0 ALFF 62 HBC
2 ' 9 DELCOURT 63 CNTR
0 ' 7 FOELSCHE 64 HBC
3 ' 0 KRAEMER 64 DBC
0 ~ 65 FOSTER3 65 HBC
2 ' 0 JAMES 66 HBC

0.56 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 4)
(SEE IDEOGRAM BELOW)

53 549 ' 0
35 546 ' 0
91 548 ~ 0

549.3
148 549 ' 0
325 552.0

548. 2
250 555.0

548 ' 82

14 ETA WIDTH

FROM MASS SPECTRUM
ALFF
FOELSCHE
JAMES
BALTAY

CL~. 95 JONES

(UNI TS MEV)
62 HBC
64 HBC
66 HBC
66 DBC
66 CNTR

ETA WIDTH DETERMINED
91 (10.0) OR LESS

148 (10 ~ 0) OR LESS
31 (12 ~ 0) OR LESS

(4.0) OR LESS
(0.9) OR LESS

7/66
6/66

6/66
7/66
8/67

G 8G 4G 1 6 2 6 7
6 1 .3420+- ~ 0443
6 2 .9475 ~ 2787+- ~ 0381
6 3 .9634 .9584 .20?6+-.0279
G 4 .9584 .9535 .9974 .0431+-.0058
6 7 ~ 4709 ~ 4669 ~ 4727 ~ 4704 .0008+-.0002
G 8 .4809 ~ 4777 ~ 4808 .4772 ~ 2368 ~ 0044+- ~ 0012

G 3

14 ETA DECAY RATES

FITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into rate
space; i. e, , G. = I . = I P. , in appropriate units. In analogy to the matrix above,i i total i'
the diagonal elements are G. + 6G. , where 6G. = Q (6G.6G.), while the off-diagonal

1 1 1 1 1
elements are the normalized correlation coefficients (6G. 6G.)/(6G. ~ 6G, ). Note that,i j i j
because of the error in I, the errors and correlations here are not directly derivabletotal'
from those above.

W

W

W

W

W FIT

ETA WIDTH DETERMINED FROM DECAY RATE (UNITS KEV)
THIS IS THE PARTIAL DECAY RATE (W1) FOR THE MODE (ETA INTO 2GAMMA)
DIVIDED BY THE FITTED BRANCHING FRACTION (P1) FOR THAT MODE.

0.88 0. 12 FROM FIT

EYA INTO 26ANNA (UNITS KEV) (61)
W1 8 (1 ~ 00) (0.22) BEMPORAD 67 CNTR PR IMAKOFF EFFECT
W1 0.324 0 ' 046 BROWMAN 74 CNTR PR IMAKOF F EFFECT
W1 56 0 ~ 56 0. 16 WEINSTEIN 83 CNTR E+E- -& E+E- ETA
W1 8 BEMPORAD 67 GIVES W1=1.21+—.26 KEV ASSUMING THAT W1/TOTAL~0. 314.
W1 8 BEMPORAD PRIVATE COMMUNICATION GIVES MORE GENERAL RESULT AS
W1 8 W1~W1/TOTAL~. 380+-.083. WE EVALUATE THIS USING W1/TOTAL=. 38+-.01.
W1 8 NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTIANTY RESULTING FROM THE
W1 8 SEPARATION OF THE COULOMB AND NUCLEAR AMPLITUDES HAS APPARENTLY
W1 8 BEEN UNDERESTIMATED.

W1 AVG 0 ' 342 0 ' 063 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 4)
W1 FIT 0.342 0.044 FROM FIT

11/75
7/74
2/84*

11/75
11/75
11/75
2/76
2/76
2/76
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Stable Particles Data Card Listings

14 ETA SRANCHING RATIOS R10
R10

ETA INTO (E+E-PI+PI-)/TOTAL (UNITS 10*~-2&
&0.7) OR LESS RITTENBER 65 HBC

&P6&
6/66

R1 ETA INTO NEUTRALS/CHAR6ED
R1 &P1+P2+P?&/(P3+P4+P8&
R1 N 10 (2 5) (1 ~ 0) P I CKUP 62 HBC
R1 N 53 (3.20& (1.26) BASTIEN 62 HBC
R1 N 280 (4 ~ 5) (1.0) JAMES 66 HBC
R1 N THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES
R1 N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES (3& AND (4)
R1 N FROM EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN
R1 N SOME (UNKNOWN) FRACTION OF NODE &4).
R1 2 ~ 64 0 ~ 23 BALTAY2 67 DBC

R1 FIT 2.437 0.076 FROM FIT

6/66

11/67

R2
R2
R2
R2
R2 AVG
R2 FIT

ETA INTO 26ANNA/CHARGED
0.99 0.48

75 1.51 0.93

1 ~ 10 0.43
1 ~ 341 0 ~ 050

AVERAGE
FROM FIT

CRAWFORD 63 HBC
KENDALL 74 OSPK

(P1)/(P3+P4+PS&

12/75

NOTE ONy ~ g

It appears that earlier problems with the g ~ m yy
branching fraction have been resolved by the excellent
new Ir~easurement of BINON 82. Interested readers are
referred to their paper and to the note in our 1982 edi-
tion.

R11
R11

R12
R12
R12
R12
R12
R12
R12
R'l2
R12
R12
R12
R12
R12
R12

R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13

R'l4
R14
R14
R14
R14

R15
R15
R15
R15
R15

ETA INTO (E+E-PI+PI-)/&PI+PI-GAINA)
1 0.026 0.026 GROSSNAN 66 HBC

&P6&l&P4&

ETA

T
T TH

113
88

AVG
FIT

ETA

AVG
FIT

75

INTO 3PIO/NEUTRALS
&0.209& (0.054)
(0 ~ 29) (0 ~ 10)
&0.177) (0.035)
(0 ' 41) (0 ' 033)

0 ' 439 0.024
(0.32) (0.09&
0.44 0.08

0 ' 439 0.023
0.448 0 ' 011

AVERAGE
FROM F I T

DIG I UGNO

GRUNHAUS
FELDMAM
BUNI ATOV
BUTTRAN
STRUGALSK
ABROSINOV

(P2) /(P 1+P2+P7)
66 CNTR ERROR DOUBLED
66 OSPK
67 OSPK
67 OSPK NOT INDEP. OF R12
70 OSPK
71 Ht BC
80 HLBC

FIT

ETA INTO (P IO 26AINIA&/26AINIA
(0 ~ 5) OR LESS CL~. 90 WAHL IG
(0.28) OR LESS CL~.95 BALTAY1

0.00244 0 ' 00059 FROM FIT

(P7&/(P1&
66 SPRK
67 DBC

ETA INTO (E+E-PIO)/TOTAL (UNITS 10~*-2)
SINGLE PHOTOM PROCESS FORB IDD'EN BY C-PARITY

(0 ~ 7) OR LESS RITTEMBER 65 HBC
(0 F 084)OR LESS CL~. 90 BAZIN 68 DBC

0 (0.016)OR LESS CL~. 90 MARTYNOV 76 HLBC

(P5)

INTO 2 6AINIA/NEUTRAI. S (P1&/(P1+P2+P?&
&0.416& (0.044) DI G IUGNO 66 CNTR ERROR DOUBLED
&0.44& (0.07) GRUNHAUS 66 OSPK
&0 ' 579) (0 ' 052) FELDMAN 67 OSPK
&0.39) (0.06) JONES 66 CNTR

IS RESULT FROM COMBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS ~

0 ' 59 0.033 BUNIATOV 67 OSPK
0 ' 535 0.018 BUTTRAN 70 OSPK

&0.57) (0.09) STRUGALSK 71 HLBC
0 ~ 60 0. 14 KENDALL 74 OSPK
0 ' 52 0.09 ABROSIMOV 80 HLBC

0 ' 547 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
0 ' 550 0.011 FROM FIT

6/66

6/66
8/67
8/67
8/67

11/67
12/70
5/71

12/75
10/81

6/66
8/67
8/67

1 1/6?
12/70
5/71

10/81

7/66
11/67

6/66
6/68
6/77

Reference

1. Particie Data Group, Phys. Lett. 1118(1982).

R17
R17
R17
R1?
R17
R17
R17

ETA

0

(7 ~ 0)
(0.9)(1.6)
(I ~ 7)
0.24

OR LE SS
OR LESS
OR LESS
OR LE SS
OR LESS

CL ~ 95
CL ~ 90
CL~. 90

FLATTE
PRICE
BALTAY2
ARNOLD
THALER

INTO (Pl+PI-PIO 6AINIA)/(PI+PI-PIO) &UNITS 10~*-2&
(P10) /(P3&

67 HBC
67 HBC
67 DBC
68 HLBC
73 ASPK

8/67
8/67

11/67
9/68
6/73

R3 ETA
R3 OT
R3
R3
R3
R3
R3
R3
R3
R3 16
R3
R3
R3
R3 F IT

INTO &PIO 26AIINA&/NEUTRALS (P?&/(P1+P2+P?)
HER RESULTS ARE IN SECTIONS R14, R22(DAVYDOV 81), AND R26.(0.375& (0.072) DIGIUGNO 66 CNTR ERROR DOUBLED(0.27) (0 ~ 10) GRUNHAUS 66 OSPK

(0.028) (0 ' 044) BUNIATOV 67 OSPK REPL. BY SCHMITT
(0 ' 244) (0.05) FELDMAN 67 OSPK
&0.026& (0.019& BUTTRAM 70 OSPK
(0.122& (0.052& (0.044)COX 70 HBC
(0.07& OR LESS CL~. 90 DEVONS 70 OSPK
(0.016) (0.047& SCHMITT 70 OSPK REANAL. BUNIATOV(0.11& (0 ' 03& STRUGALSK 71 HLBC
(0.04& OR LESS CL=.90 ABROSIMOV 80 HLBC

0.00134 0.00032 FROM FIT

6/66
8/67

70 11/67
8/67

12/70
6/70

12/70
67 12/70

5/71
10/81

R18
R18
R18

R19
R19
R19
R19
R19
R19
R19
R19
R19
R19

ETA

ETA

199

AVG
FIT

INTO &PI+PI- 26AINIA)/(PI+PI-PIO)
0.009 OR LESS PRICE 67 HBC

(0.016)OR LESS CL=.95 BALTAY2 67 DBC

(P11)/(P3)

(P2&/&P3&
63 HBC
64 HBC
65 HBC
67 HLBC
68 HLBC
69 HLBC

INTO
0 ~

2.
0 ~

1 ~

1 ~

1.
~ ~

1.
1.

3P I0/( P I+ P I- P I 0)
83 0.32 CRAWFORD
0 1.0 FOELSCHE
90 0.24 FOSTER1
3 0 ~ 4 BAGL!N2
47 0 ~ 20 0. 17 BULLOCK
50 0. 15 0.29 BAGL IN

28 0 ' '14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3&
342 0.052 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

(SEE IDEOGRAN BELOW)

8/67
11/67

7/66
7/66
7/66
8/67
9/68
7/69

R4 ETA INTO (P I+
R4 0. 14
R4 24 &0.73)
R4 0 ' 30
R4 0 ~ 10
R4 0 ~ 196
R4 0.25
R4 0 ' 28
R4 7250 0.201
R4 18K 0 ~ 209
R4 ~ ~ ~ ~ ~

R4 AVG 0 ' 2074
R4 F IT 0 ' 2074

PI- GAIOIA&/&PI+ PI- PIO& «P6&/(P3&
0.08 FOELSCHE 64 HBC

(0-25) PAULI 64 DBC
0.06 CRAWFORD 66 HBC
0. 10 KRAEMER 64 DBC
0.041 FOSTERS 65 HBC
0.035 LITCHFIEL 67 DBC
0 ~ 04 BALTAY2 67 DBC
0.006 GORMLEY 70 ASPK
0 ' 004 THALER 73 ASPK

~ ~ ~

0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
0.0033 FROM FIT

6/66
7/66
7/66
8/67

11/67
6/70
6/73

WEIGHTED AVERAGE = 1, 28 + 0. 14
ERROR SCALED BY 1.3

es above of weighted average, error,
ca1e factor are based upon the data in
deogram only. They are not neces-

the same as our "best" values,
ned from a least-squares constrained fit
ng measurements of other (related)
ities as additional information.

R6
R6
R6
R6
R6
R6
R6
R6
R6 AVG
R6 F IT

ETA INTO 3PIO/26ANMA
(0.90) OR MORE
( 1.25) &0.39)

0 ~ 88 0 ~ 16
1 ~ 1 0 ~ 2
0.91 0. 14
0.75 0 ' 09

0 ' 842 0.065
0.815 0.035

CHRETIEN
BACCI
BALTAY1
CENCE
COX
DEVONS

AVERAGE
FROM FIT

62 PBC
63 CNTR
6? DBC
67 OSPK
70 HBC
70 OSPK

(P2) /(P1&

INVERSE BR REPORTED 7/66
11/67

'I /68
6/70

12/70

R?
R7
R7
R?
R7 AVG
R7 F IT

ETA INTO 26ANNA/(PI+ PI- PO)
1 ~ 61 0 ~ 39

401 1.72 0.25
FQSTER1 65 HBC
BAGL IM 69 HLBC

1.69 0.21 AVERAGE
1.647 0.061 FROM FIT

(P1)/(P3&

?'/69

R8 ETA INTO NEUTRAL/(PI+
R8 50 3.6 0.8
R8 3 ~ 8 1 ~ 1
R8 2 ' 89 0 ' 56
R8 244 3.6 0.6
R8 29 3 ~ 4 1.1
R8 8 70 2.83 0.80
R8 74 2.54 1.89
R8 8 ERROR INCREASED FROM

R8 AVG 3 ' 26 0 ' 30
R8 F IT 2.994 0 ' 095

PI- PIO&
KRAEMEA 64 DBC
PAULI 64 DBC
ALFF-STE1 66 HBC
FLATTE2 67 HBC
AGUILAR-8 ?2 HBC
BLOODWORT ?2 HBC
KENDALL ?4 OSPK

PUBLISHED VALUE 0. 5 BY BLOODWORTH, PRIV.

(P1+P2+P?)/&P3)

7/66
9/66
1/68

'I 1/72
1.1/72
12/75

CONN. 1/73

AVERAGE
FROM FIT

R9
R9
R9
R9
R9
R9
R9

(P5&/(P3&

8/67
11/67
12/75

ETA INTO (E+E-P I 0 & /(P I+P

I-PIC�)

(UN ITS 10*~-4)
SINGLE PHOTON PROCESS FORBIDDEN BY C-PARITY

(110.) OR LESS PRICE 65 HBC
0 (77 ~ ) OR LESS FOSTER2 65 HBC

(42 ~ ) OR LESS CL=. 90 BAGLIN1 67 HLBC
0 (16.& OR LESS CL=.90 BILLING 67 HLBC1.9 OR LESS CL=. 90 JANE1 ?5 OSPK

R21
R21
R21
R2'I
R21
R21

R22
R22
R22
R22
R22
R22

R23
R23
R23

ETA

16K

AVG
FIT

ETA

0
70

FIT

ETA
0

27

- BAGL IN

-BULLOCK
. BAGL IN2
. FOSTER1
-FOELSCHE

CRAWFORD

69 HLBC
68 HLBC
67 HLBC
65 HBC

64 HBC
63 HBC

CH I SQ
1.0
1. 1

0. 0
2. 5

2. 0
6. 5

(CONLEV
=0. 162)

INTO NEUTRALS/TOTAL
0.79 0 F 08 BUNIATOV
0 ' 705 0.008 BASILE

0 ' 7058 0.0080 AVERAGE
0.7091 0.0065 FROM FIT

INTO &PIO 26ANNA&/TOTAL
(0.12) OR LESS CL~.95 JACQUET
(0.003&OR LESS CL~.90 DAVYDOV

0.00095 0 ' 00023 BINOM

0.00095 0.00023 FROM FIT

INTO NU+NU-/TOTAL &UNITS 10~~-5)
(2. ) OR LESS CL~.95 WEHNANN
0.65 0.21 DZHELYA2

& P1+P2+P7)
67 OSPK
71 CNTR MM SPECTROMETER

&P7&
69 HLBC
81 CNTR PI — P--)ETA N

82 CNTR PI- P--)ETA N

(P12&
68 OSPK
80 SPEC PI- P--&ETA N

11/67
8/71

6/70
1/82

11/83*

4/68
9/81

I I

0 1 2 3
ETA INTO (3P I 0)/(P I+ P I — P I 0)
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For notation, see It, ey at front of Listings. Stable Particles

CP14)

R25 ETA INTO MU+MU-/26ANNA (UNITS 10~*-5) (P12)/(P1)
R25 (5.9) (2 ' 2) HYAMS 69 OSPK

R24 ETA INTO IW+Nl-P IO/TOTAL (UNITS 10**-4)
R24 SINGLE PHOTON PROCESS FORBIDDEN BY C-PARITY
R24 (5 ~ ) OR LESS MEHMANN 68 OSPK
R24 0.05 OR LESS CL=.90 DZHELYADI 81 SPEC PI- P--)ETA N

4/68
1/82

7/69

and p for the decay it ~ ~+~ y in the Data Card List-

ings below.

R26 ETA INTO CPIO 26ANMA)/(3PIO + PIO 26ANMA) CP7)/CP2+P7)
R26 (0.1) (0 ' 3) KANOFSKY 70 OSPK
R26 ~ J ~ ~ ~ I ~

R26 FIT 0.00298 0.00072 FROM FIT

2/71

R28 ETA INTO (E+E-GANNA)/(PI+PI-PIO) (UNITS 10+~-2) (PS)/(P3)
R28. J 80 2 ~ 1 0 ~ 5 JANE2 75 OSPK
R28 J VALUE CHANGED BY ERRATUM.
R28 ~ ~ ~ ~ ~ ~ ~

R28 FIT' 2 ~ 11 0.50 FROM FIT

2/76
2/76

R27 ETA INTO (PI+ PI-)/TOTAL (UNITS 10*+-2) Cr 15) 6/73
R27 VIOLATES P AND T INVARIANCE
R27 0 0.15 OR LESS THALER 73 ASPK CON. LEV. NOT GIVEN 6/73

Dalitz plot for y ~ x

The Dalitz plot for the decay g ~ x+~ ~ may be

fit by the distribution

iM(x, y)i oc 1+ay+ by2+ cx+ dx2+ exy.

Here,
R29 ETA INTO (E+ E-)/TOTAL (UNITS 10**-4) (P16)
R29 D 3. OR LESS CL~.90 DAVIES 74 RVUE
R29 D DAVIES 74 EXTRACTS THIS INFORMATION FROM ESTEN 67.

2/78
2/78 x = ~3(T+ —T )/Q, y = (3TO/Q) —1,

R30
R30
R30

ETA INTO (Nl+ NU- 6AMMA)/TOTAL CUNITS 10~*-4) CP13) 2/79
100 (1 ' 5) (0.75) BUSHNIN 78 SPEC REPL. BY DZHELYA1 80 2/79
600 3. 1 0.4 DZHELYA1 80 SPEC PI- P--)ETA N 9/81

R31
R31

ETA INTO CMU+ NU- PIO 6AMMA)/TOT CUNITS 10~~-6) CP17)
3. OR LESS CL~.90 DZHELYADI 81 SPEC PI- P--)ETA N

1/82
1/82

NOTE ON y DECAY PARAMKTK~

C violation in y decays

where N —means the number of events with the +-
energy greater than the x energy in the g rest frame.

(b) The sextant asymmetry

N) + N3 + N5 —N2 —N4 —N6

N) + N2+ N3+ N4+ N5+ N

As a test of possible C violation in electromagnetic
interactions, a number of experiments have looked for
possible charge asymmetries in the decays g ~ x+m xo

and g ~ ~+~ y. We list the following parameters:

(a) The leA-right asymmetry

A = (N+ —N )/(N++ N ),

T+, T, and Tp are the kinetic energies of the m

and ~ in the it rest system, and Q = m —m ~+.
m —m p. The coefficient of the term linear in x is

7r
sensitive to C-violation due to an I = 0 or I - 2 final
state. We list papers presenting determinations of the
parameters a, b, c, and d in the section DP below.
However, we do not tabulate values of these parameters
because the assumptions made by different authors are
not compatible and do not allow comparison of the
numerical values.

Dalitz plot for y ~ x x ~

The Dalitz plot for the decay g ~ no~ ~ may be fit
to the expression

iMi oc 1+2nz,
where

23z= —g [3(m —3m ) '(E; ——m)] =p/p

for the decay q ~ ~+~ mo. The numbers refer to sex-
tants of the Dalitz plot (see, for example, Layter et al. ).
A is sensitive to an I = 0 C-violating asymmetry.

(c) The quadrant asymmetry A, defined in a similar

way as A, but with each sector of the Dalitz plot now

containing ~/2 rather than ~/3 radians. A is sensitive

to an I = 2 C-violating final state.

(d) The D-wave contribution to the C-violating

amplitude in the decay q ~ x m y. The upper limit
for this contribution is measured by the parameter p,
defined by

dN/di cos8i oc sin 8(1+Pcos28),
where 8 is the angle between the ~+ and the y in the
dipion center of mass. A term proportional to cos 8

could also be due to P- and F-wave interference.
We list A for the decay modes g ~ x+m x and

y, A and A for the decay g ~ ~+~

Here E; is the energy of the i "pion in the g rest
frame, and p is the distance to the center of the Dalitz
plot. We list the parameter o, in section AO below.

Reference

1. J.G. Layter et al. , Phys. Rev. Lett. 29, 316 (1972).
14 ETA C-NONCONSERVING DECAY PARAMETERS

A1 LEFT-RI6HT ASYMMETRY PARAMETER FOR PI+ PI- PIO CUNITS 10~*-2)
A1 1351 7.2 2.8 BALTAY 66 DBC
A1 1300 5.8 3.4 CLPWY 66 HBC
A1 10665 (03) (1.0) CNOPS 66 OSPK REPL BY MULLER 69
A1 705 -6 ~ 1 4.0 LARR I BE 66 HBC
A1 G36800 (1.5) (0.5) GORMLEY3 68 ASPK.
A1 10709 0 3 1.1 MULLER 69 OSPK
A1 1138 -1 ~ 4 CARPENTR 70 HBC
A1 349 3.2 5.4 DANBURG 70 DBC
A1 ?20K -0.05 0.22 LAYTER 72 ASPK
A1 165K 0.28 0.26 JANE 1 74 OSPK
A1 G GORMLEY3 68 ASYMMETRY PROBABLY DUE TO UNMEASURED (E X B) SPK. CH.
A1 G EFFECTS. NE'W EXPTS. WITH (E X B) CONTROLS DONT OBSERVE ASYMMETRY

A1 AVG 0. 12 0 ~ 17 AVERAGE

A2 LEFT-RI6NT ASYMMETRY PARAMETER FOR PI+ PI- 6AMMA (UNITS 10~~-2)
A2 33 -2. 17 ~ CRAWFORD 66 HBC
A2 -4. 8. L I TCHF I EL 67 DBC
A2 N 1620 1.5 2. 5 MULLER 69 OSPK
A2 7257 1 ' 22 1 ' 56 GORMLEY 70 ASPK
A2 36K 0.5 0 ' 6 THALER 72 ASPK
A2 35K 1 ' 2 0 ' 6 JANE2 74 OSPK
A2 N MULLER 69 IS SENSITIVE ONLY TO UPPER .4 OF GAMMA-RAY SPECTRUM.

A2 AVG 0.88 0.40

8/66
8/66
8/67
8/67
6/68
9/69
6/70
2/71
8/72
3/74
3/74
3/74

11/66
8/67
9/69
6/70
8/72
3/74

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



896 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings

AS SEXTANT ASYlOIETRY PARAMETER FOR Ple PI-
AS 1300 6.8 3.3 CLPWY
AS 705 -2 ' 4 4 ' 0 LARRIBE
AS 37K 0.5 0.5 GORMLEY3
AS 220K 0. 10 0.22 LAYTER
AS 165K 0.20 0.25 JANE 1

AS AVG 0 ~ 19 0 ~ 16 AVERAGE

PIO (UNITS 10**-2&
66 HBC
66 HSC
68 WIRE
72 ASPK
74 OSPK

QUADRANT ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNITS 10*~-2)
20K -0 F 07 0.22 LAYTER 72 ASPK
65K -0 ' 30 0.25 JANE1 74 OSPK

~ ~ ~ ~ ~ ~ ~ ~ ~-0.17 0 ' 17 AVERAGE

AQ
AQ 2
AQ
AQ
AQ AVG

BET SETA FOR ETA TO PI+ PI- 6AMNA. SENSITIVE TO D-WAVE CONTRIBUTION.
BET ON/OCOS THETA ~ SIN**2 THETA * (1 + SETA * COS**2 TNETA)
BET 7250 -0 ' 060 0.065 GORMLEY 70 WIRE
BET L 0 ~ 12 0.06 THALER 72 ASPK
BET 35K 0.11 0 ~ 11 JANE2 74 OSPK
BET L AUTHORS DONT BELIEVE THIS TO INDICATE D-WAVE BECAUSE DEPENDENCE OFBET L SETA ON GAMMA ENERGY INCONSISTENT WITH TNEOR. PREDICTION.
BET L COS**2 DEPENDENCE MAY A1. SO COME FROM P AND F-WAVE IkTERFERENCE ~BET ~ ~ ~ ~ ~ ~ ~ ~

BET AVG 0.047 0.062 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 1 ' 5)
(SEE IDEOGRAM BELOW)

12/75
12/75
12/75
12/75
12/75

12/75
12/75

12/75
12/75
12/75
12/75
12/75
12/T5
12/75

JAMES 66 PR 142 896
JONES 66 PL 23 597
LARRIBE 66 PL 23 600
WAHL I G 66 PRL 17 221

F E JAMES, H L KRAYSILL (YALE+SNL)
JONES~BINNIE ~ DUANE g HORSEY~ MASON~ (LOI C ~ RHEL)
LARR IBE s LEVEQUEt MULLER s PAUL I s e (SACL+RHEL )
WAHL IG, SHI BATA, MANNELL I (MIT+P ISA)

BAGL IN1
BAGLIN2
BALTAY1
BALTAY2
SEMPORAD

ALSO

BILLING 67 PL 258 435
BOWEN 67 PL 248 206
BUNIATOV 67 PL 258 560
CENCE 67 PRL 19 1393
ESTEN 67 PL 248 115

FELDMAN 67 PRL 18 868
FLATTE 67 PRL 18 976
FLATTE2 67 PR 163 1441
LITCHFIE 67 PL 248 486
PR ICE 67 PRL 18 120T

ARNOLD 68 PL 278 466
SAZIN 68 PRL 20 895
BULLOCK 68 PL 278 402
GORMLEY3 68 PRL 21 402
WEHMANN 68 PRL 20 748

8 ILL ING g BULLOCK r ESTEN g GOVAN g + {LOUC g OXF)
BOWEN, CNOPS, F INOCCHIARO, + (CERN+ETH+SACL)
BUNIATOV, ZAVATTINI, DEINET, + (CERN+KARL)
CENCE, PETERSON, STENGER, CHIU+ (HAWAII+LRL)
+GOVAN, KNIGHT, MILLER, TOVEY+ (LOUC+OXF)

FELDMAM, FRAT I, GLEESON, NALPERN, + (PEkk)
ST M. FLATTE (LRL)
S ~ M- FLATTE AND C. G ~ WOHL (LRL)
L I TCHF IELD, RANGAN, SEGAR, SMITH+(RHE L+SACLAY)
LE R.PRICE, F.S.CRAWFORD (LRL)

+PATY, BAG L I N, 8 INGHAM+ (STRB+MADR+EPOL+UCB )
BAZ Ik ~ GOSHAW g ZACHER ~ + (PRINCETON

~QUEENS�)

+ESTEN, FLEMING, GOVAM, HENDERSON, OWEN+ (LOUC)
GORMLEY, HYMAN, LEE, NASH, PEOPLES+ (COLU+BNL)
WEHMANN, ENGELS, + (HARV+CASE+St. AC+CORN+MCGI)

67 PL 248 637 BAGLIN, BEZAGUET, DEGRANGEge (EPOL+UCS)67 SAPS 12 567 BAGLIM, BEZAGUET, DEGRANGEge (EPOL+UCB)
67 PRL 19 1495 BALTAYs FRANZ INI c KIM, NEWMAke (COLUeBRAM)
67 PRL 19 1498 BALTAY, FRANZ INI, KIM, NEWMAN+ (COLU+STON)67 PL 258 380 BEMPORAD, BRACC INI, FOA, LUBE LSMEY+(PISA, BONN)

PRIVATE COMMUNICATION

WEIGHTED AVERAGE = 0. 047 + 0.062
ERROR SCALED BY 1.5

BAGLIN 69 PL 298 445
ALSO 70 MP 822 66

HYAMS 69 PL 298 128
JACQUET 69 MC 58 743
MULLER 69 THESIS

BAGLIN 70 NP 822 66
BUTTRAM 70 PRL 25 1358
CARPENTR 70 PR D1 1303
COX 70 PRL 24 534

BAGLIN, BEZAGUET, + (EPOL, UCB, MADR, STRB)
+BEZAGUET ~ DEGRANGE g MUSSET +(EPOL~ MADR ~ STRB)
HYAMS, KOCH, POT TE R, VON L I NOER N, + ( C ER N, MP I M)
JACQUET, NGUYEN-KHAC, HAATUFT+ (EPOL, BERG)
ARMAND MULLER (STRB)

+BEZAGUET, DEGRANGE, MUSSET+ (EPOL+MADR+STRB)
+KREI SLER, MISCHKE (PRIN)
CARPENTER, BINK LEY, CHAPMAN, COX, DAGAN+ (DUKE)
COX t FORTME Y t GOL SON (DUKE)

DANBURG
DEVONS
GORMLEY

ALSO
KANOFSKY
SCHMI TT

70 PR D2 2564
70 PR D1 1936
70 PR D2 501
70 NEVIS 181(THESIS)
70 NC 68 413
70 PL 328 638

+ABOLINS, OAHL, OAVIES, HOCH, KIRZ, + (LRL)
+GRUNHAUS, KOZLOWSKI, NEMETHY + (COLUgSYRA)
GORMLEY, HYMAM, LEE, NASH, PEOPLES+ (COLU+BNL)
MICHAEL GORMLEY (COLU)
A. KANOFSKY (LEHI)
+BUNIATOV, ZAVATTINI, DE I NET+ (CERN, KARL)

74 OSPK
72 ASPK

Y 70 WIRE

0. 5

14 ENER6Y DEPENDENCE OF ETA DALITZ PLOT

-0.3 -0. 1 0. 1 0, 3
BETA FOR ETA TO PI+ PI — GAMMA

CHISQ
0. 3

. 5
2. 7

4 5
(CO~LEV
=O. 104)

BASILE 71
STRUGALS 71
AGUILAR- 72
BLOOOWOR 72
LAYTER 72
THALER 72

NC 3A 796
NP 827 429
PR O6 29
NP 839 525
PRL 29 316
PRL 29 313

LAYTER
THALER
BROWMAN
DAVI ES
JANE1
JANE2
KENDALL

JANE 1
JANE2

ALSO
MARTYNOV
BUSHNIN

ALSO

73 PR O7 2565
73 PR D7 2569
74 PRL 32 1067
74 NC 24A 324
74 PL 488 260
74 PL 488 265
T4 NC 21A 387

75 PL 598 99
75 PL 598 103
76 PL (TO BE PUBL. )
76 SJNP 23 48
78 PL 798 147
78 SJNP 28 775

eBOLLIMIgDALPIAZ FRABETTI+ (CERNgSGMAgSTRB)
+CHUVILOt GEMESYJ IVANOVSKAYA+ ( J INR)
AGUILAR-BENI TEZ, CHUNG, EI SNER, SAMIOS (BNL)
BLOODWORTH e JACKSON ePRENTICE r YOON (TORONTO)
+APPEL, KOTLEWSK I, LEE, STEIN, THALER (COLU)
+APPEL, KOTLEWSK I, LAYTER, LEE, STEIN (COLU)

+APPEL, KOTLEWSKI, LEE, STEIN, THALER (COLU)
+APPEL, KOTLEWSKI, LAYTER, LEE, STEIN (COLU)
+DEWIRE, G ITTELMAN, HANSON, LOH + (CORN+BING)
+GUY, ZI A (8 IRM+RHEL+SHMP)
+ JONES, LIPMAN, OWEN, PENNEY+ (RNEL+LOWC+SUSS)
+ JONES, LIPMAN, OWEN, PENNEY+ (RHEL+LOWC+SUSS)
+LANOU, MASS IMO, SHAPIRO + (BROW+SAR I+MIT)

+GRANNI S, JONES, LIPMAM, OWEN + (RHEL+LOWC)
+GRAMNIS, JONES, LIPMAN, OWEN + (RHEL+LOWC)
ERRATUM, M. R. JANE, PR I VATE COMMUNI CAT ION.
+SALTYKOV, TARASOV, UZH INSK I I ( J INR)
eOZHELYAD IN, GOLOVK IN, GR ITSUCK + (SERP)
SUSHNI N, GOLOVK Ik, GRI TSUK, DZHELYAOI N+ (SERP)

DP
OP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
OP

SEE NOTE ON ETA DECAY PARAMETERS ABOVE.
THE FOLLOWING EXPTS FIT TO ONE OR MORE OF THE COEFFICIENTS
A ~ BICgDg OR E FOR ETA TO Pl+ PI PIO
MATR IX ELEMENT**2~1 + A*Y + 8*(Y**2) e C*X + D*(X**2) + E*X*Y

1300 SE E NOTE ABOVE CLPWY 66 HBC
705 SEE NOTE ABOVE LARR IBE 66 HBC

7170 SEE NOTE ABOVE CNOPS 68 OSPK
37K SEE NOTE ABOVE GORMLEY3 68 WIRE
526 SEE NOTE ABOVE BAGL Ik 69 HLBC

1138 SEE NOTE ABOVE CARPENTR 70 HSC
349 SEE NOTE ABOVE DANBURG 70 DBC

7250 SEE NOTE ABOVE GORMLEY 70 WIRE
220K SEE NOTE ABOVE LAYTER 72 ASPK

81K SEE NOTE ABOVE LAYTER 73 ASPK

12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75

( J INR)
(SERP)
(SERP)
(SERP)
(SERP)

DAVYDOV 81 LNC 32 45
ALSO 81 SJNP 33 825

OZHELYAD 8'1 PL 1058 239
ALSO 81 SJNP 33 822

BINOM 82 SJNP 36 391
ALSO 82 NC 71A 497

WEINSTEI 83 PR O28 2896

+DONSKOV, INYAKIN + (SERP+BELG+LAPP+CERN)
(Yf 33 1534) BINON, SRICMAN+ (SERP+BELG+LAPP+CERN)

DZHELYAOIN, GOLOVKIN, KONSTANTINOV + (SERP)
(YF 33 1529) VIKTOROV, GOLOVK IN+ (SERP)

+BRICMAN, GOUANERE+ (SERP+BELG+LAPP+CERN)
SINOM, BRICMAN, OAVYDOV+(SERP+BELG+LAPP+CERN)
WE INSTEIN+ (HARV+C IT+PR IN+STAN+SLAG)

QUANTUM NUMBER OETERMINATIOkS NOT REFERRED TO IN THE DATA CARDS

ASROSIMO 80 SJNP 31 195 ABROSIMOV~ IL INAg NISZCZgOKNRIMENKOe
DZHELYA1 80 PL 948 548 DZHELYAOIN, GOLOVKIk, KACHANOV +

ALSO 80 SJNP 32 516 (YF 32 998) VIKTOROV, GOLOVKIN +
OZHELYA2 80 PL 978 471 DZHELYADIN, GOLOVKIN, KACHANOF +

ALSO 80 S JNP 32 518 (YF 32 1002) VIKTOROV, GOLOVK IN +

AO ALPHA PARAMETER FOR ETA TO 3 PIO
AO MATRIX ELEMENT **2 ~ 1 + 2*ALPHA*Z (SEE NOTE ABOVE)
AO 192 -0.32 0.37 BAGLIN 70 HLBC

12/T5
12/75

BASTIEN 62 PRL 8 114
CARMONY 62 PRL 8 117
ROSENFEL 62 PRL 8 293

BASTIEN, BERGE, DAHL, FERRO-LUZZ I,MILLER+(LRL)
D CARMONY, A ROSEMFELD, VAN DE WALLE (LRL)
A ROSENFELO, D CARMONY, VAN OE WALLE (LRL)0*0000 *44***44*040**0*44 44*0404** 4***44**04**000004 *000%4*40 0400*04*

REFERENCES FOR ETA

0000*0 00400*0*0 *%***40M t*0*k**04 044**004* k0*0444*4 0*0000440 0*0*0*000*0000 40000400* 0***400*440**0*0*40*00000*0 4*004rO*00 00040004* 40*00040
PEVSNER 61 PRL 7 421

ALFF 62 PRL 9 322
BASTIEN 62 PRL 8 114
CHRETI EN 62 PRL 9 127
PICKUP 62 PRL 8 329

PEVSNER gKRAEMERg NUSSBAUM ~ R I CHARDSON + ( JHU)

ALFFgBERLEY, COLLEY, BRUGGER + (COLU+RUTGERS)
BASTIEN, BERGE, DAHL, FERRO-LUZZI + (LRL)
CHRETIEN+ (BRAN+BROWN+HARVARO+MIT+PADOVA)
E P I CKUP, ROB INSOM, SALANT (CNRC+BNL)

10 CHARGED K(494, JP~O-) I~1/2

10 CHARGED K MASS CMEV)

BACCI 63 PRL 11 37
CRAWFORD 63 PRL 10 546

ALSO 66 PRL 16 907
OELCOURT 63 PL 7 215

FOELSCHE 64 PR 134 8 1138
KRAEMER 64 PR 136 8 496
PAULI 64 PL 13 351

FOSTER1 65 PR 138 8 652
FOSTER2 65 ATHENS
FOSTER3 65 THESIS
PRICE 65 PRL 15 123
RITTENBE 65 PRL 15 556

BACCI, PENSO, SALVINI + (ROMA+FRAS)
F S CRAWFORD, LLOYD, FOWLER (LRL+DUKE)
F S CRAWFORD, L LLOYD, E FOWLER (LRL+DUKE)
DELCOURT, LEFRANCOIS, PEREZ Y JORBA+ (ORSAY)

H W FOELSCHE, H L KRAYBILL (YALE)
KRAEMER, MADANSKY, FIELDS + (JHU+NWES+'WOOD)
E PAUL I, A MULLER &SACLAY)

FOSTER, PETERS, MEER, LOEFFLER + (WISC+PUROUE)
FOSTER, GOOD, MEER (WI SCONS IN)
M ~ C ~ FOSTER (WISCONS IN)
L. R ~ PR ICE, F.S.CRAWFORD (LRL)
RI TTENBERG, KALBFLE ISCH (LRL+BNL)

M

M

M

M

M

M

M

M

M

AVG
M FIT

0.2
0.3
0.17

(0.19)
0 ' 040
0 ~ 19
0.020
0 ' 029
0.054

493.9
493 ~ 7
493 ~ 78

(493 F 87)
493.691
493.662
493.657
493.670
493.640

493 ' 666 0.015 AVERAGE
493 ' 667 0.015 FROM FIT

COHEN 57
BARKAS 63
GREINER 65
KUNSELMAN 71
BACKENSTO 73
KUNSELMAN 74
CHENG 75
BARKOV 79
LUM 81

RVUE
EMUi.

'

EMUL
CNTR
CNTR
CNTR
CNTR
EMUL
CNTR

+ VIA TAU DECAY
REPL. BY KUNSELMAN74

KAONIC ATOMS
KAOMIC ATOMS
KAON I C ATOMS

+- E+E- --) K+ K-
KAONI C ATOMS

7/66
10/71
1/73
3/74
6/77
7/79
1/82

3/84*

ALFF-STE 66 PR 145 1072
BALTAY 66 PRL 16 1224
CLPWY 66 PR 149 1044
CROPS 66 PL 22 546
CRAWFORD 66 PRL 16 333

DIGIUGNO 66 PRL 16 767
GROSSMAN 66 PR 146 993
GRUNHAUS 66 THESIS

ALFF-STEINSERGER, BERLEY+ (COLUMBIA+RUTGERS)
+ FRANZ I MI, K IM, K IR SCH+( COL UMB I A+STONY BROOK)
COLUMBIA, LRL, PURDUE, WISCONSIN, YALE
CNOPS, FINOCCHIARS, LASSALLE, +(CERN, ETH, SACL)F.S ~ CRAWFORD, LE R.PRICE (LRL)

DIG IUGNO, GIORGI, S I LVESTR I+ (NAPL, TRST, FRAS)
R GROSSMAN ~ L PRICE, F CRAWFORD (LRL)
J ~ GRUNHAUS (COLUMBIA)

10 CK+) — (K-) MASS DIFFERENCE CNEV)

OM TEST OF CPT
DM F 1.5M -0 ' 032 0 ' 090 FORD 72 ASPK +-
0M F FORD 72 USES M(PIe)-M(PI-) +28+-70 KEV.

4/72
1/73
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For notation, see key at front of Listings. Stable Particles

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

10 CNAR6ED K MEAN LIFE (UNlTS 10~+-8 SEC)

CHAR. K HEAN LIFE
0 (0.95) (0.36) (0.25) ILOFF 56 EHUL
O 52 (1.60) (0.3) (0.3) EISENBERG 58 ENUL

1.?1 0.06 0.06 BURROWES 59 CMTR
0 33 (1.38) (0.24) (0.24) FREDEN 60 EHUL
0 (1 ~ 25) (0.22) (0.17) BARKAS 61 EMUL
0 51 (1.27) (0.36) (0.23) BHOWHIK 61 EMUL

293 1 ~ 31 0.08 0.08 NORD IN 61 HBC
(1.24) (O.or) NORD IN 61 RVUE
1.231 0.011 0.011 BOYARSKI 62 CNTR +
1 2443 0-0038 FITCH 65 CNTR + K AT REST
1.221 0.011 FORD 67 CNTR +-
1.2272 0 ' 0036 LOBKOWICZ 69 CNTR + K IN FLIGHT

3N 1.2380 0 ~ 0016 OTT 71 CNTR + STOPPING K

0 OLD EXPERIHENTS WITH LARGE ERRORS EXCLUDED FROM AVERAGING

AVG 1.2370 0-0032 0.0032 AVERAGE (ERROR IMCL. SCALE FACTOR OF
FIT 1.2371 0.0026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1'.9w

(SEE IDEOGRAM BELOW)

WEIGHTED AVERAGE = 0.8084 + 0.0021
ERROR SCALED BY 2. 4

6/66
8/67
9/66
2/71
2/71

2.4)

CNARSED K CONSTRAINED FIT
OVERALL FIT OF MEAN LIFE, WIDTHS AMD BRANCHING
RATIOS USES 59 DATA POINTS TO DETERMINE SIX
QUANTITIES. OVERALL FIT HAS CHISQ~78. 0. MAIN
CONTRIBUTION (13~ 2) COMES FROM R19 OF HAIDT
71 (WE SEE MO REASON TO REJECT THIS EXPERIMENT
AT THIS TIME)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 1 P 2 P 4 P 6
P 1 .6351+- ~ 0016
P ? —.7202 .2117+-.0015
P 3 —.1749 —.0208 .0559+-.0003
P 4 —.1578 .0502 .2232 ~ 0173+-.0005
P 5 -.2912 —.2519 —.1649 —~ 3566 .0318+-.0010
P 6 —.3397 —.1448 .1407 ~ 0043 .2208 ~ 0482+- F 0005

P 5

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. & as follows: The diagonal elements are P. a 6P. , where1 1 16P. = $~6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 i
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P., see the listings1 i J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

4/82
4/e?
4/82

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utiljzing measurements of other. (related)
quantities as additional information.

FITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into rate
space; i. e. , G. = l. = I 1P., in appropriate units. In analogy to the matrix above,i i . total i'
the diagonal elements are G. + 6G, , where 6G. = Q (6G.6G.), while the off-diagonal1 1 1 i i
elements are the normalized correlation coefficients (6G. 6G, ) j(6G. ~ 6G. ). Note that,1 J 1 Jbecause of the error in l l, the errors and correlations here are not directly derivabletotal'
from those above.

-OTT 71
-LOBKOWICZ 69
~ FORD 67
- FITCH 65
- BOYARSK I 62
- NORD I N 6 'I

BURROWES 59

0. 70 0. 75 0. 80 0. 85 0, 90 0.95
CHARGED K DECAY RATE (UNITS 10ss8 SEC-1)

CH I SQ
CNTR 0. 4
CNTR 7. 3
CNTR
CNTR 3. 7
CNTR

HBC
CNTR

11.4
(CONLEV
=0. 00&)

G G 2
G 1 .5134+-.0017
G 2 —.3170 .1711+-.00'l3
G 3 -.0862 ~ 0116 .0452+-.0002
G 4 —~ 0904 .0629 .2263 .0140+-.0004
G 5 -.1815 —.2190 —.1725 —.3534 .0257+-.0008
G 6 —.1566 —.0868 .1432 .0095 .2270 .0390+-.0004

G 5 G 6G 4

10 CNAR6ED K DECAY RA7ES

W1 CHAR. K INTO NU NEll (UNITS %0+~6 SEC-1) (61)
W1 51.? 0.8 FORD 67 CNTR +-
W1 FIT 51.34 0.17 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

8/67

10 ((K+) — (K-) )/AV6. , IIEAN LXFE DIFFERENCE (PERCENT)

DT N THIS QUANTITY IS A MEASURE OF CPT IMVARIAMCE IN W. 1.
DT 0.47 0.30 FORD 67 CNTR 8/67
DT 0.090 0.078 LOBKOWICZ 69 CNTR 12/70
DT ~ ~ 0 ~ ~

DT AVG 0.114 0 ' 093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)

'it2 CHAR. K INTO PI Pl+ PI- (UNlTS 10~~6 SEC-1) (63)
W? F (4.496) (0.030) FORD 67 CMTR +- SEE NOTE F
W2 F 3.2H (4.529) (0 ' 032) FORD 70 ASPK SEE MOTE F
W2 4.511 0.024 FORD 70 ASPK SEE NOTE F
W? F THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 70

W2 FIT 4 ' 518 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

10 ((K+) — (K-))/AVS. , DECAY RATE DIFFERENCE (PERCENT)

D1 DIFFERENCE lN K NU? RATES ((61m)-(61-))/61 (PERCENT)
D1 -0.54 0.41 FORD 67 CMTR

8/67
11/70
11/70

e/6r

P1
P2
P3
P4
P5
P6
P7
Pe
P9
I 10
P11
P'!2
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34
P35
P36

CHAR. K INTO MU NEU
CHAR. K IMTO PI PIO
CHAR. K INTO PI PI+ PI-
CHAR. K INTO PI 2PIO
CHAR K INTO IIU P10 NEU
CHAR. K INTO E PIO NEU
K+ INTO PI+ PI- E+ NEU
K+ INTO PI+ PI+ E- NEU
K+ INTO PI+ PI- MU+ NEU
K+ INTO Pl+ PI+ HU- MEU
CHAR. K INTO E NEU
CHAR. K INTO HU MEU GANHA
CHAR. K INTO Pl PIO GAMMA
CHAR. K INTO PI PI+ PI- GAHMA
CHAR. K INTO PI E+ E-
CHAR. K INTO PI HU+ MU-
CHAR. K INTO PI GAMMA GAHNA
CHAR. K INTO PIO E NEU GAHNA
K+- INTO PI-+ E+- E+-
CHAR. K INTO PI NEU NEU
CHAR ~ K INTO E NEU GAMMA
CHAR. K INTO PI GAMMA
CHAR ~ K INTO PI 3GAHHA
CHAR ~ K INTO PIO PIO E NEU
K+ INTO PI- E+ HU+
K+ INTO Pl+ E+ MU-
CHAR. K INTO HU NEU NEU NEUBAR
CHAR. K INTO PI0 MU NEU GAMHA
K+ INTO PI+ NU+ E-
CHAR. K INTO NU MEU E+ E-
K+- INTO HU-+ NEU E+- E+-
CHAR. K INTO NEU E E E
CHAR. K INTO E NEU NEU MEUBAR
K+ INTO HU+ NEU(E)
K+ INTO MU+ NEUBAR(E)
K+ INTO PIO E+ NEUBAR(E)

K HU2
P1, 2

TAU
TAU PRIME
K HU3
K E3
K E+ 4
K E-4
K+HU+ 4
K+NU- 4
K E2
K HU RAD
K PI RAD
TAU RAD
PI E E
PI MU MU

PI GAH GAH
PI E MEU GAH
Pl-+E+-Ee-
PI NEU NEU
K E2 RAD
K PI GAH
PI 3GAM
K E4 2PIO
PI-E+MU+
PI+E+HU-
MU 3NEU
PI MU NEU GAH
P I+HU+E-
MU MEU E+E-
MU-+ NEU 2E+-
NEU 3E
E 3MEU

10 CNARSED K PARTIAL DECAY NODES

DECAY MASSES
106+ 0
140+ 135
140+ 140+ 140
140+ 135+ 135
106+ 135+ 0

~ 51 1+ 135+ 0
140+ 140+.511+ 0
140+ 140+.511+ 0
140+ 140+ 106+ 0
140+ 140+ 106+ 0.511+ 0
106+ 0+ 0
140+ 135+ 0
140+ 140+ 140+ 0
140+.511+.511
140+ 106+ 106
140+ 0+ 0
135+.511+ 0+ 0
140+.511+~ 511
140+ 0+ 0.511+ 0+ 0
140+ 0
140+ 0+ 0+ 0
135+ 135+.511+ 0
140+ ~ 511+ 106
140+ ~ 51 1+ 106
106+ 0+ 0+ 0
135+ 106+ 0+ 0
140+ 106+.51 'I

106+ 0+.511+.511
106+ 0+.511+.511

0+.511+.511+.511.511+ 0+ 0+ 0
106+ 0
106+ 0
135+.511+ 0

D2 DIFFERENCE IN TALI RATES
D2 -0.50 0.90
D2 F (-0.04) (0.21)
02 F 3.2M (0 ~ 10) (0.14)

F 0.08 0.12
D2 S (-0.02) (0.16)
02 F SECOND FORD 70 VALUE IS
D2 S SHITH 73 VALUE OF D2 IS

02 AVG 0.07 0. 12

((63+)-(S3-))/63 (PERCENT)
FLETCHER 67 OSPK
FORD 67 CMTR SEE NOTE F
FORD 70 ASPK SEE NOTE F
FORD 70 ASPK SEE NOTE F
SHITH 73 ASPK +-

FIRST FORD 70 CONBIMED WITH FORD 67.
DERIVED FROM SMITH 73 VAI. UE OF D3.

AVERAGE

8/67
8/67

11/70
'I 1/70
11/73

11/73

03
03 1
D3
03
03 AVG

DIFFERENCE IN TAU PRINE RATES ((64+)-(64-))/AVERAGE
802 -1.1 1.8 HERZO 69 OSPK0.08 0.58 SMITH 73 ASPK +-

-0.03 0.55 AVERAGE

(PERCENT)
5/70

11/73

5/70

DS
05
05 4
D5 2
.05
05 AVG

Dlf FERENCE IN
24 0.0

000 1.0
461 0.8

0.9

K Pl RAD RATES ((613+)-(613-))/AVERASE (PERCENT)
24.0 EDWARDS 72 OSPK PI KE 58-90 MEV e/?24.0 ABRAMS 73 ASPK +- PI KE 51-100 HEV 3/745.8 SMITH 76 WIRE +- PI+-KE 55-90 MEV 11/76

3 ' 3 AVERAGE

10 CNAR6ED K BRANCHIN6 RATIOS

R 0 OLD DATA EXCLUDED

R1 CHAR'- K INTO (NU NEU)/TOTAL «UNITS 10se-2)
R1 0 (58 5) (3 0) BIRGE 56
R1 0 (56.9) (2.6) ALEXANDER 57
R1 0 .OLD EXPERIHENTS NOT INCLUDED IN AVERAGING
Rl 6?K 63.24 0.44 CH IANG 72

R1 FIT 63.51 0.16 FROH FIT

(P1)
EMUL +
EHUL +

0SPK + 1.84 GEV/C K+
1/71
9/72

D4 DIFFERENCE IN K PI2 RATES ((62+)-(62-))/AVERAGE (PERCENT)
04 0.8 1.2 HERZO 69 OSPK

R2 CHAR. K INTO (Pl PIO)/TOTAL (UNITS 10~*-2)
R2 0 (27.7) (2.7) BIRGE 56
R2 0 (23.2) (2.2) ALEXANDER 57
R2 0 EARLIER EXPERINENTS NOT AVERAGED
R2 (21.0) (0.6) CALLAHAN 65
R2 (21.6) (0.6) TRILLING 65
R2 16K 21 ~ 18 0.28 CHI ANG 72

R2 F IT 21.17 0. 15 FROM F IT

(P2)
EMUL +
ENUL +

HL BC SEE R17
RVUE
OSPK + 1 ' 84 GEV/C K+

6/66
9/72
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S98 Particle Data Group: Review of particie properties

Stable Particles Data Card Listings

R3 CHAR. K INTO &PI PI+ PI-)/TOTAL CUNITS 10~~-2& (P3&
R3 0 (5.6) (0.4) BIRGE 56 EMUL +
R3 0 (6 ' 8) (0 ' 4) ALEXANDER 57 EMUL +
R3 0 (5.2) (0.3) TAYLOR 59 EMUL +
R3 0 EARLIER EXPERIMENTS NOT AVERAGED
R3 5.7 0 ' 3 ROE 61 HLBC +
R3 2332 5.54 0. 12 CALL AHAN 64 HLBC +
R3 540 '5. 1 0.2 SHAKLEE 64 HLBC +
R3 5 ~ 71 0 ~ 15 DE MARCO 65 HBC
R3 44 6.0 0.4 YOUNG 65 EMUL +
R3 P 693 5.34 0.21 PANDOULAS ?0 EMUL +
R3 C 2330 (5 ' 56) (0 ' 20) CHIANG 72 OSPK + 1.84 GEV/C K+
R3 C THIS VALUE IS NOT INDEPENDENT OF CHIANG 72 R'l, R?, R4, RS, AND R6
R3 P INCLUDES . EVENTS OF TAYLOR 59.

R3 AVG 5.521 0 ' 098 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 3)
R3 F IT 5.589 0 ~ 030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

(SEE IDEOGRAM BELOM)

WEIGHTED AVERAGE = 5. 521 + 0.098
ERROR SCALED BY 1.3

9/66

9/66
6/66
6/66

1G/70
9/72
9/72

R7
R7
R7
R7
R7
R7
R7
R7

RS
R8
RS
RS
RS

R9
R9

R10
R10
R10

R11
R11
R11

AVG
FIT

CHAR. K INTO (P I2 + NU3) /TOTAL (UNITS 10~*-2) &P2+P5)
ME COMBINE THESE TWO MODES FOR EXPTS MEASURING THEN IN XENON BC
BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE

23 ~ 4 1.1 ROE 61 HLBC +
886 25 ' 4 0 ' 9 SHAK LE E 64 HL BC +

24 ' 60 0 ' 98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 4)
24.35 O. 15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

K+ INTO (PI+ PI+ E- NEU)/TOTAL (UNITS 10~*-7& CPS)
TEST PF DELTA-S = DELTA-Q RULE

(20. ) OR LESS CL=.95 BIRGE 65 FBC +
0 (6.9) OR LESS CL=.95 ELY 69 HLBC +
0 (9.0) OR LESS CL=.95 SCHMEINBE 71 HLBC +

K+ INTO (PI+ PI- NU+ NEU)/TOTAL (UNITS 10~+-5) (P9)
1 (077) (0.54) (0 ~ 50) CLINE 65 FBC +

K+ INTO (PI+ PI+ NU- NEU)/TOTAL {UNITS 'lO*+-&) (P10)
TEST OF DELTA-S = DELTA-Q RULE

0 3.0 OR LESS CL~. 95 BIRGE 65 FBC +

CHAR. K INTO (E NEU&/TOTAL CUNITS 10~~-5& CP11&
(16G.O) OR LESS CL=. 95 BORREANI 64 HBC +

4 (2.1) (1.8) (1.3) BOWEN 67 OSPK +

11/&7

11/67
11/67

8/66
10/69
9/71

8/66

8/66

11/67
8/67

weighted average, error,
re based upon the data in
y. They are not neces-
as our "best" values,

ast-squares constrained fit
ments of other (related)
onal information.

ULAS 70
65
65
64
64
61

EMUL

EMUL

HBC
HLBC
HLBC
HLBC

4, 5 5. 0 5. 5 6, 0 6. 5 7, 0
CHAR. K TO (PI PI+ PI —)jTOTAL (UN 10 —2)

CHI SQ
0. 7
1.4
1.6
4. 4

0, 0
0. 4
8, 6

(CONLEV
=0. 127)

11/67
11/67
10/70
9/72

R4 CHAR. K INTO &PI 2PIO&/TOTAL CUNITS 10*~-2& CP4&
R4 0 (2. 1 & (05) BIRGE 56 EMUL +
R4 0 (2 ' 2) (0.4) ALEXANDER 57 EMUL +
R4 0 (1.5& (0.2) TAYLOR 59 EMUL +
R4 0 EARLIER EXPERIMENTS NOT AVERAGED
R4 1 ~ 7 0.2 ROE 61 HLBC +
R4 108 1 ' 8 0.2 SHAKLEE 64 HLBC +
R4 P 198 1.53 0. 11 PANDOULAS ?0 EMUL +
R4 1307 1 ' 84 0.06 CHIANG 72 OSPK + 1.84 GEV/C K+
R4 P INCLUDES EVENTS OF TAYLOR 59.
R4 ~ ~ ~ ~ ~ ~ ~ ~ ~

R4 AVG 1.?6? 0.071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
R4 F I T 1.?33 0.046 FROM FIT &ERROR INCLUDES SCALE FACTOR OF 1.4)

(SEE IDEOGRAM BELOW)

R12
R12
R12
R12
R12
R12
R12
R12

R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13

R14
R'14
R14

R15
R15
R15
R15
R15
R15
R15
R15
R15

R1&
816
R16

CHAR. K INTO CPI E+ E-)/TOTAL (UNITS 10~~-&&
1 &245& OR LESS CL=.90 CAMERINI 64

(4.4) OR LESS CL=.90 BISI 67
C (0.4& OR LESS CL INE1 67
C (0 ~ 88) OR LESS CL=.90 CLINE2 67

(32 ~ 0) OR LESS CL=.90 BEIER 72
(1 ~ 7) OR LESS CL= ~ 90 CENCE 74
(0 ' 27) OR LESS CL=.90 CENCE 74

C CLINE2 REPLACES CLINE1. CLINE1 IS NOT FOR

CI 15&
FBC +
DBC +
FBC +
FBC +
OSPK +-
ASPK + THREE TRACK EVTS
ASPK + TWO TRACK EVENTS
CL=. 90

CHAR. K INTO &PI NU+ NU-)/TOTAI. (UNITS 10~~-6) CP1&&
(3.0& OR LESS CL=.90 CAMERINI 65 FBC +

2 ~ 4 OR LESS CL=.90 BISI 67 DBC +

CHAR K INTO &PI GANNA 6ANNA)/TOTAL (UNITS 10**-4)
(P17)

ALL VALUES GIVEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM
(-0 ~ 1) (0.6) CHEN 68 OSPK + T(PI & 60-90 MEV

0 (0.5) OR LESS CL~. 90 KLEMS 71 OSPK + T(PI &GT 117 MEV
0 (0.35) OR LESS CL=.90 LJUNG 73 HLBC + 6-102, 114-127MEV
0 (-0 ~ 42) (0.52) ABRAMS 77 SPEC + T(PI)LT 92 MEV
0 0.084 OR LESS CL=. 90 ASANO 82 CNTR + TPI~117-127 MEV

CHAR. K INTO CPI PIO 6ANNA&/TOTAL CUNITS 10~~-4) CP13)
0 18 (2.2) (0.7) CLINE 64 FBC + PI+ KE 55-80 MEV

0 (1.9) OR LESS CL=. 90 EMMERSON 69 OSPK PI+ KE 55-80 MEV
M 0 (1.0) OR LESS MALTSEV 70 HLBC + PI+ KE LT 55 MEV
A? 100 2.71 0. 19 ABRAMS 72 ASPK +- PI+ KE 55-90 MEV

0 24 (2.4) (0.8& EDWARDS 72 OSPK PI+ KE 58-90 MEV
L (1.5) (1.1) (0.6& LJUNG 73 HLBC + PI+ KE 55-80 MEV
L (2.6) (1.5) (1.1& L JUNG 73 HLBC + PI+ KE 55-90 MEV
OL 17 (6.8) (3.7) (2. 1& LJUNG 73 HLBC + PI+ KE 55-102MEV

2461 2.87 0.32 SMITH 76 MIRE +- PI+-KE 55-90 MEV
0 ONLY HIGH STATISTICS EXPERIMENTS ARE AVERAGED.

M MALTSEV 70 SELECTS LOFTI PI+ ENERGY TO ENHANCE DIRECT EMISSION CONTR.
L THE LJUNG 73 VALUES ARE NOT INDEPENDENT.
A- ABRAMS 72 OBSERVES DIRECT EMISSION BR. RATIO OF (1.56+-0.35)*10**-5
A +-0.5*10**-5ADDNL ~ SYST. ERROR AND INNER BREMSSTRAHLUNG BR. RATIO
A OF (2.55+-0. 18)*10**-4. ME QUOTE THE SUM OF THESE BR. RATIOS.

AVG . 2.75 0 ~ 16

CHAR. K INTO {PI PI+ PI- GAMMA&/TOTAL {UNITS 'l0~~-4&
(P14)

1.0 0.4 STAMER 65 EMUL i EGAM GT 11MEV

2/72
9/73
8/71
9/73

12/77
11/82*

8/66
10/69
12/75

1/73
8/7Z
9/73
9/73
9/73

11/76
3/78
1/76
9/73
1/73
1/73
1/73

8/66

8/66
11/67
11/67
2/74
9/72

1G/74
10/74
2/74

8/66
11/67

WEIGHTED AVERAGE = 1.767 + 0.071
ERROR SCALED BY 1.4

of weighted average, error,
or are based upon the data in

only. They are not neces-
me as our "best" values,
a 1east-squares constrained fit

surements of other (related)
dditional information.

NG 72 OSPK
OULAS 70 EMUL

LEE 64 HLBC
61 HLBC

1.2 1. 6 2. 0 2. 4

CHAR. l& INTO (PI 2PIO)/TOTAL (UN 10 -2)

CH ISQ
1.5
4. 6

0. 0
0. 1

6. 3
(CONLEV
=0. 100)

CP5&

+ 1.84 GEV/C K+

SCALE FACTOR OF 1.9)

(P&&
+
+

+

+ 1.84 GEV/C K+

SCALE FACTOR OF 1.1)

9/72

11/67
1 'l /67
9/72

R5 CHAR. K INTO &NU PIO NEU&/TOTAL CUNITS 10~~-2)
R5 0 (2 8& (1.0) BIRGE 56 EMUL
R5 0 (5.9& (1 ' 3) ALEXANDER 57 EMUL
R5 0 (2 ' 8& (0 ' 4) . TAYLOR 59 EMUL
R5 0 EARLIER EXPERIMENTS NOT AVERAGED
R5 2345 3 ' 33 0 ' 16 CHIANG 72 OSPK

R5 FIT 3.180 0.095 FROM FIT (ERROR INCLUDES

R6 CHAR. K INTO (E PIO NEU&/TOTAL (UNITS 10*~-2&
R6 0 (3.2) (1.3) B I RGE 56 EMUL
R6 0 (5.1) (1-3) ALEXANDER 57 EMUL
R6 0 EARLIER EXPERIMENTS NOT AVERAGED
R6 5.0 0.5 ROE 61 HLBC
R6 429 4 7 0 3 SHAKLEE 64 HLBC
R6 35 16 4.86 0 ~ 10 CHIANG 72 OSPK

R6 AVG 4.849 0 ' 093 AVERAGE
R6 FIT 4.819 0 ~ 052 FROM FIT (ERROR INCLUDES

R17
R17
R17
R17
R17
R17

R18
R18
R18
R18
R18
R18

R'I9
R19
R19
R19
R19
R19
R19
R19
R19
R19

R20
R20
R20
R20
R20
R20
R20
R20
R20
R20
R20

RZ1
R21
R21
R21
R21
R21
R21
R21

R22
R22
R22

CPZ&/CP3&
YOUNG 65 EMUL +
CALLAHAN 66 FBC +

CHAR. K INTO CPI PIO)/TAU
134 3.24 0.34

1045 3.96 0. 15

3.84 0.27 AVERAGE &ERROR INCLUDES SCALE FACTOR
3.?87 0.034 FROM FIT (ERROR INCLUDES SCALE FACTOR

AVG
FIT

CHAR. K INTO (PI 2PIO)/TAU
2027 0.303 0 ' 009 BISI

17 0.393 0.099 YOUNG

0.3037 0.0090 AVERAGE
0.3100 0.0079 FROM FIT (ERROR INCLUDES SCALE FACTOR

AVG
FIT

CHAR. K INTO CE PIO NEU&/TAU (P&)/CP3&
230 0.90 0.06 BORREANI 64 HBC +

37 0.90 0. 16 YOUNG 65 EMUL +
854 0 ' 94 0 ' 09 BELLOTT2 67 HLBC

H 4385 (0.846& (0.021) E I CHTEN 68 HLBC +
H4385 0.850 0.019 HAIDT 71 HLBC +

2827 0 ' 856 0.040 BRAUN 75 HLBC +
H HAIDT 71 IS .A REANALYSIS OF EICHTEN 68.

AVG 0 ~ 858 0.016 AVERAGE
FIT 0.8622 0.0098 FROM FIT (ERROR INCLUDES SCALE FACTOR

K+ INTO &PI+
69 6.7

269 5 ' 83
500 7.36
106 7 ~ 0
30K 7.21

AVG 6 ' 98

K+ INTO &PI+
1 (2.5&

2.57

PI- E+ NEU)/TAU
1 ~ 5
0 ' 63
0.68
0.9
0.32

&UNITS 10~~-4&
BIRGE 65 FBC
ELY 69 HLBC
BOURQU IN 71 AS PK

SCHMEINBE 71 HLBC
ROSSELET 77 SPEC

0 ' 26 AVERAGE

PI- NU+ NEU)/TAU &UNITS 10*~-4)
APPROX GRE I NER 64 EMUL

1.55 BI S I 67 DBC

{P?&/CP3&

&P9&/CP3&

CHAR. K INTO CNU PIO NEU&/TAU &P5&/&P3&
B2845 0.63 0 F 07 BI SI 1 65 H+HL +

38 0.90 0. 16 YOUNG 65 EMUL +
H 1505 (0.510) (0.017) EICHTEN 68 HLBC +

H1505 O. 503 0.019 HAIDT 71 HLBC +
B ERROR ENLARGED FOR BACKGROUND PROBLEMS. SEE GAILLARD 70.
H HAIDT 71 IS A REANALYSIS OF EICHTEN 68.

AVG 0.517 0.032 AVERAGE (ERROR INCLUDES SCALE FACTOR
FIT 0.569 0.01S FRON FIT (ERROR INCLUDES SCALE FACTOR

(SEE IDEOGRAM BELOW')

OF 1.9)
OF 1.1)

OF 1.3)

OF 1.8)
OF 1.9}

OF 1 ~ 1)

8/66
9/66

8/66
8/66

8/66
8/66

11/68
12/70
11/83*

8/66
8/66

11/67
11/68
12/70
12/75

8/66
11/68
12/71
9/71

11/77

8/66
11/67
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Particle Data Group: Review of particle properties S99

For notation, see key at front of Listings. Stable Particles

WE I GHTED AVERAGE = 0. 517 6 0. 052
ERROR SCAL ED BY 1 . 8

R28
R28
R28
R28
R28
R28
R28
R28

CHAR. K INTO &E
10 1.9
8 1.8

112 2.42
534 2 ' 37
404 2 ~ 51

AVG 2.42

NEU&/(MU NEU)
0 ' 7 0.5
0.8 0.6
0.42
0. 17
0. 15

0. 11 AVERAGE

(UNITS 10*~-5) (P11)/(P1)
BOTTERILL 67 ASPK +
MACEK 69 ASPK +
CLARK 72 OSPK +
HEARD2 75 SPEC +
HEINTZE 76 SPEC +

11/67
4/69
1/73

11/75
2/76

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other {related)
quantities as additional information.

- HAIDT
-YOUNG
-8ISI 1

1

0. 2 0, 6 1.0
CHARGED K INTO (MU PIG NEU)/TAU

CHISQ
71 HLBC 0. 5
65 EMUL

65 H+HL 2, 6
3. 1

(CONLEV
=0. 076)

8/67
3/68
1/78
1/78
1/78

1/74
10/69
7/74
1/78
1/74
1/78

WEIGHTED AVERAGE = 0. 3307 + 0, 0051
ERROR SCALED BY 1.2

ues above of weighted average, error,
d scale factor are based upon the data in
s ideogram only. They are not neces-

sanly the same as our "best" values,
tained from a least-squares constrained fit
dizing measurements of other (related)
antities as additional information.

R23 CHAR. K INTO (E PIO NEU)/(MUZ+PIZ) (UNITS 10~~-2) (P6&/(P1+P2)
R23 1679 5.89 0.21 CESTER 66 OSPK +
R23 5110 6.16 0.22 ESCHSTRUT 68 OSPK +
R23 W 5.92 0.65 MEISSENBE 76 SPEC +
R23 M VAlUE CALCULATED FROM MEISSENBERG 76 KE3, .KMU2, KPI2 VALUES
R23 M TO ELIMINATE DEPENDENCE ON OUR 1974 TAU AND TAU-PRIME FRACTIONS.
R23 ~ 4 0 ~ ~ ~

R23 AVG 6.01 0. 15 AVERAGE
R23 F IT 5.691 0.067 FROM FIT &ERROR INCLUDES SCALE FACTOR OF 1.1)
R24 CHAR. K INTO (PI PIO)/(NU NEU& (PZ& /(P1 &

R24 A4517 0.3277 0.0065 AUERBACH 67 OSPK +
R24 1600 0.305 0.018 ZELLER 69 ASPK +
R24 W 25K &0.328) &0.005) MEISSENBE 74 STRC +
R24 M 0 ' 3355 0.0057 MEISSENBF 76 SPEC +
R24 A AUERBACH 67 CHANGED FROM .3253+- ~ 0065. SEE COMMENT WITH RATIO R26.
R24 M 'MEISSENBERG 76 REVISES MEISSENBERG 74.
R24 ~ ~ ~ ~ ~ ~ ~ ~

R24 AVG 0.3307 0.0051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
R24 FIT 0.3333 0.0030 FROM FIT

(SEE IDEOGRAM BELOW)

RZ9
R29
R29
R29
R29
R29
RZ9
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29
RZ9
R29
R29
R29

R30
R30
R30
R30
R30
R30
R30
R30
R30
R30
R30
R30

R31
R31
R31

R32
R32
R32
R32
R32
R32
R32
R32
R32

R33
R33
R33

R34
R34
R34
R34
R34

R36
R36
R36
R36

R37
R37
R37
R37
R37
R37

CHAR. K INTO (IIU PIO NEU)/(E PIO NEU& (P5&/(P6&
C1509 0.703 0 ~ 056 CALLAHA1 66 HLBC

5601 0.667 0 ' 017 BOTTERI2 68 ASPK +
H 1398 &0.604) (0.022) EICHTEN 68 HLBC
H (0 ' 596) (0 ' 025) HAIDT 71 HLBC +

D3480 0.698 0.025 CHIANG 72 OSPK + 1 ~ 84 GEV/C K+
L 554 0.705 0.063 LUCAS2 73 HBC — DALI TZ PRS ONLY

B 1585 (0.608) (0.014) BRAUN 75 HLBC +
0.67 0. 12 ME ISSENBE 76 SPEC +

E (0.670) &0.014 ) HEINTZE 77 SPEC +
COMMENTS

C FROM CALLAHAN1 66 ME USE ONLY THE MU3/E3 RATIO AND DO NOT
C INCLUDE IN THE FIT THE RATIOS MU3/TAU AND E3/TAU, SINCE THEY SHOW
C LARGE DISAGREEMENTS WITH THE REST OF THE DATA.

H HAIDT 71 IS A REANALYSIS OF EICHTEN 68.
H ONLY INDI VIDUAL RATIOS INCLUDED IN FIT &SEE R19 AND R20) .

D CHIANG 72 R29 IS STATISTICALLY INDEPENDENT OF CHIANG 72 R5 AND R6.
l LUCAS 73 GIVES N&MU3)~554+-7. 6PCT, N(E3)=786+-3. 1PCT. ME DIVIDE.

B BRAUN 75 VALUE IS FROM FORM FACTOR FIT. ASSUMES MU-E UNIVERSALITY.
E HEINTZE 77 VALUE FROM FIT TO LAMBDAO. ASSUMES MU-E UNIVERSALITY.

AVG 0.679 0.013 AVERAGE
FIT 0.660 0.019 FROM FIT &ERROR INCLUDES SCALE FACTOR OF 1.8)

R
R
L
L
L
L
R
R
R

CHAR. K INTO (PIO E NEU 6AISIA)/(PIO E NEU) (UNITS 104~-2)
&P18)/&P6)(1.2) &0.8) BELLOTT1 67 HLBC + EGAM GT 30MEV0.?6 o.ze ROMANO 71 HLBC EGAM GT 10MEV

(0.53) (0 ' 22) ROMANO 71 HLBC + EGAM GT 30 MEV
16 (0 ' 48) (0.20) LJUNG 73 HLBC + EGAM GT 30 MEV(0.22) (0 ' 15) &0.10) LJUNG 73 HLBC + EGAM GT 30 MEV
FIRST LJUNG VALUE IS FOR COS(ELECT-GAMMA)L-T. 0.9, SECOND VALUE IS
FOR COS(ELECT-GAMMA) BETM 0.6 AND 0.9 FOR COMPARISON MITH ROMANO.
BOTH ROMANO VALUES ARE FOR COS&ELECT-GAMMA) BETM 0 ' 6 AND 0 ' 9 '
SECOND VALUE IS FOR COMPARISON MITH SECOND LJUNG VALUE.
ME USE LOMEST EGAM CUT FOR TABLE VALUE. SEE ROMANO FOR EGAM DEPEND.

K- INTO &PI+ E- E-)/TOTAL (UNITS 10~~-5) (P19)
TEST OF TOTAL LEPTON NUMBER CONSERVATION.(1.5) OR LESS CHANG 68 HBC

TEST OF DELTA-S = DELTA-Q RULE
0 &130.) OR LESS CL=.95 BOURQUIN

B 3 3 ' 6 OR LESS CL=.95 BLOCH
B CORRESPONDS TO 3E10-4 AT CL=.90.

71 ASPK
76 SPEC

CHAR. K INTO (Pl NEU NEU)/TOTAL (UNITS 10+*-6) (P20)
C (1.4) OR LESS CL~. 90 KLEMS 71 OSPK + T&PI) 117-127MEV
C (0.94) OR LESS CL=.90 CABLE 73 CNTR + T&PI) 60-105 MEV

C (0.56) OR LESS CL~. 90 CABI. E 73 CNTR + T&PI ) 60-127 MEV
L 0 (57.0) OR LESS CL=. 90 L JUNG 73 HLBC +

0. 14 OR LESS CL~. 90 ASANO 81 CNTR + T&PI) 116-127MEV
C KLEMS 71 AND CABLE 73 ASSUME PI SPECTRUM SAME AS KE3 DECAY.
C SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT.
L L JUNG 73 ASSUMES VECTOR INTERACTION.

CHAR. K INTO &E NEU 6AMMA) /TOTAL (UNITS 10*~-5) (P21&
M (7.1) OR LESS MACEK 70 OSPK + P&E) 234 TO 247
M ABOVE IS MEASUREMENT OF STRUCTURE-DEPENDENT DECAY ONLY.

CHAR. K INTO (Pl 6ANNA)/TOTAL (UNITS 10+*-6& (P22)
VIOLATES ANGULAR MOMENTUM CONSERVATION. NOT LISTED IN TABLES.

K (4.0) OR LESS CL~. 90 KLEMS 71 OSPK +
&1.4) OR LESS CL=.90 ASANO 82 CNTR +

K TEST OF MODEL OF SELLER I ~ NC 60A~ 291 & 1969)

CHAR. K INTO (PI 36AMIIA&/TOTAL (UNITS 10~~-4) (P23&
VALUES GIVEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM.

&3.0) OR I.ESS CL=.90 KlEMS 71 OSPK + T&PI) GT 117MEV1.0 OR LESS CL~. 90 ASANO 82 CNTR + TPI~117-127 MEV

K+ INTO (PI+ PI+ E- NEU)/&PI+ PI- E+ NEU) (UNITS 10*~-4)
&P8)/&P7)

6/68
6/68

10/68
12/70
9/72

11/73
1/?6
1/78

12/77

11/68
9/72

11/73
1/76

12/77

11/67
10/71
9/73
9/73
9/73
9/73
9/73
9/73
9/73
9/73

3/68

3/74
2/74
2/74
9/73
1/82
3/74
2/74
9/73

12/70

8/71
11/82+

8/71
11/82*

8/76
8/76
2/80

WEISSENBE 76 SPEC
-ZELLER 69 ASPK

AUERBACH 67 OSPK

I I

0.26 0. 30 0. 32 0. 34 0. 36 0.38
CHAR. K INTO (PI PIO)/(MU NEU)

CHISQ
0. 7

2, 0
0. 2
3.0

(CONLEV
=0. 226)

R38
R38
R38

R39
R39
R39

R40
R40
R40

R41
R41
R41

CHAR. K INTO (PIO PIO E NEU&/KE3 (UNITS 10*~-4& (P24&/(P6&
0 &37.0) OR LESS CL=.90 ROMANO 71 HLBC +
2 3.8 5.0 1.2 LJUNG 73 HLBC +

K+ INTO (PI- E+ MU+)/TOTAL (UNITS %0**-8) (P25)
K- INTO (PI+ E- MU-)/TOTAL IS ALSO INCLUDED HERE

(2.8) OR LESS CL=.90 BEIER 72 OSPK +-

K+ INTO (PI+ E+ MU-) /TOTAL (UNITS 10**-8) (P26)
K- INTO (PI- E- MU+)/TOTAL IS ALSO INCLUDED HERE(1.4) OR LESS CL~.90 BEIER 72 OSPK +-

CHAR. K INTO (NU 3NEU)/TOTAL &UNITS 10**-6) (PZ7)
P 0 6.0 OR LESS Ci.=.90 PANG ?3 CNTR +
P PANG 73 ASSUMES MU SPECTRUM FROM NEU-NEU INTERACTION OF BARD IN 70.

12/71
9/73

9/72

9/72

11/73
3/74

R25 CHAR. K INTO (E PIO NEU&/(NU NEU& (P6)/(P1)
R25 A 295 0.0791 0.0054 AUERSACH 67 OSPK +
R25 960 0.0775 0.0033 SOTTERI1 68 ASPK +
R25 561 0.069 0.006 GARLAND 68 OSPK +
R25 350 0.069 0 ' 006 ZELLER 69 ASPK +
R25 A AUERBACH 67 CHANGED FROM .0797+-.0054. SEE COMMENT MITH RATIO R26.
R25 A THE VALUE .0785+-.0025 GIVEN IN AUERBACH 67 IS AN AVERAGE OF
R25 A AUERBACH 67 R25 AND CESTER 66 R23.
R25 ~ ~ ~ ~ ~ ~ ~ ~

R25 AV6 0.0752 0.0024 AVERAGE
R25 FIT 0.07588 0.00091 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

R26 CHAR. K INTO (MU PIO NEU)/(NU NEU& (P5&/(P1)
R26 A 307 0 ' 0486 0.0040 AUERBACH 67 OSPK +
R26 G 424 0 ' 0480 0.0037 GARLAND 68 OSPK +
R26 240 0.054 O. 009 ZELLER 69 ASPK +
R26 A AUERBACH 67 CHANGED FROM .0602+-.0046 BY ERRATUM MHICH BRINGS THE
R26 A MU-SPECTRUM CALCUlATION INTO AGREEMENT WITH GAILLARD 70 APPENDIX B.
R26 G GARLAND 68 CHANGED FROM .055+-.004 IN AGREEMENT WITH MU-SPECTRUM
R26 G CALCULATION OF GAILLARD 70 APPENDIX B. l.G. PONDROM, PRIV. COMM. (73)
R26 ~ ~ ~ ~ ~ ~ ~ ~ ~

R26 AVG 0.0488 0.0026 AVERAGE
R26 FIT 0.0501 0.0015 FROM FIT &ERROR INCLUDES SCALE FACTOR OF 1.8)

RZT CHAR. K INTO (MU NEU&/TAU (P1&/(P3&
R27 R 427 &10.38) (0.82) YOUNG 65 EMUL +
R27 R DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS.
R27 R TO ADD UP TO 1. ONLY YOUNG MEASURED MU2 DIRECTLY.
R27 ~ ~ ~ ~ ~ ~ ~ ~

R27 FIT 11.363 0072 FROM FIT

1/74
5/68
4/68

10/69
1/74
3/74
3/74

1/?4
1/74

10/69
1/76
1/74
1/74
1/74

9/66

R43
R43
R43
R43
R43

R44
R44
R44
R44
R44
R44
R44

R45
R45

R46
R46
R46
R46
R46

R4?
R47
R47
R47
R47

CHAR. K INTO (PIO NU NEU GAM)/TOTAL(UNITS 10**-5)(P28)
0 6. 1 .OR LESS Cl=. 90 LJUNG 73 HLBC + EGAM GT 30 MEV

CHAR. K INTO (E PIO NEU&/(PI PIO& (P6)/(P2)
786 0.221 0.012 LUCAS2 73 HBC — DALITZ PRS ONLY

L LUCAS ?3 GIVES N&E3)~786+-3. 1PCT, N(PI2)=3564+-3. 1PCT. ME DIVIDE.
~ ~ ~ ~ ~ ~ ~ ~

FIT 0.2277 0.0031 FROM FIT &ERROR INCLUDES SCALE FACTOR OF 1.1)

CHAR. K INTO (Pl 2PIO&/(PI PIO) (P4&/(PZ&
L 574 0.081 0.005 LUCAS2 73 HBC — DALITZ PRS ONLY
L LUCAS 73 GIVES N(PI ZPIO)~574+-5. 9 PCT, N&PI2)=3564+-3. 1 PCT.
L WE QUOTE 0.5*N&PI 2PIO)/N&PI2) WHERE 0.5 IS BECAUSE ONLY DALITZ
L PAIR P IO' S MERE USED.

FIT 0.0819 0.0022 FROM FIT &ERROR INCLUDES SCALE FACTOR OF 1.3)
CHAR. K INTO(MU NEU 6AMMA)/TOTAL (UNITS 10*~-3) (P12)

12 58 35 MEISSENBE 74 STRC + E-GAMMA GT 9 MEV

CHAR. K INTO (Pl E+ E-)/(PI+ PI- E NEU) (UNITS 10**-3) (P15)/(P7)
TEST FOR DELTA-S = 1 WEAK NEUTRAL CURRENT ~ ALLOWED BY COMBINED
FIRST ORDER WEAK AND E.M. INTERACTIONS.

B 41 7.0 1 ~ 3 BLOCH 75 SPEC +
B BLOCH 75 QUOTES THIS RESULT MULTIPLIED BY OUR 1974 KE4 BR. FRAG.

CHAR. K INTO (E NEU 6AM&/(E NEU& (P21&/(P11)
STRUCTURE DEPENDENT PART WITH + GAMMA HELICITY.

H 56 (1.05) (0.25) (0.30) HEARD1 75 SPEC + P(E) 236 TO 247
H THIS VALUE IS INCLUDED IN THE SECOND HEINTZE 79 VALUE IN SEC.R54
H BELOW.

9/73
9/?3

11/73
11/73

11/73
11/73
11/73
11/73

?/74
7/74

11/75
11/75

11/75
11/75
11/75
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R48
R48
R48 D

R48 D

R49
R48
R49 D
R49 D

R50
R50 D

R50 D

R50 D

R50 D

R50 D

K+ INTO (PI+-MU-+E+)/(PI+PI-E NEU) (UNITS 10~*-4) (P25+P26)/(Pl)
TEST OF LEPTON FAMILY NUMBER OR TOTAL LEPTON NUMBER CONSERVATION.

0 1.9 OR LESS CL~.90 DIAMANTBE 76 SPEC +
DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 SR. RATIO.

K+ INTO (PI+ NU+ E-)l(PI+PI- E NEU) (UNITS 10**-4) (P29)/(Pl)
TEST OF LEPTON FANILY NUMBER CONSERVATION.
0 1 r 3 OR LESS CL~ a 90 D IAIIANTBE 76 SPEC +

DIAMANTSE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO.

CHAR. K INTO (MU NEU E+E-)l(PI+PI-ENEU) (UNITS 10**-3) (P30)/(Pl)
14 (3.3) (0-9) DIAMANTBE 76 SPEC + M(EE) GT 140
14 27. 8 ~ DIAMANTBE 76 SPEC + EXTRAPOLATED BR
DIAMANTBE 76 QUOTES THESE RESULTS TIME S OUR 1975 KE4 BR RATIO.
THE SECOND DIAMANTBE 76 VALUE IS THE FIRST VALUE EXTRAPOLATED TO 0
TO INCLUDE LOFTI MASS E PAIRS.

R55
R55
R55 H

R55 H

CHAR. K INTO (E NEU 6AN)/TOTAL (UNITS 10~~-4)
STRUCTURE DEPENDENT PART WITH — GAMMA HELI CITY

1.6 OR LESS CL~. 90 HEINTZE 79 SPEC
IMPLIES (AXIAL VEC. /VECTOR& AMPL. RATIO OUTSIDE

CP21)

RANGE -1.8 TO —.54.

R56
R56

CHAR. K INTO (E NEU NEU NEUBAR&/(E NEU) CP33&/CP11&
0 3 ~ 8 OR LESS CL~.90 HEINTZE 79 SPEC +

R51 K+ INTO(PI- E+ E+ )/(PI+ PI- E NEU) UNITS(10~~-4) (P19)/(P7)
R51 TEST OF TOTAL LEPTON NUMBER CONSERVATION
R51 D 0 2.5 OR LESS CL= ~ 90 DIAMANTSE 76 SPEC +
R51 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 BR RATIO.

R52 K+ INTO(MU- NEU E+ E+)/(PI+ PI- E NEU) (UNITS 10~*-3) (P31)/(Pl)
R52 TEST OF LEPTON FAMILY NUMBER CONSERVATION.
R52 D 0 0.5 OR LESS CL~. 90 OIAMANTBE 76 SPEC +
R52 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO.

R53 K+ INTO (NEU E+ E+ E-)/(PI+PI- E NEU) (UNITS 10~~-2) (P32)/(Pl)
R53 4 0 ~ 54 0.54 0.27 DIAMANTSE 76 SPEC +
R53 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO.

R54 CHAR. K INTO (E NEU 6AN)/(MU NEU) (UNITS 10~~-5)(P21&/(P1&
R54 STRUCTURE DEPENDENT PART WITH + GAMMA HELICITY
R54 H 51 (2.33) (0 ' 42) HEINTZE 79 SPEC +
R54 H 107 2 ~ 40 0 ~ 36 HEINTZE 79 SPEC +
R54 H SECOND HEINTZE 79 RESULT IS FIRST COMBINED WITH HEARO1 75 RESULT
R54 H FROM SECTION R47 ABOVE.

11/76

11/76
11/76

11/76

11/76
11/76

11/76
11/76
11/76
11/76
11/76
11/76

11/76

11/76
11/76

11/76

11/76
11/76

11/76
11/76
11/76

7/79
7/79
7/79
7/79

2/82
2/82

l/79
7/79

The coefficient g is a measure of the slope in the
variable s3 (or T3) of the Dahtz plot, while h and k
measure the quadratic dependence on s and (s —s )
respectively. The coeAicient j is related to the asym-

metry of the plot and must be zero if CP invariance
holds. Note also that if CP is good, g, h, and k must be
the same for K+ ~ ~+~+m as for K

Since different experiments use different forms for
2

~

M ~, m order to compare the experiments we have
converted to g, h, j, and k whatever coefficients have
been measured. For details of this conversion and dis-
cussion of the data, see the April 1982 version of this
note. 2

See also the review of Devlin and Dickey, 3 which

contains an analysis of K ~ 2~ and K ~ 3m data in
terms of transition amplitudes with appropriate energy
dependence.

R57
R57
R57
R57

R58
R58
R58

R59
R59
R59

K+ INTO (MU+ NEU(E))/TOTAL
FORBIDDEN BY LEPTON FAMILY NUMBER CONSERVATION.

0 0 ' 004 OR LESS CL=.90 LYONS 81 HLBC
(0.012&OR LESS CL~. 90 COOPER 82 HLBC

K+ INTO NU+ NEUBAR(E)/TOTAL (UNITS 10++-3)
FORBIDDEN BY TOTAL LEPTON NUMBER CONSERVATION.

3.3 OR LESS CL~. 90 COOPER 82 HLBC

K+ INTO PIO E+ NEUBAR(E)/TOTAL
FORBIDDEN SY TOTAL LEPTON NUMBER CONSERVATION.

0.003 OR LESS CL~. 90 COOPER 82 HLBC

(P34&

200GEV K+ N. B. BEAM
SIDEBAND NEU BEAM

(P35)

blIDEBAND NEU BEAM

CP36)

SIDEBAND NEU BEAM

2/82
1/83~

1/83*

1/83*
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NOTE ON DALITZ PLOT PARAMETERS FOR
K ~ 3~ DECAYS

The Dalitz plot distribution for K—~~—~—~
K.— p + — pK—~~ ~ ~—,and KL~~ ~ ~ can be parametrized

by a series expansion such as that introduced by Wein-

berg. We use the form

(s3 —so) s3 so
2

iMi oc 1+g + h
m 2 m +

2

10 CHARGED K ENER6Y DEPENDENCE OF DALITZ PLOT

MATRIX ELEMENT SQUARED = 1 + G*U + H*U**2 + K*V**2
WHERE U~(S3-SO)/(MPI**2) ANO V=(S1-S2)/(MPI**21

GT+
6T+ LINEAR COEFFICIENT 6 FOR TAU DECAYS K — PI P

SOME EXPTS USE OALITZ VARIABLES X ANO Y. ME GIVE AY=COEFF OF
+ —) PI+ PI+ PI-

GT+ TERM AT RIGHT. SEE MINI-REVIEM ABOVE.
EFF OF Y

GT+ZL 5428 (-0.22) (0.024) Z I NCHENKO 67 HBC + AY=0. 28+-.03

GT+ G17898 (-0.196) (0.012)
(- . 18) (0.016) BUTLER 68 HBC + AY=0 ~ 277+-.020

GT+ 750K -0 ' 2157 0 ' 0028
GRAUMAN 70 HLBC + AY=0. 228+- ~ 030

GT+H 39819 -0.200 0 ' 009
FORD 72 ASPK + AY=0 ~ 2734+- ~ 0035

GT+ 225K
HOFFMASTE 72 HLSC +

+ 5K -0.2221 0 ~ 0065 OEVAUX 77 SPEC + AY=0. 2814+- ~

GT+ L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAG
GT+ Z ALSO INCLUDES DBC EVENTS
GT+ G EMULS. DATA ADDED — ALL EVENTS INCLUDED BY HOFFMASTER 72
GT+H HOFFMASTER 72 INCLUDES GRAUMAN 70 DATA.
GT+
GT+ AVG -0.2154 0.0035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 4

(SEE IDEOGRAM BELOM)
OF 1 ~ 4)

1/?9
1/79

1/79
1/79
1/79

10/69
10/69
8/70
1/79
1/79
1/79
3/78

1/71
1/79

m +2
2 1(s2 —s

1) s —s

2
+ 0 ~ ~

WEIGHTED AVERAGE = -0. 2154 + 0.0035
ERROR SCALED BY 1.4

where m + has been introduced to make the coeN-2

cients g, h, j, and k dimensionless, and

s; = (PK —P;) = (mK —m;) —2m';, i = 1,2,3,2= — . 2

so= —gs = —(m +m +m +m )
1 1

K 1 2 3
1

Here the P; are four-vectors, m; and T; are the mass and
kinetic energy of the i pion, and the index 3 is usedth

for the odd pion.

UX 77 SPEC
MASTE 72 HLBC

72 ASPK

—0.24 —0, 22 —0, 20 —0. 18
L IN. ENERGY DEP. FOR K+ TO PI+ P I+ P I—

CH ISQ
1.0
2. 9
0. 0
4. 0

(CONLEV
=0. 135)
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NT+ QUADRATIC COEFF. H FOR K+ —) PI+ PI+ PI-
HT+ 750K 0.0187 0 ~ 0062 F~ FORD 72 ASPK +

HT+ 225K -0.0006 0
HOFFMASTE 72 HLBC +

HT+
0 ~ 0143 DEVAUX 77 SPEC +

HT+ AVG 0.0122 0.0076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 4
(SEE IDEOGRAM BELOW)

~ )

WEIGHTED AVERAGE = 0.0122 + 0.0076
ERROR SCALED BY 1.4

1/79
1/79
1/79
1/79

6TP LINEAR COEFFICIENT 6 FOR TAU PRINE DECAYS CHA
GTP UNLESS T0 HERMISE STATED, ALL EXPTS INCLUDE TERMS QUADRATIC IN

R. K —& PI PIO PIO.

GTP (S3-S0)/(MPI*~?). SEE MINI-REVIEW ABOVE.
GTP K 1792 (0 ~ 48) (0 ~ 04)
GTP K 18?4 (0.586) (0.098)
GTP 4048 0.544 0 ' 048

BISI 65 HLBC + ALSO HBC

GTP L 198 (0.527) (0.102)
DAVISON 69 HLBC + ALSO EMUL

GTP 1365 0.67
PANDOULAS ?0 EMUL +

GTP K 574 (0 484) (0 084)
AUBERT 72 HLBC +

GTP 5635 0.630 0.038
LUCAS2 73 HBC — DALITZ PRS ONLY

GTP 27K 0.510 0.060 SMITH 75 MIRE +
SHEAFF 75 HLBC +

GTP L 4639 (0.806) (0.220) BERTRAND 76 EMUL +
GTP 3263 0.670 0.054 BRAUN 76 HLBC +
GTP K AUTHORS GIVE LINEAR FIT ONLY.
GTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE.

GTP AVG 0.60? 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3
(SEE IDEOGRAM BELOW)

~ )

1/79
1/79
1/79
1/79
'I/79
1/79
1/79
'1/79
'1/79
1/79

WEIGHTED AVERAGE = 0. 607 + 0. 030
ERROR SCALED BY 1, 3

CHI SQ
. DEVAUX 77 SPEC 0, 8

H 0 F F M A S T E 7 2 H L BC 2
-FORD 72 ASPK 1. 1

4. 2
(CONLEV
=0. 123)

I-0, 04 0. 00 0.04 0.08
QUAD. COEFF, H FOR K+ --) P I+ P I+ P I—

KT+ QUADRATIC COEFF. K FOR K+ —) PI+ PI+ PI-
+ 39819 -0.0105 0.0045

KT+ 750K -0.0075 0.0019 FORD 72
HOFFMASTE 72 HLBC +

72 ASPK +

KT+ 225K -0.0205 0.0039 DEVAUX 77 SPEC +

KT+ AVG -0 ~ 0101 0.0034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2. 1
(SEE IDEOGRAM BELOW)

)

1/79
1/79
1/79
1/79

F

T

ON

I I

0, 4 0. 5 0. 6 0. 7 0. 8 0. 9
LIN. ENERGY DEP. FOR K TO Pl PIO PIO

76 HLBC
75 WI RE
75 HLBC
72 Hi BC
69 HLSC

CH I SQ
1, 3
2, 6
0, 4
1. 1

1.7

7. 2
(CONLEV
=0. 127)

WEIGHTED AVERAGE = —0. 0101 4 0. 0034
ERROR SCALED BY 2. 1

HTP QUADRATIC COE F F N FOR
HTP 4048 0.026 0 ' 050
HTP L 198 (0.018) (0.124)
HTP 1365 -0.01 0 ~ 08
HTP 5635 0.041 0 ' 030
HTP 27K 0.009 0 ' 040
HTP L 4639 (0 ~ 164) (0.121)
HTP 3263 0. 152 0 ~ 082
HTP L EXPERIMENTS WITH LARG
HTP
HTP AVG 0.034 0 ' 020

CHAR K —) PI PIO PIO. SEE MINI-REVIEM ABOVE.
DAVISON 69 HLBC + ALSO EMUL
PANDOULAS 70 EMUL +
AUBERT 72 HLBC +
SHEAFF 75 HLBC +
SMITH 75 WIRE +
BERTRAND 76 EMUL +
BRAUN 76 HLBC +

E ERRORS NOT INCLUDED IN AVERAGE.

AVERAGE

1/79
1/79
1/79
1/79
1/79
1/?9
1/79
1/79

NOTE ON K~g AND Ki3 FORM FACTORS

CHISQ
EVAUX 77 SPEC 7. 2

OFFMASTE 72 HLBC 0. 0
ORD 72 ASPK 1.8

9.0
( CONi EV
=0. 0'} 1)-0.03 -0.02 -0.01 0.00

QUAD . COEFF . K FOR K+ --) P I+ P I+ P I—

Assuming that only the vector current contributes to
K ~ ~tv decays, we write the matrix element as

M oc f+(t)[(P&+P ) c'y„(1+ps)~]

+ f (t)[mme(1+ y5)v],

6T- LINEAR COEFFICIENT 6 FOR TAU DECAYS K- —) PI- PI- PI+

GT- F 1347 (-0.220) (0 ' 035)
FOR DEFINITION OF AY SEE NOTE IN SECTION GT+ ABO+ ABOVE ~

GT-ML 5778 (-0.190) (0 ~ 023)
FERRO-LUZ 61 HBC — AY~0. 28+-.045

GT- 50919 -0.193 0.0 00.010
MOSCOSO 68 HBC — AY~0. 242+-. 029

GT- 750K -0.2186 0.0028
69 HBC — AY 0.244 +-.013

GT- Q 81K (-0.199) (0.008)
FORD 72 ASPK — AY~0. 2770+-.0035

GT- L E
GT- F NO RADIATIVE CORRECTIONS INCLUD

LUCAS'1 73 HBC — Y~

XPERIMENTS MITH LARGE ERRORS NOT INCLUDED IN A

ED ~

GT- M ALSO INCLUDES DBC EVENTS.
N AVERAGE.

GT- Q QUADRATIC DEPENDENCE IS REQUIRED BY KL EXPTS ~ FOR COMPAR

GT-
GT- Q AVERAGE ONLY THOSE K+- EXPERIMENTS WHICWHICH QUOTE QUADRATIC FIT VALVES.

GT- AVG -0 ' 2167 0.0066 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.5)
NT- QUADRATIC COEFF H FOR K- —) PI- PI- PI+
HT- 50919 -0.001 0.012 MAST 9

HT-
HT- 750K 0 ' 0125 0.0062~ . FORD 72 ASPK

HT- AVG 0 ' 0097 0.0055 AVERAGE

KT- QUADRATIC COEFF K FOR K- --o PI- PI- PI+
KT- 50919 -0 ~ 014 0.012

KT-
KT- 750K -0.0083 0.0019 FORD 72 ASPK

KT- AVG -0.0084 0.0019 AVERAGE

D6 ((6T+)-(6T-)&/((6T+)+(6T-)) IN PERCENT
DG A NON-ZERO VALUE FOR THIS QUANTITY INDICATES CP VIOLATION.2M -0.?0 0.53 FORD 70 ASPK

10/69
10/69

1/79
1/79

10/72

3/78

1/79
1/79

1/79
1/79
1/79

1/79
1/79
1/79

11/70

~here P& and p are the four-momenta of the K. and ~
mesons, m& is the lepton mass, and f+ and f are
dimensionless form factors which can depend only on t

fp 2( &
—P ), the square of the four-momentum transfer

to the leptons. If time-reversal invariance holds, f+ and
are relatively real. K experiments measure f andp3 +f, while K 3 experiments are sensitive only to f+

because the small electron mass makes the f term
negligible.

(a) K
3 experiments Analyses .of K data fre-

P 3
fluently assume a linear dependence of + and f on t,
x.e.,
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f (t) = f (0)[1+X (t/m )].
Most K 3 data are adequately described by Eq. (2) forp3
f+ and a constant f (i.e., X = 0). There are two

equivalent parametrizations commonly used in these
analyses:

(1) P+, $(0) parametrization. Analyses of K 3 datap3
often introduce the ratio of the two form factors

8(t) = f (t)/f+(t) .
The K

3 decay distribution is then described by the two
p3

parameters X+ and $(0) (assuming time reversal invari-
ance and X = 0). These parameters can be determined

by three different methods:
Method A. By studying the Dalitz plot or the pion

spectrum of K 3 decay. The Dalitz plot density is (see,
e.g. , Chounet et aL ):

g3 4

p(E,E ) oc f+(t)[A + Bg(t) + Cg(t) ],
where

A = m&(2E E —m&E ) + m (—E —E ),1

P P P, 4 X P

B=m (E ——E'),2
P

C= —m E',2
4 p,

simply fixes a relationship between them.
Method C. By measuring the muon polarization in

K 3 decay. In the rest frame of the K, the p. is expected
to be polarized in the direction A with P = A/! A!,
where A is given (Cabibbo and Maksymowicz ) by

P~ ~~ ~p—a2($)
" m —E + "(E —m ) +p

m
p

+ m& lmg(t)(y Xy ) .

If time-reversal invariance holds, $ is real, and thus
there is no polarization perpendicular to the K-decay
plane. Polarization experiments measure the weighted

average of $(t) over the t range of the experiment, where

the weighting accounts for the variation with t of the
sensitivity to $(t).

(2) X+, Xo parametrization. Most of the more recent
K 3 analyses have parametrized in terms of the formp3
factors f+ and fo which are associated with vector and
scalar exchange, respectively, to the lepton pair. fO is
related to f+ and f by

f0(t) = f+(t)+ [t/(m& —m )]f (t) .

E' Emax E (m2 + m2 m2)/2m
p, K.

Herc E, E, and E are, respectively, the pion, muon,7l' P P
and neutrino energies in the kaon center of mass. The
density p is Gt to the data to determine the values of
X+, $(0), and their correlation.

Method B. By measuring the K 3/K 3 branchingp3 c3
ratio and comparing it with the theoretical ratio (see,
e.g., Fearing et al. ) as given in terms of X+ and $(0),
assuming p,-e universality:

I'(K 3)/I'(Ke3) = 0.6457 + 1.4115K+ + 0.1264$(0)

+ 0.0192$(0) + 0.0080K+$(0),

F(K03)/I'(K03) = 0.6452 + 1.3162) + + 0.1264$(0)

+ 0.0186$(0) + 0.0064K+)(0) .

This cannot determine X+ and $(0) simultaneously but

Here f0(0) must equal f+(0) unless f (t) diverges at t =
0. The earlier assumption that f+ is linear in t and f
is constant leads to fO linear in t:

f0(t) = f0(0)[1+Xo(t/m )] .

With the assumption that f0(0) = f+(0), the two

parametrizations, (X+, f(0)) and (X+, Xo) are equivalent
as long as correlation information is retained. (X+, Xo)
correlations tend to be less strong than (X+, $(0)) corre-
lations.

The experimental results for $(0) and its correlation
with A.+ are listed in the K—and KL sections of the
Stable Particle Data Card Listings in section XIA, XIB,
or XIC depending on whether method A, B, or C dis-

cussed above was used. The corresponding values of
X+ are listed in subsection L+M.

Because recent experiments tend to use the (X+, Xo)
parametrization, we include a subsection LO for Ao

results. %&erever possible we have converted $(0)
results into A.o results and vice versa.

Rev. Mod. Phys. , Vol. 56, No. 2, Part ll, April 1984
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For notation, see key at front of Listings. Stable Particles

See the 1982 version of this note for additional dis-

cussion of the K 3 parameters, correlations, and
p3

conversion between parametrizations, and also for a

comparison of the experimental results.

(b) EC 3 experiments. Analysis of K 3 data is simpler

than that of K 3 because the second term of the matrix
g3

element assuming a pure vector current [Eq. (1) above]
can be neglected. Here f+ is usually assumed to be

linear in t, and the linear coefficient X+ of Eq. (2) is

determined.
If we remove the assumption of a pure vector

current, then the matrix element for the decay, in addi-

tion to the terms in Eq. (2), would contain

XIA
XI A

XI A

XI A

XIA
XIA
XIA
XI A

XI A

XI A

XIA
XI A

XIA
XI A

XIA
XI A

XI A

XI A

XIA
76
87

J
2648

C 444
78

K2041
H3240
A4025
83480
D 1897
N 490
M6527

3973

AVG
FIT

F-/F+
(+1 ~ 8)
(+F 7)(-0.08)

&0 ' 0)
+0 ~ 72

(-0.5)-0.5-1.1-0.62
+0 ~ 45
-0 ' 36
-0 ' 8-0.57
-0 ' 27

-0.32-0.35

(DETERNINIED FROM SPECTRA&
&0.6) BROWN 62 XEBC + DP+BR, L+=0
(0.5) GIACOMELL 64 EMUL + MU+BR RVUE, L+=0
(0 ~ 7) JENSEN 64 XEBC + DP+BR(KMU3, KE3)
(1.1) (0.9) CALLAHA1 66 FRBC + MU, L+=0, T UNKN

0 ~ 93 CALLAHA1 66 FRBC + PI, DXI/DL~-17
(0 ' 9) EISLER 68 HLBC + PI, L+=O, NO DX/DL
0.8 KI JEWSKI 69 OSPK + PI r DXI/DL=-26
0.56 HAIDT 71 HLBC + DP, DXI/DL=-29
0.28 ANKENBRAN 72 ASPK + PI, DXI/DL=-12
0.28 CH IANG 72 OSPK + DP ~ DX I /DL 1 5
0.40 BRAUN1 73 HLBC + DP, DXI/DL=-19
0.8 ARNOLD 74 HLBC + DP, DXI/DL=-20
0.24 MERLAN 74 ASPK + DP, DX I /DL~ -9
0 ~ 25 WHITMAN 80 SPEC + DP, DXI/DL=-17

0. 15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
0. 15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3)
(SEE IDEOGRAM BELOW)

WEIGHTED AYERAGE = -0.32 + 0. 15
ERROR SCALED BY 1.3

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

1/?4
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
3/74

11/75
3/74
4/82

3/84*

+ 2mKfSe(1+ p, )v

+ (2fT/mK)(PK))(P ) C'a& (1+y5)i,

where fS is the scalar form factor, and fT is the tensor

form factor. In the case of the K 3 decays where the f
term can be neglected, experiments have yielded limits

on [fs/f+ [
and [fT/f+ ].

The K 3 results for X+, [ fS/f+ (, and
( fT/f+ [ are

listed in the subsections L+M, FS, and e I', respectively,

of the K—and KL sections of the Stable Particle Data

Card Listings.
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XIA
XIA
XI A

XIA
XIA
XIA
XI A

XIA
XI A

XI A

XIA
XI A

XI A

XIA
XIA

XIB
XIB
XIB
XI 8
XI 8
XI 8
XI 8
XI 8
XI 8
XI 8
XI 8
XI 8
XI 8
XI 8
XI 8
XI 8
XIB
XIB
XI 8
XI 8
XI 8
XI 8

-WHITMAN

MERLAN
-ARNOLD
-BRAUN1
. CH I ANG

ENBRAN
DT

EWSK I

LAHA1

X I A = F-/F+ FOR K+MU3 DECAY SPECTRA

CH I SQ
80 SPEC 0. 0
74 ASPK 1, 1

74 HLBC 0, 4
HLBC 0. 0

72 OSPK 7. 6
72 ASPK 1, 1

71 HLBC 1, 9
69 OSPK 0. 0
66 FRBC 1.3

13.4
(CONLEY
=0. 097)

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION.
J JENSEN 64 GIVES L+M=L+E=-. 020+-.027. DXI/DL UNKNOWN. INCLUDES
J SHAKLEE 64 XI 8(KMU3/KE3) .

C CALLAHAN 66 TABLE 1 (PI ANAL) GIVES DXI/DL=(. 72-.05) /(0-. 04)=-17,
C ERROR RAISED FROM .80 TO AGREE WITH DXI0=.37 FOR FIXED L+.
K KI JEWSKI 69 FIG. 17 WAS USED TO OBTAIN DXI/DL AND ERRORS.
H HAIDT 71 TABLE 8 (DP ANAL) GIVES DXI/DL=( —1.1+0.5)/(. 050-.029)=-29,
H ERROR RAISED FROM .50 TO AGREE WITH DXI0=. 20 FOR FIXED L+ ~

A ANKENBRANDT 72 FIG. 3 WAS USED TO OBTAIN DXI/DL.
8 CHIANG 72 FIG. 10 WAS USED TO OBTAIN DXI/DL.
8 FIT HAD L-~L+ BUT WOULD NOT CHANGE FOR L-=0. L. PONDROM, PRIV. COM. 74
D BRAUN1 73 GIVES XI(T)=-.34+- ~ 20, DXI(T)/DL+=-14 FOR L+=.027, T=6.6.
D WE CALCULATE ABOVE XI (0) AND DXI(0)/DL+ FOR THEIR L+=.025+-.017
N ARNOLD 74 FIG. 4 WAS USED TO OBTAIN XIA AND DXI/DL.
M MERLAN 74 FIG. 5 WAS USED TO OBTAIN DXI/DL.

XIB F-/F+ (DETERNINED FRON KNU3/KE3)
THE KMU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN XI(0)
AND L+. WE QUOTE THE AUTHORS XI (0) AND ASSOCIATED L+ BUT DO NOT
AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE
FACTOR GIVEN IN THE ABOVE NOTE ON KL3 FORM FACTORS ARE NOT OBTAINED
FROM THESE XIB VALUES. INSTEAD THEY ARE OBTAINED DIRECTLY FROM THE
FITTED KMU3/KE3 RATIO (R29), WITH THE EXCEPTION OF HEINTZE 77.

(-0 ' 17) (0 ' 75) &0.99) SHAKLEE 64 XEBC + BR, L+=0
(+0 ~ 6) (0 ' 5) BISI 1 65 HBC + BR, L+=0

500 (+0.8) (0.6) CUTTS 65 OSPK + BR, L+=0
636 (+0 ~ 4) (0 ' 4) CALLAHA1 66 FRBC + BR, L+=0
306 (+0.75) (0.50) AUERBACH 67 OSPK + BR, L+=0

8 5601 (-0 ' 08) (0 ' 15) BOTTERIL2 68 ASPK + BR, L+=.023+- ~ 008
E 1398 (-0.60) (0.20) EICHTEN 68 HLBC + BR, SEE NOTE E

986 (+1.0) (0.6) GARLAND 68 OSPK + BR, L+=0
(+0.91) (0.82) ZELLER 69 ASPK + BR, L+= ~ 023

8 (-0.35) (0 ' 22) BOTTERIL 70 OSPK + BR, L+=.045+-.015
E 1505 (-0 ~ 81 ) (0.27) HAIDT 71 HLBC + BR, L+=.028, F IG.8

5825 (0 ~ 0) (0.15) CHIANG 72 OSPK + BR, L+=.03, FIG. 10
H 55K -0. 12 0 ~ 12 HE I NTZ E 77 CN TR + BR, L+= .029

FIT -0.35 0 ~ 15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3)

1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
3/74
3/74

11/75
3/74

1/74
1/74
1/74
2/76
2/76
4/82
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
3/78

3/84*

10 CHARGED K FORN FACTORS

IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED.
F+ AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT.
FS AND FT REFER TO THE SCALAR AND TENSOR TERM.
FO (F+) + (F-)*T/(MK**2-MPI**2)
L+, L- AND LO ARE THE LINEAR EXPANSION COEFFS. OF F+, F- AND FO.
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS.
DXI/DL IS THE CORRELATION BETWEEN XI(0) AND L+ IN KMU3.
DLO/DL+ IS THE CORRELATION BETWEEN LO AND L+ IN KMU3.
T = MOMENTUM TRANSFER TO THE Pi IN UNITS OF MP I**2.
DP = DALITZ PLOT ANALYSIS
PI = PI SPECTRUM ANALYSIS
MU ~ MU SPECTRUM ANALYSIS
POL~ MU POLARIZATION ANALYSIS
BR ~ KMU3/KE3 BRANCHING RATIO ANALYSIS
E = POSITRON OR ELECTRON SPECTRUM ANALYSIS
RC = RADIATIVE CORRECTIONS

XI 8
XIB
XIB
XIB

FRON NU POLARIZATION IN KNU3)
A MEASURE OF XI (T) . NO ASSUMPTIONS ON I+-
BY SENSITIVITY TO XIO) SHOULD BE SPECIFIED.
TION THIS IS XI (0) FOR I+=0. DXI/DL=XI*T ~

POLARIZATION IN KMU3 SEE GINSBERG 71.
&1.8) BORREANI 65 HLBC + POLARIZATION

CUTTS 65 OSPK + LONG ~ POL.
CALLAHA1 66 FRBC + TOTAL POL.

&3.3) CALLAHA1 66 FRBC + LONG ~ POL. .

BETTELS 68 HLBC + TOTAL POL. T=4.9
CUTTS 69 OSPK + TOTAL POL. T=4 ~ 0
MERLAN 74 ASPK + POL, DXI/DL=+1. 7
BRAUN 75 HLBC + POL. T=4. 2

XIC
XI C

XIC
XIC
XIC

XXC ~ F-/F+ (DETERNINED
THE MU POLARIZATION IS
NECESSARY, T (WEIGHTED

IN L+, XI (0) PARAMETER I ZA
FOR RAD. CORR. TO MUON

XI C T 2100 (+1 ~ 2) (2 ~ 4)
XIC T 500 BTWN -4.0 AND +1.7
XI C T 397 (-1.4) (1.8)

T 2950 (-0.7) (0-9)
86000 -1.0 0 ~ 3
C3133 —0.95 0.3

XIC
XIC
XIC

M 40K (-0.64) (0.27)
D1585 -0 ' 25 1 ' 20

AVG -0.95 0.21
FIT -0.35 0. 15 F

XIC
XIC
XIC
XIC
XIC

AVERAGE
ROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3)

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION.
8 BOTTERIL 70 IS REEVALUATION OF BOTTERIL 2 68 WITH DIFFERENT L+ ~

E EICHTEN 68 HAS L+~023+-.008, T 4, INDEP. OF L-. REPL. BY HAIDT 71.
H CALCULATED BY US FROM LO AND L+ GIVEN BELOW.

1/74
1/74
3/78

8/67
1/74
8/67
8/67
1/74
1/74
3/74
1/76

3/84*

XIC
XIC
XIC
XIC
XIC
XIC
XIC

T
8
C

M

M

D

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION.
T VALUE NOT GIVEN.
BETTELS 68 DXI/DL=XI*T=-1. 0*4~ 9=-4 ~ 9
CUTTS 69 T~4. 0 WAS CALCULATED FROM FIG. 8. DXI/DL=XI*T=-. 95*4=-3.8
MERLAN 74 POLARIZATION RESULT &FIG.5) NOT POSSIBLE. SEE DISCUSSION
OF POLARIZATION EXPERIMENTS IN NOTE ON KL3 FORM FACTORS ABOVE.
BRAUN ?5 DXI/DL=XI~T=-. 25*4.2=-1.0

1/74
1/76
1/76
1/76
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IXI INA6INARY PART OF XI {TEST OF T REVERSAL&
IXI 2648 0 ~ 0 1.0 CALLAHA'I 66 FRBC + MU

IXI 397 +1.6 1.3 CALLAHA1 66 FRSC + TOTAL POL.
IXI 2950 0.5 1.4 0.5 CALLAHA1 66 FRBC + LONG ~ POL.
rxr 6000 -0. 1 0.3 BETTELS 68 HLSC + TOTAL POL.
IXI 3133 -0..3 0 ~ 3 0.4 CUTTS 69 OSPK + TOTAL POL ~ FIG. 7
IXI 20M -0.016 0 ~ 025 CAHPBELL 81 CNTR + POL.
I x I B 32M (-0.010) (0 ~ 019) BLATT 83 CNTR POLARIZATION
IXI B COMBINED RESULT OF HORSE 80 (KOMU3) ANO CAHPBELL 81 &K+MU3).
IXI ~ ~ ~ ~ ~ ~ ~ ~

IXI AVG -0.017 0.025 AVERAGE

L+N LANSOA + {LINEAR ENER6Y DEPENDENCE OF F+ IN KNU3 DECAY&
L+H SEE ALSO THE CORRESPONDING ENTRIES AMD FOOTNOTES IN SECTIONS XIA,
I+M XI C, AND LO.
L+M FOR RAD ~ COR. OF KMU3 DP SEE GIMSBURG 70 AND BECHERRAMY 70.
L+M 444 0 ' 0 0.05 CAl. l AHA1 66 FRBC + PI
L+M 2041 0.009 0 ' 026 KIJEwsKI 69 OsPK + PI
L+M 3240 0.050 0.018 HA IOT 71 HLBC + OP
L+M A4025 0.024 0.019 ANKENBRAH 72 ASPK + PI
L+M 3480 -0.006 0.015 CHIANG 72 OSPK + DP
L+M 1897 0 ' 025 0 ' 017 BRAUN1 73 HLSC + DP
L+M 490 0.025 0.030 ARNOLD 74 HLBC + DP
L+M 6527 0 ' 027 0.019 MERLAN 74 ASPK + DP
I.+M 3973 +0.050 0.013 WHITMAN 80 SPEC + DP
L+H ~ ~ ~ ~ ~ ~ ~

L+M AVG 0.0272 0.0072 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
L+M FIT 0.032 0.008 FROM FIT (ERROR INCLUDES SCALE FACTOR OF Z ~ 3)
L+M FIT DISCUSSED IM MOTE QN KL3 FORM FACTORS IN 1982 EDITIOM.
L+M A ANKENBRANDT 72 L+ FROM FIG. 3 TQ MATCH DXI/DL. TEXT GIVES .024+-. 022

1/74
1/74
1/74
1/74
1/74
1/82
2/e4*
2/84a

3/74
1/74
1/74
1/74
1/74
1/74
3/74
7/74
3/74

10/81

3/84*

1/74

FS
FS
FS
FS
FS
FS
FS
Fs
FS AVG

FS/Fa

2707
4017
2827

RATIO
&0.18)
(0.30)
(0 ' 23)
0.14

(0.13)
0 F 00

0.125

OF SCALAR
OR LESS
OR LESS
OR LESS

Q. Q3
OR LESS

0. 10

0.044

TO F+ COUPLIN6S FOR KE3 DECAY{ASS. VALUE) ——
CL~. 90 BELLOTT2 67 HLBC
CL~.95 KALHUS 67 HLBC +
CL .90 BOTTERIL1 68 ASPK

0.04 STEINER 71 HLBC +
CL~.90 CHIANG 72 OSPK +

BRAUN 75 HLBC +

L+ FSt FT tPHI FIT

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 3)
FT
FT
FT
FT
FT
FT
FT
FT
FT AVG

FT/F+

2707
4017
Z827

RATIO OF
(0 ' 58) OR(1.1) OR
&0.58) OR
0.24

&0 ' 75) OR
0.07

0 ' 22

TENSOR
LESS
LESS
LESS
0 ~ 16
LESS
0.37

0.14

TO Fa CNlPLINGS FOR KE3 DECAY&ABS. VALUE& ——
CL~.90 BELLOTT2 67 HLBC
CL~. 95 KALMUS 67 HLBC +
CL~.90 BOTTERIL1 68 ASPK

0. 14 STEINER 71 HLSC + L+, FS, FT, PHI FIT
CL= ~ 90 CHIANG 72 OSPK +

SRAUN 75 HLBC +

AVERAGE

FTN FT/F+
FTH 1585

RATIO OF TENSOR
0.02 0.12

TO F+ COUPLIN68 FOR KNU3 OECAY
SRAUN 75 HLBC

KE4 1(E4 DECAY FORN FACTORS
KE4
KE4
KE4

ARE 6IVEN IN TNE FOLLOMIN6 PAPERS
BAS I LE 71 ASPK +
SEIER 73 OSPK +-
ROSSELET 77 SPEC +

REFERENCES FOR CHAR6EO K

aa*eaa *aa*aa***eaaa*aa*a aa**aa**a **aa*a**a*ae*aaa*a aaa**aa*a *aaa*aa*

10/69
10/69
8l66
2/72
9/72

12/75

10/69
10/69
8/66
2/72
9/72

12/75

1/76

11/75
11/75
2l80

LO LANBOA O (LINEAR ENER6Y OEPENDENCE OF FO IN KHU3 OECAY)
LQ WHEREVER POSSIBLE, ME HAVE CONVERTED THE ABOVE VALUES QF XI(0) INTO
LQ VALUES OF LQ USING THE ASSOCIATED L+M AND OXI/DL.
LQ M 444 +0.058 0.036 CALLAHA1 66 FRBC + PI, DLQ/DL+ -0.37
LQ L 6000 -0.063 (0.024) BETTELS 68 HLSC + POL, DLO/DL+~+. 60
LQ L 3133 -0.056 &0.024) CUTTS 69 OSPK + POLiDLQ/OL+~+-69
LQ W 2041 -0.031 0.045 KI JEMSKI 69 QSPK + PI, DLO/DL+~-1. 10
LQ W 3240 -0 ' 039 0 ' 029 HAIDT 71 HLBC + DP, DLO/DL+ -1.34
LO M 4025 -0.026 0.013 ANKENBRAN 72 ASPK + PI, DLQ/DL+~+0. 03
LQ W 3480 +0.030 0.014 CH I ANG 72 OSPK + DP, D LQ/I) L+ -0.21
LQ D1897 -0.008 0.020 BRAUN1 73 HLBC + DP, DLQ/DL+~-0. 53
LO 490 -0.040 0.040 ARNOLD 74 Hl BC + DP, DLQ/DL+~-0. '62
LQ B (-0 ~ 017) (0.011) BRAUN 74 HLBC + KHU3/KE3 VS ~ T
LQ M 6527 -0.019 0.015 MERLAM 74 ASPK + DP, OLO/DL+~+0. 27
LQ L 1585 +0.008 0.097 BRAUN 75 HLBC + POL, DLQ/DL+~+. 92
LQ H 55K +0.019 (0.010) HEINTZE 77 SPEC + BR, DLQ/DL+~+0. 03
LQ 3973 +0.029 0.011 WHITMAN 80 SPEC + DP, DLQ/DL+~-0. 37

LQ AVG 0.0032 0.0099 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7)
LQ FIT +0.004 Q. 007 FROM FIT &ERROR INCLUDES SCALE FACTOR OF 2.3)

(SEE IDEOGRAM BELOW)

WEIGHTED AVERAGE = 0.0032 + 0.0099
ERROR SCALED BY 1, 7

1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/76
7/74

11/75
3/74
1/76

12/77
10/81

B IRGE 56
ILOFF 56
ALEXAMDE 57
COHEN 57
EI SENSER 58
BURROMES 59
TAYLOR 59

FREDEN 60
BARKAS 61
BHOMMIK 61
FERRO-LU 61
NORD IN 61
ROE 61
BQYARsKr 62
BROWN 62
SARKAS 63

BORREAMI 64
CALLAHAN 64
CAME R INI 64
CL I NE 64
GIACOMEL 64
GRE INER 64
JEMSEN 64
KALHUS 64
SHAKLEE 64

MC 4 834
PR 102 927
MC 6 478
FUND. CONS ~ PHYS ~

NC 8 663
PRL 2 11?
PR 114 359

PR 118 564
PR 124 1209
Nc 20 857
NC 22 1087
PR 123 2166
PRL 7 346
PR 128 2398
PRL 8 450
PRL 11 26

PL 12 123
PR 136 B 14 63
PRL 13 318
PRL 13 101
NC 34 1134
PRL 13 284
PR 136 B1431
PRL 13 99
PR 136 B 1423

BIRGE, PERKINS, PETERSON, STORK, WHITEHEA (LRL)
ILOFF, GOLDHABER, LANNUTTI, GILBERT + (LRL)
ALEXANDER, JOHNSTON, OCEALLAIGH (DUBLIN INST)
+CROME, DUMOND (ATOMICS INTER. +LRL+CIT)
E I SENBERG e KOCH t LOHRMANN r MIKOLI C + (BERN)
SURROMEss CALDWELL, FRISCH, HILL + (MIT)
S TAYLOR, HARRIS, OREAR, LEE, BAUHEL (COLUMBIA)

S C FREDEN, F C GILBERT, R S WHITE (LRL)
BARKAS g DYER g MASON ~ NQRR I S H I CKOLS g SMI T (LRL )
B BHOWMIK r P C JA IN i P C MATHUR (DEI-HI UN1V)
F ERRO-LUZZ I,MILLER, HURRAY, ROSE NF E LD+ (LRL )
PAUL NORD IN JR (LRL)
ROE, SINCLAIR, BROWN, GLASER + (MICH+LRL)
BOYARSK I, LOH, Nr EME LA, R I TSON (MIT)
BRQMN g

KAOYK'
g TR I L L I MG J ROE+ (LRL, MICH)

M H BARKAS, J N DYER, H H HECKMAN (LRL)

G SORREAMI, G RINAUDQ, A WERBROUCK (TURIN)
A CALLAHAN, R MARCH, R STARK (WISCONSIN)
CAHERINI, CLr NE, FRY, POMELL (MISCQNSIN+LRL)
D CLIME, W F FRY (WISCONSIN)
Gr ACOHELLI, MOMTI, QUARENI+ (BOLOGNA, MUNICH)
D GREINER, M OSBORNE, M SARKAS (LRL)
JENSEN, SHAKLEE, ROE, SINCLAIR (MICH)
+KERNAN, PU, POMELL, DOMD (LRL ~ WIBC)
SHAKLEE t JENSEN cRQE s SINCLAIR (HIGH)

BI RGE 65
Br Sr 65
SISI 1 65
SORREAHI 65
CALLAHAM 65
CAMER I H I 65
CL INE 65
CUTTS 65

PR 139 B 1600
NC 35 768
PR 'l39 B 1068
PR 140 B1686
PRL 15 129
Nc 37 1795
PL 15 293
PR 138 B969

BIRGE, ELY, GIDAL, CAMERINI, CLINE + (LRL+MISC)
BISI,BORREANI, CESTER, FERRARQ + (TORIMO)
BORREANI, HARZARI-CHIESA, R INAUDO+ (TOR INO)
BORREAMI, G IDAL, R INAUDO, CAFQR 10+ (BAR I, TORI )
A CALLAHAN, D CLIME (WISCONSIN)
+CLIME, GIDAL ~ KALMUS, KERNAN (MISC+LRL)
A CLINE, W F FRY (WISCONSIN)
CUTTS, EL IOFF, STIENING (LRL)

I TMAN

AUN

RLAN

NOLD

AUN1

IANG

KENBRAN
IDT
J EWSK I

LLAHA1

80 SPEC
75 HLBC
74 ASPK
74 HLBC
73 HLBC
72 OSPK
72 ASPK
71 HLBC
69 OSPK
66 FRBC

-0. 15 -0, 05 0.05 0. 15 0.25
LAMBDA 0 (L IN. E DEP. OF FO, K+MU3 DEC. )

CHI SQ
5. 5

2. 2
1.2
0, 3
3. 7

5. 0
2, 1

0. 6
2. 3

22. 9
(CONLEV
=0. 004)

DE MARCO 65
FITCH 65
GREINER 65
STAMER 65
TRILLING 65

UPDATED
YOUNG 65

ALSO 67

PR 140 B 1430
PR 140 B 1088
ARNS 15 67
PR 138 B 440
UCRL 16473
FROM 1965 ARGONNE
UCRL 16362
PR 156 1464

OE MARCO, GROSSO, RINAUDO (TOR IHO+CERN)
F I TCH, QUARLES, MI LK INS(PR INCETON+HT HOLYOKE)
QUOTEO BY BARKAS (LRL)
STAMER, HUETTER, KOLLER, TAYLOR, GRAUHAN (STEV)
GEORGE H TR IL LING (LRL)

CONF'�

, PAGE 5.
POH-SHIEN YOUNG (THEsrssBERKELEY)
P-S YOUNG, W. Z. OSBORNE, W. HE BARKAS

AUERBACH 67
ALSO 74

BELLOTT1 67
SELLOTT2 67

ALSO 66
srsr 67

PR 155 1505
PR D9 3216
HE IDELBERG CONF
NC 52A 1287
PL 20 690
PL 25B 572

+DOSBS, MANN, MCFARLANE, WHITE+
ERRATUM
BELLOTTI, PULLIA
BELLOTT I, F rOR IMI, PULL I A

BE LLOTT I, F IOR IN I,PUI. L I A+
B I Si,CESTER, CHIESA, V I GONE

(PENN, PR IN)

(MILAN)
(MILAN)
(HILAN)

(TOR INQ)

CALLAHA1 66 PR 150 1153 CALLAHAN, CAMER1N I+ (MI SC, LRL, R IVERS I DE, BAR I )
CALLAHAM 66 Nc 44A 90 A C CALLAHAM (M I SCONS IN)
CESTER 66 PL 21 343 CESTER, ESCHSTRUTH, ONEILL+ (PRINCETON-PEMN)

ALSO 67 AUERBACH, FOOTNOTE 1.

LQ
LQ M

LQ L
LO D

LQ D
LQ B
LQ B
LQ M

LQ M

LQ H

FIT DISCUSSED IN NOTE ON KL3 FORH FACTORS IN 1982 EDITION.
LQ CALCULATED BY US FROH X10, L+H, AND OXI/DL.
LO VALUE IS FOR I+~0.03 CALCULATED BY Us FROM XIQ AND DXI/DL.
THIS VALUE ANO ERROR ARE TAKEN FROH BRAUN 75 BUT CORRESPOND TO THE
SRAUM1 73 L+M RESULT. DLQ/DL+ IS FROM BRAUN1 73 DXI/DL IN XIA ABV.
BRAUH 74 IS A COMBINED KHU3-KE3 RESULT. . IT IS NOT INDEPENDENT OF
BRAUM'l 73 (KMU3) AND BRAUN2 73 (KE3) FORM FACTOR RESUl.TS.
MERLAN 74 LQ AND OLO/DL+ MERE CALCULATED BY US FROM XIA, L+M, AND

OXI/DL. THEIR FIG.6 GIVES L0=-0.025+-0.012 ANO NO DLO/DL+ ~

HEINTZE 77 USES L+~0.029+-0.003. DLO/DL+ ESTIMATED BY US.

L+E LANBOA + (LINEAR ENER6Y OEPENOENCE OF F+ IN KE3 DECAY)
L+E FOR RANCOR' OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY 70.
L+E 217 +0 ~ 036 0.045 BROMN 62 XEBC + PI, NO Rc
L+E 407 -0.010 0.029 JENSEN 64 XESC + PI, NO Rc
L+E 230 -0.04 0.05 BORREANI 64 HBC + E+, NO RC
L+E 854 0.045 0 ' 017 0.018 BELLQTTZ 67 FBC + DP, USES Rc
L+E 1393 +0.016 0.016 IHLAY 67 OSPK + OP, NO Rc
L+E 515 +0.028 0 ' 013 0.014 KALMUS 6? FBC + E+, PI, NO RC
L+E 960 0 F 08 0 ' 04 BOTTERIL1 68 ASPK + E+, USES Rc
L+E 90 -0.02 0 ' 08 0.12 EISLER 68 HLBC + Pi, USES RC
L+E 1458 0.045 0.015 BOTTERIL 70 OSPK PI, USES RC
L+E 2707 0 ' 027 0 ' 010 STEINER. 71 HLBC + DP, USES Rc
L+E 4017 0.029 0.Q11 CHIANG 72 OSPK + DP g RC NEGL IGBLE
L+E A 0.027 0.008 BRAUN2 73 HLBC + DP, NO RC
L+E B (0 ' 025) (0.007) BRAUN 74 HLBC + KMU3/KE3 VS. T
L+E A SRAUNZ 73 STATES THAT RC OF GINSBERG 67 MOULD LOWER L+E BY .002 BUT
L+E A THAT RC QF BECHERRAWY DISAGREES AND MOULD RAISE L+E BY .005
L+E B SRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT OF
L+E B BRAUN1 ?3 (KMU3) AND SRAUN2 73 (KE3) FORM FACTOR RESULTS.
L+E ~ 0 ~ ~ ~ ~

L+E AVG 0.0285 0.0043 AVERAGE

1/74
1/74
1/76
1/76

11/75
11/75
3/74
3/74

12/77

3/74

8/67
8/67

11/67
8/67
8/67
6/6e
6/68

10/69
11/71
9/72
3/74

11/75
3/74
1/76

11/75
11/75

BOTT ER IL 67 PR L 19 982
ALSO 68 BQTTERIL

BOMEN 67 PR 154 1314
CL INE 1 67 HE IDE L BERG CONF
CLINE2 67 HERCEG NOVI TBL.4

BOTTERILL, BROWN, CORBETT, CULLIGAN + (OXFORD)

BOMEN, MANN, HCFARLANE, HUGHES+(PENN-PRINCETO)
CL INE, HAGGERTY, SINGLETON, FRY+ (MISCONSIM)
D. CLIME, PROC. INTL. SCH. ON ELEM. PART. PHYSICS

FLETCHER 67 PRL 19 98
FORD 67 PRL 18 1214
INLAY 67 PR 160 1203
KALMUS 67 PR 159 1187
ZINCHENK 67 RUTGERS(THESIS)

FLETCHER, BEIER, EOMRADS ~ +
' +LEMONI CK s NAUEN BERG i P IROUE

IMLAY, ESCHSTRUTH, FRANKLIN+
KALMUS, KERNAN
Z INC HENKO

(ILLINOIS)
(PRINCETON)
(PR INC ETON )

(I.RL)
(RUTGERS)

SETTELS 68
ALSO 7'I

SOTTER IL 68
SOTTER 11 68
BOTTER12 68
BUTLER 68
CHANG 68

CHEN 68
EI CHTEN 68
EISLER 68
ESCHSTRU 68
GARLAND 68
HOSCOSO 68

NC 56 A 1106
HAIOT
PR 171 1402
PR 174 1661
PRL 21 766
UCRL-18420
PRL 20 510

PRL 20 73
PL 27B 586
PR 169 1090
PR 165 1487
PR 167 1225

THESIS

AACHEN-SARI-BERGEN-CERN-EP-NIJHEGEN-ORSAY+

SOTTERILL, BROWN, CLEGG, CORBETT + (OXFORD)
BOTTERILL, BROMN, CLEGG, CORBETT + (OXFORD)
BOTTERILL, BROWN, CLEGG, CORSETT + (OXFORD)
+BLAND, GOLDHABER, GOLDHABER, HIRATA+ (LRL)
CHANGsYODH~EHRLICH PLANO+(MARYLAND RUTGERS)

CHEN, CUTTS, KI JEMSKI, STIENI NG + (LRL, HIT)
AACHEH-SARI-CERH-EP-ORSAY-PAOOVA-VALENCIA
EISLER, FUNG, HARATECK, MEYER, PLANO (RUTGERS)
ESCHSTRUTH, FRANKLIN, HUGHES+(PRINCETON, PENN)
+TSIPIS,DEVONS, ROSEN+ (COLUMBIA, RUTG, WI Sc)
M L MOSCOSQ (UNIV PARIS ORSAY)

CUTTS 69 PR 184 1380
ALSO 68 PRL 20 955

DAVISON 69 PR 180 1333
ELY 69 PR 180 1319
EMMERSQN 69 PRL 23 393

+ST IENIMG, 'MIEGANO, DEUTSCH & LRL, HIT)
CUTTS, STIENING, MIEGAND, DEUTSCH (LRL, MIT)
+BACASTO'Mt BARKAS t EVANS I FUNG s PORTER+ (VCR)
ELY, GIDAL, HAGOP IAN, KALMUS+ (LOUC+MISC+LRL)
EMMERSON, QUIRK (OXFORD)

HERZO 69 PR 186 1403 +BANNER, BEIER,BERTRAH, EDWARDS + (ILL)
KI JE'MSKI 69 UCRI. -18433 THESiS P K KI JEWSKI (I.BL)
LQBKQMIC 69 PR 185 1676 +HELISSINOS, MAGASHIHA, TEWKSSURY+ (ROCH, BNL)

ALSO 66 PRL 17 548 I OBKOMI CZ, ME L I SS INOS, MAGAS HIM+ (ROCH+BNL)
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For notation, see key at front of Listings. Stable Particles
K, K, KB

HACEK
MAST
ZELLER

BOTTER IL
FORD
GRAUMAN

ALSO
MACEK
HALTSEV
PANDOULA

BASILE
SOUR QUIN
HAIDT

ALSO
KLEMS

ALSO
ALSO

69
69
69

70
70
70
69
70
70
70

71
7'I
71
69
71
70
70

PRL 22 32
PR 183 1200
PR 182 1420

Pl 318 325
PR L 25 1370
PR O«27?
PRL 23 737
PR D1 1249
SJNP 10 678
PR D2 1205

PL 368 619
PL 368 615
PR D3 10
PL 298 691
PR D4 66
PRL 24 1086
PRL 25 473

HACEK, HANN, MC FARLANE, ROBERTS+(PENNgTEMPLE)
+GERSHMIN, ALSTON-GARNJOST, SANGERTER+ (LRL)
ZELLER, HADDOCKsHELLANOsPAHL+ {UCLA, LRL)

+BROWN, CLEGG, CORBETT, CULLIGAN+ (OXF)
+P I ROUE ~ R EMHE L ~ SH I TH g SOUDER (PRIN)
+KOLLER ~ TAYLOR' PANDOULAS+ (STEV SETO' LEH I )
+KOLLERsTAYLORrPANDOULAS+ (STEVeSETOqLEHI)
+MANN, HCFARLANE, ROBERTS (PENN)
+PESTOVAgSOLOOOVNIKOVA, FADEEV + (JINR)
+TAYLOR, KOLLER, GRAUMAN + (STEV, SETO)

+BREHIN, DIAMANT-BERGER, KUNZ+ (SACL+GEVA)
+BOYMONDeEXTERMANNiMARASCO+ (GEVAiSACL)
AACHEN+BARI+CERN+EP+NIJHEGEN+ORSAY+PADOVA+
+ (AACH, BAR I,CERN, EPOL, NI JM, OR SAY, PADO, TOR I &

+HI LOEBRAND, STIENING (CHIC, LRL)
KLEMS, HILDEBRANO, ST I ENING (LRL, CHIC)
KLEMS, HI LDEBRAND, ST I ENING (LRL s CHIC)

0

H

M 2
H 4
M

H
H AVG
H FIT

498. 1
223 497.44
500 498.9

497.44

497.87
497.67

%1 NEUTRAl. KC498, JP 0-) I 1/2

11 NEUTRAL K IIASS CHEV&

0.4
0.33 KG FROM PSAR P 6/66
0.5 KG FROM PSAR P 6/66
0.50 11/67

0.32 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
0.13 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 3/84»
{SEE IDEOGRAM SEIOM)

KUNSELMA
OTT
ROMANO
SCHMEINS
STE INER

71
71
71
71
71

PL 348 485
PR 03 52
PL 368 525
PL 368 246
PL 368 521

R. KUNSELMAN (WYOHI NG )
OTT, PR ITCHARD (LOQH)
+RENTON, .AUSERT, SURSAN-LUTZ (SARI, CERN, ORSA)
AACHEN+BELGIUH+CERN+NIJHEGEN+PAOOVA COLLAB
AACHEN+BARI+CERN+EPOL+ORSA+NIJM+PADO+TORIN

WEIGHTED AVERAGE = 497. 87 k 0.32
ERROR SCALED BY 1.5

ASRAHS
ANKENBRA
AUBERT
BE IER
CHIANG

CLARK
EDMARDS
FORD
HOFFHAST

ASRAHS
BACKFNST
BEIER
BRAUN1

ALSO
BRAUN2

ALSO
CABLE

LJUNG
ALSO
ALSO
ALSO

LUCAS1
LUCAS2
PANG

ALSO
SMITH

72
72
72
72
72

72
72
72
72

73
73
73
73
75
73
75
73

73
72
72
69
73
73
73
72
73

PRL 29 'l118
PRL 28 1472
NC 12A 509
PRL 29 678
PR O6 1254

PRL 29 1274
PR 05 2720
PL 3&8 335
NP 836 1

PRL 30 500
PL 438 431
PRL 30 399
PL 478 182
BRAUN
PL 478 185
BRAUN
PR D& 3807

PR D& 1307
PRL 28 523
PRL 28 'l287
PRL 23 326
PR O& 719
PR O8 727
PR O& 1989
PL 408 699
NP 860 411

+CARROLL, KYCIA, LI,HENES, MICHAEL + (SNL)
ANKENSRANDT, LARSEN+ (BNL+LASL+FNAL+YALE)
+HEUSSE, PASCAUD, VIALLE+ (ORSA+SRUX+EPOL)
+BUCHHOLZ, MANN, PARKER (PENNSYLVANIA)
+ROSEN, SHAP IRO, HANDLER, Ok. SEN+ (ROCH+MI SC )

+CORK, EL IOF F, KERTH, MCREYNOLOS, NEWTON+ (LBL )
+BE IER, BERTRAH, HERZO, KOESTER + (ILL)
+PIROUE, REHMEL, SMITH, SOUDER (PRINCETON)
HOFFHASTER, KOLLER, TAYLOR+ (STEV+SFTO+LEHI)

+CARROLL, KYCIA, LI,MENES, MICHAEL + (BNL&
BACKENSTOSS, BAMBERGER+(CERN+KARL+HEID+STOH)
+BUCHHOLZ„MANN, PARKER, ROBERTS (PENN)
AACHEN+BARI+BRUSSELS+CERN COLLABORATION

AACHEN+SARI+BRUSSELS+CERN COLLABORATION

+ HI L DE BR AiND, PANG, ST I EN I NG {EFI+LBL)

D. L JUNG, D ~ CL INE {MISC)
D. LJUNG (MISC)
O. CLINE, D. LJUNG (MISC)
GAMER I NI, L JUNG, SHEAF F, CL INE (MISC)
LUCAS, TAFT, WILLIS (YALE)
I.UCAS, TAFT, W I L L I S (YALE)
+HI LDESRAND i CABlE s STIENING (E F I+AR IZ+LBL)
CABLEJ HI LOEBRAND ~ PANGS STIENING (EFI+LBL)
+BOOTH, RENSHALL, JONES+ (GLAS+LIVP+OXF+RHEL)

weighted average, error,
are based upon the data in
nly. They are not neces-

as our "best" values,
east-squares constrained fit
ments of other (related)
tional information.

CHI SQ
CH 67 OSPK 0, 7
TAY 66 HBC 4. 3

65 HBC 1.7
ISTENS 64 OSPK 0. 3

7. 0
(CONl EV
=0.072)496. 5 497. 5 498, 5 499. 5 500. 5

NEUTRAL K MASS (MEV)

ARNOLD
SRAUN
CENCE

ALSO
KUNSELHA
MERLAN
WE ISSENB

BLOCH
BRAUN
CHENG
HEARD1
HEARD2
SHEAFF
SHI TH

74
74
74
73
74
74
74

75
75
75
75
75
75
75

PR D9 1221
PL 518 393
PR D10 776
THESIS (UNPUBL. )
PR C9 2469
PR 09 107
PL 488 474

PL 568 201
NP B&9 210
NP A254 381
PL 558 324
PL 558 327
PR D12 2570
NP 891 45

C L ARNOLD, B P ROE, D SINCLAIR (MICH)
+CORNELSSEN, MARTYN + (AACH+BARI+BRUX+CERN)
+HARR IS, JONES, HORGADO + (HAMA+LSL+Ml SC)
D 8 CLARKE (MISC)
R.KUNSELHAN (MYOM)
+KASHA, MANDERER, ADAIR+ (YALE+BNL+LASL)
ME ISSENBERG, EGOROV, HINERVINA + ( I TEP+LESD)

+SR EH IN, SUN CE, OEV AUX+ ( SAC L+GE VA &

+CORNELSSEN, MARTYN+ (AACH+BARI+BRUX+CERN)
+ASANO, CHEN, DUGAN, HU, MU, HUGHES+ (COLU+YALE)
+HE INTZE, HE INZEI. MANN+ (CERN+HE IO)
+HE INTZE, HE INZELMANN+ ( C ERN+HE I O )

. M. SHEAFF (MISC)
+BOOTH t RENSHALL g JONES+ (GLAS+LI VP+OXF+RHEL )

11 CKO) — CK+-) MASS DIFFERENCE CHEV)

3.9
5.4

9 3.90
7 3.7'I

41? 3.95

0.6
1.1
0.25
0.35
0.21

ROSENFELD 59 HBC
CRAWFORD 59 HBC
BURNSTEIN 65 HBC
KIM 65 HBC
HILL 68 DBC

+

K- P TO KG N

+ K+D TO KGPP
6/68
3/68

AVG 3.92
FIT 4.01

0.14
0.13

AVERAGE
FROM FIT (ERROR INCI. UDES SCALE FACTOR OF 1.1) 3/84»

»»**»» »»»»»»»»» »»»»»»»** »*»»»»»»» »»»»»»»»» »»»»»»»»» »»»»»»»»» »»»»»»»»
BERTRAND
BLOCH
BRAUN
D I AHANTB
HE INTZE
SMITH
WEISSENS

ABRAHS
DEVAUX
HEINTZE
ROSSELET
BARKOV
HEINTZE

76
76
76
76
76
76
76

77
77
77
77
79
79

NP 8114 387
PL 608 393
LNC 17 521
PL 628 485
PL 608 302
NP 8109 173
NP 81 15 55

PR D15 22
NP 8126 11
PL 708 482
PR D15 574
NP 8148 53
NP 8149 365

+SACTON + (BRUX+UBEL+OUUC+LOUC+MARS)
+BUNCE, DEVAUX, OIAMANT-BERGER+ (GEVA+SACL)
+MARTYN, ERRIQUEZ + (AACH+BARI+BELG+CERN)
OIAMANT-BERGER, BLOCH, DEVAUX + (SACL+GEVA)
+HE INZELMANN, I GO-KEHENES, MUNOHENKE+ (HE IO)
+BOOTH ~ RENSHALL g JONES+ (6LAS+L I VP+OXF+RHEL )
ME ISSENBERG, EGOROV, MINERVINA+ (ITEP+LEBD)

+CARROLL, KYCIA, LI,MICHAEL, HOCKETT + (BNL)
+SLOCH, DIAMANT-BERGER, MAILLARD+ (SACL+GEVA)
+HE INZELMANN, I GO-KEMENES, + (HE ID+CERN)
+EXTERHANN, F I SCHER, GUI SAN + (GEVA+SACL)
+VASSERMAN, ZOLOTOREV, I(RUPIN+ (NOVO+KIAE)
+HEINZELHANN, IGO-KEHENES+ (HE I 0+CERN )

SALTAY
FITCH
Hl ll.

66 PR 142 932
67 PR 164 1711
6& PR 168 1534

CRAMFORO 59 PRl. 2 112
ROSENFEL 59 PRL 2 110
CHRISTEN 64 PRl 13 138
BURNSTEI 65 PR 138 8 895
KIH 65 PR 140 8 1334

REFERENCES FOR NEUTRAL K

CRAWFORD, CRESTI, GOOD, STEVENSON, TICHO (LRL)
A H ROSENFELO, F SOLHITZ, R D TRIPP (LRL)
CHR ISTENSON, CRONIN, F ITCH, TURLAY (PRINCETON)
R A BURNSTE IN, H A RUB IN (MARYLAND)
J K KIH, L KIRSCH, D HILLER (COLUMBIA)

BALTAY, SANOWE I SS,STONEHI LL + (YAl. E+BNL)
F I TC H g ROTH ~ RUSS g VERNON (PRINCETON)
HILL ~ROB INSONg SAKITT~ CANTER (BNL ~ CARNEGIE)

WHI THAN
ASANO
CAMPBELL

ALSO
LUM
LYONS
ASANO
COOPER
BLATT

80
81
81
83
81
81
82
82
83

PR 021 652
PL 1078 159
PRL 47 1032
BLATT
PR D23 2522
ZPHY C10 215
PL 1138 195
PL 1128 97
PR D27 1056

+ABRAHS, CARROLL, KYC IA, L I+ ( ILL C+BNL+ ILL)
+K IKUTANI, KUROKAMA, Ml YACH I+ (K EK+TOKY+OSAK )
+BLACK, BLATT, KASHA, SCHHIDT + (YALE+BNL)

+MIEGAND, KESSLER, DESLATTES, SEKI+ (LBL+NBS+)
+ALBAJAR, HYATT (OXF )
+KIKUTANI, KUROKAMA, MlYACHI+ (KEK+TOKY+OSAK)
+GUY, HICHETTE, TYNOEL, VENUS (RL)
+ADAIR~BLACKS CAHPBELLgKASHA+ (YALE+SNL)

0
S 12 SNORT-LIVED NEUTRAL K{498, JP-0-) I 1/2

12 KS MEAN LIFE {UNITS 10»»-10 SEC)

»»1»»»»»*»*»»*»»»»»»»*»»»»1»»*»*»»1»i»»1**»»»»»»»*»»»»»»*»»»»»*»*»»»
»*»»»»»»»»»»»»1»»»1»»»»»»»»»t»»»»»»1»»»»1»»»»»*»»»»»»*»»1*»»» *»»»»»»»

QUAN'TUH NUMBER DETERHINATIONS NOT REFERRED TO IN THE DATA CARDS

BLOCK CERN CONF 371 BLOCK, LEND INARA, MONARI (NMES+SOLOGNA&

PAPERS NOT REFERRED TO IN DATA CARDS

SRENE
SIRGE
ADAIR
CAB I BSO

ALSO
ALSO

61
63
64
64
64
65

NP 22 553
PRL 11 35
PL 12 67

9 352
PL 11 360
PL 14 72

BRENE, EGAROT, QVI ST
8 I RGE ~ EL Y g G I DAL g CANER I N I +
ADA I R, LE IPUNER
CAB I 880, HAKSYMOWICZ
CAB I 880, HAKSYMOMI CZ
CAB I 880, HAKSYHOMI CZ

(NORD)
{LRL+MISC+BARI )

(YALE, SNL)
(CERN)
(CERN)
(CERN)

CABIBBO 66 BERKELEY CONF 33
GINSSERG 67 PR 162 1570
WILL IS 67 HE IDELSERG 273
CRONIN 68 VIENNA CONF 24 1
HAIOT 2 69 PL 298 696

CAB I 880 (CERN)
EDWARD S GINSBERG (U. HASS BOSTON)
M J WILLIS -RAPPORTEUR TALK (YALE)
RAPPORTEUR TAlK {PRINCETON)
+ (AACH, SARI, CERN, EPOL, NI JM, ORSA, PADO, TORI )

BAROIN
BECHERRA
FEARING
GAIL LARD
GINSBERG

70
70
70
70
70

PL 328 121
PR 01 1452
PR D3 542
CERN 70-14
PR D1 229

BARD IN, 8 IL ENKY, PONTE CORVO
T.BECHERRAWY
+F I SCHBACK, SMITH
H K GAILLARO, L M CHOUNET
E S G INSBERG

( J INR)
(ROCH)

(STON+BOHR)
(CERN+ORSA)
( I IT HAIFA)

GINSBERG
CHOUNET

71
72

PR 04 2893
PL 4C 199

E S GINSBERG (HIT)
(P HYS ~ REPT S ~ ) CHOUNET, 2*GA I L

LARD�(ORSA+CERN

&

»*»»»» »*»»»»»»» *»»*»»»»» **»»»»»»» »»»»»8»»» *»»»»»»»» »»»»»»»»» »**»»»»»
»»»»»» »»*»»»»*» »4*»»»»»» »»»»»»»»» »»»»»»*** »»»»»»»»» ***»»»»»» »*»»»*»»

EXPERIMENTS)
TO DETERMINE THE STABLE PARTICLE TABLE
LIFE ANO RATES'

SKJEGGEST 72 HBC
FACKLER 73 OSPK
GEMENIGER 74 ASPK
CARITHERS 75 SPEC
ARONSON 76 SPEC
ARONSON 82 SPEC

T KS MEAN L I FE (POST-1971
T THESE VALUES ARE USED
T VALUES OF THE KS MEAN
T H 50K 0.8958 0.0045
T F 2173 (0 867) (0 024)
T 6M 0.8937 0.0048
T C 0.8913 0.0032
T 26K 0.881 0.009
T A (0.905) (0.007)

T AVG 0.8923 0 ' 0022
T FIT 0.8923 0 ' 0022

E~30-110 GEV

0.0022 AVERAGE
FROM F IT

T KS MEAN LIFE (PRE-1971 EXPERIMENTS)
T 0 90 (1.07) (0.13) (0.13) BOLDT 58 CC
T 5'l2 0.94 0.05 0.05 CRA'WFORO 59 HSC
T 0 63 (1.09) (0.18) (0.15) SOMEN 60 CC
T 0 OLO EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE-
T 378 0.94 0.05 0.05 BERTANZA 62 HBC
T 503 0.87 0.05 CHRETIEN 63 HLBC
T 545 0.86 0.04 KREISLER 64 OSPK
T 0.866 0.016 ALFF-STEI 66 OSPK
T 572 0.90 0.06 0.05 AUERBACH 66 OSPK
T 4500 0.92 0 ' 04 BALTAY 66 HBC
T 8 (0.904) (0.024) BOTT-BODE 66 OSPK
T 5000 0.843 0.013 K IRSCH 66 HBC
T 19994 0.856 0.008 DONALD 68 HBC
T H 20GGG 0.872 0.009 HILL 68 OBC

T AVG 0 8641 0 0065 0 0065 AVERAGE (ERROR INCL. SCALE FACTOR OF

6/68

9/66
8/67
6/66
9/66
6/66
6/68

11/72

1.3)

1/73
11/73
3/74
7/75

11/76
1/83*
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Stable Particles Data Card Listings

H

H

H

H

8
F

C

C

C

C
A

COMMENTS
HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROH THE PUBLISHED VALUE
(0.865+-0.009) BECAUSE OF A CORRECTION IN THE SHIFT DUE TO ETA+-.
SK JEGGESTAD 72 AND HILL 68 GIVE DETAILED DISCUSSIONS OF SYSTEHATICS
ENCOUNTERED IN THIS TYPE OF EXPERIMENTS
KS MEAN LIFE NOT THE PRIMARY QUANTITY MEASURED IN THIS EXPT.
FACKLER 73 DOES NOT INCLUDE SYSTENATIC ERRORS'
CARITHERS 75 VALUE IS FOR KL-KS MASS DIFFERENCE DM .5348+-.0021.
THE DN DEPENDENCE OF THE TOTAL DECAY RATE (INVERSE MEAN LIFE) IS
GAMMA(KS)~(( 1.122+-.004)+.16*(DN-.5348)/DM)*10~*10 /SEC.
VALUE WOULD NOT CHANGE WITH OUR CURRENT DM=. 5349+-.0022.
ARONSON 82 FIND THAT KS MEAN LIFE MAY DEPEND ON THE KAON ENERGY.

11/72
11/72

6/68
11/73
11/?5
11/75
11/75
2/76
1/83*

R7
R7 R
R7 R
R7 R
R7
R7
R7 R

R
R8

KS INTO (E+ E-)/CHARGED (UNITS 10~*-5) (P4&/(P1&
50.0 OR LESS CL=.90 BOHM 69 OSPK

(P6)KS INTO 2 GANNA/TOTAL (UNITS 10~~-3)
0 (21.0) OR LESS CL~.90 BANNER 69 OSPK
0 (2.2) OR LESS CL=.90 REPELLIN 71 OSPK
0 (0 ' 71) OR LESS CL .90 BANNER 72 OSPK
0 (2.0) OR LESS CL~.90 HORSE 72 DBC
0 0 ' 4 OR LESS CL=.90 BARNIN2 73 HLBC

THESE LIMITS ARE FOR MAXIMUM INTERFERENCE IN KS-KL TO 2 GANMAS

KS INTO (PI+ Pl- PIO&/TOTAL (UNITS 10**-4) (P8)
0.85 OR LESS CL~.90 METCALF 72 ASPK

2/71

12/71
12/71
8/72
2/72
2/74

12/71

1/84*

P1
P2
P3
P4
P5
P6
P7
P8

12 KS PARTIAL DECAY NODES

KS INTO PI+ PI-
KS INTO PIO PIO
KS INTO MU+ NU-
KS INTO E+ E-
KS INTO PI+ PI- GAHHA
KS INTO GAMMA GAMMA

KS INTO 3PIO
KS INTO PI+ PI- PIO

DECAY MASSES
140+ 140
135+ 135
106+ 106

~ 511+.511
140+ 140+ 0

0+ 0
135+ 135+ 135
140+ 140+ 135

R9
R9
R9

KS INTO (PIO PIO PIO)/TOTAL (UNITS 10~*-4) (P7)
(4 ' 3) OR LESS CL=.90 BARNIN1 73 HLBC
0.37 OR LESS CL=.90 BARHIN 83 HLBC

NOTE ON CP VIOLATION IN Ko ~ 3m

2/84*
1/84*

R1
R1
R1
R1
R1
R1
R1
R1
R1

12 KS BRANCHING RATIOS

KS INTO (PI+ PI-)/TOTAL (P1)
0.68 0.04 CRAWFORD 59 HBC
0.?0 0.08 COLUMBIA 60 HBC

U (0.740) (0.024) ANDERSON 62 HBC
U 3447 0.670 0.010 DOYLE 69 HBC PI- P TO

U ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAHPLE

AVG 0.6710 0.0096 AVERAGE
FIT 0 ~ 6861 0.0024 FRON F IT (ERROR INCLUDES SCALE FACTOR

LAM KO 1/76
2/71

OF 1 ~ 1)

For Ko ~ 3~, the quantities which measure CP vio-

lation are the ratios of amplitudes

As(Ks ~ n. +m m. )
Q+ 0 + 0 s

AL(KL~m ~ ~ )
R2
R2
R2
R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4
R4
R4
R4

RS
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5

KS INTO (PI0 P IO) /TOTAL
0 ~ 27 0.11
0.26 0.06
0.30 0 ' 035

1066 0.335 0.014
198 0.288 0 ' 021

~ ~ ~ ~ ~ ~ ~ ~ ~

0.316 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR
0.3139 0.0024 FROM FIT (ERROR INCLUDES SCALE FACTOR

(SEE IDEOGRAM BELOW)

WE I GHTED AVERAGE = 0. 316 + 0. 014
ERROR SCALEP BY 1.3

CRAWFORD
BAGL IN
BROWN
BROWN
CHRETI EN

AVG
FIT

OF 1.3)
OF 1.1)

Values above of vteighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

0. 15
I

0. 25

-CHRETIEN
. BROWN

-BROWN
- BAGL IN

63 HLBC
63 HLBC
61 HLBC
60 HL B'C

59 HBC. CRAWFORD

I

0. 550.450.35

CH I SQ
1.8
1.8
0. 2
0. 9

4. 7

(CONLEV
=O. f95)

5/70
5/69

10/69
2/72

12/71
6/72
2/72
1/73
9/73
7/75

11/76
11/73
2/72

12/71
6/72

8/67
2/71

10/69
5/69
7/73

KS INTO (PI+ PI- 6AHNA)/(PI+ PI ) (UN. 10**-3) (PS)/(P1)
27 NO RATIO GIVEN BELLOTTI 66 HBC PG GT 50 MEV/C
10 3.3 1.2 WEBBER 70 HBC PG GT 50 NEV/C

8 2.8 0.6 BURGUN ?3 HBC PG GT 50 MEV/C
C 29 (3.0) (0.6) BOBISUT 74 HLBC PG GT 40 HEV/C

T 2.68 0.15 TAUREG 76 SPEC PG GT 50 NEV/C
8 BURGUN 73 ESTIHATES THAT DIRECT EMISSION CONTRIBUTION IS .3+- ~ 6
C BOBISUT 74 NOT INCLUDED IN AVERAGE BECAUSE P(GAMMA) CUT DIFFERS.
C ESTIMATES DIRECT EMISSION CONTRIBUTION TO BE 0.5 OR LESS, CL .95.

T TAUREG 76 FIND DIRECT EMISSION CONTRIB LT .06, CL~.90.
AVG 2 ~ 70 0. 14 AVERAGE'

10/69
10/69
11/73
12/75
6/77

11/73
1/76
1/76
6/77

KS INTO (P [0 P IO)/TOTAL

KS INTO (PI+ PI-)/(PIO PIO) (P1)/(P2)
N 267 (2.12) (0 ~ 17) BOZOKI 69 HLBC
G 3016 (2.285) (0.055) GOBBI 69 OSPK K+N TO KOP

3700 2 ' 10 0 ' 06 MORFIN 69 HLBC K+N TO KOP
G 7944 2.282 0.043 NOFFETT 70 OSPK K+N TO KOP
8 6150 2.22 0 ' 095 BALTAY 71 HBC K-P TO KO +NEUTRALS
A 3068 2.22 0. 10 ALITTI 72 HBC K+P TO PI+ P KO

6380 2.22 0 F 08 NORSE 72 DBC K+N TO KOP
N 701 2 ~ 10 0.11 NAGY 72 HLBC K+N TO KOP

4799 2 ' 16 0.08 HILL 73 DBC K+D TO KO P P
16K 2 ' 169 0.094 COWELL 74 OSPK PI- P TO LAN KO

1315 2 ~ 11 0.09 EVERHART 76 WIRE PI- P TO LAH KO

N NAGY 72 IS A FINAL RESULT WHICH INCLUDES BOZOKI 69 ~

G HOFFETT 70 IS A FINAL RESULT WHICH INCLUDES GOBBI 69.
8 THE DIRECTLY MEASURED QUANTITY IS KS TO PI+PI-/ALL KOBAR~. 345+--005
A THE DIRECTLY MEASURED QUANTITY IS KS TO PI+ PI-/Al. L KO .345+-.005

AVG 2. 197 0 ' 026 AVERAGE
FIT 2.186 0 ~ 025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

KS INTO (NU+ HU-)/CHARGED (UNITS 10~~-5) (P3)/(P1)
(10.0) OR LESS CL~.90 BOTT-BODE 67 OSPK
(20.0) OR LESS CL~.90 BOHM 69 OSPK
( 1.07) OR LESS CL~.90 HYAMS 69 OSPK

S (32.6) OR LESS CL~.90 STUTZKE 69 OSPK
0.047 OR LESS CL~.90 GJESDAL 73 ASPK

S VALUE CALCULATED BY USg USING 2 3 INSTEAD OF 1 EVENT 90 PERC Cl

As(Ks~~ m m )
~000

AL(KL~~ ~ ~ )

If one assumes that CPT invariance holds and that there

are no transitions to I = 3 states, then Re(q+ o) and

Re(oooo) can be neglected, and CP violation would be

observed as nonzero values of Im(g+ o) and Im(gooo).
Sections ET+ and ETO list the relative rates

F(Ks~~+m ~ )
(Imp+ 0)

F(K, ~+~ ~')

2 F(Ks~~ ~ ~ )
(Imgooo)

F(KL~ n. n. ~ )

obtained under the above assumptions.
In the above expressions the three pions are res-

tricted to the dominant symmetric I = 1 state, a CP = —1

state which couples to Ks only if CP is violated. The
decay Ks~~+~ ~ also has CP-allowed amplitudes to
I - 0 and I = 2 states of the three pions. The angular

momenta in these states cannot be S wave so they are

strongly suppressed by centrifugal barrier effects, and,
for the I = 2 state, by the AI = 1/2 rule as well. For
comparison with the CP-violating rate, we list in section

RSQ the CP-conserving rate relative to KL~ ~+n.

decay. The CP-conserving limit is large and thus deter-

mines the branching ratio limit F(Ks~ m n. ~ )/

F(Ks~m ~ ) given in section RS.
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For notation, see A', ey at front of Listings. Stable Particles
0 0

Ks K„

12 CP VIOLATION PIRANETERS IN KS DECAY PAPERS NOT REFERRED TO IN DATA

ET+
ET+
ET+
ET+
ET+
ET+
ET+
ET+
ET+ H
ET+
ET+
ET+
ET+
ET+
ET+ N

IN(ETA+-0)~~2
MHERE ETA+-0 = A

CPT ASSUMED VALI
18 (3.8) OR

(0.45) OR
71 (0 ' 8) OR
99 (1 ~ 2) OR
98 (1 ~ 0) OR
50 ( 1.2) OR

180 (0 ~ 66& OR
99 (1 ~ 2) OR

384 0 ~ 12 OR
148 (0.71) OR
192 & 1.2) OR

THESE AUTHORS F

(KS -) PI+ P
D — (I ~ E. RE
LESS CL= ~ 90
LESS CL= ~ 90
LESS CL= ~ 90
LESS CL= ~ 90
LESS CL= ~ 90
LESS CL=.95
LESS CL= ~ 90
LESS CL=.90
LESS CL~. 90
LESS CL=.90
LESS Cl.=.90
INO REAL(A)=

I- PIO, CP VIOL. )/A&KL -) PI+ Pi — PIO&.
(ETA+-0)=0)

ANDERSON 65 HBC INCL. IN MEBBER 70
BEHR 66 HLBC
MEBBER 70 HBC
CHO 71 DBC
JAMES 71 HBC INCL. IN JAMES 72
HEESNER 71 HSC CL~. 9 NOT AVAIL.
JAMES 72 HBC
JONES 72 OSPK
METCALF 72 ASPK
HALLARY 73 OSPK RE(A)=-.05+- ~ 17
BALOOCEOL 75 HLBC

2.75+-.65, ABOVE VALUE AT RE(A)~0

10/69
8I66
8/70
4/? 1
6/71
2/? 1
1/73

10/72
2/74
8/73

12/75
2/71

BIRGE
MULLER
FITCH
GOOD

60 ROCH CONF 601
60 PRL 4 418
61 N C 22 1160
61 PR 124 1223

R M SIRGE, P P ELY + {LRL+MISCONSEN&
NULL ER, 8 IRGE, FOWLER, GOOD, P I CC ION I+(LRL+BNL)
V FITCH, P PIROUE, R PERKINS (PRIN+LASL)
GOOD, HATSEN, HULLER, P ICC ION I + (LRL)

CRAMFORO 62 CERN CONF 827 F S CRAWFORD (LRL)
AUERSACH 65 PRL 14 192 AUERBACH, LANDE, MANN, SCIULLI, UTO + (PENN)
TRILLING 65 UCRL 16473 GEORGE H TRILLING (LRL)

UPDATED FROM 1965 ARGONNE

CONF'�

, PAGE 115 '

*400%0 **4***44400*%0*0**0*44*4*4* 400*404*0 **0*444k4 000*0**04 00**4000
*40*00 04400&r04 *400%4****4*0***000**00440* 04*****44014*0400* 0**00004

0
13 LON6-LIVES NEUTRAL K(498, JP 0-& I 1/2

RSQ
RSQ
RSQ
RSQ
RSQ

RHQ++2
MHERE RHO=CABS(A(KS -) PI+ PI- PIO, CP CONS. )/A(KL -) PI+ PI- PIO)).
CONSERVES CP BUT LISTED HERE FOR COMPAR ISON WITH SECT ION ET+ ABOVE ~

THIS LIMIT DETERMINES BRANCHING RATIO R8 ABOVE.
384 0 ~ 42 OR LESS CL= ~ 90 NETCALF 72 ASPK

BOLDT 58 PRL 1 150
CRAMFORO 59 PRL 2 266

BAGLIN 60 NC 18 1043
BOMEN 60 PR 119 2030
COLUMB'!A 60 ROCH CONF 727

REFERENCES FOR KS

E BOLDT, O 0 CALOMELL, Y PAL (NIT)
CRAWFORD, CRESTI eOOUGLASS, GOOD, TICHO + (LRL)

BAGLIN, BLOCH, SRISSON, HENNESSY + (EPOL)
BOWEN g HARDY' REYNOLDS t SUN JMOORE+ (PR IN+BNL)
M SCHWARTZ + (COLUMBIA)

BROMN 61 NC 19 1155 BROMN, BRYANT, BURNSTEIN, GLASER, KADYK+ (MICH)
ANDERSON 62 CERN CONF 836 J A ANDERSON, F S CRAWFORD + (LRL)
BERTANZA 62 PREPRINT D105 BERTANZA, CONNOLLY, CULMICK, EISLER + (BNL)

UNPUBI ISHED, BUT RECERTIFIED BY AUTHORS, AUGUST 66.
CHRETI EN 63 PR 131 2208
BROWN 63 PR 130 769
KREISLER 64 PR 136 8 1074
ANDERSON 65 PRL 14 475

CHRETI EN+ (BRANOE I 8+BROWN+HARVARD+ MET)
BROWN, KADYK, TRILLING, ROE + (LRL+NI CH)
H KREISLER, O OVERSETH, J CRONIN (PRINCETON)
+CRAWFOR, GOLDEN, STERN, 8 INFORD + (LRL+MI SC)

ALFF-STE
AUERSACH

ALSO
BALTAY
BEHR
BELLOTTI
BOTT-BOD
KIRSCH

66 PL 21 595
66 PR 149 'l052
65 AUERBACH
66 PR 142 932
66 PL 22 540
66 NC 45A 73?
66 PL 23 277
66 PR 147 939

ALFF-STEINBERGER, HEUER, KLEINKNECHT + (CERN)
AUERBACH, DOBBS, t.ANOE, MANN, SCIULLI+ (PENN)

BALTAY, SANDME I SS, STONE HILL + ( YAL E+BNL )
BEHR, BR I SSON, 1ETIAU+ & EPOL, MILA, PADO, ORSAY)
+PULLIA, BALDO-CEOLIN + &HILAN+PADUA)
BOTT-BODENHAUSEN, DE BOUARD + (CERN)
L KIRSCH, P SCHMIDT ( COLUMB I A)

BOTT-BOD 67 PL 248 194
DONALD 68 PL 278 58
HILL 68 PR 171 1418

BOTT-BODENHAUSEN, DE BOUARD, CASSEL+ (CERN)
DONALD, EDWARDS, NISAR+ (LIVP, CERN, IPNP, CDEF)
HILL, ROBINSON, SAKITT + (BNL ~ CARNEGIE)

BANNER
BOHN
BOZOK I
DOYLE
GOBB I
HYAMS
MORF IN
STUTZKE

69 PR 188 2033
69 THESIS
69 PL 308 498
69 UCRL 18139-THES IS
69 PR L 22 682
69 PL 298 521
69 PRL 23 660
69 PR 177 2009

+CRONIN, L IU, P I L CHER &PRINCETON)
A. BOHH (AACH)
+FENYVES, GOMBOSI, NAGY, SURANYI+ (BUDAPEST)J.C. DOYLE &LRL)
GOBBE, GREEN, HAKEL, MOFFETT, ROSEN+(ROCHESTER)
+KOCH, POTTER, VON LINDERN, LORENZ+ CERN(HPIN)
MORF IN, S IN CLAIR (MICH)
+ABASHI AN, JONES, MAN TSCH, ORR, SHI TH ( ILL INOI S)

HOFFETT 70 BAPS 15 512 +GOBB I, GREEN, HAKEL, ROSEN

(ROCHESTER�

)
WE BBER 70 PR D1 1967 +SOLHITZ, CRAWFORD, ALSTON-GARN JOST (LRL)

ALSO 69 UCRL 't9226 THESIS 8 R MEBBER (LRL)

ETO IH(ETAOOO&**2
ETO MHERE ETA000 = A(KS INTO 3PIO, CP VIOLATING)/A(KL INTO 3PIO)
ETO SEE COMMENTS IN SECTION ET+ ABOVE.
ETO THIS LIHIT OETERHINES BRANCHING RATIO R9 ABOVE.
ETO 22 (1.2) OR LESS CL=. 90 SARMIN1 73 HLBC
ETO G (0.28) OR LESS CL=. 90 GJESOAL 74 SPEC INDIRECT MEAS ~

ETO 8 632 0. 1 OR LESS CL=. 90 BARNIN 83 HLSC
ETO G GJESDAL 74 USES K2PI, KNU3 AND KE3 DECAY RESULTS, UNITARITY, AND
ETO G CPT. CALCULATES ABS(ETAOOO)=. 26+-.20. ME CONVERT TO UPPER LIMITS
ETO 8 SARHIN 83 FIND RE(ETA000)~(-. 08+-.18) AND IH(ETA000)=(-. 05+-.2?)
ETO 8 ASSUMING CPT INVARIANCE THEY OBTAIN THE LIMIT QUOTED ABOVE

*0****40*444440 4****0%*44***4k444 4*4r+004** *4**0*444 0**4*4440 ***40**0

11/72

11/73
11/75
2/84*

11/?5
11/75
11/83*
11/83*

13 (KL& — (t(S) MASS DIFFERENCE
ME GIVE (KL-KS NASS DIFFERENCE / HBAR) IN UNITS OF 10**10 SEC-1

9 TX (2.20& &0.35) FITCH 61 CNTR
D X (0.84) (0.29) (0.22) GOOD 61 HLSC
0 TXC (1.02) &0.23) CAMERINI 62 HLBC
D TX (0 ' 55) (0.24) AUBERT 65 HLSC
D X (0.26) &0.36) (0.26)SAI.OO-CEO 65 HLBC ASSUMES CP CONS.
9 TXA (0.64) (0.12& CHRISTENS 65 OSPK
9 TX &0.?0) OR LESS FITCH 65 OSPK CF . HE ISNER 66
D V 130 (0.89) (0 ~ 15) VISHNEVSK 65 OSPK CU AND AL REGEN
D X (0.514) (0 ~ 039) ALFF-STEI 66 OSPK
D X 84 (0.42) (0.24) (0.36) BALOO-CEO 66 HLBC KO+N INTO HYPER.
9 8 (0.531& (0.027) BOTT-BODE 66 OSPK C REGEN
D TX 77 (0.58) (0.17) CAMERINI 66 HBC, DBC Ko+N INTO HYPER
9 N 72 (+0 ~ 64) (0.18) CANTER 66 DBC KO SCATTER EN D2
D X 95 (0.62) (0.10) (0.16) CHANG 66 HBC KO+P INTO HYPER.
0 X (0.81) (0.17) FUJI I 66 OSPK IRON REGENERATOR
0 x 59 (0.?4) (0.34) HE ISNER1 66 HSC
D + SIGN FA VORED ME ISNER2 66 HBC
D X &0 ~ 38) (0.16& JOVANOVIC 66 OSPK C+URANIUM REGEN.
0 TX 136 &+0.64) (0.19) CANTER 67 DSC KO+D INTO HYPER.
D X (0.65& (0.11) MISCHKE 67 OSPK
9 X 590 (0.59) &0.13) BALATZ 68 OSPK AL REGENERATOR
D X (0 ~ 520) (0.044) CARNEGIE 68 HBC GAP HETHOD
D TX &+0.487) (0.046) HELHOP 68 OSPK ST ~ STEEL REGEN
D Bx &0.54?& &0.024) BOTT-BODE 69 OSPK C REGEN
D Fx &O'. 555& &O'. O20& FAISSNER 69 ASPK REGEN IN CU
D 0.542 0.006 CULLEN 70 CNTR
0 R (0.542) (0.006) ARONSON 70 ASPK GAP METHOD
D X &0.481& (0.052) (0.075&SALATS 71 OSPK
D R (0.534) (0 ~ 007) CARNEGIE 71 ASPK GAP METHOD
9 TH 119 &+0.67) (0.14) HILL ?1 OBC
9 S 1757 (0.557) (0.038) FACKLER ?3 OSPK
D 0 ~ 5340 0.0030 GEMENIG3 74 SPEC GAP METHOD
D 0.5334 0.0040 GJESDAL 74 SPEC CHG ASYHHETRY
0 Z (0 ~ 482) (0.014) ARONSON2 82 SPEC E 30-110 GEV

0 AVG 0 ~ 5349 0.0022 AVERAGE
COMMENTS

D X NO ATTEMPT HAS BEEN HADE TO CORRECT OLDER EXPERIHFNTS WITH LARGE
9 X ERRORS FOR THE SUBSEQUENT CHANGES EN THE KS NEAN LIFE OR EN ETA+-.
D T A KS MEAN LIFE OF 0 862 10**-10 SEC MAS USED IN CONVERTING THE
D T MASS DIFFERENCE FROM UNITS OF INVERSE KS HEAN LIVES TO ABSOLUTE
D T UNITS. VALUES NOT BEARING THIS FOOTNOTE EITHER MERE GIVEN IN
D T ABSOLUTE UNITS OR MERE CONVERTED USING THE AUTHORS' VALUE OF THE
0 T KS MEAN LIFE.
D C CANERINI 62 VALUE CHANGED FROM 1.7 &SEE TABLE 1 OF CAMERINI 66)
0 A CHRISTENSON 65 CORRECTED FOR INTERFERENCE BY FITCH 65 FOOTNOTE.
D V VISHNEVSKY 65 NOT CORRECTEO FOR INTERFERENCE EFFECTS.
D N CANTER 66 ERROR iGNORES UNCERTAINTY OF PHASE SHIFTS. THESE EVENTS
D N ARE USED IN HILL 71.
9 8 BOTT-BODENHAUSEN 69 IS A REEVALUATION OF BOTT-BODENHAUSEN 66.
D F FAISSNER 69 HAS ADDNL. SYSTEHATIC ERROR LESS THAN TMO PERCENT.
D R ARONSON ?0 AND CARNEGIE 71 USE KS MEAN LIFE~.862+- ~ 006 E-10 SEC ~

0 R ME HAVE NOT ATTEMPTED TO ADJUST THESE VALUES FOR THE SUSSEQUENT
D R CHANGE IN THE KS HEAN LIFE OR IN ETA+- ~

0 H HELL 71 PRIMARY RESULT IS THAT DM IS POSITIVE.
0 H THE MAGNITUDE HAY HAVE AN ADDiTIONAL SYSTEMATIC ERROR OF ABOUT 0. 12
D S NOT AVERAGED BECAUSE ERROR IS LARGE AND SYSTEMATICS NOT DISCUSSED.
0 Z ARONSON 82 FINO THAT DELTA-H MAY DEPEND ON THE KAON ENERGY

8/67

6/66
7/66
8/67
6/66
8/67
9/66
8/67

11/66
8/67
9/66
6/66
9/66

11/66
11/67
11/67
3/68
3/68
6/68
1/71

10/69
1/71
1/71
9/71
8/71

10/71
11/73
11/75
11/75
1/83*

11/75
2/76
1/71
1/71
1/71
1/71
1/71
8/67
1/71
3/68

10/71
10/71

1/71
1/71

11/75
2/76
2/76

10/71
10/71
2/76
1/83*

BALTAY
ALSO

CHO
JAMES
HE ISNER
REPELL IN

71 PRL 27 1678
71 NEVIS-187 THESES
71 PR 03 1557
71 PL 358 265
71 PR D3 59
71 PL 368 603

AL ITTI
BANNER
JAMES
JONES

72 PL 398 568
72 PRL 29 237
72 NP 849 1
72 NC 9A 151

NETCALF 72 PL 408 703
NORSE 72 PRL 28 388
NAGY 72 NP 847 94

ALSO 69 PL 308 498
SKJEGGES 72 NP 848 343

+BRIDGEWATER, COOPER, GERSHMIN, HABIBI+ (COLU)
MILL IAH A. COOPER (COLUHSI A)
+DRALLE, CANTER, ENGLER, FISK+ (CARN+BNL+CASE)
+MONTANET, PAUL, PAULI+ (CERN+SACL+OSLO)
+MANN, HERTZBACH, KOFLER + (MASA+SNL+YALE)
+WOLFF, CHOLLET, GAILLARD, JANE+ (ORSA+CERN)

J AL ITTI, E l ESQUOY, A MULLER (SACLAY)
+CRONIN, HOFFHAN, KNAPP, SHOCHET (PRINCETON)
+MONTANET, PAUL, SAETRE+ (CERN+SACL+OSLO)
+ASASHIAN sGRAHAHtMANTSCHtORRi SMITH+ ( ILL)

+NEUHOFER, NIEBERGALL+ (CERN+ IPN+WIEN)
+NAUENBERG, BIERMAN, SAGERe (COLO+PRIN+UMD)
+TELBISZ, VESZTERGOMBI (BUDAPEST)
BOZOK I f F EN YVES g GOHBOS I NAG Y+ (BUDAPEST)
SKJEGGESTAO, JAMES, MONTANET+(OSLO+CERN+SACL)

T
T
T
T
T
T
T
T L
T 0
T L
T
T AVG
T FIT

13 KL HEAN LIFE (UNITS 10**-8 SEC&

58 CNTR
59 HSC
62 FSC
64 OSPK
65 CNTR
67 CNTR
67 HLBC
?2 CNTR

KL MEAN LIFE
34 8. 1 3.2 2 ' 4 BARDON
ASSUMED DS~DQ AND DELTA I~1/2 CRAWFORD
15 5. 1 2.4 1.3 OARHON

5.3 0 ~ 6 FUJI I
700 6. 1 1.5 1.2 ASfhURY3

5. 15 0.14 DEVLIN(5.0) (0 ~ 5) LOMYS.4M 5. 154 0.044 VOSBURGH
SUM OF PARTIAL DECAY RATES'

5. 158 0.042 0.042 AVERAGE
5. 183 0.040 FROM FIT

2/71

BARHIN1
BARMIN2
BURGUN
FACKLER
GJESDAL
HILL
HALLARY

73 P L 468 465
73 PL 478 463
73 PL 468 481
73 PRL 31 847
73 PL 448 217
73 PR D8 1290
73 PR D7 1953

BALDOCEO
CARITHER
ARONSON
EVERHART
TAUREG
ARONSON

ALSO
ALSO
ALSO

BARMEN

75 NC 25A 688
75 PRL 34 1244
76 NC 32A 236
76 PR D14 661
76 PL 658 92
82 PRL 48 1306
82 PL 1168 ?3
83 PR D28 476
83 PR D28 495
83 PL 1288 129

BOBISUT 74 LNC 11 646
COMELL 74 PR D10 2083
GEWENIGE 74 PL 488 487
GJESDAL 74 PL 528 119

+BARYLOV, DAVIDENKO, DEMI DOV+ (ITEP)
+BARYLOV, DAVI DENKO, DEMI DOV+ {ITEP)
+BERTRANET, LESQUOY, MULLER, PAULI+(SACL+CERN)
+FR ISCH, HARTIN, SMOOT, SONPAYRAC (MI7)
+PRESSER, STEF FEN, STEINBERGER+ (CERN+HE ID)
+SAKITT, SAHIOS, BURR IS,ENGLER+ (BNL+CARN)
+BINNIE, GALLIVAN, GOMEZ, PECK, SCEULLI+ &CIT)

+HUZITA, MATTEOL E, PUGL IERIN (PADO)
+LEE-FRANZINI, ORCUTT, FRANZINI + (STON+COLU)
GEMENIGER, GJESDAL, PRESSER+ (CERN+HEID)
+PRESSER, STEFFEN, STEINBERGER + (CERN+HEED)

BALDO-CEOLIN, BOBISUT, CALIMANI+ (PADO+WISC)
CAR I THERS, MOD I S, NYGR EN, PUN + ( COL U+NYU)
+HC INTYRE, ROE HR I 6 + (Ml SC+EF I+UCSD+ IL LC)
+KRAUS, LANDE, LONG, LOMENSTEIN + (PENN)
+ZECH, DYDAK, NAVARRIA+ &HEID+CERN+DORT)
+BOCK, CHENG, FISCHBACH (SNL+CHIC+PURD)
FISCHBACH, CHENG, ARONSON, BOCK(PURD+BNL+CHIC)
RRONSON, BOCK, CHENG, FESCHBACH&BNL+CHEC+PURO)
ARONSON, BOCK, CHENG, F ISCHBACH(BNL+CHIC+PURO)
+BARYLOV, CH ISTYAKOVA, CHUVILO+ (I TEP+PADO)

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20

KL INTO 3PI0
KL INTO PI+ PI- PIO
KL INTO Pi HU NEUTRINO
KL INTO PI E NEUTRINO
KL ENTO PI+ P I—
KL INTO HU+ HU-
KL INTO E+ E-
KL INTO E HU
KL INTO TMO GAMMAS
KL INTO PI+ PI- GAMNA
KL INTO P IO P IO
KL INTO PI E NEU GAMMA
KL INTO Plo TMO GAHHAS
KL INTO E+ E- GANHA
KL INTO HU+ MU- GAMMA
KL INTO MU+ HU- Plo
KL ENTO Pl+ PI- E+ E-
KL INTO PIO PI+- E-+ NEU
KL INTO (PI NU ATON) NEU
KL INTO E+ E- Plo

TAU 0 PR I HE
TAU 0
KL MU3
KL E3
KL PI+ Pl-
KL 2HU
KL 2E
Kt. ENU
KL 2GAMHA
KL PI+-G
Kl 2P IO
KL E3GAM
KL PI2GAHHA
KL 2EGAH
KL 2HUGAH
KL 2HUP IO
KL 2P I2E
KL 2P IENEU
KL (P INU) NEU
KL 2EPIO

13 KL PARTIAL DECAY NODES

DECAY MASSES
135+ 135+ 135
140+ 140+ 135
140+ 106+ 0
140+.511+ 0
140+ 140
106+ 106.511+.511.511+ 106

0+ 0
140+ 140+ 0
135+ 135
140+ ~ 511+ 0+ 0
135+ 0+ 0.511+.511+ 0
106+ 106+ 0
106+ 106+ 135
140+ 140+.511+.511
135+ 140+.511+ 0

.511+.511+ 135
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S108 Particle Data Group: Review of particle properties

Stable Particles
0
f

Data Card Listings

NEUTRAL K CONSTRAINED F IT
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING
RATIOS USES 65 DATA POINTS TO DETERMINE SIX
QUANTITIES. OVERALL FIT HAS CHI-SQUARED 69.9

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 5

FITTED PARTIAL DECAY MODE RATES

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where

i =I( 1 1 I
6p = (6 6( . .), while the off-diagonal elements are the normalized correlation coeffi-
cients (6P.6P. ) /(6P, ~ 6P.). For the definitions of the individual P. see the listings1 J 1 J i
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and
are thus constrained to add to 1.

P 1 P 2 P 3 P 4 P11
P 1 .2147+- ~ 0099
P 2 —.6525 .1239+- ~ 0020
P 3 —.8540 .4407 ~ 2711+-.0042
P 4 —~ 9098 .4699 ~ 6132 ~ 3873+-.0055
P 5 —.4358 .5469 .3154 .3362 .0020+-.0001
P 1 1 .2287 —.1620 —.2102 —.2241 —.1080 .0009+-.0002

3/78
3/78

(63+64)

K+N TO KO P
K+N TO KOP
K- P TO KOBAR N

K+P TO KOPPI+
K- P TO KOBAR N

SCALE FACTOR OF 1 ' 5)
SCALE FACTOR OF 1.4)

2/72
8/67

10/70
2/72
1/73
9/72

WEIGHTED AVERAGE = 11.60 + 0. 65
ERROR SCALED BY 1.5

bove of weighted average, error,
factor are based upon the data in

gram only. They are not neces-
e same as our "best" values,
from a least-squares constrained fit
measurements of other (related)
as additional information.

M5 KL INTO LEPTONIC (KN3+KE3) (UNITS 10~~6 SEC-1)
W5 D 109 9 ~ 85 1.15 1.05 FRANZ INI 65 HBC
W5 C 335 (10.3) (0.8) HILL 67 DBC
W5 D 393 11.6 0.9 CHO 70 DBC
W5 D 252 13.1 1 ' 3 MEBBER 71 HBC
W5 D 410 12.4 0 ~ 7 BURGUN 72 HBC
W5 D 126 8 ' 47 1 ' 69 MANN 72 HBC
W5 C CHO 70 INCLUDES EVENTS OF HILL 67
W5 D ASSUMES DS~DQ RULE
W 5 ~ ~ ~ ~ ~ ~ ~ ~

W5 AVG 11.60 0.65 AVERAGE (ERROR INCLUDES
M5 FIT 12.70 0. 18 FROM FIT (ERROR INCLUDES

(SEE IDEOGRAM BELOW)

G 1 G 2 G 3 G 4 G11
G 1 .0414+-.00?0
G 2 —.4747 ~ 0239+-.0004
G 3 —.6405 ~ 4950 ~ 0523+- ~ 0009
G 4 —.6736 .5241 .6596 .0747+-.0011
G 5 —.3287 .5695 .3562 .3770 .0004+-.0000
G11 ~ 2375 —~ 1236 —.1648 —.1734 —~ 0853 .0002+-.0000

G 5

13 KL DECAY RATES

M1 KL INTO PIO PIO PIO CUNITS 10~~6 SEC-1) C61)
M1 54 5.22 1.03 0.84 BEHR 66 HLBC ASSUMES CP
M 1 ~ ~ ~ ~ ~ ~ ~ ~ ~

W1 F IT 4. 14 0.20 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7)

8/66

The matrix below is the branching fraction matrix above, transformed into rate
space; i. e. G. = I. = Fp I t t lP . , in app r op r iate u n it s . In a na l og y t o th e m a t r ix abov e
the diagonal elements are G. + 6G. , where 6G. = Q (6G.6G.), while the off-diagonal1
elements are the normalized correlation coefficients (6G.6G.)/(6G. 6G. l ~ Note that,
because of the error in I the er J ~ J

total' rors and correlations here are not directly derivable
from those above.

M6
W6
W6
W6 F IT

CH I SQ
3. 4
1

1.3
0. 0
2. 5

8. 6
(CONLEV
=0. 072)

72 HBC
72 HBC
?1 HBC
70 DBC
65 HBC

GUN

BER

NZ INI

4

6 10 14 18
KL RATE INTO KMU3 + KE3 ( I Oi ~6 SEC-1)

KL INTO PI NU NEUTRINO UNITS 10~+6 SEC-1) (63)
19 4.54 1.24 1.08 LOWYS 67 HLBC 8/67

~ ~ ~ ~ ~ ~ ~ ~

5.232 0.086 FROM FIT (ERROR INCi. UDES SCALE FACTOR OF 1.3)

M2 KL INTO PI+ PI- PO (UNITS 10~~6 SEC-1) (62)
M2 18 3.26 0.77 ANDERSON 65 HSC
M2 14 1.4 0 ~ 4 FRANZINI 65 HSC
M? 136 2.62 0.28 0.27 BEHR 66 HLBC ASSUMES CP
W? 53 2.20 0.35 MESSER 70 HSC ASSUMES CP
W2 99 2.71 0.28 CHO 71 DBC ASSUME S CP
M2 J 98 (2 ' 5) (0 ' 3) JAMES 71 HSC ASSUMES CP
M? 50 2. 12 0.33 ME I SNE R 71 HSC ASSUMES CP
W2 J 180 2.35 0 ' 20 JAMES 72 HSC ASSUMES CP
W2 192 2.3? 0.13 0. 15 BAI.DOCEOL 75 HLSC ASSUMES CP
M2 IN THE OVERALL FIT THIS RATE IS MELL DETERMINED BY THE MEAN LIFE AN
M2 THE BRANCHING RATIO R2. FOR THIS REASON THE DISCREPANCY BETWEEN THE
'M2 M2 MEASUREMENTS DOES NOT AFFECT THE SCALE FACTOR OF THE OVERALL FIT
W2 J JAMES 72 IS A FINAL MEASUREMENT AND INCLUDES JAMES 71.
M 2 ~ ~ ~ ~ ~ ~ ~ ~

M2 AVG 2.34 0.11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
M2 F IT 2 ~ 391 0 ~ 041 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

(SEE IDEOGRAM BELOW)

8/66
6/66
8/66

10/71
4/71
6/71

10/71
1/73
I /76

11/73

WEIGHTED AVERAGE = 2. 34 + 0, &1

ERROR SCALED BY 1 2

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

. BALDOCEOL

. JAMES
- ME ISNER

CHO

-WEBSER
-BEHR
. FRANZ IN I

-ANDERSON

75 HLBC
72 HBC
71 HBC
?t DBC
70 HBC
66 HLBC
65 HBC
65 HBC

CH I SQ
0, 0
0. 0
0. 4
1.7

0. 2
1.0
5. 5

I I

0 2 6
KL RATE INTO PI+ PI — PIO (10~~6 SEC—1)

8. 9
(CONLEV
=0. 177)

8!67
2/72

8/67

M3 KL INTO PI E NEUTRINO CUNITS 10+*6 SEC-1) C64)
W3 7.52 0.85 0 ' 72 AUBERT 65 HLSC DS~DQ, CP ASSUMED
W3 620 7.81 0 ' 56 CHAN 71 HBC
W

W3 AVG 7.71 0.46 AVERAGE
W3 FIT 7.47 0. 11 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)
M4 KL INTO CHAR6ED C3-BODY) (UNITS 10+s'6 SEC-'1) (62+63+64)
W4 98 15.1 1.9 AUERSACH 66 OSPK
W4
W4 FIT 15 ~ 10 0.21 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4)

13 KL SRANCNIN6 RATIOS

R1 KL INTO Cl IO PIO PIO)/CNARBED (P1)/(P2+P3+P4)
R1 24 0.24 0.08 AN IK I NA 64 CC
R1 549 0 ~ 251 0 ~ 014 BUDAGOV 68 HLSC
R1 444 0 ' 277 0 ' 021 BUDAGOV 68 HLBC
R1 29 0 ~ 31 0.07 0 ~ 06 KULYUKINA 68 CC

R1 AVG 0.260 0.011 AVERAGE
R1 FIT 0 ~ 274 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7)

6/66
ORSAY MEASURE 10/68
EC ~ POLYTEC ~ MEAS 10/68

2/71

8/66
8/66
8/66
8/66
6/66
6/66

SEE HOPKINS 67 6/66
6/66
8/67
2/71
1/74
1/74
1/73

11/77

WEIGHTED AVERAGE = 0. 1587 4 0.0024
ERROR SCALED BY 1.3

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

-CHO
-EVANS
~ BRANDENBU
-ALEXANDER
. KULYUKINA
. HOPK INS
. HAWK I NS

GU I DON I
. ASTBURY2
-ASTBURYI
-LUERS
- ADAIR
. AST IER

77 HBC

HLBC
73 HBC
73 HBC
68 CC
67 HBC
66 HBC
65 HBC
65 CC

65 CC
64 HBC
64 HBC
61 CC

I

0. 10 0. 14 0. 18 0.22 0. 26
KL INTO (P I+ P I — P I 0)/CHARGED

CHISQ
2. 0
0. 0

10. 1

0. 2
0, 3
0. 2
0. 0
1.3
0, 0

14. 2
(CONLEV
=0. 077)

R2 KL INTO (PI+ PI- PIO)/CNAR6ED CP2)/(P2+P3+P4)
R2 59 0 ~ 185 0.038 ASTI ER 61 CC
R? 79 0. 151 0.020 ADAIR 64 HSC
R2 75 0.157 0 ' 03 0 ' 04 LUERS 64 HBC
R2 66 0.15 0.03 0.04 ASTBURY1 65 CC
R2 326 0.159 0 ' 015 ASTBURY2 65 CC
R2 566 0. 178 0.017 GUIDON I 65 HBC
R2 1729 (0.144) (0 ' 004) HOPKINS 65 HBC
R2 126 0. 162 0.015 HAWK INS 66 HBC
R2 0 ~ 16'I 0.005 HOPKINS 67 HBC
R2 1402 0 ~ 167 0.016 KULYUKINA 68 CC
R2 1590 0. 1605 0.0038 AI. EXANDER 73 HSC
R2 3200 0.146 0 ~ 004 SRANDENBU 73 HBC
R2 558 0. 159 0.010 EVANS 73 HLBC
R2 6499 0.163 0.003 CHO 77 HBC
R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

R2 AVG 0.1587 0 ' 0024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
R2 FIT 0.1584 0 ~ 0020 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

(SEE IDEOGRAM BELOM)
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Stable Particles

R3
R3
R3
R3
R3
R3
R3

(P3)/(PZ+P3+P4)KL INTO (PI HU NEUTRlNO)/CHARGED
C 251 (0.356) (0 ' 07) LUERS 64 HBC
C 172 (0.39) (0.08) &0.10) ASTBURY1 65 CC
C 330 (0.335) (0 ' 055) KULYUKINA 68 CC
C THIS MODE NOT MEASURED INDEPENDENTLY FROM R2 AND R4

FIT 0.3466 0.0028 FROM FIT

?/66
2/? 1

R1?
R17
R17
R17
R17
R17
R17

KL INTO (PIO PIO&/TOTAL (UNITS 10~~-3)
C 7 (1.2) (1.5) (1.2) CRIEGEE
C CRIEGEE EXPT NOT DESIGNED TO MEASURE 2
G 189 (2.5) &D.e) GA IL LARD
G LATEST RESULT OF THIS EXPERIMENT GIVEN

FIT 0.94 0. 19 FROM FIT

(P11&
66 OSPK

PIQ DECAY MODE
69 OSPK E00=3.6+-0.6

BY FA ISSNER 70 R19

7/66

5/69
1/71

R4
R4
R4
R4
R4
R4
R4
R4

AVG
FIT

KL INTO (PI E
24 0 ' 46

153 0 ' 487
202 0.46
500 0 ' 498

0.485
0 ' 4951

NEUTRINO&/CHARGED
Q. 11 NEAGU 61 CC
D. D5 LUERS 64 HBC
0 F 08 0 ' '10 ASTBURY1 65 CC
Q. 052 KULYUKINA 68 CC

0.03Z AVERAGE
0.0029 FROM FIT

(P4)/(PZ+P3+P4)
2/76

7/66
2/71

R1S
R18
R18
R18
R18
R18
R18

CP1&/CPZ&KL INTO (3PIO)/(PI+PI-PIO)
188 20 0 ~ 6

1010 1.80 0. 13
883 ( 1.65) (0.07)

AVG 1.81 0 ~ 13
FIT 1 ~ 73 0 ~ 10

AL EK SANYA 64 F BC 9/66
BUDAGOV 68 HLBC 10/6e
BARMIN2 72 HLBC ERROR STAT. ONLY 3/74

AVERAGE
FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1 ' 7)

R5
R5
R5
R5

R6
R6
R6
R6

R?
R7
R7
R7

RS
R8
R8
RS
RS
RS
R8
Re
R8
R8
Re
R8
R8
Re
R8
R8
R8

R9
R9
R9
R9
R9
R9
R9
R9
R9
R9
R9

R10
R10
R10
R10
R10
R10
R10
R10
R10
R10
R10
R10
R10
R10
R'1 0
R10
R10
R10
R10

KL INTO CPI E NEU)/((PI E NEU&+(PI HIJ NEU»
320 0.415 0.120 ASTIER 61 CC

FIT 0.5882 0.0032 FROM FIT

KL INTO CPI+ PI- PIO)/TOTAL

F I T 0 ~ 1239 0 ~ 0020 FROM F IT

KL INTO C LEPTON P I NEUTRINO)/TOTAL

F I T 0.6585 0.0087 FROM F I T

CI4&/CP3+I4&

CPZ&

(P3+P4)

&P9&KL INTO CZ 6AIIHA&/TOTAL CUN. 10**-4&
C &1.3) (0.6) CR I EGE E 66 OSPK

32 6 ' 7 2 ' 2 TODOROFF 67 OSPK
K 33 (7.4) (1.6) CRONIN 1 67 OSPK

90 5 ~ 5 1.1 KUNZ 68 OSPK
23 4 5 1.0 ENSTROH 71 OSPK

R 5.0 &1.0) REPELL IN 71 OSPK
8 4 ' 54 0.84 BANNER? ?2 OSPK
8 THIS VALUE USES (EQO/E+-)**2~1.05+-0.14. IN GEN
8 (4.32+-0.55)*(10**-4)*«EDD/E+-)~*2).
R ASSUMES REGEN AMPL IN COPPER AT 2GEV IS 22 MB.
R FOR A GIVEN REGEN AMPL AND ERROR, MULTIPLY BY (

C CRIEGEE 66 REPLACED BY TOOOROFF 67
K CROHIN1 67 REPLACED BY KUNZ 68.
AVG F 89 0.54 AVERAGE

R21 BELOM GIVES (4.82+-.52)E-4. COHBINEO AVG &4

REPL. CRIEGEE66

NORM. TO 3P I &C+N)
KL 1 ' 5-9 GEV/C

ERAL, S13RS ~

TO EVALUATE
REGEH AMPL/2ZMB)**2

.85+- ~ 37)E-4.

(P5)/(P2+P3+P4)
ETA +- ~ 1 ' 95+-0 ' 20
ETA +- ~ 1 ' 99+-0 ' 16
ETA +- ~ 1.92+-0 ' 13
ETA +- - 1.95+-0.04
ETA +- ~ 2.23+-0.05
ON E+- BELOW FOR
ON DISCREPANCY'
ENT NORMAL IZATION ~

KL INTO (PI+ PI-&/CHARGED CUNIT 10~*-3&
0 45 &2.0) (0.4) CHRISTENS 64 OSPK
0 54 (2.08) &0.35) GALBRAITH 65 OSPK
0 (1 ~ 93) (0 ~ 26) BASILE 66 OSPK
0 &1.993) &0.080) BOTT-BODE 66 OSPK
M 4?00 (2.60) &0.07) MESSNER 73 ASPK
0 OLD EXPERIMENTS EXCLUDED FROH FIT. SEE SUBSECTI
0 AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE
H FROH SAME DATA AS R27 MESSNER 73,8UT WITH DIFFER

FIT 2. 589 0.060 FROM FIT

CP3)/(P4)KL INTO (PI HU NEU)/(Pl E NEU)
0.81 0. 19 AOA I R 64 HBC
0.82 0 ~ 10 OEBOUARO 67 OSPK

273 0.7 0 ' 2 HAWK INS 67 HBC
0.81 0 ~ 08 HOPKINS 6? HBC

770 0.71 0.05 BUDAGOV 68 HLBC
K &0 ~ 67) &0 ~ 13) KULYUKINA 68 CC
8 569 (0.71) (0 ~ 04) BE ILL I ERE 69 HLBC

1309 (0.648) (Q ~ 030) EVANS 69 HLBC REPL. BY EVANS 73
3548 0 ' 68 0.08 BASILE 70 OSPK
6700 0 ' 741 0 ' 044 BRANDEHBU 73 HBC
1309 0 ' 662 0 ' 030 EVANS 73 HLBC

10K 0 ' 662 0.037 MI L L I AHS 74 ASPK
33K 0.?02 0.011 CHO 80 HBC

K KULYUKINA 68 R10 IS NOT MEASURED INOEPENDENTLY FROH R2 AND R4.
8 BEILLIERE 69 IS A SCAHNING EXPT USING SAHE EXPOSURE AS BUOAGOV 68

AVG 0 ' 7001 0 ' 0093 AVERAGE
FIT 0 ' 7001 0 ' 0092 FROM FIT

8/66
11/68
11/67
2/71
2/72

11/71
8/72
8/72
8/72

11/71
11/71
11/68
2/71

4/82

2/76
2/76
2/76
2/76
6/73
2/76
2/76
6/73

6/66
11/67
8/67
8/67

10/68
3/74

10/69
1/73

10/70
1/74
1/73

10/74
2/82
1/74

R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19

RZO
R?0
R20
R20
RZD
R20
R20
R20

KL INTO (2PIO&/C3PIO& CUNITS 10**-2& CP11)/CP1)
C 109 (1.89) (0 ~ 31) CRONIN 1 67 OSPK ETA00=4. 9+-0.5
C (1.36) &0. 18) CRONIN 2 67 OSPK ETA00=3. 92+-0 ~ 3
C CRONIN2 IS FURTHER ANALYSIS OF CRONIN1, NOM BOTH WITHDRAWN

NO EVENTS SEEN BARTLETT 68 OSPK SEE EOO BELOW
57 0.46 0 ' 11 BANNER 69 OSPK ETA00=2. 2+-0.3

R 133 (1.31) (0.31) CENCE 69 OSPK ETA00=3. 7+-0.5
29 0.37 0.08 BARMIN 70 HLBC ETAOD=Z. 02+-0 ~ 23
30 0 ~ 32 0.15 BUOAGOV 70 HLBC ETA00=1.9+-0.5

F 172 0 ' 90 0.30 FAISSNER 70 OSPK ETA00=3. 2+-0. 5
R 15Q 1.21 D. 3D REY 76 OSPK ETA00=3. 8+-0.5
F FAISSNER 70 CONTAINS SAME 2PIQ EVENTS AS GAILLARD 69 R17
R CENCE 69 EVENTS ARE INCLUDED IN REY 76 '

AVG 0.437 0 ' 092 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6)
FIT 0.437 0.085 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5)

(SEE IDEOGRAM BELOW)

8/67
11/67
11/68
11/68
2/72

10/69
12/70
10/70
12/70
8/76

1/77

WEIGHTED AVERAGE = 0, 437 1 0, 092
ERROR SCALED BY 1.6

of weighted average, error,
r are based upon the data in
only. They are not neces-

me as our "best" values,
a least-squares constrained fit
urements of other (related)
dditional information.

—0 5 0. 5 1, 5

KL INTO (2P IG)/(3P f 0) (10*~-2)

SSNER
AGOV

M[N
NER

76 OSPK
70 QSPK
70 HLBC
70 HLBC
69 OSPK

2. 5

CH I SQ
6. 6
2. 4
0, 6
0. ?
0. 0

10.4
(CONLEV
=0.035)

2/76
2/76

11/77
2/76
2/76

KL INTO (Pl+ PI-)/(KE3 + KMU3) (UNITS 10*~-3) CP5)/(P3+P4)
0 309 &2.51) &0.23) DEBOUARD 67 OSPK ETA+-=2. 00+-0.09
0 525 (2.35) (0.19) FITCH 67 OSPK ETA+-=1 ~ 94+-0.08

2703 3.04 0 ~ 14 DEVOE 77 SPEC ETA+-=2 ~ 25+-0.05
0 OLO EXPERIHENTS EXCLUDED FROM FIT. SEE SUBSECTION E+- BELOW FOR
0 AVERAGE ETA+- OF THESE EXPERIMENTS ANO FOR NOTE ON DISCREPANCY.

FIT 3.076* 0.075 FROM FIT
R11
R11
R11
R11
R11

R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12

R13
R13
R13
R13

R14
R14
R14
R14
R14
R14

KL INTO (IIU+MU-)/CHAR6ED CUNXTS 10~~-6)
(100 ~ 0) OR LESS ANIKINA 65 CC
&250.0) OR LESS CL=. 90 ALFF-STEI 66 OSPK

(2.0) OR LESS CL=. 90 BOTT-BODE 67 OSPK
(35 ~ 0) OR LESS CL=.90 FITCH 67 OSPK

(P6)/(PZ+P3+P4)

KL XNTQ (PI+ PI- 6IIIHA)/TOTAL (UNITS 10*~-3) CP10)
(15 ~ 0) OR LESS AN IK I NA 65 CC

0 (5.0) OR LESS BELLOTTI 66 HLBC GAM KE
1 (3.0) OR LESS NEFKENS 66 OSPK GAM KE

(0 ' 4) OR LESS CL=. 90 THATCHER 68 OSPK GAM KE
(3.2) OR LESS CL=. 90 BOBISUT 74 HLBC GAM KE

D 24 (0 ' 062) (0.021) DONALDS1 74 SPEC
(0.46) OR LESS CL=. 90 WOO 74 SPEC

H 516 (0.0152) &0.0016) CARROLL2 80 SPEC +-QGAM KE
J 546 (0.0289) (0.0028) CARROLL2 80 SPEC +-0

K1062 0.0441 0 ' 0032 CARROLL2 80 SPEC +-QGAM KE
D USES KL TO PI+PI-PIQ/ALL KL DECAYS ~ 0. 126

H INTERNAL BREHSSTRAHLUNG COMPONENT ONLY.
J DIRECT GAMMA EHISSION COHPONENT ONLY.

K BOTH COMPONENTS. USES KL TO PI+PI-PIO/ALL KL DECAYS = 0. 1

40-130 MV

120 MEV
20-170 MV

GT 40 MEV

GT 20 MEV

GT 20 MEV

239

KL INTO CE IIU&/CNARGED CUNXTS
TEST OF LEPTON FAMILY NUMBER

(10.0) OR LESS
&1.0) OR LESS CL~. 90
&0.1) OR LESS CL=. 90
D. OS OR LESS CL= ~ 90

1O**-4&
CONSERVATION.

AN IK INA 65 CC
CARPENTER 66 OSPK
BOTT-BODE 67 OSPK
FITCH 67 OSPK

(PS&/CPZ+P3+P4&

KL INTO (E+ E-)/CHAR6ED (UNITS 10'+*-6) (P?)/CPZ+P3+P4)
(1000.0) OR LESS AN IK IN A 65 CC
(200.0) OR LESS CL~. 90 ALFF-STEI 66 OSPK

&23.0) OR I ESS CL=.90 BOTT-BODE 67 OSPK

6/66
9/66
8/67
3/68

6/66
8/67
6/66
2/71

12/75
10/74
12/75
12/80
12/80
12/80
10/74
12/SD
12/80
12/80

6/66
6/66
8/67

6/66
8/66
8/67
3/68

R21
R21
R21
R21
R21
R21

R22
R22
R22
R22
R22
R22
R22
R22
R22
R22
R22
R22
R22
R22
R22

R23
R23
R23
R23
R23
R23

R24
R24
R24

KL INTO (26AINIA&/(3 PIO& (UNITS 10~+-3&
16 2 ~ 5 07 ARNOLD

115 2.24 0.28 BANNER
28 2. 13 0.43 BARHIN

AVG 2.24 0 ' 22 AVERAGE

(P9&/CP1&
68 HLBC VACUUM DECAY
69 OSPK
71 HLBC

KL INTO CINJ+HU-&/(PI+PI-& (UNITS 10**-6) (P6)/CP5)
TEST FOR DELTA-S ~ 1 WEAK NEUTRAL CURRENTS ALLOWED BY FIRST ORDER
WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION.

0 (140.) OR LESS CL~.90 FOETH 69 SPEC
0 (18.) OR LESS CL~. 90 DARRIULAT 70 SPEC

A 0 (1.53) OR LESS CL=.90 CLARK 71 SPEC
C 9 5.8 2.3 1.5 CARITHERS 73 SPEC
F 3 4. 2 5. 1 2.6 FUKUSHIMA 76 SPEC

15 4 ' 0 1.4 0.9 SHOCHET 79 SPEC
A CLARK 71 LIHIT RAISED FROM 1 ~ 2 E-06 BY FIELD 74 REANALYSIS.
A NOT IN AGREEMENT WITH SUBSEQUENT EXPTS. SO NOT AVERAGED.

C CARITHERS 73 ERRORS ARE AT CL=0. 68, M. CARITHERS, PRIV. COMM. 1979.
F FUKUSHIMA 76 ERRORS ARE AT CL=90 PERCENT-

AVG 4.47 0.95 AVERAGE

KL INTO (E+ E- )/(PI+PI-) (UNITS 10~~-5) (P'?)/(P5)
TEST FOR DELTA-S ~ 1 WEAK NEUTRAL CURRENT. ALLOWEO BY FIRST ORDER
WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION.

0 10 0 OR LESS CL~90 FOETH 69 ASPK
(0.10) OR LESS CL~. 90 CLARK 71 ASPK

POSSIBLE (BUT UNKNOWN) SYSTEHATIC ERRORS. SEE NOTE A IN R22 ABOVE.

KL INTO (E NJ)/(PI+PI-) (UNITS 10~~-5) CPS&/(P5&
A , (0.10) OR LESS CL~. 90 CLARK 71 ASPK
A POSSIBLE (BUT UNKHOMN) SYSTEMATIC ERRORS- SEE NOTE A IN R22 ABOVE.

11/68
11/68
8/71

5/70
11/70
2/76
2/76
2/76
7/79
2/76
2/76
2/76
2/76

5/70
6/71
5/82*

6/71
4/82

R15
R15
R15
R15
R15
R15
R15

R16
R16
R16

KL XNTO CE+ PI- NEU&/CE- Pl+ NEU&
97 (0.90) (0 ' 18) NEAGU 61 CC(1.01) (0.16) LUERS 64 HBC

894 (0 ' 99) (0.023) KULYUK INA 66 CC
1539 (1 ' 06) (0.05) VERHEY 66 OSPK

LOM PRECISION EXPTS NOT AVERAGED. FOR MORE PRECISE VALUE,
SEE S13A2 IN THE CP VIOLATION SECTION BELOW.

KL INTO CIIU+ PI- NEU & /(HU- P I+ NEU &

1M 1.0081 0 ~ 0027 DORFAN 67 OSPK
SEE ALSO S13A2 AND S13AL IN THE CP VIOLATION SECTION BELOM.

8/66
9/66
8/67

11/67
2/71

RZS
R25

R26
R26

RZ?
R27
R27
R27

KL INTO CPI E NEU GAH&/(KL E3) CUNITS 1O~~-2)103320 PEACH 71 HLBC

KL INTO CPIO TWO 6AHHAS&/(3PIO) (UNITS 'lO*~-3&
0 1.1 OR LESS CL~.90 BANNER 69 OSPK

KL INTO (Pl+ Pl-&/TAIJ CUNITS 10~*-2&
4200 1.64 0 ~ 04 MESSHER 73 ASPK

FIT 1.635 0.035 FROM FIT

CP12&/CP3&
GAM KE GT 15 MEV

CP13&/(P1&

(P5&/(P2&
ETA +- = 2 23

6/71

2/72

6/73
6/73
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Stable Particles Data Card Listings

R28
R28
R28
R28
R28
R28
R28

R29
R29
R29
R29
R29
R29
R29

R30
R30
R30
R30
R30
R30
R30

R31
R31
R31
R31

R32
R32
R32
R32

R33
R33
R33

R34
R34
R34
R34
R34

6TO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTG

KL INTO (E+ E- 6AHHA)/TOTAL (UNITS 10»»-5) (P14)
TEST FOR DELTA-S = 1 WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER
WEAK INTERACTION COHBINED WITH ELECTROHAGNETIC INTERACTION.

B 0 (27) OR LESS CL~90 BARMIN1 ?2 HLBC
C 4 1.74 0.87 CARROLL1 80 SPEC +-0
B USES KL TO 3PIO/TOTAL~0. ?14
C USES KL TO PI+PI-PIG/ALL KL DECAYS = 0. 1239

KL INTO CHU+ Hll- 6AHHA)/TOTAL (UNITS 10*»-6) (P15)
TEST FOR DELTA-$ ~ 1 WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER
WEAK INTERACTION COHBINED WITH ELECTROMAGNETIC iNTERACTION.

D (7.81) OR LESS CL=.90 DONALDS3 ?4 SPEC
C 1 0.28 0 ~ 28 CARROLL1 80 SPEC +-0
0 USES KL TO PI+PI-PIG/ALL KL DECAYS = 0. 126
C USES KL TO PI+PI-PIG/ALL KL DECAYS = 0. 1239

KL INTO (HU+ lIU- PIO)/TOTAL (UNITS 10»»-5) (P16)
TEST FOR DELTA-S = 1 'WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER
WEAK INTERACTION COMBINED WITH ELECTROMAGNETIC INTERACTION.

D (5 ' 66) OR LESS CL= ~ 90 DONALDS3 74 SPEC
C 0 0. 12 OR LESS CL~. 90 CARROLL1 80 SPEC
D USES KL TO PI+PI-PIG/ALL KL DECAYS = 0. 126
C USES KL TO PI+PI-PIG/ALL KL DECAYS = 0.1239

KL INTO (PI+PI-E+E-) /TOTAL (UNITS 10»»-6)
(30.) OR LESS AN IK INA 73 STRC

0 8.81 OR LESS CL~. 90 DONALDSON 76 SPEC
D USES KL TO PI+PI-PIG/ALL KL DECAYS = 0.126

CP17)

KL INTO CPIO PI+- E-+ NEU)/TOTAL CUNITS 10»*-3) (P18)
0 (2 ' 2) OR LESS CL= ~ 90 DONALDS3 74 SPEC

16 0 ' 062 0 ' 020 CARROLL3 80 SPEC
D DONALDSON3 74 USES KL TO PI+PI-PIO/ALL KL DECAYS = 0. 126

KL INTO ((PI HU ATON)NEU)/(PI MU NEU) (10**-7) (P19)/(P3)
18 SEEN COOHBES 76 W I RE

155 3 ~ 88 0 ~ 41 ARONSON 82 SPEC

KL INTO (E+ E- PIO)/TOTAL (UNITS 10**-6) (P20)
TEST FOR DELTA-S ~ 1 WEAK NEUTRAL CURRENT. ALLOWED BY FIRST ORDER
WEAK INTERACTION COMBINED WITH EI.ECTROHAGNETI C INTERACTION.

C 0 2.3 OR LESS CL=.90 CARROLL1 80 SPEC
C USES KL TO PI+PI-PIO/ALL KL DECAYS = 0. 1239

13 KL ENERGY DEPENDENCE OF DALITZ PLOT

FOR DISCUSSION, SEE NOTE ON SLOPE PARAHETERS IN THE CHARGED K

SECTION OF THE DATA CARD LISTINGS ABOVE.

MATRIX ELEMENT SQUARED ~ 1 + G*U + H*U**2 + J*V + K*V**2
WHERE U~ (S3-SO) / (HP i**2) AND V= (S1-$2) / (HP I+»*2)

LINEAR COEFFICIENT 6 FOR KL —) PI+ PI- PIO HATRKX ELEMENT SQUARED
Q 79 (0 ' 55) (0.23) ADAIR 64 HSC AV~-?. 6 +- 1.7
Q 77 (0.51) (0.20) LUERS 64 HBC AV~-?. 3 +- 1.6
Q 66 &0.32) (0.13) ASTBURY1 65 CC AV=-5 ' 5 +- 1 ' 5
Q 310 &0.51) (0 ~ 09) ASTSURY2 65 CC AV~-(7. 3 +.6 —.8)
Q 280 (0.64) (0.17) ANIKINA 66 CC AV~-(8. 2 +.9 -1.3)
Q 126 (0.70) (0.12) HAWKINS 66 HSC AV=-8. 6 +- 0.7
Q 1350 (0.649) (0.044) HOPKINS 67 HBC AT=-0 ~ 294 +- ~ 018
Q 1198 (0.428) (0.055) NEFKENS 67 OSPK AU=-0 ' 204 +- ~ 025
Q 2446 (0.400) (0.045) BASILE2 68 OSPK AT=-0. 188 +- .020
Q 29K (0 ~ 650) (0.012) ALBROW 70 ASPK AY=-0. 858+- ~ 015
QB 36K (0 ' 593) (0.022) BUCHANAN 70 SPEC AU=-0. 278 +- .010
Q 4400 (0.664) (0.056) SMITH 70 OSPK AT~-0. 306 +-0.024
Q 180 (0 ~ 50) (0.11) JAMES 72 HSC
Q 1486 (0.608) &0.043) KRENZ 72 HLBC AT=-0 ~ 277 +- .018
Q 384 (0.688) &0.074) METCALF 72 ASPK AT=-0. 31 +- .03
Q (0 ~ 612) (0.032 ) ALEXAMOER 73 HBC
Q 3200 &0.73) (0.04) BRANDENBU 73 HSC
QC 20K &0.619) (0.027) BISI 74 ASPK AT~-0. 282 +- .011

509K 0.677 0 ~ 010 HESSNER 74 ASPK AY=-0. 917+-.013
Q 192 &0 ' 69) (0 F 07) BALDOCEOL 75 HLBC
Q 56K &0.590) (0.022) BUCHANAN 75 SPEC AU=-0. 277 +- .010

H6499 0.68'I G. 024 CHO 77 HSC
4709 0.620 0.023 PEACH 77 HSC

Q QUADRATIC DEPEMOEMCE REQUIRED SY SOHE EXPERIMENTS (SEE SECTIONS
Q HTG AND KTG BELOW). CORRELATIONS PREVENT US FROM AVERAGING RESULTS
Q OF FITS NOT INCLUDING G, Hg AND K TERMS.

B BUCHAMAN 70 RESULT REVISED BY BUCHANAN 75 TO INCLUDE RADIATIVE COR ~

B AND TO USE MORE RELIABLE KL MOM. SPECT. OF 2ND EXPT. (HAD SAME BEAM) ~

C BISI 74 VALUE CONES FROM QUADRATIC FIT WITH QUAD. TERH CONSISTENT
C WITH ZERO. GTO ERROR IS THUS LARGER THAN IF LINEAR FIT WERE USED.

AVG 0.670 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6)
(SEE IDEOGRAM BELOW)

3/74
12/80

12/80

12/75

6/77
12/8G
6/77

12/80

12/75

6/77
12/80
6/77

12/8G

12/75
3/78
6/77
6/77

12/75
6/77
9/81
6/77

11/82»
6/77

11/82*

12/8G
12/80

3/71
3/71
3/71
3/71
3/71
3/71

10/69
3/71
3/71
1/79
2/76
1/79
1/73

11/'72
11/72
2/76
1/74

10/? 4
7/75

12/75
7/75

11/77
11/77

2/76
2/76

11/75
11/75

13 KL FORM FACTORS

FOR DISCUSSIOM, SEE NOTE ON FORM FACTORS IN THE CHARGED K
SECTION OF THE DATA CARD LISTINGS ABOVE.

IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED-
F+ AND F- ARE FORH FACTORS FOR THE VECTOR HATRIX ELEHENT.
FS AND FT REFER TO THE SCALAR AND TENSOR TERH ~

FO ~ (F+) + &F-)*T/(HK**2-MP I**2)
L+, L- ANO LO ARE THE LINEAR EXPANSION COEFFS. OF F+, F- AND FO.
L+ REFERS TO THE KHU3 VALUE EXCEPT IN THE KE3 SECTIONS.
OXI/DL IS THE CORRELATION BETWEEN XI (0) AND L+ IN KHU3.
DLO/DL+ IS THE CORRELATION BETWEEN LO AND L+ IN KHU3.
T ~ MOMENTUM TRANSFER TO THE PI IN UNITS OF MPI*»2.
DP ~ DAL I TZ PLOT ANALYSIS
PI ~ PI SPECTRUM ANALYSIS
HU ~ HU SPECTRUH ANALYSIS
POL~ HU POLARIZATION ANALYSIS
BR ~ KHU3/KE3 BRANCHING RATIO ANALYSIS
E ~ POSITRON OR ELECTRON SPECTRUM ANALYSIS
RC ~ RADIATIVE CORRECTIONS

XIA XIA
XI A A1341
XI A B 3140
XI A C 16K
XI A 09086
X I A C 16K
XI A E1385
XI A F1.6M
XI A G 32K
XI A H 16K
XI A H 14K
XIA I150K
XIA
XI A AVG
XIA F IT

F-/F+
+1 2(-3.9)

(-0.68)
—1.5

&+0.50)
—1.00-0.11
-0.25
+0. 13
+0 ~ 26-0.10

-0.074
-0 ~ 11

(DETERMINED FRO0I SPECTRA)
(0.8) CARPENTER 66 OSPK DP, DXI/DL=-18
(0.4) BASILE 70 OSPK DP, INDEP OF L+
(0 1 2) (0 20) CH I EN 70 ASPK DP g OX I/DL 26
0.7 ALBROW 72 ASPK DP, DXI/DL~-28

(0 ~ 61) DALLY 72 ASPK DP, DXI/DL UNKN.
(0 ' 45) PEACH 73 HLBC DP, DXI/DL~-20
0.07 DOMALDS2 74 SPEC OP, OXI/DL~-17
0.22 BUCHANAN 75 SPEC DP, DXI/DL~-5. 9
0 ' 23 HI LL 79 STRC DP, OX I/DL=-20
0 ~ 16 CHO 80 HBC OP, DX I/DL~-13
0 ~ 09 B IRULEV 81 SPEC DP, OX I/DL~-12

0.061 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
0.09 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 ~ 3)
&SEE IDEOGRAM BELOW)

XIA
XIA A

XI A 8
XIA B
XIA C
XIA C

XIA C

XIA C
XIA C

XI A C

XIA C

XIA C
XIA D

XI A E
XI A E
XI A F
XIA F
XIA F
XIA G

XIA G

XIA H

XIA I

FIT DISCUSSED IM NOTE ON KL3 FORM FACTORS IN 1982 EDITION ~

CARPENTER 66 XI(0) IS FOR I+=0. DXI/DL IS FROM FIG. 9 ~

BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST
THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE.
CHIEN 70 ERRORS ARE STATISTICAL ONLY. DXI/DL FROM FIG.4.
DALLY 72 IS A REANALYSIS OF CHIEN 70. THE DALLY 72 RESULT IS
NOT COMPATIBLE WITH ASSUMPTION L-=0 SO NOT INCLUDED IN OUR FIT.
THE NON-ZERO L- VALUE AND THE RELATIVELY LARGE L+ VALUE FOUND BY
DALLY 72 COME MAINLY FROH A SINGLE LOW T BIN (F IGS. 1,2) .
THE (F+,XI ) CORRELATION WAS IGNORED.
WE ESTIMATE FROM FIG. 2 THAT FIXING L-=0 WOULD GIVE XI(0)=-1.4+-0.3
AND WOULD AOD 1G TO CHI SQUARED. DXI/DL IS NOT GIVEN.
ALBROW 72 FIT HAS L- FREE, GETS L-=-.030+-.060 OR LAM=+. 15+.17- ~ 11.
PEACH 73 GIVES XI0~-.95+-.45 FOR L+=L-=.025 . THE ABOVE VALUE IS
FOR L-~0. K. PEACH, PRIVATE COHMUNI CAT ION& 19?4) .
DONALDSON2 74 GIVES XI=- ~ 11+-~ 02 NOT INCLUDING SYSTEMATICS. ABOVE
ERROR ANO DXI/DL WERE CALCULATED BY US FROM LO AND L+ ERRORS &WHICH
IMCLUDE SYSTEMATICS) AND DLO/OL+.
BUCHANAN 75 IS CALCULATED BY US FROM LG, L+ AND DLO/OL+ BECAUSE
THEIR APPENDIX A VALUE —.20+-22 ASSUMES XI(T) CONSTANT, I.E. L-~L+.
HILL 79 AND CHO 80 CALCUI ATED BY US FROM LO, L+, AND DLG/DL+ ~

BIRULEV 81 ERROR, OXI/DL CALC. BY US FROH LG, L+. DLO/DL+ 0 USED.

NTO QUADRATIC COEFF. II FOR KL —) PI+ PI- PIO MATRIX ELENENT SQUARED
HTO Q 29K (-0.011) (0.018) ALBROW 70 ASPK
HTO Q 4400 (0.043) (0.052) SMITH 70 OSPK
HTG 509K 0.079 0.007 HESSNER 74 ASPK
HTO 6499 0.095 0.032 CHO 77 HBC
HTO 4709 0.048 0.036 PEACH 77 HBC
HTO SEE NOTES IN SECTION GTO ABOVE.
HTO
HTO AVG 0.0786 0.0067 AVERAGE

KTO QUADRATIC COEFF. K FOR KL —) PI+ PI- PIO MATRIX ELEMENT SQUARED
KTO 509K 0.0097 G. 0018 MESSNER 74 ASPK
KTO 6499 0.024 0.010 CHO 77 HBC
KTO 4709 -0.008 0.012 PEACH 77 HBC
KTO ~ ~ ~ ~ ~ ~ ~ ~

KTO AVG 0.0098 0.0018 AVERAGE

JTO LINEAR COEFF. J FOR KL —) PI+ PI- PIG CP VIOLATIN6 TERil
JTO LISTED IN CP VIOLATION SECTION BELOW.

1/79
1/79
3/78
3/78
3/78
1/79

3/78
3/78
3/78

1/79
1/79

1/74
1/74
1/74
1/74
1/74
1/74

11/75
2/76
4/82
4/82
4/82

3/84*

1/74
1/74
1/74
1/74
'I /74
2/76
1/74
1/74
1/74
1/74
1/74
1/74
'1/74
1/74

11/75
11/75
11/75
2/76
2/76
4/82
4/82

WEIGHTED AVERAGE = 0. 670 + 0.014
ERROR SCALED BY 1, 6

WEIGHTED AVERAGE = -0.074 + 0.061
ERROR SCALED BY 1.2

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

H ?7 HBC
77 HBC

NER 74 ASPK

1

0. 55 0. 60 0. 65 0. 70 0.75 0, 80
TAU 0 SLOPE PARAMETER FOR KL

CH I SQ
4. 7
0. 2
0. 5

5. 4

(CONLEV
=0.066)

-BIRULEV
-CHO
- HILL
. BUCHANAN

-DONALDSZ
-ALBROW

I I

-2. 5 —1.5 —0. 5 0. 5 1.5

XIA = F-/F+ FOR KOMU3 DECAY SPECTRA

CH ISQ
81 SPEC 0. 1

80 HBC 4. 4
79 STRC 0. 8
75 SPEC 0. 6
74 SPEC 0. 3
72 ASPK

6. 1

(CONLEV
=0. 189)
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For notation, see key at front of Listings. Stable Particles
0
L

XIS
XIB
XIB
XI 8
XI 8
XIB
XIB
XI 8
XIB
XIS
XIB
XIB
XIB
XI 8
XI 8
XIB
XI 8
XIB

XIS
XIS

XIC
XIC
XIC
XIC
XIC
XIC
XIC
XIC
XIC
XIC
XIC
XIC
XIC

BR,
BR,
BR,
SR,

BR,
BR,
BR,

FROM FIT (ERROR INCLUDES SCALE F ACTOR OF 2 ' 3)
FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION.

E EVANS 73 REPLACES EVANS 69.
XIC F-/F+ (DETERMINED FROM MU POLARIZATION IN KMU3)
THE MU POLARIZATION IS A MEASURE OF XI(T). NO ASSUMPTIONS ON I+-
NECESSARY, T (MEIGHTED BY SENSITIVITY TO XIO) SHOULD BE SPECIFIED.
IN L+,XI(0) PARAMETERIZATION THIS IS XI (0) FOR 1+~0. DXI/DL~XI*T.

FOR RAD. CORR. TO MUON POLARIZATION IN KMU3, SEE GINSBERG 73.
T 2608 (-1 ~ 2) (0.5) AUERBACH 66 OSPK POLARIZATION
T 638 (-1 ' 6) (0.5) ABRAMS 68 OSPK POLARIZATION

L -1.81 0.50 0.26 LONGO 69 CNTR POL. T 3.3S2.2M -0.385 0. 105 SANDWE ISS 73 CNTR POL(DXI/DL~-6
H207K +0 ~ 178 0. 105 CLARK 77 SPEC POL(DXI/DL~+. 68

~ ~ 1 ~ ~ ~ ~

AVG -0.17 0 ~ 28 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.9)
FIT -0.11 0 ~ 09 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3)

(SEE IDEOGRAM BELOM)

XIS F-/F+ (DETERMINED FROM KMU3/KE3)
THE KMU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETMEEN XI(0)
AND L+. ME QUOTE THE AUTHORS XI (0) ANO ASSOCIATED L+ BUT DO NOT
AVERAGE BECAUSE THE L+ VALUFS DIFFER ~ THE FIT RESULT AND SCALE
FACTOR GIVEN IN THE NOTE ON KL3 FORM FACTORS IN THE K+- SECTION OF
THE DATA CARDS ARE NOT OBTAINED FROM THESE XIB VALUES. INSTEAD
THEY ARE OBTAINED DIRECTLY FROM THE AUTHORS KMU3/KE3 BRANCHING
RATIO VIA THE FITTED KMU3/KE3 RATIO &R10) ~

389 &+1.1) (1.1) ADAIR 64 HBC L+ 0(+0.66) (0 ~ 9) (1.3) LUERS 64 HBC L+~0
(+0 ~ 2) (0 ~ 8) (1.2) KULYUKINA 68 CC L+ 0

569 (+0.45) .(0.28) BEILLIERE 69 HLBC L+ 0
E 1309 (-0.22) (0.30) EVANS 69 HLBC

3548 (-0.5) (0.5) BASILE 70 OSPK L+ .02
6700 (0 ' 5) (0.4) SRANDFNBU 73 HBC L+ .019+- ~ 013

E1309 (-0.08) (0.25) EVANS 73 HLBC L+ F 02

F IT -0. 11 0.09

1/74
1/74
1/74
2/76
2/76
2/76
2/76
1/74
1/74
1/74
1/74
'I/74
1/74
1/74
1/74

3/84*

1/74

2/72
8/67
5/69
1/74
1/74

11/77

3/84*

WEIGHTED AVERAGE = 0.0347 + 0. 0049
ERROR SCALED BY 2. 1

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

CH I SQ
81 SPEC
80 HBC 0. 5
79 STRC 0. 4
75 SPEC
74 SPEC 2. 5
72 ASPK 11.2

17.8
(CONLEV
=0.001)

IRULEV
HO

ILL
UCHANAN

ONALDSZ
l BROW

I

0, 00 0. 04 0.08 0. 12 0. 16
LAMBDA + (L IN. E DEP. OF F+, KOMU3 DEC. )

XIC
XIC
XIC
XIC
XIC

1/74
1/74
1/74

11/77

WE I GHTED AVERAGE = -0. 17 + O. 28
ERROR SCALED BY 3. 9

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

CH I SQ
. CLARK 77 SPEC 10.7
-SANDWEISS 7D CNTR 4. 3
~ LONGO 69 CNTR

-2. 5 —1.5 -0. 5 0. 5 1.5

X I C = F-/F+ FOR KOMUD DECAY MU POLAR I Z.

15. 1

(CONLEV
=0. 000)

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION.
T T VALUE NOT GIVEN.

L LONGO 69 T 3.3 CALC. FROM DXI/DL -6.0 (TABLE 1) DIVIDED BY XI -1.81
S SANDMEISS 73 IS FOR L+~0 AND T~O.
H CLARK 77 T~+3.80( DXI/OL~XI (T)*T=.178*3.80~+ ~ 68

LO
LO L
LO 8
LO 8
LO 8
LO A

LO A
LO C

LO C

LO C

LO C
LO P
LO R
LO R
LO E
LO F
LO F
LO G
LO H

LO H

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION.
LO VALUE IS FOR L+~0.03 CALCULATED BY US FROM XIO AND OXI/DL.
BASILE 70 LO IS FOR L+~0. CALCULATED BY US FROM XIA WITH OXI/OL~O.
BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST
THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE.
ALBROW 72 LO IS CALCULATED BY US FROM XI A, L+ ANO OX I/DL. THEY GIVE
L0~-.043+-.039 FOR L-~0. WE USE OUR LARGER CALCULATED ERROR.
DALLY 72 GIVES F0~1.20+-.35, L0~-.080+-.272( LOPRIME —.006+-.045,
SUT WITH A DIFFERENT DEFINITION OF LO. OUR QUOTED LO IS HIS LO/FO.
ME CANNOT CALCULATE TRUE LO ERROR WITHOUT HIS (LO, FO) CORRELATIONS.
SEE ALSO NOTE C IN SECTION XI'
PEACH 73 ASSUMES L+~0. 025. CALCULATED BY US FROM Xi0 AND DXIO/DL+.
FIT FOR LO DOES NOT INCLUDE THIS VALUE BUT INSTEAD INCLUDES THE
KMU3/KE3 RESULT FROM THIS EXPERIMENT.
OONALDSON2 74 DLO/DL+ OBTAINED FROM FIG. 18.
BUCHANAN 75 VALUE IS FROM THEIR APPENDIX A ANO USES ONLY KMU3 DATA.
DL0/DL+ WAS OBTAINED BY PRIVATE COMMUNICATION, C. BUCHANAN, 1976.
CHO 80 BR RESULT NOT INDEPENDENT OF THEIR DP RESULT.
BIRULEV 81 GIVES DLO/OL+ -1.5, GIVING AN UNREASONABLY NARROW ERROR
ELLIPSE WHICH DOMINATES ALL OTHER RESULTS. ME USE DLO/DL+=0.

LO LAMBDA 0 (LINEAR ENERGY DEPENDENCE OF FO IN KNU3 DECAY&
LO WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES OF XI (0) INTO
LO VALUES OF LO USING THE ASSOC IATEO I+M AND DXI/DL ~

LO L 1371 +0.08 (0.07) CARPENTER 66 OSPK DP, DLO/DL+~-0. 54
LO L -0.140 (0.043) (0.022)LONGO 69 CNTR POL, DLO/DL+=+. 49
LO 8 3140 (-0.333) (0.034) BASILE 70 OSPK DP, DLO/DL+=+1.
LO A 9086 -0.043 0.052 ALSROM 72 ASPK DP(DLO/DL+~-1 ' 39
LO C 16K (-0.067) (0.227) DALLY 72 ASPK DP, DLO/DL+ UNKY
LO R 6700 (+0.06) (0.03) BRANDENBU 73 HBC BR(L+~.019+-.013
LO P 1385 -0.060 (0.038)' PEACH 73 HLBC DP, DLO/DL+~-0. 71
LO L 2.2M -0.018 (0.009) SANOME ISS 73 CNTR POL, DLO/DL+=+. 49
LO 82K (+0.024) (0.011) ALSRECHT 74 MIRE REPL. BY BIRULEV 81
LO E 1.6M +0.019 0.004 DONALDS2 74 SPEC DP(DLO/DL+~-0. 47
LO F 32K +0.025 0.019 BUCHANAN 75 SPEC DP, DLO/DL+ +0.5
LO L 207K +0.047 (0.009) CLARK 77 SPEC POL, DLO/DL+ 1.06
LO 47K (+0.0485) (0.0076) DZHOROZHA 77 SPEC REPLY BY BIRULEV 81
LO 16K +0.039 0.010 HILL 79 STRC DP(DLO/DL+~-0. 67
LO 14K +0.050 0.008 CHO 80 HBC DP(DLO/OL+~-0 ~ 1 1
LO G 14K (0.041) (0.008) CHO 80 HBC BR, L+~0. 028
LO H 150K 0.0341 0.0067 BIRULEV 81 SPEC DP(OLO/DL+~?

LO AVG 0.0279 0.0057 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9)
LO FIT 0.025 0.006 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3)

&SEE IDEOGRAM BELOW)

1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74

11/75
10/74
2/76

11/77
12/79
12/79
2/82
2/82
4/82

3/84~

1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
2/76
2/76

11/75
2/76
2/76
4/82
4/82
4/82

IXI
IXI
IXI
IXI
IXI
IXI
IXI
IXI
IXI
IXI
IXI
IXI
IXI

INA6INARY PART OF XI CTEST OF T REVERSAL&-0.2 0.6 ABRAMS 68 OSPK POLARIZATION
-0 ' 02 0.08 LONGO 69 CNTR POL. T~3.3

2.2M -0 ' 060 0.045 SANDMEISS 73 CNTR POL, T~O
S2.2M -0.085 0.064 SANDWE ISS 73 CNTR POL ( T~O
C207K 0.35 0.30 CLARK 77 SPEC POL, T~O

(0 ~ 012) (0.026) SCHMIDT 79 CNTR REPLY BY MORSE 80
12M 0.009 0.030 MORSE 80 CNTR POLARIZATION

S SANDMEISS 73 VALUE CORRECTED FROM VALUE QUOTED IN THEIR PAPER DUE
S TO NEM VALUE OF RE(XI) ~ SEE FTNOTE 4 OF SCHMIDT 79.
C CLARK 77 VALUE HAS ADDITIONAL XIO DEPENDENCE +0.21+RE(XIO).

AVG -0 ' 020 0.022 AVERAGE

10/69
11/69

1/74
12/79
11/77
12/79
10/81
12/79
12/79
11/77

WE I GHTED AVERAGE = 0.0279 + 0.0057
ERROR SCALED BY 1.9

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

L+M
L+M
L+M
L+M
L+M
L+M
L+M
L+M
L+M
L+M
L+th
L+M
L+th
L+M
l.+th
L+M

L+M

LNhDDA + (LINEAR ENER6Y DEPENDENCE OF F+ IN KMU3 DECAY)
SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTION XIA AND LO.
FOR RAD. COR. OF KMU3 DP SEE GINSBURG 70 AND SECHERRAMY 70 '

16K (0 F 07) (0.02) CHIEN 70 ASPK REPLY BY DALLY 72
A9086 0.085 0.015 ALBROM 72 ASPK DP

16K (0 ' 11) (0.04) DALLY 72 ASPK DP
82K (0 ' 046) &0.008) ALBRECHT 74 MIRE REPL ~ BY BIRULEV 81

1.6M 0.030 0.003 OONALDS2 74 SPEC DP
32K 0.046 0.030 BUCHANAN 75 SPEC DP

129K (0.0337) (0.0033) DZHORDZHA 77 SPEC REPLY BY BIRULEV 81
16K 0.028 0.011 HILL 79 STRC DP
14K 0.028 0.010 CHO 80 HBC DP

150K 0 ' 0427 0.0044 8 IRULEV 81 SPEC DP

AVG 0.0347 0.0049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 1)
FIT 0.034 0.005 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3)

(SEE IDEOGRAM BELOW)

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN 1982 EDITION ~

3/74
1/74
1/74
1/74

'}1/75
10/74
9/75

12/79
12/79
2/82
1/82

3/844'

- B IRULEV
-CHO
-Hll L

BUCHANAN

-DONALDS2
-ALBROW

81 SPEC
80 HBC
79 STRC
75 SPEC
74 SPEC
72 ASPK

-0. 10 -0.05 0. 00 0, 05 0. 10 0, 15
LAMBDA 0 (LIN. E DEP, OF FO, KOMU3 DEC. )

CH I SQ
0. 8
7, 6
1.2
0. 0
5. 0

14. 7
(CONLEV
=0. 005)
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Stable Particles Data Card Listings

L+E LANSDA + (LINEAR ENER6Y DEPENDENCE OF F+ IN KO E3 DECAY)
LIE FOR RAD. COR ~ OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY 70.
L+E 153 +0.07 0.06 LUERS 64 HBC DP, NO RC
L+E 577 +0.15 0 ~ 08 FISHER 65 OSPK DP, NO RC
L+E 762 -0.01 0 ' 02 FIRESTONE 67 HBC DP, NO RC
L+E 531 +0.01 0 ~ 015 KADYK 67 HBC E, PI, NO RC
L+E 240 +0.08 0.10 0 ~ 08 LOWYS 67 FBC PI
L+E 1000 0 ~ 02 0 ~ 013 ARONSON 68 OSPK PI
L+E 4800 +0.023 0 ' 012 BASILE 68 OSPK DP, NO RC
L+E 42K 0.023 0.005 BISI 71 ASPK DP
L+E 16K 0 ~ 05 0.01 CHIEN 71 ASPK DP, NO RC
L+E 1910 0 ~ 022 0.014 NEUHOF ER 72 ASPK P I
L+E 5600 0 ' 045 0 ' 014 ALBROW 73 ASPK DP
L+E 1871 0 ~ 019 0.013 BRANDENBU 73 HBC PI TRANSV.
L+E 2171 0 ~ 040 0.012 WANG 74 OSPK DP
L+E 25K 0 ' 0270 0.0028 BLUMENTHA 75 SPEC DP
L+E 24K 0.044 0.006 BUCHANAN 75 SPEC DP
L+E 48K (0 ' 032) (0.0042) BIRULEV 76 SPEC REPL. BY BIRULEV 81
L+E 500K 0 ' 0312 0.0025 GJESDAL 76 SPEC DP
L+E E 12K 0.025 0.005 ENGLER 78 HBC DP
l.+E 18K 0.0348 0.0044 HI LL 78 STRC DP
L+E 26K (0 ' 0286) (0.0049) BIRULEV 79 SPEC REPL. BY BIRULEV 81
LeE E 19K (0.029) (0.005) CHO 80 HBC DP
L+E 74K 0.0306 0.0034 BIRULE V 81 SPEC DP
L+E E ENGLER 78 USES UNIQUE KE3 SUBSET Of CHO 80 EVENTS AND IS LESS
L+E E SUBJECT TO SYSTEMATIC EFFECTS ~

L+E ~ I ~ ~ ~ ~ ~ ~

L+E AVG 0 ~ 0300 0.0016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
(SEE IDEOGRAM BELOW)

3/74

8/67
8/67
8/67
8/67
5/69
3/68

12/71
6/71
1/73
9/73
1/74
7/74
7/75
7/75
1/78
1/77
7/79
6/'78

10/81
2/82
1/82
2/82
2/82

CP violation. Experimenters have used several forms

for this CP-violation term. As described in the "Note

on Slope Parameters for K ~ 3~ Decays" in the 1982
edition of this Review, 4 we have converted all results to
coef5cient j and have listed the results in section JTO

below. The coeQicient j is consistent with zero, i.e.,
absence of CP violation.

(b) Asymmetry in the Ic& ~~ e —v decays. The

quantity measured and compiled here is

r(K~ ~ e+~) —r(KL ~+e ~)

r(K~-~-e+.)+ r(KL ~+e-,)
WEIGHTED AVERAGE = 0.0300 + 0.0016

ERROR SCALED BY 1, 2

-0. 1 0.0 0. 1 0. 2

- B IRULEV 81
- HILL 78
. ENGLER 78
GJESDAL 76

. BUCHANAN 75
-BLUMENTHA 75
. WANG 74
-BRANDENBU 73
-ALBROW 73
-NEUHOFER 72
-CH[EN 71
. B I S I 71
- BAS ILE 68
-ARONSON 68
-LOWYS 67
. KADYK 67
. FIRESTONE 67
-FISHER 65
. LUERS 64

0, 3 0. 4

LAMBDA+ FOR KE3 DECAY OF KL

SPEC
STRC
HBC
SPEC
SPEC
SPEC
OSPK
HBC
ASPK
ASPK
ASPK
ASPK
OSPK
OSPK
FBC
HBC
HBC
OSPK
HBC

CHISQ
0. 0
1.2
1.0
0. 2
5 4

0. 7
0. 7
1. 1

0. 3

2. 0
0. 3
0. 6

1.8

20. 6
(CONLEV
=0, 112)

FS
FS
FS
FS
FS
FS

FS/F+ RATIO OF SCALAR TO F+
(0.15) OR LESS CL~ ~ 68

5600 (0.19) OR LESS CL~.95
25K (0.04) OR LESS CL~.68
48K (0.07) OR LESS CL~. 68
18K (0.095)OR LESS CL-.95

COUPLINGS FOR KE3 DECAY(ASS. VALUE& ——
KULYUKINA 67 CC
ALBROW ?3 ASPK
BLUMENTHA 75 SPEC
BIRULEV 76 SPEC SEE ALSO BIRULEV 81
HILL 78 STRC

10/69
9/73
7/75
1/78
6/78

FT FT/
FT
FT 5600
FT 25K
FT 48K
FT 18K

F+ RATIO OF TENSOR TO F+
(1.0) OR LESS CL~. 68
(1.0) OR LESS CL~. 95
(0.23) QR LESS CL~.68
(0.34) OR LESS CL~.68
(0.40) OR LESS CL~. 95

COUPLINGS FOR KE3 DECAY(ABS. VALUE) ——
KULYUKINA 67 CC
ALBROW 73 ASPK .

BLUMENTHA 75 SPEC
BIRULEV 76 SPEC SEE ALSO BIRULEV 81
HILL 78 STRC

'I 0/69
9/73
7/75
1/78
6/78

FTN FT/F+ RATIO OF TENSOR TO F+ COUPLIN6S FOR KMU3 DECAY(ASS. VALUE& ——
FTM (0.12) (0 ~ 12) BIRULEV 81 SPEC 2/82

NOTE ON CP VIOLATION IN K~ DECAY

We list the paraxneters which measure CP violation
in K& decays and compare them with superweak model

predictions.

Parameters

There are three different K& decays in which Cp can
be tested (for details, see Okun and Rubbial, Stein-

berger, and Wolfenstein ).
(a) Charge asymmetryin KL ~~ ~ ~ decays. As

was discussed in the note on K ~ 3~ decay in the K—
section of the Data Card Listings, the Dalitz plot distri-
bution for this decay contains a charge asymmetry term
with coe6icient j, the presence of which would indicate

This asymmetry violates CP invariance. If CPT is good,

for a pure Ko& beam, 6 can be written as

il = 2[(1 —Ixl )/(I 1 —xI )] Re e,

where x is defined below in the "Note on the AS = &Q

Rule in K Decay, " and e is the parameter of the expan-

sion

I KL& = [(1 + ~) I
K& —(1 —~)

I
K) ]/[2(1 +

I
~

I )]'t, (la)

IK &
= [(I+.)IK)+(1-.)IK&]/[2(i+ I.I')]' '. (lb)

We list 5 separately for KL x'p, v and KL ~ev in

sections A1 and A2 respectively, and list the combined

values in section AL.

(c) E& ~ 2w decay. The relevant parameters are

~+ ——A(KL ~+~ )/A(K ~+~ )

= Ig+ I exp(if+ ),

igloo
= A(KL~ n. m. )/A(KS ~~ n. )

=
I &oo I e"p('&oo) ~

e, defined in Eqs. (1) above, and

' = 2'tv 2 exp[i(b2 ~o)] 'm(A2/ o) .

Here, A; and 8; are the amplitude and phase of n.m

scattering at the K Inass, defined by

(I=OITIK) = exp(i60)AO,

(I=2 IT IK) = exp(ib2)A2.

%'u and Yangs have derived the relationships

'Q+ = 6+6, goo
= 6 24
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For notation, see key at front of I.istings. Stable Particles

Measurements of
I rt+ —I I &oo)2 ~+, and y~ are

listed in sections E+—,EOS, F+—,and FOO. The FIT
values given in these sections come from constrained
fits which include the

) igloo ) /) g+ )
and goo

—P+
measurements from sections ER and DF, respectively.

Snperweak model predictions for
) iloo/y+ ), p+, and

Re a

The superweak predictions are within one standard

deviation of the data except for the measured value of

$00, which is two standard deviations above the predic-

tion. This results primarily from the CHRISTENSON1

79 measurement $00 (55.7 + 5.8) .

References

The superweak model6 predicts that7

l&oo/&+- I
= 1

26m= goo = tail

and

Re & = I~+- I
i+

'ZAmr ' '
Ts

and

4+ = goo (43.67 + 0.14)

Re 4 = (1.645 + 0.016)x10

The above predictions can be compared with the
experimental values

Igloo/it+ )
= 1.023 ~ 0.036,

= (44.6 + 1.2),

goo = (54.5 ~ 5.3),

Re e = (1.621 + 0.088)x10

The latter two expressions and the values of the K
0

L
Ks mass difference hm (0.5349 a 0.0022)x1010 lt

sec 1, the KO mean life rS - (0.8923 + 0.0022)x10
sec, and the magnitude of the (K ~ s.+s )/(Kg ~L

) amplitude ratio
) it+ )

- (2.274 ~
30.022)x10, all from the current edition, result in the

predictions that
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13 CP VIOLATION PARAMETERS IN KL DECAYS

——————————13 CHARGE ASYINETRY IN TAU DECAYS—————————--———

JTO CP VIOL. COEFF. J FOR KL —& PI+ PI- PIO MATRIX ELEMENT SQUARED.
JTO DEFINED AT BEGINNING OF SECTION GTO ABOVE. SEE ALSO NOTE ON SLOPE
JTO PARAMETERS IN CHARGED K SECTION AND NOTE ON CP VIOLATION IN KL

JTO DECAY ABOVE.
JTO 238K 0.001 0.004 BLANPIED 68
JTO 3M 0.0013 0 ~ 0009 SCR I BANO 70
JTO 4400 0.0 0 ~ 017 SMITH 70 OSPK
JTO 6499 0.00'1 0.011 CHO 77
JTO 4709 -0.001 0 ' 003 PEACH 77
JTO
JTO AVG 0.00110 0.00084 AVERAGE

——————————13 CNAR6E ASYINETRY IN LEPTONIC DECAYS (PERCENT) ————

SUCH ASYMMETRY VIOLATES CP . IT IS RELATED TO REAL(EPSILON).

A1 KL INTO (Nl+PI-NU)-(NU-PI+NU)/(W+PI-NU)+(NU-PI+NU) (PERCENT)
A1 D 1M (0.403) (0.134) DORFAN 67 OSPK DERIVED FROM R16
A1 D 1M 0.57 0 ~ 17 PACIOTTI 69' OSPK
A1 7.7M 0.278 0.051 PI CC IONI 72 ASPK
A1 4. 1M 0.60 0. 14 MCCARTHY 73 CNTR

A1 15M 0.313 0 ~ 029 GEMENIG1 74 ASPK
A1 D PACIOTTI 69 IS A REANALYSIS OF DORFAN 67 AND IS CORRECTED FOR

A1 D MU+ MU- RANGE DIFFERENCE IN MC CARTHY 72.
A1 ~ ~ ~ ~ ~ L ~ ~

A1 AVG 0.319 0.038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
(SEE IDEOGRAM BELO|t)

WEIGHTED AVERAGE = 0, 319 + 0.058
ERROR SCALED BY &. 5

1/79
1/79
1/79
1/79
1/79

11/67
1/73
1/73
6/73
7/74
1/73
'l /73

where Re e has been computed using the relation

Re. = —,
'

i 1 —Ix)
and our current values of the charge asymmetry parame-
ter for leptonic KOL decay b - (0.330 ~ 0.012)% and the
hS - —EQ amplitude (Rex, Imx) - (0.009 ~ 0.020,
—0.004 + 0.026).

. GEWEN I G1
-MCCARTHY
- P I CC ION I
- PAC IOTT I

I

0. 0 0. 2 0. 4 0.6 0, 8 1.0
CHARGE ASYMMETRY FOR KL ——) MU PI NU

74 ASPK
73 CNTR
72 ASPK
69 OSPK

CH I SQ
0. 0
4, 0
0. 6

4, 7
(CONLEV
=0.094)
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Stable Particles
0

Data Card Listings

A?
A2
A2
A2
A2
A2
A2
A2
A2
A2

AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL

KL INTO (6+PI-NU)-(E-PI+NU) I(E+P I-NU)+(E-PI+NU)
8 10M (0.224) (0.036) BENNETT 67 CNTR

8 10M 0 ' 246 0.059 SAAL 69 CNTR
10M 0 ' 346 0.033 MARX 70 CNTR

600K 0 ~ 36 0 ~ 18 ASHFORD 72 ASPK
40N 0.318 0.038 F I TCH 73 ASPK
34N 0.341 0 ~ 018 GEWEHI G1 74 ASPK

8 SAAL 69 IS A REANALYSIS OF BENNETT 67

AVG 0 ' 333 0 ' 014 AVERAGE

KL INTO ((L+)-(L-))/((L+)+(L-) ) (COMBINED A1 AND
8 10N 0.246 0.059 SAAL 69 CNTR
D 1M 0 ~ 57 0. 17 PACIOTTI 69 OSPK

10M 0 ' 346 0.033 MARX 70 CNTR
600K 0 ~ 36 0. 18 ASHFORD 72 ASPK
7 ' 7M 0.278 0.051 PI CCIONI 72 ASPK

40N 0 ~ 318 0 ~ 038 F I TCH 73 ASPK
4 ~ 1N 0.60 0. 14 MCCARTHY 73 CNTR

33N 0.333 0.050 WILL IANS 73 ASPK
15N 0 ~ 313 0.029 GEWENIG1 74 ASPK
34M 0.341 0.018 GEWENIG1 74 ASPK

SEE FOOTNOTES IN SECTIONS A1 ANO A2 ABOVE.

AVG 0 ' 330 0 ' 012 AVERAGE

(PERCENT)

A?) (PERCENT)
KE3
KMU3
KE3
KE3
KMU3
KE3
KMU3
KMU3+KE3
KNU3
KE3

——————————13 PARAMETERS FOR KL INTO ?PI DECAY——————————
ETA+- . ~ A(KL TO PI+PI-)/A(KS TO PI+PI-)
ETAOO ~ A(KL TO PIOPIO)/A(KS TO PIOPIO)

THE FITTED VALUES OF ETA+- AND ETAOO GIVEN BELOW ARE THE RESULTS
OF A F IT TO ETA+-, ETAOO AND ETAOO/ETA+- RESULTS. THE VALUES LISTED
BELOW WHICH ARE NOT PARENTHESIZED ENTER THE FIT AS SHO'WN. THE
VALUES WHICH ARE PARENTHESIZED AND BEAR THE FOOTNOTE X DO NOT ENTER
THE FIT AS SHOWN. THESE EXPERIMENTS GIVE BRANCHING RATIOS ANO ENTER
THE FIT VIA THE QUANTITY ACTUALLY MEASURED -- BRANCHING RATIOS
R9, R20 ANO R27 (ETA+-) AND R17 AND R19 (ETAOO) . THESE BRANCHING
RATIOS ARE COMBINED WITH CURRENT NORNALIZATIONS AND CURRENT Kt. AND KS
MEAN LIVES TO OBTAIN PI PI RATES. THE ETA+- ANO ETAOO VALUES OBTAINED
FROM THESE RATES ARE ENTERED BELOW WITH THE NAME 'GKL/GKS'.

11/67
10/70
10/70
2/72

12/73
7/74

2/71
1/73
2/71
2/72
1/73

12/73
6/73

12/73
7/74
7/74
1/73

F+-
F+-
F+-
F+-
F+-
F+-
F+-

F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-

GEWENI G2 74 ASPK
CARITHERS 75 SPEC
CHRISTE2 79 ASPK
ARONSON2 82 SPEC

G 46 ~ 5 1 ~ 6
H 45 ' 5 2 ' 8

41 ~ 7 3 ~ 5
A (35 ' 3) (3 ' 9) E~30-110 GEV

AVG 44.6 1.2
FIT 44 ~ 6 1.2

COMMENTS
N BENNETT 69 IS A REEVALUATION OF BENNETT2 68.
C SENNETT 69 USES NEASURENENT OF (F+-)-(PHIF) OF ALFF-STEINBERGER 66.
C SENNETT 69 F+-~(34.9+-10.0)+ 69*(DM-.545) DEG ~ FR~-49 ' 9+-5.4 DEG.
8 SOHM 69 F+-~(41 ' 0+-12.0)+479*(DM-.526) DEG.
F FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE ~

F FAISSNER 69 F+-~(49.3+-7.4)+205*(DM-. 555) DEG. FR~-42. 7+-5.0 DEG.
J JENSEN 70 F+-~(42 ' 4+-4. 0)+576*(DM-.538) DEG.
O BALATS 71 F+-~(39.0+-12.0)+198*(DM-.544) OEG. FR~-43.0+-4.0 DEG.
P CARNEGIE 72 F+- IS INSENSITIVE TO DN. FR~-56.2+-5. 2 DEG.
G GEWENI G2 74 F+-~(49.4+-1.0)+5&5*(DM-.540) DEG.
H CAR I THER 75 F+-=(45.5+-2.8)+224*(DN-. 5348) OEG. FR~-40.9e-2.6 DEG.

A ARONSON 82 FIND THAT PHI+- MAY DEPEND ON THE KAOH ENERGY

VACUUM REGEN
C REGEN

AVERAGE
FROM FIT

PHIOO, THE PHASE OF ETA 00
F IRST QUADRANT PREFERRED

51.0 30.0
56 38 ' 0 25 ' 0

55.7 5.8
CHOLLET 70 USES REGENERATOR
WOLFF 71 USES REGENERATOR

(OE6REES)
GOBBI 69 OSPK
CHOLLET 70 OSPK CU REG. , 4 GANNAS
WOLFF 71 OSPK CU REG. , 4 GANNAS
CHRISTE1 79 ASPK

PHASE FR=-46 ' 5+-4.4 DEG.
PHASE FR~-48. 2+-3.5 DEG ~

FOO
FOO
FOO C
FOO W

FOO
FOO C
FOO W

FOO
FOO AVG
FOO F IT

54.7 5.6 AVERAGE
54.5 5.3 FROM FI&

OF PHASE OIFFERENCE PHIOO —PHI+- (OE6REES)————————————
DF 8 7.6 18.0 BARBIELLI 73 ASPK
DF C (12 ' 6) (6.2) CHR I STE1 79 ASPK
DF 8 INDEPENDENT OF REGENERATOR NECHANISM, DN, ANO LIFETIMES.
DF C NOT INDEPENDENT OF PHI+- AND PHI00 VALUES WHICH ARE INCLUDED IN FIT
DF ~ ~ ~ ~ ~ ~ ~

OF FIT 9 ~ 8 5.4 FROM F I T

3/74
7/75

12/79
1/83»

3/84*

11/69
2/71
2/71
2/71

11/69
2/71
2/71
9/71
1/73
3/74

11/75
1/83*

11/69
10/70
12/71
12/79

1/73
1/73

3/84»

7/73
2/80
7/73
2/80

3/84»

EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS

EOO
EOO

E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-

CU REG. , 4GAMMAS

ETAOO A(KL TO ?PIO)/A(KS TO ?PIO) (UNITS 10»»-3)
THE FIT VALUE ABOVE FOR ETAOO**2 CORRESPONDS TO ETAOO 2.325+-0.082

ETA+- A(KL TO PI+PI-) IA(KS TO PI+PI-) UNITS 1»»-3
X 45 (1.95) (0.20) CHRISTENS 64 OSPK
X 54 (1.99) (0 ~ 16) GALBRAITH 65 OSPK
X (1 ~ 92) (0 ~ 13) BASILE 66 OSPK
X (1.95) (0 ~ 04) BOTT-BODE 66 OSPK
X (2.00) (0.09) DEBOUARD 67 OSPK
X & 1.94) (0.08) FITCH 67 OSPK
AX (1.95) (0 ~ 03) GKL/GKS 71 RVUE EXPTS ~ BEFORE 71
A AVERAGE OF ABOVE EXPERIMENTS. THESE ARE EXCLUDED FROM THE GKL/GKS,
A AVERAGE, AND FIT VALUES BELOW SINCE THEY DO NOT AGREE WITH MORE
A RECENT PRECISE AND IN PRINCIPLE SUPERIOR EXPERIMENTS.
X 4200 (2.23) (0 F 05) MESSNER 73 ASPK

2 ' 30 0 ' 035 GEWENIG2 74 ASPK
X 2703 (2 ' 25) (0 ' 05) DEVOE 77 SPEC

2.27 0 ~ 12 CHRISTE2 79 ASPK
X 2 ' 255 0 ' 029 GKL/GKS 84 RVUE BR EXP. AFTER 71

Z (2.09) (0.02) ARONSON2 82 SPEC E~30-110 GEV
Z ARONSON 82 FINO THAT ETA+- MAY DEPEND ON THE KAON ENERGY
X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAOO.

AVG 2 ' 273 0.022 AVERAGE
FIT 2.274 0.022 FROM FIT

(ETAOO)*»2 (A(KL TO 2PIO)/A(KS TO 2PIO))»»2 (UNITS 10»»-6)
x 0 &-2. ) &7.0) BARTLETT 68 OSPK
X 57 (4.9) (1.2) BANNER 69 OSPK
XR 133 (14 ~ 1) (3.4) CENCE 69 OSPK
XF 180 (13 ' ) (4. ) GAILLARD 69 OSPK
X 29 (4.08) (0 9) BARMIN 70 HLBC
X 30 (3 ~ 61) (1 .9) BUDAGOV 70 HLBC

C 8 ~ 7 3 ~ 7 CHOLLET 70 OSPK
XF 172 (9.9) (3.4) FAISSNER .70 OSPK

C 56 7 ' 4 2.0 WOLF F 71 OSPK
XR 150 (14 ~ 1) (3.4) REY 76 OSPK

5 ' 43 0.84 CHRI STE1 79 ASPK
X 5 ~ 1 1 ~ 0 GKL/GKS 84 RVUE BR SCALE FACTOR~1. 5

X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAOO.
R CENCE 69 EVENTS ARE INCLUDED IN REY 76.
F FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69
C CHOLLET 70 GIVES ETAOO~(1. 23+-0 ' 24)*(REGEN ANPL, 2GEV/C CU)/10000MB
C WOLFF 71 GIVES ETA00~(1. 13+-0.12)*(REGEN AMPL, 2GEV/C CU)/10000MB
C WE COMPUTE BOTH ETA00**2 VALUES FOR (REGEN ANPL, 2GEV/C CU)~24+-2MB.
C THIS REGEN ANPL RESULTS FRON AVERAGING OVER FAISSNER 69 '
C EXTRAPOLATED USING OPTICAL MODEL CALCULTIONS OF BOHN ET AL.
C PL 278 594 (1968) AND THE DATA OF BALATS 71. (FROM H. FAISSNER,
C PRIVATE COMMUN I CAT ION)
F FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69

AVG 5.58 0.60 AVERAGE
FIT . 5.41 0.38 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

10/69
2/72

10/69
10/69
12/70
10/70
2/72

12/70
12/71
8/76

12/79
3/84*

1/77

2/72
2/72
2/72
2/72
2/72
2/72
2/72

3/84*

3/84*

2/76
2/76
2/76
2/76
2/76
2/76
2/76
1/80
1/80
1/80

11/75
3/74

11/77
12/79
3/84*
1/83*
1/83»

3/84*

NOTE ON hS 6Q RULE IN Ko DECAYS

x=A(K' ~ e+~)/Age' ~ e+~).

We list Re{x) and Im(x) for K 3 and K 3 combined.

13 X ~ (OS~-OQ AIIPLITUOE)/(OS~+M NPLITUOE)

REX REAL PART OF X
REX C 152 0.06 0 ' 18 0 ' 44 BALDO-CE 65 HLBC K+ CHARGE EXCHNG
REX 196 0 ' 035 0 ' 11 0 ' 13 AUBERT 65 HLBC K+ CHARGE EXCHNG
REX F 109 -0.08 0 ' 16 0.28 FRANZINI 65 HBC PBAR P
REX 116 0. 17 0. 16 0.35 FELDNAN 67 OSPK PI-P TO KO LNBDA
REX N 335 (0.17) (0.10) HILL 67 DBC K+O YIELDS KOPP
REX 8 (0.03) (0.03) BENNETT1 68 CNTR
REX 121 0.09 0.07 0.09 JAMES 68 HBC PBAR P
REX 8 -0.020. 0.025 BENNETT 69 CNTR CHAR ASYM+ CU RE
REX 686 0.09 0. 14 0. 16 LITTENBER 69 OSPK K+N TO KOP
REX H 215 0. 12 0.09 CHO 70 DSC K+0 TO KOPP
REX U 222 &0.04) (0.07) (0.08) BURGUN 71 HBC K+P TO KOPPI+
REX 252 0.25 0.07 0.09 'WEBBER 71 HBC K-P TO KBAR N
REX U 410 0.03 0.06 0 ' 06 BURGUN 72 HSC K+P TO KOPPI+
REX 126 0.26 0. 10 0.14 MANN 72 HBC K-P TO KOSAR N
REX G 342 (-0.13) (0.11) MANTSCH 72 OSPK KE3 FROM KO LNS
REX G '100 (0.04) (0.10) (0.13) GRAHAM 72 OSPK KNU3 FROM KO LNB
REX G 442 -0 ' 05 0.09 GRAHAN 72 OSPK PI-P TO KO LNBDA
REX 1757 -0 F 008 0.044 FACKLER 73 OSPK KE3 FROM KO
REX 1367 -0.03 0 F 07 HART 73 OSPK KE3 FROM KO LNB
REX 1079 -0.070 0.036 NALLARY 73 OSPK KE3 FROM KO LN +
REX 4724 0.04 0.03 HIEBIERGA 74 ASPK K+P TO KOPPI+
REX 79 0. 10 0. 18 0. 19 SMITH 75 WIRE PI-P TO KO LNBDA
REX C SALDO-CE 65 GIVES X AND THETA. CONVERTEO BY US TO REX AND INX ~

REX F FRANZINI 65 GIVES X AND THETA. FOR REX AND INX SEE SCHMIDT 67.
REX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67.
REX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71.
REX 8 SENNETT 69 IS A REANALYSIS OF BENNETT1 68.
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH
REX G MANTSCH 72.
REX
REX AVG 0.009 0 F 020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)

(SEE IDEOGRAM BELOW)

11/67
11/67
11/67
11/67
11/67
7/68
5/69

10/69
4/69

10/70
2/72

10/69
1/73
9/72
2/72
2/72
2/72
9/73
2/74
6/73
7/74
8/76

11/67
11/67
10/70
11/73
10/69
2/72
2/72

The relative amount of AS P AQ component present
is measured by the parameter x, defined as

ER
ER
ER
ER
ER
ER
ER
ER

F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-

AVG
FIT

PHI+- ~ THE PHASE OF ETA +- (DE6REES)
THE DEPENDENCE OF THE PHASE ON THE KL-KS MASS DIFFERENCE
IS GIVEN FOR EACH EXPERIMENT IN THE COMMENTS BELOW, WHERE DM IS,
(MASS DIFF. /HBAR) IN UNITS 10**10 SEC-1. WE HAVE EVALUATED THESE
MASS DEPENDENCES USING OUR APRIL 1982 VALUE, DN 0.5349+-0.0022
TO OBTAIN THE VALUES ANO AVERAGE QUOTED BELOW. WE ALSO GIVE THE
REGENERATOR PHASE FR IN THE COMMENTS BELOW'

0 (45.0) (50 ' 0) FITCH 65 OSPK BE REGEN
0 (30.0) (45.0) FIRESTONE 66 HB C
0 (70 ' 0) (21 ' 0) BOTT-BODE 67 OSPK C REGEN
0 (25 ~ 0) (35.0) NISCHKE 67 OSPK CU REGEN
0 OLD EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE.
N . (51 ~ 0) (11.0) BENNETT2 68 CNTR CU REG. USES

C 34 ~ 2 10 0 BENNETT 69 CNTR CU REGEN
8 45.3 12 ' 0 BOHM 69 OSPK VACUUM REGEN
F 45 ~ 2 7.4 FAI SSNER 69 ASPK CU REGEN
J 40 ' 6 4 ' 2 JENSEN 70 ASPK VACUUM REGEN
D 37.2 12 ~ 0 BALATS 71 OSPK CU REGEN
P 36.2 6 ~ 1 CARNEGIE 72 ASPK CU REGEN

RATIO OF ETAOO OVER ETA+-
124 1.03 0 F 07 BANNER1 72 OSPK
167 1.00 0.06 HOLDER 72 ASPK

C (F 00) (0 ' 09) CHRISTE1 79 ASPK
C NOT INDEPENDENT OF E+- AND EOS VALUES WHICH ARE IHCLUOEO IH FIT.

1 ' 013 0.046 AVERAGE
1.023 0.036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

8/72
8/72
2/80
2/80

3/84»

11/67
11/67
11/67
7/68
2/76
8/68
2/71
2/71
2/71
2/71
9/71
1/73

INX
IMX
INX
IMX
IMX
IMX
IMX
IMX
IMX
IMX
IMX
IMX
INX
IMX
IMX
INX
INX
INX
INX
INX
IMX
IMX
IMX
INX
IMX
IMX
INX
INX
IMX
IMX

3/68
3/68
3/68

11/67
11/67
5/69
4/69

10/70
2/72

10/69
1/73
9/72
2/72
2/72
2/72
9/73
2/74
6/73
7/74
8/76

11/67
11/67
3/68

10/70
11/73
2/72
2/72

INA6INARY PART OF X (ASSUMES N(KL)-N(KS) POSITIVE -- SEE S13O&
C 152 -0 ~ 44 0 ~ 32 0. 19 BALDO-CE 65 HLBC K+ CHARGE EXCHNG196 -0.21 0. 11 0. 15 AUBERT 65 HLSC K+ CHARGE EXCHNG
F 109 +0.24 0.40 0.30 FRANZINI 65 HBC PBAR P116 0.0 0.25 FELDNAN 67 OSPK PI-P TO KO LNBOA

N 335 (-0.20) (0.10) HILL &7 DBC K+D YIELDS KOPP
121 +0.22 0.37 0 ~ 29 JAMES 68 HBC PBAR P
686 -0.11 0.10 0 ~ 11 L I TTENBER 69 OSPK K+N TO KOP

N 215 -0.08 0.07 CHO 70 OBC K+D TO KOPP
U 222 (0.12) (0.08) &0.09) BURGUN 71 HBC K+8 TO KOPPI+

252 0.0 0.08 WEBBER 71 HBC K-P TO KBAR N
U 410 0.07 0.06 0.07 BURGUN 72 HBC K+P TO KOPPI+

126 0.21 0 ~ 15 0. 12 MANN 72 HSC K-P TO KOBAR N
G 342 (-0.04) (0.16) NANTSCH 72 OSPK KE3 FROM KO LMS
G 100 (0.12) (0.17) (0.16) GRAHAM 72 OSPK KMU3 FROM KO LNB

G 442 0.05 0. 13 GRAHAM 72 OSPK PI-P TO KO LMBDA
1757 -0 ' 017 0.060 FACKLER 73 OSPK KE3 FROM KO
1367 0.09 0.07 HART 73 OSPK KE3 FROM K0 LNS1079 0 ~ 107 0.092 0.074 MALLARY 73 OSPK KE3 FROM KO LM +
4724 -0 ' 06 0.05 NIESERGA 74 ASPK K+P TO KOPPI+

79 -0 ~ 10 0. 16 0. 19 SMITH 75 WIRE PI-P TO KO LNBDA
C BALDO-CE 65 GIVES X AND THETA. CONVERTEO BY US TO REX AND INX ~
F FRANZINI 65 GIVES X AND THETA ~ FOR REX AND IMX SEE SCHMIDT 67.

N FTNOTE 10 OF HILL 67 SHOULD READ +0 ~ 58, NOT -0.58 (PRIV. COMN. ).
N CHO 70 IS ANALYSIS OF UNANBIGUOUS EVENTS IN HEW DATA AND HILL 67.

U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71.
G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH
G MANTSCH 72 '

AVG -0.004 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
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For notation, see key at front of Listings. Stable Particles
0
L

WEIGHTED AVERAGE = 0.009 + 0.020
ERROR SCALED BY 1.4

I

0.0
REAL PART OF X

. SMITH 75

. NIEBERGA 74
MALLARY 73

. HART 73

. FACKLER 7&
-GRAHAM 72
. MANN 72
-BURGUN 72
. WEBBER 71

CHQ 70
. LITTENBER 69
BENNETT 69

. JAMES 68

. FELDMAN 67

. FRANZ INI 65

. AUBERT 65

. BALDO-CE 65
I I

0. 4 0. 8
(DELTA S = -DELTA Q AMP)

CH I SQ
WIRE
ASPK 1

OSPK 4. 8
OSPK 0, 3
OSPK 0. 1

OSPK 0. 4
HBC 4. 4
HBC 0. 1

HBC 9. 1

DBC 1.5
OSPK 0, 3
CNTR 1.3
HBC 1.0
OSPK
HBC
HLBC 0. 0
HLBC

24. 6
(CONLEV
=0. 017)

BARDON
CRAWFORD
ASTIER
FITCH
GOOD
NEAGU

ALSO

58
59
61
61
61
61
61

ANP 5 156
PRL 2 361
A I X CONF 1 227
NC 22 1160
PR 124 1223
PRL 6 552
JETP 13 1138

REFERENCES FOR KL

M BARDOH, K LANDE, L LEDERMAN (COLUMBIA+BNL)
CRAWFORD, CRESTI, DOUGLASS, GOOD + (LRL)
ASTI ER, BLASKOVIC, R IVET g S IAUO + (EPOL)
V FITCH, P PIROUE, R PERKINS (PRINCETON)
GOOD, MATSEN, MULLER, PICCIONI, POWELL + (LRL)
NEAGU, OKONOV, PETROV, ROSANOVA, RUSAKOV ( J INR)
NYAGU g OKONOV ~ PETROV g ROZANOVA g RUSAKOV ( J INR)

**««*« ««««««««« ««**««**« ««*«««««« *««««*«*« *«««**««* ««*««*«*« ***«««««

DORFAN
FELDMAN
F IRESTON
FITCH
HAWK INS
HILL

HOPK INS
KADYK
KULYUK IN
LOWYS
MI SCHKE
NEFKENS
TODOROFF

ABRAMS
ARNOLD
ARONSOH

ALSO
BALATZ
BARTLETT

BASIL E
BASIL E2
BENNETT1
BENNETT2
BLANPIEO
BUDAGOV

ALSO

CARNEGIE
JAMES

ALSO
KULYUK IN
KUNZ
ME LHOP
THATCHER

BANNER
ALSO
ALSO

BE ILL IER
BENNETT
BOHM

ALSO

BOTT-SOD
CENCE
EVANS
FAISSNER
FOETH

67
67
67
67
67
67

67
67
67
67
67
67
67

68
68
68
69
68
68

68
68
68
68
68
68
68

68
68
68
68
68
68
68

69
68
68
69
69
69
68

69
69
69
69
69

PRL 19
PR 155
PRL 18
PR 164
PR 156
PRL 19

987
1611

176
1711

1444
668

PRL 19 185
PRL 19 597

PREPRINT
PL 248 75
PRL 18 138
PR 157 1233

THESIS

PR 176 1603
PL 288 56
PRL 20 287
PR 175 1708
PL 268 320
PRL 21 558

PL 268 542
PL 288 58
PL 278 244
PL 278 248
PR}. 21 1650
NC 57A 182
PL 288 215

PR INC TR44 THESIS
HP 88 365
PRL 21 257
JETP 26 20
THESIS (PU 46)
PR 172 1613
PR 174 1674

PR 188 2033
PRL 21 1103
PRL 21 1107
PL 308 202
PL 298 317
MP 89 605
PL 278 321

CERN 69-7 329
PRL 22 1210
PRL 23 427
PL 308 204
PL 308 282

+CRONIN, L IU, P ILCHER
BANNER, CRONIN, L IU, PI LCHER
BANNER CRON IN, L IU, P I L CHER
BE I L L I ERE, BOUTANG, L I MON

+NYGREH, SAAL, STEI NBERGER+
+DARRIULAT, GROSSO, KAFTANOV+
BOHM, DARRIULAT, GROSSO, KAFTANOV

(PRINCETON)
(PRINCETON)
(PRINCETON)

&EPOL)
(COLU, BNL)

(CERN)
(CERN)

BOTT-BODENHAUSENg DE BOUARD g CASSEL+ (CERN)
CENCE, JONES, PETERSON, STENGER+ (HAWAII, LRL)
EVANS g GOLDEN gMUIR g PEACH+ (EDINBURGH ~ CERN)
+FOETH, STAUDE, TITTEL+ (AACH, CERN, TORI)
+HOLDER, RADERMACHER + (AACHEN, CERN, TORIMO)

DORFAN, ENSTROM, RAYMOND, SCHWARTZ +(SLAC+LRL)
FELDMAN, FRANKEL, HIGHLAND, SLOAN (PENN)
F I RE STONE g K I M g LACH g SANDWE I SS g + (YALE g BNL )
FITCH, ROTH, RUSS, VERNON (PRINCETON)
C J 8 HAWK INS (YALE)
HILL g LUERS g ROB INSON g CANTER+ (BNL g CARNEGI E )

HOPKINS, BACON, EISLER (BNL)
KADYK, CHAN, DRIJARD, OREN, SHELDON (LRL)
KULYUK INA+MESTVIRI SHY ILI+NEAGU + ( J INR)
LO'WYS, AUBERTgCHOUNET, PASCAUD+ (EPOlgORSA)
MI SCHK E, ABASH I AN, ABRAMS+ ( I LL INOIS)
+ABASHIAN, ABRAMS, CARPENTER, FISHER+ (ILL)
JOHN A TODOROFF ( I LL INOI S)

+ABASHIAN, MI SCHKE, NEFKENS, SMI TH+ ( I LL INOI S)
ARNOlD, BUDAGOV, GUNDY, AUBERT+ (CERN+ORSAY)
S.H. ARONSON, KITCHEN (PRINCETON)
S H ARONSON, K W CHEN (PRINCETON)
BALATZ g BEREZ IN g V I SHNEVSKY g GALANI NA+ ( ITEP)
BARTLETT, CARNEGIE, FITCH+ (PRINCETON)

SAS I LE gCRONI N g THEVEMET g TUR LAY+ (SACLAY)
+CRONIN g THEVEHET g TURLAY ZYLBERA JCH+(SACLAY)
BENNETT, NYGREN, STEINBERGER+ (COLUMBIA+CERN)
BENNETT, NYGREN, STEINBERGER+ &COLUMBIA+CERN)
BLANPIED, LEVIT ~ ENGELS+ (CASE+HARV+MCGI)
BUOAGOV g BURME I STER g CUNOY+ (CERN g OR SA g IPNP )
+GUNDY g MYATT g NEZR I CK+ (CERN g ORSA g EPOL)

R ~ K ~ CARNEGIE (PR INCETON)
F JAMES, H BR IANO ( IPNP, CERN)
HELLANDg LONGOg YOUNG (UCLA, MICH)
KULYUK INAgMESTVIRISHVI L I g NEAGU+ ( J INR)
P F KUNZ (PRINCETON)
MELHOP MURTY SOWLES, BURNETT+ (LA JOLLA)
THATCHER g ABASH I AH g ABRAMS g CAR PE MTER + ( I LL )

GAMER I NI
DARMON

ADAIR
ALEKSANY

ALSO
AN IK INA
CHRISTEN
FUJII
LUERS

ANIK INA
ANDERSON
ASTSURY1

ALSO
ASTSURY2
ASTBURY3

AUBERT
ALSO

BALOO-CE
CHRISTEN
FISHER
FITCH

FRANZ INI
GALBRAIT
GU IOON I
HOPKINS
VISHNEVS

62
62

64
64
64
64
64
64
64

65
65
65
65
65
65

65
67
65
65
65
65

65
65
65
65
65

PR 128 362
PL 3 57

PL 12 67
DUSNA 2 102
JETP 19 1019
JETP 19 42
PRL 13 138
DUSNA 2 146
PR 133 8 1276

J I NR P 2488
PRL 14 475
PL 16 80
HELV. PH. AC. 39 523
PL 18 175
PL 18 178

Pl 17 59
LOWYS
NC 38 684
PR 140 8 74
ANL 7130 83
PRL 15 73

PR 140 8 127
PRL 14 383
AR GONNE CONF 49
AR GONNE CONF 67
PL 18 339

ALFF-STE
ANIK INA
AUERBACH
AUERBACH

ALSO
BALDO-CE
BASILE

66
66
66
66
65
66
66

PL 21 595
SJNP ? 339
PRL 17 980
PR 149 1052
PRL 14 192
NC 45A 733

BALATON CONF

SEHR
BELLOTT I
BOTT-BOD
CAMER I NI
CANTER
CARPENTE
CHANG

66
66
66
66
66
66
66

PL
NC
PL
PR
PRL
PR
PL

22 540
45A 737
23 277
150 1148
17 942
142 871
23 702

66
66
66
66

CRIEGEE
F I RESTON
F IRESTON
FUJII

PRL 17 150
PRL 16 556
PRL 17 116
PRL 13 253

JOVANOVI
KULYUK IN
ME I SNER1
ME I SNER2
NEFKENS
VERHEY

BENNETT
BOTT-BOD
BOTT-BOD

ALSO
ALSO

CANTER

CRONIN 1
CRONIN 2
DEBOUARD

ALSO
DEVLIN

ALSO

66
66
66
66
66
66

67
67
67
66
66
67

67
67
67
65
67
68

PRL 17 1075
BERKE}.EY 28

PRL 16 278
PRL 17 492
PL 19 706
PRL 17 669

PRL 19 993
PL 248 194
PL 248 438
PL 20 212
PL 23 277
THESIS

PRL 18 25
PR INC CONF (11/67)
NC 52A 662
PL 15 58
PRL 18 54
P R 169 '}045

FU J I I 66 IS THE CORRECTED
HAWK INS 66 PL 21 238

ALSO 67 PR 156 1444

CAMERINI, FRY, GAIOOS, 8IRGE, ELY + (WISC+LRL)
J DARMON, A ROUSSET, J SIX (EPOL)

R K ADAIR, L 8 LE IPUNER (YALE+BNL)
ALEKSANYAN, ALIKHAHYAN, VARTAZARYAN+ (EREVAN)
ALEKSAHYAN+ (LEBEDEV+MOS ENG PHYS+EREVAM)
ANIKINA, ZHURAVLEVA+ (GEORG ACAD SCI+ DUBNA)
CHRISTENSOM, CRONIN, F ITCH, TURLAY (PRINCETON)
FU J I I JOVANOVI CH g TURKOT+ (BNL gMARYLANDgMI T)
LUERS g MI TTRA g WI L L I S g YAMAMOTO (BNL)

AN IK INA g VARDENGA g ZHURAVLEVA g KOTL YA+ (DUBNA)
ANDERSON, CRAWFORD, GOLDEN, STERN + (LRL+WISC)
ASTBURY, FINOCCHIARO, BEUSCH + &CERN+ZURICH)
M PEPIN
ASTBURY, MICHEL INI, BEUSCH + (CERN+ZURI CH)
ASTBURY, MI CHELINI, BEUSCH + (CERN+ZURICH)

AUBERT g BEHR CANAVAN g CHOUNET+ ( EPOL+ORSAY)

BALDO GEOL IN gCAL IMAM I g C I AMPOL I LLO + (PADO)
CHRI STENSONg CRONIN g F ITCH g TURLAY (PRINCETON)
F I SHER, ABASHIAN, ABRAMS, CARPENTER+ ( ILL)
F ITCH, ROTH, RUSS, VERNON (PRINCETON)

FRANZINI, KIRSCH, PLANO + (COLUMBIA+RUTGERS)
GALBRAITH, MANNING, JONES + (AERE+BRIS+RHEL)
+BARNES, FOELSCHE, FERBEL, FIRESTO+ (BNL+YALE)
H W K HOPKINS, BACON, E ISLER (VANO+RUTGERS)
VISHNEVSKY, GALANINA, SEMENOV + (ITEP)

ALFF-STEINBERGER, HEUER, RUBBIA + (CERN)
AN I K IN A, VARDEN GA, ZHUR A V LE VA+ (J INR)
AUERBACH g MANN g MCFARLANE g SC IULL I (PENN)
AUERBACH, DOBBS, LANDE, MANN, SCIULLI+ (PENN)
+LANDE ~ MANH g SC I UL L I g UTO g WH I TE g YOUNG ( PENN)
BALDO-GEOL IN, CAL IMAN I, C I AMPOL ILLO+ (PADUA)
BASILE, CRONIN, THEVENET + (SACLAY)

+BR ISSON, BAlOO-GEOL IM, AUBERT+ (PADO, EPOL)
BElLOTTI g PULL I A g SALDO CEOL IH+ (MILAN g PAOUA)
BOTT-BOOENHAUSEN, DE BOUARD, CASSEL+ (CERN)
CAMERINI, CLIME, ENGLI SH, F ISCHSE IN+WI SCONSIN
+CHO, ENGLER, FISK, HILL + (CARNEGIE+BNL)
CARPENTER, ABASHAH, ABRAMS, F I SHER ( ILL INOI S)
CHANG g BASSANOg K IKUCH I g DODD+ (SYRACUSE g BNL)

(YALE)
(YALE)

JOVANOVICH, FU JI I,TURKOT, ZORH +(BNL+UMD+MIT)
KULYUKIHAgMESTVIRI SHVILI gNEAGUg PETR+ ( JINR)
G W MEISNER, B 8 CRAWFORD, F CRAWFORD (LRL)
G ME ISNER, 8 CRAWFORD, F CRAWFORD (LRL)
NEFKENS, ABASHIAN, ABRAMS, CARPENTER+ (ILL)
VERHEY, NEFKENS, ABASHIAN+ (ILL)

BENNETT, NYGREN, SAAL, STEINBERGER +(COLUMBIA)
BOTT-BODENHAUSEN, OEBOUARO, CASSEL + (CERN)
BOTT BODENHAUSEMgDEBOUARDgDEKKERS+ (CERN)
BOTT BODEHHAUSENgDEBOUAROgCASSEL+ (CERN)
BOTT-BODENHAUSEN, DEBOUARD, CASSEL+ (CERN)J.M. CANTER (CARNEGIE)

+KUNZ, RISK, WHEELER (PRINCETON)
+KUNZ, RISK, WHEELER (PRINCETON)
DEBOUARD, OEKKERS, JORDAN, MERMOO + (CERN)
DE BOUARD ~ DEKKERS, SCHARFF+ (CERH+ORSA+MPIM)
DEVLIN, SOLOMON, SHEPARO, BEALL+ (PRIN+UMD)
SAYER, BEALL, DEVLIN, SHEPHARD+ (UMD+PPA+PRIN)

+FOX, FRAUENFELDER, HANSOM, MOSCAT+ (ILLINOIS)
F IRESTONE, KIM, LACH, SANDWEISS+ (YALE, BNL)
F I RE STONE, KIM, LACH, SANDWEI SS+ (YALE, BNL)
FU Jl I, JOVANOVI CH, TURKOT, ZORN (BNL+MARYLAND)
VALUE GIVEN BY JOVANOVICH+ 66
C J 8 HAWK INS
C J 8 HAWK INS

GAIL LARD
ALSO

GOSB I
LITTENBE
LONGO
PACIOTT I
SAAL

ALBROW
ARONSON
8ARMIN
BASIL E
BUCHANAN

ALSO

BUDAGOV
ALSO

CHIEN
ALSO

CHO
ALSO

CHOLLET
CULLEN
OARRIULA
FAISSNER
JENSEN

ALSO

MARX
ALSO

SCRI BANO
SMITH
WESBER

ALSO

BALATS
BARMIH
BISI
BURGUN
CARNEGIE
CHAN

CHIEN
ALSO

CHO
CLARK

ALSO
ALSO
ALSO

ENSTROM
ALSO

HILL
JAMES
ME ISNER
PEACH

REPELLIN
WEBBER

ALSO
ALSO

WOLFF

A}.BROW
ASHFORD
BANNER 1
BANNER2
BARMIN1
SARMIN2
BURGUN
CARNEGIE

DALLY
ALSO
ALSO

69
67
69
69
69
69
69

?0
70
70
70
70

NC 59A 453
PRL 18 20
PRL 22 685
PRL 22 654
PR 181 1808
THES IS,VCR L 19446
THESIS

PL 338 516
PRL 25 1057
PL 338 377
PR D2 78
PL 338 623

+GALSRAITHg HUSSRI g JANE+ (CERN g RHEL gAACHEN)
+KR IENEN, GALSRA I TH, HUSSR I+ (CERN+RHEL+AACH)
+GREEN, HAKEL, MOFFETT, ROSEN, GOZ+ (ROCH+RUTG)
LITTENBERG, F IELO, PICCIONI, MEHLHOP+ (UCSD)
M J LONGO, K K YOUNG, J A HELLAMO (MICH, UCLA)
M A PACIOTTI (LRL)
H J SAAL (COLUMBIA)

+ASTON, BARBER, BIRD, ELLISOH + &MCHS+DARE)
+EHRLICH, HOFER, JENSEM+ (EFI, ILLC, SLAG)
+BARYLON, BORISOV, BYSHEVA+ (ITEP, J INR)
+CRONIN, THEVENTg TURLAY, ZYLSERAJCH + (SACL)
+DR ICKEY, RUDNICK, SHEPARD+ (Sl AC, JHU, UCLA)

PRIVATE COMMUNICATION, 8. COX, FEB. 71

PR 02 8'}5
PL 288 215
PL 338 627

(CERN g ORSA g EPOL)
(CERN, ORSA, EPOL)

(JHU+SLAC+UCLA)

+GUNDY, MYATT, HEZRICK+
+GUNDY, MYATT, NEZRICK+
C-Y. CHIEN, COX, ETTLINGER +

70
68
70

70
?0
70
70
70
69

70
70
70
70
70
69
71
71
71
71
71
71

71
72
71
71
70
71
74

71
70
71
71
71
71

71
71
68
69
71

72
72
72
72
72
72
72
72

PL 318 658
PL 328 523
PL 338 249
NC 70A 57
THESIS
PRL 23 615

PL 328 219
THESIS, NEVIS 179
PL 328 224
PL 328 133
PR D1 1967
UCRL 19226 THESIS
S JNP 13 53
PL 358 604
PL 368 533
LNC 2 1169
PR D4 1
LSL-350 THESIS

PL 358 261
DALLY
PR D3 1557
PRL 26 1667
UCRL 19709-THESIS
UCRL 20264-THESIS
SLAC-PUB-1498

PR D4 2629
THESIS (SLAC 125)
PR D4 7
PL 358 265
PR D3 59
PL 358 351

PL 368 603
PR D3 64
PRL 21 498
UCRL 19266-THESIS
PL 368 517

HP 844 1
PL 388 47
PRL 28 1597
PRL 29 237
SJNP 15 636
SJNP 15 638
NP 850 194
PR D6 2335

+GAIt. LARD, JANE, RATCLIFF E, REPELL IN + (CERN)
+DARR IULAT g DEUTSCH g FOETH + (AACH g CERN ~ TOR I )
+FERRERO, GROSSO, HOLDER + (AACH, CERN, TOR I)
+RE ITHLER, THOME, GAILLARD+ (AACH, CERN, RHEL)
0 ~ A. JENSEN (EFI)
JENSEN, ARONSONgEHRLICH, FRYBERGER+ (EFI, ILL)

+HYGREN g PEOPLES g STE INBERGE+(COLUg HARV g CERN)
JAY MARX (COLUMBIA)
+MANNELLI, P IERAZZ INI, MARX+ (P ISA, COLU, HARV)
+WANG, WHATLEY, ZORN, HORNBOSTEL (UMD, BNL)
+SOLMITZ, CRAWFORD, ALSTON-GARNJOST (LRL)
8 R WEBBER (LRL)
+SEREZ IN, VI SHNEVSK I I, GALANINA+ (ITEP)
+SARYLOV, VESELOVSKY, DAY IDENKO+ (ITEP)
+OARR IULAT, FERRERO, RUBB IA+ (AACH, CERN, TOR I)
+LESQUOY, MULLER, PAULI+ (SACL+CERN+OSLO)
+CESTER, F ITCH, STROV INK, SULAK (PRIM)
J ~ HIONG-SING CHAN (LSL)

+COXg ETTLIHGERgRESVANIS+ ( JHUgSLACgUCLA)

+DRALLE, CANTER, ENGLER, F ISK+ (CARN, BNL, CASE)
+EL IOFF, F IELD, FRI SCH, JOHNSON, KERTH+ (LRL)
ROLLAND JOHNSON (LRL)
HENRY FR ISCH (LRL)
RICHFIELD (SLAG)

+AKAVIA, COOMBES, DORFAN+ (SLAG, STAN)
J E ENSTROM (STANFORD)
+SAKITT, SKJEGGESTAO, CANTER+ (BNL, CARN, CASE)
+MONTANET, PAUL, PAULI+ (CERN+SACL+OSLO)
+MANN, HERTZBACH, KOFLER + (MASA+BNL+YALE)
+EVANS, MUIR, BUDAGOV, HOPKINS+ (EDIN, CERN)

+'WOLFF, CHOLLET, GAILLARD, JANE+ &ORSA, CERN)
+SOLMITZ, CRAWFORD, ALSTON-GARNJOST (LRL)
WEBBERgSOLMITZgCRAWFORDgALSTONGARNJOST(LRL)
8 R WEBBER (LRL)
+CHOLLET, REPELLIM, GAILLARD+ (ORSA, CERN)

+ASTON g BARBER g 8 IRD EL LI SON+ (MCHS+DARE )
+BROWN, MASEK, MAUNG, MILLER, RUDERMAN+ (UCSD)
+CRONIN g HOF FMAN KNAPP g SHOCHET

(PRINCETON�

)
+CRONIN, HOFFMAN, KNAPP, SHOCHET (PRINCETON)
+DAVIDENKO, DEMIOOV, DOLGOLENKO+ (ITEP)
+BARYLOV, DAVIDEMKO, DEMIDOV+ ( ITEP)
+LESQUOY, MULLER, PAULI, + (SACL+CERN+OSLO)
+CESTER, F ITCH, STROV INK, SULAK (PRINCETON)

72
70
71

Pl 418 647
CHIEN
CHIEN

+INNOCENTI, SEPP I, CHIEN, COX+ (SLAC+ JHU+UCLA)

PRIVATE COMMUNICATION, B. COXg FEB. 71 ~

70 PR D1 3031 +ORA} LE g CANTER g ENGLER g F ISK+ (CARN g BNL g CASE )
67 PRL 19 668 HILL g LUERS g ROB INSONg SAK ITT + (BNL g CARN)
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Stable Particles
0
L'

Data Card Listings

GRAHAM
HOLDER
JAMES
KRENZ

72
72
72
72

NC 9A 166
PL 408 141
NP 849 1
LNC 4 213

+ABASHIAN, JONES, MANTSCH, ORR+ ( I LL+NEAS)
+RADERMACHER, STAUDE+ (AACH+CERN+TORI )
+MONTANET, PAUL, SAETRE+ (CERN+SACL+OSLO)
+HOPKINS, EVANS, MUIR, PEACH (AACH+CERN+EDIN)

GEHSSERG 70 PR D1 229
HEUSSE 70 LNC 3 449
GINSBERG 73 PR D8 3887
KLEINKNE 76 ARNS 26 1

E S 6 INSBERG
+AUSERT, PASCAUD, VIALLE
E S G I NSBERG, J SMITH
K ~ KLEINKNECHT

(I IT HAIFA&
(ORSAY)

(M I T+STON &

(DORT)

MAHN

MANTSCH
METCALF
NEUHOFER
PICC IGNI

ALSO
VOSBURGH

ALSO

ALBROW
ALEXANOE
ANIK INA
BARB IELL
BRANDENB
CARI THER

ALSO
EVANS

ALSO

FACKLER
FITCH

ALSG
HART
MALLARY

ALSO

72
72
72
72
72
74
72
71

73
73
73
73
73
73
73
73
69

73
73
72
73
73
70

PR D6 137
NC 9A 160
PL 408 703
PL 418 642
PR L 29 1412
PR 09 2939
PR D6 1834
PRL 26 866

NP 858 22
NP 865 301
P1-7539 COM. JINR

PL 438 529
PR 08 1978
PRL 31 1025
PR L 30 1336
PR D7 36
PRL 23 427

PRL 31 847
PR L 31 1524
COO-3072-13
NP 866 317
PR D7 1953
PRL 25 1214

eKOFLER, MEISNER, HERTZBACHe (MASA+BNL+YALE)
+ABASHIAN, GRAHAM, JONES, ORR+ ( I LL+NE AS )
+NEUHOFER, MIEBERGALL+ (CERN+ IPN+WI EN)
+NIEBERGALL, REGLER, STIER+ &CERN+ORSA+VIEN)
+COOMBES, DONALDSON, DORFAN, FRYBERGER+ (SLAG)
PICCIONI, DONALDSON + (SLAC+UCSC+COLO)
+DEVLIN, ESTERLIHG, GOZ, BRYMAN + (RUTG, MASA)
VOSBURGH gOEVLIN I ESTERL ING GOZ + (RUTG RASA)

+ASTON, BARBER, BIRD, ELLI SON+ (MCHS+DARE)
ALEXAMOER, SENARY, BOROWITZ, LANDE+(TELA+HEID)
+SALASHOV, BANNIK + ( J INR)
BARBIELL INI, OARRIULAT, FAINBERG+ (CERN)
BRANDEMBURG, JOHNSGN, LEITH, LOGS+ (SLAC)
CARITHERS, NYGREN, GORDON+ (COLU+BNL+CERN)
CARITHERS, MODIS, NYGREN, PUN+ (COLU+CERM+NYU)
+MUIR

IMPEACH

BUDAGOV+ ( ED I NBURGH+CERN )
EVANS, GOLDEN, MUIR, PEACH+ (EDINBURGH+CERN)

+FR ISCH, MARTIN, SMOOT, SOMPAYRAC (MIT)
+HEPP, JENSEN, STROVINK, WEBB (PRINCETON)
R. C. WEBB (THESIS) (PRINCETON)
+HUTTON, F IELD, SHARP, BLACKMORE+ (CAVE+RHEL)
+BINNIE, GALLIVAN, GOMEZ, PECK, SCIULLI + (CIT)
SC IULL I, GALL IVAN, 8ENNIE, GOMEZ + (CIT)

D'
31 CHAR6EO 0{1869,JP~O-) E~1/2

FOR A RECENT REVIEW SEE TRILLING 81

31 CNAR6EO 0 MASS {MEV)

50(1876 ~ ) (15.)
( 1874 ' ) (5.)

P (1868.3) (0.9)
(1874 ~ ) (11.)

P (1868.4) (0.5)
P 1869 ' 4 0 ' 6
P PERUZZI 77 AND SCHINDLER 81
P UNCERTAINTY IN THE ABSOLUTE
P USES THE HIGH PRECISION PSI
P ZHOLENTZ 80 TO DETERMINE TH
P PERUZZI 77 AND SCHINDLER 81

PERUZZ I 76 SHAG +- K-+P I+-PI+-
GOLOHABER 77 SMAG +- DO, O+ RECOIL SPC
PERUZZI 77 SMAG +- E+E— 3.77GEV ECM
PICCOLO 77 SNAG +- E+E-4 .03,4.41ECM
SCHINDLER 81 SMK2 +- E+E- 3 ' 77GEV ECM
TRILLING 81 RVUE +- E+E- 3.77GEV ECM

ERRORS 00 NOT INCLUDE THE 0. 13 PERCENT
SPEAR ENERGY CALIBRATION. TRILLING 81
AND PS I-PR IME MEASUREMENTS OF

IS UNCERTAINTY AND COMBINES THE
RESULTS TO OBTAIN THE VALUE QUOTED.

*****a*aye@*+*a aaa*****a*a*a@a*a**aa*eaae* +****a**a*******+a*@***a*a
04*0** 400**0**00**4******400*04**404440*** 44&44**4*4 *404%0*4* *0*444**

1/77
12/77
12/77

1/78
1/82
1/82
1/82
1/82
1/82
1/82
1/82

MCCARTHY
ALSO
ALSO

MESSNER
PEACH
SANDWE IS
WILLIAMS

ALBRECHT
BISI
BOBISUT
OONALDS1

ALSO
ALSO

OONALDS2
ALSO

DONALDS3
ALSO

GEWENI 61
ALSO

GEWENI G2
ALSO

GEWENIG3
GJESDAL

73
72
71
?3
73
73
?3

74
74
74
74
74
76
74
73
74
76

74
74
74
74
74
74

PR 07 687
PL 428 291
THESIS LBL-550
PRL 30 876
PL 438 441
PRL 30 1002
PRL 31 1521

PL 488 393
PL 508 504
LNC 11 646
PRL 33 554
DONALDSON 3
DONALDSON
PR D9 2960
PRL 31 337
SLAG 184-THESIS
DONALDSON

PL 488 483
CERN IN' REPT.
PL 488 487
PL 528 119
PL 528 108
PL 528 113

+SREWER, BUDMITZ, ENTIS, GRAVEN, MILLER+ (LSL)
MCCARTHY, BREWER, BUDNITZ, EMTIS, GRAVEN+ (LBL)
RE L.MCCARTHY (LBL)
+MORSE, NAUEMBERG, HITLIN + (COLOaSLAC+UCSC)
+EVANS, MUIR, HOPKINS, KRENZ (EDIN+CERN+AACH)
+SUNDERLAND, TURNER, WILLIS, KELLER (YALE+ANL)
+LARSEN, LEEPUNER, SAPP, SESSOMS+ (BNL+YALE)

DUBMA+BERLIN+BUDAPEST+PRAGUE+SERPUKH+SOFIA
8 IS I, FERRERO (TOR I )
+HUZITA, MATTIOL I, PUGL I ERIN (PADO)
DONALDSONsHITLINtKENNELLYrKIRKBY + (SLAG)

DONALDSON, FRYBERGER, HITL IN, L IU+ (SLAC+UCSC)
DOMALDSONs FRYBERGERr HITL IN s L EUe (SLAC+UCSC)
GREGORY J. DONALDSON (SLAC)

GEWENI GER, 6 JESDAL, KAMAE, PRESSER+(CERN+HE IO)
VERA LUTH (THESI S- INT ~ REPT . 74-4) & HEI D)
GEWENI GER, G JESDAL, PRESSER +

(CERN+HEED�)

GJESOAL, PRESSER, STEFFEN + (CERN+HE ID)
GEWENI GER, GJESDAL, PRESSER + (CERN+HE ID &

+PRESSER, KAMAE, STEFFEN+ ( CERN+HE ID )

A

8
C

0
E

A

8
C

C

0
E

F

AVG

3'l CHAR6EO 0 MEAN LIFE (UNITS 10~*-13 SEC)

&8. ) OR LESS CL=. 90 ARMENISE 79 HYBR NEU P --)DIMUONS +
4 2. 5 2. 2 1.1 ALLASIA 80 EMUL NEU WIDEBAND

(10.4) (3.9) (2.9) BACINO 80 DLCO E+E- 3.77 GEV ECM
5 (10.3) (10.5& (4.1) USHIDA 80 EMUL NEU WEDEBAND
8 &4.4) ADAMOVICH 81 EMUL GAM HUC--)

(2.2) (2.3& (1.1) BALLAGH 81 HYBR FNAL 15FT, NU HE-H2
9 8.2 4. 5 2. 5 ABE 82 HYBR SLAC GAM P 19.5 GEV

70 9.5 3. 1 1.9 ALB IN I 82 S I L I CERN GAM SE
15 8.4 3.5 2. 2 AGUILAR 83 HYBR PI- P, P P
7 6 ~ 3 5.0 2 ~ 7 BADERTSCH 83 HYBR CERN PI- NUCL.

11 11.5 7.5 3.5 USHIDA 83 EMUL REPL. USHIDA 80
USES THEORETICAL RATE D TO (K E NEU)=1. 4*10~*11 SEC**-1
ADAMOVICH 81 VALUE ESTIMATED WITHOUT INFORMATION ON D MOMENTUM
BALLAGH 81 VALUE QUOTED HERE ASSUMES THAT ALL DILEPTON EVENTS
CONTAIN DO OR D+, EACH WITH EQUAL NUMBERS OF SEMILEPTONIC DECAYS.
ABE 82 CANNOT RULE OUT F+- INTERP. , OR ON 2 EVTS. LAMBDA/C+ INTERP.
ALBIHI 82 ASSUMES D MOMENTUM IS 1/2 BEAM MOMENTUM.
CERN NA16 (LEBC-EHS) EXPT. PRESENTED AT MOREONO CONF. 82.

9.2 1.7 1.2 AVERAGE

31 CHAR6EO 0 PARTIAL DECAY NODES

1/80
12/81

1/81
12/81

1/82
1/82
2/82
2/82

1 1/83*
11/83*
2/84*
1/81
1/82
1/82
1/82
2/82
2/82
4/82

MESSNER
NIEBERGA
WANG
WILLIAMS
WOO

BALDOCEO
BLUMENTH
BUCHANAN
CARITHER
SMITH

BIRULEV
COOMBES
DONALOSO

ALSO
FUKUSH IM
GJESDAL
REY

ALSO

CHO
CLARK

ALSO
DEVOE
DZHORDZH
PEACH

74
74
?4
74
74

75
75
75
75
75

76
76
76
74
76
76
76
69

77
77
75
77
77
77

PRL 33 1458
PL 498 103
PR D9 540
PRL 33 240
LNC 10 38

NC 25A 688
PRL 34 164
PR 011 457
PRL 34 1244
UCSD THESIS-UNPUB

SJNP 24, 178
PRL 37 249
PR D14 2839
SLAG 184-THESIS
PRL 36 348
NP 8109 118
PR D13 1161
CENCE

PR 015 587
PR D15 553
LBL-4275 THESIS
PR D16 565
SJNP 26 478
NP 8127 399

+FRANKLIN, MORSE, NAUENBERG+ (COLO+SLAC+UCSC)
NIEBERGALL, REGLER, STEER a (CERN+ORSA+VIEN)
+SMI TH WHATLE Y ZORN g HORNBOSTE L (UMDaSNL )
+I ARSEN, LEIPUNER, SAPP, SESSOMS + (BNL+YALE)
+BUCHANAN, PEPPER (UCLA)

BALDO-GEOL IN, SOBISUT, GAL EMANI+ (PADO+WISC)
BLUMENTHAL, F RANK EL, NAG Y + (P ENN+CH I C+ TEMP )
+OR ICKEY, PEPPER, RUDNICK + &UCLA+SLAC+ JHU)
CARI THERS, MGD IS,NYGREN, PUN + (COLU+NYU)
JAMES G. SMITH (UCSD)

+VESTERGOMBI, VOVENKO, VOTRUBA, GENCHEV+(J INR)
+FLEXER, HALL, KENNELLY, KIRKBY + (STAN+NYU)
DONALDSON, HITLIN, KENNELLY, KIRKBY, LIU+(SLAC)
GREGORY J. DONALDSOH (SLAC)
FUKUSHIMA, JENSEN, SURKO, THALER+ (PRIN+MASA)
+KAMAE, PRESSER, STEFFEN + (CERN+HE I 0 )
+CENCE, JONES, PARKER + (NDAM+HAWA+LBL)

+DERRICK, LISSAUER, MILLER, ENGLER+ (ANL+CARN)
+F IELD, HOLLEY, JOHNSON, KERTH, SAH, SHEN (LBL)
GILBERT SHEN (LBL)
+CRONIN, FRISCH, GROSSO-PILCHER+ (EF I+ANL)
DZHORDZHADZE, KEKELIDZE, KRIVOKHIZHIN+ ( JINR)
+CAMERON + (BGNA+EDIN+GLAS+PISA+RHEI )

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P18
P19
P20
P21

D+ INTO K- P I+ P I+
D+ INTO KOBAR PI+
0+ IHTO PI+ PI+ PI-
0+ INTO PI+ Ka K-
D+ INTO K+ PI+ PI—
0+ INTO E+ NUE
D+ INTO E+ ANYTHING
D+ INTO K- ANYTHING
D+ INTO KOSAR ANYTHING + KO ANYTHING
D+ INTO K+ ANYTHING
D+ INTO K*(892)OBAR PI+
D+ INTO KOBAR PI+ PIO
D+ INTO KOBAR PI+ PI+ PI-
D+ ENTO K- PE+ PI+ PI+ PI-
D+ ENTO PI+ PIO
D+ INTO KGBAR K+
0+ INTO KOBAR RHO+
D+ INTO ETA ANYTHING
D+ INTO MU+ NUMU
D+ INTO K- PI+ PI+ PIO

D- MODES ARE CHARGE CONJUGATES OF THE ABOVE MODES

31 CHAR6ED 0 BRANCHEN6 RATIOS

DECAY MASSES
494+ 140+ 140
498+ 14 0
140+ 140+ 140
140+ 494+ 494
494+ 140+ 140.511+ 0

892+ 140
498+ 140+ 135
498+ 140+ 140+ 140
494+ 140+ 140+ 140+
140+ 135
498+ 494
498+ 769

106+ 0
494+ 140+ 140+ 135

ENGLER
HILL
BIRULE V

CHRISTE1
CHRI STE2
HILL
SCHMIDT
SHOCHET

ALSO

CARROLL1
CARROLL2
CARROLL3
CHO
MORSE
BIRULEV

ALSO
ARONSON
ARONSON2

ALSO
ALSG
ALSO

78
78
79
79
79
79
79
79
77

80
80
80
80
80
81
80
82
82
82
83
83

PR D18 623
PL 738 483
SJNP 29 778
PRL 43 1209
PRL 43 1212
NP 8153 39
PRL 43 556
PR D19 1965
PRL 39 59

PRL 44 525
PRL 44 529
PL 968 407
PR D22 2688
PR D21 1750
NP 8182 1
S JNP 31 622
PR L 48 1078
PRL 48 1306
PL 1168 73
PR D28 476
PR D28 495

eKEYES, KRAEMER, TAMAKA, CHOa &CARN+ANL)
+SAKITT, SHAPE, STEVENS+ (BNL+SLAC+SSER)
+VESTERGOMBI, GVAKHARIYA, GEMCHEV+ (JINR)
CHRISTENSON, GOLDMAN, HUMMEL, ROTH+ (NYU)
CHRISTENSGN, GOLDMAN, HUMMEL, ROTH+ (NYU)
+SAKITT, SNAPE, STEVENS+ (BNL+SLAC+SBER)
+BLATT, CAMPBELL, GRANNAM+ (YALE+BNL)
+LIHSAY, GROSSO-PILCHER, FR I SCH+ (EF I+ANL)
SHOCHET, LINSAY, GROSSO-PILCHER, + (EFE+ANL)

+CH IANG, KYC IA, L I, L I TTENBERG, MARX+(BNL+ROCH)
+CHIANG, KYC IA, L I, LI TTENBERG, MARX+(BNL+ROCH)
+CHIANG, KYC IA, L I, LITTENBERG, MARX+(BNL+ROCH)
+DERRICK, MILLER, SCHLERETH, EMGLER+(ANL+CARN)
+LE IPUHER, LARSEN, SCHMIDT, BLATT+ (BNL+YALE)
+DZHORDZHADZE, GENCHEV, GRI GALASHVI L I+ ( J INR)
BIRULEV, VESTERGOMBI, GENCHEV + ( J INR)
+BERNSTEIN, BOCK + (BNL+CHIC+STAN+WISC)
+BOCK, CHENG, FISCHSACH (BNL+CHIC+PURD)
FISCHBACH, CHENG, ARONSON, BOCK(PURD+BNL+CH IC)
ARONSON, BOCK, CHENG, F ISCHBACH (BNL+CH I C+PURD)
ARONSON, BOCK, CHENG, F ISCHBACH(BNL+CHIC+PURD)

Rl
R1
R1
R1
R1

R2
R2
R2
R2
R2

R3
R3
R3

R4
R4
R4
R4

Oa INTO {K- PI+ PI+)/TOTAL
85 0.039 0.010

239 0.063 0.015

{P1)
PERUZZI 77 SNAG E+E- 3.77GEV ECM 12/77
SCHENDLER 81 SMK2 EeE- 3.771 GEV ECM 1/82

AVG 0 ' 046 0.011 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.3)

AVG

0+ ENTO {KOSAR Pla)/TOTAL
17 0.015 0.006
36 0.023 0.007

0 ' 0184 0.0046 AVERAGE

(P2)
PERUZZI 77 SMAG E+E- 3.77GEV ECM 12/77
SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 1/82

12/77
'l 2/77

12/77
1/82

12/77

oa INTO {LOBAR Pea)/{K- Pla PE+) (P2) /{P1)
P (0.45) OR LESS CL=.90 PICCOLO 77 SHAG +- E+E- 4. 03GEV ECM
P OBTAINEO FROM SIGMA*BR VALUES OF TABLE I.

0+ INTO (PI+ PE+ PI-)/{K- PI+ PI+) (P3) /(P1)
P 0.08 OR LESS CL=.90 PICCOLO 77 SMAG +- E+E- 4.03GEV ECM(0.084)OR LESS CL=.90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM
P OBTAINED FROM SIGMA*BR VALUES OF TABLE I.

62
63
64
65
65
65

UPDATED

GINSBERG
RUBB IA

ALSO 1
ALSO 2
ALSO 3

SCHMIDT

CRONIN
SECHERRA

67
67
66
66
66
67

68
70

ALEXANDE
JOVANOVI
STERH
BEHR
MESTVI R I
TR ILt. I NG

PRL 9 69
BNL CONF 42
PRL 12 459
ARGONNE CONF 59
JINR P 2449
UCRL 16473
FROM 1965 ARGONNE

P R 162 1570
PL 248 531
PL 20 207
PL 21 595
PL 23 167
NEVIS 160(THESIS)

VIENNA CONF P ~ 281 CRONIN, RAPPORT EURS TALK
PR 01 1452 T BE CHER RA WY

(PRINCETON)
(ROCH)

PAPERS NOT REFERRED TO IN DATA CARDS

G ALEXANDER, S ALMEIDA, F CRAWFORD (LRL)
JOVANOVI C, F I SCHER, BURR IS + (BNL+MARYLAMD)
STERN, BINFORO, L I ND, ANDERSON + (WI SC+LRL)
SEHR, BRISSON, BELLOTTI+ (EPOL, MILA, PADO)
MESTVIRISHVILI, NYAGU, PETROV, RUSAKOV+ ( J INR)
GEORGE H TRILl ING (LRL)

CONF'�

, PAGE 115'

EDWARD S GINSBERG (U. MASS BOSTON)
C. RUBB I A, J ~ STE INBERGER (CERN+COLU)
ALFF-STEINBERGER, HEUER, KLEINKNECHT+ (CERN)
ALFF-STEINBERGER, HEUER, KLEINKNECHT+ (CERN)
C ~ RUBBIA, J .STE INBERGER (CERN+COLU)
P. SCHMIDT (COLUMB I A)

R5
R5
R5
R5

R6
R6
R6

R?
R7

RS
R8
R8
R8
R8
R8
R8

0+ INTO (Pla K+ K-)/(K- Pl+ PI+) {P4)/{P1)
P (0.15) OR LESS CL=.90 PICCOLO 77 SNAG +- E+E- 4 ~ 03GEV ECM0. 14 OR LESS CL=. 90 SCHINDLER 81 SMK2 E+E- 3 ~ 771 GEV ECM
P OBTAINED FROM SIGMA*BR VALUES OF TABLE I.

0+ iNTO {K+ Pla Pl-)/{K- PI+ Pla) {P5)/{P1)
P 0.05 OR LESS CL=. 90 PICCOLO 77 SNAG +- E+E- 4.03GEV ECM
P OBTAINED FROM SIGMA*BR VALUES OF TABLE I.

{Oa INTO E+ NUE)/{0+ INTO E+ ANYTHING a DO INTO Ea ANYTHING)
0. 10 OR LESS CL=.90 BRANDELIK 77 DASP E+E- 3.99-4.08 GEV

0+ AND OG INTO {E+ ANYTHING)/{TOTAL 0+ ANO 00)
MEASURED AT THE PS I (3772) . THIS GIVES A WEIGHTED AVERAGE OF
D+ (44 PCT. ) ANO DO (56 PCT. ) BRANCHING FRACTIONS.

0.072 0 ' 028 FELLER 78 SNAG E+E- 3 772 GEV ECM(0.11& (0.02) BACINO 78 DLCO REPL. BY BACINO 79(0.08) (0 ~ 015) BACINO 79 DLCO E+E- 3.772 GEV ECM
NOT IMDEPENDENT OF BACINO 80 R13(D+) AND R13(DO) .

12/77
1/82

12/77

12/77
12/77

12/77

2/82
2/82
2/78
3/78
4/82
4/82
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For notation, see key at front of Listings. Stable Particles
0

R9
R9
R9
R9
R9 AVG

R10
R10
R10
R10
R10 AVG

R11
R11
R11
R11
R11 AVG

0+ ENTO {K- ANYTIIIN6&
3 0. 10 0.07

26 0. 19 0.05

0. 160 0.043

{Pe)
VUILLEMIN 78 SMAG E+E- 3.77Z GEV ECH
SCHINDLER 81 SHK2 E+E- 3 ' 771 GEV ECH

AVERAGE

0+ ENTO {KOBAR ANYTNIN6 + KO ANYTNEN6&/TOTAL CP9)
3 0.39 0.29 VUILLEHIN 78 SHAG E+E- 3.772 GEV ECM

15 0.52 0.18 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM

0 ~ 48 0.15 AVERAGE

D+ INTO CK+ ANYTIIIN6&/TOTAL
2 0.06 0.06

12 0.06 0.04

0.060 0 ' 033 AVERAGE

cP10&
VUIlLEMI N 78 SHAG E+E- 3.772 GEV ECH
SCHINOLER 8'l SHK2 E+E- 3.771 GEV ECH

1/79
1/79
1/82

1/79
1/79
1/82

1/79
'I/82

A 94(1854.) (6.)
1(1866~ ) (8 ~ )

238( 1863 ~ 0) (2.5 )
A 143(1860~ ) (2.)
A 35(1869.) (4. )

1(1847~ ) (7- )
P (1&63.8) (0.5)

P 1864.7 0.6
P PERUZZI 77 AND SCHIHDLER 81
P UNCERTAINTY IN THE ABSOLUTE
P USES THE HIGH PRECISIOM PSI
P ZHOLENTZ 80 TO DETERMINE TH
P PERUZZI 77 AND SCHINDLER 81
A ERROR DOES NOT INCLUDE POSS
A ESTIMATED TO SE LESS THAN 5

ATIYA 79 SPEC GAH NUC —)00 008AR
AOAHOV I C H eO EHUL GAMMA NUC--)OOBAR +
ASTON 80 OMEG GAMMA P--)DOBAR
AVERY 80 SPEC GAMMA NUC--)0»+
AVERY 80 SPEC GAMMA NUC--)0*+
F IOR IMO 81 EMUL GAMMA NUC--)DOBAR +
SCHINDLER 81 SHK2 E+E- 3 ~ 77GEV ECM
TRILLING 81 RVUE +- E+E- 3.?7GEV ECM

ERRORS 00 NOT INCLUDE THE 0 ~ 13 PERCENT
SPEAR ENERGY CALIBRATION ~ TRILLING 81
AND PSI-PRIME MEASUREMENTS OF

IS UNCERTAINTY AND COMBINES THE
RESULTS TO OBTAIN THE VALUE QUOTED.

ISLE SYSTEHATIC MASS SCALE SHIFT,
HE V.

12/79
2/80

12/81
12/81
12/81

1/82
1/eZ
1/82
1/82
1/82
1/SZ
1/82
1/82
1/81
1/81

R17
R17 S
R17 S
R17 S
R18
R18

D+ INT0 {KOBAR RIIo+)/T0TAL CP18)(0.016)OR NORE CL~.90 SCHINDLER 81 SHK2 E+E- 3.771 GEV ECH
SCHINOLER 81 USE TRIANGLE RELATION FOR AMPLITUDES 00 --)KOSAR RHOO,
00 --)K- RHO+ AND 0+ --)KOBAR RHO+, AND THEIR D+/DO LI FETIHE RATIO ~

D+ INTO {PI+ P10)/CKOBAR PI+) (P15)/{P2)0.30 OR LESS CL~.90 SCHINDLER 81 SMK2 E+E- 3.771 GEV FCM

R19 D+ INTO CKOBAR K+&/CKOBAR PI+& CP16&/CP2&
R19 6 0.25 0. 15 SCHIHDLER 81 SMK2 E+E- 3.771 GEV ECM

R21 D+ AND DO INTO CETA ANYTHEN6)/{TOTAL 0+ AND DO&
R21 8 (0 ~ 02) OR LESS BRAHOELIK 79 OASP E+E- ECM~4. 03GEV
R21 0.13 OR LESS PARTRIDGE 81 CSAL E+E- ECH 3.77GEV
R21 8 BRANDELIK 79 RESULT BASED ON ABSENCE OF ETA SIGNAL AT 4.03 GEV.
R21 8 PARTRIDGE 81 OBSERVE SUBSTANTIALLY HIGHER ETA CROSS SECTION AT 4.03.
R22 D+ INTQ {NU+ NUNU&/ToTAL CI20&
R22 A 0 0.02 OR LESS CL~. 90 AUBERT 83 SPEC HU+ FE, 250 GEV
R22 A AUBERT 83 OBTAIN UPPER LIMIT 0.014 ASSUMING THAT FINAL STATE
R22 A CONTAINS EQUAL MIXTURE OF (0+,D-), (0+,ADO), (D-, 00) AND (DO, ADO)
R22 A WE QUOTE THE LIMIT WHICH THEY GET UNDER MORE GENERAL ASSUMPTIONS

R23 D+ INTO CK- PI+ PE+ PIO)/(K- PI+ P1+) CP21) /CP1)
R23 1 0.57 0.65 0. 17 AGUILAR2 83 HYBR PI- P, 360GEV

**tttt *tttttttt *ttttttt* *tt*tttt* ttttttttt **tttttt* tt*ttttt* tttttttt

GOLDHABE 76 PRL 37 255
PERUZZI 76 PRL 37 569
WISS 76 PRL 37 1531

BRANDELI 77 PL 708 387
GOLDHABE 77 PL 698 503
PERUZZI 77 PRL 39 1301
PICCOLO 77 PL 708 260

REFERENCES FOR CNARGED 0

GOl. OHASER, PIERRE, ABRAHS, ALAH+ (LBl+SLAC)
+PICCOLO, FELOHAN, NGUYEN, WISS+ (SLAC+LBL)
+GOLDHABER, ABRAMS, ALAH, BOYARSKI+ (LBL+SLAC)

BRANDELIK + (AACH+DESY+HAHB+HP IH+TOKY)
GOLDHASER, WISS, ABRAMS, ALAM + (LBL+SLAC)
+P I CCOLO, F E LDHAN+ (SLAC+ LB L+NWES+HA WA)
+PE RUZZ I / LUTH g NGU YEN y WI SS t ABRAHS+ ( SLAC+LBL )

R12 D+ ENTO (K*{892&OBAR PI+)/TOTAI. CP11&
R12 92 EVENTS SEEN DRI JARD 79 SFM + P P, ECM~53 GEV
R12 0.037 OR LESS CL~. 90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECH

R13 0+ INTO CE+ ANYTIIIN6)/TOTAL CP?&
R13 (0.220) (0.044) (0.022)BACINO 80 OI. CO E+E- 3.77 GEV ECH
R13 23 (0.16S) (0 ' 064) SCHINOLER 81 SMK2 E+E- 3 ' 771 GEV ECH
R13 0 ~ 19 0.04 0.03 TRILLING 81 RVUE BEST ESTIMATE

R14 D+ INTO CKOSAR PI+ PEO)/TOTAL CP12&
R14 10 0.129 0.084 SCHINDLER 81 SHK2 E+E- 3 ' 771 GEV ECM

R'lS 0+ ENTO CKOSAR PI+ PE+ PI-}/TOTAL CP13&
R15 21 0 ~ 084 0.035 SCHINDLER 81 SHKZ E+E- 3 ~ 771 GEV ECH

R16 0+ INTO CK- Pl+ PI+ PI+ PE-)/TOTAL CP14)
R16 0.041 OR LESS CL~. 90 SCHIHOLER 81 SHK2 E+E- 3.771 GEV ECH

7/79
1/82

4/82
4/82
4/82

1/82
1/82

1/$2
1/82

1/82
1/82

1/82
1/&2
1/82
1/82
1/82
1/82

1/82
1/82

1/ez
1/82
1/82
1/82

11/83t
11/83»
11/83»
11/83»
11/83»

2/84»

DM

DH
DH
DH
OM

32 CD01& — {D02& NASS DIFFERENCE {UNITS 10»t-4 EV&

D01 AND D02 ARE THE CP EIGENSTATES OF THE NEUTRAL 0 MESON.
MEASURE OF DELTA-C ~ 2 DO-OOBAR MIXING.

8 65 OR LESS CL~90 SOOEK 82 SPEC PI-, P FE--)00
8 BODEK 82 LIMIT IS FOR THE ABSOLUTE VALUE OF TNE MASS DIFFERENCE.

32 CD+-) — {DO& HASS DIFFERENCE CNEV&

A 5 ' 0 0.8 PERUZZI 77 SHAG +- E+E- 3.77GEV FCM
A 4 ' 7 0.3 SCHINOLER 81 SMK2 +- E+E- 3.77GEV ECM
A NOT INDEPENDENT OF D+- ANO DO MASS MEASUREMENTS.

4.74 0.28 AVERAGEAVG

32 NEUTRAL 0 NEAN LIFE {UNITS 10»t-13 SEC&

(8.0) OR LESS CL~. 90 ARHENISE 79 HYBR NEU P --)OIHUONS +
1 &0.226) ADAMOVICH 80 EHUL INCL IH ADAMOVICH81

E 3 (0.53) &0.57) (0.25) ALLASIA 80 EMUL NEU WIDEBAND
C (2.1) OR LESS CL~. 95 BACIMO 80 DLCO E+E- 3.77 GEV ECH
G 7 (1.00) (0.52) (0.31) USNIDA 80 EHUL INCL. IN USHIDA 82
F 3 (0.58) (0.8) (0.2) ADAMOVICH 81 EMUL CERN-SPS GAMMA HUCL
H 1 (0.14) ADAMOVI2 81 EMUL CERN-SPS GAMMA NUCL
H 1 (3 ' 4) OR (7.5) ADAMOVI2 81 EHUL CERN-SPS GAMMA NUCL
8 2 (2.8) (2.2) ( 1.3) BALLAGH 81 HYBR FNAL 15FT, NU NE-H2
A 1 (2.1) AOEVA 81 HYBR LEBC CERN-SPS PI- P
A 1 (5.9) ADEVA 81 HYBR LEBC CERN-SPS PI- P

5 3.1 2.0 1.6 FUCHI 81 EHUL CERN-SPS PI- NUC
11 6.7 3.5 2.0 ABE 82 HYSR SLAC GAH P 19.5 GEV

G 16 2.3 0.8 0.5 USHIOA 82 EHUL FNAL NU, ANU WIOEBNO
16 4. 1 1.3 0.9 AGUILAR 83 HYBR PI- P, P P
9 4. 1 2.6 1.4 SAOERTSCH 83 HYSR CERN PI- HUCL.

27 4.2 1.6 1.4 YELTON 84 SHK2 E+E- ECM~29 GEV
E ALLASIA 80 ASSUMES NO LONG-LENGTH LOSSES' VISIBILITY PROBLEMS IN
E THE EMUL.
C USES THEORETICAL RATE 0 TO (K E NEU)~1. 4*10*»11 SEC*»-1
F ADAMOVICN 81 ASSUMES NO LONG-LENGTH LOSSES.
H ADAMOVICH2 81 HAS HO CORRECTION FOR DETECTION EFFICIENCY.
8 BALLAGN 81 VALUE QUOTEO HERE ASSUMES THAT ALL DILEPTON EVENTS
8 CONTAIN DO OR D+, EACH WITH EQUAL NUMBERS OF SEHILEPTONIC DECAYS.
A ADEVA 81 FIRST ANO SECOND VALUES ARE PROPER LIFETIMES OF DO AND ADO
A FROM SINGLE EVENT. DETECTION EFFICIENCY LOW FOR LIFETIHES 10»»-13
A SEC OR LESS.
0 CERN NA16 (LEBC-EHS) EXP' PRESENTED AT MORIONO CONF ~ 82.

G USHIOA 82 HAVE 3 SEMI-LEPTONIC DECAYS NOT INCLUDEO IN THIS NUMBER,
G BUT BELIEVED TO HAVE MUCH LONGER LIFETIMES. SUPERCEDES USHIOA 80.

AVG 4 ' 40 0.81 0.60 AVERAGE

2/84»
2/84»

3/78
1/82
3/78

1/80
2/80

12/81
1/81

12/81
1/8?
4/82
4/82
1/82
1/82
1/82
1/82
2/82
2/82

11/83»
11/83»
2/84»
4/82
4/82
1/81
4/82
4/82
1/82
1/82
1/82
1/82
1/82
4/82
4/82
4/82

BACINO 78 PRL 40 671
FELLER 78 PRL 40 2?4
VUILLEHI 78 PRL 41 1149

ARHENI SE 79 PL 868 115
SAC IMO 79 PRL 43 1073
BRANDELI 79 PL 808 412
DR I JARD 79 PL 818 250

+SAUHGARTEN, BIRKWOOD + (SLAC+UCLA+UCI)
+LITKE, HAOARAS, ROMAN+ (LBL+SLAC+NWES+HAWA)
VUIt LENIN, FElOHAN + (LBL+SLAC+NWES+HAWA)

+ERR IQUEZ+ (BAR I+CERH+EPOL+HI LA+OR SA )
+FERGUSON, NODULMAN+ (UCLA+SLAC+UCI+STON)
BRANOEL I K+ (A AC H+OE SY+HAHB+HP I M+ TOKE )
+F I SC HER, GE EST+ (CERN+CDEF+HEIO+KARL)

DT
OT
DT
DT

32 CCD01& — {002»/AV6. , MEAN LIFE DIFFERENCE

DOI ANO 002 ARE THE CP EIGENSTATES OF THE NEUTRAL 0 MESON.
8 0.55 OR LESS Cl .90 SODEK 82 SPEC PI-, P FE--)00
8 BODEK 82 LIMIT IS FOR THE ABSOLUTE VALUE OF THE MEAN LIFE
8 DIFFERENCE.

2/84»
2/84»
2/84»

ALLASIA 80 NP 8176 13 (ANKA+LIBH+CERN+DUUC+LOUC+KEYN+PISA+ROHA+)
BACINO 80 PRL 45 329 +FERGUSON+ (UCLA+SLAC+STAH+UCI+STON)
USHIDA 80 PRI. 45 1053 (A I CH+ FNAL+KOBE+SEOU+MC G I+NAGO+OSU+OKAY+ )
ZHOLENTZ 80 PL 968 214 +KUROADZE r LEL CHUK r MISHNEV tHIK ITIN+ (NOVO)

ALSO 81 YAD. PHYS. 34 14?1 ZHOLENTZ + (NOVO)

TR
TR
TR
TR

32 {CHARGED D&/{NEUTRAL D& MEAN LIFE RATIO

FROM RATIO OF D+ TO DO SEMILEPTONIC BRANCHING FRACTIONS.
NOT USED BY US TO CONSTRAIN BEST VALUES OF 0 LIFETIMES FOR TABLE.

&4.3) OR MORE CL~.95 SACINO 80 DLCO E+E- 3.?7 GEV ECH
(3.1) (4.6} ('I.4) SCHINOLER 81 SHK2 E+E- 3.77 GEV ECM

1/82
1/82

ADAMOVIC 81 PL 998 271
BALLAGH 81 PR D24 7

ALSO 80 PL 898 423
PARTRIDG 81 PRl 47 760
SCHINDLE 81 PR 024 78

AOAHOVICH+(PHOTON-EMUL, OMEGA-PHOTON COLLS. )
+BINGHAM+ (LBL+UCB+FNAl+HAWA+WASH+WISC)
BALLAGH + (LBL+UCB+FNAL+HAWA+WASH+WISC)
PARTRIDGE, PECK+ (C I T+HARV+PR IN+STAN+SLAC)
SCHINDLER, ALAM, BOYARSKY + (SLAC+LBL)

ABE
AL BIN I
AGUILAR
AGUILAR2
AUBERT
BADERTSC
USHIDA

82 PRl. 48 1526
82 PL 1108 339
83 PL 1228 312
83 Pl 1238 98
83 NP 8213 31
83 PL 1238 471
83 PRL 51 2362

(SLAC HYBRID FACILITY PHOTON COLLABORATION)
ALSIHI+ &FRAS+MILA+PISA+ROMA+TORI+TRST)
AGUILAR-BENITEZ+ l.EBC-EHS COLLAB (CERN+)
AGUELAR-BENI TEZ+ LEBC-EHS COLLAB (CERN+)
EUROPEAN MUON COLLAB. (CERN+OESY+FREI+)
SAOERTSCNER, HAHN, HUGENTOSLER+ (BERN+HPIH)

(AICH+FNAL+KOSE+SEOU+HCGI+NAGO+OSU+OKAY+)

REVIEWS

BARBAROG 78 LBL-8537
WOJCICKI 78 SLAC-PUB-2232
KIRKBY 79 SLAG-PUB-2419
TR IL LING 81 PRPL 75 57

A. SARSARO-GALT IERI (ER ICE 1978) (LBL)
S.WOJCICKI (SLAG SUMMER INST. 1978} (SLAC)J.KIRKBY (LEPTON CONF. BATAVIA, 1979)(SLAG)
G. H ~ TRILLING (LBL+UCS)J

32 NEUTRAL D MASS CHEV&

ttt*t* ttttttttt ttttttttt ttttttttt t*ttttt*t tttttttt* **t*tttt» *tt**ttttttttt tit*ttttt ttttttttt ttttttttt t*ttttt*t tttt»*t*t ttttttttt tttttttt
0

32 NEUTRAL 0{1M,JP~O-) 1~1/2

FOR A RECENT REVIE'W SEE TRILLING 81

P1
PZ
P3
P4
P5
P6
P7
Pe
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27

32 NEUTRAL 0 PARTEAl DECAY IIODES

00 INTO K- PI+
DO INTO K- PI+ PI+ PI-
DO INTO KOBAR PI+ PI-
DO INTO KOBAR PI+ PI- Pl+ PI-
DO INTO PI+ PI-
DO INTO K+ Pl- (VIA 00BAR)
00 INTO K+ K-
00 INTO K- PI+ PIO
DO INTO KOBAR PIO
00 INTO E+ ANYTHING
DO INTO K- ANYTHIMG
DO INTO K+ ANYTHING
DO INTO KOBAR ANYTHENG + KO ANYTHING
DO INTO K*(892)- PI+
DO INTO K»(892)0 PIO
DO INTO K- RHO+
DO INTO KOBAR RHOO
DO INTO PI- PI- PI+ Pl+
00 INTO UNFITTED MODES (KEEPS FIT PGH. HAPPY)
DO INTO K- PI+ PIO PIO
00 INTO ETA ANYTHING (SEE CHARGED 0 SECTION R21)
DO IMTO K*&892)0 RHOO
DO INTO K- PI+ RHOO
DO INTO K»(892)0 PI+ PI-
00 IMTO K- A2(1320)+
00 INTO MU- ANYTHING (VIA DOBAR)
00 INTO MU+ ANYTHING

DECAY MASSES
494+ 140
494+ 140+ 140+ 140
498+ 140+ 140
498+ 140+ 140+ 140+
140+ 140
494+ 140
494+ 494
494+ 140+ 135
498+ 135

892+ 140
892+ 135
494+ 769
498+ ?69
140+ 140+ 140+ 140

494+ 140+ 135+ 135

&92+ 769
494+ 140+ 769
892+ 140+ 140
494+ 1318

H
M

H P
H
H

234 ( 1865 .)
&1e63.)
(1863.3)
(1868.}

64&1850 ~ )

(15.)
(3 ' )
(0.9}

(1'1.)
(15.)

GOLDHABER 76 SHAG
GOLDHABER 77 SHAG
PERUZZI 77 SHAG
PICCOLO 77 SHAG
BALTAY 78 HBC

K PI ANO K 3PI 1/77
DO, D+ RECOIL SPC 12/77
E+E- 3.77GEV ECH 12/77
E+E-4.03,4.41ECM 1/78
NEU NUCL, KOPIPI 1/79

DOBAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES
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Stable Particles Data Card Listings

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 1 P 2 P 3 P 7
P 1 .0239+-.0038
P 2 .319'l .0456+-.0116
P 3 .1725 .0550 .0420+-.0077
P 5 .3308 .1056 .0571 .0008+-.0004
P 7 .5146 .1642 .OSSS .1?OZ .OOZ?+-. OOOS
P19 -.5761 —.8195 —.5569 —.2114 —.3343 .8849+-.0164

P 5 P19

32 NEUTRAL 0 BRANCHIN6 RATIOS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P., as follows: The diagonal elements are P. «6P. , where
1 1

6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-
1 1 i

cients (6P.6P. ) /(6P. ~ 6P.}. For the definitions of the individual P. , see the listingsi j 1 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to I,

R22
R22
R22
R22

00 INTO (Ka(892)0 RHOO)/&K- PI+ PI+ PI-) (P22)/(P4)
FOLLOWED BY DECAY K*(892)0 --) K- PI+
20 0. 10 0. 11 0. 10 PICCOLO 77 SMAG E+E-4.03,4.41ECM 2/84*

5 {0.5) {0.2) CL~. 90 BAILEY 83 SPEC PE BE --) 00 2/84*

R25
R25
R25
R26
R26
R26

00 INTO (K- A2(1320)+)/(K- PI+ PI+ PI-) (P25)/(P4)
FOLLOWED BY DECAY A2+ --~ PI+ PE+ PI- {B.R.=0.35) 2/84*

0.06 OR LESS PICCOLO 77 SNAG E+E-4.03,4.41ECM 2/84«
DO INTO (NU- ANYTHIN6, VIA DOBAR)/(IIU+ ANY + MU- ANY&

(P26)/(P26+P27)
0.044 OR LESS CL~. 90 BODEK 82 SPEC PI-, P FE--)00

«««**a «««a«*«*a a*a*a«a«* a«a«a**«a a«*a«a«** a«*«*a«*a «a«**a«a« a*a»«a**

REFERENCES FOR NEUTRAL 0

R23 00 INTO (K- PI+ RHOO)/(K- PI+ PI+ PI-) (P23)/(P4)
R23 180 0.85 0. 11 0.22 PICCOLO 77 SHAG E+E-4.03,4.41ECM 2/84*
R23 2 (0.2) (0.2) CL~. 90 BAILEY 83 SPEC PE BE --) Do 2/84*

R24 00 INTO (Ka(892}0 PI+ PI-)/(K- PI+ PI+ PI-) (P24)/(P4)
R24 FOLLOMED BY DECAY K*(892)0 --) K- PI+
R24 P 0 0.0 0.2 0.0 PICCOLO 77 SHAG E+E-4.03,4.41ECM 2/84*
R24 0 {0.18) OR LESS CL~.90 BAILEY 83 SPEC PE BE --) 00 2/84*
R24 P CORRESPONDS TO 0.33 AT CL~.90. 2/82

R1 DO INTO (K- PI+)/TOTAL (P1)
R1 130 0.022 0.006 PERUZZE 77 SNaG E+E- 3.77GEV ECM 12/77
R1 263 0.030 0.006 SCHINOLER 81 SMKZ E+E- 3.771 GEV ECM 1/82

R1 AVG 0 ~ 0260 0.0042 AVERAGE
R1 FIT 0 ~ 0239 0.0038 FROM FIT

GOLDHASE ?6 PRL 37 255
FELDMAN 77 PRL 38 1313
GOLDHABE 77 PL 698 503
PERUZZI 77 PRL 39 1301
PICCOLO 77 PL 708 260

GOLOHABER, PIERRE, ABRAMS, ALAM+ {LBL+SLAC)
+PERUZZI, PICCOLO, ABRAMS, ALAM + (SLAC+LBL)
GOLDHASER, WISS, ABRAMS, ALAM + (LSL+SLAC)
+PICCOLO, FELDMAN+ {SLAC+LBL+NWES+HAWA)
+PERUZZE, LUTH, NGUYEN, blISS, ABRAMS+{SLAC+LSL)

R2 00 INTO (K- PI+
R2 44 0.032
R2 185 0.085
R2 ~ I ~ 1 ~

R2 AVG 0.043
R2 FIT 0.046

PI+ PI-)/TOTAL (P2)
0.011 PERUZZI 77 SMAG E+E- 3.77GEV ECM

O. 021 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM

0.022 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2.2)
0.012 FROM FIT {ERROR iNCLUDES SCALE FACTOR OF 1.4)

12/77
1/82

BALTAY
SCHARRE
VUILLEMI
ABRAMS
ARNENISE
AT IYA

78 PRL 41 73
78 PRL 40 74
78 PRL 41 1149
79 PRL 43 481
79 PL 868 115
79 PRL 43 414

+CAROUMBALES, FRENCH, HEBBS, HYLTON+{COLU+BNL)
+BARBARO-GALTEERI + {SLAC+LBL+NblES+HAblA)
VUILLEMEN, FELDMAN + {LBL+SLAC+NMES+HAMA)
+ALAM, BLOCKER, SOYARSKE+ (SLAC+LBL)
+ERRIQUEZ+ {BARE+CERN+EPOL+MILA+ORSA)
+HOLMES, KHAPP, LEE+ {CO{U+

EL

L+FNAL�
)

R4
R4 P
R4
R4 P
R4 P
R4
R4 AVG
R4 FIT

00 INTO (K- PI+ PI+ PI-)/(K- PI+) (PZ)/(P1)
214 2.2 0 ~ 8 PICCOLO 77 SMAG E+E-4.03,4 ~ 41ECM

10 20 10 BAILEY 83 SPEC PI- BE--) Do
THIS CHANNEL DOMINATED SY K- PE+ RHOO {85+-15 PERCENT}.
K* P I+ PI- AND K- A2+ CONSISTENT WITH 0, K* RHOO FRAC I S 0. 1+-0.1

2. 12 0.62 AVERAGE
1.91 0.48 FROM FET (ERROR INCLUDES SCALE FACTOR OF 1.2)

1Z/77
1/82

12/77
2/84*

12/77
12/77

R5
RS
R5
R5
R5 AVG
R5 FIT

R6
R6
R6
R6
R6 F IT

DO INTO &KOBAR PI+ PI-)/(K- PI+)
116 2 ~ 8 1.0 PECCOLO
35 1.7 0 S AVERY

2. 13 0.62 AVERAGE
'l. 76 0.39 FROM FIT

00 INTO (PI+ PI-)/(K- PI+)
0.07 OR l.ESS CL~.90
0.033 0 ~ 015

PICCOLO
ABRAMS

0.033 0.015 FROM F I T

(P3)I(P1)
77 SNAG E+E-4.03,4.41ECM 12/77
80 SPEC GAMMA NUC--)0*+ 12/8'l

(P5)/(P1)
77 SNAG E+E- 4.03 GEVECM 12/77
79 SMK2 E+E- 3.77GEV ECM 12/79

R7
R7
R7
R7
R7 FET

DD INTO (K+ K-)/&K- PI+)
0.07 OR LESS CL~. 90
0 ~ 113 0.030

0.1'l3 0.030 FROM FIT

PICCOLO
ABRAMS

(P7) I(P1)
77 SMAG E+E- 4 ' 03GEV ECM 12/77
?9 SMKZ E+E- 3.77GEV ECM 12/79

R8 DO INTO (K+ PI-, VIA DOBAR)/(K- PI+ + K+ PI-) (P6)/(P1+P6)
Rs THIS IS THE 00-OOBAR MIXING LlMIT
R8 0. 16 OR LESS CL~. 90 FELDMAN 77 SMAG 0*+ TO Do PI+
Rs (0.18) OR LESS CL~. 90 GOLDHASER 77 SMAG

3/77
12/77

R3 00 INTO &KOBAR PI+ PI-)/TOTAL (P3)
R3 28 0.040 0.013 PERUZZI 77 SHAG E+E- 3.77GEV ECM

R3 32 0.038 0.012 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM

R3 AVG 0.0389 0.0088 AVERAGE
R3 FIT 0.0420 0.0077 FROM FIT

AOAMOV I C

A{.LAS I A

ASTON
AVERY
BAC I NO
USHI DA
ZHOLENTZ

ALSO

80 PL 898 427
80 NP 8176 13
80 PL 948 113
80 PRL 44 1309
80 PRL 45 329
80 PRL 45 1049
80 PL 968 214
81 YAD. PHYS. 34

ADAMOVICH+(PHOTON-EMUL, OMEGA-PHOTON COLLS. )
{AHKA+LISH+CERN+DUUC+LOUC+KEYN+PISA+ROMA+)

+{BONN+CERH+EPOL+GLAS+LANC+MCHS+LALO+LPNP+)
+MISS, BUTLER, GLADDING+ {ELL+FNAL+COLU)
+FERGUSON+ {UCLA+SLAC+STAN+UCI+STON)

(AECH+FNAL+KOBE+SEOU+MCGI+NAGO+OSU+OKAY+)
+KUROADZE, LELCHUK, MESHNEV, NEKITEN+ {NOVO)

1471 ZHOLENTZ + {NOVO)

ADAMOVEC
ADAMOVI2

ALSO
ALSO

ADEVA
BALLAGH

ALSO
F I OR I NO
FUCHI
SCHIHOLE
ASE
BODEK
US HI DA
AGUILAR
BAOERTSC
BAILEY
YELTON

81 PL 998 271
81 JETPL 34 456
80 ADAMOVICH
81 FIORENO
81 PL 1028 285
81 PR 024 7
80 PL 898 423
81 LNC 30 166
81 LNC 31 199
81 PRD 24 78
82 PRL 48 1526
82 PL 1138 82
82 PRL 48 844
83 PL 1228 31Z
83 PL 1238 471
83 PL 1328 237
84 SLAG-PUB-3274

ADAMOVICH+{ PHOTON-EMUL, OMEGA-PHOTON COLLS. )
(PISMA JETF 34 47? }{PHOT. EMUL. , OMEGA-PHOT. )

+AGUILAR-SENETEZ + {LEBC-EHS COLLABORATION)
+BINGHAM+ {LBL+UCB+FHAL+HAWA+MASHeWISC}
BALLAGH + {LBL+UCB+FNAL+HAMA+MASH+MISC)
FIORINO+ {PHOTON-EMUL, OMEGA-PHOTON COLLS. )
+HOSHI NO, ME YANI SH I+ {NAGO+A I CH+ TOKY+ YOKO)
SCHIHDLER, ALAM, BOYARSKY + (SLAC+LBL)
{SLAG HYBRID FACILITY PHOTON COLLABORATION)
+BREEDON, COLEMAN+ {ROCH+CET+CHIC+FNAL+STAN)

{AECH+FNAL+KOBE+SEOU+MCGE+NAGO+OSU+OKAY+)
AGUILAR-BENITEZ+ LEBC-EHS COLLAB (CERN+)
BADERTSCHER, HAHN, HUGENTOBLER+ {BERN+MPIM)
+SARDSLEY, SECKER+ ACCMOR COLLAB. {CERN+}
+GLADNEY, GOLDHASER, ABRAMS+ (SLAC+LBL+HARV}

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

NGUYEN 77 PRL 39 262 +MESS~ASRAMS ALAMgBOYARSKE+ {LBL+SLAC)J

REVIEWS

BARSAROG 78 LBl.-8537 A. BARBARO-GALTIERE {ERICE 1978) {LBL)
WOJCICKI 78 SLAC-PUB-2232 S.WOJCICKI {SLAG SUMMER INST. 1978) (SLAC)
KIRKBY 79 SLAG-PUB-2419 J.KIRKBY (LEPTON CONF. BATAVEA, 1979}(SLAG)
TRILL ENG 81 PRPL 75 57 G-H. TRILLING (LBL+UCB)J

«a«a«* a*aa*aaaa «a*a«a«a« «a«a««a«a a«a«a«a«* a*a**a«a« ***a«**a««a«a«a«a
aaaaaa «a«a*a«a» *a«a*a«a« *««*«a*«a *«a«**«*a «*«a«*a«a *«*«a****a»a*«aaa

R9 Do INTO &K- PI+ PIO)/TOTAL (P8)
R9 7 0. 12 0.06 SCHARRE 78 SMAG E+E- 3.77 GEV

R9 37 0.085 0.032 SCHENDLER 81 SMK2 E+E- 3.771 GEV ECM

R10 00 INTO (KOBAR PIO)/TOTAL (P9)
R10 (0.06) OR LESS CL~. 90 SCHARRE 78 SMAG E+E- 3.77 GEV
R10 8 . 0.022 0.011 SCHENDLER 81 SMK2 E+E- 3.771 GEV ECM

1/78
1/82

1/78
1/82

34 F+-(1970,JP~O-) I~o

QUANTUM NUMBERS NOT MEASURED. VALUES ARE ASSIGNED
HERE ASSUMING CHARMED-STRANGE GROUND STATE F-MESON.
CHEN 83 OBSERVATIONS ARE CONSISTENT METH J=O.

R12
R12
R12
R12
R12 AVG

Do INTO &KOBAR ANYTHIN6 + KO ANYTHIN6)/TOTAL (P13)
6 0 57 0 26 VUILLEMIN 78 SNAG E+E- 3.772 GEV ECM

13 0.29 0. 11 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM

0 ~ 33 0. 10 AVERAGE

1/79
1/82 NOTE ON THE F MKSGN

R13
R13
R13
R13
R13
R13

Do INTO (E+ ANYTHIN6)/TOT
0 (0.04) OR LESS CL~

12 0.055 0.037
3 0.051 0.048

0.053 0 ~ 029 0.013 AVERAGE

AL (P10)
.95 BACINO 80 DLCO E+E- 3.77 GEV ECM

SCHENDLER 81 SMKZ E+E- 3.?71 GEV ECM
0.014 AGUILAR 83 HYBR PI- P, P P

R14 00 INTO (K*(892)- PI+)/TOTAL (P14)
R14 25 0 ~ 034 0.014 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM

R15 00 INTO (Ka(892)0 PIO)/TOTAL (P15)
R15 4 0.014 0.023 0.014 SCHENDLER 81 SMK2 E+E- 3.?71 GEV ECM

R'I6 00 INTO (K- RHO+)/TOTAL {P16)
R16 31 0.072 0.030 0.031 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM

R17 00 INTO (KOBAR RHOO) /TOTAL (P17)
R17 '1 0.001 0.006 0.001 SCHENDLER 81 SMK2 E+E- 3.771 GEV ECM

R18 00 INTO (Pl- PI- PI+ PI+)/(K- PI+ PI+ PI-) (P18)/(P2)
R18 0 ~ 21 OR LESS CL~.90 SCHENDLER 81 SMK2 E+E- 3.771 GEV ECM

DO INTO (K- ANYTHIN6)/TOTAl (P11)
19 0.35 0 ~ 10 VUILLEMEN 78 SMAG E+E- 3.772 GEV ECM

121 0.55 0. 11 SCHINDLER 81 SMK2 E+E- 3 ~ 771 GEV ECM

0.440 0.100 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.3)

R19
R19
R19
R19
R19 AVG

R20 00 INTO &K+ ANYTHIN5)/TOTAL (P12)
R20 25 0.08 0.03 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM

R21 00 INTO (K- PI+ PIO PIO)/TOTAL (P20)
R21 1 SEEN AOEVA S1 HYBR PE- P--)00 DOBAR

4/82
4/82

11/83*

3/84*

1/82
1/82

1/82
1/82

1/82
1/82

1/82
1/82

1/82
1/82

1/82
1/79
1/82

1/82
1/82

1/82
1/82

The strongest evidence for the F meson comes from
the CLEO observation (CHEN 83) of a P~ — signal of
104~ 19 events above background with mass
(1970~5+ 5) MeV and width consistent with resolution.
The decay angular distributions are consistent with a
spin-0 F decaying to Ps followed by g ~ K+K . The
observation of a P~ —state at this mass has been con-
fumed by TASSO (ALTHOFF 84) and supported in a
preliminary report from ARGUS (ARGUS 83).

The 1970-MeV mass is inconsistent with that found

by the OMEGA Spectrometer photoproduction experi-

ment, while the earlier DASP mass (BRANDELEK
77,79) is consistent with both the CLEO and OMEGA
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For notation, see It, ey at front of Listings. Stable Particles
Fk

results. DASP (BRANDELIK 77,79) observed an re~-
signal of 6 events with negligible background at
(2030+ 60) MeV. OMEGA reported signals in g». —,

, and g'm —~+~ at an average mass of
(2020+ 10~20) MeV (ASTON 81), in Pg —at
(2049 ~ 15) MeV (ASTON2 81), and later in ri~ —at
(2017~ 13) MeV (ATKINSON 83). The disagreement

between OMEGA and CLEO masses cannot be
accounted for by any known systematic errors.

Another apparent disagreement involves the F ~
P» —branching fraction. OMEGA sets a limit 0"B ( 4
nb for the E F photoproduction cross section times the
branching fraction to this mode (ASTON2 81), com-
pared with e B = (140~20) nb for the sum of the four
modes they reported, i.e., a branching ratio F(F—~
P~ —)/I'(F — q» +g~ ——»+~ + rl'~ —n.+~ +
Pg

—) ( 3%. This suggests a much smaller branching

ratio to all possible modes: B(F~ Pn.) = I'(F ~
P~)/F(F ~ all) (( 3%. In contrast CLEO (CHEN 83),
using a crude estimate of the level of F—production,
obtains B(F~ g~) —4.496, while TASSO (ALTHOFF
84) finds a somewhat higher value. Theoretical esti-

mates for this branching fraction are 2%-396.~

The hybrid-emulsion spectrometer wide-band neu-

trino beam experiment at Fermilab (USHIDA 83) can-

not be used to establish an F mass because their cuts to
eliminate D background effectively require their F can-
didates to have a mass greater than 2000 MeV. In a
second run this group has reduced the mass bias by
improved mass resolution and by including P decay
modes. Preliminary results for this run reported at Cor-
nell give a mass for 8 F—candidates which is in agree-

ment with both the CLEO and the OMEGA results.
The situation is thus by no means clear. In the

Stable Particle Table we give the mass determined from
e+e observations of the p» —mode, mF ——(1971~ 6)
MeV, to which we attach a cautionary footnote pointing
out the conflicting results. %'e list decay modes of the F
other than P~ as "possibly seen" because the conflicting
mass values suggest that these other modes may not be
observations of the 1971-MeV state adopted here as the F.

34 F+-(1970& NASS CNEV&

4(2030. ) (60.) BRANDELIK 77 DASP +- IN SRANDELIK 79
6(2030.) (60 ' ) BRANDELIK 79 DASP +- E+E- ECM~4. 42GEV
1(2017 ~ ) (25 ~ ) ANMAR 80 HYSR + NEU WIOEBAND
1(2026 ' ) (56.) USHIDA 80 ENUL - FNAL NU WIOESANO
1(2089.) (121 ~ ) USHIDA 80 EMUL + FNAL NU WIDEBAND

460(2020 ' ) (22. ) ASTON 81 OMEG +- GAMMA P--)F +
30(2049. ) (15 ' ) ASTON2 81 OMEG +- GAMMA P--)F +

(1970.) (10.) ARGUS 83 ARG PRE L ININARY
17(2017~ ) (13.) ATKINSON 83 ONEG +- GAMNA .P--)F +

104 1970 ~ 7. CHEN 83 CLEO +- E+E- ECM~10. 5GEV
4'9 1975 ~ 14 ~ ALTHOFF 84 TASS +- E+E- ECN14-25GEV
ERROR QUOTED BY ASTON 81 IS 10 NEV STAT ANO (20 NEV SYST.
AVERAGE OF THREE MODES LISTED IN SECTIONS R2, R3, AHD R4 BELOW.
ATKINSON 83 MASS ERROR INCLUDES SYSTEMATIC UNCERTAINTIES ~

STATISTICAL AHD SYSTEMATIC ERRORS COMBINED IN QUADRATURE ~

1971.0 6.3 AVERAGE

N

N

M

M

M

N A
M

M

N C

S
M S
N A
M A

M C

M S
M

N AVG

12/77
1/80
9/81
2/82
2/82
1/82
2/84»
2/84»

11/83»
10/83»
2/84»
1/82
2/84»

11/83»
2/84»

T
T
T A

T
T A
T A

2 (2.24)
1 (1.4)
2 (2.1)
4 1.9

WITHDRAWN BY
PARTICLE ID.

34 F+-(1970) MEAN LIFE (UNITS 10»»-13 SEC)

(2.78) (1.05) USHIOA 80 EMUL NEU WIDEBANO
AMNAR 80 HYBR + NEU WI DEBAND

(3.6) (0 ~ 8) AGUILAR 83 HYBR PI- P, P P
1.3 0.7 USHIDA 83 EMUL REPL. USHIDA 80

AUTHORS. 0 INTERPRETATION CANNOT BE RULED OUT WITHOUT
S.REUCROFT (PRIVATE COMMUNICATION, 1984).

12/81
1/82
2/84*
2/84»
2/84»
2/84»

P1
P2
P3
P4
P5
P6
P7
P8

F+-
Fa-
F+-
F+-
F+-
F+-
F+-
F+-

34 F+-«1970& PARTIAL DECAY NODES

INTO ETA P I+-
INTO ETA ANYTHING
INTO ETA PI+- PI+ P I-
INTO ETA PRIME PI+- PI+ PI-
INTO PHI RHO+-
INTO PHI PI+-
I N TO MU+- NU

INTO PHI PI+- PI+ PI-

DECAY MASSES
549+ 140
549+ 0
549+ 140+ 140+ 140
958+ 140+ 140+ 140

1020+ 769
1020+ 140

106+ 0
1020+ 140+ 140+ 140

4/82
4/82

2/84»
2l 84»

1/82
1/82

0/82
1/82

1/82
1/82

10/83*
2/84»

10/83*
2/84»
2/84»
2/84»
2/84»

11/83»
11/83»
11/83»

R8
RS

F+- INTO PMI PI+- PI+ PI-
(SEEN)

CP8)
ARGUS 83 ARG PRELIMINARY 2/84»

»»»»*» »»»*»»*** »»***»»*» »»*»»»»** »»»*»»»*» »»'*»»»*»» *»»*»»»»» »**»»»*»

REFERENCES FOR F+-(1970)

BRANOELI 77 PL 70B 132
BRANDELI 79 PL 80B 412
AMMAR 80 PL 94B 118
USHIDA 80 PRL 45 1053

ASTON 81 PL 100B 91
ASTON2 81 NP B189 205
PARTRIOG 81 PRL 47 760

SRANDELIK + (AACH+DESY+HAMB+MPIM+TOKY)
BRANOE L IK+ (AACH+OESY+HANB+NPIN+TOKY)
+ (KANS+FNAL+SERP+ITEP+CRAC+JINR+WASH+)

(AICH+FNAL+KOBE+SEOU+MCGI+NAGO+OSU+OKAY+)

(SONN+CERN+EPOL+GLAS+LANC+MCHS+LALO+LPNP+)
(SOHN+CERN+EPOL+GLAS+LANC+MCHS+LALO+LPNP+)

PARTRIDGE, PECK+ (CIT+HARV+PR IN+STAN+SLAG)

AGUI LAR
ARGUS
ATKINSON
AUBERT
CHEN
USHIDA
ALTHOFF

83 PL 122B 312
83 CERN COUR. 23
83 ZP C17 1
83 NP B213 31
83 PR L 51 634
83 PR L 51 2362
84 PL 'l41B TO SE

AGUILAR-BENI TEZ+ LESC-EHS COLLAB (CERN)
423 ARGUS COLLABORATION (PRELIMINARY)

+ (BONH+CERN+GLAS+LANC+NCHS+LPNP+RL+SHEF)
EUROPEAN MUON COLLAS. (CERN+DESY+FREI+)
+ (SYRA+VAND+HARV+OSU+CORN+ITHA+ROCH+RUTG)

(AICH+FNAL+KOBE+SEOU+MCGI+NAGO+OSU+OKAY+)
PUB TASSO C. (AACH+BONN+DESY+HAMB+LOIC+OXF+)

REVIEWS

TRILLING 81 PRPL 75 57 G. H ~ TR ILL ING (LSL+UCB)

»*»»»» »»*»»»»»* »*»»»»»»* »»»»»*»»* »»»»*»»»» »»**»»»*» »*»»»»»»» ***»»»»*
**»»»» *»*»*»*»» *»»»»»*** **»»»**»» *»*»»»»»» »»*»»***» *»»»*»*»* **»»**»»

34 Fw-(1970) SRANCHIN6 RATIOS

R1 F+- INTO (ETA PI+-)/CETA ANYTHING) CP1&/CP2)
R1 A 6 (0.09) (0 ~ 06) BRANOELIK 79 DASP E+E- ECN 4.42GEV
R1 A DENOMINATOR INCONSISTENT WITH PARTRIDGE 81 (CRYSTAL BALL)

R2 F+- INTO ETA PI+- CP1)
R2 40 +-. 9 EVENTS SEEN ASTON 81 ONEG GAMMA P--)F +
R2 . 17 +- 6 EVENTS SEEN ATKINSON 83 ONEG GAMMA P--)F +

R3 F+- INTO ETA PI+- PI+ PI- CP3&
R3 360 +- 90 EVENTS SEEN 81 OMEG GAMMA P--)F +

R4 F+- INTO ETA PRINE PI+- PI+ PI- CP4)
R4 60 +- 20 EVENTS SEEN ASTON 81 OMEG GAMMA P--)F +

R5 F+- INTO PHI RHO+ CP5)
R5 83 +- 26 EVENTS SEEN ASTON2 81 ONEG GAMMA P--)F +

R6 F+- INTO PHI PI+- «P6&
R6 (SEEN) ARGUS 83 ARG PREL IMIHARY
R6 A 104 (0.044) CHEN 83 CLEO +- E+E- ECM~10. 5GEV
R6 A 49 (0 ' 13) (0.05) (0.08) ALTHOFF 84 TASS +- E E- ECM14-25GEV
R6 A BOTH VALUES BASED ON SAME CRUDE ESTIMATE OF F+- PRODUCTION LEVELS
R6 A ALTHOFF 84 ERRORS ARE STATISTICAL AND SYSTEMATIC COMBINED IN
R6 A QUADRATURE WITH ADDITIONAL NEGATIVE ERROR FOR F+- FRON PRIMARY B.

R7 F+- INTO CNJ+- NU)/TOTAL CP7)
R7 A 0 (0.03) OR LESS AUSERT 83 SPEC MU+ FE, 250 GEV
R7 A AUBERT 83 OBTAIN THIS LIMIT ASSUMING THAT F+- PRODUCTION RATE IS
R7 A 20 PERCENT OF TOTAL CHARN PRODUCTION RATE

References

L. Maiani, J. Phys. (Paris), Colloq. 43, C3-631
(1982); and D. Fakirov and B. Stech, Nucl. Phys.
B133, 31S (1978).
N.W. Reay, I'roceedin gs 1983 International
Lepton/Photon Symposium (Cornell, 1983), eds.
D.G. Cassel and D.L. Kreinick, p. 244.

M A

N A

41 CHAR6ED SC5271, JP~ & I~

SEE ALSO THE LISTING FOR THE B (FOLLOWING THE ENTRY
FOR THE NEUTRAL B) FOR MEASURENENTS WHICH DO NOT
IDENTIFY THE CHARGE STATE.

41 CHAR6ED 8 NABS CNEV&

6 5270.8 3.0 BEHRENDS 83 CLEO +- O»- PI+ PI+ + CC 4/83»
STATISTICAL (2.3 MEV) AND SYSTEMATICAL (2.0 MEV) ERRORS COMBINED. 4/83»
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Stable Particles
B', B, B,

Data Car(I Listings

P1
P2

41 CHARGED b PARTIAL DECAY NODES

8+ INTO DOBAR PI+
8+ IMTO O»(2010)- PI+ PI+

DECAY MASSES
1865+ 140
2007+ 140+ 140

8 MODES ARE CHARGE CONJUGA'TES OF THE ABOVE

MODESTY

REFERENCES FOR CIIAR6ED 8

41 CHARGED b BRANCIIIN6 RATIOS

R1 8+ INTO DOBAR Pl+ CP1)
R1 2 0.042 0.042 BEHRENDS 83 CLEO +- E+ E-, UPSIL(4$)

R2 8+ INTO D*C2010)- Pi+ PI+ CP2)
R2 6 0.048 0.030 SEHRENDS 83 CLEO +- E+ E-, UPSIL(4$)
tttt»t ttt*t*t*t tt»tttttt tt*ttt*tt tttttt»tt ttt*ttt»t t*t*t*ttt t*tttttt

4/83»

4/83»

39 8 BRANCNIN6 RATIOS

R1 b INTO CELECTRON NEUTRlNO NAORONS)/TOTAI. CP1)
R1 A (0.13) (0.042& SESEK 81 CLEO DIRECT E AT UPS(4$)
R1 8 (0.136) (0.039) SPENCER 81 CUSB DIRECT E AT UPS(4S)
R1 C 0.127 0 ~ 021 CHADWICK 83 CLEO DIREC7 E AT UPS(4$)
R1 D 0.132 0 ~ 016 KLOPFENST 83 CUSB DIRECT E AT UPS(4$)
R1 E (0 ~ 116) (0.027) NELSON 83 SNK2 EeE-, ECN~29 GEV
R1 A THE STATISTICAL AND SYSTEMATIC ERRORS ARE EACH 0 ~ 03.
R1 8 THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.025 AND 0 ~ 03.
R1 AB THE ELECTRON ENERGY SPECTRA IN SOTM BEBEK 81 AND SPENCER 81 FAVOR
R1 AB 8-TO-C OVER 8-70-U QUARK TRANSITIONS.
R1 C THE STATISTICAL ANO SYSTEMATIC ERRORS ARE 0.017 AND 0.013.
R1 D STATISTICAL AND SYSTEMATIC ERRORS ARE 0.008 AND 0.014.
R'1 D RATIO CS(B--)E NU UP)/CS(8--)E NU CMARH) ( 0.055 AT .CL~.90.
R1 E THE $7ATISTICAL ANO SYSTEMATIC ERRORS ARE 0 ~ 021 AND 0.017.
R1
R1 ONLY THE EXPERIMENTS h7 THE UPSILON(4$) ARE USED IN THE AVERAGE.
R1

R1 AVG 0.130 0.013 AVERAGE

4/82
4/82

11/83»
1/84»

11/83»
4/82
4/82
4/82
4/82

11/83»
1/84*
1/84»

11/83»

BEHRENOS 83 PRL 50 881 + (ROCH+RUTG+SYRA+VAND+CORN+ITHA+HARV+OSU)

t*tttt tt*tttttt tt»tt*ttt ttttttttt ttt*ttttt tt****»**tt*ttt»tt ttttttttt***tt *tttttt*t ttttttttt ttttttttt ttt*t***» ttt*t»tt* t**tt*ttt tttt*tt*
0

42 NEUTRAL BC5274, JP~ ) I~

SEE ALSO THE LISTING FOR THE 8 (FOLLOWING THIS ENTRY)
FOR NEASUREMENTS WHICH DO NOT IDENTIFY THE CHARGE
STATE.

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

b INTO (MUON NEUTRINO HADRONS)/TOTAL
(0.094) (0 ' 036) CHADWICK 81 CLEO

A (0.105) (0 ~ 020) ADEVA2 83 NRKJ
8 0.124 0.035 CHAOWI CK 83 CLEO

(0.155) (0.054) (0.029) FERNAND1 83 NAC
(0.117) (0.028) ALTHOFF 84 TASS

A THE STATISTICAL ANO SYSTEMATIC ERRORS ARE ,.0.015
8 THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.017

CP2)
DIRECT NU AT UP(4S)
E+E- ECM~33-38. 5GEV
DIRECT NU AT UP(4S)
E+E- AT ECN~29 GEV
E+E-, ECN~34. 5 GEV
ANO 0 ~ 013.
AND 0.031.

THE AVERAGE OF THE TMREE HIGH-ENERGY RESULTS IS 0.113+-0~ 016.
THESE EXPERIMENTS PRODUCE OTHER BOTTOM PARTICLES IN ADOI7ION TO
THE 8 MESON.

4/82
11/83»
11/83»
12/83»
3/84»

11/83»
11/83»

42 NEUTRAL b NABS CNEV)

R3 8 INTO CE+ E- ANYTHIN6)/TOTAL CP3)
R3 (0.05) OR LESS CL~. 90 BEBEK 81 CLEO E+ E- AT UPSIL(4S) 4/82

M A 5 5274.2 2 ~ 8 BEHRENDS 83 CLEO 0 0»- PI+ + CC
M A STATISTICAL (1.9 NEV) AND SYSTEMATICAL (2.0 NEV) ERRORS COMBINED.

4/83*
4/83»

R4
R4
R4
R4
R4

b INTO CMU+ NU- ANYTHIN6}/TOTAL
(0.017)OR LESS CL .90 CHADWI CK
0-007 OR LESS CL~.95 AOEVA1
0.007 OR LESS CL~. 95 BARTEL

(0.02) OR LESS CL~.95 ALTHOFF

(P4)
81 CLEO E+ E- AT UPSIL(4S)
83 MRKJ E+E- 30&WCM&38 GEV
83 JADE E+E- 33&WCM&36. 7GEV
84 TASS E+E-, ECM~34. 5 GEV

4/82
11/83»
1/84»
3/84»

P1
P2

42 NEUTRAL b PARTIAL DECAY MODES

80 INTO DOBAR PI+ PI-
80 INTO D»(2010)- PI+

DECAY MASSES
1865+ 140+ 140
2007+ 140

BOBAR MODES ARE CHARGE CONJUGATES OF THE ABOVE MODES.

42 CBO) — Cb+) NABS DIFFERENCE (NEV)

OM A 3.4 3.6 BEHRENDS 83 CLEO E+E-, UPSIL(4$)
OM A STATISTICAL (3.0) AND SYSTEMATICAL (2.0) ERRORS COMBINED.

3/84»
3/84»

R5 8 INTO COILEPTON ANYTHING) CP3+P4)
R5 0.008 OR LESS CL~. 90 NATTEUZZI 83 SNK2 E+ E- AT ECN~29 GEV 11/83»

R6
R6
R6
R6
R6
R&
R6
R6
R6
R6

8 INTO (KAON ANYTHIN6}/TOTAL CP5)
C SEEN SRODY 82 CLEO KAONS AT UPSIL(4S)
O. SEEN GIANNINI 82 CUSB KAONS AT UPSIL(4S)
C ASSUMING UPSILON(4S) --) 8 BBAR, A TOTAL OF 3.38+-0.34+-0.68 KAONS
C PER UPSILOM(4$) DECAY IS FOUND (THE SECOND ERROR IS SYSTENATIC). IN

THE CONTEXT OF THE STANDARD 8-DECAY MODEL, THIS LEADS TO A VALUE
C FOR (8-QUARK --& C-QUARK)/{8-QUARK --& ALL) OF 1.09+-0.33+-0.13.
O GIANNINI 82 AT CESR-CUSS OBSERVED 1.58+-.35 KO PER HADRONIC EVENT
D MUCH HIGHER THAN 0.82+-0. 10 BELOW THRESHOLD' CONSISTENT WITH
D PREDOMINANT 8--)C X DECAY.

4/82
2/84»
4/82
4/82
4/82
4/82
2/84»
2/84»
2/84»

R7 8 INTO CJ/PSI ANYTIIING)/TOTAL (P6)
R7 (0 049)OR LESS CL~90 NATTEUZZ I 83 SMK2 E+ E- AT ECH~29 GEV 11/83»

42 NEUTRAL B BRANCHING RATIOS
R1 80 INTO DONAR PI+ PI- CP1}
R1 5 0.13 0.09 SEHRENDS 83 CLEO 0 E+ E-, UPSIL(4S)

R2 80 INTO D*C2010)- PI+ CP2)
R2 5 0.026 0.019 BEHRENDS 83 CLEO 0 E+ E-, UPSIL(4S)

tttt** ttttt**tt ttttttttt tt*tttttt ttttt*t*t tttttt»»t »t*tttttt tttttt»t
REFERENCES FOR NEUTRAL 8

4/83»

4/83»

RS
R8
R8
R9
R9
R9
R9
R9
R9

8 INTO (DO ANYTNIN6)/TOTAL (P7)
A 0.8 0.28 GREEN 83 CLEO E+ E- AT UPSIL(4S)
A OBSERVED 0.8+-0.2(STAT. )+-0.2(SYST. ) DO PER 8 DECAYS

8 INTO (PROTON ANYTNIN6)/TOTAL CP8)
A 0.036 OR NORE ALAM 83 CLEO PROTONS AT UPSI(4$)
A THE STATISTICAL AND SYSTEMATIC ERRORS ARE 0.006 ANO 0.009. VALUES

ARE FOR (BR(8--)P X)+SR(8--&ANTI-P X)/2. DATA ARE CONSISTEN7 WITH
A EQUAL YIELDS OF SARYONS ANO ANTIBARYON' USING ASSUMED YIELDS
A BELOW CUT, BR(B--&PeX)~0.03 NOT INCLUDING PROTONS FROM LAM. DECAYS.

12/83»
12/83»

11/83»
11/83»
11/83»
11/83»
11/83»

SEHRENOS 83 PRL 50 881 + (ROCH+RUTG+SYRA+VAMDe CORM+ ITHA+HARV+OSU)

tttttt ttttttt*t tttttttt* tttttt*t* tttttt*tt tttt»**tt ******ttttttttttttttttt »***»*ttt *tttt*t** ttttttttt tt*t*tttt ***t*ttt*ttttttttt **tttttt

39 BOTTON MESON 8(5271, JP~ )

R10 8 iNTO CLANBDA ANYTNlN6)/TOTAL CP9)
R10 A 0.022 OR NORE ALAN 83 CLEO LANBDAS AT UPSI(4S&
R10 A THE STATISTICAL ANO SYSTEMATIC ERRORS ARE 0.007 ANO 0.004. VALUES
R10 A ARE FOR (BR(LAMBDA X)+BR(ANTI-LAMBDA X)/2. DATA ARE CONSISTENT WITH
R10 A EQUAL YIELDS OF BARYONS AND ANTIBARYOMS. USING ASSUMED YIELDS
R 1 0 A BELOW CUT t BR ( 8 &LAMBDA X)~0 ~ 03

*t»ttt »tttt**tt *tt»ttttt »tt»*tttt t*t*t*tt» tt**t**»*ttttt»tt* »ttttttt

11/83»
11/83»
11/83»
11/83»
11/83»

THIS ENTRY LISTS HEASURENENTS OF 8 MESON PARAMETERS
FOR WHICH THE CMARGE STATES ARE NOT SEPARATED'
MEASUREMENTS IN WHICH THE CHARGE STATE IS CLEARLY
IDENTIFIED ARE LISTED IN THE PRECEDING CHARGED 8
AND NEUTRAL 8 ENTRIES.

ANOREW$80 PRL 45 219
FIMOCCHI 80 PRL 45 222
BESEK 81 PRL 46 84
CHADWICK 81 PRL 4& 88
SP ENCER 81 PR L 47 771

REFERENCES FOR SOTTON MESON SC5271)

+ (CORN+HARV+ITHA+SYRA+ROCH+RUTG+VAND)
F INOCCMIARO, GI ANNINI, + (STON+COLU+LSU)
+ (MARV+ITHA+SYRA+ROCH+RUTG+VAND+CORN)
+GAMCI+(ROCH+RUTG+SYRA+VAND+CORM+HARV+ITHA)
+F I NOCCHI ARO, + (STON+COLU+LSU+MPIN)

M

M

M

M

N
M

N

39 b MASS CMEV}

A 5180 TO 5290 ANDREWS 80 CLEO UPSIL(4$) THRESHOLD
A 5289 OR LESS FINOCCHIA 80 CUSB UPSIL(4$) THRESHOLD
AB 5263 TO 5278 SCHANSERG 82 CUSS UPSIL(4S& THRESHOLD
A REDETERMINATION OF THE CESR ENERGY SCALE CHANGED THE ANDREWS 80,
A FINOCCHIARO 80, AND SCHANBERGER 82 LIMITS FROM THEIR PUBLISHED
A VALUES TO THOSE GIVEN ABOVE.
AS SCHANBERGER 82 DEDUCED ABOVE LIMITS FROM NON-OBSERVATION OF 50 HEV
AB GANNAS FROM 8» --) 8 GANHA ANO UPSIL(4S) --& 8 8*~

39 b MEAN LIFE CUNITS 10»t-13 SEC}

(14.) OR LESS CL~.95 BARTEL 82 JADE E+E-,AVG ECN 34 GEV
A 18. 7 ' 2 FERMAND2 83 MAC E+E- AT ECN 29 GEV
8 12.0 5 ' 4 4 ' 7 LOCKYER 83 SMK2 E+E- AT ECH 29 GEV
A THE STATISTICAL ANO SYSTEMATIC ERRORS ARE 6 AND 4.
8 THE STATISTICAL ERRORS ARE +4. 5 ANO -3.6g THE SYSTEMATIC ERROR IS
8 3.0- THE LIFETINE IS AN AVERAGE OVER BOTTOM PARTICLES PROOUCED-

AVG 14. 4. AVERAGE

12/83'»
12/83»
12/83»
12/83»
12/83»
12/83»
12/83»
12/83»

1/83»

1/83*
12/83»
12/83»
12/83»
12/83»
12/83»
3/84»
3/84*

SARTEL 82 PL 1148 71
SROOY 82 PRL 48 1070
GIANNINI 82 NP 8206 1
SCHANBER 82 PR D26 720

JADE C. (DESY+HAHB+HE ID+LANC+MCHS+RHEL+TOKY)
+CHEN, +(SYRA+VAND+CORN+ITHA+HARV+ROCH+RUTG)
+FINOCCHIARO, FRANZINI+ (STON+COLU+LSU+HP IM)
SCHAMSERGER+ (STON+COLU+LSU+HPIN)

ADEVA1
AOEVA2
ALAM
SARTEL
CHADWICK
FERNANO1
FERNAMO2
GREEN
KLOPFENS
LOCKYER
NATTEUZZ
NELSON
ALTHOFF

83 PRL 50 799
83 PRL 51 443
83 PRL 51 1143
83 PL 1328 241
83 PR D27 475
83 PRL 50 2054
83 PRL 51 1022
83 PRL 51 347
83 PL 1308 444
83 PRL 51 1316
83 PL 1298 141
83 PRL 50 1542
84 ZPHY C (SUBHI

MARK J C. (AACM+DESY+Ml T+HADR+AIKO+BHEP+C IT)
MARK J C ~ (AACH+DESY+MIT+MADR+AIKO+BHEP+CIT)
+ (VAND+HARV+OH IO+ CORN+ I THA+ROCH+RUTG+SYRA)
JADE C. (DESY+HAHB+HE ID+LANC+NCHSeRHEL+TOKY)
+ (ROCH+RUTG+SYRAeVAND+CORN+HARV+ITHA+OHIO)
+MAC. C. (COLO+FRAS+HOUS+NEAS+SLAC+UTAH+WISC)
+MAC. C. (COLO+FRAS+HOUS+NEAS+SLAC+UTAH+WISC)
+ (RUTG+SYRA+VAMO+HARV+OHIO+CORN+ITHA+ROCH)
KLOPFENSTEIN+ (STON+COLU+CORN+LSU+NPIM)
+JAROS, NELSON, ASRAMS, + (SLAC+LBL+UCB+HARV)
NATTEUZZI, ABRAMS, ANIDEI+(SLAC+LBL+UCB+MARV)
+BLONOEL, TRILLING+ (LSL+UCB+SLAC+HARV)

TTED)+ (AACH+BONN+DESY+HAMB+LOIC+OXF+RL+SIEG+)

16 PROTON(93, J~1/2) I~1/2

*ttttt t**tttttt t**tttttt *t**ttttt tt*tttttt »***ttttt ttt*tttt* tttt*ttt
ttttt* ttttttttt **t*ttttt tt*tt*ttt ttt*t»**t ttt*tt»tt »****»»*ttt**tttt

39 b PARTIAL DECAY NODES

DECAY MASSES
16 PROTON MASS (NEV)

P1
P2
P3
P4
P5
P6
P7
P8
P9

8 INTO ELECTRON MEUTRINO HADRONS
8 INTO MUON NEUTRINO HADRONS
8 INTO E+ E- ANYTHING
8 INTO MU+ NU- ANYTHING
8 INTO 'KAON ANYTHING
8 INTO J/PS I ANYTHING
8 INTO DO ANYTHING
8 INTO PROTON ANYTHING
8 INTO LANBDA ANYTHING

(938 ' 256) (0.005)
(938.2592) (0.0052&
938 ' 2796 0.0027

COHEN
TAYLOR
COHEN

65 RVUE
69 RVUE USING NEW E/H
73 RVUE

7/66
7/70
3/74
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For notation, see k,ey at front of Listings. Stable Particles

16 ANTIPROTON NASS CNEV&

M1
M1
M1
M1
M1
M1 AVG

0.5
0 ' 058
0.049
0. 13

938.3
938 ~ 179
938 ' 229
938 ' 30

938.216 0.036 AYERAGE

BAMBERGER 70 CNTR
HU 75 CNTR
ROBERSON 77 CNTR
ROBERTS 78 CNTR

12/79
12/79
12/79
6/78

NOTE ON PROTON MEAN LIFE LIMITS

(by M. Goldhaber, Brookhaven National Laboratory,
and F. Reines, University of California, Irvine)

Current ideas on the unification of the weak, elec-

tromagnetic, and strong forces suggest that baryon
number might not be strictly conserved, so that the pro-
ton could decay. In the Particle Properties Tables there

are nearly thirty particles listed with a mass smaller than
that of the proton (if we count both particles and

antiparticles and different members of multiplets

separately). Ten of these particles are fermions and the

remainder bosons. There are then a great many possible
two-body decay modes of the proton and an even larger

number of three-body, etc. , decay modes which satisfy

charge, energy, momentum, and angular momentum
conservation. Each decay mode has to contain at least
one fermion to satisfy angular momentum conservation.

The "decay signature" distributions as well as the
backgrounds depend on detector characteristics (the
material from which the detector is made, the method
of detection, timing information, time resolution, etc.).
The background, due chieQy to atmospheric neutrinos,
depends also on the geomagnetic latitude and on the
phase of the solar cycle with which the magnetic field of
the sun is associated. The depth-dependent cosmic ray
background is due to cosmic ray muons and their pro-

geny. For each possible proton decay signature there is
a finite probability of a background event with a similar

signature, where the probability depends on the detector
characteristics.

The Data Card Listings following this note show

only published results. The lower limits quoted are par-
tial mean life (mean life divided by branching fraction)
for the proton or bound neutron decay mode listed at
the right.

Since there are many new unpublished results, we

also show a table of the latest (preliminary) results as
reported at the ICOBAN '84 Conference at Park City,
Utah, Jan. 4-8. This table is based on the summary talk

given at the conference by W. Allison, Oxford. The
table sho~s the 9096 confidence level lower limits on the

partial mean life for decay to the mode shown. The

Lower limits on partial mean life (r/B) for proton or bound
neutron decay. (Adapted from W. Allison, summary talk at
ICOBAN '84.)

NUSEX Kamiokandet

Sensitivity
(ton-years)

180 2300 324

Mode 7/B limit, CL=9096, units 10 yr

p e+~0 &10
7l &7

e+y
Y

&200
&120
&220
&160

&26
&18

e &130 &18
P )40 [2 ev] )8 [1 ev/0]

&31 &18
g+Ko )13 1 ev )26 [2 ev] )8 [1 ev/0]

&5

&41 1 ev
&51 2 ev
&12 3 ev

)6 [ 1 .ev/0. 2]

)7 3 ev/1])3 S ev/S. S]

n ~ e+m &19
g &4

v~0 &10
I/Ko &6

&9
&11
&15

)8 [3 ev] )8
~No events observed unless listed in brackets. Background
subtraction not made.

Brackets contain the number of candidates observed fol-
lowed by estimated background in listed mode.

units are 1030 years.
The number of candidate events is shown in brack-

ets. A particular event may be listed as a candidate for
several modes. The IMB collaboration considers their
candidate events to be qualitatively compatible with

neutrino background. An initial report on their neu-

trino background is given in Bionta et al. , Phys. Rev.
Lett. 51, 27 (1983). The Kamiokande background esti-
mates are given after the slash (/). The Kolar-Goldfield
experiment (KRISHNASWAMY 82, Data Card List-

ings) has a total of 6 candidates for nucleon decay.
Until the above results can be reproduced consistently
and above neutrino background, it is too early to draw

any conclusions about proton instability.
The simplest grand unified theory, minimal SU(S),

predicts e+m to be the predominant proton decay
mode. The IMB lower limit on the partial mean life for
this mode, 2x10 years, is at least a factor of 10 higher
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Stable Particles Data Card Listings

than predicted by minimal SU(5) theory.
See also the reviews by Reines and Schultz, Surveys

in High Energy Physics I, 89 (1980); Goldhaber, Lan-

gacker, and Slansky, Science 210, 851 (1980);and Gol-
dhaber and Sulak, Comments Nucl. Part. Phys. 10, 215
(1981).

See also the neutron-antineutron oscillations section
NAN in the neutron Data Card Listings below for
another test of baryon conservation.

BUTTON 62 PR 127 1297
GIAMATI 62 PR 126 2178
COHEN 65 RMP 37 537
KROPP 65 PR 1378 740
GURR 67 PR 158 1321

J BUTTON, 8 MAGL I C (LBL)
GI AMAT I, RE INES (CASE)
+DUMOND (N ~ AMER ~ AVIATION SCIENCE CENT. , C IT)
W R KROPP, F RE INES (CASE)
GURR ~KROPP g REIHES t MEYER (CASE JOHANNESBURG )

HARRISON
TAYLOR
BAMBERGE
DIX
FOX
COHEN
DYLLA

69 PRL 22 1263 HARRISON, SANDARS, WRIGHT (CLARENDON OXFORD)
69 RMP 41 375 +PARKER, LANGENBERG (PRIN+UC I+PENN)
70 PL 338 233 BAMBERGER, LYNEN, PIEKARZ+ (MPIH+CERN+KARL)
70 THESIS CASE F E DIX (CASE)
72 PRL 29 193 +SARNES, E ISENSTE IN+(BNL+CARN+VP I+WI LL+WYOM)
73 J PHYS CHEM REF DATA 2g P 663' E R COHEN J 8 N TAYLOR
73 PR A7 1224 H. F.DYLLA, J.G. KING (MIT &

BERGAMAS 74 LNC 11 636
REINES 74 PRL 32 493
ROBERTS 74 PRL 33 1181

ALSO 75 PR 012 1232
HU 75 HP A254 403

SERGAMASCO, P ICCHI (TOR I+FRAS)
+CROUCH (UCI+CASE)
+COX, ECKHAUSE+ (W IL L+VP I+CARN+WYOM+C I T+BNL &

ROBERTS, COX + (WILL+VPI+CARN+WYOM+CIT+BNL&
+ASANO, CHEN, CHENG, DUGAN+ (COLU+YALE)

REFERENCES FOR PROTON

GOLDHABE 54 PR 96 1157 FNOTE2 REINES, COWAN, GOLDHABER (LASL+BNL)
RE INES 54 PR 96 1157 REINES, COWAH, GOLOHABER (LASL+BNL)
FLEROV 58 SOV PHYS DOK 3 79 FLEROV/KLOCHKOV~SKOBKIN ~ TERENTEV (USSR)
REIHES 57 PR 109 609 ' REINESgCOWANgKRUSE (LASL)
BACKENST 60 NC 16 749 '

BACKENSTOSS, FRAUENFELDER, HYAMS + (CERN)

16 PROTON MEAN LIFE / BRANCHIN6 FRACTION (UNITS YEARS&

T TEST OF BARYON CONSERVATION.
T H ( 1.4E20) OR MORE GOLDHABER 54 TH232 NUC--)ANYTHING
T H ( 1.4E22) OR MORE REINES 54 CNTR NUC--)CHGD ANY
T H (6. E23) OR MORE RE INES 57 CNTR P --) CHGD ANY
T H (3. E23) OR MORE FLEROV 58 TH232 NUC--)ANYTHING
T H M (4. E26) OR MORE BACKENSTO 60 CNTR NUC--)MU ANY
T H M (9. E27) OR MORE GIAMATI 62 CNTR P --) MU GAMMA
T H M &6. E28) OR MORE KROPP 65 CNTR P --) MU GAMMA
T H M (1.2E30) OR MORE GURR 67 CNTR P --) MU GAMMA
T (3. E23) OR MORE OIX 70 CNTR P --) ANYTHING
T ( 1 ' 3E29) OR MORE BERGAMASC 74 CHTR P --) CHGD ANY
T L (2 ~ E30) OR MORE REINES 74 CNTR HUC--)MU ANY
T ( 1 ' 6E25) OR MORE EVANS 77 TE130 NUC--)ANYTHING
T L M (6. E30) OR MORE LEARNED 79 CNTR NUC--)MU ANY
T L (1. E30) OR MORE LEARNED 79 CNTR NUC--)ANYTHING
T ( 1 .SE30) OR MORE C L=.90 COWS IK 80 CNTR MUG--)MU ANY
T 0 (1.25E30)OR MORE ALEKSEEV 81 CNTR NUC--)ANYTHING
T C 2 (3. E31) OR MORE CHERRY 81 CNTR HUG--)MU ANY
T C ( 1.5E30) OR MORE CHERRY 81 CNTR NUC--)ANYTHING
T K 2 (8 ~ E30) OR MORE KRISHNASW 81 CNTR REPL. BY KRISHHASW82
T 8 1 (8. E30) OR MORE BATT ISTON 82 CNTR SEE COMMENT 8
T K 6 (7. E30) OR MORE KR ISHNASW 82 CNTR NUC--)ANYTHING
T 1 (1. E30) OR MORE CL= ~ 90 BARTELT 83 CNTR NUC--)ANYTHING
T 0 1. E32 OR MORE CL~. 90 BIONTA 83 CNTR P--)E+ PIO
T H CONVERTEO TO MEAN LIFE BY DIVIDING HALF-LIFE BY LN(2)= ~ 693
T M REFERENCE ALSO GIVES LIMITS FOR OTHER MODES. WE GIVE HIGHEST LIMIT.
T L FIRST LEARNED 79 VALUE SUPERCEDES RE INES 74 ' SECOND LEARNED 79
T L VALUE IS FIRST TIMES B.F.~.15, A GRAND UNIF. GAUGE THEORY ESTIMATE.
T C CHERRY 81 SEE (2+-2) EVENTS' ABOVE BACKGROUND. SECOND CHERRY 81
T C VALUE I S F IRST TIMES 8 F ~ 05 ' A GRAND UN I F GAUGE THEORY EST IMATE ~

T K KRISHNASWAMY 82 SEE 3 EVENTS IN FIDUCIAL VOLUME OF DETECTOR.
T K TENTATIVE MEAN LIFE ASSUMES 8 ' F. * EFF ~ =0 ~ 5 (FROM GUT)
T K WE QUOTE THEIR TENTATIVE MEAN LIFE AS A LOWER LIMIT.
T 8 BATT ISTONI 82 EVENT CAH BE INTERPRETED AS EITHER P --) KO MU+, OR
T 8 P --) K* NU, WITH K* --) KO PI, OR P --) 3 MU

16 ANTIPROTON MEAN LIFE / BR ~ FRACTION (UNITS HOURS&

LIMITS SHOWN ARE PARTIAL MEAN LIFE FOR MODE SHOWN AT RIGHT.

9/81
9/81

9/81

9/81
12/75
12/75
9/81
9/81

12/79
4/82
2/82
1/82
1/82
1/82

10/83*
11/82*
10/83*
10/83*

1/82
1/82
1/82
1/82
1/82

10/83*
10/83*

KHR IPLOV 76
EVANS 77
ROSERSON 77
BREGMAN 78
GANGUL I 78
ROBERTS 78

JETP 44 25
SCIENCE 197 989
PR C16 1945
PL 788 174
PL 748 130
PR D17 358

I.B.KHRIPLOVICH (NUC. PHYS. INST. , SIBERIA)
+STEINBERG &BNL+PENN)
+KING, KUNSELMAN+ (WYOM+CIT+CARN+VPI+WILL&
+CALVETTI, GARRON, CITTOLIN, HAVER, HERR+(CERN)
+MALHOTRA, RAGHAVAN, SUBRAMANIAN + (7 IFR)
S. L. ROBERTS (W I L L+RHEL )

BELL - 79 PL 868 215
GOLDEN 79 PRL 43 1196
LEARNED 79 PRL 43 907
COWSIK 80 PR D22 2204

+CALVETT I, GARRON, CHANEY, C ITTOL IH+ & CERN)
+HORAN, MAUGER, BADHWAR, LACY+ (NASA+PSLL)
+RE INES, SON I (UCI )
R. COWS IK, V. S ~ NARAS IMHAN (TIFR)

ALEKSEEV 81
CHERRY 81
KR I SHNAS 81
BATT ISTO 82
KR I SHNAS 82
RAMSEY 82
BARTELT 83
8 I ONTA 83

JETPL 33 651
PRL 47 1507
PL 1068 339
PL 1188 461
PL 1158 349
ARNS 32 211
PRL 50 651
PRL 51 27

+BAKATANOV, BUTKEVI CH, VOEVODSK I I + (LENI )
+DEAKYNE, LANDE, LEE, STEINBERG + (PENN+BNL)
KRISHNASWAMY, MENON, MONDAL+ (TIFR+OSKC+TOKY)
SATTISTONI, BELLOTTI+ (FRAS+MILA+LCGT+CERN&
KRISHNASWAMY, MENON, MONDAL+ (TIFR+OSKC+TOKY&
N. F ~ RAMSEY (MHCO+HARV&
+COURANT, HELLER, JOYCE, MARSHAK+ (MIMN+ANL)
+BLEWITT+ (UCI+MICH+BNL+C IT+CLEV+HAWA+LOUC)

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

KALOGERO 76 PRL 37 1037
FRANKLIN 77 PR D16 910

KALOGEROPOULOS, CHIU, SUOARSHAN
JERROLD FRANKL IN

(SYRA+TEXA)P
(HAIF &P

17 NEUTRON(939, J~1/2) I~1/2

M T
M T
M T
M T
M T

17 NEUTRON MASS (MEV&

(939.5527) (0 ' 0052) TAYLOR 69 RVUE USING NEW E/H
939.5731 0 ' 0027 COHEN 73 RVUE

(939.5730) (0.0026) GREENWOOD 80 CNTR N P --) D GAMMA
THESE DETERMINATIONS OF NEUTRON MASS NOT INDEPENDENT OF
NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW.

»a»*** «»*«*«a»» a«a»a*a»* a«a**»«a* aa»***«*a «a«a»«a** a»a*a**«a «a«**«»a
»****»a***»a«a* *««»»**a» «**a»a***aa«*«*a** *«*a**«aa **»*a»a*a *a«aaa««

7/70
3/74
2/84*
7/70
7/70

T1
T1
T1
T1
T1
T1
T1

(3.3E-8) OR MORE CL~ ~ 95 GANGULI 78 HBC PBAR--)ANYTHING
8 (32 ~ ) OR MORE BREGMAN 78 CNTR PBAR--)ANYTHING
E (1700.) OR MORE CL=.90 BELL 79 CNTR PBAR--)E- PIO
G 1 ~ E11 OR MORE GOLDEN 79 SPEC PBAR--)ANYTHING
8 BREGMAN 78 STORED ANTIPROTOMS IN ICE STORAGE RING AT CERN 85 HOURS.
E BELL 79 STORED ANTIPROTONS IN ICE STORAGE RING FOR 10 DAYS ~

G GOLDEN 79 VALUE INFERRED FROM PBAR/P RATIO IN COSMIC RAYS.

16 PROTON MASNET. NNENT(E/2MP&

6/78
7/79
1/80

12/79
7/79
1/80

12/79

17 (NEUTRON& — (PROTON& MASS DIFFERENCE (MEV&

D M (1.29344) (0.00007) MATTAUCH 65 RVUE
D & 1.293429) (0.000036) COHEN 73 RVUE
D M 1.293330 0.000040 VYLOV 78 CNTR N P --) D GAMMA
D M 1.293322 0.000017 GREENWOOD 80 CNTR N P --) D GAMMA
D M WE HAVE CONVERTED MEASURED NEUTRON-HYDROGEN MASS DIFFERENCE TO
D M NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS
D M AND A HYDROGEN BINDING ENERGY OF 13.6 EV.

D AVG 1.293323 0.000016 AVERAGE

3/71
3/74
2/84*
2/84*
3/71
3/71
3/71

MM

MM

MM

(2.79276)(0 ' 00002)
&2.792782 0.000017)

2 ' 7928456 ~ 0000011

COHEN
TAYLOR
COHEN

65 RVUE
69 RVUE USING NEW E/H
73 RVUE

7/70
3/74

17 NEUTRON MEAN LIFE (UNITS 10**3 SEC)

16 ANTIPROTON MAGNETIC MOMENT (E/2MP&

MM1 0 (-1.8) (1.2) BUTTON 62 CNTR
MM1 R (-2.83) (0 ' 10) FOX 72 CNTR
MM1 R (-2 ' 819) (0 ' 056) ROBERTS 74 CNTR
MM1 -2 ~ 791 0 ~ 021 HU 75 CNTR EXOTIC ATOMS
MM1 R -2.817 0 ' 048 ROBERTS 78 CNTR
MM1 0 OLD EXPERIMENT WITH LARGE ERROR. HOT AVERAGED.
MM1 R ROBERTS 74 IS REANALYSIS OF FOX 72 DATA. REPLACES OLO FOX VALUE.
MM1 R ROBERTS 78 IS A REANALYSIS OF ROBERTS 74.
MM1 ~ ~ ~ ~ ~ ~ ~ ~ ~

MM1 AVG -2 ~ 795 0.019 AVERAGE

16 PROTON ELECTRIC DIPOLE MOMENT (UNITS 10««-23 E CN&

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE

11/75
7/75

12/79
6/78

7/75
6/78

T

T A

T
T
T 8
T A

T 8
T
T AVG

THE ORIGIN OF THE DISCREPANCIES BETWEEN MEASUREMENTS OF THE
NEUTROH MEAN LIFE IS HOT KNOWN. WE AVERAGE THE HIGHEST PRECISION
MODERN EXPERIMENTS AND INCLUDE THE RESULTING SCALE FACTOR IN THE
ERROR g AS USUAL THE IDEOGRAM SHOWS THE I NVERS E MEAN L I FE THE
QUANTITY ACTUALLY USED IN CALCULATING OUR AVERAGE VALUE.

(1.013) (0 ~ 026) SOSNOVSKI 59 CNTR
&0 ' 935& (0 ' 014) CHRISTENS 67 CNTR REPL BY CHRISTENS72

0 ~ 918 0 ~ 014 CHRISTENS 72 CNTR
0.881 0.008 BONDARENK 78 CNTR
0.937 0 ' 018 BYRNE 80 CHTR

(0 ' 875) (0.095) KOSVINTSE 80 CNTR
(0 ~ 902) (0.010) WILKINSON 82 RVUE INFERRED VALUE

INCLUDES CORRECTION FOR RECOIL PROTON SCATTERING SEE SONDARENKO 82.
WILKINSON 82 VALUE INFERRED FROM N DECAY CORRELATIONS.

0.898 0.016 0 ~ 016 AVERAGE (ERROR INCL. SCALE FACTOR OF
(SEE IDEOGRAM BELOW)

7/68
3/68
6/72
8/81
2/82

10/81
11/83*
10/83*
11/83*

2 ~ 4)

EDM
EDM
EDM

1G (700. ) (900.)
(55000. ) OR LESS

400 ' OR LESS

HARRISON 69 MBR
KHR I PLOY I 76
RAMSEY 82 RVUE

10/69
1/78
2/84* 17 NEUTRON MAGNETIC MOMENT (MAGNETONS ~ 938.2 MEV&

OQ D

DQ D

DQ D

16 PROTON ELECTRON CHARGE DIFFERENCE (UNITS E&

SEE ALSO SECTION Q IH THE NEUTRON DATA CARDS LISTINGS BELOW.

1.0E-21 OR LESS DYLLA 73 NEUTRALITY OF SF6 2/80
ASSUMES THAT Q(NEUTRON)~Q(PROTON)-Q(E-). SEE DYLLA 73 FOR A 2/80
SUMMARY OF EXPERIMENTS ON THE NEUTRALITY OF MATTER. 2/80

MM

MM

MM

(-1.913148 0.000066)(-1.91304211 0.00000088)-1.91304184 0 ~ 00000088

COHEN
GREENE
GREENE

56 RVUE
77 MRS REPL. BY GREENE 79
79 MRS

7/66
3/78

12/79

«a««a« ««««a«*a« a««a»a«*a «*«a*«aaa «»a*a**»a a*a*a»**« *«»a»***a «*a«a««a
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For notation, see key at front of Listings. Stable Particles

WEIGHTED AVERAGE = 1.114 + 0.019
ERROR SCALED BY 2. 4 "induced" pseudoscalar, and axial weak-magnetism

terms, and neglecting the q2 dependence of the form fac-

tors, the baryon part of the matrix element for these

decays may be written as

Bf[ydgV SAV5) + (SW/mB. )P"q„jB; .

BYRNE 80 CNTR
BONDARENK 76 CNTR
CHRISTENS 72 CNTR

1, 00 1.05 1. 10 1. 15 1.20 1.25
NEUTRON DECAY RATE (UNITS 10»» —3 SEC-1)

CH[SQ
5. 2

4. 2
2, 2

11.6
(CGNLEV
=O. ooa)

Here B; and Bf are spinors which represent initial and

final baryons, gh and g& are the axial and vector cou-

pling constants, g~ is the weak magnetism coupling

constant, and q„is the sum of the lepton momenta. The
Pauli representation is used for the y matrices. The
ratio gA/gV may be written as

SA/SV ~ SA/gV ~
exP(~

17 NEUTRON ELECTRIC DIPOLE NNENT (UNITS 10++-23 E CN)

FORBIDDEN BY BOTH 7 INVARI ANCE AND P INVARIANCE

EDN N

EDH
EDM N

EDH
EDH
EDM
EDM
EOM A

EOH A

EDH N

EDM A

EDM
EDN AVG

(-20. & (30.) HILLER 67
+24. 39. SHUL L 67
(30- ) OR LESS DRESS 68
(5.) OR LESS BA IRO 69

2 ~ 39 ~ APOSTOLES 70
0 ' 32 0.75 DRESS 73
0 ~ 04 0. 15 DR ESS 77
0 ' 040 0.075 ALTAREV 79
0.021 0.024 ALTAREV 81

DRESS 68 INCLUDES DATA OF MILLER 67.
ALTAREV 79 AND 81 USE ULTRACOLD NEUTRONS.

0.023 0.023 AVERAGE

HRS
CNTR
NRS ABSOLUTE VALUE
HRS INCLUDED IN DRESS73
MRS
MRS & 10**-23 (CL .80)
MRS & 3 E-24 (CL~.90)
MRS & 1.6E-24 (CL~.90)
HRS & 6 E-25 (CL~.90)

17 NEUTRON CIIARGE

SEE ALSO SECTION DQ IM THE PROTON DATA CARD LISTINGS ABOVE

17 NEUTRON CHARGE (UNITS 10**-20 E)
(-1.5) (2.2) CL~. 90 GAHLER 82 CNTR REACTOR N SEAM

NAN
NAN
NAN

NAN

NAN

MAN

NAN

NAN
NAM

NAN
NAN

NAN
NAN

17 LIMIT ON NEUTRON-ANTINEUTRON OSCILLATIONS

HEAN TINE FOR N-ANTIN TRANSITIOM IN VACUUH (UNITS SEC. )
TEST OF BARYON CONSERVATION ~

LIMITS ARE DERIVEO FROM EXPERIMENTAL LIHITS ON DELTA-B ~ 2 NUCLEAR

DECAY PROCESSES, USING THEORETICAL ASSUMPTIONS FOR NUCLEAR PHYSICS
EFFECTS. SEE ALSO THE THEORETICAL ANALYSIS OF DOVER, GAL, ANO

RICHARDS, PR O27, 1090 (1983). SEE THE REVIEWS OF H. L. ANDERSON ~

PROC. LASL CONF ~ ON NUCLEAR PARTICLE PHYSICS AT ENERGIES UP TO 31
GEV, 1981.(1.E8) OR MORE CHETYRKIN 81 THEO

(3.E7) OR MORE ALBERICO 82 THEO
(2.E7) OR MORE CHERRY 83 CNTR+THY
( 1.E6) OR MORE CL~.90 PUGLIERIM 83 CNTR REACTOR N, PRELIM.
2.7E7 TO 1.1E8 OR NORE JONES 84 CNTR+THY

P1
P2

17 NEUTRON PARTIAL DECAY IIODES

NEUTRON INTO PROTON E- ANTI(NUE)
NEUTRON INTO PROTON NUE ANTI(NUE)

DECAY NASSES
DECAY MASSES

938+ ~ 511+ 0
938+ 0+ 0

17 NEUTRON SRANCNIN6 RATIOS

R1
R'l
R1 S
R1
R1
R1
R1 S
R1 S

NEUTRON INTO (PROTON NUE ANTI(NUK))/(PROTON E- ANTI(NUE) (P2)/(P1)
FORBIDDEN BY CHARGE CONSERVATION

(3. E-17&OR LESS SUNYAR 60 CNTR RB87--)SR87M+NEUTRL
(3. E-19)OR LESS NORMAN 79 CNTR RB87--)SR87H+NEUTRL
9. E-24 OR LESS BARABANOV 80 CNTR GA71--)GE71 + ANY

(7.9E-21)OR LESS VA IDYA 83 CNTR RB87--)SR87H+NEUTRL
ME HAVE CONVERTED SUNYAR 60 MEAN LIFE LIHIT FOR (N --) P + NEUTRLS)
AS DESCRIBED IN NORMAN 79.

NOTE GN SA.RYON DECAY PARAMETERS

A/V ratio for baryon leptonic decays

Consider the decay

B ~Bf+/+ v.

Assuming V, A theory, neglecting "induced" scalar,

1/78
1/78
1/78

10/69
1/78
6/73
6/77

10/81
2/82
1/78
4/82

11/82*
11/82~

3/84*
3/84*
3/84»
3/84*
3/84*
3/84*
1/82
9/83*

12/83+
1/84*
3/84*

2/80
2/80
2/82

11/83%
2/80
2/80

where @ is 0 plus nm if time reversal holds.

Experiments on the leptonic decays of baryons other

than the neutron have generally assumed Q to be either

0 or ~, and have thus measured the magnitude and sign

of gA/gV. In studying neutron beta decay, however,

experiments have been sensitive enough to measure $
more precisely, and we include the phase angle in our

Listings for this case. It is consistent with time-reversal

invariance, and by using the above definition of the

matrix element with the Pauli representations, the value

of gA/gV in neutron beta decay is negative.

Due to statistical limitations, the weak magnetism

form factor g~ is usually assumed from CVC and

SU(3), so that usually only gA and gV are determined

experimentally. This determination is accomplished in

a variety of ways:

(a) The lepton-neutrino angular correlation provides

a measure of the absolute value of gA/gV (for relevant

formulas, see, e.g. , Albright ).
(b) The up-down asymmetry of the lepton from

polarized baryon decays provides a measure of gA/gV

with its sign (for relevant formulas, see, e.g., Albright ).
(c) The lepton spectrum, given enough statistics, pro-

vides a measure of gA/gV with its sign (for relevant for-

mulas, see, e.g. , Bender et al. ). The lepton spectrum4

also provides a measure of SW/SA if the CVC-SU(3)

assumption is relaxed.

(d) The polarization of the decay baryon, from polar-

ized or unpolarized initial baryon, also provides gA/gV

with its sign (for formulas, see, e.g. , Willis and Thomp-

son5).

(e) The presence of a triple correlation term propor-

tional to
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ITg (p Xp ),
where the initial baryon is polarized or

o& -(pexp~),

where the polarization of the decay baryon is observed

provides a measure of the deviation of P from 0 or ~,
and is thus a test of time-reversal invariance (see, e.g. ,
Willis and Thompson ).

We compile the ratio g&/g& with its sign, for those

decays for which it has been measured.

All the coupling constants and decay rates for baryon

leptonic decays are related by Cabibbo's theory, 6

extended to six quarks (and three mixing angles) by

Kobayashi and Maskawa. 7 A discussion of the

Kobayashi-Maskawa mixing matrix is given in Appen-

dix III to this edition.

Asymmetry parameters in nonleptonic hyperon decays

The transition matrix for hyperon decay may be
written as

M = s + p(o-q),

where s and p are the parity-changing and the parity-

conserving amplitudes, respectively; o is the Pauli spin

operator, and q is a unit vector along the direction of
the decay baryon in the hyperon rest frame.

The asymmetry parameters are defined by the rela-

tions

~ =2Re(s p)l(lsl + lpl )

P = 2Im(s p)l(lsl + Ipl )

sl —Ipl )~(lsl + Ip

With the transition matrix M given by Eq. (1) above,
the angular distribution of the decay baryon, in the

hyperon rest system, is of the form

I = 1+aPY-q,

where PY = (YI~IY) is the hyperon polarization. In
the notation of Lee and Yang, the polarization P& of
the decay baryons is

(n + PY-q)q + p(PYxq) + yqx(PYxq)
1 + o.PY-q

where P& is defined in that rest system of the baryon
obtained by a Lorentz transformation along q from the

hyperon rest system in which g and PY are defined.
Note that n is the helicity of the decay baryon for unpo-
larized hyperons.

The three parameters o., P, and y satisfy the relation

cx +P +p =1.
It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters o,

and the angle P defined by

P = (1 —~ )'"sing,

~ = (1 —~ )'~'cosy,

which has a more nearly Gaussian distribution of meas-
urement error than P or y. Evidently

fory&01 1

2 2

+—~~)~ —x forcy&0.1 3
2 2

In discussing time-reversal invariance, the quantity of
interest is 6, defined by

n = 2
I
s

I I p I
cosa~(l s

I
+

I p I

~ = —2
I
s

I I p I
»»~(

I
s

I
+

I
p I )

that is, 6 is the phase angle of s relative to p. Evidently

——vr ~ 6 ~~ —7r for u w 0,1 1

2 2

+—r ~~ 5 ~~ —r fol o,' & 0 .1 3
2 2

Under the assumption of time-reversal invariance, the

angle 6 must satisy the relation

modulo x, where 5 and 6 are the pion-baryon scatter-

ing phase shifts at the appropriate energy and for the

appropriate isospin state. For A. decay, assuming the

validity of the IAI
I

= '/z rule,

g = h, —6 = (7.0 ~ 1.0) deg.

In the Stable Particle Data Card Listings we give o. and

P for each decay since they are the most closely related

to the experiments and are essentially uncorrelated.

%'henever n.ecessary we have changed the signs of the

reported values, so as to agree with our conventions. In

the Stable Particle Table we give n, g, and b, with

errors; and for convenience we also give the central

value of y, without an error.
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ALTAREV
EROZOL IM
GREENE
NORMAN

BARABANO
BYRNE
GREENWOO
KOSV INTS

ALTAREV
CHETYRKI
ALBER I CO
GAH1. ER
MI LK INSO
CHERRY
MOSTOVOY
PUGL IERI
VA IDYA
JONES

79 JETPL 29 730
79 SJNP 30 356
79 PR D20 2139
79 PRL 43 1226
80 JETPL 32 359
80 PL 928 274
80 PR C21 498
80 JETPL 31 236

81 PL 1028 13
81 PL 998 358
82 PL 1148 266
SZ PR OZ5 ZS87
82 NP A377 474
83 PRL 50 1354
83 JETPL 37 196
83 BRIGHTON CONF .
83 PR D27 486
84 PRL 52 720

+SORI SOV, BRANDIN, EGOROV, EZHOV, I VANOV+(LENI)
EROZOL I MSK I I, F RANK, MOSTOVO I+ (K IAE)
+RAMSEY, MAMPE+ (HARV+ILLG+SUSS+ORNL+CENG)
E.B.NORMAN, A. G. SEAMSTER (MASH)
BARABANOV, VERETEHKIN, GAVRIN + (LENI)
+MORSE, SMITH, SHAIKH, GREEN, GREENE (SUSS+RL)
R. C. GREENWOOD, R. C. CHRIEN (INEL+BNL)
KOSVINTSEV, KUSHNIR, MOROZOV, TEREKHOV (JINR)

+BORI SOY, BOROVIKOVA, BRANDIN, EGOROV + (LENI)
CHETYRK IN, KAZARNOVSKY, KUZMIN+ ( I NRM)
+BOTT I NO, MOL I NAR I (CERN+TORI)
+KALUS, MAMPE (BAYR+ILLG)
D. H. WILKINSON (SUSS+BNL)
+LANDE, LEE, STEINBERG, CLEVELAND (PENN+SNL)
YU. A ~ MOSTOVOY (K IAE)
PUGL I ERIN (CERN+ILL+PADO+RL+SUSS)
+ROY, EPHRAIM, DATAR, BHATTACHERJEE (TIFR)
IMB COLLAB(ICI+MICH+BNL+CIT+CLEV+HAMA+LOUC)

PAPERS NOT REFERRED TO IN DATA CARDS

17 NEUTRON BETA DECAY PARANETERS

JACKSON 57 PR 106 517
COHE N 65 RMP 37 537
BHAL LA 66 PL 19 691
BYRNE 82 RPP 45 115
FRANK 82 SPU 25 280

JACKSON, TREIMAN, MYLD (PRINCETON)
+OUMOND (N. AMER. AVIATION SCIENCE CENT ~, CIT)
C P SHALLA (ALABAMA)J.BYRNE (SUSS)
A. I.FRANK (KIAE)

AV
AV C

AV EP
AV P
AV P
AV EP
AV EP
AV P
AV P
AV E
AV K

AV
AV E
AV E
AV
AV C

AV E
AV P
AV K
AV K

AV
AV AVG

6A/6V (SEE NOTE ABOVE FOR SI6N CONVENTION&
(-1 ~ 250) (0.044) CONFORTO 67 RVUE SEE NOTE C BELOW(-1.23) (0.01) CHRISTENS 67 CNTR N DECAY FT VALUE(-1.22) (0.08) GRIGOREV 68 CNTR E-NEU ANG CORREL(-1.26) (0.02) CHRISTENS 70 CNTR PE, NEUT SPIN CORREL
( —1.2?) (0.025) EROZOLIMS 71 CNTR REPL. BY EROZOLIMS79(-1.239) (0.011) CHRISTENS 72 CNTR N DEC ~ + FT VALUE
( —1.263) (0 ~ 016) KROPF 73 RVUE N DECAY ALONE-1 ~ 250 0.009 KROPF 73 RVUE N DEC. + FT VALUE(-1.250) (0 ~ 036) DOBROZEMS 75 CNTR REPL. BY STRATOMA 78-1.253 0.021 KROHN 75 CNTR PE, NEUT SPIN CORREL
( —1.263) (0 ~ 015 ) EROZOL IMS 77 CNTR REPL. BY EROZOL IMS79

—1 ~ 259 0.017 STRATOMA 78 CNTR PROTON RECOIL SPECT-1.261 0.012 EROZOLIMS 79 CNTR PE, NEUT SPIN CORREL-1 ~ 226 0.042 MOSTOVOY 83 RVUE
CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73.
THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONLY
KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972 '
KROHN 75 PAPER GIVES -1.258+-.015 INCLUDING EVENTS OF CHRISTENS 70.
THE VALUE QUOTED ABOVE IS DERIVED FROM HIS A, BASED OH NEM EXPT ONLY

-1.2539 0 ' 0063 AVERAGE

COHEN 56 PR 104 283
SOSNOVSK 59 JETP 9 717
BURGY 60 PR 120 1829
CLARK 60 CJP 38 693
SUNYAR 60 PR 120 871

REFERENCES FOR NEUTRON

V W COHEN, CORNGOLD, RAMSEY
SOSNOVSKII, SPIVAK, PROKOFEV +
+KROHN, HOVEY, RINGO
+ROBSON
A ~ M ~ SUNYAR, M ~ GOLDHABER

(BNL+HARVARD)
(IAE MOSCOM)

(ANL+CH I C )

(8NL )

MATTAUCH
CHRISTEN
CONFORTO
MILLER
SHULL
DRESS
GR I GOR EV

65 Hr 671
67 PL 268 11
67 APAH 22 15
67 PRL 19 381
67 PRL 19 384
68 PR 170 1200
68 SJNP 6 239

+THIELE, WAPSTRA (MAX PLANCK INST. CHEM. )
CHRISTENSEH, NIELSON, BAHNSEN, BROWN+ (RISO)
G ~ CONFORTO (CERN)
+DRESS, BAIRD, RAMSEY (ORNL+HARV)
C. G. SHULL, R ~ NATHANS (MI T+BNL )
+BAIRD, MILLER, RAMSEY (ORHL+HARV)
+GRISHIN, VLADIMIRSKI I,NIKOLAEVSKI I + (ITEP)

BAIRD
TAYLOR
APOSTOLE
CHRISTEN
EROZOL IM

ALSO

69 PR 179 1285
69 RMP 41 375
70 RRP 15 343
70 PR C1 1693
70 SJNP 11 583

PL 278 557

+MI LL ER, DRESS, RAMSEY (ORNL, HARV)
+PARKER, LANGENBERG (PR IN+UC

I+PENN�)

APOSTOLESCU, IONESCU, IONESCU-BUJOR + (BUCH)
CHRISTENSEN, KROHN, RINGO (ANL)
EROZOL IMSK I, BONDARENKO, + (K IAE)
EROZOL IMSKY, BONDARENKO + (K IAE)

EROZOL IM
CHRISTEN
COHEN
DRESS
KROPF

ALSO

71 JETPL 13 252 EROZOL IMSKI I, BONDARENKO (K IAE)
72 PR O5 1628 CHRISTENSEN, NIELSON, BAHNSEN, BROWN+ (RISO)
73 J ~ PHYS. CHEM TREF. DATA 2, P.663, E ~ R ~ COHEN, B ~ N ~ TAYLOR
73 PR D7 3147 DRESS, MILLER, RAMSEY (ORNL+HARV)
73 ZPHY TO BE

PUBLIC

A KROPF, H PAUL (L INZ)
70 NP A154 160 H PAUL (VIEN)

F PHASE ANGLE OF 6A RELATIVE TO 6V (DE6REES&
F TIME REVERSAL INVARIANCE WOULD REQUIRE THIS TO BE 0 OR 180 DEGREES
F P (175 ~ ) (10.) BURGY 60 CNTR POLAR' NEUTRONS
F P (198.) (27 ' ) CLARK 60 CNTR POLAR' NEUTRONS
F C (176.1) (6.4) CONFORTO 67 RVUE
F P (18'1.3) (1.3) EROZOLIMS 70 CNTR POLAR. NEUTRON
F P 181 ~ 1 1 ~ 3 KROPF 73 RVUE N DECAY
F 180.35 0 ' 43 EROZOLIMS 74 CNTR POLAR. NEUTRONS
F 180 ~ 14 0.22 STEINBERG 74 CNTR POLAR. NEUTRONS
F 179~ 71 0.39 EROZOLIMS 78 CNTR POLAR' NEUTRONS
F C CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73.
F P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972.
F AVG 180 ~ 11 0. 17 AVERAGE

D1 TRIPLE CORRELATION COEFFICIENT
D1 D1 MEASURES COMPONENT OF NEUTRON SPIN PERPENDICULAR TO THE DECAY
D1 PLANE IN BETA DECAY ~ SHOULD BE ZERO IF T-INVARIANCE NOT
D1 VIOLATED. SEE NOTE OH BARYON DECAY PARAMETERS ABOVE.
D1 -0.01 0 ~ 01 EROZOL IMS 70 CNTR POLAR. NEUTRONS
D1 E -0.0027 0 ~ 0050 EROZOLIMS 74 CNTR POLAR. NEUTRONS
D1 E -0.0011 0 ~ 0017 STEINBERG 74 CNTR POLAR. NEUTRONS
D1 +0 ~ 0022 0 ' 0030 EROZOLIMS 78 CNTR POLAR. NEUTRONS
D1 E EROZOLIMSKI I 78 SAYS ASYMMETRIC PROTON LOSSES AND NON-UNIFORM SEAM
D1 E POLARIZATION MAY GIVE SYSTEMATIC ERROR UP TO 0.003, THUS INCREASING
D1 E THE EROZOLIMSKII 74 ERROR TO 0.005 . STEINBERG 74, 76 ESTIMATES
D1 E THESE SYSTEMATIC ERRORS TO BE INSIGNIFICANT IN THEIR EXPERIMENT.

D1 AVG -0.0007 0 ~ 0014 AVERAGE

04*444 0*0*****404****444 040**4*40 4*40*****440*00404 **4*44044 4*00*40*

11/68
10/71
10/71
10/71

1/73
1/73
1/73

12/75
1/77
1/78
2/82

10/81
2/84*
1/73

10/71
1/73
1/78
1/77

6/77
6/77

11/68
10/69

1/73
6/77
6/77
7/79
1/73
1/73

7/76
7/76
7/76
7/76
7/76

12/81
12/81
7/79

1Z/81
12/81
12/81
12/81

A 18 LANBDA(1116, JP~1/2+) I~0

18 LANBDA NASS CNEV)

SINCE OUR FINAL VALUES FOR THE SIGMA ANO LAMBDA MASSES COME FROM
DOING AN OVERALL FIT TO ALL MEASURED MASSES AND MASS DIFFERENCES,
ME HAVE USED THE UNCORRELATED MEASUREMENTS FROM SCHMIDT 65 RATHER
THAN THE ONES COMING FROM THE OVERALL FIT REPORTED IN THAT PAPER.
SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO WHY ONE SHOULD
IGNORE DATA USING RANGE MEASUREMENTS, ME HAVE INCLUDED HERE VALUES
DEPENDING ON PROTON AND PION RANGES. THE SCHMIDT 65 MASSES HAVE
BEEH REEVALUATED USING OUR APRIL 1973 PROTON AHD CHARGED K AND PI
MASSES. P. SCHMIDT, PRIVATE COMMUNICATION, (1974) .

M N

M N

M N

M N

M N

M N

M N

M . N

M N

1115~ 44 0 ~ 12 BHOMMIK 63 RVUE + SEE NOTE L BELOW
ABOVE LAMBDA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV
INCREASE IN PROTON MASS AND 11 KEV DECREASE IN CHARGED PION MASS.

635 ( 1115.86) (0.09) BALTAY 65 HBC ERROR IS

STATIST'

488 1115' 65 0 F 07 SCHMIDT 65 HBC SEE NOTE N

147(1115.74) (0.04) CHIEH 66 HBC 6 9 PBAR P
972( 1115.69) (0 ' 05) CHIEN 66 HBC 6.9 PBAR PANTIL

1115' 6 0 ' 4 LONDOH 66 HB C

(1116.0) (0 ' 2) BAD IER 67 HBC 2. 4 PBAR P, LLBAR
195 1115.39 0 ~ 12 MAYEUR 67 EMUL
524(1115.52) (0.03) BOHM 70 EMUL
935 1115.59 0.08 HYMAN 72 HEBC

AVERAGE OF VERY INCONSISTEHT DATA' ERROR STATISTICAL ONLY. AUTHORS
DETECT SYSTEMATIC EFFECT OF ABOUT .15 MEV, WHICH THEY ATTRIBUTE
TO ERROR IN RANGE-ENERGY RELATIONS, IN REGION BETA=0.6-0.7.
THIS EFFECT, IF CONFIRMED, WOULD AFFECT VERY LITTLE THE VALUES OF
BHOMMICK 63 AND MAYEUR 67.
ERROR PURELY STATISTICAL ~

1115.566 0 ' 056 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
1115.596 0.046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

(SEE IDEOGRAM BELOW)

M

M L
M L
M S
M

M S 1
M S
M

M

M

M 8 1

M 8
M 8
M 8
M 8
M 8
M S
M

M AVG
M FIT

WEIGHTED AVERAGE = 1115.566 k 0, 056
ERROR SCALED BY 1.3

es above of weighted average, error,
scale factor are based upon the data In
ideogram only. They are not neces-

y the same as our "best" values,
ned from a least-squares constrained fit
ing measurements of other (related)
tities as additional information.

1115.0 1115.4 1115.8
LAMBDA MASS (MEV)

HYMAN

MAYEUR
-LONDON
- SCHM I DT

-BHOWMIK

1116.2

&2 HEBC
67 EMUL

66 HBC
65 HBC
63 RVUE

CH I SQ
0. 1

2. 2

1 . 4.

1. 1

4. 8
(CONLEV
=0. 188)

000004 **4**4*44*00*0****0*044*404 4004**440 *40*44**44***0*44k 0*4*04*0
044004 *40044044 404**44*4 *OR*4**44 **040%4****0%40*40 400*0400* 4****400

6/66
3/74
9/67
9/67
6/66
8/67

11/67
3/72

11/71
3/72
3/72
3/72
3/72

3/84*

DRESS
EROZOL IM
GREENE
EROZOL IM
STRATOMA
BONDAREN

ALSO
VYLOV

77 PR D15 9
77 JETPL 23 663
77 PL 718 297
78 SJNP 28 48
78 PR D18 3970
78 JETPL 28 303
82 SMOL EN I C E CONF .
78 SJNP 28 585

EROZOL IM 74 JETPL ?0 345
S'TE INBER 74 PRL 33 41

ALSO 76 PR D13 2469
DOBROZEM 75 PR D11 510
KROHN 75 PL 558 175

EROZOLIMSK I I,MOSTOVOI, FEDUHIN, FRANK+
STEINBERG, LIAUD, VIGNON, HUGHES (YALE+GREN)
STEINBERG, LIAUD, VIGNON, HUGHES (YALE+GREN)
DOBROZEMSKY, KERSCHBAUM, MORAW, PAUL + (SEI8)
KROHN, R I NGO (ANL)

+MILLER, PENOLEBURY, PERRIN+ (ORNL+GREN+HARV)
EROZOL IMSK I I, FRANK, MOSTOVOI+ (KIAE)
+RAMSEY, MAMPE+ (HARV+ ILLG+SUSS+ORNL+CENG)
EROZOLIMSKI I,MOSTOVOI, FEDUNIN, FRANK+ (K IAE)
+DOBROZEMSKY, WE INZIERL (SEIB)
BONDARENKO, KURGUZOV, PROKOFEV+ (K IAE)
LAN. BONOARENKO (K IAE)
+GROMOV, IVANOV, OS IPENKO, F ROLOV ( J IHR)

DM

DM

OM

DM

DM AVG

TEST OF CPT
0.05
0.29

0 ' 083

0.06
0. 15

0 ~ 083

CHIEN
BAD I ER

66 HBC
67 HBC

6.9 PBAR P
2.4 PBAR P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

18 LANBDA — ANTILANBDA NASS DIFFERENCE (NEV)

9/67
8/67

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



S126 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings

18 LAMBDA MEAN LIFE (UNITS 10»*-10 SEC&

0 188
0 825
0 140
0 186
0 799
0 2239
0 706
0 794
0 2260
0 1378
0 635
0 2534
0 916
S 1147
S 972
0 2213
0 585
0
0
0 8342
0 2600
0 1059
0 4572
0 6582

36K
34K
53K

0 OLD
S ERR

(2.63)
(2.72)
(2 ' 72)
(2.60)
(2.69)
(2.36)
(2.76)
(2 ' 59)
(2 ~ 31)
(2.59)
(2.51)
(2.6)
(2.35)
(2.50)
(2.70)
(2.452)
(2.68)
&2.44)
(2.55)
&2 ' 535)
(2.47)
(2.39)
(2 ' 54)
(2.69)
2.626
2.611
2.69

LOMER STA
OR PURELY

2.632

(0 ~ 21) (0.21) BOLDT
(0.16) (0.16) CRAWFORD
(0 ' 29) (0 ' 27) BOMEN
(0 ' 28) (0 ' 20) CHANG
(0 ' 11) (0.11) HUMPHREY
(0.06) &0.06) Sl.OCK
(0 ' 20) CHRETIEN
(0.09) HUBBARD
(0.10) KREISLER
(0 ~ 07) SCHWARTZ
(0 ' 16) BALTAY
(0 ~ 1) HILL
(0 ~ 09) BURAN
(0 ~ 14) CHIEN
(0 ' 20) CHIEN
(0.056) (0.054) ENGELMANN
(0 ' 13) (0.11) AUERBACH
(0 ~ 15) SAD I ER
(0.15) BAD IER
(0 ' 035) GRIMM
(0 ~ 08) HEPP
(0 ~ 10) DEMI DOV
(0 ' 04) BALTAY
(0 ' 05) ALTHOFF2
0 ' 020 POULARD
0 ' 020 CLAYTON
0 ' 03 ZECH

T I ST I CS EXPERIMENTS NOT IN
STATISTICAL.

0 ' 020 0.020 AVERAGE
&SEE IDEOGRAM BELOW)

AVG

58 CC
59 HBC
60 CC
62 HBC
62 HBC
63 HEBC
63 HLBC
64 HBC
64 OSPK
64 HBC
65 HBC
65 OSPK
66 HLBC
66 HBC
66 HBC
66 HBC
67 OSPK
67 HBC
67 HBC
68 HBC
68 HBC
70 HLBC
71 HBC
73 OSPK
73 HBC
75 HBC
77 SPEC

CLUDED IN

6 ~ 9 PBAR P
6 ' 9 PBAR P, ANTI

2.4 PBAR P
2 ' 4 PBAR P, ANTIL

PI -P, 3.86 GEV/C
K-P AT REST
PI+N TO K+LAMBDA
K-P, KMOM .4T02. 3
K-P, KMOM .96-1.4

NEUTRAL HYP. BEAM
AVERAGE

6/66

6/66
9/67
9/67
9/66
8/67
6/68
6/68
6/68
8/68

12/70
6/71
2/74
9/73
1/77

12/77
1/78

(ERROR INCL. SCALE FACTOR OF 1 ~ 6)

WEIGHTED AVERAGE = 0. 3799 4 0.0029
ERROR SCALED BY 1.6

CH I SQ
77 SPEC 3. 8
75 HBC 1. 1

73 HBC 0. 1

5. 1

(CONLEV
=0. 079)

ECH

LAYTON

OULARD

0. 365 0.375 0. 365 0.395
LAMBDA DECAY RATE (UNITS 10~»10 SEC-1)

DT
DT

18 &LAMBDA — ANTILAMBDA&/AVG. , MEAN LIFE DIFFERENCE

TEST OF CPT
0.044 0 ' 085 BADIER 67 HBC 2.4 PBAR P 8/67

18 LAMBDA MA6NETIC NNENT &MAGNETONS, 938.26 MEV)

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM AVG

8553
151
49

1300
3868

57
1 ~ 2M
350K

3M
200K

-1 ~ 5
0.0-1.39

-0.5(-0.67)-0.66-0.73-0.65-0.57-0.59-0.6138
-0 ' 606

-0 ~ 6130

0.5
0.6
0.72
0.28

(0 ~ 31)
0 ' 07
0 ~ 18
0 ' 28
0 ' 05
0 F 07
0.0047
0.015

0.0044

COOL 62
KERNAN 63
ANDERSON 64
CHARR I ERE 65

(0.37) BARKOV 71
DAHLJENSE 71
HILL 71
SARKOV 72
BUNCE 76
HELLER 77
SCHACHING 78
COX 81

AVERAGE

OSPK
CC
HBC
EMUL
EMUL
EMUL
OSPK
EMUL INCLUDES BARKOV 71
SPEC
SPEC
SPEC
SPEC

PRELIM. RESULT
MAG FIELD~200KG

2/72
6/? 1

10/71
3/78
1/78
1/78
1/79

12/81

EDM
EDM 8
EOM P
EDM 8
EDM P

2/72
2/72
1/82
2/72
1/82

P1
P2
P3
P4
P5

18 LAMBDA PARTIAL DECAY NODES

LAMBDA INTO PROTON PI-
LAMBDA INTO NEUTRON PIO
LAMBDA INTO PROTON MU- NEUTRINO
LAMBDA INTO PROTON E- NEUTRINO
LAMBDA INTO PROTON PI- GAMMA

DECAY MASSES
938+ 140
940+ 135
938+ 106+ 0
938+.511+ 0
938+ 140+ 0

18 LAMBDA ELECTRIC,' DIPOLE MOMENT (UNITS 10**-14 E CM&

NONZERO VALUE IMPLIES VIOLATION OF T AND P

(5.0) OR LESS CL .95 GIBSON 66 EMUL
(1.0) OR LESS CL~95 BARONI 71 EMUL
0.015 OR LESS CI.=.95 PONDROM 81 SPEC

BARONI MEASURES &-5.9+-2.9)*10»»-15 E CM

PONDROM 81 MEASURE (-3.0+-7.4)»10*»-17 E CM

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

R2
R2
R2
R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4

R5
R5
R5
R5
R5
RS
R5
R5
R5
R5
R5
R5
R5
R5

R6
R6

A-
A-
A-
A-
A-
A-
A-
A-
A-
A-

AO
AO
AO
AO
AO

AO

F-
F-
F-
F-
F-
F-
F-

AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV

18 LANBDA BRANCHING RATIOS

LAMBDA INTO &P PI-)/(&P PI-)+(N PIO&)
0 ~ 627 0.031 CRAWFORD 59 HBC
0 ' 65 0 ' 05 COLUMB IA 60 HBC

U (0 ~ 685) (0 ~ 017) ANDERSON 62 HBC
903 0.643 0.016 HUMPHREY 62 HSC

U 6736 0.635 0 ' 007 DOYLE 69 HBC PI-P TO LAM. KO

4572 0.646 0.008 BALTAY 71 HBC K-P AT REST
U ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAMPLE.

AVG 0.6399 0 ' 0049 AVERAGE
FIT 0.6419 0.0049 FROM F IT

&P1)/(P1+P2&

AVG
FIT

LAMBDA INTO
0.23
0 ' 43
0 ' 28
0 ' 35

75 0 ~ 291

0 ' 304
0.3581

N PIO&/«P PI-&+&1 PIO»
0.09 EISLER
0 ~ 14 CRAWFORD
0'. 08 BAGL IN
0.05 BROWN
0.034 CHRETIEN

0.025 AVERAGE
0.0049 FROM FIT

57 HLBC
59 HBC
60 HLBC
63 HLBC
63 HLBC

& P2& / & P 1+P2&

LAMBDA INTO (P E- NEU&/TOTAL &UNITS 10**-3)
0 15 &2.0) (0.5) HUMPHREY 61 RVUE
0 8 &2.9) (1.5) (1.2) AUBERT 62 FSC
N 150 &0.82) (0.12) ELY 63 FSC
N 102 &0.78) (0.12) (0.13) SAGLIN 64 FBC
0 20 &1.55) (0.34) LIND 64 HSC
N 143 &0.80) (0.08) MALONEY 69 HSC
N 86 &0.78) (0.09) CANTER 71 HBC K-P
N 218 (0.88) (0.10) LINDQUIST 71 OSPK PI-
N THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TO PR
N BECAUSE THAT IS THE DIRECTLY MEASURED QUANTITY. SEE R5
0 LOW STATISTICS EXPERIMENTS. NOT AVERAGED

LAMBDA INTO &P NU- NEU&/TOTAL (UNITS 10»»-4& &P3)/(
1 (0.2) OR MORE GOOD 62 HBC
1 (1 ~ 0) OR LESS ALSTON

' 63 HBC
2 (1 ~ 0) OR LFSS KERNAN . 64 FBC

BETWEEN 1.3 AND 6.0 LI ND 64 HBC
3 1.3 0 7 L I ND 64 RVUE
2 1 ~ 5 1.2 RONNE 64 FBC
9 2.4 0.8 CANTER 1 71 HBC

14 1.4 0 5 BAGGETT2 72 HBC

AVG 1.57 0 ' 35 AVERAGE

(P4) /(P1+P2&

K- AT REST
K- AT 1 ' 45 GEV/C

AT REST
P TO KO LAM

OTON PI-,
BE LOW

P 1+P2)

STOPPED K-P
STOP K-

LAMBDA INTO &P E- NEU)/&P PI-) (UNITS 10**-3&
150 1.23 0.20 ELY 63 FSC
120 1.17 0. 18 BAGL IN 64 FBC
143 1.20 0. 12 MALONEY 69 HBC

1078 1.31 0.06 ALTHOFF1 71 OSPK
C 86 1.17 0. 13 CANTER 71 HBC K-P AT REST

LC 218 (1.32) (0.15) LINDQUIST 71 OSPK PI-P TO KO LAM

L 544 1.23 0. 11 LINDQUIST 77 SPEC PI-P TO KO l.AM

10K 1 ~ 313 0.024 MISE 80 SPEC
7111 1 ~ 335 0.056 SOURQUIN 83 SPEC SPS HYPERON BEAM

C CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED (P PI —)/TOT 2/3
L LINDQUIST 77 INCLUDES DATA OF LINDQUIST 71.

AVG 1.304 0 ' 020 AVERAGE

LAMBDA INTO (P PI- GAINA&/&P PI-) (UNITS 10»*-3& (P5)/(P1)
72 1.32 0 ' 22 BAGGETT3 72 HBC PI- MOM LT 95 MEV/C

18 LAMBDA DECAY PARAMETERS

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE'

ALPHA LAMBOA-
1156 0 ' 62

(0.663)
10130 0 ~ 645

M 2529 (0 ' 747)
3520 0.67

10325 0.649
8500 0.584

AVG 0.642

&LAMBOA INTO PI- PROTON)
0.07 CRONIN

&0.022) BERGE
0.017 OVERSETH

(0.086) MERRILL
0.06 DAUBER
0.023 CLELAND
0.046 ASTBURY

0.013 AVERAGE

63 CNTR
66 RVUE
67 OSPK
68 HBC
69 HSC
72 OSPK
75 SPEC

LAMBDA FROM P I-P
INCLUDES ABOVE

LAMBDA FROM P I-P
REPL BY DAUBER 68
FROM XI DECAY

LAMBDA FROM PI-P
LAMBDA FROM PI-P

ALPHAO /ALPHA- FOR LANBDA &L INTO PIO N/L INTO PI- P&
1.10 0.27 CORK 60 CNTR

0 4760 1.000 0.068 OLSEN 70 OSPK PI+N TO K+ LAMBDA

0 DONE BY COMPARING PROTON DISTR. WITH N DISTR. FROM LAMBDA DECAY.

AVG 1.006 0.066 AVERAGE

PHI AN6LE &SIN&PHI&/COS(PHI &~BETA/GAMMA) &OE6REES)
1156 13.0 17.0 CRONIN 63 OSPK LAMBDA FROM PI-P

10130 -8.0 6.0 OVERSETH 67 OSPK LAMBDA FROM PI-P
7377 (-9 ' 2) (5.2) CLELAND 67 OSPK REPL BY CLELAND 72

10325 -7 ' 0 4 ' 5 CLELAND 72 OSPK LAMBDA FROM PI-P

-6 ' 5 3.5 AVERAGEAVG

ABS. VALUE

6A/6V FOR LAMBDA BETA DECAY
(FOR SIGN CONVENTION, SEE NOTE ON BARYON DECAY PARAMETERS IN
NEUTRON SECTION ABOVE. )

C 22 (-1.03) L I NO 64 HBC
C 102 (0.6) OR MORE BAGLIN 65 HLBC NO SIGN GIVEN
C BETM 0. AND -1.1 BARLOM 65 OSPK
C 102 (0.7) OR MORE CL~ ~ 95 'ELY 65 HLBC
C EXPERIMENTS INCLUDED IN CONFORTO 65, RVUE

-1 ' 14 0.23 0 ' 33 CONFORTO 65 RVUE
M 148 -0.72 0. 14 0. 19 MALONEY 69 HBC

A 1078 (-0 ' 62) (0.08) (0.09) ALTHOFF2 71 OSPK POLARIZED LAMBDA

M 141. -0.75 0 ~ 15 0.18 CANTER 71 HBC
L 173 (-0.40) (0.13) (0.17) LINDQUIST 71 OSPK E-NEU AND UP-DOWN

M 352 -0.74 0.09 0. 12 BAGGETT1 72 HBC STOP. K-
A 817 -0.63 0.06 ALTHOFF1 73 OSPK POLARIZED LAMBDA

405 -0.47 0.09 BURNETT 76 SPEC E-NEU AND SPIN
l. 441 -0.53 0.09 0.11 LINDQUIST 77 SPEC POL l.AMBDA, 3 ASYMM

M 10K -0.?34 0.031 MISE 81 SPEC E-NEU ANG. CORREL.
7111 -0.70 0.03 BOURQUIN 83 SPEC XI- --) LAMBDA PI-

A ALTHOFF1 73 INCLUDES DATA OF ALTHOFF2 71 ' USES PROT SPECTRUM AND

A THREE SP IN ASYMMETR IES.
M EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A/V

L LINDQUIST 77 INCLUDES DATA OF LINDQUIST 71.
AVG -0 ' 694 0 ' 025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)

(SEE IDEOGRAM BELOM)

2/71
6/71
2/71

10/69
4/71
2/72
3/72
3/72
7/70

7/66

7/71
8/72

2/72
2/72
2/72
2/72
3/72
3/72

12/77
8/81
2/84»
3/72

12/77

1/73
1/73

8/67
9/66
8/67
6/68
6/68
5/72
2/78

5/70

11/67
11/67
5/72
5/72

6/68
1/71
6/68
1/71
6/68

11/67
10/69
7/73
4/71
9/71
2/72
7/73
2/78

12/77
1/82
2/84»
7/73
7/73
7/73

12/77
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ParticIe Data Group: Review of particle properties S12?

For notation, see key at front of Listings. Stable Particles
A, Z

WEIGHTED AVERAGE = -0.694 + 0.025
ERROR SCALED BY 1.3

ALTHOFF1 73 PL 438 237
ALTHOFF2 73 NP 866 29
POULARD 73 PL 468 135

+BROWN, FREYTAG, HEARD, HEINTZE+ (CERN+HEID)
+BROWN, FREYTAG, HEARD, HE INTZE+ (CERN+HEIO)
+GIVERNAUO, BORG (SACL)

ASTBURY
CLAYTON
BUNCE
BURNETT

75 NP 899 30
75 NP 895 130
76 PRL 36 1113
76 NC 34A 14

+GALLIVAN, JAFAR + (LOIC+CERN+ETH+SACL)
+BACON, BUTTERWORTH, WATERS + (LOIC+RHEL)
+HANDLER, MARCH, MARTIN + (WISC+MICH+RUTG)
+INNES, MASEK, MAUNG, MILLER, RUDERMAN+ (UCSC)

-BOURQUIN
-WISE
- L INDQU I ST
-BURNETT
-ALTHOFF1
-SAGGETT1
-CANTER
-MALONEY
-CONFORTO

—1.6 —1.2 -0.8 —0. 4 0. 0
GA/GV FOR LAMBDA SETA DECAY

83 SPEC
81 SPEC
77 SPEC
76 SPEC
73 OSPK
72 HBC
71 HBC
69 HBC
65 RVUE

I

0. 4

CH I SQ
0. 0
1.7
2. 7
6. 2
1. 1

0. 1

0, 0

12. 1

(CONLEV
=0.099)

HELLER 77 PL 688 480
LIMOQUIS 77 PR D16 2104

ALSO ?6 JPG 2 L211
ZECH 77 NP 8124 413
SCHACHIN 78 PRL 41 1348

WI SE 80 PL 918 165
COX 81 PRL 46 87?
PONOROM 81 PRD 23 814
WI SE 81 Pt. 988 123
BOURQUIN 83 ZPHY C21 1

+OVERSETH, BUNCE, DYDAK + (MICH+WISC+HE IO)
LINDQUIST, S'WALLOW, SUMMER + (EFI+OSU+ANL)
L I NOQU I ST, SWAL LOW, SUMMER+ ( E F I+WUSL+OSU+ANL)
+DYDAK, NAVARR IA+ (S IEG+CERN+DORT+HE IO)
SCHACHINGER, BUNCE, COX + &MICH+RUTG+WI SC)

+JENSEN, KREISLER, LOMANNO, POSTER+ (MASA+BNL)
+OWORKIN + (MICH+WI SC+RUTG+MINN+SNL)
+HANDLER, SHEAF F, COX + (W I SC+MI CH+RUTG+MI NN)
+JENSEN, KREISLER, LOMANNO, POSTER+ (MASA+BNL)
+BROWN+ (BR I S+GEVA+HE ID+LALO+RL+STRB)

PAPERS NOT REFERRED TO IN DATA CARDS

Z 19 SIGMA+(1189, JP~1/2+) I 1

ARMENTER 62 CERN CONF 236 ARMENTEROS+ (CERN+EPOL+LOIC+BIRM+CEN-SACLAY)
BALTAY 62 CERN CONF 233 BALTAY, FOWLER, SANDWEISS, CULWICK+ (YALE+BNL)
BERGE 63 THESIS (BERKELEY) J PETER SERGE (LRL)

0000*0 *0%0**4*44*4*0000* *40040400 000*00*04 **4004444 0044********0%0**
*0+0**000440400 *00%0*0*0 *0%0**04**04%0*444 004400040 0*0004444 04****40

aaaa*a eee*aeaaa a*eeeeaee aaaeoeeee ea*eaaeaa aeaae***a o*oeeaae* aooeo*em 19 SIGMA+ NASS (NEV)

EISLER
SOLDT
CRAWFORD

BAGLIN
SOWEN
CORK
COLUMBIA
HUMPHREY

ANDERSON
AUBERT
CHANG
COOL
GOOD
HUMPHREY

57
58
59

60
60
60
60
61

62
62
62

NC 5 1700
PRL 1 'l48
PRL 2 266

MC 18 1043
PR 119 2030
PR 120 1000
ROCH CONF 726
PRL 6 478

CERN CONF 832
NC 25 479
THES I S DUKE

62 PR 127 2223
62 PRL 9 518
62 PR 127 1305

REFERENCES FOR LAMBDA

EISLER, PLANOg SAMIOS/SCHWARTZ + (COLU+BNL)
E BOLDT, O 0 CALDWELL, Y PAL (MIT)
CRAWFORD, CRESTI, DOUGLASS, GOOD + (LRL)

BAGLIN, BLOCH, BRISSON, HENNESSY + (EPOL)
BOWEN, HARDY, REYNOLDS/SUN + (PRINCETON)
CORK tKERTH ~WENZE L g CRON IN+ ( LRL+PR IN+BNL )
M SCHWARTZ + (COLUMBIA)
HUMPHREY, KIRZ, ROSENFELD, RHEE + (LRL+SYRA)

ANDERSON ~ CRAWFORD J GOLDEN g LLOYD + (LRL )
AUSERT, BR I SSON, HENNESSY, SIX + (EPOL)
CHUEN CHUEN CHANG (DUKE)
COOL, HILL, MARSHALL + (BNL+MIT+NYU+ANL)
M L GOOD, V G L I ND (WI SCONS IN)
W E HUMP HR EY, R R ROSS (LRL)

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS

144 1189.38 0.15 BARKAS 63 EMUL + SEE NOTE S BELOW
58 1189.48 0.22 BNOWMIK 64 EMUL + SEE MOTE S BELOW

S ABOVE SIGMA+ MASSES HAVE BEEN RAISED 30 KEV TO ACCOUNT FOR 46 KEV
S INCREASE IN PROTON MASS ANO 21 KEV DECREASE IN PION MASS

4205 1189.61 0.08 SCHMIDT 65 HSC SEE NOTE N 3/74
1189.16 0. 12 HYMAN 67 HEBC 6/68

8 607 1189.33 0.04 BOHM 72 EMUL 12/73
8 BOHM 72 UPDATED WITH POG APR. 73 K-, PI- ANO P10 MASSES. 1?/73

AVG 1189.371 0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8)
FIT 1189.365 0.058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8) 3/84i

(SEE IDEOGRAM BELOW)

ALSTON
SHOWMIK
BLOCK
BROWN
CHRETIEN
CRONIN
ELY
KERNAN

ANDERSON
BAGLIN
HUBBARD
KERNAN
KREISLER
L IND
RONNE
SCHWARTZ

63
63
63
63
63
63
63
63

64
64
64
64
64
64
64
64

UCRL 10926
NC 28 1494
PR 130 766
PR 130 769
PR 131 2208
PR 129 1795
PR 131 868
PR 129 870

PRL 13 167
NC 35 977
PR 135 8 183
PR 133 8 1271
PR 136 8 1074
PR 135 8 1483
PL 11 357
UCRL 11360 THESIS

ALSTON, K IRZ, NEUF ELO, SOLMITZ, WOHLMUT (LRL)
8 BHOWMIK, D P GOYAL (DELHI )
BLOCK, GESSAROL I,RATTI+(NWES+SGNA+SYRA+ORNL)
BROWN, KAOYK, TRIt. L I NG, ROE + (LRL+MICH)
CHRETIEN, CROUCH+ (BRAN+BROWN+HARVARD+MIT)
J W CRONIN, O E OVERSETH (PRINCETON)
ELY, GIDAL, KALMUS, OSWALD, POWELL + (LRL)
KERNAN, NOVEY, WARSHAW, WATTENBERG (ANL+ILL)

A AMDERSONsF S CRAWFORD (LRL)
BAGLIN, BINGHAM+ &EPOL+CERN+LOUC+RHEL+BERG)
HUBBARD, BERGE, KALBFLEISCH, SHAFER + (LRL)
KERNAN, POWELL, SANDLER + (LRL+LOUC)
M N KREISLER, O OVERSETH, J CRONIN (PRIN)
L I ND ~ 8 I NFORD t GOOD ~ STERN (WISCONSIN)
RONNE+ ( C ERN+EPOL+LOUC++UN IV.BERGEN)
JOSE PH ADAM SC HWAR TZ (LRL)

WEIGHTED AVERAGE = 1189.371 + 0. 060
ERROR SCALED BY 1.8

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best*' values,
obtained from a least-squares constrained 6t
utilizing measurements of other (related)
quantities as additional information.

65
65
65
65
66
65
65
65
65

BERGE
BURAN
CHIEN
ENGELMAN
GIBSON
LONDON

&6
66
66
66
66
66

BAGL IN
BALTAY
BARLOW
CHARRIER

ALSO
CONFORTO
ELY
HILL
SCHMIDT

NC 35 977
PR 140 8 1027
PL 18 64
PL 15 66
NC 46A 205
EC INT HERZEGNOVI
PR 137 81302
PRL 15 85
PR 140 8 1328

BERKELEY 46
PL 20 318
PR 152 1171
NC 45A 1038
NC 45A 882
PR 143 1034

BAGLIN + (EPOL, CERN, LOUC, RHEL, BERGEN)
BALTAY, SANDWEISS, CULW~ICK, KOPP + (YAt. E+SNL)
J BARLOW, BLAIR, CONFORTO+ (CERN+RHEL+PENN)
CHARR I ERE, GIBSON+ (EPOL+BR IS+CERN+MP IM)
CHARR I ERE, GI BSON + (EPOL, SR I S g CERN, MP IM)
G CONF OR TO (CERN)
ELYgGIDALgKALMUSgPOWELL + (LRL, LOUC)
HILL/ LI t JENKIMSgKYCIAtRUDERMAN(MIT ~ BNL)
P SCHMIDT (COLUMBIA)

SERGE, CABIBBO (&RVUE) LRL, CERN)
BURAN, EIVINOSON, SKJEGGESTAD, TOFTE + (OSLO)
+LACH, SANDWEISS, TAFT, YEH, OREN + (YALE+BNL)
ENGELMANN, FILTHUTH, ALEXANDER+ (NEID, REHO)
W M GIBSON, K GREEN (BRIS)
LONDON, RAU, GOLDBERG, LICHTMAN+ (BNL g SYRA)

-BOHM

-HYMAN
- SCHMIDT
- BHOWMIK

ARKAS

1188.8 1 189.2 1 189.6 1 190.0
SIGMA+ MASS (MEV)

72 EMUL

67 HEBC
65 HBC
64 EMUL

63 EMUL

CH I SQ
1.0
3. 1

8. 9
0. 2
0. 0

13.3
(CONLEV
=0. 010)

AUERBACH
SAOIER
CL ELAND
MAYEUR
OVERSETH
GR IMM
NEPP
MERRILL

DAUBER
DOYLE
MAI. ONEY
BOHM
DEMI DOV
OLSEN

67
67
67
67
67
68
68
68

69
69
69
70
70
70

ALTHOFF1
ALTHOFF2
BALTAY
BARKOV
BARONI
CANTER

71
71
71
71
71
71

PL 378 531
PL 378 535
PR D4 670
JETPL 14 60
LNC 2 1256
PRL 26 868

71
71
71
65
71

CANTER 1
DAHL JENS
HILL

ALSO
LINDQUIS

PRL 27 59
NC 3A 1
PR 04 1979
PRL 15 85
PRL 27 612

BAGGETT1
BAGGETT2
BAGGETT3
BARKOV
CLELAND
HYMAN

72
72
72
72
72
72

ZPHY 249 279
ZPHY 252 362
PL 428 379
JETPL 16 104
NP 840 221
PR O5 1063

NC 47A 19
PL 258 152
PL 268 45
U. LIBR ~ BRUX ~ BUL32
PRL 19 391
NC 54A 187
ZPHYS 214 71
PR 167 1202

PR 179 1262
UCRL 18139-THESIS
PRL 23 425
NC 70A 384
SJNP 10 681
PRL 24 843

+BROWN, FREYTAG, HEARD, HE INTZE +
+BROWN, FREYTAG, HEARD, HE INTZE +
+SR IDGEWATER, COOPER, HAS IBI+
eGUREVICH, MAKAR INA, MARTEMYANOV+
G SARONI, S PETR ERA, G ROMANO
+COLE, LEE-FRANZINI, LOVELESS +

(CERN, HE ID)
(CERN, HE ID)
& COLU+8 I NG )

(ITEP)
(ROMA)

(STON+COLU)

+COLE, LEE-FRANZINI, LOVELESS+ (STON+COLU)
DAHL-JENSEN + (CERN+ANKA+LAUS+MPIM+ROMA)
+LI, J ENK INS, KYC IA, RUOERMAN (MIT, BML )
HI LL ~ L I J JENK INSt KYCIAg RUDERMAN (MIT gBNL)
LINDQUISTr SUMMER+ (EF I iWUSL iOSUt ANL)

+BAGGETT, El SELE, F ILTHUTH, FREHSE+ (HE ID)
+BAGGETT, EI SELE, F ILTHUTH, FREHSE+ (HE ID)
+BAGGETT, EI SELE, F ILTNUTH, FREHSE, NEPP+(HEIO)
+GUREVICH, MAKAR INA, MARTEMYANOV + ( ITEP)
+CONFORTO, EATON, GERBER+ (CERN+GEVA+LUND)
+BUNNELL, DERRICK, FIELDS, KATZ+ (AML+CARN)

AUERBACH, SOWEN, DOBBS, LANDE, MANN+ (PENN)
+BONNET, BRIANDET, SAOOULET (EPOL)
CLELAND, BIENLEIN, CONFORTO+ (CERN+GEVA+LUND)
C.MAYEUR, E.TOMPA, J.WICKENS (SELG, LOUC)
0 E OVERSETH, R F ROTH (M I C H+PR I N )
H. -J.GR IMM (HEIOELBERG)
V. HEPP, H. SCNLEICH (HEIOELBERG)
MERRILL, SHAFER (LRL)

+SERGE, HUBBARD, MERRILL, MILLER (LRL)J.CD DOYLE (LRL)
MALONEY, SECHI-ZORN (UNIV MARYLAND)
+ KRECKER + (SERL+SRUX+DUUC+t. OUC+LOWC+WARS)
+KIRILLOV-UGRYUMOV, PONOSOV, PROTASOV+ ( ITEP)
+PONDROM, HANDLER, L IMON, SMITH + (WISC, MICH)

T
T 127 0.98
T 41 0 ~ 82
T 117 0 85
T 54 0 ~ 80
T 23 0.76
T 49 0 ' 75

140 0.82
T 192 0.749
T 456 0.?65
T 203 0 ' 84
T 181 0.84
T 900 0 ~ 76
T. C 1300 0.83
T S 125 (0 86)
T S 117 (1.10)
T 381 0 ~ 80
T 10664 0.803
T 20K 0 795
T 526 0 83
T 5719 0 ~ 807
T 30K 0 ' 798
T C CHANG ERROR
T S ERROR PURELY

T AVG 0.7997

GLASER 58 RVUE
0 ~ 16 0 ~ 12 PUSCHEL 60 EMUL
0- 34 0 ~ 20 EVANS 60 EMUL0. 14 0. 11 FREDEN &0 EMUL0. 10 0.067 KAPLON 60 EMUL0.22 0.14 CHIESA 61 EMUL
0 ~ 13 0.09 BERTHELOT 61 HLSC
0 ~ 10 0.08 BARKAS 61 EMUL0.056 0.052 GRARD 62 HBC
0 ' 04 HUMPHREY 62 HBC0.12 0 F 08 SHOWMIK 64 EMUL0.09 BALTAY 65 HSC
0 ' 03 CARAYAN 65 HSC0.032 CHANG 66 HBC(0.15) CNI EN 66 HSC +(0.24) CHIEN 66 HBC
0 F 07 COOK 66 OSPK0.008 BARLOUTAU 69 HBC
0.010 EISELE 70 HBC0.04 BAKKER 71 DBC0.013 CONFORTO 76 HBC0.005 MARRAFFIN 80 HBC0.018 RAISED BY US. SEE 1970 EDITION,

STATISTICAL

0 ' 0036 0 ' 0036 AVERAGE

6 ' 9 PBAR P
6.9 PBAR P ~ ANTI

K-P .4-1.2 GEV/C
K-P AT REST
K-N TO SI G+ 2P I-
K-P 1-1.4 GEV/C
K- P TO S I G+ P I-
RMP 42, 123(1970)

19 SIGMA+ MEAN LIFE (UNITS 10**-10SEC)

6/66
6/66
6/66
9/67
9/67
7/66

11/69
2/71

10/71
11/77
2/80
1/73
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Particle Data Group: Review of particle properties

Stable Particles Data Card Listings

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

MM

381 1.5 1.1 COOK
52 35 1 ~ 5 KOTELCHUC
51 3 0 1.2 SULLIVAN
69 35 1 ~ 2 COMBE

29333 2. 1 1.0 MAST
955 2.67 0.97 ALLEY

2651 2.7 0.9 SAHA
S 8503 (2.95) (0.31) DOBLE

S 14K 2.30 0. 14 SETTLES
44K 2 ' 38 0.02 ANKENSRAN

S SETTLES 79 INCLUDES DOBLE 77 DATA.

AVG 2 ' 379 0.020 AVERAGE

66 OSPK
67 EMUL
67 EMUL
68 EMUL
68 HBC
71 OSPK
73 HLBC
77 HBC
79 HBC
83 CNTR

K-P AT 1.15BEV/C
P HOTOP ROD U CT ION

K-P AT .4 GEV/C
1.28 GEV/C Pl+P
K-P. 25T0. 55GEV/C
K-P .46 GEV/C
K-P. 42T0. 50GEV/C
210GEV HYP. BEAM

19 SIGNA+ PARTIAL DECAY MODES

19 SISMA+ MASNETIC MOMENT (MASNETONS, 938.26 MEV)

7/66
8/67
8/67

10/68
6/68

10/70
6/73

12/77
12/79
10/83*
12/79

R6
R6
R6
R6 E
R6 E
R6 U

R6
R6 E
R6 U

R6
R6
R6

R7
R7
R7
R7
R7
R7

SI6NA+ INTO (N MU+ NEU)/CPI+N) (UNITS 10~~-5) CP6)/(P2)
TEST OF DELTA-S ~ DELTA-Q RULE

1 (120)ANALYSED EVENTS GALTIERI 62 EMUL NO RATIO QUOTED
0 10150 EFFECTIVE DENOM ~ COURANT 64 HBC SEE NOTE E
0 1710 EFFECTIVE DENOM. NAUENBERG 64 HBC SEE NOTE E
2 62000 EFFECTIVE DENOM ~ EISELE2 69 HBC
0 33800 EFFECTIVE DENOM. BAGGETT 69 HBC

EFFECTIVE OENOM. TAKEN FROM EISELE 67
EFFECTIVE DENOM. CAI CULATED BY US

6 ' 2 OR LESS CL ~ 90 OUR AVERAGE (F 7 EVTS)/(EFF. ONOM ~ SUM)
NUMBER OF EVENTS INCREASEO TO 6.7 FOR 90PC CONFIDENCE LEVEL

(SXSMA+ INTO LEPTONS)/CSXSMA- INTO LEPTONS)
TEST OF DELTA-S ~ DELTA-Q RULE ~

0 (0.034)OR LESS BAGGETT 67 HSC
1 &0.08) OR LESS NORTON 69 HSC

0.043 OR LESS CL~. 90 OUR AVERAGE USING R5 AND R6

11/67
11/67
11/67
6/68

11/68
11/67

2/76
2/76

6/68
10/69

2/76

P1
P2
P3
P4
P5
P6
P7
P8

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

SIGMA+ INTO PROTON P I 0
SIGMA+ INTO NEUTRON PI+
SIGMA+ INTO NEUTRON PI+ GAMMA

SIGMA+ INTO LAMBDA E+ NEU
SIGMA+ INTO PROTON GAMMA
SIGMA+ INTO NEUTRON MU+ NEUTRINO
SIGMA+ INTO NEUTRON E+ NEUTRlNO
SIGMA+ INTO PROTON E+ E-

19 SIGMA+ BRANCHINS RATIOS

SIGNA+ INTO CNEUTRON PI+) /CNUCLEON PI)
308 0.490 0 ' 024 HUMPHREY
534 0 ' 46 0 ' 02 CHANG

1331 0 ~ 488 0 ~ 010 BARLOUTAU
537 0 ' 484 0 ' 015 TOVEE

1861 0 ' 488 0.008 NOWAK
M 10K 0 ' 4828 0 ' 0036 MARRAFFIN
M MARRAFFINO 80 GIVES BR TO (P PIO)/ALL.

AVG 0 ' 4836 0 ' 0030 AVERAGE

DECAY MASSES
938+ 135
940+ 140
940+ 140+ 0

1116+.511+ 0
938+ 0
940e 106+ 0
940+.511+ 0
938+.511+.511

(P2) /( P 1+P2)
62 HBC
66 HBC
69 HBC
71 EMUL
78 HBC BRITISH 1 ~ 5M (TST &

80 HBC K-P 420-500MEV/C
WE QUOTE 1-BR.

6/66
11/69
12/71
7/79
2/80
2/80

R9 (SI6MA+ INTO N MU+ NEU)/(SIGMA- INTO k NU- NEU)
R9 2 0.06 0.045 0.03 EISELE2 69 HSC +- STOP K-

R9 0. 12 OR LESS CL~. 90 OUR AVERAGE USING R6

R10 (SI6MA+ INTO N E+ NEU)/(SI6MA- INTO N E- NEU)
R10 E 0 (0 ~ 03) OR LESS CL=.90 EISELE2 69 HBC
R10 0 (0.12) OR LESS CL=.95 COLE 71 HBC
R10 0 (0.018&OR LESS CL=.90 SECHIZORN 73 HBC
R10 E 0 (0.019)OR LESS CL~.90 ESENHOH 74 HBC
R10 E EISELE2 69 REPLACED BY EBENHOH 74.
R10 ~ ~ ~ ~ ~ ~ ~ ~

R10 0.009 OR LESS CL=.90 OUR AVERAGE USING R5

+- STOP K-
+- STOP K-
+- STOP K-, POISSON
+- STOP K-

19 SI6MA+ DECAY PARAMETERS

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE.

RS SISNA+ INTO CI ROTON E+ E-)/TOTAL (UNITS 10~~-6) CPS)
R8 7 0 OR LESS ANG 69 HBC STOP K-
R8 A ANG 69 FOUND 3 E+E- EVENTS IN AGREEMENT WITH GAMMA CONVERSION OF
R8 A PROTON GAMMA DECAY -LIMIT GIVEN HERE IS FOR NEUTRAL CURRENT

10/69

10/69

2/71

10/69
10/71
8/73

12/75
12/75

2/76

R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4
R4
R4
R4
R4
R4

SIGMA+ INTO
W 4 (3.3)
W

6 2.0
5 1.6

10 2.9

AVG 2 ~ 02

(LAMBDA E+ NEU) /TOTAL (UNITS 10~*-5) CP4)(1.7& WILL IS 64 HBC STOP. K-
EVENTS FROM THIS EXPERIMENT, INCLUDED IN EISELE1 69

0 ~ 8 BARASH 67 HB C STOP K-
0.7 BALTAY 69 HBC STOP K-
1.0 EISELE1 69 HBC STOP K-

0.47 AVERAGE

CP5)/CP1)SI6MA+ INTO (P SAINA)/(P PIO) (UNITS 10*~-2)
1 (0.068)OR LESS CARRARA 64 HBC

24 0.37 0.08 BAZIN 65 HBC
4 (0 ~ 17) QUAR EN I 65 EMUL

45 0.21 0.03 ANG 69 HBC STOP K-
31 0 ~ 276 0 ~ 051 GERSHWIN 69 HBC
46 0 ' 211 0.038 MANZ 80 HBC K- P--)SIGMA+ PI-

0.232 0 ' 025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 2)
&SEE IDEOGRAM BELOW&

AVG

WEIGHTED AVERAGE = 0. 232 + 0.025
ERROR SCALED BY 1, 2

SI6MA+ INTO (NEUT PI+ SAII)/(PI+N) (UNITS 10~*-3) (P3)/P2)
(1 ~ 8) ABOUT BAZIN2 65 HBC Pl+ LT 116 MEV/C

29 (0.27) (0.05) ANG 69 HBC Pl+ LT 110 MEV/C
180 O. 93 0.10 EBENHOH 73 HBC PI+ LT 150 MEV/C
PI+ MOMENTUM CUTS DIFFER, NOT AVERAGED. LATEST VALUE USED IN TABLE.

8/67
11/68
3/?4
4/82

9/66
11/69
8/67

11/69
10/69

6/66
10/69
10/69
9/81

9/66
9/66
6/77
2/80

4/82

A+
A+ 35
A+ 4
A+
A+ AVG
A+ FIT

ALPHA+ FOR SI6MA+ (SIS+ TO PI+ N)
000 0.069 0.017 BANGERTER 69 HBC
101 0.037 0 ' 049 BERLEY 70 HBC

0.066 0.016 AVERAGE
0.068 0.013 FROM F I T

K-P AT 400 MEV/C 11/69
12/70

4/82

AO ALPHAO FOR SI6NA+ (SI6+ INTO P IO PROTON)
AO -O. 80 0. 16 SEAL L 62 CN TR
AO (-0.90) (0 ' 25) TRIPP 62 HBC
AO 0 5200 &-0.986& (0.072& SANGERTER 66 HBC
AO 32000 -0.999 0 ' 022 BANGERTER 69 HBC
AO H 1335 -0.98 0.05 0.02 HARRIS 70 OSPK
AO 16K -0.940 0.045 BELLAMY 72 ASPK
AO L 1259 -0.945 0 ' 055 0.042 LIPMAN 73 OSPK
AO L DECAY PROTONS SCATTERED OFF ALUMINUM.
AO H DECAY PROTONS SCATTERED OFF CARBON.

AO AVG -0.979 0 ' 016 AVERAGE
AO FIT -0.979 0.016 FROM FIT

REPLACE BY BANGE
K-P TO S I G+ PI-
P I+P TO S I G+ K+
P I+P TO SI G+ K+
PI+P TO SIG +

7/66
10/69
5/70

11/72
7/73
7/73

4/82

A+0 ALPHA+/ALPNAO FOR SI6MA+ (SI6+ TO PI+ N)/(SIS+ TO PIO P)
A+0 &+0.04& (0.11& CORK 60 CNTR SIG+ FROM PI+P
A+0 &+0.20) (0 ' 24) TRIPP 62 HBC REPLACE BY BANGER
A+0 0 3500 (-.014) (0.052) SANGERTER 66 HBC SIG+ FROM K-P
A+0 0 2600 (-.047) (0.07& BERLEY 66 HBC SIG+ FROM K-P
A+0 20K &-0. 104) (0 ' 028) REUCROFT 77 HBC REPL. BY MARRAFF IN080
A+0 23K -0.073 0 ' 021 MARRAFFIN 80 HBC K- P TO SIG+ PI-
A+0 0 OLD RESULTS, HAVE BEEN REPLACED. SEE BELOW.

A+0 FIT -0.069 0 ' 013 FROM FIT

AVERAGE &ERROR INCLUDES SCALE FACTOR OF 1.1)

F+ PNI+ AN6LE (SI6+ INTO N PI) SIN(PHI)/COSCPHI)~BETA/SAIIMA (DE6REE)
F+ 0 370 (180.) (30.) BERLEY 66 HBC NEUTRON RESCATT.
F+ 560 143 ' 29 ' SANGERT1 69 HBC
F+ C1054 184 ' 24. BERLEY 70 HBC K-P AT 400 MEV/C
F+ C CHANGED FROM 176 TO 184 TO AGREE WITH SIGN CONVENTION.

F+ AVG 167.3 20. 1

9/66
10/69
11/69

A6
AG

AG

AG
AG AVG -0.72 0.29 AVERAGE

ALPHAS FOR SI6NA+ (SIS+ INTO PROTON 6AMNA)
61 -1.03 0.52 0.42 GERSHWIN 69 HBC K-P TO SIG PI
46 -0.53 0.38 0.36 MANZ 80 HBC K- P--)S I GMA+ PI-

11/69
9/81

L
-MANZ 80 HBC
-GERSHWIN 69 HBC
-ANG 69 HBC
- BAZ IN 65 HBC

0. 6O. f 0. 2 0, 3 0. 4 0. 5

S I GMA+ INTO (P GAMMA) /(P P I 0)

CHISQ
0, 3
0. 8
0. 5
3.0
4. 6

(CONLEV
=0. 207) CORK

EVANS
FREDEN
KAPLON
PUSCHEL

60 PR 120 1000
60 NC 15 873
60 NC 16 611
60 ANP 9 139
60 NP 20 254

REFERENCES FOR SI6IIA+

CORK i KERTH s WEN ZE L e CRONIN t COOL & LRL+PR IN+BN L )
BR I ST+BRUS S+ I AS-U. COL-OUBL I N+LON+MI LAN+PAD
S FREDEN, H KORNBLUM, R WHITE (LRL)
M KAPLON, A MELISSINOS, YAMANOUCHI (ROCH)
W PUSCHEL (MAX PLANCK INST)

FO PHIO AN6LE (SI6+ INTO PIO PROTON) SIN(PHI) ICOS(PNI)~BETA/SAMNA (DE6)
FO H 22 ' 0 90 ' 0 HARRIS 70 OSPK PI+P TO SIG+ K+
FO L 1259 38. 1 35.7 37.1 LIPMAN 73 OSPK PI+P TO SIG+K+
FO L DECAY PROTON SCATTERED OFF ALUMINUM.
FO H DECAY PROTONS SCATTERED OFF CARBON.

FO AVG 35.8 33 ' 7 AVERAGE

00000* 0**400**1400*04040 440414404 044040044 *0*440400 4040404*4 44444440

5/70
7/73
7/73

R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
RS
R5
R5

EO
EO
EO
0

UA
UO

0
U

U A

E
A

SIGMA+ XNTO CN E+ NEU)j(N PX~) (UNITS 10~~-5) CP7)j(P2)
TEST OF DELTA-S = DELTA-Q RULE

0 &16220)EFFECTIVE DENOM. COURANT 64 HSC SEE NOTE E
0 (2720)EFFECTIVE DENOM. MURPHY 64 HBC SEE NOTE E
1 (9690)EFFECTIVE DENOM. NAUENBERG 64 HBC SEE NOTE E
0 (32406)EFFECTIVE DENOM. BIERMAN 68 HBC
0 (80400)EFFECTIVE DEMON. EISELE2 69 HBC STOP K-
1 (30000)EFFECTIVE DENOM. NORTON 69 HBC

OLDER LOWER STATISTICS EXPTS. NOT INCLUDED IN AVERAGE.
0 105000 EFFECTIVE DENOM. SECHIZORN 73 HBC STOP K-
0 111000 EFFECTIVE DENOM. EBENHOH 74 HBC STOP K-

EFFECTIVE DENOM. CALCULATED BY US
EFFECTIVE DENOM. TAKEN FROM EISELE 67

EISELE2 69 REPLACED BY BY EBENHOH 74.
1.1 OR LESS CL=.90 OUR AVERAGE (2 ' 3 EVTS)/(EFF ~ DNOM. SUM&

NUMBER OF EVENTS INCREASED TO 2.3 FOR 90PC CONFIDENCE LEVEL

11/67
11/67
6/68
6/68
6/68

11/69
2/76
2/76
1/76

11/67
1/76

2/76
2/76

BARKAS
BERTHELO
CHIESA
BEALL
GRARD
GALT IERI
HUMPHREY
TRIPP

61 PR 124 1209
61 NC 21 693
61 NC 19 1171
62 PRL 8 75
62 PR 127 607
62 PRL 9 26
62 PR 127 1305
62 PRL 9 66

BHOWMI K
CARRARA
COURANT
MURPHY
NAUENBER
WILL IS

64 NP 53 22
64 PL 12 72
64 PR 136 8 1791
64 PR 134 8 188
64 PR L 12 679
64 PRL 13 291

BARKAS 63 PRL 11 26
ALSO 61 UCRL 9450

W H BARKAS ~ J N DYER t H H HECKMANN
JOHN DYER (THESIS, BERKELEY)

(LRL)
(LRL)

8 BHO'WMIK, P JAIN, P MATHUR, LAKSHMI (DELHI)
CARRARA, CREST I,GRI GOLETTO, PERUZZO+ (PADOVA)
COURANT, F ILTHUTH+ (CERN+HE ID+UMD+NRL+BNL)
C THORNTON MURPHY (WISCONSIN)
NAUENBERG, MARATECKt+ (COLU+RUTG+PR IN)
WILL IS I COURANT, ENGELMAN+ (BNL, CERN, HE ID, UMD)

BARKAS, D YER, MASON, N I CHOL S, SMITH (LRL)
BERTHELOT, DAUDIN, GOUSSU + (SACLAY+ORSAY&
CH I ESA, QUA SSI AT I,R I NAUDO (INFN-TURIN)
SEAL L f CORK KEE FE g MURPHY ~ WENZ EL (LRL)
F GRARD, G A SMITH (LRL)
GALTIERI, BARKAS, HECKMAN, PATRICK, SMITH (LRL)
W E HUMPHREY, R R ROSS (LRL)
R D TRIPP, M 8 WATSON, M FERRO-LUZZI (LRL)
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For notation, see key at front of Listings. Stable Particles
Z', Z

SALTAY
SAZ IN
BAZIN2
CARAYAN
QUARENI
SCHMIDT

BANGERTE
SERLEY
CHANG

ALSO
CHIEN
COOK

65 PR 140 8 1027
65 PR L 14 154
65 PR 140 81358
65 PR 138 8 433
65 NC 40 A 928
65 PR 140 8 1328

66 PRL 17 495
66 PR L 17 1071
66 PR 151 1081
65 NEVIS 145 THESIS
66 PR 152 1171
66 PRL 17 223

BARASH
EISELE
HYMAN
KOTELCHU
SULLIVAN

ALSO

6? PR L 19 181
67 ZPHYS 205 409
67 PL 25 8 376
67 PRL 18 1166
67 PRL 18 1163
64 PRL 13 246

BIERMAN 68 PRL 20 1459
COMBE 68 NC 57A 54
MAST 68 PRL 20 1312

BAGGETT 67 PRL 19 1458
ALSO 68 VIENNA ABS ~ 374
ALSO 68 PRIVATE COMM ~

SALTAY, SANDWEI SS,CULWI CK, KOPP + (YALE+BNL)
BAZIN, BLUMENFELD, NAUENSERG + (PRIN+COLU)
SAZIN, PLANO, SCHMIDT+ (PR I N g RUTG g COLU)
CARAYANNOPOULOS, TAUTF EST ~ W I L LMANN (PURDUE &

QUARENI, CARTACCI + (SGNA, FIRZ, GENO, PARMA)
P SCHMIDT (COLUMBIA)

BANGERTER, GALTIERI, SERGE, MURRAY+ (LRL)
+HERZBACH, KOFLER, YAMAMOTO + (BNL+MASA+YALE)
CHUNG YUN CHANG (COLUMBIA)
CHUNG YUN CHANG (COLUMBIA&
+LACH, SANDWEISS, TAFT, YEH, OREN + (YALE+BNL)
V COOK, E'WART, HASEK, ORR, PLATNER (WASHINGTON)

BAGGETT, DAY, GLASSER, KEHOE, KNOP+ (MARYLAND)
SAGGETT, KEHOE (MARYLAND)

BAGGETT (MARYLAND)

SARASH, DAY, GLASSER, KEHOE, KNOP + (MARYLAND)
+ENGELMANN, FILTHUTH, FOLISH, HEPP+ (HEID)
+LOKEN, PEWITT, HCKENZIE, + (ANL+CARN+NWES)
KOTELCHUCK, GOZA, SULLIVAN, ROSS (VANDERBILT)
SULLIVAN, MCINTURFF, KOTELCHUCH (VANDERBILT)
A D MC INTURF F, C E ROOS (VANDERBILT)

8 I ERMAN, KOUNOSU, NAUENBERG + (PRINCETON)
CERN-BRISTOL-LAUSANNE-MUNICH-ROHE-COLLABOR
HAST, GERSHWIN, ALSTON-GARNJOST + (LRL)

20 SI6NA- MEAN LIFE (UNITS 10~*-10 SEC&

T 1 ~ 67 0.40
T 1.89 0.33
T 45 1.35 0 ~ 32
T 41 1.75 0.39
T 1208 1.58 0.06
T C 3267 1.666 0 ' 075
T S 61 (2 ' 08) (0 ' 22)
T S 64 (1 ~ 46) (0.31)
T 506 1 ' 38 0 ' 07
T 10253 1 ' 472 0 ' 016
T 0 ' 1M 1.485 0 ' 022
T 1383 1.42 0 ' 05
T 1.41 0 ~ 09
T 2400 1.463 0.039
T 8437 1 ' 49 0 ' 03
T 16K 1 ' 480 0.014
T C CHANG ERROR 0.018 RA

T S ERROR PURELY STATIST

T AVG 1.482 0 ' 011
(SEE

0.28 BROWN 58 HLBC
0.25 EISLER 58 HLBC
0. 17 CHIESA 61 EMUL

0.30 BARKAS 61 EMUL

0.06 HUMPHREY 62 HBC
CHANG 66 HBC
CHIEN 66 HBC
CH I EN 66 HBC +
WHITES IDE 68 HBC
BARLOUTAU 69 HBC
EI SELE 70 HBC
BAKKER 71 DBC

0 F 08 TOVEE 71 EMUL
ROBERTSON 72 HBC
CONFORTO 76 HBC
HARRAFFIN 80 HBC

ISED BY US ~ SEE 1970 EDITION,
ICAL.

STOPS K-
STOP. K-
6.9 PBAR P
6 ' 9 PBAR P, ANTI

STOPS K-
K-P ~ 4-1 ~ 2 GEV/C
K-P AT REST
.K-N TO S I G- 2P I

K-P ~ 25 GEV/C
K-P 1-1.4 GEV/C
K- P TO SI G- P I+
RMP 42, 1 23 ( 1970)

6/66
9/67
9/67
6/68

11/69
2/71

10/71
12/71
3/74

11/77
2/80
1/73

WEIGHTED AVERAGE = 0. 6747 + 0.0050
ERROR SCALED BY 1, 3

0 ~ 011 AVERAGE (ERROR INCL ~ SCALE FACTOR OF 1 ~ 3)
IDEOGRAM BE LOW)

ANG 69 ZPHYS 228 151
BAGGETT 69 HDDP-TR-973
BALTAY 69 PRL 22 615
BANGERTE 69 UCRL-19244
BANGERT1 69 PR 187 1821

+EBENHOHI E ISELE g ENGELMANN F ILTHUTH+ (HEI D)
N V BAGGETT (THESIS) (UHD)
BALTAY FRANZ IN I ~ NEWHAN g NORTON+ (GOLUB STON)
ROGER ODELL BANGERTER (THESIS) (LRL&
BANGERTERg GARN

JOSTLE

GALTI ER I ~ GERSHWIN+ (1 RL

BARLOUTA
EISELE1
EISELE2
GERSHWIN

ALSO
NORTON

69 NP 814 153 BARLOUTAUD, BELLEFON, GRANET+(SACL+CERN+HEID)
69 ZP HYS 221 1 +ENGELHANN, F ILTHUTH, FOHL ISCH, HEPP+ (HE ID)
69 ZPHYS 221 401 +ENGELHANN, FILTHUTH, FOHLISCH, HEPP+ (HEID)
69 PR 188 2077 +ALSTON-GARNJOST, SANGERTER + (LRL)

UCRL 19246 THESIS LAWRENCE K GERSHWIN (LRL)
69 NEVIS 175 (THESIS) HERBERT NORTON (COLUMBIA)

ALLEY 71
BAKKER 71
COLE 71
TOVEE 71
BELLAMY 72
BOHM 72

ALSO 73

PR D3 75
LNC 1 37
PR D4 631
NP 833 493
PL 398 299
NP 848 1
IIHE-73. 2 NOV

+BENBROOK, COOK, GLASS, GREEN, HAGUE + (WASH)
+, SABRE COLLAS ~ (ZEEM+SACL+BGNA+REHO+EPOL)
+LEE-FRANZINI, LOVELESS, BALTAY+ (STON, COLU)
LOUC, BELGRADE, BERL, BRUX, DUBLIN, WARS COLLAB
+ANDERSON ~ CRAWFORD, OSMON+ (LOWC+RHEL+SUSS)
BERL IN+BE LGRADE+BRUX+DUBL IN+LOUC+WARSAW
BRUSSELS BULLETIN, SAME COLLABORATION

BERLEY 70 PR D1 2015 +YAHIN, HERTZBACH, KOFLER + (BNL, MASA, YALE)
EI SELE 70 ZPHY 238 372 +F ILTHUTH g

HEPPED

PRESSERS ZECH (HEI DELBERG)
HARRIS 70 PRL 24 165 +OVERSETH, PONOROH, DETTHANN (MI CH, WI SC)

. MARF AFF I N

-CONFORTO
-ROBERTSON
. TOVEE

BAKKER
. EISELE

BARLOUTAU
. WH I TES I DE
. CHANG

-HUMPHREY
. BARKAS
. CHIESA
-EISLER
. BROWN

80 HBC
76 HBC
72 HBC
71 EMUL

71 DBC
70 HBC
69 HBC

68 HBC

66 HBC

62 HBC

61 EMUL

61 EMUL

58 HLBC
58 HLBC

CH ISQ
0. 0
0. 1

0. 2

P, 7

1.4
0. 0
0 4
1.8
7. 6
3.0

EBENHOH 73 ZPHY 264 413
LIPNAN 73 PL 438 89
SAHA 73 PR D7 3295
SECHIZOR 73 PR D8 12

+E1SELE,F ILTHUTH, HEPP, LEITNER, THOUW+ (HEID)
+UTO, WALKER, MONTGOMERY+ (RHEL+SUSS+LOWC)
+FETKOVICH, HE INTZELHAN, MELTZER + (CARN)
B.SECHI-ZORN, G. SNOW (UHD) p 4 1.0

15.2

(CONLEV
=0. 085)

EBENHOH 74 ZPHY 266 367
CONFORTO 76 NP 8105 189
DOBLE 77 PL 678 483
REUCROFT 77 PR D15 5
NOWAK 78 NP 8139 61

+EI SELE, ENGELHANN, F ILTHUTH, HEPP + (HEI D)
+GOPAL, KALMUS, L I TCHF I ELD, ROSS + (RHE L+LOI C )
+GOTTSTE IN, HANS L, HERYNEK+ (MP IM+SOHR+VANO)
+ROOS, WATERS, WEBSTER, HANSL + (VAND+HP IM)
+ARMSTRONG, DAVIS+ (LOUC+BELG+OURH+WARS)

SIGMA- DECAY RATE (UNITS 10~i10 SEC-1)

20 SIGNA- MAGNETIC NONENT (NA6NETONS, 938.26 NEV&

SETTLES 79 PR D20 2154
MANZ 80 PL 968 217
MARRAFFI 80 PR D21 2501
ANKENSRA 83 PRL 51 863

+HANZ, MATT, HANSL, HERYNEK, DOBLE+ (MPIH+VANO)
+REUCROFT, SETTLES, WOLF + (HPIM+VAND)
MARR AF F I NO g R EUCROF T g ROOS I WATER S+ (VANO+HP IN )
ANKENBRANDT, BERGE+ (FNAL+IOWA+ISU+YALE)

PAPERS NOT REFERRED TO IN DATA CARDS

GLASER 58 CERN CONF 270 GLASER, GOOD, MORRISON (M I C H+ LR L )

QUANTUM NUMBER DETERHINATIONS NOT REFERRED TO IN THE DATA CARDS

TRIPP 62 PRL 8 175 R TRIPP, M WATSON, H FERRO-LUZZI (LRL) P
ALFF 63 SIENA CONF 1 205 ALFF, NAUENBERG, KIRSCH, + (COLU+RUTG+BNL)

ALSO 65 PR 137 8 1105 ALFF, GELFANO, BRUGGER, BERLEY+(COLU+RUTGiBNL)
COURANT 63 SIENA CONF 1 73 COURANT, FILTHUTH, BURNSTEIN, DAY+ (CERN+UMD)

***0*0*0+04*****04*40400 000440004 0*40*00*0 400400*00 ****0**4*0*0000*0
00*******0440%0 00*44*4*0 0***0**444**404040 0**040404 444000000 404***4*

BTWN -1.6 AN
—1.48-1.40
(0 ' 65) (

28K -0.71
516K -0.89-1.111

ROBERTS 74 INCL
DUGAN 75 NEGATI

NM R
MM R
MM D

MM D

NM

MH

HM

HM R
MM D

NM

MH AVG

D +F 8 FOX
0 ' 37 ROBERTS
0 ' 41 0.28 DUGAN
0.28) (0.40) DUGAN
1 ' 25 HANSL
0 ~ 14 DECK
0.033 HE RT ZOG
UDES DATA FROM FOX 73 '
VE VALUE AVERAGED SINCE

0.049 AVERAGE (ERROR
(SEE IDEOGRAM BELOW)

—1.104

73 CNTR
74 CNTR
75 CNTR
75 CNTR
78 HBC
83 SPEC
83 CNTR

S I G-ATOM FINE ST
S I G-ATOM FINE ST
SI6-ATOM FINE ST
S I 6-ATOM FINE ST
K-P--&S I G- P I+
P BE--&S I GMA- X
S I G-ATOM FINE ST

IT AGREES WITH ROBERTS 74.
INCLUDES SCALE FACTOR OF 1.5)

WEIGHTED AVERAGE = —1. 104 + 0. 049
ERROR SCALED BY 1.5

3/74
12/75
12/79
12/79
7/79

11/83*
10/83*
12/75
12/79

20 SI6NA-(1197, JP~1/2+ & I~1

20 SIGNA- MASS (NEV&

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS

3000 1197~ 43
1197~ 24

0.08
0. 15

M

H

H

H AVG
H FIT

SCHMIDT 65 HBC SEE NOTE N

DUGAN 75 CNTR EXOTIC ATOMS

1197' 388 0 ' 079 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
1197.34 0.05 FROM FIT

3/74
12/79

3/84*

20 (SIGNA-) — (SIGNA+) NASS DIFFERENCE (NEV&

87 8.25 0.40 BARKAS 63 ENUL
2500 8.25 0.25 DOSCH 65 HBC

86 7.91 0 ' 23 BOHM 72 ENUL

0
D

D

D

D AVG
O FIT

1/73

20 (SI6NA-& — (LANBDA& MASS DIFFERENCE (NEV&

8.09 0 ' 16 AVERAGE
7.97 0.07 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 3/84*

SIGMA- MAGNETIC MOMENT

. HERTZOG

. DECK

. HANSL
-DUGAN

-ROBERTS

I

1.5

CHISQ
83 CNTR 0. 0
63 SPEC 2. 3
78 HBC
75 CNTR
74 CNTR

2. 4

(CONLEV
=0. 122)

DL N

OL
DL
DL
DL
DL AV
DL FI

SEE NOTE PRECEDING LAMBDA MASS LISTINGS.
81.70 0 ~ 19 BURNSTEIN 64 HBC

85 81.80 0.13 SCHMIDT 65 HSC
2279 81 ' 64 0.09 HEPP 68 HBC

G 81.693 0 ' 069 AVERAGE
T 81.740 0.052 FROM FIT

SEE NOTE N

9/66
3/74
8/68

P1
P2

3/84*
P4
P5

20 SIGNA- PARTIAL DECAY NODES

SIGHA- INTO NEUTRON PI-
S I GHA- INTO NEUTRON P I- GAMMA
SIGHA- INTO NEUTRON MU- NEUTRINO
S I GNA- INTO NEUTRON E- NEUTRINO
S I GHA- INTO LAHSDA E- NEUTRINO

DECAY MASSES
940+ 140
940+ 140+ 0
940+ 106+ 0
940+ ~ 511+ 0

1116+.511+ 0
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Stable Particles Data Card Listings

20 SI6MA- BRANCHIN6 RATIOS

R1
R1
R1
R1
R1
R1
R1
R1 AVG

SIGMA- INTO CN MU- NEU)/CN PI-) CUNITS
22 0.66 0.15 COURANT
11 0 ' 56 0.20 BAZ IN
56 0.43 0 ~ 09 BAGGETT
72 0.43 0 F 06 ANG 1
13 0.38 0 ~ 11 COLE

0.447 0 ' 043 AVERAGE

10+*-3)
64 HBC
65 HBC
69 HBC
69 HBC
71 HBC

CP3) /CP1)

FROM STOPS K-
STOP. K-
STOP K-
STOP K-

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2 A

SI6MA- INTO CN E- NEU)/CN PI-) (UNITS 10**-3) (P4)/(P1)
9 (1.0) (0 4) (0 3) HURPHY 64 HLBC

16 (1.37) (0 ~ 34) NAUENBERG 64 HBC
16 (1.15) (0 ~ 4) MILLER 64 FBC
31 (1.4) (0 ~ 3) COURANT 64 HBC

180 1.11 0 ~ 09 BIERMAN 68 HBC
331 (1.02) (0.08) ANG 1 69 HBC REPLY BY EBENHOH 74

57 0.9? 0.15 COLE 71 HBC STOP K-
A 455 1 ~ 05 0.07 0 ~ 13 SECHIZORN 73 HBC STOP K-
A 601 1 ~ 09 0.06 0 ~ 08 EBENHOH 74 HBC STOP K-

2847 G. 96 0.05 BOURQUI1 83 SPEC SPS HYPERON BEAM
A ADDITIONAL NEGATIVE SYSTEMATIC ERROR INCLUDED FOR INTERNAL
A RADIATIVE CORRECTIONS AND LATEST FORM FACTORS. SEE BOURQUIN1 83 ~

VG 1.022 0.034 AVERAGE

R3 SI6MA- INTO (LAMBDA E- NEU)/(N PI-) CUNITS 10~~-4)
R3 (P5)/(P1)
R3 11 0.75 0 ' 28 COURANT 64 HBC STOP. K-
R3 35 0.64 0 ~ 12 BARASH 67 HBC STOP K-
R3 31 0 ~ 69 0 ~ 12 EI SELE1 69 HBC STOP K-
R3 31 0 52 0 09 BALTAY 69 HBC STOP K-
R3 H 122 (0 ~ 60) (0.11) HERBERT 78 ASPK HYPERON BEAM
R3 H 114 0.63 0 ~ 11 THOMPSON 80 ASPK HYPERON BEAM
R3 B 1620 0.561 0 ~ 031 BOURQUIN 82 SPEC SPS HYPERON BEAM
R3 H HERBERT 78 REPLACED BY THOHPSON 80 '
R3 B VALUE IS FROM BOURQUIN2 83. INCLUDES RAD. CORR. AND NEW ACCEPTANCE.

R3 AVG 0.574 0.027 AVERAGE

6/66
10/69
10/69
10/71

6/68
10/69
1G/71
8/73
1/76
2/84*
2/844
2/84*

8/67
10/69
4/69
6/78
9/81

11/83*

11/83*

to dominate the vector part of the weak current. The
strong CVC predictions are thus: g&/gA - 0 and gWM

1.6.
AV 6V/6A FOR SI6MA TO LAMBDA BETA DECAY
AV (FOR SIGN CONVENTION, SEE NOTE ON BARYON DECAY PARAMETERS IN
AV NEUTRON SECTION ABOVE. )
AV PREDICTED TO SE ZERO BY CONSERVEO VECTOR CURRENT THEORY.
AV VALUES AVERAGED ASSUHE CVC-SU3 WEAK MAGNETISM TERMS
AV FB 45 (0.31) (0.30) BARASH 67 HSC
AV FS 51 (0.7) (0 ' 4) BALTAY 69 HBC USING SIG+-
AV FS 81 (+0.22) (0.28) EISELE1 69 HBC
AV F S 186 0.45 0 ' 20 FRANZINI 72 HBC USING SIG+-
AV 55 -0.17 0 ~ 35 TANENBAUM 75 SPEC BNL HYPERON BEAM
AV 114 -0.29 0 ' 29 THOHPSON 80 ASPK BNL HYPERON BEAM
AV S 1620 -0.034 0 ' 080 BOURQUIN 82 SPEC SPS HYPERON SEAM
AV B BARASH 67 MEASURED ABSOLUTE VALUE
AV S SIGN CHANGED TO AGREE WITH OUR CONVENTIONS
AV F FRANZINI 72 INCLUDES EVENTS OF BARASH 67, EISELE1 69, BALTAY 69.
AV ~ ~ ~ ~ ~ ~ ~ ~ ~

AV AVG 0 ~ 01 0. 10 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
(SEE IDEOGRAM BELD'W)

WE IGHTED AVERAGE = 0. 01 + 0. 10
ERROR SCALED BY 1.5

11/67
4/69

10/68
1/73

12/75
1/82

11/820

1/73

R4
R4
R4
R4
R4

SI6MA- INTO (N PI- 6AINIA)/CN PI-) (UNITS(1.1)APPROXIM. BAZIN
23 (0.10) (G.G2) ANG 2

292 0.46 0.06 EBENHOH
PI+ MOMENTUM CUTS DIFFER, NOT AVERAGED'

10~~-3) (P2)/(P1)
65 HBC PI- LT 166 MEV/C
69 HBC PI — LT 110 MEV/C
73 HBC PI+ LT 150 MEV/C
LATEST VALUE USED IN TABLE

8/67
10/69
3/74
4/82

20 SI6HA- DECAY PARAIIETERS

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE.

A- ALPHA SI6MA-
A- (-0.16) (0 ~ 21) TR IPP
A- 0 6500 (-0.010) (0.043) BANGERTER
A- 0 6068 (-0.104) (0.04) BERLEY
A- 51000 -0 ~ 071 0 ~ 012 BANGERTER
A- B 5978 (-0.134) (0 ' 034) BERLEY
A- 60000 -0 ' 067 0 ' 011 BOGERT
A- 28K -0.062 0 ' 024 HANSL
A- 0 OLO RESULTS. HAVE BEEN REPLACED'
A- B BERLEY 70 REPLACED BY BOGERT 70

A- AVG -0.0681 0.0077 AVERAGE

62 HBC
66 HBC
67 HBC
69 HBC
70 HBC
70 HBC
78 HBC

REPL. BY SANGERTE
K-P TO SIG- PI+
K-P TO SIG- PI+

K-P AT 400 HEV/C
K-P AT 400 MEV/C
K-P--)SI G- P I+

NOTE ON X ~Le r

(by J.A. Thompson, University of Pittsburgh)

F- PHI AN6LE (SINCPHI)/COSCPHI)MSETA/6AINIA) CDE6REES)
F- 0 1006 (+22. ) (30.) BERLEY 67 HSC K-P TO SIG- PI+
F- 1385 14. 19 ' BANGERT1 69 HBC
F- C1092 + 5. 23 ~ BERLEY 70 HBC NEUTRON RESCATT.
F- C CHANGED FROH -5 TO +5 TO AGREE WITH SIGN CONVENTION

F- AVG 10 ' 3 14.6

7/66
11/67
10/69
2/71

12/70
7/79

2/71

11/67
10/69
11/69

iNI
WM

WM

WH

WM

WH

WH AVG

—1.0 —0. 5 0. 0

-BOURQUIN
THOMPSON

. TANENBAUM

. FRANZINI

I

0. 5 1.0 &. 5

GV/GA FOR SIGMA- TO LAMBDA BETA DECA

6iNI/6A FOR SI6MA TO LANBDA BETA DECAY
VALUES QUOTED ASSUME THE CVC PREDICTION GV~G.

186 24 2 ~ 1 FRANZ I NI 72 HBC
55 35 4 ~ 5 TANENBAUM 75 SPEC

114 1.75 3 ' 5 THOMPSON 80 ASPK

2.4 1 ~ 7

CH I SQ
82 SPEC 0. 2
80 ASPK 1.0
75 SPEC 0. 3
72 HBC 4. 9

6. 5
(CONLEV
=0.091)

Y

USING SIG+- 1/82
SNL HYPERON BEAM 1/82
BNL HYPERON BEAH 1/82

6/68
10/69
10/70
10/71
11/82*
2/84*

11/82*

AV1 6A/6V FOR SI6NA TO NEUTRON SETA DECAY
AV1 (FOR SIGN CONVENTION, SEE NOTE ON BARYON DECAY PARAMETERS IN
AV1 NEUTRON SECTION ABOVE. )
AV1 57 (0.05) (0.23) (0.32) GERSHWIN 68 HBC REPLACED BY GER. 69
AV1 61 +0. 19 0.20 0 ~ 17 GERSHWIN 69 HBC POLARIZED SIGMAS
AV1 63 -0.33 0.30 0 ~ 85 BOGERT 70 HBC K-P AT 400 MEV/C
AV1 43 -0.4 0.52 1 ~ 5 ELLIS 72 ASPK POLARIZED SIGHAS
AV1 S 193 0.15 OR LESS CL .95 KELLER 82 SPEC POLARIZED SIGMAS
AV1 S4456 +.33 PREF. BY 2.6STD.DEV BOURQUI1 83 SPEC SPS HYPERON BEAM
AV1 S SIGN CHANGED TO AGREE WITH OUR CONVENTION.

The decay X ~Ae v is of special interest because
its form is predicted by the strong form of CVC and is
not sensitive to the current octet assumptions or SU(3)
structure constants which enter into Cabibbo's predic-
tions for the other hyperon decays. For hS = 0 transi-
tions, the weak interaction vector current is related to
the electromagnetic current through a multiplicative
constant, set by neutron beta decay, and an isospin rota-
tion.

The decay Zo» Ay (the isospin-rotation analogue of
Z ~Ae z ) is mediated predominantly through the
magnetic interaction, assuming there are no inhomo-
geneities in the Z, A. charge distributions. Thus we

expect the g&~ term,

~z~ V3
~ gWM VT2 2 & [by S«»j

10/69
10/69
6/72

10/74
11/77
2/84*

- BOURQU I 1

-DECAMP
-TANENBAU
-BALTAY
-EISELE2

LERA IN

-0. 2 0. 2 0. 6 1.0
ABS(GA/GV) FOR SIGMA TO N BETA DECAY

CHISQ
0 4
6. 4
3.2

83 SPEC
77 ELEC
74 ASPK
72 HBC
69 HBC
69 HBC 0.8

10.8
(CONLEV
=0.013)

AV2 ANSOLUTE VALUE OF 6A/6V FOR SI6MA TO NEUTRON BETA DECAY
AV2 49 0.23 0.16 COLL ERAIN 69 HBC NEUTRON SCATTER
AV2 33 0.37 0.26 0. 19 E I SELE2 69 HBC NEUTRON SCATTER
AV2 36 0.29 0.28 0 ' 29 BALTAY 72 HBC NEUTRON SCATTER
AV2 3507 0.435 0.035 TANENBAU 74 ASPK
AV2 519 0.17 0.07 0 F 09 DECAMP 77 ELEC H. E.HYPERON BEAM
AV2 4456 0.34 0.05 BOURQUIl 83 SPEC SPS HYPERON BEAH
AV2 ~ ~ ~ ~ ~ ~ ~ ~ ~

AV2 AVG 0.372 0.050 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9)
(SEE IDEOGRAH BELOW)

WEIGHTED AVERAGE = 0. 372 + 0.050
ERROR SCALED BY 1.9
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For notation, see key at front of Listings. Stable Particles

SROMN
EISLER

BARKAS
CHIESA
HUMPHREY
TR IPP

BARKAS
BURNSTEI
COURANT
MILLER
HURPHY
NAUENBER

5e
58

61
61
62
62

63
64
64
64
64
64

CERN CONF 270
NC SER10 10 150

PR 124 1209
NC 19 1171
PR 127 1305
PRL 9 66

PRL 11 26
PRL 13 66
PR 136 8 1791
PL 11 262
PR 134 8 188
PRL 12 679

REFERENCES FOR SI6NA-

BROMN, GLASER, GRAVES, PERL, CRONIN + (MICH)
EISLER, BASSI, CONVERSI+ (COLU, BNL, BGNA, PISA)

BARKAS, DYER, MASON, NICKOLS, SNI TH (LRL)
A H CHIESA, B QUASSIATI, G RINAUOO (TURIN)
M E HUMPHREY, R R ROSS &LRL)
R 0 TRIPP, M WATSON, M FERRO-LUZZI (LRL)

M H BARKAS, J N DYER, H H HECKMAN (LRL)
BURNSTEIN, OAY, KEHOE, SECHI ZORN, SNOW (UMD)
COURANT, FILTHUTH+ (CERN+HEID+UND+NRL+BNL)
HILLERrSTANNARDiBEZAGUET+ (LOUCrEPOL+BERG)
C THORNTON MURPHY (WISCONSIN)
NAUENBERG, SCHNIDT, MARATECK+(COLU+RUTG+PRIN)

WE I GHTEO AVERAGE = 4, 860 + 0. 076
ERROR SCALED BY 1. 2

of weighted average, error,
or are based upon the data in

m only. They are not neces-
same as our "best" values,
m a least-squares constrained fit
asurements of other (related)
additional information.

BAZIN
DOSCH

ALSO
SCHMIDT
BANGERTE
CHANG
CHIEN

SARASH
BERLEY
BIERMAN
GERS HMIN
HEPP
WHITES ID

ANG 1
ANG 2
BAGGETT
BALTAY
BANGERTE
BANGERT1

BARLOUTA
COLL ERAI
EISELE1
EISELE2
GERSHMIN

65
65
66
65
66
66
66

67
67
68
68
68
68

69
69
69
69
69
69

69
69
69
69
69

P R 140 8 1358
PL 14 239
PR 151 1081
PR 140 8 1328
PRL 17 495
PR 151 1081
PR 152 1171

PRL 19 181
PRL 19 979
PRL 20 1459
PRL 20 1270
ZPHY 214 71
NC 54A 537

ZPHY 223 103
ZPHY 228 151
PRL 23 249
PRL 22 615
UCRL-19244
PR 187 1821

NP 814 153
PRL 23 198
ZPHY 221 1
ZPHY 223 487
UCRL-19246

BAZ IN, PLANO, SCHHIDT + (PR IN+RUTG+COLU)
DDSC H ~ ENGE LHANN ~ F I LTHUTH ~ HEPPg KLUGE+ (HEI D)
CHUNG YUN CHANG (COLUNB I A)
P SC HHI DT (COLUMBIA)
BANGERTER, GALTIERI, SERGE, HURRAY+ (LRL)
CHUNG YUN CHANG (COLUMBIA)
+LACH, SANDMEISS, TAFT, YEH, OREN + (YALE+BNL)

BARASH

TODAY

g GlASSER ~KEHOE gKNOP + (MARYLAND)
BERLEY, HERTZBACH, KOFLER + (BNL, NASA, YALE)
BIERMAN, KOUNOSU, 'NAUENBERG + (PRINCETON)
GERSHMIN, ALSTON-GARNJOST, BANGERTER+ (LRL)
V ~ HEPP, HE SCHLEICH (HEIDELBERG)
H ~ MHITES IDE, J. GOLLUB (OBERL IN)

ANG g EI SELE / ENGELHANN g F ILTHUTH + (HE ID)
+EBENHOR, E I SELE, ENGELHANN, F ILTHUTH+ (HE ID)
BAGGETT, KEHOE, SNOW (UNIV MARYLAND)
BALTAY, FRANZINI, NEWMAN, NORTON+ (COLU, STON)
ROGER ODELL BANGERTER (THESIS) (LRL)
BANGERTERg GARN JOST g GALTIER I I GERSHMIN+ (LRL )

BAR LOU TAUD, 8 EL LE FON, GRANET+ (SAC I+CERN+HE I D )
COLLERAINEiDAYiGLASSERsKNOP+(UNIV HARYLANO)
+ENGELMANNi F ILTHUTH s FOHL I

SCHWA

HEPP+ (HE IO)
E I SELE, ENGELHANN, F ILTHUTH, FOHL ISCH+ (HE ID)
LAWRENCE KENNETH GERSHMIN (THESIS) (LRL)

IOT 65 HBC
H 65 HBC
STEIN 64 HBC

I

4 4 4. 8 5. 2 5. 6

(S IGMA-) —(S I GMAO) MASS DIFFERENCE (MEV)

21 C SI6NAO) — C LANBDA) MASS DIFFERENCE CNEV)

OL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS ~

CH I SQ
1

0. 0
1.2
2. 8

(CONLEV
=0. 249)

BERLEY
BOGERT
EISELE

BAKKER
COLE

ALSO
TOVEE

70
70
70

71
71
69
71

PR 01 2015
PR 02 6
ZPHY 238 372

LNC 1 37
PR D4 631
NEVIS-175 THESIS
NP 833 493

+YAMIN, HERTZBACH, KOFLER + (SNL, MASA, YALE)

+LUCAS'S

TAFTgWILLI S~ BERLEY + (BNL /MASAJ YALE)
+F ILTHUTH, HEPP, PRESSER, ZECH (HEIDELSERG)

+, SABRE COLLAB. (ZEEM+SACL+BGNA+REHO+EPOL)
+LEE-FRANZINI, LOVELESS, SALTAY+ (STON, COLU)
HERBERT NORTON (COLUMBIA)
LOUC, BELGRADE, BERL, BRUX, DUBLIN, MARS COLLAS

DL 208 76.63 0.28
DL 109 76.23 0.55
DL ~ ~ ~ ~ ~ ~ ~ ~ ~

OL AVG 76.55 0.25
DL F I T 7686 0 ~ 08

AVERAGE
FROM F IT 3/84*

21 SI6NAO NEAN LIFE (UNITS 10*«-19 SEC)

SCHMIDT 65 HBC SEE NOTE N 6/68
COLAS 75 HLBC LAMBDA-GAMMA DEC 12/75

BALTAY
BOHM
ELLIS
FRANZINI
ROBERTSO

72
72
72
72
72

PR D5 1569
NP 848
NP 839 77
PR D6 2417
THESIS

+FE INHAN, FRANZINI, NEWMAN, YEH+ &COLU+STON)
BERLIN+BELGRADE+BRUX+DUBL IN+LOUC+WARSAM
OXF+AERE+RHEL+LOQM+LYON+NMES+ITEP COLLASOR
COLUMB I A+HE IDELBERG+NARYLAND+STONY BROOK
R. H. ROBERTSON (IIT)

(E-14 OR LESS)
0.58 0 ~ 13

DAVIS 62 EMUL
DYOAK 77 SPEC PRIMAKOFF EFFECT

6/77
6/77

73
73
73

74
74
74
75
74
75

75
75
76
77

HANSL
HERBERT
NARRAFFI
THONPSON

SOURQU IN
ALSO

KELLER
BOURQU I 1
BOURQU I2
DECK
HERTZOG

78
78
80
80

82
83
82
83
83
83
83

EBENHOH
FOX
SECH I ZOR

EBENHOH
ROBERTS

ALSO
ALSO

TANENBAU
ALSO

DUGAN
TANENBAU
CONFORTO
DECAMP

ZPHY 264 413
PRL 31 1084
PR 08 12

ZPHY 266 367
PRL 32 1265
PRL 33 122
PR 012 1232
PR L 33 175
TANENSAUM

NP A254 396
PR 012 1871
NP 8105 189
PL 668 295

NP 8132 45
PR L 40 1230
PR 021 2501
PR D21 25

ZPHY C12 307
BOURQUI2
PRL 48 971
ZPHY C21 17
ZP HY C21 27
PR D28 1
PRL 51 1131

+E1SELE,F I t. THUTH, HEPP, LE I TNER, THOUW+ (HE IO)
+LAM, SARNES, E I SENSTE IN+ (BNL+VP I+WILL+MYOM)
S.SECH I-ZORN, G. SNOM (UHD)

+E I SELE, ENGELHANN, F ILTHUTH, HEPP + (HE ID)
MILt. +VP I+CARN+MYOH+C IT COLlABORAT ION
ERRATUM TO ROBERTS 74
ROBERTS, COX + (WILL+VPI+CARN+MYOM+CIT+BNL)
TANENBAUHt HUNGERBUEHLER + (YALE+FNAL+BNL)

+ASANO, CHEN, CHENG, HU, L IDOFSKY+ (COLU+ YALE )
TANENBAUN, HUNGERBUEHLER + (YALE+FNAL+BNL)
+GOPAL, KALMUS, LITCHFIELD, ROSS + (RHEL+LOIC)
+BADIER, BLAND, CHOLLET, GAILLARO+ (LALO+EPOL)

+NANZ, HATT, REUCROFT, SETTLES + (MPIH+VAND)
+CLELAND, COOPER, ORISg ENGELS + (PITT+BNL)
MARRAFFINO, REUCROFT, ROOS, MATERS+&VAND+HPIH)
+CLELAND, COOPER, ORIS, ENGELS+ (PITT+SNL)

+BROWN + (BRIS+GEVA+HEID+LALO+RL+STRB)

+LE SN IK, ROHANOMSK I, KE I G + (OSU+CHI C+ANL)
BOURQUIN+ (BR I S+GEVA+HE IO+LALO+RL+STRB)
SOURQU IN+ (BR I S+GE VA+HE IO+LALO+RL+STRB )
+BERETVAS, DEVL IN, LUK+ (RUTG+MI SC+MI CH+NINN)
+ECKHAUSE+ (WILL+BOST+CIT+CARN+WYOH)

PAPERS NOT REFERRED TO IN DATA CARDS

21 SI6NAO PARTIAL DECAY NODES

DECAY MASSES
P1 SIGNAO INTO LAMBDA GAMMA 1116+ 0
P2 SIGNAO INTO lAMBDA E+ E- 1116+.511+~ 511
P3 SIGMAO INTO LAMBDA GAMMA GAHMA 1116+ 0+ 0

FEINBERG 58 PR 109 1019
DAVIS 62 PR 127 605
BURNSTEI 64 PRL 13 66
OOSCH 65 Pl 14 239
SCHMIDT 65 PR 140 8 1328

G ~ FE INBERG (8NL )
D DAVIS, R SETTI, M RAYMOND, G TOMASIN (EFI)
BURNSTEIN, DAY, KEHOE, SECHI ZORN, SNOW (UMD)
OOSCH, ENGELNANN, FILTHUTH, HEPP, KLUGE+ (HEID)
P SCHHIDT (COLUHBIA)

COLAS
OYDAK

75 NP 891 253
77 NP 8118 1

+FARMELL, FERRER, SIX (ORSA)
+NAVARRIA, OVERSETH, STEFFEN+(CERN+DORT+HEIO)

PAPERS NOT REFERRED TO IN DATA CARDS

21 SI6NAO BRANCHIN6 RATIOS

R1 SI6NAO INTOCLANSDA E+ E-)/TOTAL CP2)/CP1+P2)
R1 0.00545 THEORET. CAL. FEINBERG 58 QUANTUM ELECT. 9/66

R2 SI6NAO INTO CLANSDA 6ANNA 6ANNA)/(LAMBDA 6ANNA) CP3)/CP1) 12/75
R2 0.03 OR LESS CL~.90 COLAS 75 HLBC 12/75
*««««« ***«««««« ««««««*«* **«*««««« «*««*«««« «««**««*« «««****«« ««««****

REFERENCES FOR SI6IIAO

BROWN
NI ETO

57
68

PR 108 1036
RMP 40 140

J BROWN, D GLASER, H PERL
N NIETO

(NI CH+BNL )
(STON)

«**««« ««««««««« «««****«« ««««««««« ****««««*««««««««« «*««««««« «««««*««
«««««« ***««*****«««««««« «««««**«* **««««««« «««***«**««««««««« ««*««««*

COURANT 63 PRL 10 409 COURANT, F I LTHUTH, F RANZ IN I+ (

GER

N+UHO+NR�L�
)

QUANTUM NUHSER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

ALFF 65 PR 137 81105 ALFF, GELFAND, NAUENBERG+ (COLUMBIA+RUTG+BNt. )P

0
21 SI6NAOC 1193,JP~1/2+) I~1

*««««« **««««««« ««««**««« ««««««««* *«*««««*« *«*«««««« ««««««««* **««««««
*««««« «**«««««* «««««««** ««««««««« ««««««««« *«*«**««*««««««««« «««««*««

JP NOT MEASURED FOR SIGMAO. ASSUMED SANE AS SIGMA+
AND SIGMA- TO ALLOW ISOTRIPLET ASSOCIATION.

22 XI ( 1321r JP 1/2 ) I 1/?

01 N SEE

01 18
01 37
D1 12
01
D1 AVG
D1 FIT

21 CSI6NA-) — C 8I6NAO) NASS DIFFERENCE CNEV)
NOTE PRECEDING LAHSDA MASS LISTINGS.

4 ~ 75 0 ~ 1 BURNSTEIN 64 HBC
4 ~ 87 0. 12 DOSCH 65 HBC
5.01 0. 12 SCHHIDT 65 HBC SEE NOTE N

4.860 0.076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)4.881 0 ' 063 FROM FIT
(SEE IDEOGRAH BELOM)

3/74

3/84«

22 XI- NASS CNEV)

M H 11(1317.0) (2 ~ 2) WANG 61 HLBC
M H 18(1317.9) (1 ~ 9) FOWLER 61 HLBC
M H (OLD DATA ANO LOM STATISTICS OROPPEO ON SUGGESTION OF J R HUBBARD)
N 517 1321.4 0.4 JAUNEAU 63 FBC
M 62 1321.1 0.65 SCHNEIDER 63 HBC
H 241 1321.1 0.3 BAD IER1 64 HSC
M ALL MASSES ABOVE WERE RAISEO 0.09 MEV BECAUSE LAMBDA NASS RAISED
M 149 1321.3 0.4 PJERROU 65 HBC
M 6 1321.67 0.52 CH I E N 66 HBC — 6.9 PBAR P
M 299 1321.4 1.1 LONDON 66 HBC
H G 195 1321.87 0 ~ 51 GOLDMASSE 70 HBC 5 ' 5 K-P
N G USES LAHSOA MASS OF 1115.58-M(XI) IS 1322.18 IF M&LANBDA)~1115. 84
M 268 1321.1? 0.41 MILQUET 72 HLBC
M 632 1321 ~ 46 0.34 OIBIANCA 75 OSC 4 ~ 9 GEV/C K-D

N AVG 1321.34 0 ~ 14 AVERAGE
H FIT 1321.32 0 ~ 13 FROM FIT

THE FIT ASSUMES XI AND ANTI-XI MASSES EQUAL.

11/67
9/67
6/66
8/70
e/70
1/73
1/7?

3/84*
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Stable Particles Data Card Listings

M1
M1
M1
M1

.M1
M1
M1
M1
M1

22 ANTI-XI+ MASS (MEV&

1(1322.0) (1.3) BROWN
5 1320.69 0 ' 93 CHIEN

S 12(1321~ 7) (0.6) SHEN
34 1321 ~ 2 0.4 STONE
35 1321.6 0 ' 8 VOTRUBA

S THE ERROR IS STATISTICAL ONLY

AVG 1321.20 0 ' 33 AVERAGE
FIT 1321.32 0. 13 FROM FIT

THE FIT ASSUMES XI AND ANTI-XI MASSES

62 HBC
66 HBC
67 HBC
70 HBC
72 HBC

ANTI-XI-
+ 6.9 PBAR P, ANT I

ANTI-XI-

10 GEV/C K+ P

7/66
9/67

10/67
10/70
11/72

3/84»

WEIGHTED AVERAGE = 0. 545 + 0. 059
ERROR SCALED BY 2. 0

DM

DM

22 (XI-& — (ANTI-XI+& MASS DIFFERENCE (MEV&

1 ~ 0 1 ~ 1 CHIEN 66 HBC 6.9 PSAR P
MASS DIFFERENCE FROM SECTIONS M-M1 IS +0. 14+-0.36 MEV.

9/67
3/84»

MM

MM

MM

MM

22 XI- MA6NETI C MOMENT (IIA6NETONS, 938.26 MEV&

2724 -0 ~ 1 2. 1 BINGHAM 70 OSPK — 1.8 GEV/C K-P
2436 -2 ~ 1 0.8 COOL 74 OSPK — 1.8 GEV/C K-P

AVG -1 ~ 85 0 ~ 75 AVERAGE

2/71
10/74

CHISQ
-BOURQUIN 83 SPEC 0. 4
-THOMPSON 80 ASPK D. 6
-YEH 74 HBC

22 XI- MEAN LIFE (UNITS 10»»-10 SEC) —0. 2 0. 2 0. 6 1.0

3.9
(CONLEV
=0, 047)

H 11 &35) (3 ~ 4) (1 ~ 23) WANG

H 18 &1.28) (0.41) (0.25) FOWLER
H (OLD DATA AND LOW STATISTICS DROPPED ON

517 1.86 0. 15 0 ~ 14 JAUNEAU
62 1.55 0 ~ 31 0 ~ 31 SCHNE I DER

356 &1.77) (0.12) CARMONY
794 1.69 0 F 07 HUBBARD
246 1.70 0 ' 12 P JERROU

S 6 & 1 ~ 37) (0.51) CHIEN
299 1.80 0 ~ 16 LONDON

S (1 ~ 67) (0 ~ 07) BURGUN
2610 1.61 0.04 DAUBER
680 1.73 0.08 0.07 MAYEUR

4303 1.63 0.03 SALTAY
S 2436 (1 ' 637) (0.050) COOL

1.67 0 ' 08 DI 8IANCA
4286 1.609 0 ' 028 HEMINGWAY

41K 1.665 0 ~ 065 BOURQUIN
S THE ERROR IS STATISTICAL ONLY

AVG 1.641 0 ~ 016 0 ~ 016 AVERAGE

REP BY PJERROU 65

2 ' 1 GEV/C K-
1 ~ 75 GEV/C K-
1.8 GEV/C K-P
4 ' 9 GEV/C K-D
4. 2 GEV/C K- P
HYPERON BEAM

61 HLBC
61 HLBC
SUGGESTION OF J R HUBBARD)
63 FBC
63 HBC
64 HBC
64 HBC
65 HBC
66 HBC — 6.9 PBAR P
66 HSC
68 HSC K-P AT 1.3-1.8
69 HSC
72 HLBC
74 HSC
74 OSPK
75 OSC
78 HSC
79 SPEC

11/67
9/67
6/66
2/71
6/68
1/73
3/74

10/74
1/77
7/79

12/79

R5
R5
R5

R6
R6
R6
R6

R7
R7
R7
R7
R7
R7
R7
R7

RS
Re
R8

XI — [NTO (LAM E- NU)/(LAM PI —) (10~4-3)
XI- INTO {SI60 MU- NEU)/(LAII PI-) (UNITS 10»*-3) (P6)/(P1)

(5.0) OR LESS BERGE 66 HBC
0 0.76 OR LESS CL~. 90 YEH 74 HBC 3026 EFF ~ OENOM ~

XI- INTO (N E- NEU)/(LAMBDA PI-) (UNITS 10»»-3) (P7)/(P1)
TEST OF DELTA-S ~ DELTA-Q RULE

(10.0) OR LESS CL~. 90 SINGHAM 65 RVUE
0 3.2 OR LESS CL~. 90 YEH 74 HBC 715 EFF ~ DEMOM.

XI- INTO (SIGIIAO E- NEU e LAIISDA E- NEU&/TOTAL (10»»-3)
(P2+P5)

D 17 (0 ' 68) (0.22) DUCLOS 71 OSPK SEE NOTE D

8 3011 (0 ' 651) (0.031) BOURQUIN 83 SPEC SPS HYPERON BEAM
D THIS EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA. THE CABIBSO
D THEORY PREDICTS SIGMAO RATE ABOUT A FACTOR 6 SMALLER THAN THE
D LAMBDA.
8 SOURQUIN 83 VALUE IS CORRELATED WITH THEIR RESULT FOR R1 ANO R4 ~

XI- INTO (N NU- NEU&/(LAMBOA Pl-& (UNITS 10**-3) (PS&/(P1&
TEST OF DE LTA-S DE LTA-Q RULE

0 15.3 OR LESS CL~. 90 YEH 74 HBC 150 EFF.DEMOM.

7/66
r/rs

9/66
7/75

10/71
2/84*

2/84*

11/75

22 ANTI-XI+ MEAN LIFE (UNITS 10»»-10 SEC) XI- INTO (SI6IIA- 6AINIA)/(LAM PI-) (UNITS 10»»-4) (P9)/(P1)
0 11.5 OR LESS CL~. 90 YEH 74 HBC 2000 EFF.DENOM. 11/75

5 (1 ~ 51) (0.55) CHIEN
12 ( 1.9) &0.7) (0.5) SHEN
34 1.6 0 3 STONE
35 &1.55) &0.35) (0.20) VOTRUBA
THE ERROR IS STAT ISTI CAL ONLY

66 HBC + 6.9 PBAR P, ANTI 9/67
67 HBC ANTI-XI- 10/67
70 HBC 10/'70
72 HBC 10 GEV/C K+ P 11/72

R10
R10

R11
R11
R11

XI- INTO (P PI- PI-)/(LAMBOA PI-) (UNITS 10»»-4) (P10)/(P1)
0 3.7 OR LESS CL~. 90 YEH 74 HBC 6200 EFF ~ DENOM.

XI- INTO (P PI- E- NEU&/(LAM PI-) (UNITS 10»*-4& (P11&/(P1)
TEST OF DELTA-S ~ DELTA-Q RULE

0 3.7 OR LESS CL~.90 YEH 74 HBC 6200 EFF ~ DENOM ~

11/75

11/75

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3

R4
R4
R4
R4
R4
R4
R4

22 XI- PARTIAL DECAY NOOES

XI- INTO LAMBDA P I-
XI- INTO LAMBDA E- NEUTR I NO
XI- INTO NEUTRON PI-
XI- INTO LAMBDA MU- NEUTRINO
XI- INTO SI GMAO E- NEUTRINO
XI- INTO S I GMAO MU- NEUTRINO
XI- IMTO NEUTRON E- NEUTRINO
XI- INTO NEUTRON MU- NEUTRINO
XI- INTO SIGMA- GAMMA
XI- INTO PROTON PI- PI—
XI- INTO PROTON PI- E- NEUTRINO
XI — INTO PROTON PI- MU- NEUTRINO
XI — INTO XI 0 E- NEUTR I NO

DECAY MASSES
1116+ 140
1116+.511+ 0
940+ 140

1116+ 106+ 0
1192+~ 5 11+ 0
1192+ 106+ 0
940+ ~ 5 11+ 0
940+ 106+ 0

1197+ 0
938+ 140+ 140
938+ 140' 511+ 0
938+ 140+ 106+ 0

1315+~ 511+ 0

22 XI- BRANCHIN6 RATIOS

H

H

2

AVG

11/67
11/67
11/67
11/67
11/67
6/68
6/68
6/6e
7/75
9/81
9/81
2/84»

XI- INTO (NEUTRON PI-&/(LANBOA

(5 ' 0) OR LESS
(1 ~ 1) OR LESS

0 (3.0) OR LESS CL~.90
0.019 OR LESS CL~. 90

PI-) (UNITS 10*»-3)
&P3)/(P1)

FERRO-LUZ 63 HBC
DAUBER 69 HBC
YEH 74 HBC 760 EFF.DENOM ~

BIAGI2 82 SPEC CERN-SPS HYPERON BM

6/68
6/6e
7/75

11/82*

XI- INTO (LANBOA MU-

(12 ~ 0) OR LESS
(1 ~ 3) OR LESS

1 0 ' 35 0 ' 35
0 (2 ' 3) OR LESS

NEUTRINO&/TOTAL (UNITS 10»»-3)
&P4)

BERGE 66 HBC
DAUBER 69 HBC
YEH 74 HBC

CL~.90 THOMPSON 80 ASPK

6/68
6/6e

2859 EFF ~ DENOM ~ 7/75
1017 EFF ~ DENOM ~ 9/81

XI- INTO (SIGIIAO E- NEUTRINO&/TOTAL (UNITS 10»»-3&
(P5)

(3 ' 0) OR LESS SERGE 66 HBC
(0.5) OR LESS DAUB ER 69 HB C

0 (0 ' 53) OR LESS CL~.90 YEH 74 HBC 4363 EFF.DENOM.
0 (0 ' 14) OR LESS CL .90 THOMPSON 80 ASPK 16000 EFF.DENOM.

154 0.087 0.017 BOURQUIN 83 SPEC SPS HYPERON BEAM

6/68
6/68
7/75
9/81
2/84*

XI- INTO (LAMBDA E- NEU)/(LAMBDA PI-& (UNITS 10»»-3&
&P2) /(P1)

1 155 EFFECTIVE OENOM ~ CARMONY 63 HBC
0 260 EFFECTIVE DENOM ~ JAUNEAU 63 HBC
0 220 EFFECTIVE DENOM. BERGE 66 HBC
1 155 EFFECTIVE DENOM. LONDON 66 HBC
0 717 EFFECTIVE DENOM. TRIPPE 67 HBC
2 1976 EFFECTIVE DENOM. HUBBARD 68 HBC
4 & 1.15) (0.90) (0.55& HUBBARD 68 RVUE

HUBBARD 68 (RVUE) INCLUDES ALL ABOVE EVENTS
1 0 ' 24 0 ' 24 YEH 74 HBC

11 (0.31) (0 ~ 11) HERBERT 78 ASPK REPL. BY THOMPSON 80
11 0.30 0 ' 13 THOMPSON 80 ASPK HYPERON BEAM

857 0.564 0 ~ 031 BOURQUIN 83 SPEC SPS HYPERON BEAM

0.545 0.059 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 2 ' 0)
(SEE IDEOGRAM BELOW)

R12
R12
R12

R13
R13

XI- INTO (P PI- INI- NEU)/(LAN PI-) (UNITS 10*»-4) (P12)/(P1)
TEST OF DELTA-S ~ DELTA-1 RULE

0 3.7 OR LESS CL~.90 YEH 74 HSC 6200 EFF ~ DENOM ~

XI- INTO (XIO E- NEU&/(LAN PI-) (UNITS 10»»-3) (P13)/(P1&
0 2.3 OR LESS CL~. 90 YEH 74 HSC 1000 EFF.DENOM.

PHI AN6LE (SIN(PHI)/COS(PHI &~BETA/6AINIA) (OE6REES)
0 (-16.0) (45.0) JAUNEAU 63 FBC SEE
0 62 (45 ' 0) (36 ' 0) SCHNEIDER 63 HBC SEE

356 54 0 30 0 CARMONY 64 HSC SEE
1004 0. 12 ~ BERGE 66 HSC SEE

L 364 0.0 20 ' 4 LONDON 66 HSC SEE
2529 (9.8) (11.6) MERRILL 68 HSC REPL.
2781 —14. 11 ~ DAUBER 69 HSC SEE
2724 -26.0 30 ' 0 BINGHAM 70 OSPK
4303 11.0 9.0 BALTAY 74 HSC 1 ' 75
2436 5.0 16 ' 0 COOL 74 OSPK — 1 ' 8

0 OLO DATA NOT INCLUDED IN AVERAGE
0 ERRORS MULTIPLIEO BY 1.2 DUE TO APPROXIMATIONS USED FOR
D POLARIZATION ~ (SEE DAUBER 68 FOR DETAILED DISCUSSION)

L LONDON 66 USES ALPHA-LAMBDA ~ 0.62
A USED ALPHA LAMBDA ~ 0.647 +- 0.020.

AVG 2.0 5.7 AVERAGE (ERROR INCLUDES SCALE FA

NOTE D BELOW
NOTE D BELOW
NOTE D BELOW
NOTE D BELOW
NOTE D BELOW
SY DAUBER 69
NOTE A BELOW

GEV/C K-
GEV/C K-P

XI

CTOR OF 1.1)

22 XI- OECAY PARAMETERS

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE.

ALPHA XI-
0 (-0.44) (0 ' 12) JAUNEAU 63 FBC SEE MOTE D BELOW
0 62 (-0.73) (0 ' 23) SCHNEIDER 63 HBC SEE NOTE D BELOW

240 -0 ' 5 0 ' 38 BADIER1 64 HSC SEE NOTE D BELOW
356 -0.62 0.13 CARMONY 64 HSC SEE NOTE D BELOW

1004 -0.365 0 ' 068 BERGE 66 HSC SEE NOTE D BELOW
L 364 -0 ~ 47 0.13 LONDON 66 HSC SEE NOTE D BELOW

(-0 ' 391) (0 ' 032) BERGE 2 66 RVUE INCLUDES ALL ABOVE
2529 (-0.375) (0 ' 051) MERRILL 68 HSC REPL. BY DAUBER 69
2781 -0.391 0.045 DAUBER 69 HBC SEE NOTE A BELOW
2724 -0.383 0.065 BIMGHAM 70 OSPK

820 -0 ' 42 0.11 MAYEUR 72 HLBC 2. 1 GEV/C K-
4303 -0.376 0.038 SALTAY 74 HSC 1.75 GEV/C K-
2436 -0.39 0.05 COOL 74 OSPK — 1.8 GEV/C K-P

8 414 -0.40 0 ~ 19 DIBIANCA 75 OSC 4.9 GEV/C K-O
6599 -0.370 0 ' 032 HEMINGWAY 78 HSC 4.2 GEV/C K- P
9046 -0.49 0.04 CLELANO 80 ASPK BNL HYPERON BEAM

C 150K -0.462 0.015 SIAGI 82 SPEC CERN-SPS HYPERON BM

0 OLD DATA NOT INCLUDED IN AVERAGE.
O ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR XI
D POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION)

L LONDON 66 USES ALPHA-LAMBDA ~ 0.62
A USED ALPHA LAMBDA ~ 0.647 +- 0.020.

8 DIBIANCA 75 USES ALPHA LAMBDA 0 ' 647 '
C BIAGI 82 USES ALPHA LAMBDA ~ -0.647+-0.014

AVG -0.434 0 ' 015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 4)
(SEE IDEOGRAM BELOW)

11/75

11/75

6/68
6/68
6/68
6/68
6/68
6/68
9/66
6/68

10/70
1/73
3/74

10/74
1/77
7/79
9/81
4/82

6/68

1/77
4/82

6/68
6/68
6/68
6/68
6/68
6/68

10/70
3/74

10/74
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Particle Data Group: Review of particle properties S133

For notation, see key at front of Listings. Stable Particles

WE I GHTED AVERAGE = —0.434 + 0.015
ERROR SCALED BY 1.4

-BIAGI
-CLELAND
-HEMINGWAY
-DIBIANCA
-COOL
-BALTAY
-MAYEUR
- B I NGHAM
. DAUBER
-LONDON
- BERGE
-CARMONY

BAD I ER1

82 SPEC
80 ASPK
78 HBC
75 DBC
74 OSPK
74 HBC
72 HLBC
70 OSPK
69 HBC

66 HBC
66 HBC
64 HBC
64 HBC

, CH I SQ
3.4
1.9
4. 0

0. 8
2. 4
0', 0
0. 6
0. 9

. 0

-0. 6
ALPHA FOR XI—

-0. 2 0. 2

15. 1

(CONLEV
=0, 057)

REFERENCES FOR XI-

AV 6A/6V FOR XI- TO LAMBDA BETA DECAY
AV (FOR SIGN CONVENTION, SEE NOTE ON BARYON DECAY PARAMETERS IN
AV NEUTRON SECTION

ABOVE'�

)
AV 1992 -0.25 0 ' 05 BOURQUIN 83 SPEC SPS HYPERON BEAM

*a«a«a **a«a«a«* *a«a«***a *a«a«a*a« *aa««a*a* **«a«a*a« «**«a«a«a «***a«**
2/84«

MM

HH
HM

MM

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10

23 XIO MEAN LIFE (UNITS 10*«-10 SEC)

24 3 ~ 9
45 (3 ' 5)

101 2. 5
80 3 ~ 0

340 3.07
M 157 290

652 2.88
Z 6300 2.77
H HAYEUR 72 VALUE
Z ZECH 77 VALUE I
Z DIFFERENT FROM

2.903

1.4 0 ' 80 JAUNEAU
1.0) (0.8) CARHONY 650.4 0.3 HUBBARD
0.5 PJERROU
0.22 0.20 DAUBER
0.32 0.27 NAYEUR
0 ~ 21 0 ~ 19 BALTAY
0 ~ 16 ZECH

MODIFIED BY ERRATUM.
S FOR LAMBDA LIFETIHE=2. 69E-10. FOR LAM LIFETIME
THIS, TAUXIO~(2. 77-&TAULAMBDA-2. 69))E-10.
0.099 0 ' 093 AVERAGE

23 XIO PARTIAL DECAY IIODES

XI 0 INTO LAMBDA
XI 0 INTO PROTON
XIO INTO PROTON
XI 0 INTO S I GMA+
X I 0 INTO SIGMA-
X I 0 INTO S I GMA+
XI 0 INTO SIGMA-
XIO INTO PROTON
X I 0 INTO LAMBDA
X I 0 INTO SI GMAO

PI0
PI-
E- NEU
E- HEU
E+ NEU
MU- NEU
NU+ NEU
MU- NEU
GAMMA

GAHNA

DECAY MASSES
1116+ 135
938+ 140
938+.511+ 0

1189+.511+ 0
1197+.511+ 0
1189+ 106+ 0
1197+ '106+ 0
938+ 106+ 0

1116+ 0
1192+ 0

23 XIO BRANCHIN6 RATIOS

23 XIO MA6NETIC INNENT CHA6NETONS, 938.26 MEV)

42K -1 ~ 20 0 ~ 06 BUNCE 79 SPEC
270K —1.253 0 ~ 014 COX 81 SPEC

AVG -1.250 0.014 AVERAGE

11/67
6/68
1/74
3/74

12/77
1/74

12/77
12/77

1/80
12/81

CARMONY 63 PRL 10 381
FERRO-LU 63 PR 130 1568
JAUNEAU 63 SIENA CONF 4

ALSO 63 PL 5 261
SCHNEIDE 63 PL 4 360

CARMONY, PJERROU (UCLA}
FERRO-LUZZI, ALSTON, ROSENFELD, WOJCICKI (LRL}
JAUNEAU+ (EPOL+CERN+LOUC+RHEL+BERGEN)
JAUNEAU, + (EPOL, CERN, LOUC, RHEL, BERGEN}
H SCHNE IDER (CERN)

CARMONY
BAOIER1
HUBBARD
BING HAM

PJERROU
PJERROU

64 PRL 12 482
64 DUBNA CONF I 593
64 PR 135 8 183
65 PRSL 285 202
65 PRL 14 275
65 THESIS

CARMONY, PJERROU, SCHLEIN, SLATER, STORK+(UCLA) J
BADIER, DEMOULIN, BARLOUTAUD+(EPOL, SACL, ZEEM)
HUBBARD, BERGE, KALBFLEISCH, SHAFER + (LRL)
H H 8 INGHAM (CERN)
+ SCHLE IN, SLATER, SHI TH, STORK, 7 ICHO (UCLA)
G M PJERROU (UCLA}

BERGE
BERGE 2
LONDON
CHIEH
SHEN
TR IPPE

66 PR 147 945
66 BERKELEY CONF
66 PR 143 1034
66 PR 152 1171
67 PL 25 8 443
67 PRIV. COMH.

BERGE, EBERHARD, HUBBARD, MERRILL + (LRL)
46 BERGEICABIBBO &LRL ~ CERN(RVUE))

LONDON, RAU, GOLDBERG, LICHTHAN+(BNL+SYRACUSE}
+LACH, SANDMEISS, TAFT, YEH, OREN + &YALE+SNL)
B.C. SHEN, A. FIRESTONE, G. GOLDHASER (UCS+LRL)
T ~ TR IPPE (UCLA)

FOWLER 61 PRL 6 134 FOMLER, BIRGE, EBERHARD, ELY, GOOD, POWELL+(LRL)
MANG 61 J ETP 13 512 K WANG, T WANG, VIRYASOV, TING, SOLOVEV+ ( J INR)
BROWN 62 PRL 8 255 BROWN, CULWICK, FOMLER, GAILLOUD + (BNL+ YALE}

R1
R1
R1
R1
R1
R1
R1

R2
R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3

XIO INTO CPROTON PI-)/(LAMBDA

(2700 ' )
(500 ' )
(90. )

0 (180.)3.6

OR LESS
OR LESS
OR LESS
OR LESS CL~. 90
OR LESS CL= ~ 90

PIO) CUNITS 10**-5)
(P2)/(P1)

T I CHO 63 HBC
HUBBARD 66 HBC
DAUBER 69 HBC
YEH 74 HBC
GEMENIGER 75 SPEC

6/68
6/68
6/68

1300 EF F ~ DE NON ~ 11/75
11/75

XIO INTO (PROTON E- NEIJ)/(LAMBDA PIO) (UNITS 10'aa-3)
(P3)/(P1)

TEST OF DELTA-S = DELTA-Q RULE
(27 ' 0) OR LESS TI CHO 63 HBC

&6.0) OR LESS HUBBARD 66 HB C

1 ' 3 OR LESS DAUB ER 69 HB C

0 (3.4) OR LESS CL~. 90 YEH 74 HBC

6/68
6/68
6/68

670 EFF.DENOM. 11/75

6/68
6/68
6/68

2100 EFF. DENOM ~ 11/75

XIO INTO CSI6NA+ E- NEU)/CLAMBDA PIO) (UNITS 10«*-3)
(P4) /(P1)(13.0} OR LESS TI CHO 63 HBC

(7.0) OR LESS HUBBARD 66 HBC
(1 ~ 5) OR LESS DAUBER 69 HBC

0 1 ' 1 OR LESS CL= ~ 90 YEH 74 HBC

DUCLOS
HAYEUR
VOTRUBA
WILQUET
BALTAY
COOL

ALSO
YEH
DIBIANCA

71 NP 832 493
72 NP 847 333
72 NP 845 77
72 PL 428 372
74 PR 09 49
74 PR 010 792
72 PR L 29 1630
74 PR D10 3545
75 NP 898 137

HEMINGWA 78 NP 8142 205
HER 8ER T 78 PR L 40 1230
SOURQU IN 79 PL 878 297
CLELAND 80 PR D21 12
THOMPSON 80 PR D21 25
BIAGI 82 PL 1128 265
BI AG I2 82 PL 1128 277
BOURQUIN 83 ZPHY C21 1

BURGUN 68 HP 88 447
HUBBARD 68 PRL 20 465
MERR IL L 68 PR 167 1202

DAUBFR 69 PR 179 1262
BIHGHAM 70 PR D1 3010
GOLDMASS 70 PR D1 1960
STONE 70 PL 328 515

+MEYER, PAULI, TALLINI, + &SACL+CDEF+RHEL)
HUBBARD, SERGE, DAUBER (LRL}
ME RR I L L, SHAF ER (LRL)J

+SERGE, HUBBARD, MERRILL, MILLER (LRL)J
+COOK, HUMPHREY, SANDER, WILLIAMS+ (UCSD, MASH)
GOLDMASSER, SCHULTZ (ILL)
+BERL INGHIERI, BROMBERG, COHEN, FERBEL +(ROCH)

+FREYTAG, HE INTZE, HE INZELHAN, JONES+ (CERN)
+VAN 8 INST, WILQUET+ (BRUX+CERN+TUFT+LOUC)
VOTRUBA, SAFDER, RATCLIFFE (8 I RM+ ED IN )
+FL IAGINE, GUY, KNIGHT+ (BRUX+CERN+TUFT+LOUC)
+BR IDGEMATER, COOPER, GER SHMIN+ (COLU+8 I NG ) J
+GIACOHELLI, JENKINS, KYCIA, LEONTIC, LI+ &BNL)
COOL, G IACOMELL I, JENK INS, KYCIA, LEONTI C+(BNL)
+GAI GALAS, SMITH, ZENDLE, BALTAY + (8 ING+COLU)
F ~ A. DI BIANCA, R ~ J.ENDORF (CARN)

HEMI NGMAY, ARMENTEROS+ (CERH+ZEEH+NI JM+OXF)
+CLELAND, COOPER, DRIS, ENGELS + (PITT+BNL)

(BRIS+GEVA+HEID+ORSA+RHEL+STRB+CERN+MELB)
+COOPER, DRIS, ENGELS, HERBERT+ (PITT+BNL)
+CLELAND, COOPER, DRIS, ENGELS+ (PITT+BNL)
+ & BR I S+CAHB+GE VA+ HE I 0+ LAUS+ LOQM+RL )
+ &LOQM+GEVA+RL+HEID+CAMB+LAUS+BRIS)
+BROWN+ (BR I S+GE VA+HE ID+ LALO+RL+STRB )

R4
R4
R4
R4
R4
R4

R5
R5
RS
R5

R6
R6
R6
R6
R6

R7
R7
R7
R7
R7

R8
R8

R9
R9

6/68
6/68

11/75

6/68
6/68

11/75

XIO INTO (SI6MA- IIU+ NEU)/TOTAL (UNITS 10*«-3)
TEST OF DELTA-S DELTA-Q RULE

(6 ' 0) OR LESS HUBBARD 66 HBC(1.5} OR LESS DAUBER 69 HBC
0 0.9 OR LESS CL= ~ 90 YEH 74 HBC

(P7)

6/68
6/68

2500 EFF ~ DENOM ~ 11/75

XIO INTO (PROTON HU- NEU)/TOTAL (UNITS 10«*-3)
TEST OF DELTA-S = DELTA-Q RULE

(6.0) OR LESS HUBBARD 66 HBC
1 ' 3 OR LESS DAUBER 69 HBC

0 (3 ' 5) OR LESS CL~. 90 YEH 74 HBC

(P8)

6/68
6/68

664 EFF. DENOM ~ 11/75

XIO INTO (LAMBDA 6AMHA)/CLAM PIO) (UNITS 10««-3) (P9)/(P1)
1 5 ~ 5. YEH 74 HBC 200 EFF.DENOH ~

XIO INTO (SI6HAO 6AIOIA) /(LAM PIO) (UNITS 10«a-2) (P10)/(P1)
0-1 6.5 OR LESS Cl ~.90 YEH 74 HBC 60 EFF.DENOM.

11/75

11/75

XIO INTO (SI6IIA- E+ NEU)/(LAMBDA PIO) (UNITS 10«*-3)
(P5}/(P1)

TEST OF DELTA-S ~ DELTA-Q RULE
(6.0) OR LESS HUBBARD 66 HBC(1.5) OR LESS DAUBER 69 HBC

0 0.9 OR LESS CL~.90 YEH 74 HBC 2500 EFF.DEHOM.

XIO INTO (SI6MA+ IIU- NEU)/TOTAL (UNITS 10**-3) (P6)
(7.0) OR LESS HUBBARD 66 HBC(1.5) OR LESS DAUBER 69 HBC

0 1.1 OR LESS CL~. 90 YEH 74 HBC 2100 EF F ~ DENOM.

23 XIO(1315,JP~1/2 ) I~1/2

23 XIO MASS CMEV)

1 1313~ 4
49 1315.2

1 ~ 8
0.92

PALMER
WI LQUET

68 HBC
72 HLBC

3/68
1/73

AVG 1314~ 83 0.82
F IT 1314 ~ 91 0.55

AVERAGE
FROM FIT 3/84*

23 CXI-) — (XIO) IIASS DIFFERENCE CHEV)

23 6.8 1 ~ 6
45 (6.1) (1 ~ 6)
88 6. 1 0.9
29 6 ' 9 2.2

0 JAUNEAU
0 CARMONY
0 PJERROU
D LONDON
0
D AVG AVERAGE
D FIT FROM F I T

0 ' 74
0 ' 55

63 FBC
64 HBC
65 HBC
66 HBC

REP SY PJERROU 65
11/67
6/66

3/84*

*a«a«a *a««a****a*a«a***a «a«a«a«a« *a«a*«aa* *a««a«a*a *a«*«*a«* a«a«a«a*
aaaaaa a«a***«a« a***a«a«a «a**a««aa a«*a***«« ««**«a«*a ««*«*a**« «a*a*a*a

23 XIO DECAY PARAMETERS

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE.

ALPHA XI 0
X (-0.09) &0.46) PJERROU 65 HBC SEE NOTE D BELOM
X 146 (-0 ~ 13) &0.17) BERGE 66 HBC SEE NOTE D SELOM
X 46 (-0 ' 2) &0.4) LONDON 66 HBC SEE NOTE D BELOW

A 739 -0 ' 43 0.09 DAUBER 69 HBC 1 ' 7-2.6 GEV/C K-
X 130 &-0.84) &0.27) MAYEUR 72 HLBC F 1 GEV/C K-

8 652 -0 ' 54 0 ' 10 BALTAY 74 HBC 1.75 GEV/C K-
U 6075 -0 ' 490 0 ' 042 BUNCE 78 SPEC FNAL HYPERON BEAM
H 300K -0 ~ 405 0 ~ 012 HANDLER 82 SPEC FNAL HYPERON BEAM

X LOW STATISTICS EXPERIMENTS EXCLUDED FROM AVERAGE.
0 ERRORS HULTIPLIED BY 1 ~ 1 OUE TO APPROXIMATIONS USED FOR XI
D POLARIZATION ~ &SEE DAUBER 69 FOR DETAILED DISCUSSION)

A DAUBER 69 USES Al PHA LAMBDA = 0 ~ 650 +- 0.019.
8 BALTAY 74 USES ALPHA-LAMBDA = 0.645
U BUNCE 78 USES ALPHA-LAMBDA = 0 ' 647
H HANDLER 82 USES ALPHA-LAMBDA~0. 642+-0. 013

AVG -0.413 0.022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.0)
(SEE IDEOGRAM BELOW)

6/68
6/68
6/68

1/73
3/74
7/79
1/82
1/82

7/79
1/82
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Particle Data Group: Review of particle properties

Stable Particles
~0

Data Card Listings

WEIGHTED AVERAGE = -0.413 + 0. 022
ERROR SCALED BY 2. 0

24 ANTI-OME6A+ MASS (NEV&

12 GE Y/C K+DMB 1 '1673. 1 1.0 F IRESTONE 71 HBC

MB FIT 1672.45 0.32 FROM FIT
THE FIT COMBINES OMEGA- AND ANTI-OMEGA- VALUES ASSUMING CPT

3/71

24 ONESA- NEAN LIFE (UNITS 10aa-10 SEC)

—0 7

ALPHA FOR X IO

-HANDLER
-BUNCE
-BALTAY
. DAUBER

82 SPEC
78 SPEC
74 HBC
69 HBC

-0. 1

CH I SQ
0. 5
3. 3

3.8
(CONLEV
=0.051)

PHI AN6LE (SIN(PHI
146 -8 ~ 30 '
739 38. 19.
652 16.0 17.0

A USED ALPHA LAMBDA
0 ERRORS MULTIPLIED
D POLARIZATION ~ (SEE

AVG 20.7 11-7

F
F
F A

F
F
F
F
F
F

&/COS(PHI&~SETA/SANNA& (OE6REES&
BERGE 66 HBC SEE NOTE D BELOM 6/68
DAUBER 69 HBC SEE NOTE A BELOW
SALTAY 74 HBC 1.75 GEV/C K- 3/74

0.647 +- 0 ' 020 '
BY 1.2 DUE TO APPROXIMATIONS USED FOR XI

DAUBER 69 FOR DETAILED DISCUSSION)

AVERAGE

ALVAREZ 59 PRL 2 21.5
JAUNEAU 63 SIENA CONF 1 1

ALSO 63 PL 4 49
TICHO 63 BNL CONF 410

ALVAREZ, ESERHARD, GOOD, GRAZIANO, TICHO+ (LRL)
JAUNEAU+ (EPOL+CERN+LOUC+RHEL+BERGEN)
JAUNEAU+ (EPOL+CERN+LOUC+RHEL+BERGEN)
HAROLD K TICHO &UCLA)

a*aa*a a*aaaaa*a aaa*aaaaa aaaaaaaaa aaaaaaa*a aaaa**aaa aaaaaa*a* aaaaaaaa

REFERENCES FOR XIO

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T 0
T
T
T
T
T
T 0
T
T 2
T D

T D

T 0
T
T AVG

P1
P2
P3
P4
P5
P6
P7

1 {1.63) ABRAMS
1 (0 ' 7) BARNES 1
1 (1 ~ 4) BARNES 2
1 &F 85) COLLEY
1 (1.5) R I CHAR DSO
1 &1.20) SCHULTZ
1 (0.06) SCHULTZ
1 &0.63) SCHULTZ
1 &0.25) SCOTTER
1 (0.30) SCOTTER
1 (0.71) SCOTTER

&0.08) SCOTTER
1 (1.04) SCOTTER
1 &2.38) SCOTTER

16 (1.39) (0.45) (0 ' 31) ABCLV
1 (O. 135) DI 8 I AN CA
1 (0 ~ 482) DISIANCA
1 (0 ' 702) 0 I 8 IANCA
1 (0.228) DI SIAN CA

40 0.80 0. 16 0. 12 BAUB IL L I E
101 (1.41) (0.15& (0.24) DEUTSCHMA
39 0.75 0. 14 0. 11 HEMINGWAY

437 0.822 0.028 BOURQUIN
OEUTSCHMANN 78 INCLUDES EVENTS OF ABCLV
BECAUSE OF SIGNIFICANT DISAGREEMENT WITH
POSSIBLY DUE TO XI- CONTAMINATION.

0.819 0.028 0 ' 026 AVERAGE

64 HBC
64 HBC
64 HSC
65 HBC
65 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
73 HBC K-P 10. GEV/C
75 DBC 4.9 GEV/C K-0
75 OBC 4.9 GEV/C K-0
75 OBC 4.9 GEV/C K-D
75 DBC 4.9 GEV/C K-D
78 HBC 8 ' 25 GEV/C K-P
78 HBC 10,16 GEV/C K- P
78 HBC 4.2 GEV/C K-P
79 SPEC CERN SPS HYPERON BM
?3. EXCLUDED FROM AVERAGE

OTHER RECENT EXPERIMENTS,

24 ONESA- PARTIAL DECAY NODES

DECAY MASSES
1116+ 494
1315+ 140
1321+ 135
1116+ 140
1321+ 0
1533+ 140
1315+~ 511+ 0

OMEGA-
OMEGA-
OMEGA-
OMEGA-
OMEGA-
OMEGA-
OMEGA-

INTO LAMBDA K-
INTO XIO Pl-
INTO XI- PI 0
INTO LAMBDA P I-
INTO XI- GAMMA
INTO XI*(1530)0 PI-
INTO XIO E- NEU

24 ONESA- BRANCIIINS RATIOS

7/66
7/66
7/66
7/66
7/66

11/67
1'}/67
11/67
6/68
6/68
6/68
6/68
6/68
6/68

12/73
1/77
1/77
1/77
1/77
2/79
6/78
2/79

12/79
2/80
2/80
2/82

CARMONY 64 PRL 12 482
HUBBARD 64 PR 135 8 183
PJERROU 65 PRL 14 275
PJERROU 65 THESIS

BERGE 66 PR 147 945
HUBBARD 66 UCRL 11510
LONDON 66 PR 143 1034

PALMER 68 PL 268 323
DAUBER 69 PR 179 1262
MAYEUR 72 NP 847 333

ALSO 73 NP 853 268
WILQUET 72 PL 428 372

BALTAY 74 PR D9 49
YEH 74 PR D10 3545
GEMENIGE 75 PL 578 193
ZECH 77 NP 8124 413

BUNCE 78 PR D18 633
BUNCE 79 PL 868 386
COX 81 PRL 46 877
HANDLER 82 PR D25 639

CARMONY, P J ERROU, SCHLE I N, S LATER, STORK+ & UCLA &

HUBBARD, BERGE, KALBFLEI SCH, SHAFER + (LRL)
+ SCHLEIN, SLATER, SMITH, STORK, TICHO &UCLA)
G M PJERROU (UCLA}

BERGE, EBERHARD, HUBBARD, MERRILL + (LRL)
J RICHARD HUBBARD (THESIS, BERKELEY) (LRL &

LONDON, RAU, GOLDBERG, LI CHTMAN+(BNL+SYRACUSE )

PALMER, RADOJ ICIC, RAU, RICHARDSON+ (BNL, SYRA&
+BERGE r HUBBARD e HERR I L L s MI LEER (LRL}
+VAN BI NST, MILQUET+ (SRUX+CERN+TUFT+LOUC &

ERRATUM TO MAYEUR 72
+FLIAGINE, GUY, KNIGHT+ (BRUX+CERN+TUFT+LOUC)

+BR IDGEMATER, COOPER, GERSHMIN+ (COLU+BING) J
+GAI GALAS, SMITH, ZENDLE, BALTAY + (8 ING+COLU &

GEMENI GER, 6JESDAL, PRESSER + (CERN+HE ID)
+DYDAK, NAVARR IA+ &S IEG+CERN+DORT+HE ID)

+HANDLER, MARCH, MARTIN+ (MISC+MI CH+RUTG &

+OVERSE TH, COX, OWORK IN+ (BNL+MI CH+RUTG+MI SC &

+DMORKIN + (MICH+WISC+RUTG+MIMN+SNL)
+GROBEL, PONDROM+ (WISC+MICH+MINN+RUTG)

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3

(P1&
EMUL
EMUL

HSC
HSC
HBC
HBC K-P 10. GEV/C
DBC 4 ' 9 GEV/C K-D
SPEC CERN SPS HYPERON BM

ONESA- INTO XIO PI-
5 EVENTS PALMER
3 EVENTS SCOTTER
3 EVENTS +1 AMBIG. MITH SIG-ASCLV
2 EVENTS DIBIANCA

317 0.234 O. 013 BOURQUI2

(P2&
68 HBC
68 HBC
73 HSC K-P 10. GEV/C
75 DBC 4 ' 9 GEV/C K-0
79 SPEC CERN SPS HYPERON BM

ONESA- INTO XI- PIO
1 EVENT
'} EVENT
.1 EVENT
1 EVENT

145 0.080 0.008

ABRAMS
PALMER
SCOTTER
ABCLV
SOURQUI2

(P3&
64 HSC
68 HBC
68 HBC
73 HBC K-P 10. GEV/C
79 SPEC CERN SPS HYPERON SM

ONE6A- INTO LANBDA K-
F 1 EVENT FRY1 55
F 1 EVENT FRY2 55
F BOTH FRY EVENT/ IDENTIFIED SY ALVAREZ 73.

2 EVENTS PALMER 68
3 EVENTS SCHULTZ 68
5 EVENTS 1 XI PI DECAY AMB ~ SCOTTER 68

13 EVENTS +2 AMBIG. MITH XI-ABCLV 73
2 EVENTS DI Bl ANCA 75

1920 0.686 0.013 BOURQU I 2 79

11/73
11/73
11/73
11/69
11/69
11/69
12/73

1/?7
1/80

11/69
11/69
12/73
1/77
1/80

11/69
11/69
11/69
'12/73

1/80
*aaaaa aaaaaaaaa aaa*aaaa* aaaaaaaaa aaaaa*aaa aaaaaa*aa aaaa*aa*a aaaa*aaa
aa****aa**a*a*a aaa*aaaaa a*aaaaaaa aaaa*aa*a aaaaaaaaa a*a*aaaa* aaaaaaaa

24 ONESA-(1672, JP~3/2+) I~O

QUANTUM NUMBERS ASSIGNED FROM SU3

24 OMESA- MASS (NEV&

R4 ONE6A- INTO (LAMBDA PI-)/TOTAL (UNITS 10aa-3) (P4)
R4 0 1.3 OR LESS CL ~ 90 SOURQUI2 79 SPEC CERN SPS HYPERON BM

R5 ONESA- INTO (XI- SNNl&/TOTAL (UNITS toaa-3& (P5&
R5 0 3. '1 OR LESS CL .90 SOURQUI2 79 SPEC CERN SPS HYPERON BM

R6 ONESA- INTO (XI(1530&0 PI-)/TOTAL (UNITS 10aa-3&(P6&
R6 1 2 ~ APPROX BOURQUI2 79 SPEC CERN SPS HYPERON BM

R? ONE6A- INTO (XIO E- NEU&/TOTAL (UNITS '$0aa-2& (P?&
R? 3 1 ~ APPROX BOURQUI2 79 SPEC CERN SPS HYPERON BM

1/80

1/80

1/80

1/80
M E
M F
M F
M

M

M

M

M 8
M 8
M D

M

M

M AV
M FI

INTO XI- P I 0
K-P 4.6, 5. GEY/C
K-P 5.5 GEV/C
K-P 6. GEV/C
K-P 10. GEV/C
K-P 10. GEV/C
4.9 GEV/C K-D
8 ' 25 GEV/C K-P
4.2 GEV/C K-P

1(1615.) EISENBERG 54 EMUL
1 1672.1 1. FRY1 55 EMUL
1 1670.6 (1.) FRY2 55 EMUL
1 1673 ' 0 8.0 ABRAMS 64 HBC
3 1673.3 1.0 PALMER 68 HBC
3 16?1.8 0.8 SCHULTZ 68 HBC
5 1674 ' 2 1.6 SCOTTER 68 HSC
6(1671 ~ 9) (1.2) SPETH 69 HBC

13(1671.43 & &0.78) ABCLV 73 HBC
4 1673 ' 4 1.7 D I 8 I AMCA 75 DBC

41 1673.0 O. 8 BAUBILLIE 78 HBC
27 1671.7 O. 6 HEMI NGMAY 78 HB C

G 1672.37 O. 34 AVERAGE
T 1672 ~ 45 0 ~ 32 FROM FIT

THE FIT COMBINES OMEGA- ANO ANTI-OMEGA- VALUES ASSUMING CPT

9/73
9/73
9/73

11/69
11/69
11/69
11/69
12/73

1/77
2/79
2/79

3/84*

24 ONE6A- DECAY PARAMETERS

AL ALPHA FOR ONESA- TO K- LANIDA
HBC 10 GEV/C K-P
HBC 8.25 GEV/C K-P
HBC 4. 2 GEV/C K-P
SPEC CERN SPS HYPERON SM
ABOVE.

AL K 15 (-0.66) (0.36) (0.30) KOCHER 74
AL 40 0.58 0.50 SAUBILLIE 78

40 -0 ' 2 0.4 HEMINGWAY 78
AL S 1400 (0.06) (0.14) SAUVAGE 78
AL K SEE NOTE 0 IN THE OMEGA- MEAN LIFE SECTION
AL S SAUVAGE 78 IS PRELIMINARY.

AL AVG 0. 10 0.38 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)

SEE NOTE ON BARYON DECAY PARAMETERS IN NEUTRON SECTION ABOVE'

10/74
2/79
2/79
4/82
2/82
4/82

E EISENBERG 54 MASS CALCULATED FOR DECAY IN FLIGHT. ALYAREZ 73 HAS
E SHOWN THAT THE OMEGA INTERACTED WITH AG NUCLEUS TO GIVE K- XI AG.

F BOTH FRY EVENTS IDENTIFIED AS OMEGA- BY ALVAREZ 73.
F FRY MASSES ASSUME DECAY TO LAMBDA K- AT REST. DECAY FROM ATOMIC
F ORBIT COULD DOPPLER SHIFT THE K- ENERGY ANO RESULTING OMEGA- MASS
F SY SEVERAL MEV FOR FRY 2. THIS SHIFT IS NEGLIGIBLE FOR FRY 1
F BECAUSE THE OMEGA DECAY IS APPROXIMATELY PERPENDICULAR TO ITS
F ORBITAL VELOCITY, AS IS KNOWN BECAUSE THE LAMBDA STRIKES THE
F NUCLEUS (L.ALVAREZ, PRIVATE COMM. 1973). ME HAVE CALCU} ATED THE
F ERROR ASSUMING THAT ORBITAL N IS 4 OR LARGER.

8 ABCLV VALUE INCLUDES THE SPETH 69 EVENTS. EXCLUDED FROM AVERAGE.
8 SEE NOTE D IN THE OMEGA- MEAN LIFE SECTION BELOM.

0 DIBIANCA 75 GIVES MASS FOR EACH EVENT. WE QUOTE AVERAGE.

9/73
9/73
9/73
3/74
3/74
3/74
3/74
3/74
3/74
3/74

12/73
2/82
1/77

EISEMBER 54 PR 96 541
FRY1 55 PR 97 1189
FRY2 55 MC 2 346

Y El SENSERG
FRY g SCHNEPS g SWAMI
FRY, SCHMEPS, SMAMI

(CORNELL)
(WISC)
(MISC)

ASRAMS 64
SARNES 1 64
SARNES 2 64
COLLEY 65
RICHARDS 65
SAMIOS 65

PRL 13 670
PRL 12 204
PL 12 134
PL 19 152
BAPS 10 115
ARGONNE CONF 189

+ BURNSTEIN, GLASSER + (UMD+NR L )
V E BARNES, CONNOLLY, CRENNFLL, CULWICK+ (BNL)
V E BARNES, CONNOLLY, CRENNELL, CULMI CK+ (BNL)
COLLEY, DODO +(8 IRM+GLAS+LOI C+MP IM+OXF+RHEL)
RI CHARDSON tSARMES~ CRENNEL+ (SNL+SYRACUSE)
N P SAMIOS &(RVUE) BNL)

aaa*aa ***aaaaaa aaaaaaaaa aaaaaaaa* aaaaaaaaa aaaaaaaaa aaaaaaa*a aa**aaaa

REFERENCES FOR ONESA-
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Particle Data Group: Review of particle properties 8135

For notation, see key at front of Listings. Stable Particles
0, A,

PALMER 68 PL 268 323
SCHULTZ 68 PR 168 1509
SCOTTER 68 PL 268 474
SPETH 69 PL 298 252

FIRESTON 71 PRL 26 410
ASCL V 73 NP 861 102
ALVAREZ 73 PR D8 702
KOCHER 74 PL 518 193
OISIANCA 75 NP 898 137

PALMER, RAOOJ I C I C, RAU, R I CHARDSON'+ (BNL, SYRA)
SCHULTZ+ (ILL, ARGONNE, NORTHWESTERN, MISC)
SCOTTER+ (SIRM, GLASGOM, LOIC, MUNICH, OXF}
SPETH+ (AACHEN, BERL IN, CERN, LOIC, VIEN)

+GOLDHABER, L ISSAUER, SHELDON, TRILLING (LRL)
AACHEN+BERL IN+CERN+LONDON+VIENNA COLLABOR ~

LUIS M. ALVAREZ (LBL)
KOCHER, MERNHARD ( INNS+Vl EN)
F.A ~ DIBIANCA, R. J ~ ENDORF (CARN)

BAUSILLI
OEUTSCHM
HEMI NGWA

SAUVAGE
BOURQUIN
BOURQUI 2

78 PL 788 342
78 PL 738 96
78 NP 8142 205
78 TOKYO CONF
79 PL 878 297
79 PL 888 192

SAUS ILL I ER + . (SIRH+CERN+GLAS+HSU+LPNP)
OEUTSCHMANN+(AACH+SERL+CERN+IMNS+LOIC+VIEN)
HEHINGWAY, ARMENTEROS+ (CERN+ZEEH+NIJM+OXF)

P 427 G. SAUVAGE, PROC. 19TH INTL. HEP CONF (ORSA)
(SRIS+GEVA+HEID+ORSA+RHEL+STRB+CERN+HELB)
(SRIS+GEVA+HEID+ORSA+RHEL+STRS+CERN+HELS)

A
C

33 LAHBDA/C+(2282, JP )
FOR THE (SIGMA/C)-(LAMBDA/C) HASS DIFFERENCE SEE THE
SIGMA/C SECTION OF THE BARYON DATA CARO l ISTIMGS.

33 LAHBDA/Cw MASS (NEV&

1 2260. 20. CAZZOLI 75 HBC + LAMBDA ?PI+ PI-
60 2260. 10 ~ KNAPP 76 SPEC — ANTILAM 2PI- PI+

1 (2248. ) OR HORE BARISH 77 DBC MODE P15 BELOM
(?295.} (15.) ANGELIMI 79 HYSR REPL. BY ALLASIA 80

6 2257 ' 10. BALTAY 79 HLBC + LAHBOA PI+
1 2254. 12. CNOPS 79 DBC P K*{892)- PI+

A 30 2262. 10. GIBONI 79 SPEC K- P PI+
A GIBONI 79 RESULT CHANGED FROM 2255+-4 BY AUTHORS. SEE KERNAM 79.

39 2285. 6. ABRAMS 80 SHK2 +- K- P PI+ + C. C.
1 2260. 20. ALLASIA 80 EMUL P K- PI+
1 2290. 3 ~ CALI CCHIO 80 HYBR P K- PI+

19 2275. 10. KITAGAKI 80 DBC LAM PI+, KOBAR P
1 (2330.) {50.) ADAMOVICH 81 EMUL + LAMBDA PI+

8 1 (2285 ' ) (5.) GRAESSLER 81 HBC + P K- PI+
8 1 (2280. ) (3.) GRAESSLER 81 HBC + P K- PI+

55 2284. 0 5 ' 0 RUSSELL 81 SPEC +- KOBAR P + C AC.
76 2259. 20 ' ALEEV 82 SPEC P KS PI+ PI-

8 3 2283.0 3.0 BOSETTI 8? HSC + P K- PI+
8 SOSETTI 82 COMBINE ONE NEW EVENT AT 2288+-5 MEV MITH THEIR EARLIER.
8 TWO (GRAESSLER 81 ABOVE).

3 2270. 0 15 ~ 0 KITAGAKI 82 DSC SIGHAO PI+

AVG 2282. 0 3.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8)
(SEE IDEOGRAM BELOW)

3/77
3/77
3/77

12/79
7/79

12/79
2/80
2/80
1/80

12/81
12/81
12/81

1/82
1/82
1/82

12/81
11/83*
3/82
3/82
3/82
2/82

WEIGHTED AVERAGE = 2262. 0
ERROR SCALED BY 1.6

- K I TAGAK I

-BOSETTI
-ALEEV
-RUSSELL
- K I TAGAK I

-CALICCHI
-ALLASIA
-ABRAMS
- GIBON I

-CNOPS
-BALTAY
-KNAPP
-CAZZOLI

82
82
82
81
80

0 80
80
80
79
79
79
76
75

CHISQ
0, 6
0. 1

DBC
HBC
SPEC
SPEC 0. 2
DBC 0. 5
HYBR 7. 1

EMUL

SMK2 0. 2
SPEC 4. 0
DBC 5, 5
HLBC 6. 3
SPEC 4. 9
HBC

LAMBDA/C+ MASS

2300
I

2340

29. 3
(CONLEV
=0.001)

33 LAHBDA/C+ MEAN LIFE (UNITS 10¹¹-13 SEC&

**¹¹¹¹¹*¹¹¹¹*¹¹¹¹¹¹¹¹**¹¹¹¹¹¹¹¹¹*¹¹¹¹¹¹¹¹¹ ¹*¹¹¹¹¹*¹**¹¹*¹¹¹¹¹¹¹¹¹¹¹¹*¹*¹¹¹¹¹*¹*¹*¹**¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹*¹¹*¹**¹¹¹¹¹¹*¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

33 LAMBDA/C+ BRANCHIN6 RATIOS

R1
R1
R1
R1
R1
R1
R1

LANBOA/C+ INTO
90 (SEEN)
98 (SEEN)
18 (SEEN)
39 0.022

1 (SEEN)
74 (SEEN}

(P K- PI+&/TOTAL
DR I JARD
GI SON I
LOCKMAN

0.010 ABRAMS
CALI CCHIO
IR ION

79 SFH
79 SPEC
79 SPEC
80 SMK2
80 HBC
81 SPEC

(P4)
P P AT 62.8 GEV ECM
P P AT 63 GEV ECM
P P 53, 62 GEV ECM
E+E- 5.2 GEV ECM
NU P IN BESC-TST
P P AT 63 GEV ECH

R2 LAHBDA/C+ INTO (P K¹(892)0)/(P K- PI+)
R2 1 (SEEN) ANGEL INI
R2 47 (SEEN) DR I JARO
R2 0.18 0 ~ 10 WE ISS
R2 12 0 42 0 24 BASIL E
R2 THE ABOVE RATIOS INCLUDE THE KOBAR PIO

R? AVG 0.216 0.092 AVERAGE

(P5&/(P4)
79 HYSR NU EMUL WITH BEBC
79 SFM P P AT 52 5 GEV ECM
80 SMK2 E+ E- 5 ~ 2 GEV ECH
81 CNTR P P -) LAH/C+ E- X

MODE OF THE K*0.

R3 LANBDA/C+ INTO (DEL(1232)++ K-)/(P K- PI+) (P6)/(P4)
R3 40 (SEEN) DRIJARD 79 SFM P P AT 52.5 GEV ECM
R3 0 ~ 17 0.07 MEISS 80 SMK2 E+ E- 5.2 GEV ECM
R3 17 0.40 0 ~ 17 SASI LE 81 CNTR P P -) LAM/C+ E- X

R3 AVG 0.203 0.081 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
R4 LANBDA/C+ INTO P KOBAR (P3)
R4 5 (SEEN) SALTAY 79 HLSC NU NE-H2 IN 15-FT
R4 10 (SEEN) KITAGAKI 80 OBC NU 0 IN FNAL 15-FT
R4 55 (SEEN) 55/75 RUSSELL 81 SPEC PHOTOPRODUCT ION

R5 LAIIBDA/C+ INTO (P KOBAR)/(P K- Pl+) (P3)/(P4&
R5 12 0 5 0 25 MEISS 80 SMK2 E+ E- 5.2 GEV ECM

R6 LAHBDA/C+ INTO (P K- PI+)/(P KOBAR) (P&)I(P3)
R6 50 (1.5} OR LESS CL~. 90 RUSSELL 81 SPEC PHOTOPRODUCTION

R7 LAMBDA/C+ INTO LAMBDA PI+ (P?)
R7 6 (SEEN) SALTAY 79 HLSC NU NE-H2 IN 15-FT
R7 9 (SEEM) KITAGAKI 80 DSC MU D IM FMAL 15-FT

R8 LAIIBDA/C+ INTO (LAHBDA PI+)/(P K- PI+) (P2)/(P4&
R8 (0.8) OR LESS CL~0.9 WEISS 80 SMK2 E+ E- 5.2 GEV ECM

R9
R9 K

R9
R9
R9 K
R9
R9 AVG

LAHBDA/C+ INTO (l.AHBDA PI+)/(P KOBAR) (P2)/(P3&
5 0.67 0.78 0.35 SALTAY 79 HLSC MU NE-H2 IN 15-FT
9 0 ' 51 0 62 0.27 KITAGAKI 80 DBC NU D IN FNAL 15-FT

40 (0.4) OR LESS CL~.90 RUSSELL 81 SPEC PHOTOPRODUCTION
CALCULATED BY KITAGAKI 80 FROM SALTAY 79 RESULTS.

0.57 0 ' 35 AVERAGE

R10
R'l0
R10
R10
R10
R10

LAMBDA/C+ INTO LAMBDA
SEEN

60 SEEN
2 SEEN

12 SEEN
18 SEEN

Pl+ PI+ PI-
CAZZOl. I
KNAPP
BALTAY
GI BONI
LOCKMAN

75 HSC
76 SP EC
79 HLBC
79 SPEC
79 SPEC

(P1)
MU P IN SNL 7FT
GAMMA BE
MU ME-H2 IN 'l5-FT
P P AT 63 GEV ECM
P P 53, 62 GEV ECH

R11 LAMBDA/C+ INTO (LAHSDA PI+ Pl+ PI-)/(P K- PI+) (P1)/(P4)
R11 1.4 OR LESS CL~0. 9 WEISS 80 SMK2 E+ E- 5.2 GEV ECM

R12 LAMBDA/C+ INTO (LAHBDA Pl+ Pl+ PI-)/ (P KOBAR) (P1)/(P3)
R12 220 (3.1) OR LESS CL~. 90 RUSSELL 81 SPEC PHOTOPRODUCTION

R13 LAMBDA/C+ INTO P KOBAR Pl- PI+ (P7)
R13 76 SEEN ALEEV 82 SPEC N CARBON 40 GEV

R14 LAMBDA/C+ INTO (P KOBAR Pl- PI+)/(P KOBAR) (»)/(P3)
R14 45 3.3 OR LESS CL~ ~ 90 RUSSELL 81 SPEC PHOTOPRODUCTION

R15 LAHBDA/C+ INTO SI6HAO PI+ (P10)
R15 3 SEEN KITAGAKI 82 DBC NU 0 IN FNAL 15-FT

R16 LAMBDA/C+ INTO P K¹(892)- PI+ (P8)
R16 1 SEEN CNOPS 79 DSC NU N IN BNL 7-FT

R17 LANBDA/C+ INTO (E+ ANYTNIN6)/TOTAL (P12)
R17 0.045 0.017 VELLA 82 SMK2 E+ E- 4.5-6 ~ 8 GEV

R18 LANBDA/C+ INTO (P Ee ANYTHIN6&/TOTAL (P13&
R18 M 0 ' 018 0.009 VELLA 82 SMK2 E+ E- 4.5-6.8 GEV
R18 H THIS INCLUDES PROTONS FROM LAMBDA DECAY ~

R19 LANBDA/C+ INTO (LAMBDA E+ ANYTHIN6&/TOTAL (P14)
R19 1 (0.022}OR LESS CL~. 90 SALLAGH 81 HYSR NU NE-H2 IM 15-FT
R19 N 0.011 0 ~ 008 VELLA 82 SMK2 E+ E- 4 ~ 5-6.8 GEV
R19 N THIS INCLUDES LAMBDAS FROM SIGMAO DECAY.

R?0 LANBDR/C+ INTO (LAIIBDA E+ ANY. &/(LAMBDA
R20 S 0.027 0.0'l7 SOM
R20 V 0.065 0 ' 041 VELLA
R20 S SON 82 USES OWN DATA AND MU- E+ LAMBDA
R20 V THIS VALUE DEDUCED SY SON 82 FROM DATA
R20 0 ~ ~ ~ ~ ~ ~

R20 AVG 0 ' 033 0.016

ANY. ) (P14&/(P16)
82 DSC NU D IN FNAL 15-FT
82 SMK2 E+E- 4.5-6.8 GEV

EVENTS OF MURTAGH 79
OF VELLA 82.

¹¹*¹¹¹***¹¹¹¹¹¹¹*¹¹*¹*¹¹¹¹*¹¹¹¹¹¹***¹¹*¹¹**¹*¹¹¹¹¹¹*¹¹¹¹¹*****¹¹*¹**

12/79
12/79
12/79
1/80

12/81
2/82

12/79
12/79
4/82
2/82
4/82

1/82
12/79
4/82
1/82

2/80
12/81
2/82

4/82

12/81
12/81

2/80
12/81

4/82

12/81
12/81
12/81
12/81

2/80
2/80
2/80

12/79
12/79

4/82

12/81
12/81

12/83*

12/81
12/81

2/82

2/80

3/82
3/82

3/82
3/82
3/82

2/82
2/82
3/82
3/82

12 /83*
12/83*
12/83*
12/83*

1 (7.3) ANGELINI 79 HYSR P K- PI+ 12/79
4 (1.14) (0.90} (0.44) USHIDA 80 EMUL LAM 3PI, P KSAR 2PI 12/81
1 (0 ~ 57) ADAMOVICH 81 EMUL LAMBDA PI+ 2/82
8 2.3 1.0 0 ~ 6 USHIDA 83 EMUL REPL ~ USHIDA 80 2/84* CAZZOL I

KNAPP
BARI SH

75 PRL 34 1125
76 PRL 37 882
77 PR D15 1

REFERENCES fOR LAHBDA/C+

+CMOPS, CONNOLY, LOUTTIT, MURTAGH, + (SNL)
+LEE, LEUNG, SMITH + (COLU+HAWA+ILL+FNAL)
+DERRICK, DOMBECK, MUSGRAVE + (ANL+PURD)

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16

LAMBDA/C+
LAMBDA/C+
LAMBDA/C+
LAMBDA/ C+
LAMBDA/C+
LAMBDA/C+
LAMBDA/C+
LAMBDA/C+
LAMBDA/C+
LAMBDA/C+
LAHBDA/C+
LAMBDA/C+
LAMBDA/C+
LAMBDA/C+
LAMBDA/C+
LAHBOA/C+

33 LAHBDA/C+ PARTIAL DECAY NODES

INTO LAMBDA PI+ PI+ P I-
INTO LAMBDA PI+
INTO P KOBAR
INTO P K- PI+
INTO K*{892}0P
INTO DEL(1232)++ K-
INTO P KOBAR PI- PI+
INTO P K*(892)- PI+
INTO SIGMA+ PI 0
INTO S I GHAO P I+
INTO S I GMA+ ETA
INTO E+ ANYTHING
INTO P E+ ANYTHING
INTO LAMBDA E+ ANYTHING
INTO P PI- PIO KO E+ NEU
INTO LAMBDA ANYTHING

DECAY MASSES
1116+ 140+ 140+ 140
11 16+ 140
938+ 498
938+ 494+ 140
892+ 938

1232+ 494
938+ 498+ 140+ 140
938+ 892+ 140

1189+ 135
1192+ 140
1189+ 549

938+ 'l40+ 135+ 498+

ANGEL INI
BALTAY
CNOPS
OR I JARD
G I BONI
KERNAN
LOCKMAN
MURTAGH

ABRAHS
ALLASIA
CALICCHI
K I TAGAK I
USHIOA
ME ISS

79 PL 848 150
79 PRL 42 1721
79 PRL 42 197
79 PL 858 452
79 PL 858 437
79 LEPTON CONF. FNAL
79 PL 858 443
79 FERHILAB. SYHP ~ 277

80 PRL 44 10
80 NP 8176 13
80 PL 938 521
80 PRL 45 955
80 PRL 45 1053
80 TORONTO CONF 319

ADAMOVIC 81 PL 998 271
BALLAGH 81 PR D24 7
BAS I LE 81 NC 62A 14
F I OR INO 81 LNC 30 166

THE .EVENT IN FIORINO 81
GRAESSLE 81 PL 998 159

(ANKA+L I BH+CERN+DUUC+LOUC+KE YN+P I SA+ROMA+ )
+CAROUMBAL IS g FRENCH g HIBSS I + (COLU+SNL)
+CONNOLLY, KAHN, KIRK, MURTAGH, PALMER+ (SNL)
+FISCHER+ (CERN+CDEF+OORT+HEID+LAPP+MARS}
+DIBITONTO+ (AACH+CERN+HARV+MUNI+NMES+VCR)
AD KERNAN (UCR)
+MEYER, RANOER, SCHLEIN, WEBB+ (UCLA+SACL)
M. J. MURTAGH (FNAL)

+ALAH, BLOCKER, BOYARSKI, + (SLAC+LBL)
(ANKA+LISH+CERN+DUUC+LOUC+KEYN+PISA+ROHA+)

+ {SARI+BIRM+SRUX+CERN+EPOL+RHEL+SACL+LOUC)
+TANAKA, YUTA, ASE, +(TOHO+IIT+UHD+STON+TUFT)

(FNAL+MCGI+NAGO+OSU+OSKC+OTTA+TOKY+TNTO+)
J M MEISS (SLAG)

AOAMOVICH+(PHOTON-EMUL, OMEGA-PHOTON COLLS ~ )
+BINGHAH + (LSL+UCS+FNAL+HAWA+MASH+WISC}
+CARA ROMEO + (CERN+SGNA+PGIA+FRAS)

(PHOTON-EHUL COLLAB. +OMEGA-PHOTON COLLAS. )
IS ALSO IN ADAMOVI CH 81 ~

GRAESSLER, LANSKE+ (AACH+SONN+CERN+HP IM+OXF }
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S136 Particle Data Group: Review of particle properties

Stable Particles
A, , A, At, TOP HADRON SEARCHES, FREE QUARK SEARCHES

Data Card Listings

IR ION
RUSSELL
ALEEV
BOSETT I
KITAGAKI
SON
VELLA
USHIDA

81 PL 998 495
81 PRL 46 799
82 SJNP 35 687
82 PL 1098 234
82 PRL 48 299
82 PRL 49 1128
82 PR L 48 1515
83 PR L 51 2362

eSEEBRUNNER, + (AACH+CERN+HARV+MUNI+NWES)
+AVERY, BUTLER, GLADDING + (ILL+FNAL+COLU)
+ ( J INR+AGDR+BUDA+LEBD+MOSU+PRAG+SOF I+TBLI )
+GRAESSLER, + (AACH+BONN+CERN+MPIM+OXF)
+TANAKA, YUTA, ABE, + (TOHO+IIT+UMD+STON+TUFT)
eSNOWgCHANGgKUMORIe(UMDeIITeSTONeTOHOeTUFT)
+TR IL L I NG, ABRAMS, ALAN, + (SLAC+LBL+UCB)

(AICH+FNAL+KOBE+SEOU+MCGI+NAGO+OSU+OKAY+)

THEORY AND REVIEW

DERUJULA 75
GAISSER 76
LEE 77
MULLER 79
DI 8 I TONT 81
TR ILL ING 81

PR D12 147
PR D14 3153
PR D15 157
CERN/EP 79-148
MADISON CONF'
PRPL 75 57

+GEORGI, GLASHOW
T ~ K. GAISSER, F ~ HALZEN
+QUI GG, ROSNER
F ~ MULLER (CARGESE LEC. 1979)
D ~ D I 8 I TONTO
G H TRILLING

(HARV)
(BART+WISC)

(FNAL)
(CERN)
(CERN)

(LBL)

A
45 A+(2460, JP~ )
A NARROW SIGNAL (WIDTH COMPATIBLE WITH THE 23-MEV
RESOLUTION) INTERPRETED AS A STABLE CHARMED STRANGE
BARYON (QUARK CONTENT CSU).

45 A+ NASS (MEV)

82 2460 ' 25. BIAGI 83 SPEC SIGMA- BE--)A+ X 11/83*

«aaa«aa«» ««***»»»a *«***a«aa »»**a**»a »»a*****»a«»a«»a** a*»a»a«a
*****aa«a»*a»** «*****««a«**a«*a**«««*a*a»* *aa»«*«*a *a*a»a»»a a**a*»a«

E BARBER 80 FIND NO EVIDENCE FOR AN OPEN TOP ANTI-TOP THRESHOLD IN R,
E THRUST DIST. AND INCLUSIVE MUONS. ENERGY SCAN IN THE RANGE 29.9(ECM
E (31.6GEV REVEALS NO HADRON RESONANCE CORRESPONDING TO A (TOP-QUARK
E ANTI-TOP-QUARK) BOUND STATE.

H BRANDELIK 82 GOT R=4. 01+-0.03+-0.2 WITH NO STEP FOR W&14GEV. NARROW

H STATE SEARCH FOR W~33-36. 7GEV SETS EE-WIDTH*BR(HAD)(1. 5KEV(CL= ~ 95) ~

RECENT UPPER LIMITS ON THE FLAVOR CHANGING NEUTRAL CURRENT DECAY
OF BOTTOM MESON ARE IN CONFLICT WITH THE EXPECTED RATE IN THE
TOPLESS MODEL AND SERVE AS INDIRECT SUPPORT FOR THE TOP QUARK.
SEE PARTIAL DECAY MODE 8--)MU+ MU- X OF THE BOTTOM MESON SECTION.

TE A BARTEL1 79 SAW NO EVIDENCE OF NEW Q=2/3 QUARK PROD. IN R-RATIO.
TE
TE 8 BARTEL2 79 OBSERVE NO SIGNIFICANT ACCUMULATION OF SPHERICAL EVENTS.
TE
TE '

C BARBER 79 R, THRUST, SPHEROCITY INDICATE TOP-PRODUCTION UNLIKELY ~

TE
TE O BERGER 79 FINO R=3.88+0.22 WHICH ALONG WITH SPHERICITY AND THRUST
TE D BEHAVIORS IS AGAINST OPEN TOP ANTI-TOP CHANNEL BELOW 30GEV. FINAL
TE D MUONS ARE ALSO CONSISTENT WITH EXPECTATION WITHOUT TOP QUARK STATE.
TE
TE
TE
TE
TE
TE
TE F BERGER 80 MEASURES INCLUSIVE MUONS WITH MOMENTUM )2 GEV/C. AGREE
TE F WITH EXPECTED SEMILEPTONIC DECAYS FROM CHARMED ANO BOTTOM MESONS.
TE
TE G BARTEL 81 MEASURES INCLUSIVE MUONS WITH MOMENTUM )1.4 GEV/C. AGREE
TE G WITH EXPECTED SEMILEPTONIC DECAYS FROM CHARMED ANO BOTTOM MESONS.
TE
TE
TE
TE
TE I ADEVA1 ENERGY SCAN EXCLUDES OPEN TOP CONTINUUM BELOW 38.54 GEV AND

TE I TOPONIUM BETWEEN 29.90 AND 38.63 GEV (HAD. BR*E-WIDTH ( 2.0 KEV AT

TE I CL= ~ 95) . ALSO SET LIMIT BR(8--)MU+MU-X) ( 0.007 (CL=.95) WHICH
TE I EXCLUDES FLAVOR-CHANGING NEUTRAL CURRENT IN TOPLESS MODELS.
TE
TE COMME N T
TE
TE
TE
TE
TE

6/82*

8/81

6/82*

8/81
8/81
8/81

8/81
8/81
8/81
8/81

8/81
8/81

2/82
2/82

10/83*
10/83*

11/83*
11/83*
11/83*
11/83*

1/84*
1/84*
1/84*
1/84*

P1

45 A+ PARTIAL DECAY MODES

A+ INTO LAMBDA K- P I+ PI+
DECAY MASSES

1116+ 494+ 140+ 140

45 A+ BRANCHIN6 RATIOS

R1
R1

A+ INTO LAMBDA K- P I+ P I+
82 SEEN

(P1)
BIAGI 83 SPEC SIGMA- BE--)A+ X 11/83*

BIAGI 83 PL 1228 455

REFERENCES FOR A+(2460)

+ (BRIS+CERN+GEVA+HEID+LAUS+LOQM+MELB+RL)

a«»»*a «*«a»*****a»a«a»a» a«a«*»a»* *a»aa»aaa «*»*a*«*a **a»«»*a» **a***a»
*a»«a« *a*****a«a»a«a«»a» a*»*a»»aa a«a«a»»a* a*a*a»a»» *»»*a**a*»aa»«»a»

Ab 40 LAMBDA/BO(5500, JP~

THE CLAIM BY BASILE 81 IS HOTLY DISPUTED BY DR I JARO 82.
BASILE 82 IS THE REPLY, AND DRI JARD1 82 IS THE REPLY TO
THAT ~

****a«a*a»««a»* *«»*a*a«* a«a««a»a« ********aaaaaaaaaa »»a*»a**» a»»a*a»a

SEARCH FOR TOP HADRON PRODUCTION IN (P PBAR) COLLISIONS
A ARNISON 83 CALO UA1 COLLAB
8 BARGER 83 RVUE
C BASILE 83 RVUE
D GODBOLE 83 RVUE

TP
TP
TP
TP
TP
TP
TP A ARNI SON 83 OBSERVED 11 LARGE-PT ELECTRON EVENTS WITH A JET OPPO-
TP A SITE TO THE TRACK WITHIN A 30 DEGREE AZIMUTHAL ANGLE.
TP A INTERPRETATION OF THESE AS T--)E NU JET IS GIVEN BY 3 RVUES BELOW.
TP
TP 8 BARGER 83 FIND MT(E NUE) DISTRIBUTION IS CONSISTENT WITH TOP.
TP 8 F IT GIVES M(TOP)=34+-6 GEV.
TP
TP C BASILE 83 MONTE-CARLO ANALYSIS FINDS EVENT-RATE IS CONSISTENT WITH
TP C BOTH SUPERBEAUTY(M ABOUT 55 GEV) AND TOP (M ABOUT 35 GEV) .
TP
TP D GODBOLE 83 STUDIED EVENT-TOPOLOGY OF TOP DECAY. ASSOCIATED HADRON

TP D (8) MAKES A LARGE RELATIVE AZIM. ANGLE TO E AS SEEN BY ARNISON 83.
TP
TP
TP

TP

REFERENCES FOR TOP HADRON SEARCHES

*««»a* »»»a**a«« ***«*»»»» «***«a«****a«a«»»a **a«aa»a* ****»*«»a»**a»**a

11/83*
11/83*
11/83*
11/83*

11/83*
11/83*
11/83*

11/83*
11/83*

11/83*
11/83*

11/83*
11/83*

40 LAMBDA/BO MASS (NEV)

5425.0 175.0 75.0 BASILE 81 SFM 0 P P 62 GEV ECM 4/82

40 LAMBDA/BO PARTIAL DECAY NODES

BARTEL1
BARTEL2
BARBER
BERGER
BARBER
BERGER
BARTEL
BRANDELI

79 PL 888 171
79 PL 898 136
79 PL 858 463
79 PL 868 413
80 PR L 44 1722
80 PRL 45 1533
81 PL 998 277
82 PL 1138 499

JADE C. (DESY+HAMB+HE ID+MCHS+LANC+RHEL+TOKY)
JADE C. (DESY+HAMB+HE ID+MCHS+LANC+RHEL+TOKY)
MARK-J COLLAB. (AACH+DESY+MIT+AIKO+BHEP)
PLUTO C. (AACH+BERG+DESY+HAMB+UMD+SIEG+WUPP)
MARK-J COLLAB. (AACH+DESY+MIT+AIKO+BHEP)
PLUTO C. (AACH+BERG+DESY+HAMB+UMD+SIEG+WUPP)
+CORDS+(DESY+HAMB+HEID+LANC+MCHS+RHEL+TOKY)
TASSO C. (AACH+BONN+DESY+HAMB+LOIC+OXF+RL)

P1 LAMBDA/80 INTO P DO PI-
DECAY MASSES

938+ 1865+ 140

40 LAMBDA/BO BRANCHIN6 RATIOS

R1 LAMBDA/80 INTO (P DO PI-)/TOTAL (P1)
R1 SEEN BASILE 81 SFM OO TO K- PI+

a«a»a» a«a«a«a»a aa*«***«*a*a«*»a** »**»*****»a*******««a««»««a a»*a»***

TE
TE A
TE 8
TE C
TE D

TE E
TE F
TE G
TE H

TE I
TE J
TE
TE
TE
TE

SEARCH FOR TOP HADRON
NONE ECM=22-31. 6 GEV
NONE ECM=22-31. 6 GEV
NONE ECM=31 ~ 6 GEV
NONE ECM=22-31. 6 GEV
NONE ECM~30-36 GEV
NONE ECM=12-31 ~ 6 GEV
NONE ECM=33-35 ' 8 GEV
MONE ECM=14-36.7 GEV
NONE ECM ( 38.54 GEV
NONE ECM ( 38 GEV

PRODUCTION IN (E+ E-)
BARTEL1 79
BARTEL2 79
BARBER 79
BERGER 79
BARBER 80
BERGER 80
BARTEL 81
BRANDELIK 82

CL=. 99 AOEVA1 83
ADEVA2 83

COLL ISONS
JADE R

JADE &S)
MRKJ R, &S&,&T)
PLUT R, &S&,&T),MU
MRKJ R, &T&,MU
PLUT MU

JADE MU

TASS R

MRKJ
MRKJ

R &T) (MU+MU-X)
PT(MU), (T&

COMMENTS
ALL ABOVE MEASUREMENTS ARE DONE AT DESY-PETRA. THE LAST COLUMN
SPECIFIES MEASURED QUAMTITIES.

REFERENCES FOR LAMBDA/80

BAS I LE 81 LNC 31 97 +BONVIC IN I, CARA ROMEO+(CERNeBGNA+FRAS+PG IA)
BAS I LE 82 NC 68A 289 +BONVICINI, CARA ROMEO+ (CERN+BGNA+FRAS)
DR I JARD 82 PL 1088 361 +FISCHER, + (CERN+CDEF+DORTeHEIO+LAPP+WARS)
DRIJARD1 82 CERN/EP 82-31 +FISCHER, + (CERN+CDEF+DORT+HEID+LAPP+WARS)

a»»»a* a«a«»a*a» *»*»a»aa» ««*»*a*a» »*»*»»aaa a«»**a«** *«»»a«aaa a»a»a»a»
**«*a*a«a«»«a*a *a»*»»»*» »«*»a*a** »»***a**aa«a«a»a»a **»**a***a»a»a»a»

TOP HADRON SEARCHES

4/82

8/81
8/81
6/82*
8/81
8/81
8/81
2/82

10/83*
11/83*
11/83*

8/81
8/81

AOEVA1
ADEVA2
ARNISON
BARGER
BASILE
GODBOLE

83 PRL 50 799
83 PRL 51 443
83 PL 1228 103
83 PL 1258 339
83 LNC 37 255
83 PRL 50 1539

MARK J C. (AACH+DESY+MI T+MADR+AIKO+BHEP+CIT)
MARK J C. (AACH+DESY+MI T+MADR+AIKO+BHEP+C IT)
UA1-C. (AACH+LAPP+BIRM+CERN+HELS+LOQM+CDEF+)
+MARTIN, PHILLIPS (DURH+WISC+RHEL)
+BERBIERS,BONVICINI, CARA+ (CERN+BGNA+FRAS)
R. M. GODBOLE, S.PAKVASA, D. TROY (BOMB+TIFR)

a«a»a» aa*«««««a »a**a«***«a*****«a a»a»a«aa« **«»*a*a*a*a**a»a» »*««**a«
a*«aaa a»a**a«»» ***»««*»a *a«a«a«a* »«»***a»» a«»a*»*»a «a»*a»»*» »»**»**»

FREE QUARK SEARCHES

(by W.P. Trower, Virginia Polytechnic Institute and
State University)

The idea that all hadrons are constructed from a set
of fractionally charged constituents (quarks) is central to
the quantum-chromodynamics description of particle
scattering and hadron spectroscopy. Quantum-

chromodynamics in its usual form contains the as-yet-

unproven restriction that quarks must forever be con-
fined to the mesons and baryons they make up.

Experiments support the conclusion that it is at best
diKcult to "unglue" quarks. Accelerator searches at
increasing energies have produced no evidence for free

quarks. Of the several candidate cosmic ray events, one

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984
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For notation, see key at front of Listings. Stable Particles
FREE QUARK SEARCHES

Reference

1. C.B.A. McCusker, Aust. J. Phys. 36, 717 (1983).

C
C
C
C

C

C

C

C

C

C

C

C

C
C

C

C

C

C

C

C

C

C

C

C
C

C

C

C

C

C

C

C

QUARK PRODUCTION CROSS SECTION —ACCELERATOR SEARCHES

QUARK
EVENTS

X-SECT CHARGE
CM2 1/3E

MASS
GEV

REFERENCE DET BEAM
GEV

G 0
0

I 0
H 0
HI 0
G 0
G 0
C 0
EF 0

0
E 0
0 0

0
0
0
0
0

8 0
C 0
8 0

0
A 0

0
0

A 0
0
0

&5E-3
' (1E-36
&3E-3
&1E-4
&3E-3
&1E-2
&8E-2
(2E-10
«5E-38
&1E-33
&9E-39
(SE-35
(5E-38
(1E-32
(5E-31
(6E-34
(1E-36
(1E-35
(4E-37
&3E-37
&1E-35
&2E-35
&5E-35
&1E-32
(1E-35
(1E-34
(1E-33

-4
+-1 (2
+-1(2
+-1 (2

&+-1/6
+-1 (2
+-1 (2
+-2, 4
+1(2
+-1

+-1
~ 2

+1(2
-1 ~ 2
+2, 4

+1,2, 4
+ 1 2

-4
+-1(2

-2
-1(2
+1(2

-2
+1 (2

+1 (+2
+1 (+2

+1
+1 ~ 2

1-8

&2

(14
(12
1-3
&5

&20
&6

&20
4-9

4-24
&12
&13

4
2

&5
2-5

&7
(2 ' 5-5

(2.2(4.0(2.5
&2

(2 ~ 4

AI HARA 84
AUBERT 83
BANNER 83
LINDGREN 83
PR ICE 83
NAR I N I 1 82
ROSS 82
BUSS IERE 80
STEVENSON 79
BASILE1 78
ANTREASYA 77
FABJAN 75
NASH 74
ALPER 73
LE IPUNER 73
BOTT 72
ANTIPOV ?1
ALLABY 69
ANT I POV1 69
ANTIPOV2 69
DORFAN 65
FRANZ INI 65
BI NGHAM 64
BLUM 64
HAGOP I AN 64
LE IPUNER 64
MORR I SON 64

TPC
SPEC
CNTR
CNTR
PLAS
CNTR
CNTR
CNTR
CNTR
SPEC
SPEC
CMTR
CNTR
SPEC
CNTR
CNTR
CNTR
CNTR
CNTR
CNTR
CNTR
CNTR
HLBC

HBC
HBC

CNTR
HBC

29E+E-
200NU
540P AP
106FE56
74AR40
29E+E-
29E+E-

200PROT
300PROT

52P P
400PROT

52P P
200PROT

52P P
300PROT

52P P
70PROT
28PROT
70PROT
70PROT
30PROT
30PROT
21PROT
28P ROT
31PROT
28PROT
24PROT

2/84*
2/84*

10/83*
2/84*

10/83+
10/83*
10/83*
12/81
12/79
2/79

11/77
1/77
2/77
1/76
2/74
2/74
1/76
1/76
2/74
1/76
2/74
3/77
3/77
3/77
3/77
3/77
3/77

still enjoys the active advocacy of its discoverer. ~ The
only positive searches in matter, those of LARUE, have
published no ne~ data since November 1980.

This compilation should be used as a directory to the
literature since the quoted experimental limits are often

only indicative.

QUARK FLUX —COSMIC RAY SEARCHESF
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F F
F F
F E
F D

F C
F 8
F A

F *

MASS REFERENCE
GEV

QUARK FLUX CHARGE
EVENTS /CM2/S/SR 1/3E

&2E-12
&3E-10
(SE-10

(1E-9
&2E-11
(ZE-10
&1E-7
&3E-10
&8E-11
&2E-8
(5E-10
(1E-10
(1E-10
&3E-10
«3E-8
&4E-9
&2E-9
(2E-10
&3E-10
(1E-10
&5E-10

( —)
&2E-9
(2E-10
&5E-11
(SE-10

&1E-10
(1E-8 +
(3E-8
&9E-11
(4E-10
«3E-8
(2E-10
&2E-10
«ZE-10
(2E-7
(5E-10
(4E-10
(2E-9
&ZE-10
&2E-9
&3E-9
(2E-9
&2E-8
&5E-8
(2E-8
(2E-7

MASH IMO 83
MAR I NI 2 82
NAPOLITAN 82
YOCK 78
BR IATORE 76
HAZEN 75
KR ISOR 75
Cl ARK 74
KI FUME 74
ASHTON 73
HI CKS 73
BEUC HAMP 72
BOHM 72
COX 72
CROUCH ?2
OARDO 72
EVANS 72
TONWAR 72
CHIN 71
CLARK 71
HAZEN 71
SOSIA 70
CHU 70
FA I SSNER 70
KR I DER 70
CAIRNS 69
FUKUSHIMA 69
MCCUSKER 69
BJORNBOE 68
BR I ATORE 6e
FRANZ I NI 68
GARM IR E 6e
HANAYAMA 68
KASHA1 68
KASHA2 68
KASHA3 68
BARTON 67
BUHL ER 1 67
BUHL ER2 67
GONE Z 67
KASHA 67
BARTON 66
BUHLER 66
KASHA 66
LAMB 66
DEL I SE 65
MASSAM 65
BOWEN 64
SUNYAR 64

+-1,2, 3
+ 1 ( 2
+-1 ~ 2C

F
A
8

BE

8

8

A

8
A

8
8

8

BD
A

C

+1
+1 (2
+'1, 2

+ 1
+ 1

+1 (2
+4

+1 (2
+1 (2

+2

+ 1

&20

&10
+1

+1(2
+1(2
+1(2
+1(2

+ 1
+1(2

+2
+1(2

+2

(6 ' 5

(10
&5

-1,2, 4

+-1(2
+-1

&2

&15
+2
+4
+2
+4

1 ~ 2
+1(2

+2
+2

+ 1 ( 2
+1 (2
+1(2
+1(2

+2
+1
+1

&7
&2. 5

LIFETIME &10** 8 S( CHARGE + 70( 68( 42(
&4.4, 4.8, AND 20 GEV, RESPECTIVELY.
ALSO 1/4 AND 1/6E CHARGES.
NO EVENTS IN SUBSEQUENT EXPTS ~

LEPTONIC QUARK'
PROMPT AIR SHOWER SEARCH.
TIME DELAYED AIR SHOWER SEARCH.
ALTITUDE IN KM. ALL OTHERS SEALEVEL.

'

CNTR
CNTR
CNTR
CNTR
ELEC
CC
CNTR
CC
CNTR
CNTR
CNTR
CNTR
CNTR
ELEC
CMTR
CNTR
CC
CNTR
CNTR
CC
CC
CNTR
HLBC
CMTR
CNTR
CC
CNTR
CC
CNTR
CNTR
CNTR
CNTR
CNTR
OSPK
CNTR
CNTR
CNTR
CNTR
CNTR
CNTR
CNTR
CNTR
CMTR
CNTR
CNTR
CNTR
CNTR
CNTR
CNTR

-0.3*
0 ~ 3
0 ' 3

2 ~ 8*

2 ~ 8*

2 ~ 8*

3.5*

0 ' 8*

1.7,3.6
6 ' 3, .2*

6
0 F 008, 0.5*
0.008, 0.5*

220
0 ' 5*

2.8*
0 5A
2 ~ 5*
0.8

ANO MASS

DET SHIELDING
KG/CM2

10/83*
10/83*
10/83*
2/79
1/77
7/76
3/?7
1/77
7/76
3/77
1/76
3/77
2/74
3/77
3/?7
3/77
1/77
3/77
3/77
3/77
2/77
1/78
5/76
3/77
3/77
3/77
2/74
2/74
Z/74
5/76
2/74
3/77
3/77
2/74
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77
3/77

D QUARK DIFFERENTIAL PRODUCTION
D

D QUARK X-SECT CHARGE MASS
D EVENTS CM2/SR/GEV 1/3E GEV
D

0 0 -2, 4
D 0 +-4
0 0 &7
0 A 0
D 0
D 0
D 0
D 0

1.5-6
5-20
7-15

&4E-36
&2E-33
&5E-34
(5E-35
&9E-35
&4E-36
«3E-35
&7E-38

-1(2
-4

+-1 2
2

2.3-2.7
&2.7
&2.5

CROSS SECTION —— ACCELERATOR SEARCHES

REFERENCE DET BEAM
GEV

BALD IM 76
AL BROW 75
JOVANOVIC 75
GAL IK 74
NASH 74
AMTIPOV 71
ALLABY 69
ANT IPOV2 69

CNTR
SPEC
CNTR
CNTR
CNTR
CNTR
CMTR
CNTR

TOPROT
52P P
44P P
20GAMMA

200PROT
70PROT
27PROT
?OPROT

D A — X-SECTION IN CM**2/SR/EQU I V ~ QUANTA

FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR

QUARK FLUX —ACCELERATOR SEARCHES

QUARK FLUX/ CHARGE
EVENTS NUEVENT 1/3E

MASS REFERENCE
GEV

DET SEAM
GEV

E 0
E 0
AB 0
0* 0* 0

0* 0
C* 0
AB 0
AS 0
A 0
A 0

&3E-4
&5E-2
&2E-5
&3E-10
&6E-11
&5E-3
&2E-9
(7E-10

+-2
+1,2, 4, 5

+1(2
+-2, 4

+-1

+-1
+1(2
+1(2
+1(2
+1(2
+1(2

1.8-2
2-12

1-3
(21
(26
&20

&4.5
&1.5
&0.9
&0.9

WE ISS
BARTEL
BASILE
SOZZOL I
SASILE1
BASIL E2
BASIL E
FASJAN
GALIK
BE LLAMY
SATHOW
FOSS

81 SNK2
80 JADE
80 CNTR
79 CNTR
78 SPEC
78 CNTR
77 SPEC
75 CNTR
74 CNTR
68 CNTR
67 CNTR
67 CNTR

7E+E-
27E+E-

NU

ZOOPROT
52P P

NUNU
62P P
52PROT

GAMMA
12E-

GAMMA
6GAMMA

E — FOR FLUX READ QUARK PROD. X-SECTION
0 — QUARK LIFETIMES &1 ~ E-8 S ~

C - ONE CANDIDATE M (.17 GEV ~

8 — HADRON I C QUARK.
A — LEPTONI C QUARK.* — QUARK FLUX PER CHARGED PARTICLE.

RATIO TO CSE+E-&NU+MU

I — BOUND TO NUCLEI.
H — FOR X-SECT READ FRACTION OF FRAGMENTS.
G — FOR X-SECTION READ X-SECT(Q-Q X)/X-SECT(NU-MU)
F — 3E-5 & LIFETIME & 1E-3 S.
E — X-SECTION CM2/GEV2 ~

0 — INCLUDES BOTT 72 RESULTS.
C — HAORONIC OR LEPTONIC QUARKS.
8 — ASSUMES ISOTROPIC CM PRODUCTIONS
A — CROSS SECTION INFERRED FROM FLUX.

1/77
1/77

11/75
7/76
2/77
1/76
1/76
1/76

1/82
2/e2

12/81
12/79
2/79
7/79
1/78
1/77
7/76
3/77
3/77
3/77

RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO 8
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO
RHO A

RHO
RHO
RHO
RHO
RHO 8
RHO A

QUARK DENSITY —MATTER SEARCHES

QUARK
EVENTS

QUARKS/ CHARGE
NUCLEON 1/3E

NASS
GEV

REFERENCE MATERIAL/METHOD

&9E-20
&2E-21
&1E-19
(2E-ZO
(2E-20
&2E-20
(1E-21
(6E-16
(5E-21
«4E-28
«5E-15
&5E-16
(1E-21
&6E-15
(1E-22
(5E-15
&3E-21
(1E-2)
(1E-2)
&1E-13
(5E-27
&1E-21
&1E-15
(5E-19
&5E-23
(1E-17
(1E-17
&3E-19
(1E-10
(1E-17
&1E-16
&1E-22

+-&13
+-&1/2

+ 1 (2
-1
+1

+1

+1
+3

+-2, 4
&1/2

+1
+3

+1

+-1 (2

+-1

+1 (2
+-1

(1 ~ 7

&F 7

(60

JOYCE 83
LIEBOWITZ 83
VANDESTEE 83
HODGES 81
LARUE 81
LARUE 81
MARINELL I 80
BOYD 79
LARUE 79
OGORODNIK 79
BOYD 1 7S
BOY02 78
LUND 78
PUTT 78
SCHIFFER 78
BLAND 77
GALL INARO 77
LARUE 77
LARUE 77
NULLER 77
OGORODNIK 77
STEVENS 76
ELBERT 70
MORPURGO 70
COOK 69
BRAG IN SK I 68
RANK 68
STOVER 67
BENNETT 66
CHUPKA 66
GALLINARO 66
HI LLAS 59

WATER/OIL DROP
LEVITATED STEEL
PHOTO ION SPEC
MERCURY/OIL DROP
LEVITATED NIOBIUM
LE V I TATEO NIOS IUM
LEVITATED STEEL
HELIUM/MASS SPEC
LEVITATED NIOBIUM
EARTH+/ION BEAM
TUNGSTEN/MASS SPEC
HYDROGEN/MASS SPEC
WATER/ ION BEAM
LEVITATED TUNGSTEN
METALS/MASS SPEC
LEVITATED TUNGSTEN OX
LEVITATED IRON
LEVITATED NIOBIUM
LEVITATED NIOBIUM
HYDROGEN/MASS SPECTRA
WATER+/ION BEAM
LUNAR+/ION SPEC
OXYGEN+/ION SPEC
LEVITATED GRAPHITE
WATER+/ATOM SEAM
LEVITATED GRAPHITE
WATER+/UV SPEC
LEVITATED IRON
SUN/UV SPEC
METORITES+/ION BEAN
LEVITATED GRAPHITE
ARGON/ELECTRONETER

ALSO SET LIMITS F
LIMIT INFERRED BY

OR Q~+-1/6E .
JONES ?6.

REFERENCES FOR QUARK SEARCHES

AIHARA
AUBERT
BANNER
JOYCE
L I ESOW IT
LINDGREN
MASH IMO
PRICE
VANDESTE

84 PRL 52 168
83 PL 1338 461
83 PL 1218 187
83 PR L 51 731
83 PR L 50 1640
83 PRL 51 1621
83 PL 1288 327
83 PRL 50 566
83 PRL 50 1234

+ (LBL+UCLA+UCR+JHU+NASA+TOKY+YALE)
(CERN+DESY+FREI+KIEL+LANC+LAPP+LIVP+MARS+)
UA2 (BERN+CERN+BOHR+LALO+PAVI+SACL )

+ABRANS, BLAND, JOHNSON, L INDGREN+ (SF SU)
L I EBOW ITZ, BINDER, 2IOCK (VIRG)
+JOYCE, ABRAMS+ (SFSU+UCR+UCI+SLAC+l. BL+LAML)
+OR ITO, KAWAGOE, NAKAMURA, NOZAK I (TOKY)
+TINCKNELL, TARLE, AHLEN, FRANKEL+ (UCB)
VAMDESTEEG, JONGBLOETS, WYOER (NI JM)

l***041IO 01I0111*t001014fi1 141**i**0*044r004*0 *ilf44**4 41010011

10/83*
10/834
10/83*
?/82
1/82
1/82

12/81
12/79
7/79

10/81
8/7S
1/79

12/81
2/79
2/79
8/77
7/77
T/77
7/77

12/79
12/79
3/77
3/77
3/?7
3/77
3/77
3/77
2/74
3/77
3/77
3/77
3/77
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Particle Data Group: Review of particle properties

Stable Particles
FREE QUARK SEARCHES, MAGNETIC MONOPOLE SEARCHES

Data Card Listings

82 PRL 48 1649
82 PR D26 1777
82 PR D25 2837
82 PL 1188 '199
81 PRL 47 1651
81 PRL 46 967
81 PL 1018 439
80 ZPHY C6 295
80 LNC 29 251
80 NP 8174 1
80 PL 948 433
80 PL 948 427
79 PRL 43 1288
79 Nt 8159 363
79 PRL 42 142
79 PRL 42 1019
79 JETP 49 953
79 PR O20 82
78 PR D18 641
78 NC 45A 171
78 NC 45A 281
78 PRL 40 216
78 PL 728 484
78 RAO ~ ACTA 25 75
78 PR D17 1466
78 PR D17 2241
77 PRL 39 513
77 NC 40A 41
77 PRL 39 369
77 PRL 38 1255
77 PRL 38 1011
77 SCI 196 521
77 JETP 45 857
76 SJNP 22 264
76 NC 31A 553
76 PR D14 716
75 NP 897 189
75 NP 8101 349
75 NP 895 189
75 PL 568 105
75 NC 27A 132
74 PR DIO 2721
74 PR D9 1856
74 JPSJ 36 629
74 PRL 32 858
73 PL 468 265
73 JPA 6 577
73 NC 14A 65
73 PRL 31 1226
72 PR D6 1211
72 PRL 28 326
72 PL 408 693
72 PR 06 1203
72 PR D5 2667
7? NC 9A 319
?2 PRSE A70 143
72 JPA 5 569
71 NP 827 374
71 NC 2A 419
71 PRL 27 51
71 PRL 26 582
70 NC 66A 167
70 PRL 24 917
70 PRL 25 550
70 NP 820 217
70 PRL 24 1357
70 PR D1 835
70 NI M 79 95
69 NC 64A 75
69 Pt. 298 245
69 PL 308 576
69 PR 186 1394
69 PR 188 2092
69 PR 178 ?058
69 PRL 23 658
68 PR 166 1391
68 NC 853 241
68 NC 57A 850
68 PRL 21 1013
68 PR 166 166
68 CJP 46 S734
68 PR 172 1297
68 PRL ?0 217
68 CJP 46 S730
68 JEPT 27 51
68 PR 176 1635
67 PRSL 90 87
67 PL 258 163
67 NC 49A 209
67 NC 51A 837
67 PL 258 166
67 PRL 18 1022
67 PR 154 1263
67 PR 164 1599
66 PL 21 360
66 PRL 17 1196
66 NC 45A 520
66 PRL 17 60
66 PL 23 609
66 PR 150 1140
66 PRL 17 1068
65 NC 40A 589
65 PR L 14 196
65 PRL 14 999
65 PR 1408 458
64 PL 9 201
64 PRL 13 353A
64 PRL 13 728
64 PRL 13 280
64 PRL 12 423
64 PL 9 199
64 PR 1368 1157
59 NAT 184 892

HARINI 1
HAR I NI 2
NAPOL I TA
ROSS
HODGES
LARUE
WE ISS
BARTEL
SASILE
BUSS IERE
MARINE LL

ALSO
BOYD
SOZZOLI
LARUE

ERRATA
OGORODNI
STEVENSO
YOCK
BASILE1
BASI LE?
BOYD1
BOYDZ
LUND
PUTT
SCHIFFER
ANTREASY
BASI LE
BLAND
GALL INAR
LARUE
HULLER
OGORODNI
BALD IN
BR IATORE
STEVENS
ALBROW
FABJAN
HAZEN
JOVANOVI
KR ISOR
CLARK
GAL IK
K I FUNE
NASH
ALPER
ASHTON
HICKS
LE IPUNER
BEUCHAMP
BOHH
BOTT
COX
CROUCH
DARDO
EVANS
TONWAR
ANTIPOV
CHIN
CLARK
HAZEN
BOSI A
CHU

ALSO
ELBERT
FAISSNER
KRIDER
HORPURGO
ALLASY
ANTI POV1
ANTIPOV2
CAIRNS
COOK
FUKUSH IH
HCCUSKER
SELLAHY
BJORNSOE
BR IATORE
FRANZINI
GARMIRE
HANAYAMA
KASHA1
KASHA?
KASHA3
HRAG INSK
RANK
BARTON
BATHOW
BUHLER1
BUHLER2
FOSS
GOMEZ
KASHA
STOVER
BARTON
BENNETT
SUHl. ER
CHUPKA
GALL INAR
KASHA
LAMB
MASSAH
FRANZ INI
DORFAN
DELISE
BING HAH
8LUM
BOMEN
HAGOPIAN
LE IPUNER
MORRISON
SUNYAR
HILLAS

+PERUZZ I, PICCLO+ (FRAS+LBL+NWES+STAN+HAWA)
+PERUZZI, PICCLO+ (FRAS+LBL+NMES+STAN+HAWA)
NAPOLITANOtBESSET+(STAN+FRAS+LBL+NWES+HAWA)
+RONGA, BESSET+ (FRAS+LBL+NMES+STAN+HAMA)
+ABRAMS, BADEN, BLAND, JOYCE, ROYER+ (UCR+SFSU)
+PHILLIPS, FAIRBANK (STAN)
+ABRAHSgALAM, BLOCKER, BLONDEL+(SLAC+LBL+UCB)

JADE (OESY+HAMB+HEID+LANC+HCHS+RHEL+TOKY)
+BERBIERS,CONTIN+(BGNA+CERN+FRAS+ROMA+BARI)
+GIACOMELLI, LESQUOY+ (SGNA+SACL+LAPP)
MAR I NELL I, HORPURGO (GENO)
MARI NELL I, MORPURGO (GENO)
+BLATT, DONOGHUE, DRIES, HAUSHAN, SUITER (OSU)
+BUSS IERE, 6 IACOHELL I+ (SGNA+LAPP+SACL+CERN)
+FAIRBANK, PHILLIPS (STAN)
LARUE, FAIRBANK, PHI LL IPS
OGORODNIKOV g SAHOILOV, SOLNTSEV (K IAE)
STEVENSON (LBL)
YOCK (AUCK)
+CARAROHEO, CIFARELL I, CONTIN+ (CERN+BGNA)
+CARAROHEO, CIFARELL I, CONTIN+ (CERN+BGNA)
+ELMORE, MEL ISSINOS, SUGARBAKER (ROCH)
+ELMORE, NITZ, OLSEN, SUGARBAKER, WARREN+(ROCH)
+BRANOT, FARES (PHIL)
+YOCK (AUCK)
+RENNER, GEHMELL, MOORING ( C HI C+ANL )
ANTREASYANs COCCONI, CRONIN, FR ISCH+(EF I+PR IN)
+CARA ROMEO, Cl FARELl. I, 6 I USTI+ & CERN+SGNA)
+BOCOBO, EUBANK, ROYER (SFSU)
GALL I NARD t MAR I NE L L I g MORPUR GO (GENO)
+FAIRBANK, HEBARD (STAN)
+ALVAREZ, HOLLEY+STEPHENSON (LBL)
OGORODNIKOV, SAMOILOV, SOLNTSEV (K IAE)
+VERTOGRADOV, VISHNEVSKI I, GR ISHKEVICH+( J INR)
+OARDO, PIAZZOL I,HANNOCCHI+ (LCGT+FRAS+FREI )
+SCHIFFER, CHUPKA (ANL)
+BARSER, BENZ+(CERN+DARE+FOH+LANC+HCHS+UTRE)
+GRUHN, PEAK, SAULI, CALDWELL+ (CERN+MPIH)
+HODSON, WINTERSTE IN, GREEN, KASS+ (MICH+LEED)
JOVANOVI CH+ (MAN I+AACH+CERN+GENO+HARV+TORI )
KR ISOR (AACH)
+F INN, HANSEN, SHI TH (LLL)
+JORDAN, R I CHTER, SEPP I,S IEHANN+ (SLAC+FNAL )
+HI EDA I KUROKAMA g TSUNEHOTO ~ K IHURA+ (TOK Y+KEK )
+YAHANOUCHI, NEASE, SCULLI (FNAL+CORN+NYU)
+ (CERN+LIVP+LUND+SOHR+RHEL+STOH+BERG+LOUC)
+COOPER, PARVARESH, SALEH (OURH)
+FLINT, STANDI L (MANI)
+LARS EN ~ SESSOMS ~ SHI TH WILL I AHS+ (BNL+YALE )
+BOWEN, COX, KALBACH (ARIZ)
+DIEMONT, FAISSNER, FASOLD, KRISOR+ (AACH)
+CALDWELL, FABJAN, GRUHN, PEAK+ (CERN+MPIM)
+BEUCHAHP, BOMEN, KALBACH (ARIZ)
+MOR I,SHI TH (CASE)
+NAVARRA, PENENGO, SITTE (TOR I )
+FANCEY, HUIR, MATSON &EDIN+LEED)
+NARANAN, SREEKANTAN (T IFR)
+KACHANOV, KUT JIN, LANOSBERG, LEBEDEV+ (SERP)
+HANAYAMA, HARA, HI GASHI, TSU J I (OSAK)
+ERNST, FINN, GRIFFIN, HANSEN, SMITH+ (LLL+LBL)
HAZEN (MICH)
+BR IATORE (TORI)
+K IM, BEAM, KMAK (OSU+ROSE+KANS )
ALLISON, DERRICK, HUNT, SIMPSON, VOYVODI C (ANL)
+ERMINE HERB NIELSEN g PETRI LAK gME INBERG (MISC)
+HOLDER, KRISOR, MASON, SAMAF, UHSACH (AACH)
+BOWEN, KALSACH (ARIZ)
+GALL INARO, PALHIERI (GENO)
+SIANCHINI, DIDDENS, OOSINSON, HARTUNG+ (CERN)
+KARPOV, KHROHOV, LANDSBERG, LAPSHIN+ (SERP)
+BOLOTOV, DEVISHEV, DEVISHEVA, ISAKOV+ (SERP)
+HCCKUSKER, PEAK, WOOLCOTT (SYDN)
+OEPASQUALI, FRAUENFELDER, PEACOCK + (ILL)
FUKUSHIMA, K I FUNE, KONDO, KOSHI BA+ (TOKY)
+CAIRNS (SYON)
+HOFSTADTER ~ LAK IN g PERL TONER (STAN+SLAC )
+DAMGARD, HANSEN+ (SOHR+TIFR+BERN+BERG)
+CASTAGNOLI, SOLLINI, HASSAM+&TORI+CERN+BGNA)
+SHULMAN (COLU)
+LEONG, SRCEKATAN (HIT)
+HARA, H I GASH I,K I T AHURA, MI ONO+ (OSAK)
+STEFANSK I (BNL+YALE)
+LARSEN, LEIPUNER, ADAIR (BNL+YALE)
+LARSEN, LEIPUNER, ADAIR (BNL+YALE)
MRAGINSK I I,ZELDOVI CH, MARTYNOV, HI GUL IN(MOSU)
RANK (MICH)
BARTON (NPOL)
+FREYTAG ~ SCHULZgTESCH (DESY)
+FORTUNATO, MASSAH+ZI CHICHI (CERN+BGNA)
+DALP IAZ, MASSAM, 2 I C HI CH I (

GER

N+BGNA+STRB�
)

+GARELICK, HOMMA, LOBAR, OSBORNE, UGLUM (MIT)
+KOBRAK, MOL INE, MULL I NS, OR TH, VANPUTTEN+ ( C I T )
+LE IPUNER, WANGLER, ALSPECTOR, ADAIR(BNL+YALE )
+MORAN, TR ISCHKA (SYRA)
+STOCKEL (NPOL)
BENNETT (YALE)
+FORTUNATO, HASSAH, MULLER+ (CERN+BGNA+STRB)
+SCHIFFER, STEVENS (ANL)
GALL INARO, HORPURGO (GENO)
+LE IPUNER, ADAIR (BNL+YALE)
+LUNDY, NOVEY, YOVANOVITCH (ANL)
+HULLER, 2 ICHI CHI (CERN)
+LEONTIC, RAHM, SAHIOS, SCHWARTZ (BNL+COLU)
+EADES, LEDERMAN, LEE, TING &COLU)
+BOWEN (ARIZ)
+DICKINSON, DIEBOLD, KOCH, LE I TH+ (CERN+EPOL)
+BRANOT, COCCONI, CZYZEWSKI, OANYSZ+ (CERN)
+OELISE, KALBACH, MORTARA (ARIZ)
+SELOVE, EHRLICH, LEBOY, LANZA, RAHM+(PENN+BNL)
+CHU, LARSEN, ADAIR (BNL+YALE)
MORRISON (CERN)
+SCHWARZSCHILD, CONNORS (BNL)
+CRANSHAW (AERE)

LYONS
JONES

81
76

PPNP 7 157
RMP 69 717

REVIEWS

LYONS
JONES

(OXF)
(MICH)

*aaaaa aaaa*aaaa a*aaaaaa* aaaaaa*a* aaaaaa*** *a*aa*a*a aaaaaa*aa aaaaaa**
aaaa*a *aaaaaaaa ***aaaaaa aaaa*a*aa a*aaaaaa* aaaaaaaaa aaaaa*aaa aaaaa*aa

MAGNETIC MONOPOLE SEARCHES

(by W.P. Trower, Virginia Polytechnic Institute and
State University)

Although the usual formulation of Maxwell's equa-
tions suggests magnetic monopoles, no observed
phenomenon requires them for its explanation. ~ From
the assertion that a monopole anywhere in the universe
would result in electric charge quantization everywhere
followed the prediction of a least magnetic charge G =
e/2n, the Dirac charge. Observed pure multiphoton
events have been attributed to virtual monopole pro-
duction and annihilation. Monopoles have recently
become indispensable to many gauge theories, which

endo~ them with a variety of extraordinarily large

masses.
Monopole detectors have predominantly used either

induction or ionization. Induction experiments measure
the monopole magnetic charge by detecting a change in
current when a monopole passes through a loop. "
These measurements, which are independent of mono-

pole electric charge, mass, and velocity, have produced a
solitary monopole candidate event (CABRERA 82),
uncorroborated by later searches (e.g. , CABRERA 83).

Ionization experiments rely on a magnetic charge

producing more ionization than an electrical charge with

the same velocity. However, the ability to distinguish a
monopole by ionization diminishes with velocity. The
theory of monopole energy loss for P ~ 10 is still

unsettled.
Cosmic rays are the most likely source of large-mass

monopoles, as accelerator energies are insuAicient to
produce them. Evidence for such monopoles may also
be obtained from astrophysical observations.

This compilation should be used as a directory to the
literature since the quoted experimental limits are often

only indicative.

J.D. Jackson, CERN-77-17 (1977).
P.A.M. Dirac, Proc. Royal Soc. London A133, 60
(1931).
M.A. Ruderman and D. Zwanziger, Phys. Rev.
Lett. 22, 146 (1969).
L.W. Alvarez, LRL Physics Note 470 (1963).
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Stable Particles
MAGNETIC MONOPOLE SEARCHES, AXION SEARCHES

1,3
(10 (6
(20
&30 &3
(20 (24
&30 &3

(12 (10
&30 (3
(13 (24
(12 «24

&5
&3 &2
&3 &2
&3 &4
&1

C — CHERENKOV RADIATION POLARIZATION.
8 — RE-EXANINES CERN NEUTRINO EXPTS.
A — MULTIPHOTON EVENTS.

NONOPOLE FLUX — COSMIC RAY SEARCHESF
F
F
F
F
F
F D

F
F
F
F
F C
F
F
F C

F C
F
F
F C
F
F
F
F C
F C
F
F 8
F
F
F
F
F
F A

F
F
F
F
F

MASS G

GEV
HONOPOLE FLUX

EVENTS /CM2/S/SR
REFERENCE DET

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0

TARLE 84 CNTR
ANDERSON 83 ENUL
BARTELT 83 CNTR
SARWICK 83 PLAS
BATTISTON 83 CMTR
BONARELLI 83 CNTR
BOSETTI 83 CNTR
CASRERA 83 INDU
DOKE 83 PLAS
ERREDE 83 CNTR
FREESE 83 COSM
GROOM 83 CNTR
HASH IMO 83 CNTR
REPHAELI 83 COSH
ALEXEYEV 82 CNTR
BONARELLI 82 CNTR
CASRERA 82 INDU
DINOPOULO 82 COSH
KOLS 82 COSH
HASHIHO 82 CMTR
TURNER 82 COSM
BARTLETT 81 PLAS
BONNARDEA 81 COSH
KINOSHITA 81 PLAS
ULLHAN 81 CNTR
BARTLETT 78 PLAS
PR ICE 75 PLAS
FLEISCHER 71 PLAS
PARKER 70 COSM
FLEISCHER369 PLAS
CARITHERS 66 ELEC
NALKUS 51 ENUL

&4E-13

(4E-13
&1E-12
&5E-12
&3E-13
&3E-12
&4E-11
(5E-15
&BE-15
(7E-22
&5E-12
&2E-12
&1E-18
(1E-13
&2E-12

6E-10
&1E-23
&5E-22
(2E-11
&1E-12
&2E-15
(2E-40
&1E-13
(5E-11
(2E-11
(1E-1)
(2E-13
&1E-16
&1E-19
(5E-15
(2E-1 1

&1E18

&1
(1E17

)200 2
&2

1
&2
&3

(1-3
(15

C NONOPOLE PRODUCTION CROSS SECTION —ACCELERATOR
C
C MONOPOLE X-SECT MASS G REFERENCE DET
C EVENTS CH**2 GEV
C
C 0 (1E-31 AUBERT 83 PLAS
C 0 (4E-38 HUSSET 83 PLAS
C A 0 (BE-36 DELL 82 CNTR
C 0 &9E-37 KINOSHITA 82 PLAS
C 0 &1E-37 CARR IGAN 78 CNTR
C 0 (1E-37 HOFFHANN 78 PLAS
C A 0 DELL 76 SPRK
C A 0 (4E-33 STEVENS 76 SPRK
C C 0 (1E40 (5 &2 ZRELOV 76 CMTR
C A 0 (2E-30 BURKE 75 OSPK
C 8 0 (1E-38 CARR IGAN 75 HLSC
C 0 &5E-43 EBERHARD 75 INOU
C 0 (2E-36 GIACOMELL 75 PLAS
C 0 (5E-42 CARR IGAN 74 CNTR
C 0 (6E-42 CARR IGAN 73 CNTR
C 0 &1E-41 GUREVICH 72 EHUL
C 0 &1E-40 AMALOI 63 EMUL
C 0 &2E-40 PURCELL 63 CNTR
C 0 (1E35 F I DECARO 61 CNTR
C 0 &2E-35 BRAONER 59 ENUL
C
C

C
C

SEARCHES

SEAM
GEV

540P AP
34E+E-
52P P
29E+E-
63P P
56P P
62P P

300PROT
70PROT

300NEUT
BNU

400PROT
60P P

400PROT
300PROT

70PROT
28PROT
30PROT
28PROT

&PROT

CONNENTS

6E-4(8(2E-3

E-2&B&E-3
7E-3&8&1
1E-4&8&1
1E-3(B&4E-1
5E-4&B&5E-2

1E-2(8(1
1E-4(B(1E-1
PULSARS
1E-4(8&3E-2
&E-4(8&1
INTERGLAC ~ FIELD
8~3E-3
?E-3(B(6E-1
DG +-.06
NEUT STARS
NEUT STARS
7E-3«B&3
8~3E-3
CONCENTRATOR
NEUT STARS
1E-3&8
3E-4&B(1E-3
CONCENTRATOR

GALACTIC FIELD
OBS ID I AN, MICA
CONCENTRATOR
CONCENTRATOR

10/83*
10/83*
3/83*
2/82
2/79
2/79
4/82
4/82
1/80
1/78
1/76
1/75
2/76

12/75
3/74
3/74

12/75
12/75
4/82
4/82

2/84*
2/84»
3/83*
2/84*
2/84*

10/83*
2/84»
2/84*

10/83»
10/83*
2/84*
3/83*

10/83*
2/84»
1/83*
3/83*
4/82
2/84*

10/83*
3/83*
1/83*
2/82
2/82
2/82
2/82
2/e2

12/75
1/83»
1/83»
2/76

12/75
4/82

KOLS
HASH INO
TURNER
BARTLETT
BONNARDE
K I NOSH IT
ULLNAN
CARR IGAN
BRODER I C

BARTLETT
CARR IGAN
HOFFMANN
PRICE
HAGSTROH
CARR IGAN
DELL
ROSS
STEVENS
ZRELOV
ALVAREZ
BURKE
CABRERA
CARR IGAN

ALSO
EBERHARD
EBERHARD
FLEISCHE
FRIEDLAM
GI ACOMEL
PRICE
CARRIGAN
CARRIGAN
ROSS

ALSO
ALSO

GUREVICH
ALSO
ALSO

FLE ISCHE
KOLM
PARKER
SCHATTEN
FLEISCH1
FLEISCH2
FLEISCH3

ALSO
CAR I THER
ANAL DI
GOTO
PETUKHOV
PURCELL
F IOECARO
SRADNER
HALKUS

82 PRL 49 1373
82 JPSJ 51 3067
82 PR D26 1296
81 PR D24 612
81 PR D23 323
81 PR D24 1707
81 PRL 47 289
80 NAT 288 348
79 PR. 019 1046
78 PR D18 2253
78 PR 017 1754
78 LNC 23 357
78 PR D18 1382
77 PRL 38 729
76 PR 013 1823
76 LNC 15 269
76 LBL-4665
76 PR D14 2207
76 CZJP 826 1306
75 LBL-4260
75 PL 608 113
75 PH D THESIS
75 NP 891 279
71 PR D3 56
75 LBL-4289
75 PR D11 3099
75 PRL 35 1412
75 PRL 35 1167
75 NC 28A 21
75 PRL 35 487
74 PR D10 3867
73 PR DS 3717
73 PR DS 698
71 PR O4 3260
70 SCI 167 701
72 PL 388 549
72 JETP 34 917
70 PL 318 394
71 PR D4 24
71 PR D4 1285
70 AP J 160 383
?0 PR D1 2245
69 PR 177 2029
69 PR 184 1393
69 PR 184 1398
70 JAP 41 958
66 PR 149 1070
63 NC 28 773
63 PR 132 387
63 NP 49 87
63 PR 129 2326
61 NC 22 657
59 PR 114 603
51 PR 83 899

+COLGATE, HARVEY (LASL+PR IN)
+KAWAGOE, KOSHIBA (TOKY)
+PARKER, BOGDAN (CHIC)
+SOO, FLEISCHER, HART, NOGROCAHPERO(COLO+GESC)
SONNARDEAU (IIP I M)
K I NOSH I TA, PR I CE (UCB)
ULLMAN (LEMH+SNL)
CARR IGAN (FNAL)
BRODERICK, FI CENEC, TEPL ITZ, TEPLITZ (VPI )
+SOO, WHITE (COL O+PR I N )
+STRAUSS ~ G IACOMELLI (FNAL+BGNA)
+KAMTARD J IAN, OIL IBERTO, NEDD I+ (CERN+RONA)

+ SHIRK, OSBORNE, PINSKY (UCS+HOUS)
HAGSTRON {LSL}
+NEZR ICK, STRAUSS (FNAL)
+UTO, YUAN, AMALDI+ (CERN+SNL+ROHA+AOEL)
ROSS (LBL)
+COLLINS, F ICENEC, TROWER, F ISCHER+ (VPI+SNL)
+KOLLAROVAg KOLLAR i LUP ILTSEV r PAVLOVI C+( J INR)
ALVAREZ (LSL)
+GUSTAFSON, JONES, LONGO (NICH)
CABRERA (STAN)
+NEZRICK (FNAL)
+NEZR ICK (FNAL)
ESERHARD (LBL)
+ROSS g TAYLOR' ALVAREZ~ OSER LACK (LBL+MP IN)
FLEISCHER, WALKER (GESC+WUSL)
FR IEDLANDER (WUSL}
GIACOHELLI, ROSSI, + (BGNA+CERM+SACL+ROHA)
+SHIRK, OSBORNE, PINSKY (UCB+HOUS)
+NEZRICK, STRAUSS (FNAL)
+NEZRICK, STRAUSS (FNAL)
+EBERHARD, ALVAREZ, WATT (LBL+SLAC)
EBERHARD ~ ROSS ~ ALVAREZ g WATT (LBL+SLAC)
ALVAREZ, EBERHARD, ROSS, WATT (LBI.+SLAC)
+KHAKIMOV, MARTEHIANOV+ (K IAE+NOVO+SERP)
BARKOV, GUREVICH, ZOLOTAREV (KIAE+NOVO+SERP)
+KHAK IMOV, NARTENIANOV (K I AE+NOVO+SERP )
F LE I SCHER ~ HART ~ N ICHOLS ~ PR I CE (GESC)
+VI I.LA, OD I AN (HIT+SLAG )
PARKER (CHIC)
SCHATTEM {NASA}
FLEISCHER, JACOBS, SCHWARTZ, PRICE (GESC+FSU)
FLEISCHER, HART, JACOBS, + (GESC+UNCS+GSCO)
FLEI SCHER, PR ICE, WOODS (GESC)
+HART, JACOBS, PRICE, SCHWARTZ, WOODS (GESC)
CARI THERS, STEFANSK I, ADAIR (YALE+SNL)
+BARONI, NANFREDINI, BRADNER+(ROHA+UCSD+CERN)
+KOLN, FORD (TOKY+MIT+BRAN)
+ YAK I MENKO {LESO}
+COLLINS, FUJII, HORNBOSTEL, TURKOT (HARV+BNL)
+F INOCCHIARO, GIACONELLI (CERN)
+ISBELL (LBL)
MALKUS (CHIC)

BIBLIOGRAPHIES

CRAVEN 82
RUZI CKA 80
CRAVEN 81
CARR I GAN 77
STEVENS 73

F ERH I L AB-82/96
JINR 2-80-850
FERMI LAB-81/37
F E RH I L A8-77/42
VP I-EPP-73-5

+TROWER
+ZRELOV
+TRO'WER, CARRIGAN
CARR IGAN
STEVENS

(FNAL+VP I )
( J INR)

(VPI+FMAL)
(FNAL)

(VPI )

REVIEWS

CARR IGAN 83 NAT 305 673 +TROW ER (F NAI. +VP I )
**»it» tt*tttit* tiitttii* i*i*i»it* i»it»it»i »tittitti *it»it»»i it»it»itiititt tiitttiit it»it»»it it»it'it»i it»*i»i*t it»i*it»i »it»*i»it tttttttt

D — ANOMALOUS LONG-RANGE ALPHA TRACKS.
C — CATALYSIS OF NUCLEON DECAY.
8 - REEVALUATES PARKER 80 LIMIT FOR GUT MONOPOLES.
A — ALVAREZ 75, FLEISCHER 75, FRIEDLANDER 75, ROSS 76EXPLAIN AS

FRAGMENTING NUCLEUS. EBERHARD 75 DISCUSSES CONFLICT WITH OTHFR
EXPTS ~ HAGSTRON REINTERPRETS AS ANTINUCLEUS. PRICE 78 REASSESSES.

AXION SEARCHES

MONOPOLE DENSITY —NATTER SEARCIIES

MONOPOLE
EVENTS

DENSITY REFERENCE DET MATERIAL

&1
0
0
0
0
0
0
0
0
0
0
0
0

)1E-14/GRAM
(6E-33/NUCL
(2E-R/GRAM
(2E-4/PROT
(6E-4/GRAN
(5E-1/GRAH
(2E-4/GRAM
&6E-7/GRAH
(2E-13/M**3
(1E-4/ G R AM

(1E-2/GRAN
(2E-3/GRAN
(2E-2/GRAM

)1/3
1

&.04
&.05
(140

&0
(120(1-3

HI KHAILOV 83
SCHATTEN 83
CARR I GAN 80
BRODERICK ?9
CARR IGAN 76
CA BR ERA 75
ROSS 73
KOLN 71
SCHATTEN 70
FLEISCH2 69
FLEI SCH1 69
GOTO 63
PETUKHOV 63

SPEC IRON AEROSOLS
ELEC NOON WAKE
COSH EARTM HEAT
COSM 42-CN ABSORPTION
CNTR AIR, SEAWATER
INDU 11 MATERIALS
INDU MOON ROCK
CNTR SEAWATER
ELEC MOOM WAKE
PLAS MANGANESE
PLAS MANGANESE NODULES
ENUL HAGNETITE, METEOR
CMTR METEOR ITE

TARLE
ANDERSON
AUBERT
BARWICK
BARTELT
BATT ISTO
BONARELL
BOSETTI
CABRERA
DOKE
ERREDE
FREESE
GROOM
MASH INO
MIKHAILO
HUSSET
REPHAELI
SCHATTEN
ALEXEYEV
BONARELL
CASRERA
D INOPOUL
DELL
K INOSH IT

84 PRL 52 90
83 PR D28 2308
83 PL 1208 465
83 PR D28 2338
83 PRL 50 655
83 PL 1338 454
83 PL 1268 137
83 PL 1338 265
83 PRL 51 1933
83 PL 1298 370
83 PRL 51 245
83 PRL 51 1625
83 PRL 50 573
83 PL 1288 327
83 PL 1308 331
83 PL 1288 333
83 PL 1218 115
83 PR D27 1525
82 LNC 35 413
82 PL 1128 100
e2 PRL 4e 13?8
82 PL 1198 320
82 NP 8209 45
82 PRL 48 77

+AHLEN, LISS (UC 8+M 1 CH+ I MD)
+LORD, STRAUSZ, WILKES (WASH)
+HUSSET ~ PR I CE g V IALLE (CERN+LAPP)
+K I NOSH ITA, PR I CE (UCB)
+COURANT, HELLER, JOYCE, HARSHAK+ (MINN+ANL)
BATTISTONI, BELLOTTI+ (FRAS+MILA+TORI+CERN)
SONARELL I, CAP ILUPP I, DAMTONE (BGNA)
+GORHAM, HARRIS, LEARNED+ (AACH+HAWA+TOKY)
+TASER~GARONER ~ BOURG (STAN)
+HAYAHS I, HANASAKI+ (TWAS+TR IK+TTAN+IPCR)
+STONE+ (UCI+MI CH+BNL+CIT+CLEV+HAWA+LOUC)
+TURNER, SCHRAMM (CHIC)
+LOH, NELSON, RITSON (UTAH+STAN)
+OR ITO, KA WAGOE, NAKAMURA, NOZAK I (TOKY)
MIKHAI LOV (KAZA)
+PR ICE, LOHRMANN {CERN+HAMB)
+TURNER (CHIC)
SCHATTEN (NASA)
+BOLIEV, CHUDAKOV, NAKOEV, MIKHEYEV+ (INRH)
BONARE LL I, CAP I LUPP I, DANTONE, + {BGNA)
CABRERA (STAN)
DIMOPOULOS, PRESKILL, WILCZEK (HARV+UCSB)
+YUAN, ROBERTS, DOOHER+AMALDI+(SNL+AOEL+ROMA)
K I NOSH ITA, PR ICE, FRYBER GER (UCB+SLAC)

»**it» iitt****» i»it»**it it*»i**»i *»»t»»*i* *»**»it*i *»»**»*i*»*it»**i
REFERENCES FOR MAGNETIC NONOPOLE SEARCIIES

2/84*
10/83*
10/83»
12/81
1/77
5/82*
2/76

12/75
4/77

12/75
4/82

12/75
12/75

AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX

AXP
AXP
AXP
AXP
AXP A

AXP A

AXP A
AXP 8
AXP C
AXP
AXP D

AXP E
AXP F
AXP G

AXP H

AXP I
AXP J
AXP J
AXP K
AXP L
AXP N
AXP N

AXP 0
AXP P
AXP Q
AXP R
AXP
AXP A

AXP A
AXP A
AXP A
AXP A

VARlOUS AXION SEARCHES IN PRODIICTION OR DECAY
(VALUES QUOTED ARE AXION PRODUCTION RATIO TO PIO PROD CROSS SEC. )

FOR THEORY AMD REVIEW SEE WEIMSERG PRL 40, 223 (1978) I WILCZEK
PRL 40, 279 (1978); DONNELLY PR D18, 1607 (1978); BARSHAY ET AL ~,
PRL 46 g 1361 ( 1981) I BARROSO+HUKHOPAOHYAY PL 106, 91 ( 1981 ); AND
PECCE I g PROC INTL ~ NEUTRINO CONF ~ ~ MAUI ( 198'1) ~ ED CENCE (HAWAI I )
FOR INVISIBLE-AXIOM THEORY SEE E.G. WISE, GEORGI AND GLASHOW
PRL 47, 402 (1981), AND FOR VERY HEAVY AXIOM THEORY SEE E.G ~ TYE
PRL 47, 1035 (1981)~ FOR K --) PI AO SEE ALSO E.G. , GOLDNAN
AND HOFFMANN PRL 40, 220 (1978), FRERE ET AL. , PL 1038, 129 (1981)~

IIAORONI C
)/CS(PIO)

CL .90
CL .95
CL ~ 90
CLR. 90
CL .90
CL .90

COLLISIONS ANO

AL IBRAN 78
ASRATYAN 78
BELLOTTI ?8
BELLOTTI 78
BELLOTTI 78
BOSE TT I 78
DONNELLY ?e
HANSL1 78
MICELNACH 78
VYSOTSSK I 78
SECH IS 79
COTEUS 79
DI SMAW 79
FA ISSNER 80
JACQUES 80
JACQUES 80
SOUKAS 80
FA IS SNE1 81
FAISSNE2 81
KIM 81
FETSCMER 82
FA IS SNER 83
FAISSNER2 83
HOFFMAN 83

AXIOM PRODUCTION IN
L INI TS ARE FOR CS(AO

E-8 OR LESS
6. E-9 OR LE SS
5.4E-14 OR LESS
4. 1E- 9 OR LESS
1.5E- 8 OR LESS

E-B OR LE SS

VARIOUS SEAN DUNP EXPTS.

HYBR
CALO
HLBC
HLBC
HLBC
HYBR

SEAM DUMP
BEAM DUMP
FOR MASS~1. 5 NEV
FOR MASS~1 NEV
SEAM DUMP
SEAM OUNP

0.5E-B OR LESS CL~. 90 WIRE BEAM DUMP

CMTR
OSPK SEAM DUNP
CALO 400 GEV P P
OSPK BEAN DUMP, A0--)E+E-
HLBC 28 GEV PROTONS
MLBC BEAH DUMP
CALO 28GEV P B.DUMP
OSPK CERN PS NU WIDEBANO
OSPK BEAM DUHP, AO--)2GAM
OSPK 26 GEV P NUC--)AO X
RVUE CF. FAISSNER2 81
OSPK BEAM-DUMP, AO--)2GAH
RVUE LAMPF BEAM DUHP
CNTR PI-P—&N(A0--&E+E-)

E-8
E-3

0
1 ~ E-8
1 ~ E-14

OR LESS CL~. 90
OR LESS CL~. 95

OR LESS CL~. 90
OR LESS CL~.90

12
15
8

24

SELLOTTI 78 FIRST VALUE COMES FROM SEARCH FOR A--)E+E-. SECOND
VALUE CONES FROM SEARCH FOR A--)2GANNA, ASSUNING MASS&2*MASS(E-) .
FOR ANY MASS SATISFYING THIS, LIMIT IS ABOVE VAl. UE*{NASS**-4).
THIRD VALUE USES DATA OF PL 608 401 AND QUOTES CS(PROD)*CS(INTER-
ACTION&(10**-67 CN**4.

1/83»
1/83*

6/78
12/79

1/79
1/79
1/79
6/78

12/79
6/78

12/79
1/80

12/79
7/79

12/79
1/82
9/81
9/81
9/81
6/82*
2/82
1/82

11/83*
11/83*

1/84»
11/83*

'I/79
1/79
'I /79
1/79
1/79
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Stable Particles
AXION SEARCHES, OTHER STABLE PARTICLE SEARCHES

Data Card Listings

AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP
AXP

AXO
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD

AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXD
AXO

BOSETTI 78 QUOTES CS(PROD)*CS( INTERACT)( 2.E-67 CM**4

DOHNELLY 78 EXAHINES DATA FROM REACTOR NEUTRINO EXPTS OF REINES 76
AND GURR 74 AS WELL AS SLAG BEAM DUMP EXPT ~ EVIDENCE IS NEGATIVE.

NICELHACHER 78 FINDS NO EVIDENCE OF AXIOM EXISTENCE IN REACTOR
EXPTS OF RE INES ?6 AND GURR 74. (SEE REF UNDER DONNELLY 78 BELOW).

VYSOTSSKII 78 DERIVED LOWER LIMIT FOR THE AXION MASS. 25 KEV FROM
LUMINOSITY OF THE SUN AND 200 KEV FROM RED SUPERGIANTS.

BECHIS 79 LOOKED FOR THE AXIOM PRODUCTION IN LOW ENERGY ELECTRON
BREMSSTRAHLUNG AND THE SUBSEQUENT DECAY INTO EITHER 2 GAMMAS OR
E+ E- ~ NO SIGNAL FOUND' C ~ L ~ =0.90 LIMITS FOR MODEL PARAMETER(S)
ARE GIVEN.

COTEUS 79 IS A BEAM DUMP EXPERIMENT AT BNL.

DISHAW 79 IS A CALORIMETRIC EXPERIMENT AND LOOKS FOR LOW ENERGY
TAIL OF ENERGY DISTRIBUTUIONS DUE TO ENERGY LOST TO WEAKLY
INTERACTING PARTICLES ~

FAISSNER 80 IS SIN BEAM DUMP EXPT WITH 590 HEV PROTONS LOOKING FOR
AO--)E+ E- OE CAY. ASSUMING AO/P I 0=5.5E-7, OBTA I NED DECAY RATE LIMIT
20/(AO HASS) MEV/SEC (CL=.90),WHICH IS ABOUT 10**-7 BELOW THEORY
ANO INTERPRETED AS UPPER LIMIT TO MASS(AO) ( 2* MASS(E-).

JACQUES 80 IS A BNL BEAM DUMP EXP ~ FIRST LIMIT ABOVE COMES FROM
NON-OBSERVATION OF EXCESS NC-TYPE EVENTS (CS(PROD)*CS(INTERACT) (
7.E-68 CN**4, CL=0. 90). SECOND LIMIT IS FROM NON-OBSERVATION OF
AXIOM DECAYS INTO TWO GAMMAS OR E+E-, AND FOR AXIOM MASS A FEW MEV.

6/78

12/79
12/79

12/79
12/79

1/80
1/80

12/79
12/79
12/79
12/79

12/79

12/79
12/79
12/79

1/82
1/82
1/82
1/82

9/81
9/81
9/81
9/81

SOUKAS 80 AT BNL OBSERVED NO EXCESS OF NC-TYPE EVENTS IN BEAN DUMP ~ 9/81

FAISSNER1 81 SEE EXCESS MU E EVENTS ~ SUGGEST AXION INTERACTIONS.

FAISSNER2 81 IS SIN 590MEV PROTON BEAM DUHP. OBSERVED 14 ~ 5+-5.0 EVS
OF 2 GAMHA DECAY OF LONG-LIVED NEUTRAL PENETRATING PARTICLE WITH
M(2 GAMMA) ( APPROX. 1 HEV. AXION INTERPR. WITH ETA-AO MIXIMG GIVES
H(AO)=(250+-25)KEV, TAU(2 GAMMA)=(7. 3+-3.7)E-3 SEC FROH ABOVE RATE.

KIN 81 ANALYZED 8 CANDIDATES FOR AO--)2 GAMMA OBTAINED BY AACHEN-
PADOVA EXPT AT CERN WITH 26 GEV PROTONS ON BE. ESTIMATED AXION MASS
IS ABOUT 300 KEV AND LIFE IS (0.86 TO 5.6) E-3 S DEPENDING MODELS.
FA I SSNER I PR IV COMM g SAYS AX ION PROD UNDEREST IHATED AND HASS
OVERESTIHATED. CORRECT VALUE AROUND 200 KEV.

FETSCHER 82 RE-ANALYZES SIN BEAM-DUMP DATA OF FAISSNER 81. CLAIMS
NO EVIDENCE FOR AXION SINCE 2-GAMMA PEAK RATE REMARKABLY DECREASES
IF IRON WALL IS SET IN FRONT OF THE DECAY REGION.

FAISSNER 83 OBSERVED 19 1-GAMMA AMD 12 2-GAMMA EVEMTS WHERE A BKGD
OF 4.8 AND 2.3 RESPECTIVELY IS EXPECTED. A SHALL-ANGLE PEAK IS
OBSERVED EVEN IF IRON WALL IS SET IN FRONT OF THE DECAY REGION.

FAISSNER2 83 EXTRAPOLATE SIN GAM SIGNAL TO LAMPF NEU EXP CONDITION.
RESULTING 370 GAMMAS ARE NOT AT VARIANCE WITH LAMPF UPPER LIMIT
OF 450 GAHMAS. DERIVED FROM LAMPF LIMIT THAT (DSIGMA(AO)/DONEGA AT
90 DEG)*M(AO) /TAU(AO) & 14*10**-35CM**2*SR*a-1*HEVaMILLISEC**-1.

6/82*

2/82
2/82
2/82
2/82

1/82
1/82
1/82
4/82
4/82

11/83*
11/83*
11/83*

11/83*
11/83*
11/83*

1/84*
1/84*
1/84*
1/84*

HOFFHAN 83 SET CL= ~ 90 LIMIT DSIGMA/DT*BR(E+E-)(3. 5E-32 CM**2/GEV**2 11/83*
FOR 140 &M(AO)(160 HEV. LIHIT ASSUHES TAU(AO) & 10**-9 SEC. 11/83*

AXIOM SEARCHES IN THE DECAY OR TRANSITION OF POS
KAON, NUCLEON, AND RADIOACTIVE NUCLEUS ~ L I HI TS ARE

CALAPR ICE 79
ZH I TNI TSK 79

0 ASANO 81 CMTR
VUILLEUHI 81 CNTR

0 ZEHNDER 81 CNTR
ALEKSEEV 82 CNTR

0 ASANO 82 CNTR
BARROSO 82
DATAR 82 CNTR

1.4 E-5 OR LESS CL=.90 EDWARDS 82 CBAL
LEHMANN 82 CNTR

LESS CL= ~ 90 SIVERTZ 82 CUSB
LESS CL= ~ 90 SIVERTZ 82 CUSS

ZEHHOER 82 CNTR
LESS CL~.90 ALAM 83 CLEO

CARSON I 83 CNTR
CAVAIGNAC 83 CNTR

9 ~ 1 E-4 OR LESS CL= ~ 90 NICZYPORU 83 LENA

3.5 E-4 OR
1.2 E-4 OR

0
3. E-4 OR

ITRON IUN, QUARKONI UN,
FOR BRANCHING RATIO

CARSON
HEAVY AX ION

STOPPED K+--)PI+ AO
REACTOR, AO--) 2 GAH
SA*--)(AO--)2GAH)BA
LI*,D* TR. AO-)2GAH
STOPPED K+--)PI+ AO
PHOTO-PROD. IN STARS
LIGHT WATER REACTOR
J/PS I--)AO GAMMA
CU*--)(AO--&2GAM)CU
UPSI(1S)--&AO GANMA
UPSI(3S)--)AO GAHMA
LI*,NB*DECAY, N-CAPT
UPSI(1S)--)AO GAMMA
OR THO-POS I TRON IUH
N897*, D*TR.AO-)2GAM
UPSI(1S)--)AO GAMMA

9/81
9/81
2/82
1/84*
1/82

11/83*
1/83*

11/83*
1/83*

11/83*
1/83*

11/83*
11/83*
1/83*

11/83*
11/83*
11/83*
11/83*

CALAPR ICE 79 SAW NO AXION EMISSION FROM EXCITED STATES OF CARBON.
SENSITIVE TO AXION MASS BETWEEN 1 AND 15 MEV.

ZHITNI TSK I I 79 ARGUE THAT A HEAVY AX ION BY YANG (3&M(40 MEV)
CONT RAD I CT S EXP ER I MENTAL MUON ANOH ~ HAGNE 7 I C MONE NTS .
ASANO 81 IS KEK EXPT. SET BR(K+ --&PI+ AO) & 3.8E-8 AT CL=.90.

9/81
9/81

9/81
9/81

2/82

VUILLEUHIER 81 IS AT GRENOBLE REACTOR. SET LIMIT M(AO)(280 KEV.

ZEHNDER 81 LOOKED FOR BA*--)AO BA TRANSITION WITH AO--)2 GANMA.
OBTAINED 2GAHMA COINCIDENCE RATE ( 2.2E-5 /SEC(CL=. 95) EXCLUDING
MASS(AO))160 KEV(OR 200 KEV DEPENDING ON HIGGS MIXING).
HOWEVER, SEE SARROSO + MUKHOPADHYAY, REF. ABOVE.

1/84*

1/82
1/82
1/82
4/82

ASANO 82 AT KEK SET LIMITS FOR BR(K+--)PI+ AO) FOR H(AO)&100 MEV AS
BR &4.E-8 FOR TAU(AO--&N-GAHMAS)&1. E-9S, BR&1.4E-6 FOR TAU&1. E-9S.

BARROSO 82 DERIVE IN DFS-MODEL(PL1048, 199) AO MASS LIMITS FROM
STELLER-ENERGY-LOSS BOUND. ALLOWED MASS REGIONS ARE
M(AO)(10 EV (AXION INVISIBLE DUE TO VERY SMALL COUPLING), AND
M(AO) AROUND 200 KEV (CORRESPOMOIMG DFS-AO PARAN IS HARDLY
COMPATIBLE WITH REACTOR DATA OF ZEHNDER 81) .
DATAR 82 LOOKED FOR AO--)2 GAHHA IN NEUTRON CAPTURE (N P--)0 AO) AT
TARAPUR 500 HW REACTOR. SENSITIVE TO SUM OF I=O AND I=1 AMPLITUDES.
WITH ZEHNDER 81((I=O)-(I=1) ) RESULT, ASSERT NON-EX OF STANDARD AO.

EDWARDS 82 LOOKED FOR J/PSI--)GAMMA+AXION DECAYS BY LOOKING FOR
EVENTS WITH A SINGLE GAMMA (OF ENERGY APPROX. 1/2 THE J/PSI MASS),
PLUS NOTHING ELSE IN THE DETECTOR. THE LIMIT IS INCONSISTENT WITH
THE AXION INTERPRETATION OF THE FAISSNER2 81 RESULT.

LEHMANM 82 OBTAINED AO--)2GAN RATE(6. 2E-5 /SEC (CL=.95) EXCLUDING
MASS(AXIOM) BETWEEN 100 AND 1000 KEV.

1/83*
1/83*
1/83*

11/83*
11/83*
11/83a
11/83*
11/83*

1/83*
1/83*
1/83*

4/82
4/82

11/83*
11/83*
1/83*
1/83*
1/83*

ALEKSEEV 82 WITH IBR-2 PULSED REACTOR EXCLUDE STANDARD AO AT CL~. 95 11/83*
MASS-RANGES M(AO)(400 KEV (LI* DECAY) AND 330 KEY&M(AO)(2. 2HEV 11/83*
(DEUT* DECAY) ~ 11/83a

AXD L SIVERTZ 82 IS CESR EXPT. LOOKED FOR UPSI--)GAMMA AO, AO UNDETECTED.
AXD L LIMIT FOR 1S(3S) IS VALID FOR M(AO)&7 GEV (4 GEV) .
AXD
AXD H ZEHNDER 82 USED GOESGEN 2. 8GW LIGHT-WATER REACTOR TO CHECK AO PROD.
AXD M NO T'WO GAMMA PEAK IN LI*,NB* DECAY(BOTH SINGLE P TRANSITION) NOR IN
AXD N N CAPTURE(COHS WITH PREVIOUS BA* NEG RESULT) RULES OUT STANDARD AO.
AXD H SET LIMIT M(AO)(60KEV FOR ANY AO.
AXD
AXD N ALAM 83 IS AT CESR ~ THIS LIMIT COHB INED WITH LIMIT FOR BR( J/PSI--)
AXD H AO GAMMA) (EDWARDS 82) EXCLUDES STANDARD AXION.
AXD
AXD 0 CARBONI 83 LOOKED FOR ORTHOPOSITRONIUN--)AO GAMMA. SET LIMIT FOR AO
AXD 0 ELECTRON COUPLING SQUARED, G(EEAO)**2/(4*PI ) ( 6.E-10 TO 7.E-9 FOR
AXD 0 M(AO)FROM 150 TO 900 KEV(CL=-997). THIS IS ABOUT 1/10 OF G-2 BOUND-
AXD
AXD P CAVAIGNAC 83 AT BUGEY REACTOR EXCLUDE AXION AT ANY MASS(NB97*DECAY)
AXD P ANO AXION WITH M(AO) BETWEEN 275 AND 288 KEV (DEUTERON* DECAY).
AXD
AXD Q NICZYPORUK 83 IS DESY-DORIS EXPERIMENT. THIS LIMIT TOGETHER WITH
AXD Q LOWER LIMIT 9 ~ 2 E-4 OF BR(UPSI--)AO GAMMA) DERIVED FROM BR(J/PSI
AXD Q --)AO GAMMA) LIHIT (EDWARDS 82) EXCLUDES STANDARD AXIOM.

*aaaa* a*aa**aa* **aa*a*a*aaaaaaaaa aa*aaaaaa aaaaaaaaa a*aaaaaaa *aaa*a**

11/83*
11/83*

1/83*
1/83*
1/83*
1/83*
1/83*

11/83*
11/83*

11/83*
11/83*
11/83*

11/83*
11/83*

11/83*
11/83*
11/83*

ALIBRAN 78 PL 748 134
ASRATYAN 78 PL 798 497
BELLOTTI 78 PL 768 223
BOSETTI 78 PL 748 143

REFERENCES FOR AXIOM SEARCHES

AACH+BAR I+BERG+BRUX+CERN+EPOL+MILA+ORSA+
+EPSTEIN, FAKHRUTDINOV+ (ITEP+SERP)
+F IOR IN I, ZANOTT I (MILA)
+DEDEN+ (AACH+BONN+CERN+LOIC+OXF+SACL)

DONNELLY
ALSO
ALSO

HANS L1
HI CE LHAC
VYSOTSSK

78 PR D18 1607
76 PRL 37 315
74 PR L 33 179
78 PL 748 139
78 LNC 21 441
78 JETPL 27 502

(STAN)+FREEDMAN g LYTEL J PECCE I J SCHWARTZ
RE INES, GURR, SOBEL
GURR, REINES, SOBEL
+HOLDER, KNOBLOCH+(CERN+DORT+HEIO+SACL+BGNA)
MICELMACHER, PONTECORVO ( J INR)
VYSOTSSK I I+ ( I NST ~ APPL. MATH. , USSR ACA ~ SC I . )

SECH IS 79 PRL 42 1511
CALAPRIC 79 PR D20 2708
COTEUS 79 PRL 42 1438
D I SHAW 79 PL 858 142
ZHITMITS 79 SJNP 29 517

FA I SSNER 80 PL 968 201
JACQUES 80 PR D21 1206
SOUKAS 80 PRL 44 564

+DOMBECK+ (UND+COLU+A. F.R.R. I.-BETHESDA)
CALAPR ICE DUNFORD KOUZES MILLER+ (PRIM)
+DI ESBURG, F IME, LEE, SOKOLSKY+ (COLU+ILL+BNL)
+DIAMANT-BERGER, FAESSLER, LIU+ (SLAC+C IT)
ZHITNI TSKI I, SKOVPEN (NOVO)

+FRENZEL, HE INRI GS, PREUSSGER, SAMM, SAHH(AACH)
+KALELKAR, MILLER, PLANO+ (RUTG+STEV+COLU)
+WANDERER, WENG, BREGHAN+(BNL+HARV+ORNL+PENN)

ASANO 81
FA I SSNE1 81
FAISSNE2 81
K IM 8'I
VUILLEUM 81
ZEHNDER 81

PL 1078 159
ZPHY C10 95
PL 1038 234
PL 1058 55
PL 1018 341
PL 1048 494

+K IKUTAN I, KUROKAWA+ (KEK+TOKY+OSAK)
FAISSNER, FRENZEL, GRIMM, HANSL, HOFFMAN+(AACH)
FAISSNER, FRENZEL, HE IHR IGS, PREUSSGER+ (AACH)
B.R

HAKIM,

CH. STAMH (AACH)
VUILLEUMIER, BOEHH, HAHN, KWON+ (CIT+HUNI )
A. ZEHNDER (ETH)

ALEKSEEV 82 JETPL 36 116
ASANO 82 PL 1138 195
BARROSO 82 PL 1168 24?
DATAR 82 PL 1148 63
EDWARDS 82 PRL 48 903

FETSCHER 82 JPG 8 L147
LEHMANN 8? PL 1158 270
SIVERTZ 82 PR D26 717
ZEHNDER 82 PI. 1108 419

+KALININA, KRUGLOV, KULIKOV + (MOSU+JINR)
+K IKUTANI, KUROKAWA+ (K EK+ TOKY+OSAK )
A. BARROSO, C ~ BRANCO (LISB)
+BABA, BET IGER I, SINGH (BHAB)
+PARTRIDGE, PECK+ (C IT+HARV+PR IN+STAN+SLAG)

W. FETSCHER (ETH)
+LESQUOY, HULLER, ZYLBERAJCH (SACL)
+LEE-FRANZINI+ (STON+COLU+LSU+NPIM)
+GASATHULER, VUILLEUHIER (ETH+SIN+C IT)

ALAM 83
CARBON I 83
CAVA IGNA 83
FAISSNER 83
FAISSNE2 83
HOFFHAN 83
NI CZYPOR 83

PRO 27 1665
PL 1238 349
PL 1218 193
PRD 28 1198
PRD 28 1787
PRO 28 660
ZP HY C17 197

+ (VAND+CORN+ITHA+HARV+OHIO+ROCH+RUTG+SYRA)
G. CARBONI, W. DAHME (CERN+MUNI)
CAVAIGHAC, HOUMMAOA, KOANG, OST+ (GREN+LAPP)
+HE INR I GS, PREUSSGER, SAMH (AACH)
FA I SSNER, FRENZEL, HEIHR IGS, PRESSGER, + (AACH)
+FRANK, NI SCHKE, MOIR, SCHARDT (LANL+ARZS)
NICZYPORUK+ LEMA COLLAB. (CRAC+ERLA+DESY+)

aaaaaa aaaaaaaaa a*aa*aaaa aaaaaaaaa aa*a*aaa* ****aaaaa aaaaaaaaa aaaaaaaa
aaaaaa aa*a*aaaa aaa*aa*aa ***aa***aaaaa*aa** aaa*a*aa* aaa****a***a***a*

OTHER STABLE PARTICLE SEARCHES

%'e collect here those searches which do not fit
neatly into one of the above search categories. These
include searches for higgs bosons, technipions, gluinos,
photinos, squarks, shadrons, and sleptons (sections H,
HGC, EGT, EGP, SLP), trimuon and four-lepton pro-
duction in neutrino and antineutrino reactions (T, FL),
di- and trimuon production in muon interactions (MU),
and heavy particle searches in accelerator experiments
(EE, CH, CS, D, ICH, RPI, CA, CEN), in cosmic rays
(F), and in matter (CGN). Searches are also listed for
light particles (C), highly-ionizing particles (ION),
penetrating non-neutrino-like particles (BD), and
tachyons (TCF, TCM, TCD). Note that axion searches
now appear in a separate section above.
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For notation, see key at front of Listings. Stable Particles
OTHER STABLE PARTICLE SEARCHES

BD
BD
BD
BD

PRODUCTION OF NEW PENETRATIN6 NON-NEUTRINO LIKE STATES IN BEAN DUMP
LOSECCO 81 CALO 28 GEV PROTONS

NO EXCESS N. C. EVS LEADS TO CSP*CS I*ACCEPTANCE(2. 26E-71 CM**4/NUC**2
(CL=.90)FOR LIGHT NEUTRALS. ACC. DEPENDS ON MODELS (0.1 TO 4.E-4).

1/82
1/82
1/82

TRINUON PRODUCTION IN NEUTRINO NUCLEON INTERACTIONS
SEE ALSO SECTION 'NEU' IN 'HEAVY LEPTON SEARCHES' ~

FOR EXTENSIVE DISCUSSIOM, SEE ALBRIGHT 78 (PR 018, 108), HANSL 78
(NP 8142, 381), AND KANE 79 (PR D19, 1978) ~

2 EVENTS MU- MU MU BARISH 77 SPEC NEU BEAM
BARISH 77 EVENTS CONTAIN FAST HU- AND 2 ADDITIONAL MUONS WITH LOW
ENGERY IN DIMUON REST

FRAMERS

SLOW MUONS COULD COME FROM EITHER
VIRTUAL PHOTON OR VECTOR MESON OR FROM ASSOC PROD OF CHARMED
PARTICLES WHICH DECAY LEPTONICALLY.

7/77
7/77
7/77
7/77
7/77

6 SEEN BENVENUTI 77 NEUL 5/6NEU, 1/6NEUBAR 12/77
BENVENUTI 77 IS FNAL EXPT. CAN BE EXPLAINED BY PROD OF NEW HEAVY 12/77
LEPTON --) MU- NEUBAR MEW LIGHTER LEPTON --) MU+ MU- NEU ~ 12/77

BLETZACKE 77 RVUE
BLETZACKER 77 EXPLAINS TRIMUON AND LIKE SIGN DIMUON PROD AS ASSOC
PROD OF CHARM.

12/77
12/77
12/77

3 SEEN HOLDER 77 SPEC 12/77
HOLDER 77 EVENTS ARE MU-MU-M+ AMD HU-MU+MU+ WITH NEU BEAM, AND 12/77
MU+MU-MU- WITH NEUBAR BEAM. RATE RELATIVE TO CHARGED CURRENT EVENTS 12/77
IS 4*10**-5. 12/77

CS
CS
CS
CS
CS
CS
CS
CS

DIFFERENTIAL CROS
DORFAN 65
DORFAN 65
8 I NON 69
ANT I POV1 71
ANT I POV2 71
ALPER 73
APPEL 74
ALBROW 75
ALBROW 75
JOVANOVIC 75
JOVANOVIC 75
JOVANOVIC 75
BALD IN 76

HEAVY PARTICLE PRODUCTION S SECTION (CN»*2/SR-GEV)
CNTR BE TARGET M~3-?GEV
CNTR FE TARGET M=3-7GEV
CNTR Q~- M=1-1.8 GEV
CNTR Q~- M=1. 2-1.7, 2. 1-4
CNTR Q=- M=2 ' 2-2.8
SPEC +- H 1.5-24 GEV
CNTR +- M=3 ' 2-7 ' 2 GEV
SPEC Q=+-1 M~4-15 GEV
SPEC Q=+-2 M~6-27 GEV
CNTR +- M~15-26 GEV
CNTR Q~+-2, H=3-10 GEV
CNTR Q=+-2, M~10-26 GEV
CNTR Q~-1, H=2. 1-9.4 GEV

0 1.5E-36 OR LESS
0 3.0E-36 OR LESS
0 2.4E-35 OR LESS
0 2 ' 4E-35 OR LESS
0 1 ' 2E-35 OR LESS
0 5 ' 8E-34 OR LESS
0 1 ~ E-31 OR LESS
0 2.2E-33 OR LESS
0 1.1E-33 OR LESS
0 8. E-35 OR LESS
0 1 ' 5E-34 OR LESS
0 6 ~ E-35 OR LESS
0 2.6E-36 OR LESS

CL=.90
CL=.90
CL~. 90
CL~. 90
CL=.90
CL ~ 90
CL .90
CL=.90
CL= ~ 90
CL= ~ 90
CL .90

DORFAN 65 IS A 30 GEV/C P EXPT AT BNL. UNITS ARE PER GEV MOMENTUM
PER NUCLEUS.

ANTIPOV1 71 LIMIT INFERRED FROM FLUX RATIO ~ 70 GEV P EXPERIMENT.

HEAVY PARTICLE PRODUCTION CROSS-SECTION CCN»»2/NUCLEON)
0 2.5E-35 OR LESS GUSTAFSON 76 CNTR 0 TAU GT 10**-7

GUSTAFSON 76 IS A 300 GEV FNAL EXPT LOOKING FOR HEAVY (M GT 2 GEV)
LONGLIVED NEUTRAL HADRONS IN THE M4 NEUTRAL BEAM. THE ABOVE TYPICAL
VALUE IS FOR M~3 GEV AND ASSUMES AN INTERACTION CROSS SECTION OF
1 MB. VALUES AS A FUNCTION OF MASS AND INTERACTION CROSS SECTION
ARE GIVEN IN FIG. 2.

1/77

1/77
1/77
1/77
1/77
1/77

5/76
5/76
3/7?
3/77
3/77
5/76
2/76
1/77
1/77
2/76
2/76
2/76
1/77

5/76
5/76

3/77

ALBR IGHT 78 RVUE
ALBRIGHT 78 COHPARES DATA OF TRIHUON AND FOUR-MUON EVENTS LISTED
ABOVE WITH SIX MODELS.

12/79
12/79
12/79

ANTIPOV2 71 IS FROM SAME 70 GEV P EXP. AS ANTIPOV1 71 AND BINON 69. 3/77

ALPER 73 IS CERN ISR 26+26 GEV P+P EXP' P).9 GEV, ~ 2( BETA (.65. 5/76

FL
FL
FL
FL
FL
FL
FL
FL
FL

7 SEEN BEMVENUTI 78 NEUL
BENVENUTI 78 IS FMAL EXP' 6 OF THE EVENTS ARE SEEN USING A 95 PCNT
NEU BEAMF 1 USING AN 83 PCNT NEUBAR BEAM. SEE MORI 78 FOR LIMITS
OF THE PROB THAT THE TRIHUONS ARE PRODUCED BY A NEW SHORT-LIVED
SOURCE OF NEUTRINOS'

76 EVENTS MU- MU- MU+ HANSL2 78 SPEC MEU BEAM
HANSL2 78 IS CERN SPS EXPT. RATE RELATIVE TO SINGLE MUON EVENTS IS
&3 ~ 0+-.4)*10**-5 FOR E(NEU))30 GEV ~ CAN BE EXPLAINEO AS C ~ C.
INTERACTIONS WITH ADDITIONAL LOW MASS MU PAIRS. NO EVIDENCE FOR NEW
HEAVY LEPTON.

39 MU-MU-MU+ SEEN BENVENUTI 79 MEUL NEU BEAM
BEMVENUTI 79 INCLUDES 9 EVENTS FROM BENVENUTI 77 ANO 78. RATE
RELATIVE TO SINGLE MUON EVENTS IS (1.1+-.5)*10**-4FOR E(NEU))100
GEV. CONSISTENT WITH E.M. AND DIRECT PRODUCTION OF MU PAIRS.
CHARM ASSOC PROD MAY ACCOUNT FOR 20 PERCENT OF PRODUCTION. NO
EVIDENCE FOR NEW HEAVY LEPTONS OR HEAYY QUARKS.

8 MU+MU+HU- DEGROOT 79 SPEC NEUBAR BEAM
DEGROOT 79 IS CERN SPS EXP' RATE RELATIVE TO SINGLE MUON EVENTS
IS (1.8+-0 ' 6)E-5 FOR E(NEU))=30 GEV ANO P(MU))=4 ' 5 GEV/CD COULD BE
EXPLAINED AS C. C. INTERACTION ACCOMPANIED BY A MUON PAIR OF EITHER
HAORONIC OR E ~ M ~ ORIGIN AS IN NEU CASE. NEGATIVE SIGNAL FOR HEAVY
LEPTON.

FOUR-LEPTON PRODUCTION IN NEUTRINO-NUCLEON INTERACTIONS
1 2MU+ 2MU- HOLDER 78 SPEC
1 2E- E+ HU+ LOVELESS 78 HBC

HOLDER 78 EVENT IS FROM CERN-SPS EXPT. RATE RELATIVE TO MU+MU-
EVENTS IS 1 ' 4E-4 ~

LOVELESS 78 EVENT IS FROM FNAL EXP' EVENT ALSO HAS 1 KS AND 7
GAMMAS.

8/78
8/78
8/?e
8/78
8/78

1/79
1/79
1/79
1/79
1/79

7/79
7/79
7/79
7/79
7/79
7/79

12/79
12/79
12/79
12/79
12/79
12/79

2/79
2/79
2/79

2/79
2/79

2/79
2/79

ICN
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH
ICH

LON6L IVE D HEAVY
0 1 ~ 1E-37 OR
0 3 ' OE-37 OR
0 6 ~ E-33 OR
0 1.5E-33 OR
0

PARTICLE INVARIANT C.S.
LESS CL= ~ 90 CUTTS
LESS CL=.90 VIDAL
LESS CL~.90 ARMITAGE
LESS CL~. 90 ARMITAGE

BOZZOLI

(CN»*2/6EV»»2/NUCLEON)
78 CNTR MASS 4-10 GEY
78 CNTR MASS=4. 5-6 GEV
79 SPEC M=1. 87 GEY
79 SPEC M=1. 5-3 ~ 0 GEV
79 CNTR Q=+-&2/3, 1,4/3, 2).

CUTTS 78 IS P BE EXPT AT FNAL SENSITIVE TO PARTICLES OF TAU)5E-8SEC
VALUE IS FOR —~ 3(X(0 AND PT~O. 175.

VIDAL 78 IS FNAL 400 GEV PROTON EXPT. VALUE IS FOR X=O AND PT=O.
PUTS LIFETIME LIMI T OF (5*10**-8SEC ON PARTICLE IN THIS HASS RANGE

ARMITAGE 79 IS CERN-I SR EXPT AT ECM=53 GEV. VALUE IS FOR X=O. 1 AND
PT~O. 15. OBSERVED PARTICLES AT M=1. 87 GEV ARE FOUND ALL CONSISTENT
WITH BE IMG ANT IDEUTERONS ~

BOZZOLI 79 IS CERN-SPS 200 GEV P N EXPERIMENT. LOOKS FOR PARTICLE
WITH TAU LARGER THAN 10**-8 SEC. SEE THEIR FIG. 11—18 FOR PRODUCTION
CROSS SECTION UPPER LIMITS VS MASS.

APPEL 74 IS NAL 300 GEV P+W EXPERIMENT. STUDIES FORWARD PRODUCTION
OF HEAVY (UP TO 24 GEV) CHARGED PARTICLES WITH MOMENTA 24-200GEV(-)
AND 40-150GEV (+CHG). ABOVE TYPICAL VALUE IS FOR 75 GEV AMD IS
PER GEV MOMENTUM PER NUCLEONS

ALBROW 75 IS A CERN ISR EXPT WITH ECM~53 GEV. THETA=40 MR. SEE
FIG. 5 FOR MASS RANGES UP TO 35 GEV ~

JOVANOVI CH 75 IS A CERN ISR 26+26 AND 15+15 GEY P+P EXPERIMENT.
FIG ~ 4 COVERS RANGES Q~1/3 TO 2 AND M=3 TO 26 GEV ~

VALUE IS PER GEV MOMENTUM.

BALDIN 76 IS A 70 GEV SERP EXP. VALUE IS PER AL NUCLEUS AT
THETA~0. FOR OTHER CHARGES IN RANGE -0.5 TO -3.0, CL=.90 LIMIT IS
(2.6E-36)/ABS(CHARGE) FOR MASS RANGE &2. 1 TO 9.4GEV)*ABS(CHARGE).
ASSUMES STABLE PARTICLE INTERACTING WITH MATTER AS DO ANTIPROTONS.

2/76
2/76
5/76
5/76

1/77
1/77

2/76
2/76
5/76

1/77
1/77
1/77
1/77

1/?9
1/79

12/79
7/79
7/79
1/80

1/79

2/79
2/79

7/79
7/79
7/79

1/80
1/80
1/80

NU
MU

HU

MU

MU

MU

MU

MU

MU

MU

MU

MU

MU

MU

MU

EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE

DI- AND TRI-MUON PRODUCTION IN NU NUCLEON INTERACTIONS
SEE ALSO SECTION 'MU' IN HEAVY LEPTGN SEARCHES AND CHARM SEARCHES

11 TR IMUON EVENTS CHANG 77 SPEC
32 DIMUON EYENTS CHANG 77 SPEC

450 MU+MU- 223 MU-MU- EVENTS LEBRITTON 80 SPEC WCM(VIRTUAL PHOTON-
158 MU-HU-MU+ EVENTS LEBRITTON 80 SPEC NUCLEON) ( 4. 5 GEV

10/81
12/77
12/77
12/81
12/81

LEBRITION 80 IS BNL EXP. LOOKED FGR MUOPRODUCTIGN OF SHORT-
LIVED PARTICLES BELOW CHARM THRESHOLD. TRIMUONS ARE CONSISTENT WITH
QED TRIDEMT PLUS RHO DECAY AND DIMUONS ALSO WITH KNOWN SOURCES. AT
CL= ~ 90 CS&MU-N--)M+ X)*BR(M+ --)MU+ X) ( 1.64 E-34 CM**2 AND CS(MU-
N--)M- X)*BR(M- --)MU- X)(.81E-34 CM**2 WITH M+- SHGRT-LIVED HESON.

12/81
12/81
12/81
12/81
12/81

HEAVY PARTICLE PRODUCTION CROSS-SECTION IN E+ E- REACTION
(RAT IO TO CS (E+E- --)MU+MU-) ) . SEE AL SO SECT ION EE IN QUARK SEARCHES
AND SECTION EE IN MAGNETIC MONOPOLE SEARCHES.

0 5 ' 0 E-2 OR LESS CL=. 90 BARTEL 80 JADE Q=(3, 4, 5)/3 2-12GEV
0 1.6 E-2 OR LESS CL=.95 KINOSHITA 82 PLAS Q=3-180, M(14 ' 5GEV

BARTEL 80 IS DESY PETRA EXPT WITH WCM=27-35 GEY ~ ABOVE LIMIT IS FOR
INCLUSIVE PAIR PRGD AND RANGES BETWEEN 1.E-1 — 1.E-2 DEPENDING ON

MASS AND PROD MOMENTUM DIST. (SEE THEIR FIGS.9, 10, 11).
KINOSHITA 82 IS SLAG PEP EXPT AT WCM~29 GEV USING LEXAN AND CR-39
PLASTIC SHEETS SENSITIVE TO HIGHLY IONIZING PARTICLES ~

2/82
2/82
2/82
2/82
2/82

2/82
2/82
2/82

2/82
2/82

CHANG 77 DIMUON RATE IS GT 5*10**-4 THAT OF INCLUSIVE MUON RATE ~ 12/77
CROSS SECTION UNCORRECTED FOR ACCEPTANCE IS 5*10»*-36 CM**2/NUCLEON 12/77

RPI
RPI
RPI
RPI
RPI

CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA

CEN
CEN
CEN
CEN
CEN
CEN
CEN
CEN

LON6LIVED HEAVY PARTICLE PRODUCTION (CS(HEAVY PARTICLE)/CSCP ION) )
0 BUSS I ERE 80 CNTR Q=+- (2/3, 1,4/3, 2)

BUSSIERE 80 IS CERN-SPS EXPT WITH 200-240 GEV PROTONS ON BE AND AL
TARGET ~ SEE THEIR FIG ~ 6-7 FOR CS RATIO VS MASS.

CROSS-SEC FOR PROD AND
0 0 ~ 1-9E-36 OR LESS
0 1.4-9E-36 OR LESS
0 2-20E-34 OR LESS
0 0.2-8E-34 OR LESS

CAPT OF LON6-LIVED NASSIVE PARTICLES CCN»*2)
FRANKEL 74 CNTR TAU=1 TO 1000 HRS
FRANKEL 75 CNTR TAU=50 MS TO 10 HRS
ALEKSEE1 76 ELCC TAU=100 MS TO 1 DAY
ALEKSEE2 76 ELEC TAU=5 MS TO 1 DAY

FRANKEL 74 LOOKS FOR PARTICLES PRODUCED IN THICK AL TARGETS BY
300-400 GEV/C PROTOMS ~

FRANKEL 75 IS EXTENSION OF FRANKEL 74 '

ALEKSEEV( 1,2) 76 ARE 61-70 GEV P SERP EXPT. CS IS PER PB NUCLEUS.

CENTAURO PROD. CROSS SECTION IN ACCELARATOR EXPERINENT CCN»*2)
0 ALPGARD 82 UA5 P PBAR COLLIDER
0 (1. E 30)OR LESS ARNISON 83 UA1 P PBAR COLLIDER

ALPGARD 82 IS CERN COLLIDER EXPERIMENT WITH WCM=540 GEV(155 TEV LAB
EQUIVALENT). OBSERVED NO LARGE CHGD MULTIPLICITY EVENTS WITH PHOTON
MULTIPLICITY CONSISTENT WITH ZERO IN 3600 INELASTIC EVENTS.
ARNI SON 83 IS CERN COLLIDER EXPT WITH WCM~540GEV. LOOKED FOR EVENTS
WITH LARGE HAD. AND LOW EM CONTENT. NONE IN 48000 LOW BIAS EVENTS.

12/81
12/81

12/81
12/81

7/76
2/77
4/77
3/77

7/76
7/76

2/77

3/?7

11/83*
11/83*
11/83*
11/83*
11/83*
11/83*
11/83»

CH
CH
CH
CH
CH
CH
CH
CH
CH
CH

HEAVY PARTICLE PRODUCTION CROSS SECTION CCN**2)
0 1 ~ E-31 OR LESS LEIPUNER 73 CNTR +- M=3-11 GEV

0 ~ 3-1.3E-31 OR LESS CARROLL 78 SPEC M=2. -2 ' 5 GEV

LE IPUNER 73 IS AN NAL 300 GEV P EXPT. WOULD HAVE DETECTED PARTICLES
WITH LIFETIME GREATER THAN 200 NSEC ~

CARROLL 78 LOOK FOR NEUTRAL, S~-2 DIHYPERON RESONANCE IN
P P --) 2K+ X. CS VARIES WITHIN ABOVE LIMITS OVER MASS RANGE ANO
PLA8=5 ~ 1-5.9 GEV/C.

5/76
1/79

4/76
4/76

1/79
1/79
1/79

FLUX IN COSNIC
LESS CL~.90
LESS
LESS
LESS
MORE
LESS CL=.90
LESS
LFSS CL~.90

0 5.0E-11 OR
0 3.OE-10 OR
0 3 OE-8 OR
0 1.5E-9 OR
5 6 ~ E-9 OR
0 7 ~ E-10 OR
0 1.OE-9 OR

1 ~ 3E-9 OR

HEAVY PARTICLE RAYS (NUNBER/CN»»2-SEC-SR)
JONES 6? ELEC M~5 TO 15 GEV
BJORNBOE 68 CNTR H ABOVE 5 GEV
DARDO 72 CNTR
TONWAR 72 CNTR M GT 10 GEV
YOCK 74 CNTR M GT 6 GEV
YOCK 75 ELEC +- Q GT 7 OR LT -7E
BR I ATOR E 76 ELEC
SHAT 78 CNTR +- M GT 1 GEV

3/77
4/77
4/77
4/77
1/76
9/76
4/77
1/80
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Stable Particles
OTHER STABLE PARTICLE SEARCHES

Data Card Listings

3 4.3+-1 ~ 3 E-11
3 3.0E-9
0 3 ' 5E-11 OR LESS
0 7. E-11 OR LESS
3 2. E-9

0 1.7E-11 OR LESS
0 1. E-9 OR LE SS

CL= ~ 90
CL=.90

Cl.=.99
CL ~ 90

GOODMAN
YOCK
ULLMAN
ULLHAN
YOCK
YOCK
SHAT
MARINE
SAKUYAMA

A YOCK 74 EVENTS COULD BE TRITONS.

79 ELEC H)= 5 GEV
80 SPRK M APPROX. ~4. 5 MP

81 CNTR PLANCK-MASS E+19GEV
81 CNTR M=1. E-16GEV OR LESS
81 SPRK Q=+-1 H ABOUT 4. 5MP
81 SPRK FRACTIONALLY CHGD

82 CC
82 CNTR Q=+-1 M ABOUT 4. 5HP
83 PLAS M ABOUT 1 TEV

7/79
10/81
2/82
2/82
1/82
1/82
1/83*

10/83*
11/83*

1/76

EGT D

EGT D

EGT
EGT E
EGT E
EGT E
EGT E
EGT
EGT F
EGT F
EGT F

BERGSHA 83 IS REANALYSIS OF CERN-SPS BEAM-DUHP DATA. DISFAVOURS
H(GLUINO)(2 GEV AND M(SQUARK)&100 GEV. SEE THEIR FIG. 1.
CHANOMITZ 83 FIND IN BAG-MODEL THAT CHARGED SHADROH (Q QBAR GLUINO
-BOUND STATE) IS STABLE AGAINST STRONG DECAY IF M(GLUINO)) 1 GEV ~

A POSSIBILITY IS OF VERY LIGHT GLUINO WITH LIFE 1 ~ E-11 TO 2.E-B SEC
TOO LONG(SHORT) LIVED TO BE EXCLUDED BY BEAM-DUMP(CONTAM. ) EXPTS ~

DESHPANDE 83 USED UPPER LIMIT OH KL --)MU E DECAY MITH R. G. EQUATION
TO ESTIMATE COUPLING AT THE HEAVY BOSON MASS.
SEE ALSO DIMOPOULOS ET AL. , NP 8182, 77 (1981).

11/83*
11/83*

11/83*
11/83*
11/83*
11/83*

1/84»
1/84*
1/84*

CON
CON

SHAT 78 IS AT KOLAR GOLD FIELDS. LIHI7 IS FOR TAU ) 10»™-6SEC.

YOCK 80 EVENTS ARE WITH CHARGE EXACTLY OR APPROX. EQUAL TO UNITY.

ULLHAN 81 IS SENSITIVE FOR HEAVY SLOW SINGLY CHARGE PARTICLE
REACHING FARTH MITH VERTICAL VELOCITY 100-350 KM/S.

YOCK 81 SAW ANOTHER 3 EVENTS WITH Q=+-1 AND M ABOUT 4. 5HP AS WELL

AS 2 EVS MI TH H)5. 3MP, Q +-.75+-.05 ANO H)2. BHP, Q=+-.70+-.05 AND 1

EVENT WITH H~(9. 3+-3. )HP, Q=+-.89+-.06 AS POSSIBLE HEAVY CANDIDATES.

SHAT 82 OBSERVED 12 EVENTS WITH DELAY)2. E-B SEC AND MITH MORE THAN

40 PARTICLES. 1 EV HAS GOOD HADRON SHOMER. HOWEVER ALL EVENTS ARE

DELAYED IN ONLY ONE OF TMO DETECTORS IN CLOUD C. , AND COULD NOT BE
DUE TO STRONGLY INTERACTING MASSIVE PARTICLE ~

MARIHI 82 APPLIED PEP-CNTR FOR TOF- ABOVE LIMIT IS FOR VELOCITY=-54
OF LIGHT. LIHIT IS INCONSISTENT WITH YOCK 80, 81 EVENTS IF ISOTROPIC
DEPENDENCE ON ZENITH ANGLE IS ASSUMED.

SAKUYAMA 83 ANALYZED 6000 EXTENDED AIR SHOWER EVEHTS. INCREASE OF

DELAYED PARTICl ES ANO CHANGE OF LATERAL DISTRIBUTION ABOVE 10**17EV
MAY INDICATE PRODUCTION OF VERY HEAVY PARENT AT TOP OF ATOMOSPHERE.

LE6HT (SETMEEN HU AND E MASSES) PARTICLE
0 NONE BETMEEN 6 AND 25 SEl OUSOV
0 NONE BETMEEN 2 AMD 25 GORBUNOV
0 NONE BETMEEN 5 ANO 175 COWARD

0 NONE BETWEEN 5 AND 'l75 COWARD

0 NONE BETMEEN 2 AND 13 BLAGOV
0 NONE BETMEEH 2 AND 10.6 BLAGOV
0 NONE BETWEEN 110 ANO 180 VIERTEL

MASS(UNITS-ELECTRON IIASSES)
60 CNTR SP I NOR, TAU)1 E-8
60 CC SP INOR, TAU)1 E-9
63 CNTR SP INOR, TAU)22 E-10
63 CNTR SCALAR, TAU)68 E-10
75 CNTR SP INOR, TAU)2E-10SEC
75 CNTR SCALAR, TAU)2E-10SEC
78 CNTR TAU )2.E-5 SEC

BLAGOV 75 BOUNDS ON LIFETIME DEPEND ON MASS AND IMPROVE AS HASS
DECREASES. AT 2 GEV THE EXPERIMENT IS SENSITIVE TO TAU)3E-11 SEC
FOR SPINOR, TAU)5E-11 SEC FOR SCALAR.

VIERTEL 78 SEARCHES FOR MU+ --)X+ NEU. FINDS BR(8.5E-6 IN HASS
RANGE GIVEN ABOVE (CL=.90). BEST LIMIT BR(5.E-7 (CL=.90) IS FOUND

AT MASS~BO MEV.

CONCENTRATION OF HEAVY (CHARGE+1) STABLE PARTICLES IN IIATTER
2 ' E-22 TO 1.E-21 OR I ESS SMITH 79 SPEC WATER, H~6-350 MPROT

1/80

10/81

2/82
2/82

1/82
'l /82
1/82

1/83*
1/83*
1/83*
1/83»

10/83*
10/83*
10/83*

11/83*
11/83*
11/83*

7/79

5/76
5/76
5/76
5/76
2/76
2/76
1/80

4/77
4/77
4/77

1/80
1/80
1/80

EGP
EGP A

EGP 8
EGP C

EGP
EGP A

EGP A

EGP
EGP 8
EGP 8
EGP 8
EGP
EGP C
EGP C

EGP C

SLP
SLP
SLP
SLP
SLP
SLP
SLP
SLP
SLP
SLP
SLP A

SLP A

SLP
SLP 8
SLP 8
SLP C

SLP D

SLP
SLP A

SLP A

SLP
SLP 8
SLP 8
SLP
SLP C

SLP
SLP D

PRODUCTION OF PARTICLES IN EXTENDED GAUGE THEORIES
BEHREND 83 CELL E-E+--)PHOTINO PAIR
HOFFMAN 83 CNTR PI-P--)N(E+E-)
VERGADOS 82 CNTR 2BETA DECAY, SCALAR

BEHREND 83 AT DESY-PETRA SET CL~. 95 LIMIT OF 1.1 PB FOR PHOTINO-
ANTIPHOTINO PRODUCTION (H(PHOTINO)(2GEV) AT MCM AROUND 346EV.

HOFFMAN 83 SET CL=.90 LIMIT DSIGMA/DT*BR(E+E-)&3. 5E-32 CM**2/GEV**2
FOR SPIN-1 PARTNER OF GOLDSTONE FERHIONS WITH 140&M(160 HEV
DECAYING INTO E+E- PAIR.

VERGADOS 82 SETS LIMIT GH. LT. 4E-3 FOR (DIHENSIONLESS) LEPTON-NUMBER
VIOLATING COUPLING, GH, OF SCALAR BOSON TO NEUTRINOS, FROH ANALYSIS
OF DATA ON DOUBLE BETA DECAY OF CA48.

SCALAR LEPTON MASS LINET IN E+ E- REACTIONS
SCALAR-TAU--)TAU PHOTINO LOOKS IDENTICAL TO CHGD-HIGGS--)TAU NEU IN
SECTION HGC ABOVE. LIMITS BELOW CORRESPOND TO BR(TAU NEU)=1. 0 LINE
IN MASS-LIMIT GRAPH FOR CGHD-HIGGS--)(TAU NEU&+(TAU NEU) AND WE

DERIVE LIHIT IN THIS MAY IF NECESSARY.
NONE 3GEV TO 15GEV CL= ~ 95 BARBER 80 HRKJ SCALAR MU

14GEV OR MORE CL-.95 ADEVA 82 MRKJ SCALAR TAU
NONE 4GEV TO 14GEV CL= ~ 95 BARTEL 82 JADE SCALAR TAU
NONE 26EV TO 16.8GEV CL= ~ 95 BEHREND 82 CELL SCALAR E

NONE 3.3GEV TO 16GEV CL=.95 BEHREND 82 CELL SCALAR HU

NONE 6GEV TO 15.3GEV CL= ~ 95 BEHREND 82 CELL SCALAR TAU
HONE M(TAU) TO 3.8GEV CL= ~ 95 BEHRENO 82 CELL SCALAR TAU
NONE M(TAU) TO 9.9GEV CL=.90 BLOCKER 82 SHK2 SCALAR TAU

HONE BELOW 16 ' 66EV CL= ~ 95 BRANDELIK 82 TASS SCALAR E

MONE BELOW 16.4GEV CL=.95 BRANDELIK 82 TASS SCALAR MU

NONE BELOW 13.8GEV CL~.95 FERNANDEZ 83 MAC SCALAR MU

NOME BELOW 22 ' 2GEV CL= ~ 95 GLADNEY 83 SMK2 SCALAR E

BEHREND 82 FIRST LIMIT FOR SCALAR TAU IS FROH PT-CUT TAU-PAIR
ANALYSIS, SECOND LIMIT FROM NO EXCESS TAU PAIR EVENTS.

BRANOELIK 82 LIMITS ARE FROH NO ENHANCEHENT IN EVENTS 'MITH THETA
NEAR 90 DEG(LIGHT SCALAR& AND WITH LARGE ACOPLANARITY(HVY SCALAR).

FERNANDEZ 83 OBSERVED NO EXCESS ACOPLANAR MU+MU- EVENTS.

GLADMEY 83 LOOKED FOR LARGE PT E FROM SINGLY PRODUCED S-ELECTRONS.

11/83*
11/83»
12/83*

11/83*
11/83*

11/83*
11/83*
11/83*

12/83*
12/83*
12/83*

1/83»
1/83*
1/83*
1/83*
1/83*

10/81
1/83*
1/83*
1/83*
1/83*
1/83*
1/83*
1/83*

11/83*
11/83*
1/84*
1/84*

1/83*
1/83*

11/83*
11/83*

1/84*

1/84*

HIGGS SOSON NASS LEHIT (6EV) 1/82
0 0.409 OR MORE DZHELYADE 81 ETAPR IM--)ETA HIGGS 1/82
0 0.325 OR MORE MILLEY 82 RVUE K+--)DI LEPTON+PI+ 11/83*

HOF FMAN 83 CNTR P I -P--)N ( HO--)E+ E-) 11/83*

ION
ION

HI6HLY EONEZIN6 PARTICLE FLUX (UNITS NUHSER/Ha»2-YR)
0 0 ~ 4 OR LESS CL=. 95 KINOSHITA 81 PLAS Z/BETA 30-100 2/82

H6C
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC
HGC

EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT
EGT

DZHELYAOIN 81 OBTAINED BR(ETA PRIM--)ETA HU+MU-)&1. 5E-5 (CL=.90)
WHICH EXCLUDES A LIGHT HIGGS BOSON IN MU+MU- CHANNEL.

1/82
1/82

HOFFMAN 83 LOOKED FOR E+E- PEAK FROM HIGGS PRODUCED IN PI-P CEX AT

300MEV/C. SET CL~. 90 L I M. DS I GMA/DT*BR (E+E-)(3.5 E-32 CH**2/GE V**2
FOR 140 & H(HO) ( 160 MEV.

11/83*
11/83*
11/83*

CHARGED HIGGS(OR TECIINI-PION) MASS LIHIT IN E+ E- REACTION
SINCE HIGGS COUPLES TO HEAVY PARTICLES, DOMINANT EXPECTED MODES
ARE (TAU NEU) AND (CHARM ANTI-S) . EXCLUDED MASS REGION DEPENDS ON

BRANCHING RATIO. SEE GRAPHS IN INDIVIDUAL PAPERS. ME QUOTE ONLY A

SAMPLE LIMET FOR BR(TAU NEU) SPECIF IED ~

NONE 5GEV TO 13GEV CL~. 95 ADEVA 82 HRKJ BR(TAU NEU)=. 25
NONE 36EV TO 13GEV CL~. 95 BARTEL 82 JADE BR(TAU NEU)=0. 2-1.0
NONE 7GEV TO 14GEV CL~. 95 BEHREND 82 CELL BR(TAU NEU)=. 80
NONE 4GEV TO 9GEV CL~. 90 BLOCKER 82 SHK2 BR(TAU NEU&~. 10-.90
NONE 5GEV TO 13GEV CL~.95 ALTHOFF 83 TASS H+ --)C S (C 8&
NONE BELOW 14 GEV ADEVA 83 HRKJ H+H- --)MU HAD. JET
NONE BELOM H(8-MESON) CHEN 83 RVUE 8 DECAY AT UPSI(4S)

STUDIED H+ H- --)(TAU NEU)+(TAU MEU), (TAU NEU&+HADRONS.

BEHREMD 82 STUDIED H+ H- --)(TAU NEU)+(TAU NEU). SEE THEER FIG. 3.
ALTHOFF 83 ANALYZED 4-JETS. LIMIT IS FOR H+ DECAYING PREDOMINANTLY
INTO HADROMS. COMBINING WITH (TAU NU)RESULTS LIMIT APPLIES TO H+

WITH ANY HADRONIC BRANCHING RATIOS.

CHEN 83 EXCLUDE A MODEL WHERE 8--)H+ LIGHT-QUARK AT BR=1. OBSERVED
BR(8--)E X) MOULD REQUIRE BR(H+--)TAU X)~1 SUT THEN CHARGED ENERGY
FRACTION MOULD BE SHALLER THAN EXPT VALUE( ~ 60+- ~ 03) ~ (CLEO DATA)

1/83»
1/83*
1/83*
1/83*
1/83*
1/83*
1/83*
1/83*
1/83*

11/83*
11/83*
11/83*

1/83*

1/83*

11/83*
11/83*
11/83*

11/83*
11/83*
11/83*

HASS SOUNDS DERIVEO FOR PARTECLES IN EXTENDED GAUGE THEORIES
NONE BELOW 2-3GEV KANE 82 RVUE GLUINO
NONE SELOM 0.5TEV(MTOP~20GEV) SHANKER 82 RVUE CHGD-HIGGS
NONE BELOM 1 ~ TEV SHANKER 82 RVUE PS-LEPTOQUARK
NONE BELOW 125TEV SHANKER 82 RVUE VECTOR-LEPTOQUARK
NONE SELOM 0.1-1 TEV SHANKER 82 RVUE SUSY-PARTNER
NONE BETWEEN 100MEV AND 136EV BEHREND 83 CELL E-E+--)PHOTINO PAIR

BERGSHA 83 RVUE GLUINO, SQUARK
NONE BELOM 350 GEV BRYMAN 83 CNTR CHGD-HIGGS

CHANOWITZ 83 RVUE CHARGED SHADRON
NONE BELOW 350 TEV DESHPANOE 83 RVUE PATI-SALAM X-BOSON

KANE 82 ENFERED ABOVE GLUINO MASS LIMIT FROH RETROACTIVE ANALYSIS
OF HADRONIC COLLISION AND BEAM DUMP EXPERIHENTS.

FROM (PI--)E NU)/(PI--)HU NU) RATIO. BRYMAN 83 BASED ON SHANKER 82
MODEL WITH HIGGS-FERHION COUPLINGS PROPORTIONAL TO HEAVY FERHIOH
HASSES ~

1/83»
1/83*
1/83»
1/83*
1/83*
1/83*

11/83*
11/83*
10/83*
11/83*

1/84»

1/83*
1/83*

1/83*
1/83*
1/83*

BEHREND 83 AT DESY-PETRA LOOKED FOR 2 GAM EVTS METH MISSING ENERGY. 11/83*
LIHITS QUOTED ARE FOR SCALE BREAKING PARAHETER O=(100GEV**2). 11/83*

MILLEY 82 CALCULATED SR(K+--)HO+PI+) BY OME-LOOP S--)D HO AND QUARK 11/83*
MODEL. EXCLUDE M(HO) ( H(K)-M(PI). 11/83*

TCF
TCF
TCF
TCF A

TCF 8
TCF C

TCF D

TCF
TCF A

TCF A

TCF A

TCF A

TCF A

TCF
TCF 8
TCF 8
TCF 8
TCF
TCF C

TCF
TCF D

TCM
TCH A

TCM A

TCM
TCH A

TCH A

TCM A

TCM A

TCH A

TCD
TCD
TCD A

TCD
TCD A

TCD A

TCD A

TCD A

a»*a»a aaaaaa*a» **a»a»a»a a*a»a*a»a a»**a»a»* *a******a»aaa***a* ***»a»a»

BELOUSOV 60 JETP 11 1143
GORBUNOV 60 JETP 11 51
COMARO 63 PR 131 1782
DORFAN 65 PRL 14 999
JONES 67 PR 164 1584

REFERENCES FOR OTHER NEW PARTICLE SEARCHES

+RUSAKOV, TAMM, CERENKOV (LEBD)
+SP I R I OONOV, C ER EHKOV (LEBD)
+GITTELMAN, LYNCH, RITSON (STAN)
+EADES, LEDERMAN, LEE, TING (COLU)

(MICH+MISC+LBL+UCLA+MINN+COSU+COLO+MURA)

BJORNBOE
8 I NON

ANT IPOV1
ANT I POV2
DARDO
TONMAR
ALPER
LE IPUNER

68 NC 853 241
69 PL 308 510
71 PL 348 164
71 NP 831 235
?2 NC 9A 319
72 JPA 5 569
73 PL 468 265
73 PR L 31 1226

+DAMGARD, HANSEN, CHATTERGEE+ (BOHR+BERN)
DUTEIL, KACHANOV, KHROMOV, KUTYIN+ (SERP)
+DENISOV, DONSKOV, GORIN, KACHANOV+ (SERP)
+DENISOV, DOHSKOV, GORIN, KACHANOV+ (SERP)
DARDO, NAVARRA, PENENGO, SITTE (TOR I)
TONMAR, MAR AN AN, SRE EKANTAN (7 IFR)

(CERN+ L I VP+LUND+BOHR+RHEL+STOH+SERG+LOUC )
+LARSEN, SESSOMS, SMITH, WILLIAMS+ (BNL+ YALE &

TACHYON FLUX IN COSNIC RAYS (NVNSER/CH»»2-SEC-SR)
SEE SMITH 77 FOR A REVIEW OF EARLIER COSMIC RAY ANO ACCELERATOR
EXPERIMENTS'

HONE PRESCOTT 76 CNTR
MONE SMITH 77 CNTR

0 2.3E-10 OR LESS CL=.95 SHAT 79 CNTR
0 2.4E-9 OR LESS CL=.90 MARINI 82 CNTR V/C)1. 2

PRESCOTT 76 REANALYZED CLAY AND CROUCH(C. C. )74 DATA(NATURE 248, 28).
FOUND APPARATUS EFFECT, CORRECTION FOR MH ICH MUCH REDUCES THE STAT.
SIGNIFICANCE OF POSITIVE C. C. RESULT. ALSO PERFORMED TWO NEM EXPTS
ONE USING C. C ~ APPARATUS, ANOTHER WITH NEW APPARATUS. SET UPPER LIMIT
AT CL .95 OF ABOUT 30 TACHYONS PER SHOWER WITH AVERAGE SIZE N=6E+5.

SMITH 77 ANALYZED HORE THAN 200000 SHOMERS(223 DAYS) WITH E)1 ~ E+14
EV SCANNING 290 E-6 SEC PERIOD BEFORE EACH SHOWER. OBSERVED EXCESS
46+-40 EVS DOES NOT CONSTITUTE STATISTICALLY SIGNIFICANT EVIDENCE.

BHAT 79 IS AT OOTACAMUHD(2200M ABOVE SEA). NO SIGNAL IN 3621 HOURS.

MARINI 82 IS TOF MEASUREHENT USING PEP-CNTR AT SEA LEVEL.

TACHYON SEARCHES IN E+ E- ANNIHILATION
0 1. E-6 OR LESS CL=. 90 PEREPELIT 77 CMTR V*U(EQ) ( 1

0 1. E-5 OR LESS CL=. 90 PEREPELIT 77 CNTR 1 ( V*U(EQ) ( 15

PEREPELITSA 77 IS MICHELSON-TYPE EXPT FOR PAIR-PRODUCED TACHYONS
IN E+ E- ANNIHILATION (E+ FROM CU ISOTOPE) . ABOVE LIMITS ARE FOR
CS(E+E- --)TACHYON PA IR ) /CS (E+E- --)2 GAMMA) AND V*U( EQ) IS TACHYON
VEl.OCITIES TIMES EARTH EQUATOR COMPONENT OF VELOCITY OF PREFERRED
REFERENCE

FRAMERS

SEARCHES FOR TACHYONIC DECAY (LOMER LIMIT FOR MEAN LIFE IN YEARS)
SEE LJUBICIC 75 FIG. 1 FOR REVIEW OF EARLIER EXPERIMENTS.

4.6E+13 OR MORE LJUBICIC 75 ELEC M(TACHYON)) 1.1 KEV

LJUBICIC 75 USED LEAD OXIDE CATHODE AND ELECTRON MULTIPLIER LOOKIMG
FOR IONIZATION DUE TO TACHYONIC DECAY (SPONTANEOUS ACQUISETION OF
ENERGY) OF BOUND-STATE E-. SENSITIVE TO PROPER TACHYON MASS)1. 1KEV.
ABOVE LIMIT IS OBTAINED FROM OBSERVED E- EMISSION RATE 3/HOUR.

6/82*
6/82*

10/81
10/83*

6/82»
6/82*
6/82*
6/82*
6/82*

6/82*
6/82*
6/82*

10/81

10/83*

6/82*
6/82*

6/82*
6/82»
6/82*
6/82*

6/82*

6/82*
6/82*
6/82*
6/82*
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Particle Data Group: Review of particie properties 8143

For notation, see key at front of Listings. Stable Particles
OTHER STABLE PARTICLE SEARCHES

APPEL
FRANKEL
YOCK

ALBROM
BLAGOV
FRANKEL
JOVANOVI
L JUBICIC
YOCK.

ALEKSEE1
ALEKSEE2
BALD IN
BR IATORE
GUSTAFSO
PRESCOTT

74 PRL 32 428
74 PR D9 1932
74 HP 876 175

75 NP 897 189
75 YAD. FIZ. 21,300
75 PR D12 2561
75 PL 568 105
75 PR D11 696
75 NP 886 216

76 SJNP 22 531
76 SJNP 23 633
76 SJNP 22 264
76 NC 31A 553
76 PRL 37 474
76 JPG 2 261

BARISH
BENVENUT
BLETZACK
CHANG
HOLDER
PEREPELI
SMITH

77 PRL 38 577
77 PRL 38 1110
77 PRL 38 1241
77 PRL 39 519
77 PL 708 393
77 PL 678 471
77 CJP 55 1280

ALBRIGHT 78 PR D18 108
BENVENUT 78 PRL 40 488
SHAT 78 PRAM 10 115
BOSETTI 78 PL 748 143

CARROLL 78 PRL 41 777
CUTTS 78 PRL 41 363
HANSL2 78 PL 778 114

ALSO 78 NP 8142 381

+SOURQUIN, GAINES, LEDERMAN, PAAR+ (COLU+FNAL )
+FRATI ~ RESVANISs YANGr NEZRICK (PENH+FNAL)
P.C.M. YOCK (UNIV OF. AUCKLAND)

+BARBER, BENZ+(CERN+DARE+FOM+LANC+MCHS+UTRE)
+KOMAR, MURASHOVA, SYREISHCHIKOVA+ (LEBD)
+FRATI, RESVANIS, YANG, NEZRICK (PENN+FNAL)
JOVANOVICH+ (MANI+AACH+CERN+GENO+HARV+TORI)
+PAVLOV IC, P ISK, LOGAN (ZAGR+OTTA)
P. C. M. YOCK (UNIV OF AUCKLAND+SLAG)

AL EKSEEV, ZA I TSEV, KAL IN I NA, KRUG LOV+ ( J INR)
ALEKSEEV g ZAI TSEV gKAL IN

INANE

KRUGLOV+ ( J INR)
+VERTOGRADOV, Vl SHNEVSK I I, GR ISHKEV ICH+( J INR)
+DARDO ~ P I AZZOL I,MANHOCC HI+ (LCGT+ FR AS+ FRE I )
GUSTAFSON, AYRE, JONES, LONGO, MURTHY (MICH)
J ~ R. PRESCOTT (ADELAIDE)

+BARTLETT, BODEK, SROMN + (CIT+FNAL+ROCK)
SENVENUTI, CLINE+ (FHAL+HARV+PENN+RUTG+MISC)
BLETZACKER, NIEH, SONI (STON+UCSB)
+CHEN, VAN, GINNEKEN (MSU+FNAL)
+KNOBLOCH, MAY+ (CERN+DORT+HEID+SACL+BGNA)
V. P ~ PEREPELITSA (ITEP)
G. R. SMITH, S ~ STANDIL (MANI )

+SMITH, VERMASEREN (FNAL+STON+PURD&
BENVENUTI+ (FNAL+HARV+PENN+RUTG+MI SC )
+RAMANA MURTY (TIFR)
+DEDEN+ (AACH+BONN+CERN+LOI C+OXF+SACL )

+CHIANG, JOHNSON, KYCIA, KI + (BNL+PR IN)
+DULUDE + (BROM+FNAL+ ILL+BARI+Ml T+MARS)
+ HOLD ER, KNOBLOC H+ ( C ER H+ DORT+ HE ID+ SAC L+SGNA )
HANSL, HOLDER+ (CERN+DORT+HEID+SACL+SGNA)

DZHELYAD
ALSO

KINOS HIT
LOSECCO
ULLMAN
YOCK

ADEVA
ALPGARD
SARTEL
BEHREND
SHAT
BLOCKER

BRANDEL I
KANE
K I NOSH I T
MARI NI
SHANKER
VERGADOS

ALSO
ALSO

MI LL EY

ADEVA
ALTHOFF
ARNISON
BEHREND
BERGSMA
SRYMAN

81 PL 1058 239
81 SJNP 33 822
81 PR D24 1707
81 PL 1028 209
81 PRL 47 289
81 PR D23 1207

82 PL 1158 345
82 PL 1158 71
82 PL 1148 211
82 PL 1148 287
82 PR D25 2820
82 PRL 49 517

82 PL 1178 365
82 PL 1128 227
82 PRL 48 77
82 PR D26 1777
82 HP 8204 375
82 PL 1098 96
82 PL 1138 513
83 NP 2188 109
82 PR D26 3287

83 PRL 51 443
83 PL 1228 95
83 PL 1228 189
83 PL 1238 127
83 PL 1218 429
83 PRL 50 7

BARBER 80 PRL 45 1904
BARTEL 80 ZPHY C6 295
BUSS IERE 80 HP 8174
LEBRITTO 80 PL 898 271
YOCK 80 PR D22 61

+BECKER, BEI+ (AACH+ DES Y+MI I+A I KO+BHEP )
JADE C. (DESY+HAMB+HE ID+LANC+MCHS+RHEL+TOKY)
+GIACOMELLI, LESQUOY+ (BGNA+SACL+LAPP&
LEBR ITTON ~ MCCAL MEL I SS INOS+ (ROCH+SNL+NSF )
YOCK (AUCK)

+GOLOVK IN, KOHSTANTINOV, KONSTANTINOV+ (SERP)
(YF 33 1529) V IKTOROV, GOLOVK I N+ (SERP)

K.K I NOSH I TA, P.B.PR ICE (UCB)
+SULAK, GALIK, HORSTKOTTE+ (MICH+PENN+BNL)J.D. ULLMAN (LEHM+SNL)
P. C. M. YOCK (AUCK)

MARK-J COLLAB(AACH+DESY+MIT+MADR+ANIK+BHEP)
+ UA5 COLLAB ~ (BONN+BRUX+CAVE+CERN+STOH&
JADE C. (DESY+HAMS+HEID+LANC+MCHS+RL+TOKY)
CELLO C. (DESY+KARL+MPIM+ORSA+LPNP+SACL)
+GUPTA, RAMANA MURTHY, SREEKANTAN+ (TIFR)
+MATTEUZZ I, ABRAMS+ {HARV+SLAC+lBL)

BLANDELIK+ TASSO C. (AACH+BONN+DESY+HAMB+&
GAL. KAME, J.P ~ LEVEILLE (MICH)
KINOSHITA, PRICE, FRYBERGER (UCB+SLAC)
+PERUZZI, PICCOLO+ (FRAS+LBL+NMES+STAN+HAMA)
0 ~ SHANKER (TRIU)J.D. VERGADOS (CERN)J.D ~ VERGADOS (CERN)
J ~ D ~ VERGADOS (CERN&
R. S ~ MILLEY, H. i .YU (PITT)

MARKJ C. (AACH+DESY+MIT+MADR+AIKO+SHEP+CIT)
TASSO C. (AACH+BONN+DESY+HAMS+LOIC+OXF+&
+ UA1 COLLAS. (AACH+LAPP+BIRM+CERN+HELS+&
+ CELLO COL. (DESY+KARL+MPIM+ORSA+LPNP+SACL&
+ CHARM COLLAB. (ANIK+CERN+HAMB+MOSU+ROMA)
+DUBOIS, NUMAO+ (TRIU+VICT+CNRC+BRCO+QUKI)

HOLDER 78 PL 738 105
LOVELESS 78 PL 788 505
MORI 78 PRL 40 432
VIDAL 78 PL 778 344
VIERTEL 78 LNC 22 235

ARMITAGE 79 NP 8150 87
SHAT 79 JPG 5 L13
BENVENUT 79 PRL 42 1024
SOZZOLI 79 NP 8159 363

+KNOBLOCH, MAY+ (CERN+DORT+HEID+SACL+BGNA)
+BENADA+ (MISC+LSL+UCS+FNAL+HAMA+MASH)
+SENVENUTI+ (FNAL+HARV+PENN+RUTG+MISC)
+HERB, LEDERMAN, SNYDER+ (COLU+FNAL+STON+UCB)
+HAHN, SCHACHER (BERN)

+BENZ, BOBBINK+ (CERN+DARE+FOM+MCHS+UTRECHT)
SHAT, GOPALAKRISHNAN, GUPTA, TONMAR (TIFR)
SENVENUT I+ (FNAL+HARV+OSU+PENN+RUTG+MI SC)
+BUSS IERE, G IACOMELL I (BGNA+CERN+LAPP+SACL)

CHANOMI T
CHEN
DE SHPAND
FERNANDE
GLADNEY
HOFFMAN
SAKUYAMA

ALSO
ALSO
ALSO

83 PL 1268 225
83 PL 1228 317
83 PR D27 1193
83 PR D28 2721
83 PR L 51 2253
83 PR D28 660
83 NCL 37 17
83 NCL 36 389
83 HC 78A 147
83 NC 6C 371

M. CHANOMITZ, S.SHARPE (UCB+LSL)
+ (SYRA+VAND+CORN+ITHA+HARV+OHIO+ROCH+RUTG)
DESHPANDE, JOHNSON (OREG)
FERNANDEZ+ (COLO+FRAS+HOUS+NEAS+SLAC+UTAH+)
+HOLLEBEEK, LECLAIRE, ABRAMS+ (SLAC+LBL+HARV&
+FRANK, MISCHKE, MOIR, SCHARDT (LAHL+ARZS)
H-SAKUYAMAcN-NUZUKI {MEIS)
H. SAKUYAMA, K.MATANABE (ME

IS�)

H. SAKUYAMA, K.MATANABE (ME IS)
H. SAKU YAMA, K .MATANABE (MEIS)

DEGROOT 79 PL 858 131
GOODMAN 79 PR D19 2572
SMITH 79 NP 8149 525

+HANSL, HOLDER+ (CERN+DORT+HEID+SACL+BGNA)
+ELLSMORTH I TO ~ MACF ALL g S IOHAN + (UMD)
+BENNETT (RHEL)

44*444 0**000000 4*0400**4 **4%0***0*40*00440 0*4004*4* 4**40***0*04*4*00
*0*00*OOP000000 *00*04*00 00404*0** 4*000*44* 00*0**044 4k04*40*4 40**0*0*
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Me sons
n', n, q, p(770)

Data Card Listings

*»**at a****a«at a»»**at*a taa«*»*a* a»a*»a»aa »*tat¹«»* *tata«at* a*a«at**
aaa»** «tata***» **tata*a* ***«a*at****»»tat* tat***»*a aa«tat*a« «tat**»* 9 RHO MASS (IIEV)

S=O, C=O, B=0 MESON STATES
WE NO LONGER LIST 'S-WAVE BREIT-WIGNER FITS, PBAR P DATA WITH HIGH
COMBINATORIAL BACKGROUND, AND INSIGNIFICANT OR DOUBTFUL DATA.
SEE ALSO THE MINI-RE VIE'W ABOVE.

at»a*a tata««*** *at«tata* »**a***a**»«**a*a* tata»*a** ¹*«*at«at at»tata*
at»at* «***a»tat at»at**** tta«tata» *a**»»**a»»«*a*¹** aa«**»**« »a****a*

0
7r 9 NEUTRAL PION(135, JP6~0—) 1~1

SEE STABLE PARTICLE DATA CARD LISTINGS

at****at****a********tat***»*a***»tat****a »«*at*at« at«**a»*« at«a*»**
»*at** a«a*at»at a*******aat»»tata* ***»»a*at aa»1«»«¹* *tata«*at at»at»at

8 CIIAR6ED PION(140, JP6~0—) 1~1

SEE STABLE PARTICLE DATA CARD LISTINGS

a*at*a **»*a*at» a******a*a»at«at** *a*at»at« *a»*****a*t«a»«a** at»*«at'*
»****a»tat*a**» *a*at»tat a*at*tata *at«****a**tat*at» »**a**at« »««*a**a

CHARGED
R
R
R
R
R
R 2775
R

R

R

ONLY
(760.0&
(768.0)
(765.0)
(760.0)
(765 ' 0)
(753 ' 5)
(758 ' 0)
(749.0)
(768.0)
(773.0)

Z 900 767.
A 9650 766.8
X 6500 766 '

AVG 766 ' 8

(9.0)
(5.0)
(5.0)
(5 ' 0)
(5 ' 0)

(10.5)
(10.0)
(3.0)
(5 ' 0)
(2.0)

6.
1 ~ 5
7.

~ ~ ~ ~

1 ~ 4

CARMONY
BL IEDEN
ALFF-STEI
HAGOP I AN1
HAGOPIAN2
JACOBS
JAMES
WEST
MILLER
BATON

EISNER
PISUT
BYERLY

AVERAGE

64 HBC +
65 MMS
66 HBC +
66 HBC
66 HBC
66 HBC
66 HBC +
66 HBC
67 HBC
68 HBC

67 HBC
68 RVUE
73 OSPK

3 ~ 5
3-5
2-3
3.0
2. 14
2-3P
2. 1
2. 1
2.7
2.8

PI+P, TCUT 4
PI — P
P I+ P
PI — P
PI-, TCUT12I-,T CUT 20

P I+,TCUT2. 5
PI- P
PI-, T CUT20
PI —,T CUT13

4 ~ 2 P I-,T CUT10
1 ~ 7-3 ~ 2P I-,CT10
5 ~ PI- P

6/66
6/66
6/66
9/67
6/6e
8/66

10/66
9/66
7/69

1/73
6/68
2/74

14 ETA(549, JP6~0-+) 1~0

SEE STABLE PARTICLE DATA CARD LISTINGS

**»»*a tat***a**a»at»at** at»at»tat at»»a***a a«»»**«*a »*«»*a*** tata***a
at»**a at»at»«** *****tatatata**a** ***at«at* a«»*«a¹*» **«tat»*« »«**at»*

9 RHO(770, JP6 ~ 1-+) 1~1

NOTE ON THE po MASS AND WIDTH

Because of the broadness of the p meson, its shape is

not very well described by a Breit-Wigner formula,
which is a narrow-resonance approximation. Although

most experimental distributions can be well described

by a relativistic Breit-%igner formula with a P-wave

width and an additional shape parameter (PISUT 68),
the resulting resonance parameters will clearly depend
on this model. A consistent set of such determinations

(PISUT 68, ESTABROOKS 74, BARTALUCCI 78,
WICKLUND 78, HEYN 80) yields m 0 ——(769 ~ 3)
MeV, F o

——(154 +. 3) MeV.
P

Attempts have been made to determine the p pole
position in a more model-independent way (LANG 79,
BOHACIK 80). It is comforting that these determina-

tions agree with the above mass average (LANG 79,
however, finds a somewhat smaller width).

A phenomenological estimate of the p mass can be
obtained with an SU(4) generalization of the Gell-
Mann-Okubo mass formula, which in the limit of ideal

mixing can be written (MONTONEN 75)

2[/K (892) —PD i + culD —K (892)l

2[/ —P] —[D —K (892)]

The masses of the vector mesons on the right-hand side

have all been determined to a much better precision
than that of the p and can be used to predict the mass of
the p = (768 ~ 2) MeV. The theoretical error due to
nonideal mixing is expected to be of the order of + 1.5
MeV. The result is consistent with the measured value

(769~3) MeV given above.

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

NO

MO

MO

MO

MO

MO

MO

NO
MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

MO

NO

NO
MO

NO
MO

MO

MO

MO

MO

MO

NO
MO

NEUTRA
R 300
R 500
R
R
R
R 4207

R
P 4000
R
R
R

R
R

P
P
H

H

G

D

EG
CH

2250
A 13300

1700
140K
1930
2430

Z 11200
6800

C 32000
4100

76000
E
X
C H

E B
G

K

AVG

L ONLY
(760 ' 0)
(770 ' 0)
(750.0)
(775.0)
(770 ' )
(75e.o&
(765 ' 0&
(760.0&
(765. )
(768.0)
(761 ~ )
(770 ' 0&
(775 ' 0)
(768 ' 4)
(765.0)
(775. )
(778. )
(770. )
(775 ' )
(776.3)
(776 ~ 1 &

(769.5)

775 ' 0
769 ' 2
774. 0
767.7
767.0
770.0
773.5
764. 0
775 ' 0
767 '
768 ' 0
767 ' 6
769 ' 0
768.0
770.
777 ' 4
775 ' 9

(10~ 0)
(10.0)

(5 ' 0)
(5.0)
(5 ' )
(7 ' 5)
(8 ~ 0)
(3.0)
(5 ' 0)
(2.0)
(3 ' )
(4.0)
(2.0)
(2 ' 4)

(10~ 0)
(5 ' )
(2 ' )
(9 ' )
(2-)
(0.4)
(2.6)
(0.7)

3.0
1 ~ 5
3.0
1.9
4 ' 0
4.0
1 ~ 7
3.0
4 ' 0
4.
1 ~ 0
2.7
3.0
4 ~ 0
2 ~

2. 0
2 ~ 0

ABOl. INS
GOLDHABER
ALFF-STEI
HAGOP I AN1
HAGOPIAN2
JACOBS
JAMES
WEST
ASSURY 2
BACON
HUWE

MILLER
ARMENISE
MALAMUD
ALVENSLEB
GLADDING
HYAMS
ESTABROOK
GRAYER
ROOS
BECKER
LANG

HYAMS
P I SUT
REYNOLDS
BIGGS
SALLAM
BALLAN
JACOBS
RATCLIFF
PROTOPOPE
ENGLER
DEUTSCHMA
BARTALUCC
WICKLUND
BOHACIK
HEYN
CHABAUD
KURDADZE

63 HBC
64 HBC
66 HBC
66 HBC
66 HBC
66 HBC
66 HSC
66 HSC
67 CNTR
67 HBC
67 HBC
67 HBC
68 DBC
69 RVUE
70 CNTR
73 CNTR
73 ASPK
74 RVUE
74 ASPK
75 RVUE
79 ASPK
79 RVUC

68 OSPK
68 RVUE
69 HBC
70 CNTR
72 HBC
72 HBC
72 HBC
72 ASPK
73 HSC
74 DSC
76 HBC
78 CNTR
78 ASPK
80 RVUE
80 RVUE
83 ASPK
83 OLYA

0 3 ~ 5 PI+P
0 3 ~ 7 PI+P
0 23 PI+ P03 ~ OPI — P
0 2 ~ 1 PI-, TCUT 12
0 2-3P I-,T CUT 20
0 2. 1 PI+ P02 ~ 1 PI- P
0 GAMMA i PB
0 1 ~ 7 PI-P
0 2.4 PI- P
0 2.7 PI-, T CUT20
0 5. 1 PI+0
0 2-4 PI-P
0 GAMMA A, TCUT. 01
0 2.9-4.7 GAMMA P
0 17 ~ P I=P, P I+PI-N
0 17 PI-P, PI+PI-N
0 17.P I-P, PI+PI-N
0 PHASE SHIFTS
0 17 ~ P I-P POLAR I Z
0

0 11 ~ 2 PI- P
0 1.7-3 ~ 2P I-,CT10
0 2.26 PI- P
0 PHOTOPROD ~

0 2.8 GAMMA P
0 4 ' 7 GAMMA P02 ~ 8PI- P
0 15 ' PI-P, TCUT ~ 3
0 7 ~ 1 PI+P, TCUT ~ 4
0 6 ~ P I+N, PI+PI-P
0 16. P I+ P
0 BRENS, E+E-P
0 3,4, 6 PI+-PN
0

PION FORM FACTOR
0 17 PI-P POLAR I Z

E+E-

770.34 0.86 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7)
(SEE IDEOGRAM BELOW)

A

A

B
B
C

D

D

E
G

G

G

H

P
R

X
X
Z
K

WE I GHTED AVERAGE = 770. 34 * 0, 86
ERROR SCALED BY 1, 7

755 765 775
NEUTRAL RHO MASS (MEV)

KURDADZE
-CHABAUD
-HEYN
-BOHACIK
- WI CKLUND
-BARTALUCC
-DEUTSCHMA
-ENGLER
-PROTOPOPE
-RATCLIFF
-JACOBS
-BALLAM
-BALLAM
-BIGGS
. REYNOLDS
-PISUT
-HYAMS

83 OLYA
83 ASPK
80 RVUE
80 RVUE
78 ASPK
78 CNTR
76 HBC
74 DBC

HBC
72 ASPK
72 HBC
72 HBC
72 HBC
70 CNTR
69 HBC
68 RVUE
68 OSPK

785
I

795

CH I SQ
7. 7

12. 5
0. 0
0. 3
0. 2
1, 0
5, 5
0. 7
1.4
4. 5
3. 5
0. 0
0. 7
1.9
1.5
0. 6
2. 4

44, 4
(CONLEV
=0. 000)

----------NOTES----------
FROM FIT OF 3-PARAMETER RELATIVISTIC P-WAVE BREIT WIGNER TO TOTAL
MASS DISTRIBUTION ~

HEYN 80 INCLUDES ALL SPACELIKE AND TIMELIKE F(PI)
VALUES UNTIL 1978.
FROM POLE EXTRAPOLATION
ENERGY-DEPENDENT ANALYSIS OF BATON 70, HYANS 73,
PROTOPOPESCU 73 PHASE SHIFTS'
PURE P-WAVE SYSTEM.
FROM FIT OF 3-PARAMETER RELATIVISTIC BREIT-WIGNER TO
HELICITY ZERO PART OF P-WAVE INTENSITY. CHASAUD 83 AND SECKER 79
INCLUDE DATA OF GRAYER 74 ~

FROM PHASE SHIFT ANALYSIS OF GRAYER 74 DATA'
FROM PHOTOPRODUCTION ~ MODEL DEPENDENTS
INCLUDED IN PISUT 68 RVUE
PHASE SHIFT ANALYSIS ~ SYSTEMATIC ERRORS ADDED CORRESPONDING
TO SPREAD OF DIFFERENT FITS.
MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(N), SEE K* TYPED NOTE
FROM THE GOUNARIS-SAKURAI PARAMETRIZATION OF THE PION FORM FACTOR

6/66
6/66
2/67
6/68
6/66

10/66
1/73
9/67
7/67
9/66
6/68
1/73
1/73
2/74
1/74

12/75
2/74

12/75
12/79

1/e2

9/68
1/73

12/78
1/73
1/73
1/73
1/73
2/74
2/74

12/75
4/78

12/77
4/78
1/82
9/81

12/83*
1/84¹
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For notation, see key at front of Listings. Me sons
n(»0)

9 (RHOO& — (RHO+-) MASS DIFFERENCE (MEV&

A 3600
22950

A 3000

AVG

-5 ~

2 ' 4-4.0

0 ' 3

5.
2. 1
4.0

2 ' 2

FOSTER 68 HBC +-0 PBAR P AT REST 12/78
PISUT 68 RVUE PI N TO RHO N 6/68
REYNOLDS 69 HBC -0 2.26 PI- P 12/78

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 3)

D A FROM QUOTED MASSES OF CHARGED AND NEUTRAL MODES

5 ' 3

9 RHO RAN6E PARAMETER (6EV-1&

0.9 F 7 CHABAUD 83 ASPK 0 17 PI-P POLARIZ 12/83*

CHARGED ONLY
R (77 ' 0)
R (100 ~ 0)
R (127 ~ 0)
R (150.0)
R (135.0)
R 2775 (137~ 1)
R (147-0)
R (149 ~ 0)
R (153~ 0)
R (150 ~ 0)

(20 ' 0)

(5.0)
(20.0)
(20 ' 0)
(20.0)
(19.0)
(13~ 0)

(13.0)
(5 ~ 0)

CARMONY
ALFF-STEI
BLIEDEN
HAGOP I AN1
HAGOPIAN2
JACOBS
JAMES
WEST
MILLER
BATON

64 HBC
66 HBC
66 MMS
66 HBC
66 HBC
66 HBC
66 HBC
66 HBC
67 HBC
68 HBC

3 ~ 5 PI+P, TCUT 4
2-3 PI+ P
3-5 PI — P
3.0 PI- P
2. 14 PI —,TCUT12
2-3P I-, T CUT 20
2 ~ 1 PI+, TCUT2 ~ 5
2. 1 PI- P
2 AT PI-, T CUT20
2.8 PI- P

6/66
6/66
6/66
9/67
6/68
8/66

10/66
9/66
7/69

9 RHO VIDTH (MEV&

WE NO LONGER LIST S-WAVE BREIT-WIGNER FITS, PBAR P DATA WITH HIGH
COMBINATORIAL BACKGROUND, AND INSIGNIFICANT OR DOUBTFUL DATA ~

SEE FURTHER MINI-REVIEW ABOVE ~

-KURDADZE
-CHABAUD
-HEYN

-BOHACIK
. WI CK LUND

BARTALUCC
-DEUTSCHMA
-ENGLER
. PROTOPOPE
RATCLIFF

- BALl AM

-BALLAM
BIGGS

-REYNOLDS
- P ISUT
-HYAMS

I

200
I

120 140 160 180
NEUTRAL RHO WIDTH (MEV)

83 OLYA

83 ASPK
80 RVUE

80 RVUE

78 ASPK
78 CNTR

76 HBC
74 DBC
73 HBC

72 ASPK
72 HBC

72 HBC

70 CNTR

69 HBC
68 RVUE

68 OSPK

WEIGHTED AVERAGE = 153. 7 4 1 . 0
ERROR SCALED BY 1.3

CHISQ
1.3
2. 4

. 8
0. 9
0. 0
0. 9
0. 0

0. 2

6. 8
1, 8

16. 1

(CONLEV
=0. 06S)

900 146 ~

A 9650 148 ' 2
X 6500 146.

147 ~ 8

13 ~

4 ~ 1
12.
3 ' 7 AVERAGE

EI SMER
PISUT
BYERLY

67 HBC
68 RVUE
73 OSPK

4 ~ 2 PI-, T CUT10
1 ~ 7-3.2P I-,CT10
5. PI- P

9/67
6/68
2/74

9 RHO PARTIAL WIDTHS (KEV&

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

NEUTRAL ONLY
R 300 (90.0)
R 500 ( 130 ~ 0)
R (100.0)
R (120.0)
R (135 ~ 0)
R 4207 (122 ~ 2)

(103~ 0)
R (173 ~ 0)
P 4000 (130.)
R (148.0)
R (152.)
R (160.0)
R (167 ~ 0)
P (160 ~ 0)
R (132.0)
P (140 ~ 0)
P (147.)
H (152.)
H (143 ~ )
G (163.)
D (154 ~ 5)
G (161.8)

(10 ~ 0)

(10~ 0)
(20.0)
(15 ~ 0)
(13.0)
(13~ 0)
(5 ~ )
(8 ' 0)

(15 ~ )
(15.0)
(6.0)

(10.0)
(13~ 0)
(5.0)

(11~ )
(2-)

(13~ )
(4.)
(1-0)
(7-6)

ABOL I N S 63
GOLOHABER 64
ALFF-STEI 66
HAGOPIAN1 66
HAGOPIAN2 66
JACOBS 66
JAMES 66
WEST 66
ASBURY 2 67
BACON 67
HUWE 67
MILLER 67
ARME N I SE 68
LANZEROTT 68
MALAMUO 69
ALVENSLEB 70
GLADO I NG 73
HYAMS 73
ESTABROOK 74
GRAYER 74
ROOS 75

(7.2) BECKER 79

HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
CNTR
HBC
HBC
HBC
DBC
CNTR
RVUE
CMTR
CNTR
ASPK
RVUE
ASPK
RVUE
ASPK

0 3.5 P I+P
0 3.7 PI+P
0 2-3 PI+ P
0 3.0 PI- P
0 2 ~ 14 PI-P, LOW T
0 2-3P I-, T CUT 20
0 2. 1 PI+ P
0 2. 1 PI- P
0 GAMMA + PB
0 1 ~ 7 PI-P
02 ~ 4PI-P
0 2 ~ 7 PI-, T CUT20
0 5. 1 PI+0
0 GAMMA P
0 2-4 PI-P
0 GAMMA A, TCUT. 01
0 BREMS.
0 17 ~ P I-P, PI+PI-N
0 17 PI-P, PI+PI-N
0 17 ~ P I-P, PI+PI-N
0 PHASE SHIFTS
0 17.P I-P POLAR I Z

6/66
6/66
9/67
6/68
6/66

10/66
1/73
9/67
7/67
9/66
6/68
1/73
1/73
1/73
2/74
1/74

12/75
2/74

12/75
12/79

W3
W3
W3

RHO INTO (PI 6ANIIA&
(35.0) (10.0)
71 ~ 0 7.0

GOBB I
JENSEN

(63&
74 OSPK — 23. PI-A, PI-PIOA 12/75
83 SPEC — PI-A, PI- PIO A 9/83~

R1

R1
R1
R1

9 RHO SRANCHIN6 RATIOS

RHO INTO 4PI/2PI

RHO+- INTO (PI+- PI+ PI- PIO) / (PI+- PIO)
(0 ' 002)OR LESS FERBEL 66 HBC

0 ' 0035 0 ' 004 JAMES 66 HBC

(P2&/(P1&

+- PI+- P ABOVE 2.5 10/66
+ 2. 1 P I+& 11/66

R1
R1
R1
R1
R1

RHOO INTO (PI+ PI — PI+ PI-) /
(0.008)OR LESS
(0.002)OR LESS
(0 ' 002)OR LESS CL=. 90
(0 ' 0015)R LESS CL=. 90

(P I+ P I -)
JAMES 66 HBC
CHUNG 68 HBC
HUSON 68 HLBC
ERBE 69 HBC

0 2 ~ 1 PI+P 6/66
0 3.2, 4 ' 2 PI-P 7/6T
0 16 ~ 0 PI- P 1/71
0 2. 5-5.8 GAMMA P 10/67

NOTE ON THE e+e AND p, pa DECAYS
WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO
'WO

WO

P1
P2
P3
P4
P5
P6
PT
Pe

12 ~ 0
15.0
e.o
F 9

12 ~ 0
13 ~ 0
8.0

10.0
14 ~

2.0
3 ' 0
9.0

(1-3)
6.0
1 ~

4 ~ 1
4.3

Z 2250
A 13300

1700
140K

Z 2430
Z 1930

6800
C 32000

4100
76000

E
X

CH
C H

E 8
G

K

AVG

145 ~ 0
163.0
143.0
146. 1
155.0
145 ~ 0
157 ~ 0
160 ~ 0
146.
154 ~ 0
150.9
152 ~ 0

(148 ~ 0)
148 ~ 0
155.
160.0
148.8

153 ~ 7

68 OSPK
68 RVUE
69 HBC
70 CNTR
72 HBC
72 HBC
72 ASPK
73 HBC
74 DBC
76 HBC
78 CNTR
78 ASPK
79 RVUE
80 RVUE
80 RVUE
83 ASPK
83 OLYA

HYAMS
PISUT
REYNOLDS
BIGGS
BALLAM
BALLAM
RATCLIFF
PROTOPOPE
ENGLER
DEUTSCHMA
BARTALUCC
WI CKLUND
LANG
BOHACIK
HEYN
CHABAUO
KURDADZE

0 11.2 PI- P
0 1.7-3 ~ 2PI —,CT10
0 2 ~ 26 PI- P
0 PHOTOPROD ~

0 4.7 GAMMA P
0 2.8 GAMMA P
0 15. PI-P, TCUT. 3
0 7. 1 PI+P, TCUT. 4
0 6 ~ P I+N, PI+PI-P
0 16 ~ PI+ P
0 BREMS, E+E-P
0 3,4, 6 PI+-PN
0
0
0 PION FORM FACT.
0 17 PI-P POLARIZ

E+E-
4.0

1.0 AVERAGE (ERROR IMCLUDES SCALE FACTOR OF 1 ' 3)
(SEE IDEOGRAM BELOW)

----------NOTES----------
FROM FIT OF 3-PARAMETER RELATIVISTIC P-WAVE BREIT WIGNER TO TOTAL
MA'SS DI STRIBUTION.
HEYN 80 INCLUDES ALL SPACELIKE AND TIMELIKE F(PI)
VALUES UNTIL 1978.
FROM POLE EXTRAPOLATION
ENERGY-DEPENDENT ANALYSIS OF BATON 70, HYAMS 73,
PROTOPOPESCU 73 PHASE SHIFTS ~

PURE P-WAVE SYSTEM.
FROM FIT OF 3-PARAMETER RELATIVISTIC BREIT-WIGNER TO
HELICITY ZERO PART OF P-WAVE INTENSITY. CHABAUO 83 AND BECKER 79
INCLUDE DATA OF GRAYER 74.
FROM PHASE SHIFT ANALYSIS OF GRAYER 74 DATA.
FROM PHOTOPRODUCTION, MODEL DEPENDENT.
INCLUDED IN PISUT 68 RVUE
PHASE SHIFT ANALYSIS ~ SYSTEMATIC ERRORS ADDED CORRESPONDING
TO SPREAD OF DIFFERENT FITS.
WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N), SEE K+ TYPED NOTE
FROM THE GOUNARIS-SAKURAI PARAMETRIZATION OF THE PION FORM FACTOR

A

A

8
8
C

0
0
E
G

G

G
H

P
R

X
X
Z

K

9 RHO PARTIAL DECAY MODES

DECAY MASSES
140+ 140
140+ 140+ 140+ 140
140+ 0

~ 511+.511
140+ 549
106+ 106
140+ 140+ 135
549+ 0

RHO INTO 2PI
RHO INTO 4P I
RHO INTO PI GAMMA
RHO INTO E+ E-
RHO INTO PI ETA (VIOLATES G)
RHO INTO MU+ MU-
RHO INTO PI+ PI- PIO (VIOLATES G)
RHO INTO ETA GAMMA

1/73
1/73

12/78
1/73
1/73
1/73
2/74
2/74

12/75
4/78

12/77
4/78
1/82
1/82
9/81

12/83*
1/84*

R3
R3
R3
R3
R3 P
R3 H

R3 A
R3
R3 F
R3
R3
R3
R3 AVG

RHO INTO(E+ E-&/(PI+PI-) (UNITS 10+~-4&

SEE MINI-REVIEW ABOVE.

94

33.
(0 ' 65)
(0.65)
(0 ' 53)

0 ' 50
(0 F 49)

0 ~ 41
0.462

0.457

(0.14)(1.1)
(0.11)

0 ~ 10
(0 ~ 12)

0 ~ 05
0 ~ 018

0.017

ASBURY 1
(0.5) HERTZBACH

ASTVACATU
AUSLENDER

(0 ~ 15) BIGGS
BENAKSAS
KUROADZE

AVERAGE

67 CNTR
67 OSPK
68 OSPK
69 OSPK
70 CNTR
72 OSPK
83 OLYA

(P&&/(P1&

PHOTOPRODUCTION
ASSUME SU(3)+MIXING
ASSUME SU(3)+MIXING

E+E- COLLIDE BEAM
PHOTOPRODUCTION

E+E- COLL ~ BEAMS
E+E-

9/67
10/66
6/68
9/6e
6/70

12/72
1/84*

R3 A

R3 F
R3 H

R3 P

NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL ONLY.
ASSUMING RHO WIDTH 140 MEV. ERROR STATISTICAL OMLY.
NOT SEPARATED FROM OMEGA DECAY.
POSSIBLY LARGE RHO-OMEGA INTERFERENCE

Extraction of a ratio for p ~ e+e is complicated

by interference with ~ decay. In photoproduction, yA
~ e+e A, there is substantial interference between the
allowed (po, co) ~ e+e decays. The interference in the

colliding-beam reaction e+e ~ ~++ is due to G-
parity-violating mixing of the overlapping p and ~
resonances; it alters the results for the rate I'(po ~
e+e ) only by a small amount. Therefore at present we

average only the values from the e+e ~ ~++ exper-
iments.

The same comment applies to the decay p
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Me sons
p(770), ~(783)

D~ta Card Listings

R5 RHO INTO (HU+ IIU-)/(PI+
R5
R5 SEE MINI-REVIEW ABOVE ~

R5
R5 H 0.31
R5 R 0.16
RS 0. 15
R5
R5 AVG

0 ' 97
0 ' 82
0 ' 56

PI-) CUNIT$1O*t-4& CP6)/CP1)

0.33 HYAMS 67 OSPK
0.36 ROTHWELL 69 CNTR

WEHHANN 69 OSPK

AVERAGE

11 PI- LI H

PHOTOPRODUCT ION
12 PI — ON C, FE

6/67
4/70
7/69

R5 H

R5 R
R5 R
R5 W

R5 W

R5 W

R5 W

HYAHS MASS RESOL. IS 20 MEV. THE OMEGA REGION WAS EXCLUDED.
POSSIBLY LARGE RHO-OMEGA INTERFERENCE LEADS US TO INCREASE
THE MINUS ERROR
RESULT CONTAINS (11 +- 11) PER CENT CORRECTION USING SU(3)
FOR CENTRAL VALUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT
OF POSSIBLE RHO-OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES
WITH THE UPPER LIMIT OF (OMEGA INTO HU+ MU-) FROM THIS EXPT.

R4 RHO INTO CPI ETA&/CZPI& Cr 5)/CP1&
R4 (0.008)OR LESS FERBEL 66 HBC +- Pl+- P ABOVE 2 ' 5 11/66

BAIL LON
BALLAM
BASDEVAN
BENAKSAS
DRIVER
EISENBER
GRAYER
GRAYER
JACOBS
RATCLIFF
TAKAHASH

72 PL 38 S 555
72 PR 0 5 545
72 PL 41 B 178
72 PL 39 B 289
72 NP B 38 1
72 PR D 5 15
72 PHIL ~ CONF .PROC.
72 NP B 50 29
72 PR 0 6 1291
72 PL 38 B 345
72 PR D 6 1266

ALVENSLE 70 PRL 24 786
BATON 70 PL 33 B 528
BIGGS 70 PRL 24 1197
BINGHAH 70 PRL 24 955
GALLOWAY 70 PR D 1 3077

ASRAMS 71 PR 0 4 653
BLOOOWOR 71 NP B 35 133
DEERY 71 PR D 3 635

ALVENSI. EBEN, BECKER ~ BERTRAH, CHEN, COHEN(DESY)
+LAURENS, RE IGNI ER (SACLAY)
+SRABEN, CLIFFT, GABATHULER, KITCHING+ (DARE)
+FRETTER, MOFF E IT, BALLAH+ (LRL+SLAC+ TUFT)
+MOTT, ALYA, LEE, MARTIN, PRICKETT (IND)

+BAR NHAM, BUTL ER, COY NE, GOLOH ABER, HAL L, + (LBL )
BLOODWORTH, JACKSON, PRENTICE, YOON (TORONTO)
+BISWAS, CASON, GROVES, JOHNSON, + (NOTRE DANE)

+CARNEGIE, K LUGE, LE I TH, LYNCH, RATCL IF F+(SLAG)
+CHADWICK, B INGHAM, MILBURN, + (SLAC+LBL+TUFT)
BASDEVANT, FROGGATT, PETERSEN (CERN)
+COSHE, JEAN-MARIE, JULLIAN, LAPLANCHE, +(ORSA)
+HEINLOTH, HOHNE, NOFHANN, RATHJE, +(OESY+HAMB)
EISENBERG, BALLAM, DAGAN, + (REHO+SLAC+TELA)

5 +HYAMS, JONES, SCHLEIN, BLUH, 0 IETL+(CERN+MP IM)
+HYAMS, JONES, WEILHAMHER, BLUM, + (CERN+MPIH)
L.D. JACOBS (SACLAY)
+BULOS, CARNEGIE, KLUGE, LEITN, LYNCH, + (SLAG)
TAKAHASHI, BARISH, + (TOHO+PENN+NOAH+ANL)

R6
R6 G

R6 G

R7
R7 A

R7 B
R7 A

R7 A

R7 B

RHO INTO (PI+ Pl- PIO&/&PI+ PI-) CP?)/(P1&
(0.01) OR LESS CL~.84 ABRAMS 71 HBC 0 3.7 PI+ P

MODEL DEPENDENT, ASSUMES I ~ 1,2, 0R 3 FOR THE 3PI SYSTEM

RHO INTO CETA 6AHNA&/TOTAL (UNITS 10»t-4) CP8)
(3.6) (0.9) ANDREWS 77 CNTR 0 6.7-10 GAMMA CU

(5 ~ 4) (1 ~ 1) ANDREWS 77 CNTR 0 6.7-10 GAMMA CU

SOLUTION CORRESPONDING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE
THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERO.
SOLUTION CORRESPONDING TO DESTRUCTIVE OMEGA-RHO INTERFERENCE

REFERENCES FOR RHO

ttt*tt t*tt*tttt t*tt**ttt ttt*tt*tt *t*ttt**» **»**»»*t»*tttttt* »***»**»

11/71
11/71

12/77
12/77

CARROLL
ENGI ER
ESTABROO
GOSSI
GRAYER
HABER
NORDBERG
SPITAL

74 PR D 10 1430
74 PR D 10 2070
74 NP B 79 301
74 PRL 33 1450
74 NP B 75 189
74 PR D10 1387
74 PL 51 B 106
74 PR D 9 126

BYERLY 73 PR D 7 637
CHARLESW 73 NP B 65 253
GLADDING 73 PR D 8 3721
HYAMS 73 NP B 64 134
PROTOPOP 73 PR D 7 1280

+ANTHONY, COFFIN, MEANLEY, MEYER, RICE, + (MICH)
CHARLESWORTH ~ EHMS g BELL g+ (RHEL+SIRH+OURH )
+RUSSEL, TANNENBAUM, WEISS ~ THOHSON (HARV)
+ JONES, WE I L HAMMER, 8 LUM, DI ET L, + ( GER N+MP IH)
PROTOPOPESCU g GARN

JOSTLE

GALTIERI ~ FLATTE+(LSL )

+MATTHEWS, WALKER+ (SLAC+DUKE+WI Sc+TNTO)
+KRAEHER, TOAF F, WE ISSER,DIAZ+ (CARN+CASE)
P. ESTABROOKS, A. D.HART I N (DURH)
+ROSEN, SCOTT, SHAPIRO+ (NWES+ROCH+CARN)
G. GRAYER, HYAHS, BLUM, DIETL, + (CERN+MPIH)
+HOOOUS, HULSI ZER ~ KI STIAKOWSKY, LEVY+ (HIT)
+ASRAMSON, ANDREWS, HARVEY, + (CORN+ROCH)
R ~ SP ITAL, O. R.YENNI E (CORN)

ANDERSON 61 PRL 6 365
ERWIN 61 PRL 6 628

ANDERSON, BANG, BURKE, CARHONY, SCHMITZ (LRL)
A ~ R R MARCH JW D WALKER ~ E WEST (WISC)

MONTONEN 75 LNC 12 62?
ROOS 75 NP B 97 165

C HONTONEN ~ H ~ RODS g N TORNQV I ST
M. ROOS

(HELS)
(HELS)

PL 15 82
Nc 37 361
PL 19 444
PR 139 B 1556
Nc 39 381
PRL 15 210
PRL 14 721

ALYEA 65
ARMENISE 65
BL IEDEN 65
CLARK 65
GUTAY 65
LANZEROT 65
ZDANIS 65

PL 20 557
PR 145 1072
PR 145 1103
Nc 43 71
PR 146 994
PR 148 1282
PL 20 82
PL 21 111
PL 23 163
PR 145 1128
PR 152 1183
PL 20 91
UCRL-16877
PR 142 896
PR 149 1089

ACCENSI 66
ALFF-STE 66
BALTAY 66
BL I EDEN 66
CAMBRIDG 66
CASON 66
OEUTSCHM 66
FERSEL 66
FIDECARO 66
HAGOPI AN166
HAGOPIAN266
HUSON 66
JACOBS 66
JAMES 66
WEST 66

ALLES-BO 67
ASSURY 1 67
ASBURY 2 67
BACON 67
BANNER 67
SARLOW 67
BATON 67

ALSO 67
CLEAR 67
DANYSZ 67
E ISNER 67
FRENCH 67
HERTZBAC 67
NUWE 67
NYAHS 67
HILLER 67
PO IR I ER 67

Nc 50 A 776
PRL 19 869
PRL 19 865
PR 157 1263
PL 25 B 300
Nc 50a 701
PL 25 B 419
NP B 3 349
Nc 49A 399
Nc 51 A 801
PR 164 1699
NC 52A 442
PR 155 1461
PL 24B 252
PL 24B 634
PR 153 1423
PR 163 1462

ABC COLL 68
ARHENISE 68
asTvacaT 68
BATON 68
SLECHSCH 68

ALSO 67
CHUNG 68
DONALD 68
FOSTER 68
HUSON 68
HYAMS 68
JONES 68
JOHNSON 68
KEY 68
LAMSA 68
LANZEROT 68
HARATECK 68
PISUT 6e

NP B4 501
Nc 54A 999
PL 27 B 45
PR 176 1574
Nc 53 A 1045
Nc 52 A '1348
PR 165 1491
NP B 6 174
NP B 6 107
PL 28B 208
NP B 7 1
PR 166 1405
PR 176 1651
PR 166 1430
PR 166 1395
PR 166 1365
PRL 21 1613
NP B 6 325

AUGUST I 1 69
AUGUSTI2 69
AUSLENOE 69
ERSE 69
HAISSINS 69
JUHALA 69
HALAMUD 69
HILLER 69
MOTT 69
REYNOLDS 69
ROOS 69
ROTHWELL 69
SCHARFN 69
WEHHANN 69

PL 28 B 508
LNC 2 214
SJNP 9 69
PR 188 2060
ARGONNE CONF. 373
P R 184 1461
ARGONNE CONF' P.93
PR 178 2061
PR 177 1966
PR 184 1424
NP B 10 563
PRL 23 1521
ARGONNE CONF. 306
PR 178 2095

KENNEY 62 PR 126 736
saHIOS 62 PRL 9 139
XUONG 62 PR 128 'I849

ASOLINS 63 PRL 11 381
ALITTI 63 Nc 29 515
cHaowlcK 63 pRL 10 62
GUIRAGOS 63 PRL 11 85
SACLAY 63 SIENA CONF 1 239

BONDAR 64 Nc 31 729
CARMONY 64 OUBNA CONF 1 486
GOLDHABE 64 PRL 12 336

V P KENNEY, W 0 SHEPHARD, C 0 GALL (KENTUCKY)
SAMIOS ~BACHMAN g LEA+ (BNL+CUNY+COLU+KNTY )
NGUYEN HUU XUONG, GERALD R LYNCH (LRL)

ASOL INS~ LANDER ~MEHLHOPJNGUYENg YAGER (UCSO)
AL ITT I, BATON, ARHENI SE+ (SAC L+ORSA+BAR I+BGNA)
CHADWICK, DAVIES, DERRICK, CRESTI + &OXF+r ADO)
ZAVEN GUIRAGOSSI AN (LRI. )
SACLAY+ORSAY+BARI + BOLOGNA- COLLABORATION

BONDAR+ (AACHEN+BIRM+BONN+DESY+LOIC+QPIH)
CARHONY, HOA, LANDER, NG. H. XUONG, YAGER (UCSO)
GOLDHASER, BROWN, KAOYK, SHEN+ (LRL+UCB)

ALYEA, CR ITTENDEN, HARTIN, RHODE + (INDIANA)
SACLAY+ORSAY+BARI+BOLOGNA COLLABORATION
CERN MISSING MASS SPECTROMETER GROUP (CERN)
A CLARK, CHRISTENSON, CRONIN, TURLAY(PR INCETO)
GUTAY, LANNUTTI, TULI (F SU)
LANZEROTTI, BLUMENTHAL, EHN, FAISSLER + (HARV)
ZDANIS, HADANSKY, KRAEMER + (JHU+BNL)

ACCENSI, ALLES-BORELLI, FRENCH, FRISK+ (CERN)
AI. FF-STEINSERGER, BERLEY,BRUGGER+(COLU+RUTG)
+FRANZINI, LUTJENS, SEVERINS, TYCKO+(COLUMBIA)
CERN HISSING MASS SPECTROMETER GROUP (CERN)
CAMBRIDGE BUBBLE CHAMBER GROUP (MIT+HARV+)
N M CASON (WISCONS IN)
OEUTSCHHANN, STEINBERG + (AACH+BERL IN+ CERN)
FERSEL (ROCHESTER)
G+M F I DE CARO g J PO IR IER ~ P SCHI AVON (CERN)
HAGOPIAN, SELOVE, ALITTI, BATON+ (PENN+SACLAY)
HAGOPIAN, PAN (PENNSYLVANIA, LRL-BERKELEY)
HUSON, ALLARD, DRIJARD, HENNESSY+ (ORSAY+EPOL)
L.D. JACOBS (LRL)
F E JAMES, KRAYBILL (YALE+BROOKHAVEN)
WEST g BOYD g ERWI N g WALKER (WISCONSIN)

ALLES-BORELLI, FRENCH, FRISK, + (CERN+BONN)
+BECKER+BERTRAM+JOOS+JOROAN+ (DESY+COLU)
+BECKER+BERTRAM+JOOS+JORDAN+ (DESY+COLU)
+FICKINGER, HILL, HOPKINS, ROBINSON+ (BNL)
+FAYOUX)HAHEL, ZSEMBERY, CHEZE+ (SACLAY+CAEN)
+LILLESTOL+MONTANET+ (CERN+COEF+IRAD+LIVP)J.SATON, G ~ LAURENS, J ~ RE IGNI ER (SACLAY)J.BATON, G. LAURENS, J.RE IGNI ER (SACLAY)
+JOHNSTON+COOPER+MANNER+ (TNTO+ANL+WISC)
DANYSZ+FRENCH+SIMAK (CERN)
+JOHNSON+KLEIN+PETERS+SAHNI+YEN+ (PURDUE)
+KINSON+MCOONALO+R I DD I FORD+ (CERN+BIRM)
NERTZBACN, KRAEMER, MADANSKI, ZOANIS+(JHU+BNL)
+MARQUIT+OPPENHEIMER+SCHULTZ+WILSON (COLU)
+KOCH+PELLETT+POTTER+VONLINDERN+(CERN+MPIM)
MILLER, GUTAY, JOHNSON, LOEFFLER + (PURDUE)
+BI SWAS g CASON, DER ADO, KENNE Y+ (NDAM+PE NN )

AACHEN+SERL IN+CERN COLLABORATION
+GH ID IN I, FOR I NO+ ( BAR I+BGNA+ F I RZ+ORSAY)
ASTVACATUROV gAZIHOV~ BALD IN+ & J INR+MOSCOW)J.PE BATON, G. LAURENS (SACLAY)
BLECHSCHMIDT, OOWD ~ ELSNER, + (DESY+MCHS)

S ~ U. CHUNG, O. I ~ DAHL, J ~ KIRZ, D ~ H. MILLER (LRL)
+EDWARDS, FROOESEN, BETTINI+ (L IVP+OSLO+PAOO)
+GAVILLET+LASROSSE+MONTANET+ (CERN+CDEF)
+LUBATTI, SIX,VEILLET, + (ORSA+MILA+UCLA)
+KOCH, POTTER, WILSON, VON LINDERN+(CERN+HPIH)
+BLEULERg CALDWELL gELSNER g HART ING+ (CERN)
+POIRIER, BI SWAS, GUTAY+ (NOAM+PURD+SLAC)
+PRENT I CE+COOP ER+MANNER+ ( TNTO+ANL+WI SC )
+CASON+BISWAS+OERAOO+GROVES+ (NOTREDAHE)
LANZEROTTI g BLUHENTHAL ~ ENNY FAISSLER + (HARV)
+HAGOPIAN, + (PENN+LRL+COLO+PURD+TNTO+WI Sc)J.PISUT, M. ROOS (CERN)

+BIZOT+BUON+HAI SSINSK I+LALANNE+ (ORSAY)
+LE FRANCO IS,LE HHANN, HAR IN g+ (ORSAY)
AUSLENOER, BUDKER, PANTUSOVA, PESTOV+ (NOVO)
GERMAN BUBBLE CHAMBER COLL. (DESY)
J ~ HAISSINSKI &ORSAY)
+LEACOCK, RHODE, KOPELMAN, LIBBY,+ ( ISU+COLO)
E.MALAHUD, P.SCHLEIN (UCLA)
R. MI LL ER, L I CHTMAN, WI L LMANN (PURDUE)
+AMHAR, DAVIS, KROPAC, SLATE, DAGAN+ (NWES+ANL)
+ALBRIGHT, BRADLEY, SRUCKER, HARMS+ (FSU)
H ~ ROOS, J.PISUT (CERN+BRATISLAVA)
+CHASE, EARLES, GETTNER, GLASS, WEINSTEI+(NEAS)
SCHARENGUIVEL (PURDUE)
+ENGELS, WILSON, + (HARV+CASE+SLAC+CORN+MCGI)

DEUTSCHH 76 NP B 103 426 +KIRK, +(AACH+BERL+BONN+CERN+CRAC+HEID+WARS)

ANDREWS 77 PRL 38 198 +FUKUSHIMA, HARVEY, LOBKOWICZ, MAY, + (ROCH)

BALTAY 78 PR D 17 62
BARTALUC 78 Nc 44 A 587

'QUENZER 78 PL 76 B 512
WICKLUND 78 PRD 17 1197

+CAUT IS,COHEN, CSORNA, SMITH, YEH, +(COLU+BING)
BARTALUCCI, BAS INI, BERTOLUCCI, (DESY+FRAS)
+RISES, RUMP F, BERTRAND, B IZOT, CHASE, + (LALO)
+AYRE S, 0 IEBOLD, GREENE, KRAMER, PAWL ICKI (ANL )

SECKER
LANG

BERG
BOHACIK
HEYN

79 NP B 151 46
79 PR D 19 956

80 PRL 44 706
80 PR 0 21 1342
80 ZPHY C 7 169

+SLANAR, BLUH, CERRADA+ (HPIH+CERN+ZEEH+CRAC)
C ~ B ~ LANG, A. HAS-PARAREDA (GRAZ)

+CHANDLEE p B IEL g HEPPELMANN g + (ROC H+FNAL+MINN )J.BOHACIK, H ~ KUHNELT (BRATISLAVA+WIEN)
MD F.HEYN, C AS. LANG (GRAZ)

ALEKSEEV 82 JETP 55 591 ALEKSEEVA, KARTAMYSHEV, MAKARIN+ (K IAE)

CHASAUD 83 NP B 223 1
JENSEN 83 PR D 27 26
KURDADZE 83 JETPL 37 613

+GORLICH, CERRADA+
+BERG, 8 I EL, COL L I CK+
+LELCHUK, PAKHTUSOVA+

(CERN+CRAC+HP IH)
(ROCH+FNAL+MINN)

(NOVO)

1 ONE6AC73, JP6~1—) I~0

1 OHE6A HASS (HEV&

M R 2198 (783 ~ 4)
M R (784.0)
M SR 4800 (782 ~ 0)
H

2400 782 ' 4
H 750 784. 1
H F 783.2
H 248 783.4
M 510 781.0
H D 783.7

418 782. 5
B 7000 782 ' 4

H 2100 783 ~ 5
H 535 782 ~ 7

1430 781 ~ 8
M 3000 782.6
H 783.3
M 33260 782. 5

782 ' 4
H ~ ~ ~ ~

H AVG ?82.58

(0.?)
(0.?)
&0.8)
0.5
1.2
1 ~ 6
1 ~ 0
0.6
1 ~ 0
0.8
0.5
0 ' 8
0 ' 9
0.6
0 ~ 8
0 ' 4
0 ~ 8
0.4

0.18

BALTAY 67 HBC 0.0 PBAR P 2/74
ATHERTON 70 HBC 3 ' 6 PSAR P, 7 PI 2/74
OREN 74 HBC 2.3 PBAR P, 5PI 12/75

BI ZZARR I
ABRAMOV I C
BIGGS
BI ZZARRI
BIZZARR I
COYNE
AGUII. AR
KEYNE
GESSAROLI
APELOOORN
COOPER
BENKHE IRI
CORD IER
ROOS
KURDADZ2

69 HBC
70 HBC
70 CNTR
71 HBC
71 HBC
71 HBC
72 HBc
76 CNTR
77 HBC
78 HBC
78 HBC
79 OMEG
80 WIRE
80 RVUE
83 OLYA

0 PBAR P
3 ~ 9 PI- P

PHOTOP ROOU CT ION
0.0 P PSAR K+K-
0.0 P PBAR K1K1

3.7 PI+ P
3.9,4.6 K- P
PI-P, OMEGA N

11 PI-P, OMEGA PI
7 ' 2 PS P, PB P OH
~ 7-.8 PB P, 5 PI
9-12 PI+- P
E+E-,P I+PI-P I 0
0-3 ~ 6 PBAR P

E+E-

9/69
2/74
2/74

11/71
11/71
11/71
12/72
12/75
12/77
4/78
4/78

12/79
9/81

12/79
1/84»

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)

H B
H D

H F
F

H R
H S
H

OBSERVED BY THRESHOLD-CROSSING TECHNIQUE. MASS RESOL. 4.8 MEV FWHH
FROM BEST-RESOLUTION SAMPLE OF COYNE 71
FROM OMEGA-RHO INTERFERENCE IN THE PI+PI- MASS SPECTRUM
ASSUMING OMEGA WIDTH 12.6 MEV.
INCLUDED IN ROOS 77,79 RVUE
ERROR INCLUDES 0 ' 5 MEV MASS .SCALE ERROR

1 ONE6A FULL WIDTH CNEV&

750
W

W 510
w 24e
w 4270

418
W

W E 940
W B 20000
W 2100
W 1430
W

W

W

AVG

8 ~ 8
11.2
10.3
12 ~ 8
9 ' 5

13 ~ 39.1
10.5
7 ' 70

10.229.4
12.0
9 ' 0
9 ' 8

9.89

3.0
2 ' 7
1 ~ 4
3 ' 0
1.0
2 ~

0.81.5
1.65
0.43
2 ' 5
2.0
0 ' 8
0 ' 9

0.28

ABRAHOVIC
ATHERTON
BIZZARRI
BIZZARRI
COYNE
AGUILAR
BENAKSAS1
BORENSTE I
BROWN
KEYNE
GESSAROL I
COOPER
CORD IER
KUROADZ2

AVERAGE

70 HBC
70 HSC
71 HBC
71 HBC
71 HBC
72 HBC
72 OSPK
72 HBC
72 HHS
76 CNTR
77 HSC
78 HBC
80 WIRE
83 OLYA

3.9 PI- P
3 ~ 6 PSAR P, 7 PI

0 ~ 0 P PBAR K1K1
0.0 P PBAR K+K-

3 ~ 7 PI+ P
3.9,4.6 K- P
E+E- COLL. BEANS
2. 18 K-P
2 ~ 5 Pl- P, N HHS
PI-P, OMEGA N

11 PI-P, OMEGA PI
~ 7-.8 PB P, S PI
E+E-,P I+PI-P I 0

E+E-

6/70
5/70

11/71
11/71
11/71
12/72
2/73
7/77

12/72
12/75
12/77
4/78
9/81
1/84»

W B OBSERVED BY THRESHOLD-CROSSING TECHNIQUE. MASS RESOL. ~4. 8 MEV FWHH
W E ERROR TAKES ACCOUNT OF SYSTEMATICS ADDED LINEARLY

t*tttt tttt»ttt* t*tttt*t* t*ttt**tt *tt*t*tt* t**tt*ttt ttttttttt *ttttttttttttt tt*tttt** *t*t*tt**tttttt*tt **tt***»*tttlttttt tt**ttttt tttttt*t
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For notation, see key at front of Listings. Me sons
~('783)

P1
P2
P3
P4
P5
P6
P7
P8
P9'
P10
P11

OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO

1 ONESA PARTIAL DECAY NODES

PI+ PI- PI 0
PI+ PI- (VIOLATES G)
PIO GAMMA
P I+ P I- GAMMA
2P 10 GANNA
ETA GAMMA
E+ E-
MU+ MU-
ETA PIO (VIOLATES C)
3 GAMMA

PIO NU+ MU-

OE
140+
140+
135+
140+
135+
549+

~ 511+.
106+
549+

0+
135+

CAY MASSES
140+ 135
140

0
140+ 0
135+ 0

0
511
106
135

0+ 0
106+ 106

R13 A

R13 E
R13 Z
R13 Z
R13 Z

R14 ONESA
R14
R14
R14
R14 42
R14
R14 AVG
R14 F IT

INTO NEUTRALS / TOTAL
0.084 0 ' 015 BOLL INI
0.079 0.019 DE INET
0.075 0.025 8 I ZZARR I
0.073 0 ' 018 BASILE

0.0?88 0.0092 AVERAGE
0.0870 0.0047 FROM FET

CP3+. ..)
68 CNTR 2. 1 PI- P
69 OSPK 1 ~ 5 PI — P
71 HBC 0 ~ 0 P PBAR
72 CNTR 1.67 PI- P

hIOT RESOLVED FROM RHO DECAY. ERROR STATISTICAL ONLY.
RESCALEO BY US TO CORRESPOND TO OMEGA MIDTH 10.1 MEV.
MASS RESOLUTION OF SOLLINI 1 IS +-10 MEV. HIS ERROR IS +-.15
WITHOUT RHO-OMEGA INTERFERENCE. COMPLETE INTERFERENCE WOULD
CHANGE VALUE BY +-35 PER CENT. THEREFORE ME INCREASED ERRORS

6/68
9/69

11/71
2/73

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. a 6P. , where

1 1 1
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-

1 1 1
cients (6P.6P. ) j(6P. ~ 6P.). For the definitions of the individual P. , see the listings

1 j i j '
1

above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

are thus constrained to add to 1.
P P 2 P 3

P 1 .8990+-.0051
P 2 —.3?62 .0140+-.0021
P 3 —~ 9107 —.0400 ~ 0870+-.0047

1 ONE6A BRAN CHINS RATIOS

R15
R15
R15
R'I5
R15 8
R'I5
R15
R15
R15 F
R15 F
R15
R15 F
R15
R15
R15 AVG
R15 FIT

(NIESA INTO CPI PI)/CTOTAL&. SEE ALSO R20.032 0 ' 028 0.019 AUGUSTI2(0.003)OR MORE CL~. 95 GOLOHABER(0.014)OR MORE CL~. 95 ALLISON
(0 ~ 0080) (0.0028) (0.0022) IGGS
0.0122 0.0030 ALVENSLEB
0.013 0.012 0 ' 009 MOFFEIT
0 ' 036 0.024 0.018 BENAKSAS

(0 ' 035) (0 ' 018) BRANDENSU(0.04) (0.03) (0.02) HOLMGREN
0.016 0.009 0.007 QUENZER

(0.010) (0.001) WE CK LUND0.020 0.06 KURDADZ1

0.0133 0.0027 AVERAGE
0.0140 0.0021 FROM FIT

69 OSPK
69 HBC
70 HBC
70 CNTR
71 CNTR
71 HBC
72 OSPK
76 ASPK
77 HBC
78 CNTR
78 ASPK
83 OLYA

CPZ&
E+E- COLL. SEAMS

3.7-4. 0 P I+P
1.3-1.7 PSAR P
PHOTOP RODUC 7 ION
PHOTOP RODUC 7 ION
2.8,4.7 GAMMA P

E+E- COLL. BEAMS
13 ' K-P, PI+PI-
4.2 K-P, PE+PI-
E+E- COLL. SEAMS
3, 4, 6 Pl+-PN

E+E-

R15 8 RE-EVALUATED UNDER R2 BY BEHREND 71 USING MORE ACCURATE OMEGA
R15 8 TO RHO PHOTOPRODUCTION CROSS-SECTION RATIO.
R15 F FROM A MODEL DEPENDENT ANALYSIS ASSUMING CONPLETE COHERENCE.

R1? ONESA INTO (2 PIO SANNA) / CALL NEUTRALS& (P5)/CP3+. ..)
R17 (0.19) OR LESS CL~.90 DE I NET 69 OSPK
R17 0 (0.22) (0.07) DAKIN 72 OSPK 1.4 PI- P, N NNO
R17 D SEE R18

8/69
11/69
6/70

12/78
1'I/7'I
11/71
12/72
12/79
12/79
4/78

12/79
1/84»

9/69
12/72

CNIESA
20
35
65

850
348

19
46

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1 AVG
R1 FIT

INTO NEUTRAL/(Pi+ PI- PIO&
0. 1'I 0.02 BUSCHBECK
0 F 08 0.03 KRAEMER
0. 10 0 ~ 04 ALFF-STEI
0. 134 0.026 DIGIUGNO
0 ' 097 0 ' 016 FLATTE
0.06 0 F 05 0 ' 02 JAMES
0. 10 0.03 BARASH
0. 15 0.04 AGUILAR

0. 1033 0.0091 AVERAGE
0.0968 0.0057 F RON F I T

CP3+--.&/CP1&
63 HBC 'I. 5 K-P
64 OBC 1.2 PI+0
66 HBC CORR. BY SCHULTZ(COL)
66 CNTR 1.4 PI-P
66 HBC 1.8 K-P
66 HBC 2. 1 P I+P
67 HBC 0.0 PBAR P
72 HBC 3946K- P

9/66
9/66
9/66
6/66
7/6?

12/T2
R49
R19 A

R19 8
R19 A

R19 A
R19 8

ONESA INTO CETA SANNA)/TOTAL (UNITS 10*»-4& (P6)(3.0) (2.5) (1.8) ANDREWS 77 CNTR 6.7-10 GAMMA CU(29.0) (7.0) ANDREMS 77 CNTR 6.7-10 GAMMA CU
SOLUTION CORRESPONDING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE
THE QUARK NODEL PREDICTS A REIATIVE DECAY PHASE OF ZERO
SOLUTION CORRESPONDING TO DESTRUCTIVE OMEGA-RHO INTERFERENCE

R18 ONESA INTO CPIO SANNA& / CALL NEUTRALS& CP3&/CP3+-. -&
R18 &0.81) OR NORE CL~.90 DEINET 69 OSPK
R18 D (0.78) (0.07) OAKIN 72 OSPK 1.4 PI- P, N MMO
R18 D ERROR STATISTICAL ONLY. AUTHORS OBTAIN GOOD FIT ALSO ASSUMING
R18 D PIO GAMMA AS THE ONLY NEUTRAL DECAY ~

9/69
12/72

12/77
12/77

RZ
R2 R
RZ 8
RZ R
R2
R2 R

R2 S
R2
R2 C
R2
R2 AVG
R2 FIT

ONE6A INTO CP I+
(0.011)OR
0.014

(0.035)OR
(0.019)OR
0.022
0.021

(0.0115)OR
(0.04)

0.0157
0.0155

PI-&/(PI+ PI- PIO&. SEE ALSO R'15
NORE CL~. 95 ABRAMOVIC ?0 HBC
0.005 0.004 BEGGS 70 CNTR
LESS CL~. 95 BIZZARRI 70 DBC
MORE CL .95 CHAPMAN 70 HBC
0.009 0.01 ROOS 70 RVUE
0 ' 028 0.009 RATCLIFF 72 ASPK

NORE BURNS 73 HBC
0.02) LYOhIS 77 HBC

0.0040 AVERAGE
0.0024 FROM FIT

CP2&/CP1)
3 ~ 9 PI- P

PHOTOPRODUCTEON
PBAR N AT REST

1.6-2. 2 P PBAR

15.PI- P, N 2PI.6-1.1 PBAR P
3-4 K-P, LAN OMEG

6/70
12/78
11/71
6/70
6/70

12/72
12/75
12/??

NAGL I C

PEVSNER
XUOhi G

61 PRL 7 178
61 PRL 7 421
61 PRL 7 327

REFERENCES FOR ONESA

8 MAGLIC, ALVAREZ, ROSENFELD, STEVENSON (I RL)
PEVSNER, KRAEMER, NUSSBAUM, RICHARD+(JHU+NMES)
NGUYEN HUU XUONG, GERALD R LYNCH (LRL)

R20 ONESA INTO CPIO NU+ NU-& / C NU+ NU-& CP11 &/C P8&
RZO S 30 &'I.2) (0.6) DZHEI YADI 79 CNTR 25-33 PE- P
R20 S SUPERSEDED BY DZHELYADIN 81 RESULT ABOVE.

*4»*»» »»*»*»»»* »»»**»*»» *»*»»**»» »»4'»»»»»» »»*»»»»*» **»»*»»»» *»»*»»*»

%2/?8
12/?9

R2 8
R2 8
RZ C
R2 R
R2 S
R2 S

RE-EVALUATED UNDER RZ BY BEHREND 71 USING MORE ACCURATE OMEGA
TO RHO PHOTOPRODUCTION CROSS-SECTiON RATIO.
ASSUMING COMPLETE RHO-OMEGA COHERENCE
ROOS 70 COMBINES ABRANOVICH 70 AND BIZZARRI 70
SIGNIFICANT INTERFERENCE EFFECT OBSERVED. NS OF OMEGA INTO 3PI
CONES FROM AN EXTRAPOLATION.

R3
R3
R3
R3
R3
R3
R3 AVG
R3 FIT

ONESA INTO CPIO
0 ~ 13
0 ~ 081
0.109
0.084

0.0898
0.0968

SAISIA &

0.04
0.020
0 ' 025
0.013

0 ' 0097
0.0057

/ (PI+ PI- PIO&
JACQUET
BALD Ihl
BENAKSASZ
KEYNE

AVERAGE
FROM F I T

CP3)/CP1)
69 HLBC
7'I HLBC 2.9 PI+ P
72 OSPK E+E- COLL. BEAMS
76 CNTR PI-P, OMEGA N

10/67
11/71
2/73

12/75

Rb
R6
R6
R6

ONESA INTO CNU+ NU-)/(PI+ Pl- PIO)(UNITS 10»*-3& (P8)/CP1)(1.2) OR LESS GALTIERI 65 HBC 2.7 K-P
(1.7) OR LESS CL~.?4 FLATTE 66 HBC 1.8 K-P
(0.2) OR LESS WILSON 69 OSPK 12 PI- ON C, FE

9/66
9/69

R?
RT
R7
R7
R7

ONESA INTO (2PIO SANN&/(PIO SANNA)
(0.1) OR LESS BARM I N 64 HL BC
(0.14) OR LESS BALD IN 71 HLBC
(0.15) OR LESS CL~.90 BENAKSAS2 72 OSPK
(0 .18) OR LESS CL~0. 95 KEYNE 76 CNTR

(P5&/CP3)
1.3-2.8 PI-P

2 ~ 9 PI+ P
E+E-

COLLIE

BEANS
PI-P, OMEGA N

11/71
2/73
7/77

R8
R8
R8

OIIESA INTO CETA PIO + ETA SANNA)/(PI+ Pl- PIO) (P9+Pb)/CP1)
&0.017)OR LESS CL~. 90 FLATTE 66 HBC 1.8 K-P
(0.045)OR LESS CL~. 95 JACQUET 69 HLBC

9/66
4/70

R4 ONESA INTO CPI+ Pl- SANDIA)/(PI+ Pl- PIO) (P4)/(P1)
R4 (0.05) OR LESS CL~.90 FLATTE 66 HBC 1.8 K-P 9/66
R4 (.066)OR LESS CL~. 90 KALBFLEI 75 HBC 2. 2 K- P, GAMNA + 12/75

ALFF 62 PRL 9 325
ARMENTER 62 CERN CONF 90
STEVENSO 62 PR 125 687

ARMENTER 63 SIENA CONF 1 296
BARMIN 63 SI ENA CONF 1 207
BUSCHBEC 63 SIENA CONF 1 166
GE LF AND 63 PR L 11 436
MURRAY 63 PL 7 358

ALFF, SERLEY, COLLEY, GELFAND + (COLU+RUTGERS)
R ARMENTEROS, R BUDDE + (CERN+CDEF+EPOI )
STEVENSON, ALVRREZ, MAGLIC, ROSENFELO {LRL)

ARMENTEROS, EDMARDS, JACOBSEN+ (CERN+CDEF)
BARMIN, OOLGOLEHKO, KRESTNIKOV+ (ITEP)
BUSCHBECK, CZAPP+ (VIENNA+CERN+AMSTERDAM)
GELFAND, MILLER, NUSSBAUM, RATAU+ (COLU+RUTG)
MURRAY g F ERROLUZZ I g HUME g SHA FER g SOLMI TZ+ ( LRL )

BARMIN
KRAEMER

64 JETP 18 1289
64 PR 136 8 496

BARMIN, DOLGOLENKO, KRESTNIKOV + (ITEP)
KRAEMER, NAOANSKY, MEER+ &JHU+NMES+WOOD)

ALFF-STE 66 PR 145 1072
DIGIUGNO 66 NC 44A 1272
FLATTE 66 PR 145 1050
JAMES 66 PR 142 896

BALTAY 67 PRI. 18 93
BARASH 67 PR 156 1399
FELDMAN 67 PR 159 1219
HERTZBAC 67 PR 155, 1461

ALFF-STEI NBERGER, BERLEY, BRUGGER+(COLU+RUTG)
DI GIUGNO, PERUZZI, TROISE+ &NAPL+FRAS+TRST)
+HUWE gMURRAY g BUTTON SHAFER SOLMI TZ+ &LRL)
F E JAMES, KRAYBILL (YALE+BROOKHAVEN)

+FRAHZENI, SEVEREENS, YEH, ZANELLO (COLUMBIA)
BARASH g K IRSCH MI LLER g TAN (COLUMBIA)
+FRAT I g GLEESON g HALPERN NUSSBAUM+ (PENN)
HERTZBACH, KRAEMER, MADANSKI, ZDANI S+( JHU+BNL)

ASTVACAT
SOLL IN I
BOLL IN I'I
KEY
PISUT
MEHMANN

68 PL 27 8 45
68 NC 56 A 531
68 NC 57 A 404
68 PR 166 1430
68 NP 8 6 325
68 PRL 20 748

ASTVACATUROV, AZIMOV, BALD IN+ ( J INR+MOSCOM)
+SUHLER, DALPIAZ, NASSAN+ (CERN+BGNA+STRB)
+BUHLER, DALPIAZ, NASSAN+ (CERN+BGNA+STRB)
+PRENTICE+COOPER+MANNER (TNTO+ANL+MISC)J.PISUT, M. ROOS (CERN)
+ENGELS+ (HARVARD+CASE+SLAC+CORNELL+NCGILL)

SINNIE 65 PL 18 348 BINNIE, DUANE, JANE, W JONES+ (LOI C+MCHS)
GALT IER I 65 PRL 14 279 A BARBARO GALTIERI, R D TRIPP (LRL)
MILLER D 65 CU-237/NEVIS-131 DAVID C MILLER (THESIS) (COLUMBIA)
ZDANIS 65 PRL 14 ?21 ZOAHIS, NAOANSKY, KRAEMER, HERTZBACH+(JHU+BNL)

R 'l 1 ONESA INTO C ETA SANIIA& / C P IO SAISIA &

R11 0.010 0.045 APEL
(Pb)/CP3&

72 OSPK 4-8 PE- P, N 3GAM

R9 OIIESA INTO (NEUTRALS) / CCIIARSED& (P3+...&/(P1+P2. ..)
R9 0. 124 0.021 FELDNAN 67 OSPK 1.2 Pl- P

R9 FIT 0.0953 0.0056 FRON FIT

R10 ONESA INTO (2PIO 6AIINA)/CPI+PI-PIO& (PS)/(P1)
R10 (0.08) OR LESS CL~.95 JACQUET 69 HLBC

3/67

4/70

2/73

AUGUST I 1
AUGUST 12
BIZZARRI
OANSURG
DEINET
ERMIN
GOLDHABE
JACQUET
MILLER
STRUGALS
Mll. SOH

69 PL 28 8 513
69 LNC 2 214
69 NP S 'I4 169
69 UCRL-19275
69 PL 30 8 426
69 NP 8 9 364
69 PRL 23, 1351
69 NC 63 A 743
69 PR 178 2061
69 PL 29 8 532
69 PR IVATE CONN ~

+BENAKSAS, BUON, GRACCO, HA I SS INSK I, + (ORSAY)
+LE FRANCO IS L EHMANN g MAR IN g+ (ORSAY)
+FOSTER, GAVILLET, MONTANET, + (CERN+COEF)
JEROME S DANBURGg THES IS (LRL)
+MENZIONE, MULLER, BUNIATOV+ (KARL+CERN)
+MALKER, GOSHAW, 'ME INBERG (WISC+PRIN+VAND)
+BUTI.ER, COYNE, HALL, NACNAUGHTON, TRIL ING(LRI. )
+NGUYEN-KHAC, HAA TUFT, HAI. STE I NSL I (EPOL+BERG )
R. MI LLER, L I CHTNAN, MI LLMANN (PURDUE)
+CHUVELOgFENYVES, + (MARS+JENR+BUOA)
RICHARD WILSON &SEE AI. SO PR 178 209'5)(HARV)

R13 OIIESA
R13 A 33
R13 Z
R13 E
R13
R13
R13
R13
R13 AVG

iNTO (E+
(0.65)
&0.40)
(0.92)
0.83
0.675
0.64

0.668

E-)/TOTAL
&0.13)
(0.21)
(0.07)

0 ~ 10
0.069
0.04

0.041

(UNITS 10*»-4)
ASTVACATU
BOLL INI1
AUGUSTI1
BENAKSAS1
CORD I ER
KURDADZ2

68 OSPK
68 CNTR
69 OSPK
72 OSPK
80 MIRE
83 OLYA

(P?)
ASSUME SU(3)+MIXING

1.7 PI-P
E+E-, 2P I
E+E-, 3PI
E+ E-, 3PI

E+E-

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 2)

R12 OIIKSA INTO CPIO NIj+ NU-) / TOTAL CUNITS 'IO»»-3) CP11&
R12 0 ' 096 0.023 DZHELYADI 81 CNTR 25-33 PI-P, OME N 1/82

6/68
9/68
2/7'2
2/73

12/79
1/84»

ASRAMOVI
BIZZARRI
AL L I SON
ATHERTON
BIGGS
CASON
CHAPNAN
DANBURG
FLATTE
GOLDHABE
HAGOPIAN
ROOS

70 NP 8 20 209'
70 PRL 25 1385
70 PRL 24 618
70 NP 8 18 221
70 PR I. 24 1201
70 PR D 1 85'I
70 NP 8 24 445
70 PR D 2 2564
70 PR D 1 1
T0 PHILA ~ CONF. PE 59
70 PRL 25 1050
70 OHPL/R7 P. 173

ABRAMOVICH, BLUMENFELO, BRUYANT, + &CERN)
+C IAPETT I, DORE, GASPERO, GU IDONE, +(RONA+SYRA)
+COOP ER, F I E I DS, RH INES &ANL)
+BLAIR CELNIKER g DOMINGO g FRENCH+ (CERN+ IPN)
+CL IFFT, GABATHULER, K ITCHING, RAND (DARE)
+ANDREWS, BISWAS, GROVES, HARRINGTON, + (NDAN)
+DAVIDSON, GREEN, LYS, ROE, VANDER VELDE (MICH)
+ABOL INS, DAHL, DAY IES, HOCH, K IRZ, MILLER+& LRL )
STANLEY M. FLATTE (LRL)
GERSON GOLDHABER, REVIEW &LRL)
S. AND V. HAGOPEAN, BOGART, SELOVE (FSU+PENN)
PROC. DARESBURY STUDY WEEKEND NO 1. (CERN)
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MeSQnS
~(783), q (g58)

Data Card Listings

ABRAMS 71
ALVENSLE 71
ANGELOW 71
BALD IN 71
BARDADIN 71
BEHREND 71
BIZZARRI 71
BLOODWOR 71
CHAPMAN 71
COYNE 71
F IELDS 71
MATTHEWS 71
MOFF E IT 71

AGUI LAR 72
APEL 72
BA SILE 72
BENAKSAS 72
BENAKSAS172
BENAKSAS272
BROWN 72
DAKIN 72
E ISENBER 72
RATCLIFF 72
BORENSTE 72

PR D 4 653
PRL 27 888
SJNP 12 427
SJNP 13 758
PR D4 2711
PRL 27 61
NP 8 27 140
NP 8 35 133
PR 0 3 38
NP 8 32 333
PRL 27 1749
PRl. 26 400
NP 8 29 349

PR 0 6 29
PL 41 8 234
PHIL. CONF. PROC153
PL 39 8 289
PL 42 8 507
PL 42 8 511
PL 42 8 117
PR 0 6 2321
PR 0 5 15
PL 38 8 345
PR 0 5 1559

8INNIE 73 PR D 8 2789
BURNS 73 PR D 7 1310

ESTABROO 74 NP 8 81 70
GREGORIO 74 NC 20 A 437
KRAMER 74 PRL 33 505
OREN 74 NP 8 71 189

+BARNHAM, BUTLER, COYNE, GOLDHABER, HALL, +(LBL)
ALVENSLEBENp BECKER BUSZA p CHEN p COHEN +(DESY)
+GRAMENITSKY, KANASIRSKY, KERATSCHEW, + ( J INR)
+YERGAKOV, TREBUKHOVSKY, SHISHOV ( ITEP)
BARDAD IN-OTWINOWSKA, HOFMOKL, MICHE JDA+(WARS)
+LEE, NORDBERG, WEHMAN, + (ROCH+CORN+FNAL)
+MONTANET, NILSSON, D-ANDLAU, + (CERN+COEF)
BLOODWORTH, JACKSON, PRENTICE, YOON (TORONTO)
+FORTNEY, FOWLER (DUKE)
+BUTLER, F ANG-LANDAU, MACNAUGHTON (LRL)
+COOPER, RHINES, AL(. ISON (ANL+OXF)
+PRENTICE, YOON, CARROLL, WALKER, + (TNTO+WISC)
+BINGHAM, FRETTER, BALLAM+(LRL+UCB+SLAC+TUFT)

AGUILAR-BENI TEZ, CHUNG, E ISNER, SAMIOS (BNL)
+AUSLANDER, MULLER, BERTOLUCCI, + (KARL+PISA)
+80l.L IN I ~ BROGL IN, DALP IAZ, FRABETT I, + (CERN)
+COSME, JEAN-MARIE, JULL IAN, LAPLANCHE, +(ORSA)
+COSME p JEAN MARI E JULL IAN LAPLANCHE+(ORSAY)
+COSME, JEAN-MARIE, JULL I AN, LAPLANCHE+(ORSAY)
+DOWNING, HOLLOWAY, HULD, BERNSTEIN+( ILL+ ILLC)
+HAUSER y KRE I SLER p MI SCHK E (PR I NCETON)
EISENBERG, BALLAM, DAGAN, + (REHO+SLAC+TELA)
+BULOS, CARNEGIE, KLUGE, LEITH, LYNCH, + (SLAC)
BORENSTEIN, DANBURG, KALBFLEISCH, + (BNL+MICH)

+CARR, DEBENHAM, OUANE, GARBUTT, + (LOI C+SHMP )
+CONDON, KIN, MANDELKERN, PRICE, SCHULTZ (UCI )

ESTABROOKS, HYAMS, JONES, SLUM, (CERN+MPIM)
M. A. GREGOR IO (I CTP —TR IESTE)
+AYRES, DI EBOLD, GREENE, PAWL I CK I+ (ANL )
+COOPER, F IE LDS, RH INES, ALL I SON+ (ANL+OXF )

2 ETA PRINE NASS (NEV)

M

M 3
M

M 1
M

M

M

M AVG

957 '
415 956. 1
535 957.4
414 958.2
400 958.

957 ' 46

957 ' 57

1.
1 ~ 1
1.4
0 ' 5
1.
0.33

0.25 AVERAGE

RITTENBER
BASILE1
BASILE 1
DANBURG
JACOBS
DUANE

69 HBC
71 CNTR
71 CNTR
73 HBC
73 HBC
74 MMS

1.7-2 ' 7 K- P
1.6 Pl- P, N XO
1.6 PI- P, N XO
2. 2 K-P, LAM XO
2.9 K-P, LAM XO
PI — P, N MM

9/69
11/71
11/71
2/74
1/?4
1/74

&om the reaction ~ p ~ g'n at beam momenta just
above threshold. They verify that the g' is produced in
a relative S-wave state, and thus the Adair condition is
satis6ed by their total sample of some 1800 events. The
decay angular distribution of the g' is consistent with

isotropy, and thus ROUSSARIE 77 conclude that the
spin cannot be 2.

ANDREWS
BARTKE
GESSAROL
HOLMGREN
LYONS
ROOS

77 PRL 38 198
77 NP 8 118 360
7? NP 8 126 382
77 Pl 66 8 191
77 NP 8 125 207
77 LNC 19 419

EMMS 75 NP 898 1
KALBFLEI 75 PR D 11 987
ROOS ?5 NP 8 97 165

BRANDENB 76 NP 8 104 413
KEYNE 76 PR 0 14 28

ALSO 73 BINNIE

+KINSON, STACEYpBELL, DALE+ (BIRM+DURH+RHEL)
KALBFLEISCH, STRAND, CHAPMAN (BNL+MICH)
M. ROOS (HELS)

BRANDENBURG, CARNEG IE, CASHMORE, DAVI ER+(SLAG)
+BI NN I E, CARR, DEBENHAM, GARBUTT, + (LOI C+SHMP )

+FUKUSHIMA, HARVEY, LOBKOWI CZ, MAY, + (ROCH)
+ (AACH+BERL+BONN+CERN+CRAC+LOI C+WIEN+WARS)
GESSAROLI, + (BGNA+FIRZ+GENO+Mll. A+OXF+PAVI)
+JONGEJANS, ENGELEN, + (CERN+AMST+NIJM+OXF)
+COOPER, CLARK (OXF)
M. ROOS

(HELSINKI�

)

2 ETA PR INE ltlOTII (NEV)

WE INCLUDE DIRECT MEASUREMENTS OF THE ETA PRIME TOTAL WIDTH
AND GAMMA GAMMA PARTIAL WIDTH TOGETHER WITH THE MEASURED
BRANCHING RATIOS IN THE FIT FOR THE PARTIAL DECAY RATES ~

W 1000 0.28 0. 10 BINNIE 79 MMS 0 PI- P, N MM

W FIT 0.291 0 ~ 051 FROM FIT

2 ETA PRINE PARTIAL QECAY NODES

12/79

APELDOOR 78 NP 8 133 245
COOPER 78 NP 8 146 1
QUENZER 78 PL 76 8 512
WICKLUNO 78 PRD 17 1197

BENKHEIR 79 NP 8 150 268
DZHELYAD 79 PL 84 8 143

CORD IER 80 NP 8 172 13
ROOS 80 LNC 27 321

DZHELYAD 81 PL 102 8 296

KURDADZ1 83 JETPL 37 613
KURDAOZ2 83 JETPL 36 274

VAN APELDOORN, GRUNDEMAN, HARTING, + (ZEEM)
+GURTU y MONTANET y + (T I FR+CERN+CDEF+MADR )
+RIBES p RUMPF s BERTRAND& 8 IZOT p CHASE p+ (LALO)
+AYRES, DIEBOLD, GREENE, KRAMER, PAWLICKI (ANL)

BENKHE IRI, EISENSTE IN, +(EPOL+CERN+CDEF+LALO)
DZHELYAD IN, GOLOVK IN, GR ITSUK, + (SERP)

+OELCOURT p ESCHSTRUTH FULDA +
+PELL INEN

(LALO)
(HELS)

OZHELYADIN, GOLOVKIN, KONSTANTINOV, + (SERP)

+LE LCHUK, PAKHTUSOVA+
+PAKHTUSOVA, S IDOROV+

(NOVO)
(NOVO)

q (9S8) 2 ETA PRINE(958, JPG~O-+) I~O

NQTE QN THE J ASSIGNMENT QF it'(9&8)

aaa*aa «**«*««a* *«**««««a ««**a«*a* **««*««*« a«*a*a«*a «*«****a**a*«aaaa
aa«aa* *«**«a«*a *«**a«**a««*««a«*a «««*a«*a« ««««a*«*a «««**«a«* «**««*«*

P1

P2

P4
P5
P6
P10
P11
P12
P13
P14
P'15
P16

P17

P18
P19
P20
P21
P22

ETA PR IME

ETA PR IME

ETA PR IME

ETA PRIME
ETA PR IME
ETA PRIME
ETA PRIME
ETA PRIME
ETA PR IME
ETA PR IME
ETA PRIME
ETA PRIME
ETA PRIME

ETA PRIME

ETA PRIME
ETA PRIME
ETA PRIME
ETA PR IME
ETA PR IME

INTO P I+ P I- ETA
P1(N) ETAS DECAY INTO ALL NEUTRALS
P1(C) ETAS DECAY CHARGED
INTO PIO PIO ETA
P2(N) ETAS DECAY INTO ALL NEUTRALS
P2(C) ETAS DECAY CHARGED
INTO PI+ PI- GAMMA

(INCLUDING RHO GAMMA)
INTO GAMMA GAMMA

INTO OMEGA GAMMA
INTO RHOO GAMMA
INTO PI+ PI — E+ E-
INTO 2 PI
INTO 3 PI
INTO 4 Pl
INTO 5 PI
INTO 6 P I
INTO PIO E+ E- (VIOLATES C IN

BORN

APPROX'�

)
INTO ETA E+ E- (VIOLATES C IN

BORN APPROX. )
INTO PIO RHO 0 (VIOLATES C)
INTO PIO OMEGA (VIOLATES C)
INTO MU+ MU- GAMMA
INTO ETA MU+ MU-
INTO PIO MU+ MU-

DECAY MASSES
140+ 140+ 549

135+ 135+ 549

140+ 140+ 0

0+ 0
?83+ 0
769+ 0
140+ 140+.511+.511
140+ 140
140+ 140+ 135
140+ 140+ 140+ 140

135+.511+.511

549+.511+.511

135+ 769
135+ 783
106+ 1 06+ 0
549+ 106+ 106
135+ 106+ 106

From the Dalitz plot analyses of the q' ~ xmg and g'

y decays and from the observation of an g' ~
yy decay mode, all assignments except J C = 0 + and
2 + are excluded. The Dalitz plot analyses favor spin

0, but cannot rule out spin 2. The indication of aniso-

tropy in the decay of very forward-produced p'

(KALBFLEISCH 73) has not been confirmed by BAI
TAY 74, thus again favoring spin 0, but still not ruling

out spin 2 (LEDNICKY 77).
Two analyses, however, seem to have established the

spin 0 assignment of the q'.
CLrRRADyt 77 perform a partial-wave analysis of the

~~ system produced in the reaction K p ~ g'A. , taking
into account the g' and L joint decay angular correla-
tions. They conclude that J is unambiguously 0 (see
also DELAGUILA 77).

ROUSSARIE 77 analyze a large sample of events

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where

1 1 i
6P. = Q(6P, 6P.), while the off-diagonal elements are the normalized correlation coeffi-

1 1 1
cients (6P.6P. ) j(6P. ~ 6P, ). For the definitions of the individual P. , see the listings

1 J 1 J 1

above; only those P. appearing in the matrix are assumed in the fit to be nonzero and
1

are thus constrained to add to i.
P 5P 4P 1 P 2

P 1 ~ 4266+- ~ 0174
P 2 —.6480 ~ 2268+-.0206
P 3 —~ 2784 —.5030 ~ 3004+- ~ 0160
P 4 .0323 —.1057 .0043 .0187+-.0016
P 5 .0672 —~ 2090 —.1437 —.0029 .0275+-.0054

P 3

FITTED PARTIAL DECAY MODE RATES

G 5G 1 G 2
G 1 .1240+-.0223
G 2 .8000 ~ 0659+-.0135
G 3 ~ 9224 .7796 .0873+-.0161
G 4 .8768 .7630 .8526 .0054+-.0009
G 5 .6601 .5137 .6024 ~ 5868 .0080+-.0021

G 4G 3

The matrix below is the branching fraction matrix above, transformed into rate
space; i. e. , G. = I. = I P. , in appropriate units. In analogy to the matrix above,i i total i
the diagonal elements are G. *6G., where 6G. = Q(6G. 6G.), while the off-diagonali 1 1 1 1
elements are the normalized correlation coefficients (6G. 6G. ) j(6G. 6G. ) ~ Note that,

J i J
because of the error in I, the errors and correlations here are not directly derivabletotal'
from those above.
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Particle Data Group: Review of particle properties S149

For notation, see k,ey at front of Listings. Mesons
q'(9ss)

NOTE ON g(958) BRANCHING FRACTIONS

In our calculation of the branching fractions of the
g'(958), we use the decay modes g~~ (including gxo~o),

p y, soy, and yy. It is assumed that the rate g ~ neu-

trals is 70.9%.
In the fit we do not use the constraint

I'(g' ~g~ n )
r(~' ~~0~ )

from isospin conservation. The result of the fit is in
agreement with it: R - 1.9+0.2.

R16 ETA PRINE INTO &6 PI)/TOTAL &P15)
R16 (0.01) OR LESS LONDON 66 HBC COMPILATION

R17 ETA PRINE INTO (ONE6A 6ANNA)/(PI+PI-ETA) CPS)/CP1)
R17 68 0.068 0.013 ZANF INO 77 ASPK 8.4 PI-P
R17 ~ ~ ~ ~ ~ ~ ~ ~ ~

R17 F IT 0 ~ 065 0 ~ 013 FROM FIT

R18
R18
R18
R18
R18 FIT

ETA PRIIIE INTO CPI+ PI- 6AN(INCL. RHO 6AN))/CPI PI ETA + ONE6A 6AN)
(P3&/(P1+P2+P5)0.25 0. 14 DAUBER 64 HBC 1.95 K-P

0.441 0.034 FROM F I T

ETA PRINE INTO (2 6AINIA)/TOTAL
31 0.020 0 ' 008 0.006 HARVEY
68 0.0171 0 ~ 0033 DALP I AZ

0.025 0 F 007 DUANE
000 0 ' 018 0 ' 002 APEL

0.0183 0 ~ 0016 AVERAGE
0.0187 0.0016 FROM FIT

R19
R19
R19
R19
R19 6
R19
R19 AVG
R19 FIT

(P4)
71 OSPK 3.65 PI- P, N XO
72 CNTR 1.6 PI- P, N XO
74 MMS PI-P, N MM

79 CNTR 15-40 PI- P

RZO ETA PRINE INTO CPI+PI-)/TOTAL (P11)
R20 (0.02& OR LESS RITTENBER 69 HBC 1.7-2.7 K-P
R20 (0 08& OR LESS CL~ 95 DANSURG 73 HBC 2 2 K P g LAM XO

R21 ETA PRINE INTO (PI+PI-PIO)/TOTAL (P12)
R21 (0 ' 05) OR LESS RITTENBER 69 HBC 1.7-2 ' 7 K-P
R21 (0 ' 09& OR LESS CL~.95 DANSURG 73 HBC 2. 2 K-P, LAM XO

R22 ETA PRINE INTO (PI+PI+PI-PI-)/TOTAL (P13)
R22 (0.01& OR LESS RITTENSER 69 HBC 1.7-2.7 K-P
R22 (0.01& OR LESS CL~.95 DANBURG 73 HBC 2. 2 K-P, LAM XO

10/66

12/77

10/66

11/71
12/72
12/75
12/79

9/69
2/74

9/69
2/74

9/69
2/74

2 ETA PRINE PARTIAL MIDTHS CKEV)

W4 ETA PRINE INTO
W4 8 23 (5 ' 8)
W4 C 213 50
W4 C 43 6.2
W4 C (4 ~ 1)
W4 C 95 5.8
W4 ~ ~ ~ ~ ~

W4 AVG 5.5
W4 FIT 5.44

&6AIOIA
(2.3)
1.4
1.9

(1 ~ 9)
2 ' 3

1.0
0.90

ABRAMS
BARTEL
BEHREND
FRAZER
JENN I

AVERAGE
FROM F IT

(64)
79 SMK2 E+E-,E+E- RHO GA

82 JADE E+E-, E+E- RHO GA

83 CELL E+E-, E+E- RHO GA
83 TASS E+E-, E+E- RHO GA

83 SMK2 E+E-, E+E- RHO GA

2 ETA PRINE BRANCHIN6 RATIOS

SEE MINI-REVIEW ABOVE.

W4 C THE SYSTEMATIC ERROR HAS BEEN ADDED LINEARLY.
W4 8 ABRAMS 79 IS INCLUDEO IN JENNI 83 ~

12/79
8/83»
8/83»
9/83»
9/83» RZ5 ETA PRIME INTO CRHOO 6ANNA)/CALL PI+ PI- GANNA)

R25 0.94 0.20 AGUIl. AR 70 HBC
R25 E 473 1 ~ 15 0 ~ 10 DANBURG 73 HBC
R25 E 473 (0.95& OR MORE CL~. 95 DANBURG 73 HBC
R25 137 1 ' 01 0. 15 JACOBS 73 HBC
R25 ~ ~ ~ ~ ~ ~ ~ ~

R25 AVG 1 ' 082 0.077 AVERAGE

R25 E EQUIVALENT STATEMENTS

CP6)/(P3)
3.9-4.6K-P
2. 2 K-P, LAM XO
2. 2 K-P, LAM XO
2.9 K-P, LAM XO

R26 ETA PRINE INTO CPIO PIO ETA INTO 3 PIO)/TOTAL CPZNC3PIO))
R26 4 0 ~ 11 0.06 BENSINGER 70 DBC 22 PI+ D
R26 ~ ~ ~ ~ ~ ~ ~ ~ ~

R26 FIT 0.0680 0.0062 FROM FIT

RZ3 ETA PRINE INTO (PI+PI+PI-PI-PIO)/TOTAL (P14)
R23 (0.01& OR LESS RITTENBER 69 HBC 1.7-2 ~ 7 K-P

RZ4 ETA PRINE INTO (P I+PI+PI-PI- NEUTRALS)/TOTAL (P15+...)
R24 (0.01& OR LESS RITTENBER 69 HBC 1.7-2.7 K-P 9/69

1/71
2/74
2/74
1/74

1/71

RZ ETA
R2 33
R2 39
R2
R2 AVG
R2 FIT

PRINE INTO &PI+ PI- NEUTRALS) / TOTAL
0 ' 35 0.06 BAD I ER 65 HSC
0 ~ 4 0 ~ 1 LONDON 66 HSC

0 ' 363 0.051 AVERAGE
0.393 0.011 FROM FIT

&P1N+P2C+PS)
3 ' 0 K-P
2 ' 2 K-P

R3 ETA
R3 7
R3 10
R3 107
R3
R3 AVG
R3 FIT

PRIIIE INTO &PI+ PI- ETA &CHR6D. DECAY) )/TOTAL CP1C)
0 F 07 0.04 BADIER 65 HBC 3.0 K-P
0. 1 0 ~ 04 LONDON 66 HBC 2. 2 K-P
0.123 0.014 RITTENBER 69 HBC 1 ' 7-2.7 K-P

0 ~ 116 0.013 AVERAGE
0. 1241 0.0051 FROM FIT

R4 ETA PRINE INTO CPI+ PI- NEUTRALS CEXCLUDIN6
R4 PI+ PI- ETA &NEUTR. OEC. ))) / TOTAL
R4 42 0.045 0.029 RITTENBER 69 HBC

R4 FIT 0.0908 0.0069 FROM FIT

CP2C+P5)

1 ' 7-2 ' 7 K-P

R1 ETA PRINE INTO (PI+ PI-ETA CNEUTRAL DEC. ) )/TOTAL CP1N)
R1 281 0 ~ 314 0.026 RITTENBER 69 HBC 1.7-2.7 K-P

R1 FIT 0.302 0.012 FROM FIT

9/69

10/66
10/66

10/66
10/66
9/69

9/69

R27 ETA PRINE INTO (PI+ PI- GANNA)/&PI+ PI- ETACNEUTRAL DEC. ) &

R27 (P3) /(P1N)
R27 K (0 ' 54) (0.10) AGUILAR 72 HBC 3 ~ 9, 4 ~ 6 K- P
R27 K NOT AVERAGED DUE TO COMPLICATION WITH M&953).SEE KALBFLEI 74.
R27 473 0.92 0. 14 DANBURG 73 HBC 2 ' 2 K-P, LAM XO
R27 192 1 ~ 11 0 ~ 18 JACOBS 73 HBC 2.9 K-P, LAM XO
R27 ~ ~ ~ ~ ~ ~ ~ ~ ~

R27 AVG 0.99 0. 11 AVERAGE
R27 F IT 0.993 0 ' 075 FROM FIT

12/72

2/74
1/74

R28 ETA
R28
R28 16
R28
R28 F IT

PRINE INTO &2 6ANNA)/CPIO PIO ETA&NEUTRAL DEC. ))
(P4&/&P2&N&)

0 ~ 188 0 ~ 058 APEL 72 OSPK 3.8 PI- P, N X0

0 ~ 116 0.015 FROM F IT

1/73

R30 ETA PRINE INTO (ETA NU+ NU-)/TOTAL (UNITS 10»»-5) (P21)
R30 (1 ~ 5& OR LESS CL~90 DZHELYAD 81 CNTR 30 PI-P, ETAP N

R31 ETA PRINE INTO (PIO NU+ NU-)/TOTAL (UNITS 10»»-5) (P22)
R31 (6.0) OR LESS CL~. 90 DZHELYAD 81 CNTR 30 PI-P, ETAP N

1/82
1/82

1/82
1/82

R29 ETA PRINE INTO (6ANNA 2NU)/C26ANNA) &UNITS 10»»-3) (PZO)/&P4) 12/78
R29 33 4 ~ 9 1 ~ 2 VIKTOROV 80 CNTR 25, 33 PI-P, 2MU G 9/81

R5 ETA
R5 123
R5 535
R5
RS AVG
RS FIT

PR INE INTO
0.189
0.185

0.187
0.182

&NEUTRALS) / TOTAL
0 ' 026 RITTENBER
0 ' 022 BASILE1

0 ~ 017 AVERAGE
0.014 FROM F I T

(P2N+P4)
69 HBC 1.7-2 ' 7 K-P
71 CNTR 1.6 PI — P, N XO

9/69
11/71 2 ETA PRINE C-NONCONSERVING DECAY PARANETER

SEE THE NOTE ON ETA DECAY PARAMETERS IN THE STABLE PARTICLE
LISTINGS FOR DEFINITION OF THIS PARAMETER

R6
R6
R6
R6
R6
R6
R6 AVG
R6 F IT

35
20

298

0.34 0 ~ 09
0.2 0 ~ 1
0.329 0 ' 033

0.319 0 ' 030 AVERAGE
0.300 0 ~ 016 FROM FIT

BADI ER
LONDON
RITTENSER

ETA PRXNE INTO &PI» PI- 6ANNA &INCLUDIN6 RHO 6ANNA))/TOTAL
(P3)

65 HBC 3.0 K-P
66 HBC 2.2 K-P
69 HBC 1.7-2.7 K-P

10/66
10/66
9/69

DECAY ASYMMETRY PARAMETER FOR PI+ PI- GAMMA
152 .07 ~ 08 RITTENBE 65 HBC
103 .00 ~ 10 KALBFLEI 75 HBC
295 —.069 ~ 078 GR IGOR IA 75 STRC

AVG -0 ' 001 0 ' 049 AVERAGE

2. 1-2.7 K-P
2. 2 K-P
2 ~ 1 PI-P

12/75
12/75
12/75

***»»» **»****»»»»»»*»*** »*»»»**»* *»»»**»*» »»»*»»»»* ***»**»*»**»»»»»»

R7 ETA
R7
R7
R7
R7 F IT

PRXNE INTO &PI+ PI- 6ANNA CINCLUDIN6

0.31 0 ~ 15 DAVIS

0.460 0 ' 035 FROM FIT

RHO 6ANNA))/(PI PI ETA)
(P3)/(P1+P2)

68 HBC 5.5 K- P 9/68

2 ' 7 K-P 10/66
R8 ETA PRINE INTO CPIO E+ IE-)/TOTAL CP16)
R8 (0.013)OR LESS RITTENBER 65 HBC

DAUBER
ALSO

GOLDBERG
GOLDBERG
KALB FLE1
KALBFLE2

64 PRL 13 449
64 DUBNA CONF 1 4'18
64 PRL 12 546
64 PRL 13 249
64 PRL 12 527
64 PRL 13 349

REFERENCES FOR ETA PRINE

DAUBER, SLATER, SMITH, STORK, TICHO (UCLA) JP
DAUBER ~ SLATER~ L T SMITH ~ STORKS TI CHO &UCLA)
+GUNDZ IK, LI CHTMAN, CONNOLLY, HART, +(SYRA+BNL)
+GUNDZIK, LEITNER, CONNOLLY, HART, + (SYRA+BNL)
KALBFLEISCH, AI. VAREZ, BARBARO-GALTIERI, +(LRL)JP
G. R. KALBFLEI SCH, O. DAHL, A. R ITTENBERG (LRL) JP

R9 ETA PRINE INTO (ETA E+ E-)/TOTAL
R9 (0.011)OR LESS R I TTENBER 65 HBC

R10 ETA PRXNE INTO &PIO RHOO)/TOTAL
R10 (0.04) OR LESS R I TTENBER 65 HB C

R12 ETA PRXNE INTO (PI+ PI- E+ E-)/TOTAL
R12 (0.006)OR LESS RITTENBER 65 HBC

CP17)

&P18)

(P10)

2 ' 7 K-P 10/66

2.7 K-P 10/66

2 ' 7 K-P 10/66

COHN
LONDON
MARTIN

66 PL 21 347
66 PR 143 1034
66 PL 22, 352

BADIER 65 PL 17 337
KIENZLE 65 PL 19 438
RITTENBE 65 PRL 15 556
TRILLING 65 PL 19 427

BADIER, OEMOUL IN, BARLOUTAUD+&EPOL+SACL+AMST&
KIENZLE, MAGLIC, LEVRAT, LEFEBVRES + (CERN)
R I TTENBERG, KALBFLE ISCH (LRL+BNL)
+BROWN, GOLDHASERS, KADYK, SCANIO (LRL)

COHN, MCCULLOCH, BUGG, CONDO &ORNL+TENN+UCND)
LONDON RAU ~ SAM IOS g GOLDBERG . + (BNL+SYRACUSE ) I JP
MARTIN, CRITTENDEN, SCHROEDER &INDIANA U) I

CP11)
66 HB C COMPILATION

R14 ETA PRINE INTO &3 PI)/TOTAL
R14 (0.07) OR LESS

R15 ETA PRINE INTO (4 PI)/TOTAL
R15 (0 ~ 01) OR LESS

LONDON 66 HB C

LONDON 66 HBC

CP12)
COMPILATION

CP13)
COMPILATION

R13 ETA PRINE INTO CZ PI)/TOTAL
R13 (0.07) OR LESS LONDON 10/66

10/66

10/66

BARBARO- 68 PRL 20 349
BARLOUTA 68 PL 26 8 674
BOLL INI 68 NC 58 A 289
DAVIS 68 PL 27 8 532

DUFEY 69 PL 29 8 605
MOTT 69 PR 177 1966
R I TTENBE 69 UCRL-18863

BARBARO-GALTIERI, MAT ISON, R ITTENBERG+ & LRL & I~O
BARLOUTAUD+ &SACLAY+AMST+BGNA+REHO+EPOL) I=O
+BUHLER, DALPIAZ, MASSAM+ (CERN+BGNA+STRB)
+AMMAR, MOTT, DAGAN, DERRICK, FIELDS (NWES+ANL)

+GOBS I, POUCHON, CNOPS, + (ETH+CERN+SACL) I JP
+AMMAR, DAVIS, KROPAC, SLATE, DAGAN+ &NWES+ANL)
ALAN RITTENBERG (THESIS) (LRL)I=O
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Meso ns
q'(958), S(975) [S"]

Data Card Listings

AGUILAR
APEL
BINNIE
BLOODWOR
DALPIAZ
RADER

72 PR D 6 29
72 PL 40 8 680
72 PL 39 8 275
72 NP 8 39 525
72 PL 42 8 377
72 PR D 6 3059

OAMSURG 73 PR D 8 3744
JACOBS 73 PR 0 8 18
KALSFLEI 73 PRL 31 333

AGU I LAR 70 PR L 25 1635
BEMSINGE 70 PL 33 8 505

BARDAOIN 71 PR D4 2711
BASILE1 71 NC 3 A 371
BASILE2 71 NP 8 33 29
HARVEY 71 PRL 27 885
OGIEVETS 71 PL 35 8 69

AGUI LAR-BENI TEZ, SASSANO, SANIOS, SARNES+ (BNL )
BENS INGER, ERWIN, THOMPSON, W. D. WALKER (WISC)

BARDAD IN-OTWI NOWSKA, HOFNOKL, NICHE JDA+(WARS)
+BOLL INI, DALP IAZ, FRABETTI, +(CERN+BGNA+STRB)
+BOLL INI, DALP IAZ, FRABETTI, +(CERN+BGNA+STRB)
+MARQUI T, PETERSON, RHOADES, + (MINN+MICH)
OGIEVETSKY, TYSOR, ZASLAVSKY (DUBNA)

AGUI LAR-BENI TEZ, CHUNG, E I SNER, SAM IOS (BNL )
+AUSLANDER@MULLER gBERTOLUCCI@+ (KARL+PISA)
+CAMILLER I g DUANE g GARSUTT g BURTON+ {LOI C+SHMP )
BLOODWORTH ~ JACKSON g PREMT ICED YOON (TORONTO)
+FRABETTI, MASSAM, NAVARR IA, ZICHI CHI (CERN)
+ABOL INS, DAHL, OANBURG, OAVIES, HOCH, + (LBL)

+KALBFLEISCH, SORENSTEIN, CHAPMAN, +(BNL+MICH) JP
+CHANG, GAUTHIER, + &SRAN+UMO+SYRA+TUFT) JP
KALBFLEISCH, CHAPMAN, + (SNL+MICH+LBL) JP

N MASS DETERMINATIONS (REAL PART OF MASS MATRIX EIGENVALUE)
N 8 (975 ' ) ACHASOV 80 RVUE
N 8 (985.) TORNQVIST 82 RVUE

A FROM SINGLE CHANNEL FIT TO HYAMS 73 DATA.
8 COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS, SEE MINIREV ~

D POLE POSITIONS FROM ALMOST MODEL-INDEPENDENT PARANETRIZATION
C FROM COUPLED CHANNEL FIT TO HYAMS 73 AND PROTOPOPESCU 73 DATA'
C WITH A SIMULTANEOUS FIT TO THE PI PI PHASE-SHIFTS,
C INELASTICITY AND TO THE KS KS INVARIANT MASS ~

E FROM COUPLED CHANNEL ANALYSIS OF PI N --) PI PI M OR K KBAR N DATA
E FROM GRAYER 73 ANO COHEN 80
F SIMILAR TO (E), BUT OMIT PI N --o PI PI N MOMENTS, AND INCLUDE
F K- P --) PI+ PI- Y DATA
R INCLUDED IN AGUILAR 78 FIT

G ETKIN1 82 QUOTES ERRORS +9/-39 NEV. WE USE +-39 MEV IN THE AVERAGE.

3 WIOTH OR INA6. PART OF THE S(975) POLE POSITION (NE

9/81
1/82

CERRADA
DELAGUIL
GESSAROL
LEDNICKY
ROUSSARI

ALSO
ZANFINO

77 MP 8 126 189
77 PR 016 2833
77 NP 8 126 382
77 E2-10521,22, 23
77 PREPR I NT
77 BUDAPEST CONF.
77 PRL 38 930

ABRAMS 79 PRL 43 477
APEL 79 PL 83 8 131
BINNIE 79 PL 83 8 141
DZHELYAD 79 PL 8 ee 379

SALTAY 74 PR 09 2999
DUANE 74 PRL 32 425
GAULT 74 NC 24 A 259
KALBFLEI 74 PR D10 916

GRIGORIA 75 NP 891 232
KALBFLEI 75 PR D1'1 987

+WAGNER, BLOCKZI JL, + (CERN+ANST+NI JM+OXF)
F .DEL AGUI LA AND N. G. DONCEL (BARCELONA)
GESSAROL I,+ (BGNA+F IRZ+GENO+NILA+OXF+PAVI)
R. LEDN ICKY ( JINR)
+ERNWEIN, FELTESSE,BORGEAUD, ROUSSARI E+{SACL)
HEMINGWAY REVIE'W TALK (CERN)
+BROCKMAN, DANKOWYCH, + (CARL+NCGI+OHIO+TMTO)

+ALAN, BLOCKER, BOYARSKIg+ (SLAC+LBL)
+ AU GENS TE I N ~ BE R TOLUC C I ( KAR L+P I SA+ SERP+'WI EM )
+CARR, DEBENHAN, JONES, KARAMI, KEYNE+ (LOI C)
DZHELYAOIN, GOLOVKIN, GR ITZUK, KACHANOV+(SERP)

JP
JP

JP
JP

+COHEN, CSORNA, HAS I BI,KAl. ELKAR, + (COLU+BING) JP
+8 I NNIE, CAMILLER I, CARR, DEBENHAN+(LOI C+SHNP)
+ JONES ~ SCADRON y THEWS (DURH+LOIC+AR I Z)
G. R ~ KALSFLEI SCH (BNL)

GRIGOR IAN, LAOAGE, NEL LENA, RUDNICK, + (UCLA)
KALB F LE I SC H, STRAND, CHAPMAN (BNL+NI CH )

(CORRESPONDS TO HALF-WIDTH
PROTOPOPE 73 HSC
ESTABROOK 73 ASPK
GRAYER 73 ASPK
HYAMS 73 ASPK
FUJII 75 RVUE
BOHACIK 80 RVUE
IRVING 81 RVUE
IRVING 81 RVUE

W

W

W C
W

W

W

W

W AVG

24.
15.0
50 '
(7 ' )
14 ~ 0
60 ~ 0

16.4

7.
4 ' 0

40.
5.0

141.0
2 ~ 8

10.0
AVERAGE

BINNIE
LEEPER
AGUILAR
HARTIN
GIDAL
ETK IN1

73 CMTR
77 ASPK
78 HBC
79 RVUE
81 SMK2
82 MrS

POLE POSITION DETERMINATIONS
R (27. ) (8. )
A (5.)
R &5 ~ &

R &15. & (5. )
A (19.) (3 ~ )
AD (19.0) (6.0)
E (8.)
F (24 ' )

, NOT FULL WIDTH)
7. P I+ P
17 PI -P, PI+PI -N
17 PI-P, PI+PI-N
17 PI-P, N PI+PI-
'17 PI-P, PI+PI-N

PI- P, NN N

2-2. 4 PI-P
.7 PBAR P, KS KS

J/PS I DECAY
23 PI-P, 2KOS M

12/77
12/75
12/77
12/77
12/75
9/81
3/82
3/82

12/77
12/77
12/77
9/81
1/82
9/83*

VIKTOROV 80 SJNP 32 520

DZHELYAO 81 PL 105 8 239

BARTEL 82 PL 113 8 190
BICKERST 82 ZPHY C 16 171

BEHREMO 83 PL 125 8 518
ALSO 82 PL 114 8 378

FRAZER 83 AACHEN CONF.
JENNI 83 PR D 27 1031
aaaaaa a*a****aaaaa***aa*
aaaaaa a*a*aaa*a aa*aaa*a*

+GOLOVK I N, D Z HEI YA 0 I N, ZA I TSE V, NUK H I N, + ( NOVO)

DZHEI. YADIN, GOLOVKIN, KONSTANTINOV, + (SERP)

+CORDS+(OESY+HANB+HEID+LANC+NCHS+RHEL+TOKY)
BICKERSTAFF, NCKELLAR (NELS)

+0-AGOSTI NI+(DESY+KARL+MP IN+LALO+LPNP+SACL)
BEHREND+ (DESY+KARL+MPIM+LALO+LPMP+SACL)
RAPPORTEUR TALK (UCSD)
+BURKE, TELNOV, ABRAMS, BLOCKER+ (SLAC+LSL)

a**a**aaa a*aaaaaaa aaaa*a*aa aaa*aaaaa aaaa*aa*
*a*aa**aa *a*aaaa** **aaaaa*a aa*aaa*aa *aaa*aaa

W FULL WIDTH DETERMINATIONS (FROM IMAG PART OF MASS MATRIX EIGENVALUE)
8 70 TO 300 ACHASOV 80 RVUE

W 8 (400. ) APPROX' TORMQV IST 82 RVUE

W ACR SEE NOTES UNDER REAL PART
W EF SEE NOTES UNDER REAL PART
W 8 COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS, SEE MINIREV.

0 POLE POSITIONS FROM ALMOST MODEL-INDEPENDENT PARANETRIZATION

3 S(975) PARTIAL DECAY NODES

9/81
1/82

S(975)
or S

3 S(975,JP6~0++) I~O

FORMERLY CALLED S*
UNDER THIS ENTRY WE LIST PARAMETERS OF THE POLE IM THE
ISOSCALAR S WAVE. FOR A MINI-REVIEW SEE UNDER EPSILON.

P1
P2
P3

S(975) INTO K KBAR
S(975) INTO PI PI
S&975) INTO ETA ETA

3 S(975) SRANCHIN6 RATIOS

DECAY MASSES
498+ 498
140+ 140
549+ 549

FOR EARLY WORK USING BREIT-WIGMER OR SCATTERING
LENGTH PARAMETRIZAT ION IN FITS TO THE K KBAR MASS
SPECTRUM, SEE REFERENCE SECTIOM AMD OUR 1972 EDITION.

3 MASS OR REAL PART OF THE S(975) POLE POSITION (IIEV)

R1
R1
R1
R1
R1
R1
R1 AVG 0 ' 776

S(975) INTO (PI
(0 ~ 71)
0.78
0 ~ 81
0 ~ 67

P I ) /TOTAL

0.03
0.09
0.09

HYAMS
WETZEL

0 ' 04 CASON
LOVERRE

0.026 AVERAGE

(P2)
75 AspK 17 2 pI ptpI+pI eyes
76 OSPK 8.9 PI-P, KS KS N 9/81
78 STRC 7. PI- P, KS KS N 9/81
80 HBC 4. PI- P, K K N 9/81

POLE POSITION DETERMINATIONS
R (997 ~ ) (6 ~ )
A (997.)
R (1012.) (6.)
R ( 1007.) (20 ' &

A &986 ' ) &5. )
AO (998.0) (7.0)
E (988.)
F (966.)

PROTOPOPE
ESTASROOK
GRAYER
HYAMS
FUJII
SOHACIK
IRVING
IRVING

7.
5 ~ 0

10.
987.
969.0
986.

(986.)
974.0
985.0

975.4

8 INN IE
LEEPER
AGUI LAR
MARTIN
G IOAL
ETKIM1

M

N

M C
M

M

M G
N

M AVG

4 ' 0
39.0
3.7 AVERAGE (ERROR I
(SEE IDEOGRAM BELOW)

73 HBC
73 ASPK
73 ASPK
73 ASPK
75 RVUE
80 RVUE
81 RVUE
81 RVUE

P I+ P
17 PI-P, PI+PI-N
17 PI-P, PI+PI-M
17 PI-P, N P I+P I-
17 PI-P, PI+PI-N

PI- P, MN N

2-2 ~ 4 PI-P.7 PSAR P, KS KS

J/PSI DECAY
23 PI-P, 2KOS N

73 CNTR
77 ASPK
?8 HBC
79 RVUE
81 SMK2
82 Mps

NCLUOES SCALE FACTOR OF 1.4)

12/77
12/75
12/77
12/77
12/75
9/81
3/82
3/82

12/77
12/77
12/77
9/81
1/82
9/83*

WANG 61 JETP 13 323

BIG I 62 CERN CONF 247
SINGHAN 62 CERN CONF 240
ERWIN 62 PRL 9 34

BALTAY 64 DUBNA CONF 1 409
BARNIN 64 DUSNA CONF 1 433

CRENNELL 66 PRL 16 1025
HESS 66 PRL 1? 1109

BARLOW 67 NC 50A 701
SEUSCH 67 PL 25 8 357
DAHL 67 PR 163 1377

REFERENCES FOR S(975)

WANG TSU TSENG J VEKSLERg VRANA ~ + ( J INR)

A BIGI,S BRAMDT, R CARRARA + (CERN)
H H BINGHAN, M BLOCH + (EPOL+CERN)
ERWIN, HOYER, MARCH, WALKER, WANGLER (WISC+BNL)

BALTAY, LACH, CRENNELL, OREN, STUMP +(YALE+BNL)
BARMIN, DOLGOLEMKO, YEROFEEV, KRESTNI+ (ITEP)

CRENMELL, KALBFLEISCH, LAI, SCARR, SCHU+ (BNL)
+DA HL+ HARD I+K I R Z+M I L L ER (LRL)

+LILLESTOL+MONTANET+ (CERN+CDEF+IRAD+LIVP)
+ F I SC HER, GOBB I, ASTSURY+ (ETH+CERN)
+HAROY+HESS+KIRZ+MILLER (LRL)

aa*a** *aaaa**a* a*aaaaaa* aaaaaaaa* a***aaaa* aaa*aaaaa *aaaa*aaa aa**aa*a

WEIGHTED AVERAGE = 975. 4 + 3. 7
ERROR SCALED BY 1.4

ALITTI 68 PRL 21 1705 +BARNES CRENNELL ~ FLAMINIO GOLDBERG ~+ (BNL)
LAI 68 PHILAD. CONF. P ~ 303 KWAN WU LAI (BNL)
PHELAN 68 THESIS JAMES J ~ PHELAN (ANL+ST ~ LOUIS UNIV)

ALSO 68 PRL 21 316 HOANG, EARTLY, PHELAN, ROBERTS+(ANL+CHIC+NDAM)

AGUILAR- 69 PL 29 8 241
ALSO 69 NP 8 14 195

HOANG 69 NC 61 A 325
HOANG 69 PR 184 1363

M. AGUILAR-BENITEZ, J.BARLOW, + (CERN+CDEF)
M. AGUILAR-SENITEZ, J.BARLOW, + (CERN+CDEF)
T ~ F.HOANG (AML)
+E ART L Y I P HE L AN g ROB E R T S g + &ANL+ ILLC)

BAD I ER 70
BATON 70
BEUSCH ?0
HYANS 70

ALSO 70
OH 70

NP 8 22 512
PL 33 8 528
P H I L A ~ CONF .P ~ 185
PH I LA ~ CONF ~ P ~ 41
NP 8 22 189
PR 0 1 2494

+BONNET, DREVILLON, BAUBILLIER, + (EPOL+IPNP)
+LAURENS, RE IGNI ER (SACLAY)
W ~ BEUSCH (ETH+CERN)
+KOCH, BEUSCH, + (CERN+MP IM+ETH+LOIC+HAWA)
HYAMS KOCH g POTTER I VON L I MDERN + (CERN+MP IM)
+GARF INKEL, MORSE, WALKER, PRENTICE(WISC+TNTO)

ALSTON-G 71 PL 36 8 152 ALSTON GARNJOSTrBARBARO GALTIERI t+ (LBL&

. ETK IN1
- G IDAL

AGU I LAR

LEEPER
B INN I E

MPS
61 SMK2
78 HBC
77 ASPK
73 CNTR

9 40 960 1020 1060
REAL PART OF S(975) POl E POSITION (MEV)

CH I SQ

0. 1

1, 1

1.7
2, 7
5, 6

(CONLEV
=0. 131)

BASDEVAN 72
DAMER I 72
OUBOC 72
FLATTE 72
GRAYER 72
WI LL IANS 72

BI NNI E 73
OI ANOND 73
ESTABROO 73
FUJII 73
GRAYER 73
HYANS 73
OCHS 73
PROTOPOP 73

PL 41 8 178
NC 9 A 1
NP 8 46 429
PL 38 8 232
PHIL .CONF ~ PROC ~ 5
PR D 6 3178

PRL 31 1534
PR 0 7 1977

TALLAHASSEE
NC 13 A 311

TALLAHASSEE
NP 8 64 134
THESIS
PR 0 7 1280

BASDEVANT, FROGGATT, PETERSEN (CERN)
+BORZATTA, GOUSSU, + (GEMO+NILA+SACL)
+GOLDBERG, MAKOWSKI, DONALD, + (LPMP+LIVP&
+ALSTON-GARNJOST, BARBARO-GALTIERI, + (LBL)
+HYANS, JONES, SCHLE IN, BLUN, D IETL+(CERM+NP IM)
P.K. WI LLIANS (FSU)

+CARR, DEB ENHAN, DUANE, GARBUTT, + (LOI C+SHMP)
+BINKLEY, + (WISC+DUKE+COLO+TNTO+OHIO)
ESTABROOKS, MARTIN, GRAYER, HYANS+ (CERN+NPIM)
Y. FU JI I, M ~ KATO {TOKYO)
+HYANS, JONES, BLUN, DIETL, KOCH+ (CERN+NPIN)
+ JONES g WE ILHANNER 8 LUND D I ETL I + (CERM+NP IN)
W. OCHS (MP IN)
PROTOPOPESCU, GARNJOST, GALTIERI, FLATTE+(LBL)
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For notation, see A, ey at front of Listings. Me sons
S(975) [S ], 6(980)

GRAYER
GRAYER
MORGAN

74 NP 8 75 189
74 NP 8 76 375
74 PL 518 71

+HYANS, JONES, SLUM, 0 IETL, KOCH+ (CERN+MP IM)
+HYAMS, JONES, SLUM, DIETL (CERN+MP IM)
D. MORGAN (RHEL)

FUJII 75 NP 885 179 Y. FU J I I,M. FUKUGI TA (TOKY)
HYAMS 75 NP 8 100 205 + JONES, WE ILHAMMER, SLUM, 0IETL+ (CERN+MP IM)
MORGAN 75 ARGONNE CONF ~ 45 D. MORGAN (RHEL)
PAWL ICK I 75 PR D 1 2 631 +AYRES DI EBOLDg GREENE gKRANER ~ MI CKLUND (ANL)

BRANDEB
BUTTRAN
CERRAOA
FLATTE
WETZEL
MILK INS

76 NP 8 104 413
76 PR 0 13 1153
76 PL 62 8 353
76 PL 63 8 228
76 NP 8 115 208
76 PR 0 13 1831

+CARNEG IE ~ CASHMORE g OAVI ER I LASINSK I g+ (SLAG)
+CRAWLEY, DUKE, LAMB, LEEPER, PETERSON ( I SU)
+GONZALEZ ARROYOS RUB IO ~ YNDURAI N (CERN+MADR)
S.M. FLATTE (CERN)
+FREUDENREICHgBEUSCH, + (ETH+CERN+LOIC)
+ALBR IGHT, S+V HAGOP I AN, LANNUTT I (FSU)

FROGATT 77 NP 8 129 89
LEEPER 77 PR D 16 2054
MARTIN 77 NP 8 121 514
PAWL ICKI 77 PR 0 15 3196

AGUILAR 78 NP 8 140 73
SALAND 78 NP 8 140 220
CASON 78 PR L 41 271

+PETERSEN (GLASGOW+COPENHAGEN)
+BUTTRAM, CRAWLEY, DUKE, LAMB, PETERSON (ISU)
+OZMUTLU, SQUIRES (DURHAM)
+AYRES, COHEN, OIEBOLD, KRAMER, WICKLUND (ANL)I J

+CERRADA, + (MADRID+BOMBAY+CERN+PARI S)
+GRARD g JOHNSON' + (MONS+BELG+CERN+LOIC+LALO)
+BAUMBAUGH, BISHOP, BISWAS, KENNEY, +(NDAM+ANL)

ACHASOV
APEL
SECKER
CORDEN
ESTABROO
GREENHUT
MARTIN
POLYCHRO

79 PL 88 8 367
79 NP 8 160 42
79 NP 8 151 46
79 NP 8 157 250
79 PR D 19 2678
79 PR D 20 2326
79 NP 8 158 520
79 PR 0 19 1317

+DEVYANIN, SHESTAKOV (NOVO)
+AUSLANDER, MULLER, REHAK+ (KARL+PISA)
+BLANAR, BLUM, CERRADA+ (MPIM+CERN+ZEEM+CRAC)
+DOWELL, GARVEY, JOBES, +(BIRM+RHEL+TELA+LOWC) JP
P ~ ESTABROOKS (CARL)
+ INTEMANN (SETO)
+OZMUTLU (DURH) I, JP
POLYCHRONAKOSiCASONtBISHOP+ (NOAM+ANL)

ACHASOV 80 SJNP 32 566
BOHACIK 80 PR 0 21 1342
COHEN 80 PR D 22 2595
LOVERRE eo ZPHY C 6 187
WICKLUND 80 PRL 45 1469

ACHASOV 81 PL 102 8 196
AGUILAR 81 ZPHY C 10 299
GIDAL 81 PL 107 8 153
IRVING 81 ZPHY C 10 45
ROUSSARI 81 PL 105 8 304

BARBER 82 ZPHY C 12 1
ETKIN1 82 PR 0 25 1786
ETKIN2 82 PR D 25 2446
TORNQVIS 82 PRL 49 624

+DE VYANIN, SHESTAKOV (NOVO)J.BOHACIK, H ~ KUHNELT (BRAT I SLAVA+WI EN)
+AYRES, OI EBOLD, KRAMER, PAWL I CK I+ (ANL) I,JP
+ARMENTEROS, D IONI SI+ (CERN+CDEF+MADR+STOH) I, JP
+AYRES, COHEN, OIESOLD, PAWL ICKI (ANL)

+DE VYAN IN, SHE STAKOV (NOVO)
AGUILAR-BENITEZ, DONE, MARTIN (MADR+DURH)
+GOLDHABER, GUY, MILL IKAN, ABRAMS, + (SLAC+LBL)
+MART IN, DONE (L I VP+DURH)
ROUSSARI E, BURKE, ABRAMS, ALAM, + (SLAC+LBL)

+DAINTON, SRODBECK, BROOKES, +(DARE+LANC+SHEF)
+FOLEY, LA I, LINDENBAUM+ (SNL+CUNY+TUFT+VAND)
+FOLEY, LAI, l. INDENBAUM+ (SNL+CUNY+TUFT+VANO)
N. A. TORNQV I ST (HELS)

MENNESSI 83 ZPHY C 16 241 G ~ MENNESSIER (MONP)

004004 40**40000 0*0**00*40**0*0*040404004*0 044*****0*00400%04 **40**********0****00*0044404404 0**04*****00400%04 4440404*0 *000*0400 *40*4400

(TORNQVIST 82) that it is possible to understand

within the unitarized quark model the unconventional
features of the lightest scalar mesons. In this frame-

work, the mass shifts, mixings, and distortions of reso-

nance shapes induced by the nearest SU(3)-related thres-

holds are crucial for the light 0++ states. Thus the

b(980) mass is shifted considerably by the nearby ~iI,

KK, and wg' thresholds, whereas, e.g., the «(1350) is

shifted much less by Kx and Kq', which lie relatively far

from the resonance mass. Possible weaknesses of this

approach have been discussed (ACHASOV 83).
A conventional qq assignment is also favored by the

D(1285)/E(1420) ~ p~ branching ratio, the decay iI' ~
bm ~ gem, and the tadpole contributions to e.m. mass
differences and mixings (BRAMON 80,83), although

some of these arguments might turn out to be inade-

quate (ACHASOV 83). Thus it seems plausible

(TORNQVIST 82,83) that the b(980) is a qq state with

large Fock-space components of qqqq in the form of vir-

tual g~, KK, and q'x pairs. See also the mini-reviews

under e(1300) and «(1350).
6(9eo) 36 DELTA(980, JPG 0+-) I~1

The quantum numbers of the b(980) resonance are:
I+ = 1,deduced from its production in D
from its gx decay, and from the absence of a ~~ decay;
and J = 0+, deduced from the absence of a 3m or px
decay (LIPKIN 69, GRASSLER 77) and from the decay
distributions of the g~ decay. With these quantum
numbers, the b(980) is expected to couple to the I = 1

KK system, too, and to explain the nearby KK thres-

hold enhancement (ASTIER 67).
The SU(3) and quark-model classification of the

b(980) has been somewhat controversial. The naive

quark model would suggest that the lightest 0++ states

should belong to a 1P qq nonet. This conclusion is also

supported by models with very general spin-dependent
terms (SCHNITZER 82). The unconventional mass
spectrum, in particular the near-degeneracy of b(980)
and S(975), has on the other hand led to suggestions for
a 4-quark assignment of the b(980) (JAFI h 79). A 4-

quark assignment would predict a very large ("superal-
lowed" ) coupling to g~ and KK (ACHASOV 79,80). A

comparatively large coupling is not incompatible with a
narrow b peak width (FLATTE 76), since the KK thres-

hold distorts drastically the b(980) shape.
However, a qq interpretation also requires by SU(3)

a large Bgx coupling, and it has been shown

36 OELTAC980& IIASS CMEV&

M ETA PI FINAL STATE ONLY.
M 10 (960.) APPROX ~

M 80 (975.0)
M 15 (980.0) (10' 0)
M 21 (948.0) (7.0)
M

M 30 980.0 10 ' 0
M 20 970.0 15.0
M 980. 10.
M 150 972. 10.
N C 70 989.0 10.0
M 80 981.0 6 ~ 0
M 977.0 7 ' 0
M 47 980. 11.
M 50 978.0 16.0
M R 145 990.0 7.0
M R 500 986. 3.
M

M REVUE ARTICLES
M 8 (982. )
M (970.)

M AVG 983.4 2. 1 AVERAGE

CHUNG S
DEFOIX
MILLER
BARDAD IN

AMMAR
BARNES
CAMPBELL
DEFOIX
WELLS
GAY
GRASSLER
CONFORTO
CORDEN
GURTU
EVANGELIS

68 HSC
68 HSC
69 HBC
71 HBC

68 HBC
69 HBC
69 OBC
72 HBC
75 HBC
76 HBC
77 HBC
78 OSPK
78 OMEG
79 HBC
81 OMEG

ACHASOV1 80 RVUE
TORNQVIST 82 RVUE

3.2 PI-P 5/701.2 PB P, ETA PI 11/77
4.5 K-N, ETA PI 7/69

8 PI+P, P DO PI 11/77

,5 ' 5K-, ETA PI
4-5 K-PE PI-ETA

2.7 PI+ 0
0 ~ 7 PBAR P, 7 PI
3 ~ 1-6 K-P, ETA PI
4 ~ 2 K-P, ETA PI
16 PI-+P, ETA PI
4 ~ 5 PI-P P X-
12-15PI-P, ETA PI
4 ~ 2 K- P, ETA PI
12 PI-P, ETA3PIP

2/73
9/69
1/73
1/73

11/77
11/77
11/77
4/78
4/78

12/79
1/82

9/81
8/83*

8/66
12/77
6/81

36 OELTAC980& WIDTH CIIEV&

W ETA Pl FINAL STATE ONLY
M 80 (25.0)
W 20 (50.0) OR LESS
W 150 (30 ' ) (5 ' )
W 70 (16.0) (25.0)

DEFOIX
SARNES
DEFOIX

( 16.0) WELLS

68 HBC
69 HSC
72 HSC
75 HBC

1 ~ 2 PB P, ETA PI
4-5 K-P, PI-ETA

0 ' 7 PBAR P, 7 PI
3.1-6 K-P, ETA PI

11/77
11/77
2/74

W

W

W

W

W

W

W

M

W

W

W

W

W

W

W

M

30 80 ' 0
40 ~

15 60 ~ 0
21 31 ~ 0

N 55 ' 0
44 ' 0

47 60 '
0 50 86 ' 0
R 145 60 0
R 500 62 '

REVUE ARTICLES
F 80 TO
8 103 TO
8 (500. )

AVG 53 ' 7

30 ' 0
15.
30 ' 0
2e.o
15.0
22 ' 0
50.
60.0
20.0
15.

300
262

APPROX'

6.7

30.
50.0

AVERAGE

AMMAR
CANPBELL
MILLER
BARDAD IN
GAY
GRASSLER
CONFORTO
CORDEN
GURTU
EVANGELIS

68 HBC
69 DBC
69 HBC
71 HBC
76 HBC
77 HBC
78 OSPK
78 OMEG
79 HBC
81 OMEG

FLATTE 76 RVUE
ACHASOV1 80 RVUE
TORNQVIST 82 RVUE

, ASK-, ETA PI
2.7 PI+ D

4 ' 5 K-N, ETA PI
8 Pl+P, r 00 PI
4.2 K-P ETA PI
16 PI-+P, ETA PI
4.5 PI-P, P X-
12-15PI-P, ETA PI
4.2 K- P, ETA PI
'l2 PI-P, ETA3P IP

4.2 K-P, ETA PI

2/73
1/73
2/74
2/74

11/77
11/77
4/78
4/78

12/79
1/82

11/77
9/81
1/82

M C SYSTEMATIC ERROR 6 MEV OUE TO ENERGY CALIBRATION ADDED
M 8 COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS, SEE MINIREV ~

M R FROM D(1285) DECAY

M K KBAR ONLY, SEE THE TYPED NOTE ABOVE
M 143(1003.3) 7 ~ 0+SYSTEMATIC ROSENFELD 65 RVUE +-
M A 100(1016.) (10.) ASTI ER 67 HBC +- 0 PBAR P
M 316 976. 6. OE SILLY 80 HBC +- 1.2-2 PB P, D OMG

M A ASTIER 67 INCLUDES DATA OF BARLOW 67, CONFORTO 67, ARNENTEROS 65-
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Mesons
6(980), $(1020)

Data. Card Listings

W 8 COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS, SEE MINIREV.
W F USING A TWO CHANNEL RESONANCE PARAMETRIZATION OF GAY 76 DATA.
W N THE ERROR IM THE PAPER IS WRONGLY QUOTED AT ONE POINT
W R FROM D(1285) DECAY

K KBAR ONLY, SEE THE TYPED NOTE ABOVE
143 (57.0) 13.0+SYSTEMATIC ROSENFELD 65 RVUE +- 8/66

W A 100 (25 ' ) APPROX. ASTIER 67 HBC +- SEE NOTE A ABOVE 9/67
W M (120 ' ) APPROX. MORGAN 75 RVUE 1.2 PBAR P 12/75

W A ASTIER 67 INCLUDES DATA OF BARLOW 67, CONFORTO 67, ARMENTEROS 65.
W M FROM COUPLED CHANNEL FIT TO DUBOC 72 DATA

EVANGELI 81 NP 8 178 197 EVANGELISTA+(BARI+BONN+CERN+DARE+LIVP+MILA)

ACHASOV 82 TP-20-130
BICKERST 82 ZPHY C 16 171
TORNQVIS 82 PRL 49 624

+DEVYAHIN, SHESTAKOV
BICKERSTAFF, MCKELLAR
N ~ A ~ TORNQVIST

(NOVO)
(MELB)
(HELS)

BRAMON 83 PL 120 8 240 +MASSO (BAR C)

«««*«« ****««««a a«******a*«a«a««a« a*a««««*a a««a«a**« «««a«**«* «««a«aa«
«a««a« «*««««a** «*«««*a«* «***a*«a« «****«*a« a««**a«a« a«a*«a«aa **a«*«aa

y( I 020) 4 PHIC1020 JP6 1-- l I 0

P1
P2
P3
P4

36 DELTA(980) PARTIAL DECAY I%DES

DECAY MASSES
DELTA(980) INTO ETA PI 549+ 135
DELTA(980) INTO RHO PI 769+ 135
DELTA(980) INTO K KBAR 498+ 498
DELTA(980) INTO PI ETA PRIME 140+ 958

R1
R1

36 DELTA&980) SRANCHIN6 RATIOS

DELTAC980& INTO (RHO PI&/(ETA PI&
(0.25) OR LESS CL= ~ 70 AMMAR 70

(P2) ICP1)
HSC +- 4. 1,5 ~ 5K-, ETA P I 5/70

R2
R2 L
R2
R2 L
R2 8
R2 8
R2 L

DELTA(980) INTO (K KSAR)/(ETA PI)
(0 ' 25) (0.08) DE FO I X 72

SEEN GAY 76
(0-7) (0-3) CORDEN 78
(0 ' 75)TO 4 ' 2 AC HASOV1 80

COUPLED CHAMNEL ANALYSIS WITH FIHITE WIDTH
FROM THE DECAY OF D(1285).

(P3&/(P1&
HBC +- 0 ' 7 PBAR P
HBC — 4 ~ 2 K-P ETA PI
OMEG 12-15PI-P
RVUE
CORRECTIONS, SEE MINIREV ~

11/77
11/77
4/78
9/81

TURKOT 63 SIENNA CONF 1 661 +COLL IHS, FU J I I,KEMP+ (BML+PITTSBURGH)

ARMENTER 65 PL 17 344 ARMENTEROS, EDWARDS, JACOSSEN + (CERN+CDEF )
BARASH 65 PR 139 8 1659 +FRANZINI, KIRSCH, MILLER, STEINBERGER+ (COLU)
K IENZLE 65 PL 19 438 + MAGLIC, LEVRAT, LEFEBVRES + (CERN)
ROSENFEL 65 OXFORD CONF 58 A H ROSENFELD (LRL--RVUE)

«««*a« «**«««««a ***«««a«* «*«««a«** *a*a*a««a *««**««a« a**a«a«a* «*a«a««a

REFERENCES FOR DELTA(980&

M 410 1019.9
D 120 1019.6

M D 100 10'19.9
M 131 1020 ~ 4
M 100 1020.3
M 1019~ 4
M AR 500 ( 1019.5)
M 984 1019~ 4
M AR 170(1020.3)

454 1019.7
M AR 1300(1019~ 7)

AR 905(1020.4)
M A 383(1020.0)
M AR2504(1020. 0)
M AR 721(1022.0)
M 800 1018~ 9
M 1019~ 52
M 337 1019~ 4
M 1100 1019~ 54
M R 6730 (1019~ 7)
M C 766 1019 8
M 1500 1019.3
M 25080 1019~ 67
M A (1021.0)
M A (1020.0)
M A (1019.7)

M AVG 1019.513

4 PHI NASS (NEV)

WE OHLY AVERAGE MASS AND WIDTH VALUES WHEH THE
SYSTEMATIC ERRORS HAVE BEEN EVALUATED.

0 ~ 3
0 ' 5
0 ~ 5
0.5
0.4
0.7

(0.6)
0.8

(0.4)
0 ' 5

(0 ' 2)
(0.3)
(1 ~ 0)
(0.2)(1.0)
0.6
0. 13
0.5
0 ~ 12

(0.1)
0.7
0 ~ 1
0 ~ 17

(0 ' 2)
&0 ~ 5)
(0.3)

STOTTLEMY
AGUILAR
AGUILAR
COLLEY
BALLAM
BINNIE
AYRES '

BESCH
DE GROOT
KALBFLEIS
AKERLOF
BAl. O I
BALD I
BALD I
BALD I
COHEN
BUK IN 1
COOPER
BARKOV
DAUM

IVANOV
ARENTON
PELL INEN
ARMSTRONG
ARMSTRONG
BARATE

71 HBC
72 HBC
72 HBC
72 HBC
73 HBC
73 CNTR
74 ASPK
74 CNTR
74 HBC
76 HBC
77 SPEC
77 CNTR
77 CNTR
77 CNTR
77 CNTR
77 ASPK
78 OLYA
78 HBC
79 EMUL
81 SPEC
81 OLYA
82 AEMS
82 RVUE
83 OMEG
83 OMEG
83 GOL I

2.9 K-P, Y K KBAR
3 ' 9, 4 ' 6 K- P
3.9, 4 ' 6 K- P
10.K+ P, K+ P PH I
2.8 — 9 ' 3 G P
PI-P, PHI N

3-6P I /K-P, K+K-
2 GAMMA P, PK+K-
4 ~ 2 K-P, L K+K-
2 ~ 18 K-P, K KBAR
400 P+A, K+K-
10 K-P, K-PHI P
10 PI-P, PI-PHI P
10 K+P, K+PHI P
10 P P P PHI P
6 PI- PN, K+K-PN
E+E- COLL ~ BEAMS
.7-.8 PB P, KS KO
E+E- COLL. BEAMS
P BE,K+ K- X
1-1~ 4 E+E-,K+K-
11 ~ 8 POL. P P KK

18.5 K-P, K-K+LAM
18 ' 5 K-P, K-K+LAM
190 P I-BE,2MU

0.069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
(SEE IDEOGRAM BELOW)

11/71
12/75
12/75
12/72

1/74
4/78

12/77
12/75
12/7?
7/77

12/77
12/77
12/7?
12/77
12/77
12/77
9/81
4/78
3/82
9/81
1/82
9/83*
1/82

12/83*
12/83*
9/83*

ALLEN D

BALTAY
FOCACCI
OOSTENS

ALLISON
ASTI ER

ASTI ER
BAIL LON
BANNER 1
BANNER 2
BARLOW
CONFORTO

AMMAR
CHUNG S
DEFOIX
GALTIERI
JUHALA
SABRE CO

BARNES
CAMPBELL
CRENNELL
JUHALA
KRUSE
LIPK IN
MILLER

ALSO
SCHROEDE

67 PL 258 619
67 PL 25 8 294
67 INCLUDES DATA
67 NC 50A 393
67 PL 25 8 300
67 PL 25 8 569
67 NC 50 A 701
67 NP 83 469

68 PRL 21 1832
68 PR 165 1491
68 PL 28 8 253
68 PRL 20 349
68 PL 27 8 257
68 PL 26 8 674

69 PRL 23 610
69 PRL 22 1204
69 PRL 22 1398
69 PR 184 1461
69 PR 177 1951
69 PRL ?2 212
69 PL 29 8 255
69 PR 188 2011
69 PR 188 2081

+CRUZ+ (OXF+MP IM+BIRM+RHEL+GLAS+LOIC)
+MONTAHET, BAUB ILL IER, DUBOC+(COE F+CERN+ IRAO)

OF BARLOW 67, CONFORTO 67, ARMENTEROS 65.
+EDWARDS+D-ANDLAU+ASTIER+ (CERN+CDEF+IRAD)
+FAYOUX, HAMEL, ZSEMBERY, CHEZE+ &SACLAY+CAEN)
+CHEZE, HAMEL, MAREL, TE IGER+ (CDEF+SACL)
+MONTAMET, D-ANOLAU+ (CERN+CDEF+IRAD+LIVP)
CONFORTO, MARECHAL+ (CERN+CDEF+IPHP+I IVP)

+DAVIS, KROPAC, DERRICK, FIELDS, + (NWES+AHL)
+O. DAHL, J ~ K IRZ, D ~ H ~ MILLER (LRL)

+RIVET, SIAUD, CONFORTO+ (CDEF+IPNP+CERN)
BARSARO-GALTIERI, MAT ISON, RITTENBERG+ (LRL)
+LEACOCK, RHODE, KOPELMAN, LIBBY+ (IOWA+COLO)
BARLOUTAUD+ (SACL+AMST+BGNA+REHO+EPOL)

+CHUN G g E I SMER ~ BAS SANO ~ GOLDBERG+ ( BNL+SYRA )J.H. CAMPBELL, L ICHTMAN, LOEFFLER, + (PURDUE)
+KARSHON, KWAN WU LAI, + (BNL+NYU)
+LEACOCK, RHODE, KOPELMAN, LIBBY,+ (ISU+COLO)
KRUSE y LOOS ~ GOLDWASSER ( I LL INOI S)
+ME SHKOV (REHO+NBS)
D. H. MILLER, S.L.KRAMER, D. D. CARMONY, +(PURDUE)
YEN, AMMANN, CARMONY, ELSNER, + (PURDUE)
SCHROEDER g KERNAN g F ISHER L I BBYI+ ( I SU+COLO)

JP

ABOLINS
AMMAR
COOPER
YIOU

70 PRL 25 469 +GRAVEN, MCCARTHY, G. SMITH, L. SMITH+ (LRL+UCD)
70 PR D 2 430 +KROPAC, DAVIS, DERRICK, +(KANS+MWES+ANL+WISC)
70 NP 8 23 605 +HANHER, MUSGRAVE, POLLARD, VOYVODIC (ANL)
70 THESIS, A 646 TCHIU-PUNG YIOU (ORSAY)

ANDERSON 71 PRL 26 108
BARDADIN 71 PR D4 2711

+DIXIT, + (CHI C+ANL+CARL+LASL+CMRC+NAGOYA)
BARDADIN-OTWINOWSKA, HOFMOKL, MICHE JDA+(WARS)

66 PL 22 543 +GP F ISHER, G GODDEH, L MARSHALL, SEARS (COLO) G~+
66 PR 142 8 932 +LACH, SANOWEI SS,TAFT, YEH, STONEHILL+ (YALE)
66 PRL 17 890 + KIENZLEILEVRAT~MAGLICgMARTIN (CERN)
66 PL 22 708 +CHAVANON, CROZON, TOCQUE VILLE (SAC LAY, CDEF ) I ~1

1018 1019 1020 1021

PELL INEN
. ARENTON
. IVANOV
-BARKOV
. COOPER

BUK IN 1

-COHEN
. KALBFLEIS
. BESCH
- 8 INN I E
. BALLAM

-COLLEY
- AGU I LAR
- AGU ILAR

STOTTLEMY

I

1022

CH I SQ
0. 9
4. 5

82 RVUE

82 AEMS

81 OLYA

79 EMUL

78 HBC

78 Oj YA

77 ASPK
76 HBC
74 CNTR

73 CNTR
73 HBC
72 HBC
72 HBC
72 HBC
71 HBC

0. 1

0. 1

0. 0
1.0
0. 1

3. 9
3. 2

0. 6
0. 0
1.7

16, 0
(CONLEV
=0. 142)

M A SYSTEMATIC ERRORS NOT EVALUATED.
M C SYSTEMATIC ERROR ADDED LINEARLY BY US ~

M D MASS ERRORS ENLARGED BY US TO WIDTH/SQRT&N), SEE K* TYPED NOTE
M R INCLUDED IN PELL INEN 82 RVUE

WE I GHTED AVERAGE = 1019.513 + 0. 069
ERROR SCALED BY 1. 2

8 INN IE
CHESHIRE
DEFOIX
DUBOC
HOLLOWAY

72 PL 39 8 275 +CAMILLER I, DUANE, GARBUTT, BURTON+(LOI C+SHMP)
72 PRL 28 520 +HOFFMAN, GARF INKEL, + ( IOWA+ANL+PURD)
72 NP 8 44 125 +NASC IMENTO, 8 IZZARR I, + (CDEF+CERN)
72 NP 8 46 429 +GOLDBERG, MAKOWSK I, DONALD, + (LPNP+LI VP)
72 PHIL. CONF. PROC. 133+HULD, KOETZ, KRUSE, BERNSTEIN, + (ILL+ILLC)

PHI MASS (MEV)

BUTTRAM
MORGAN
WELLS

GAY
FLATTE

75 PRL 35 970
75 ARGONNE CONF 45
75 NP 8 101 333

76 PL 63 8 220
76 PL 63 8 224

GRASSLER 77 NP 8 121 189
IRVING 77 PL 70 8 217
MARTIN 77 NP 8 121 514
MAY 77 PR D 16 1983

CONFORTO 78 LNC 23 419
CORDEN 78 NP 8 144 253
MART IN 78 ANP 114 1

ACHASOV 79 PL 88 8 367
ESTABROO 79 PR D 19 2678
GURTU 79 NP 8 151 181
MARTIN 79 NP 8 158 520

ATHERTON 73 PL 43 8 249

BINNIE 74 PRL 32 392
KALBFLEI 74 NP 869 279
MORGAN 74 PL 518 71

+DEVYANIN, SHESTAKOV
P. ESTABROOKS
+GAVIL LET, BLOKZ I J L g+
+OZMUTLU

(NOVO)
(CARL)

(CERN+ZEEM+NIJM+OXF)
(DURH)

+FRANEK, FRENCH, GHIDINI, HILPERT, + (CERN)

+CAMILLERI, CARR, DEBENHAM, + (LOI C+SHMP)
KALSFLEISCH, VANDERBURG, + (BNL+RUTG+INO)
D ~ MORGAN (RHEL)

+CRAWLEY' DUKE g LAMB t LEEPER PETERSON ( I SU)
D. MORGAN (RHEL)
+RADOJICIC, ROSCOE, LYONS (OXF )

+CHALOUPKA, BLOKZI JL, HE I NENa(CERN+AMST+NI JM)
S ~ M ~ FLATTE (CERH)

+ (AAC H+BERL+ BONN+ CERN+ CRAG+HE I D+WARS )
A ~ C. IRVING (LIVERPOOL)
+OZMUTLU, SQUIRES (DURHAM)
+ABRAMSON g ANDREWS SUSNE

LLOYD

+ (ROCH+CORN )

8+G CONFORTO, KEY+(RHEL+TNTO+CHI C+FNAL+WI SC)
+CORBETT, ALEXANDER, + (8IRM+RHEL+TELA+LOWC)
A. O. MART IN, M. R.PENNI NGTON (CERN)

JP

W D 150
W

W D 681
W D 120
W D 100
W D 131
W D 454
W D 100

W AD 500
W D 984

W AD 170
W A 01300
W 8 D3681
W D 337
W D1 100
W D

W D 766
W 1500
W

W AVG

4.2
4 ' 09
4 ' 67
4 ' 6
4 ' 7
5.03.8
3.8
4 ~ 5

(4 ~ 5)
4.4
3.81

(4.2)
4. 5
4 ' 36
3.6
4.58
4 ' 3
4 ' 2
4.5

4 ~ 22

1.4
0 ~ 29
0 ~ 72
1 ~ 7
1.9
1.8
0 ~ 7
1 ~ 5
1.1

(0 ' 8)
0 ' 6
0.37

&1.3)
0 ' 50
0 ' 29
0 ' 8
0.55
0.6
0 ' 6
0 ' 7

0 ~ 13

AUGUSTIN
8 IZOT
BA LAKIN
AGUI LAR
AGUILAR
COLLEY
BORENSTEI
BALLAM
BIHN IE
AYRES
BESCH
COSME 2
DE GROOT
AKERLOF
BUK IN 1
COOPER
BARKOV
CORD IER
IVANOV
ARENTON

AVERAGE

69 OSPK
70 OSPK
71 OSPK
72 HBC
72 HBC
72 HBC
72 HBC
73 HBC
73 CNTR
74 ASPK
74 CNTR
74 OSPK
74 HSC
77 SPEC
78 OLYA
78 HBC
79 EMUL
80 WIRE
81 OLYA
82 AEMS

E+ E- COLL ~ BEAMS
E+ E- COLL. BEAMS

E+ E- COLL. BEAM
3 ' 9,4 ' 6 K- P
3.9,4 ' 6 K- P
10.K+ P, K+ P PHI
2. 18 K-P, K KBAR
2.8 — 9.3 G P
PI-PIP HI N

3-6PI/K-P, K+K-
2 GAMMA P, PK+K-
E+E- COLL. BEAMS
4. 2 K-P, L K+K-
400 P+A, K+K-
E+E- COLL. BEAMS.7-.8 PB P, KS KO
E+E- COLL ~ BEAMS
E+E-,P I+PI-PIO
1-1 ~ 4 E+E-,K+K-
11.8 POL. P P, KK

4 PHI WIDTH (NEV)

WE ONLY AVERAGE MASS AND WIDTH VALUES WHEN THE
SYSTEMATIC ERORRS HAVE BEEN EVALUATED.

12/72
12/72
12/75
12/75
12/? 5
12/75
7/77

12/75
4/78

12/75
12/75
2/74

12/75
12/77
9/81
4/78
3/82
9/81
1/82
9/83*

ACHASOV1 80 SJNP 32 566
ACHASOV2 80 PL 96 8 168
BRAMON 80 PL 93 8 65
DE BILLY 80 NP 8 176

+DE VYAN IM, SHESTAKOV
+DE VYAN IN, SHESTAKOV
+MASSO
+BRIAND, DUBOC, LEVY+

(NOVO)
(NOVO)
(BARC)

(CURI+LAUS+NEUC+GLAS)

W A SYSTEMATIC ERRORS NOT EVALUATED.
W 8 NUMBER OF EVENTS INCLUDES A SMALL BACKGROUND CONTRIBUTION.
W D WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N), SEE K* TYPED NOTE
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For notation, see key at front of Listings. Mes()ns
$(1020)

4 PHI PARTIAL DECAY MOSES

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16

PHI INTO K+ K-
PHI INTO Kl KS
PHI INTO PI+ PI- PIG (INCLUDING RHO PI )
P H I IN TO ETA GAMMA

P HI INTO E+ E-
PHI INTO MU+ MU-
PHI INTO PIG GAMMA

PHI INTO PI+ PI- (VIOLATES G)
PHI INTO PI+PI-GAMMA
PHI INTO OMEGA GAMMA (VIOLATES C)
PHI INTO ETA PIO (VIOLATES C)
PHI INTO RHO GAMMA (VIOLATES C)
PHI INTO ETA NEUTRALS
PHI INTO 5PI
PHI INTO PI+ PI- PI+ PI- (VIOLATES G)
PHI INTO RHO PI

FlTTED PARTIAL DECAY MODE BRANCHING FRACTIONS

DECAY MASSES
494+ 494
498+ 498
140+ 140+ 135
549+ O

~ 511+~ 511
106+ 106
135+ 0
140+ 140
140+ 140+ 0
783+ 0
54 9+ 135
769+ 0

140+ 140+ 140+ 140+
140+ 140+ 140+ 140
769+ 140

2/74
9/81

R10
R10
R10
R10
R10
R10 AVG

PHI INTO (MII+ MU-) /TOTAL (UNITS 10*e-4) (P6)
2.34 1 ~ 01 MOY 69 CNTR PHOTOPROD.
2. 17 0 ~ 60 EARLES 70 CNTR 6 ' 0 BREMSSTR ~

2.69 0 ' 46 HAYES 71 CNTR PHOTOPROD.

2.48 0 ~ 34 AVERAGE

11/70
11/70
11/71

R11 PHI
R11A 25
R11A 54
R11B
R11
R11 290
R11
R11 AVG
R11 FIT

(P4)
72 OSPK E+E-

COLLIE

BEAMS 2/73
76 OSPK E+E-

COLLIE

BEAMS 12/75
76 OSPK E+E- COLL ~ BEAMS 7/77
77 CNTR 6.7-10 GAMMA CU 12/77
83 OLYA E+E-,3 GAMMA 1/84+

INTO CETA 6AMNA)/TOTAL
0 ~ 026 0 F 007 BENAKSAS
0 ~ 015 0 ' 004 COSME

(0.024)OR LESS CL~0. 95 COSME
0.0135 0 ~ 0029 ANDREMS
O. OO88 O. OO2O KURDADZE

0.0117 0.0023 AVERAGE (ERROR IN
0.0117 0.0020 FROM FIT (ERROR IN

CLUDES SCALE FACTOR OF 1.6)
CLUDES SCALE FACTOR OF 1 ' 4)

R7 PHI INTO (PI+ PI- PIO (INCL. RHO PI))/(KL KS) (P3)/CP2)
R7 0.47 0 ~ 06 COSME 1 74 OSPK E+E-

COLLIE

BEAMS
R7 0 ~ 56 0 ~ 13 BUKIN 1 78 OLYA E+ E- COLL. BEAMS

R7 AVG 0.486 0 ' 054 AVERAGE
R7 FIT 0.426 0.028 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)

P 4

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where
1 1 i

6P, = Q&6P. bP.), while the off-diagonal elements are the normalized correlation coeffi-i 1 I
cients (6P.6P. ) j(6P. ~ 6P.). For the definitions of the individual P. , see the listingsi j 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1

are thus constrained to add to t.
P 1 P 2 P 3

P 1 .4928+- ~ 0102
P 2 —.7182 .3475+-.0099
P 3 —~ 3905 —~ 3328 .1479+-.0073
P 4 —~ 1109 —.0800 —.0117 ~ 0117+-~ 0020

R11A FROM 2 GAMMA DECAY MODE OF ETA
R11B FROM PI+PI-PIG DECAY MODE OF ETA

7/77
7/77

R14 PHI INTO COME6A 6AINIA) / TOTAL CP10)
R14 (0 F 05) OR LESS LINDSEY 66 HBC 2.7 K-P

R15 PHI INTO CRHO 6ANNA) / TOTAL CP12)
R15 (0.02) OR LESS LINDSEY 66 HBC 2.7 K-P

10/66

10/66

R12 PHI INTO (PI+ PI- GAMMA)/TOTAL (I 9)
R12 (0.04) OR LESS LINDSEY 65 HBC 2 ' 7 K-P 2/74
R12 (0.007)OR LESS CL~. 90 COSME 1 74 OSPK E+E- COLL. BEAMS 2/74
R12 (.06) OR LESS CL~. 90 KALBFLEI 75 HBC 2.2 K- P, GAMMA + 12/75

R1
R1
R1
R1
R1
R1
R1
R1 AVG
R1 FIT

4 PHI BRANCHING RATIOS

PHI INTO
252 0 ~

0 ~

0 ~

270 O.
321 0.

0.
0.

(K+ K-)/CK KBAR + PI+ PI- PIO)
48 0 ' 04 L INDSE Y
540 0.034 BALAKIN
486 0.044 CHATELUS
49 0.06 DE GROOT
45 0.05 KALBFLEIS

497 0.019 AVERAGE
499 0.010 FROM FIT (ERROR IN

(P1)/(P1+P2+P3)
66 HBC 2.7 K-P
71 OSPK E+ E- COLL. BEAM
71 OSPK E+ E- COLL. BEAMS
74 HBC 4.2 K-P, L PHI
76 HBC 2 ' 18 K-P

CLUDES SCALE FACTOR OF 1 ' 3)

10/66
11/71
11/71
12/75
7/77

R16 PHI
R16
R16
R16
R16 E
R16
R16
R16 AVG

INTO CE+
2.81
3.50
3.3
3.10
3.00

E-)/TOTAL
0 ~ 25
0.27
0 ~ 3
0. 14
0.21

3.107 0 ~ 096

(UNITS 10ee-4)
BA LAKIN
CHATELUS
COSME 1
PARROUR1
BUKIN 1

AVERAGE

(P5)
71 OSPK E+ E-
71 OSPK E+ E-
74 OSPK E+ E-
76 OSPK E+ E-
78 OLYA E+ E-

COLL. BEAMS 11/71
COLL ~ BEAMS 11/71
COLL ~ BEAMS 2/74
COLL ~ BEAMS 7/77
COLL ~ BEAMS 9/81

R16 E USING TOTAL WIDTH 4.2 MEV. THEY DETECT 3 PI MODE AND OBSERVE
R16 E SIGNIFICANT INTERFERENCE WITH OMEGA TAIL. THIS IS ACCOUNTED FOR
R16 E IN THE RESULT QUOTED ABOVE

R17 PHI INTO CPIO 6AMNA)/(TOTAL) (P7)
R17 7 (0 ~ 0025) (0.0012) BENAKSAS 72 OSPK E+E- COLL. BEAMS 2/73
R17 32 O. OG14 0.0005 COSME 76 OSPK E+ E- COLL. BEAMS 12/77

(P2) /C 81+P2+P3)
66 HBC 2 ' 7 K-P
71 OSPK E+ E- COLL ~ BEAMS
76 HBC 2 ~ 18 K-P
74 HBC 4.2 K-P, L PHI

CLUDES SCALE FACTOR OF 2. 1)
CLUDES SCALE FACTOR OF 1.3)

WEIGHTED AVERAGE = 0. 300 + 0. 042
ERROR SCALED BY 2. 1

weighted average, error,
re based upon the data in

nly. They are not neces-
as our "best" values,

east-squares constrained fit
ments of other (related)

tional information.

R2 PHI INTO (KL KS)/(K KBAR + PI+ PI- PIO)
R2 167 0.40 0.04 LINDSEY
R2 0.257 0.038 BAL AKIN
R2 133 0.27 0.03 KALBFLEIS
R2 A 270 (0.37) (0.05) .DE GROOT
R2 A SUPERSEDED BY LOSTY 78 UNDER R19.

R2 AVG . 0.300 0 ' 042 AVERAGE (ERROR IN
R2 FIT 0.352 0 ~ 010 FROM FIT (ERROR IN

(SEE IDEOGRAM BELOW)

10/66
1/73
7/77

12/77

R18
R18
R18
R18
R18A
R18A

PHI INTO (PI+ PI-)/(TOTAL) (UNITS 10*~-4)
(2.7) OR LESS CL~. 95 ALVENSLE 72
(4.0) OR LESS CL=.95 JULLIAN 76
(6.6) OR LESS CL~. 95 BUKIN 2 78

1 ' 94 1 ' 03 0.81 VASSERMAN 81
USING PHI INTO (E+ E-)/TOTAL ~ 3. 1

(P8)
OSPK GAMMA+C 1/72
OSPK E+ E- COLL. BEAMS 9/81
OLYA E+ E- COLL. BEAMS 9/81
OLYA E+ E- COLL. BEAMS 9/81

R19 PHI
R19 144
R19 125
R19
R19
R19
R19
R19
R19 AVG
R19 FIT

INTO CKL
0 ~ 89

(1 ~ 15)
0 ~ 71
0 ~ 71
0 ~ 70
0 ' 82

0.736
0 ~ 7G5

CP2)/CP1)
3.9,4.6 K- P
10.K+ P, K+ P PH I
10 K-P, K+K-LAMBD
3-4 K-P, LAMB PHI
E+ E- COLL. BEAMS
4. 2 K-P, PH I HYP

KS)/CK+ K-)
0. 10 AGUILAR 72 HBC

(0 ~ 15) COLLEY 72 HBC
G. 05 LAVEN 77 HBC
G ~ 08 LYONS 77 HBC
0.05 BUK IN 1 78 OLYA
0 F 08 LOSTY 78 HBC

0 ~ 030 AVERAGE
0.032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)

12/72
12/72
12/77
12/77
9/81
4/78

R21 PHI INTO (2PI+ 2PI- PIO)/(K+ K-) (P &4) /(P1)
R21 (0.02) OR LESS CL~0. 95 AGUILAR 72 HBC 3.9,4.6 K- P

R22 PHI INTO (PI+ PI- PI+ PI-)/TOTAL (UNITS 10*~-4) (P15)
R22 (8.7) OR LESS CL~. 90 CORDIER 79 MIRE E+ E-,4PI

R23 PHI INTO CRHO PI)/(PI+ PI- PIO) cp16) /c p3)
R23 (0 ~ 8) OR MORE CL~. 90 JULLIAN 76 OSPK E+ E- COLL. BEAM

****4*«****4*04*40%**00*e*444*0*0 44**4****4**0**4*4*404*****40*4*4*0

12/72

12/79

R20 PHI INTO (PI+ PI- PIO(INCL. RHO PI)/(K+ K-) (P3)/(P1)
R20 34 0 ' 28 0 ' 09 AGUILAR 72 HBC 3 ' 9, 4 ' 6 K- P 12/72
R20 ~ ~ ~ ~ ~ ~

R20 F IT 0.300 0.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

CH I SQ
1, 0
1

6. 3
8. 5

{CONLEV
=0. 014)

LBFLE I S 76 HBC
LAKIN 71 OSPK
NDSEY 66 HBC

0. 15 0. 25 0.35 0. 45 0, 55
PHI INTO (KL KS)/(K KBAR + PI+ P I — PIO)

BERTANZA 62 PRL 9 180

ARMENTER 63 SIENA CONF 2 70
GELFAND 63 PRL 11 438
SCHLEIN 63 PRL 10 368

REFERENCES FOR PHI

BERTANZA, BRISSON, CONNOLLY, HART + (BNL+SYRA)

ARMENTEROS, EDWARDS, ASTIER+ (CERN+CDEF)
GELFAND, MILLER, NUSSBAUM, KIRSCH+ (COLU+RUTG)
SCHLE I N g SLATER g SMI TH STORK ~ T I CHO (UCLA)

BADIER 65 PL 17 337
BERLEY 65 PR 139 B 1097
GALTIERI 65 PRL 14 279
LINDSEY 65 PRL 15 221

LINDSEY 65 DATA INCLUDED
MI LEER D 65 CU-237( NEVI S 13

BADIER, DEMOULIN, BARLOUTAUD+ (SACL+AMST)
D BERLEY, N GELFAND (8 NL+ COLUMB I A )
A BARBARO GALTIERI, R D TRIPP (LRL)
JAMES S LINDSEY, GERALD A SMITH (LRL)

IN LINDSEY 66 BELOW
1) DAVID C MILLER (THESIS) (COLUMBIA)

7/77

R5
R5
R5
R5
R5
R5 AVG
R5 FIT

PHI INTO CKL KS)/(K KBAR)
10 0 ' 40 0. 10
52 0 ~ 48 0.07

0 ' 44 0.07

0 ' 448 0.044 AVERAGE
0 ~ 414 0.011 FROM FIT (ERROR INCLUDES

CP2)/CP1+P2)
2.0 K-P
3.0 K-P
2. 2 K-P

SCALE FACTOR OF 1.3)

10/66
11/67
10/66

R6 PHI INTO (PI+ PI- PIO (INCL. RHO PI))/(K KBAR)
R6 0 ~ 30 0.15 LONDON 66,HBC
R6 0.237 0.039 CERRADA 77 HBC

R6 AVG 0.24 1 0 ~ 038 AVERAGE
R6 FIT 0.176 0 ~ 010 FROM FIT (ERROR INCLUDES

(P3) / C P 1+P2)
2.2 K-P 10/66

4.2 K-P, LAM 3PI 12/77

SCALE FACTOR OF 1.2)

R3 PHI INTO (PIC. PI- PIO CINCL. RHO PI))/TOTAL CP3)
R3 E 0.139 0.007 PARROUR2 76 OSPK E+E- COLL ~ BEAMS
R3 E USING TOTAL WIDTH 4. 1 MEV. THE 3 PI MODE IS MORE THAN 80 PER CENT
R3 E RHO PI AT THE 90 PER CENT C ~ L ~

R3 FIT 0 ' 1479 0.0073 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
ABRAMS
BARLOM
CHASE
DAHL
HERTZBAC
KHACHATU

67 MD TECH REP 720
67 NC 50A 7G1
67 PRL 18 710
67 PR 163 1377
67 PR 155 1461
67 PL 24B 349

ABRAMS
ASTVACAT

ALSO
BECKER
BINNIE
BOLl. IN I
MOSTEK
WEHMANN

68 PR 175 1697
68 PL 27 B 45
67 PRL 19 869
68 PR L 21 1504
68 PL 27B 106
68 NC 56 A 1171
68 PRL 20 1057
68 PRL 20 748

GRAY, L 66 PRL 17 501
LINDSEY 66 PR 147 913
LINDSEY1 66 PL 20 93
LONDON 66 PR 143 1034

+HAGERTY BI ZZARR I ~ C IAPETT I + (SYRA+ROMA) JPG
JAMES S LINDSEY, GERALD A SMITH (LRL)J.S.LINDSEY, G. A. SMITH (LRL)
LONDON, RAU, SAMIOS, GOLDBERG + (BNL+SYRACUSE)

GERALD ABRAMS, THESIS (MARYLAND)
+LILLESTOL+MONTANET+ (CERN+CDEF+IRAD+LIVP)
R. C. CHASE, P. ROTHMELL, R.MEINSTEIN (CEA+NEAS)
+HARDY+HESS+KIRZ+MILLER (LRL)
HERTZBACH, KRAEMER, MADANSKI, ZDANIS+(JHU+BNL)
KHACHATURYAN+AZIMOV+BALDIN+BELOUSOV+(DUBNA)

+GLASSER, KEHOE, SECHI-ZORN, MOLSKY (MARYLAND)
ASTVACATUROV, AZIMOV, BALD IN+ ( J INR+MOSCOM)
ASBURY, BECKER, BERTRAM, TING+ (DESY+COLUMBIA)
+BERTRAM B INKLEY g JORDAN g KNASEL+ (DESY+MI T)
+DUANE+FARUQI+HORSEY+ (LOIC+RHEL)
+BUHLER, DALPIAZ, MASSAM+ (CERN+BGNA+STRB)
+IEISENHANDLER, MCCLELLAN, MISTRY+ (CORNELL)
+ENGELS+ (HARVARD+CASE+SLAG+CORNELL+MCGILL)
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S154 Particle Data Group: Review of particle properties

Mesons
$(1020), H(1190), B(1235)

Data Card Listings

AUGUST IN 69 PL 28 8 517
MOY 69 THESIS
SCOTTER 69 NC 62 A 1057

+BI ZOT, BUON, DELCOURT, HAISSINSKI, + (ORSAY)
KEN MIN MOY (NORTHEASTERN UNIVERSITY)
eERSK INE, PALER, + (BIRM+GLAS+LOIC+MP IM+OXF) (B 1235

11 B(1235,JP6 1++) I 1

BIZOT 70 PL 32 416
ALSO 69 PEREZ-Y-JORBA,

8 I ZOT2 70 LNC 4 1273
EARL ES 70 PRL 25 1312
HYAMS 70 NP 8 22 189

+BUON, CHATELUS, JEANJEAN, LALANNE, + (ORSA)
LIVERPOOL SYMP. 69

+DE L COURT JEAN JEAN I LALANNE + (ORSAY)
+FAISSLER, GETTNER, LUTZ, MOY, TANG, + (NEAS)
eKOCH, POTTER, V. LINDERN, LORENZ, LUTJENS(CERN)

ALVENSLE 71
BALAK IN 71
CHATELUS 71

ALSO 70
DI 8 I AN CA 71
HAYES 71
STOTTLEM 71

PRL 27 441
PL 34 8 328

LAL 1247(THESIS)
8 I ZOT
NP 8 35 13
PR D 4 899

ORO 2504 170

ALVENSL EBEN, BECKER, BUSZA, CHEN, e (M IT+DESY)
+BUDKER g PAKHTUSOVA g SI DOROVg SKR I NSKY g e(NOVO)
Y. CHATELUS (STRASBOURG)

+EINSCHLAG, ENDORF, ENGLER, FISK, + (CORN)
+IMLAY, JOSEPH, KEI ZER, STEIN (CORN)
A. R. STOTTLEMYER, THESIS (MARYLAND)

AGUI LAR
ALVENSLE
BA LAKIN
BASI LE
SENAKSAS
BORENSTE
COLLEY

72 PR D 6 29
72 PRL 28 66
72 PL 40 8 431
72 NP 8 44 605
72 PL 42 8 511
72 PR D 5 1559
72 NP 8 50 1

AGUILAR-BENI TEZ, CHUNG, EISNER, SAMIOS (BNL)
AL VE NS L EBEN, BECK ER, 8 I GGS, 8 INK L EY+ (M IT+DE SY)
+80K IN, PAKHTUSOVA, S I DOROV, + (NOVOS I 8 IR SK )
+DALP I AZ, FRABETT I, Z I CHI CH I+(C ERN+BGNA+STRB)
+COSME, JEAN-MARIE, JULL IAN, LAPLANCHE+(ORSAY)
BORENSTEIN, DANBURG, KALBFLEISCH, + (BNL+MICH)
+ JOBES, RIDDIFORD, GR IFF ITHS, + (BIRM+GLAS)

BALLAM 73 PR D 7 3150 +CHADWICK, E ISENBERG, 8 INGHAM, + (SLAC+LBL)
8 INN IE 73 PR D 8 2789 +CARR, DEBENHAM, DUANE, GARBUTT, + (LOI C+SHMP)

11 B MASS (NEV)

M W (1228. ) (5. )
M 360(1208.0) (18.0)
M T ( 1243.0) APPROX

M 1220 ~

M 1240 ' 0
M 1236.0
M 0 1163 1243 ~

M 1235 ~

M 1268 ~

M 1400 1222.
M 600 1220 '
M 890 1245.0
M 450 1251.0
M 225 1240.0
M 105 1234 ' 0
M 1239 ~

M

M AVG 1233.6

20.
20.0
15.0
6.

15.
16.
4.
7;

11.0
8.0

15.0
15.0
5.
~ ~ ~

3.3
(SEE

FRENKIEL 72 HBC +- 0. PBAR PI, 5 PI 12/72
GAVILLET 78 HBC + 4.2 K-P, BACKWARD 4/78
TORNQV I ST 82 RVUE 9/83*

9/67
11/70
2/71
2/73
2/73
2/73

12/75
12/75
7/77

12/77
4/78

12/79
1/82

CHUNG
ANDERSON
HOOGLAND
OTT
AF ZAL
AFZAL
CHALOUPKA
KARSHON
FLATTE
GE SSAROL I
BALT AY
BLOODWORT
EVANGELIS

68 HBC
70 CNTR
70 DBC
72 HBC
73 HBC
73 HBC
74 HBC
74 HBC
76 HBC
77 HBC
78 HBC
80 HBC
81 OMEG

3 ~ 2, 4. 2 PI — P
0 5-18 GAMMA P

3.0 K- D

+ 7. 1 PI+ P, P 8+
+ 11.7 PI+ P

11.2 PI- P
3.9 PI-P, P 8-

+ 4.9 P I+V, P 8+
4. 2 K-P, PI-OMEGA
11 PI-P, PI- OME

+ 15 P!+P,P 4PI
8.2 K- P, Y*e 8-
12 PI-P, OME PI P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
IDEOGRAM BELOW)

AYRES
BESCH
SI ZZARRI
COSME 1
COSME 2
OE GROOT

74 PRL 32 1463
74 NP 870 257
74 NC 20A 393
74 PL 48 8 155
74 PL 48 8 '159
74 NP 874 77

+DIEBOLD, GREENE, KRAMER, LEVINE, + (ANL)
+HARTMANN, KOSE, KRAUTSCHNE IDER, PAUL, + (BONN)
+C I APETTI, D IONI SI, DOR E, GASP ERO+ (ROMA)
+ JEAN-MARIE, JULL IAN, LAPLANCHE, + (ORSAY)
+ JEAN-MARIE, JULL IAN, LAPLANCHE, + (ORSAY)
+HOOGLAND, JONGEJANS, METZGER+ (AMST+NIJM)

M 0 FROM. FIT OF THE MASS SPECTRUM
M W FIT REQUIRES AN ADDITIONAL JP=1- RESONANCE
M W AT 1256 MEV, WIDTH 129 MEV.
M T FROM A UNITARIZEO QUARK MODEL CALCULATION

KALBFLEI 75 PR D11 987 KALB FLE I SC H, STRAND, CHAPMAN (BNL+MICH)

COSME 76 PL 63 8 352 +COURAU, DUDELZAK, GRELAUD, JEAN-MARIE+(ORSAY)
JULL IAN 76 TBLISI VOL. 2 R19 S.JULLIAN (ORSAY)
KALBFLEI 76 PR D 13 22 KALBFLEISCH, STRAND, CHAPMAN (BNL+MI CH)
PARROUR1 76 PL 63 8 357 eGRELAUOsCOSMEuCOURAUiDUDELZAKie (ORSAY)
PARROUR2 76 PL 63 8 362 +GRELAUD, COSME, COURAU, DUDELZAK, e (ORSAY)

WEIGHTED AVERAGE = 1233.6 + 3. 3
ERROR SCALED BY 1.5

AKERLOF
ANDREWS
BALD I
CERRADA
COHEN
COURANT
EVANGEL
LAVEN
LYONS

77 PRL 39 861
77 PRL 38 198
77 PL 68 8 381
77 NP 8 126 241
77 PRL 38 269
77 PR D 16 1
77 NP 8 127 384
77 NP 8 127 43
77 NP 8 125 207

+ALLEY, BINTINGER, DITZLER, + (FNAL+MICH+PURD)
+FUKUSHIMA, HARVEY, LOBKOWI CZ, MAY, + (ROCH)
eBOHRINGER, DORSAZ, HUNGERBUHLER, e (GENEVA)
+BLOCKZ I JL, HEINEN, + (AMST+CERN+NI JM+OXF)

eAYRES, DI EBOLD, KRAMER, PAWL I CK I, WI CKLUND(ANL)
+MAKD IS I ~ MARSHAK g PETERSON g RUDDI CK J+ (MINN)
EVANGELISTA, + (BARI+BONN+CERN+DARE+GLAS+)
+OTTER, KLEIN, + (AACH+BERL+CERM+LOIC+WIEN)
+COOPER, CLARK (OXF)

BARTALUC 78 NC 44 A 587
BUKIN 1 78 SJNP ?7 516
BUKIN 2 78 SJNP 27 521
COOP ER 78 NP 8 146 1
LOSTY 78 NP 8 133 38

BARTALUCCI ~ BASIN I ~ BERTOLUCC I+ (DESY+FRAS)
+KURDADZE, SEREDNYAKOV, SIDOROV+ (NOVO)
+KURDADZE, S IDOROV, SKR INSK I I+ (NOVO)
+GURTU, MONTANET, + (TIFR+CERN+CDEF+MADR)
+HOLMGREN, BLOKZIJL, + (CERN+AMST+NIJM+OXF)

BARKOV 79 IYQF 79-93
CORD IER 79 PL 8 81 389

CORD IER 80 NP 8172 13
ROOS 80 LNC 27 321

+ ZOLOTORE V, MAKAR I NA, M I S HAKOVA, +
eDELCOURT, ESCHSTRUTH, FULDA, +

+DELCOURT, ESCHSTRUTH, FULDA+
+PELL IMEN

(NOVO)
(LALO)

(ORSAY)
(HELS)

DAUM 81 PL 100 8 439 +BARDSLEY+ (AMST+BRIS+CERN+CRAC+MPIM+RHEL)
IVANOV 81 PL 107 8 297 +KURDAOZE, LELCHUK, SIOOROV, SKRINSKY, + (NOVO)

ALSO 82 PRIVATE COMM. S.I.EIDELMAN (NOVO)
VASSERMA 81 PL 99 8 62 VASSERMAN, KURDADZE, SIDOROV, SKRINSKY+ (NOVO) B MASS (MEV)

1260

81 OMEG

80 HBC
78 HBC

77 HBC

76 HBC
74 HBC
74 HBC

73 HBC

73 HBC

72 HBC
70 DBC
70 CNTR

68 HBC

1300 1340

-EVANGELIS
BLOODWORT
BALTAY
GESSAROLI

-FLATTE
ARSHON

HALQUPKA

FZAL
F ZA'

TT

OOGLAND

NDERSQN
HUNG

CH I SQ
1

0. 0
0. 2

4. 7

1. 1

3. 8
8 4

4. 6

0. 0

2. 4

0. 0
0. 1

0. 5

27. 0
(CONLEV
=0. 008)

ARENTOM 82 PR D 25 2241
PELL INEN 82 PS 25 599

+AYRES, DIEBOLD, MAY, SWALLOW+
A. PELLINEN, M ~ ROOS

(ANL+ILL)
(HELS)

ARMSTRON 83 NP 8 224 193
BARATE 83 PL 121 8 449
KURDADZE 83 JETPL 38 306

ARMSTRONG+ (BAR I+BIRM+CERN+MI LA+LPNP+PAVI )
+BAREYRE, ASTBURY, MCEWEN(SACL+LOIC+SHMPe IND)
+LELCHUK, ROOT+ (NOVO)

M C

T

M C

M T

30 H( 1190) MASS (NEV)

1190' 60 '
(1175.0) APPROX

DANKOWYCH 81 SPEC 08 PI P, 3 PI N

TORNQVIST 82 RVUE

USES THE MODEL OF BOWLER 75
FROM A UNITARIZED QUARK MODEL CALCULATION

30 H(1190$ WIDTH (NEV)

**a»a« *«a»a«a** **»a*a*a* »««a«««a» aa««*a«*» «»****a**a«**a«**» *aa««*a*
****a«a«**a*a«a «a*a**a***a**«a**aa«»a**a«« a*a*a**«* «a«aa«a*« *aaaaaaa

H( 1 1 90) 30 H&1190,JPS 1+—& I 0

6/81
9/83*

11 8 WIDTH (MEV)

W W (126.) (10.)
W 360 ( 163.0) (50.8)
W T (118.0) APPROX

FRENKIEL 72 HBC +- 0. PBAR PI, 5 PI 12/72
GAVILLET 78 HBC + 4. 2 K-P, BACKWARD 4/78
TORNQV I ST 82 RVUE 9/83*

W 0 1163

W

W

W AVG

150 ~

132 ~ 0
134.
120 ~

130.
135 ~

156 ~

182.0
155.0
170 ~ 0
150 ~ 0
170 ~

150 ~ 0

20 ~

20 ' 0
23.
50 '
50.
20 '
22 ~

45.0
32.0
50 ~ 0
50.0
15.

26.

CHUNG
HOOGLANO
OTT
AFZAL
AFZAL
CHALOUPKA
KARSHON
FLATTE
GESSAROLI
BALTAY
BLOODWORT
EVANGELIS

7.3 AVERAGE

68 HBC
70 DBC
72 HBC
73 HBC
73 HBC
74 HBC
74 HBC
76 HBC
77 HBC
78 HBC
80 HBC
81 OME6

3 ' 2, 4 ' 2 PI- P30 K- D

7. 1 PI+ P, P 8+
11.7 P I+ P
11.2 PI- P
3.9 PI-P, P 8-
4.9 PI+P, P 8+
4. 2 K-P, P I-OMEGA
11 PI-P, P I — OME
15 PI+P, P 4P I
8.2 K- P, Y*e 8-
12 P I -P, OME P I P

9/67
2/71
2/73
2/73
2/73

12/75
12/75
7/77

12/77
4/78

12/79
1/82

0 FROM FIT OF THE MASS SPECTRUM
W W SEE NOTE UNDER THE MASS ABOVE.

T FROM A UNITARIZED QUARK MODEL CALCULATION

W C
W T

W C

W T

320 ~ 50 ~

(365.0) APPROX
DANKOWYCH 81 SPEC 08 PI P, 3 PI M

TORMQV I ST 82 RVUE

USES THE MODEL OF BOWLER 75
FROM A UNITARIZEO QUARK MODEL CALCULATION

30 H(1190& PARTIAL DECAY NOOES

P1 H(1190) INTO RHO PI
DECAY MASSES

769+ 135

aa«a*a «a*a«a»a* **«**a**«***a**«a**««*«*«**«a«*»****«**«****¹««a«««aa

REFERENCES FOR N(1190)

BOWLER 75 NP 897 227

OANKOWYC 81 PRL 46 580

TORNQVIS 82 MP 8 203 268

+GAME, ATTCH ISON, DAINTON (OXF+DARE)

+BROCKMAN, EDWARDS+ (TNTO+BNL+CARL+MCG I+OHIO)

TORNQV I ST (HELS)

a«***« a«aaa*aa* **»**a**a»»**»a«*a **«aa*«a« a«a«a««a« «aaa*«a** ****«***
*»*a«« ««****»a« aa«««a««a a»a«a**«a aa«a**«*« **«*«**«*«a***********a«**

6/81
9/83*

P1
P2
P3
P4
P5
P6
P7

R10
R10
R10
R10
R10
R10
R10
R10 AVG

11 8 PARTIAL DECAY I%DES

8 INTO OMEGAePI
8 INTO 2PI+ 2PI-
8 INTO K KSAR
8 INTO P I P I
8 INTO PI PH I
8 INTO ETA PI (FORBIDDEN BY G)
8 I NTO K KBAR P I

600
0 ' 3
0 ' 35
0 ~ 21
0 ' 4

0 ~ 291

0. 1
0.25
0.08
0 ~ 1

0.052

CHALOUPKA 74 HBC
KARSHON 74 HBC
CHUNG 75 HBC

0. 1 GESSAROL I 77 HBC

AVERAGE

11 8 BRANCHIN6 RATIOS

D/S RATIO FOR S(1235$ INTO OME6A PI

DECAY MASSES
783+ 140
140+ 140+ 140+ 140
494+ 494
140+ 140
135+1020
549+ 140
494+ 494+ 140

3.9-7.5 PI-P 1/74
+ 4.9 PI+P, P 8+ 12/75
+ 7. 1 P I+P 12/75

11 PI-P, PI- OME 12/77
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Particle Data Group: Review of particle properties S155

For notation, see key at front of Listings. Me sons
B(1235), gs(1240), p(1250), f(12"/0)

R1 8 INTO &4PI&/CONE6A PI) CP2)/CP1&
R1 (0.5) OR LESS ABOLIMS 63 HBC + 3.5 Pl+P

R2 B INTO CK KBAR)/COIIE6A PI) CP3)/CP1)
RZ (0 ' 02) OR LESS OAHL 67 HBC — 1 ' 6-4.2 PI- P 10/66
RZ (0.10& OR LESS CL=.90 SAl TAY 67 HBC +- 0.0 PSAR P 2/67
R2 (0.08) OR LESS CL=.95 BIZZARRI 69 HSC +- 0 PSAR P 9/69

P1

Sr 6/SC1240) PARTIAL DECAY NODES

G/S(1240) INTO K KBAR
DECAY MASSES

498+ 498

*aa«a* a**a«a*a* a»a«a»a** *««a»*«a« «*a«**a»* «a«»a«a»a a«*»a»*a« a»a«a*a*

R3 8 INTO &PI PI)/&P? OIIE6A) (P4)/&P1)
R3 &0.3& OR LESS ADERHOLZ 64 HBC 4.0 Pl+P
R3 (0.15& OR LESS CL=.90 OTT 72 HBC + 7 ~ 1 PI+ P

7/66
12/72

BAUB?LLI 83 ZPHY C 17 309
ETK IN 82 PR D 25 2446

REFERENCES FOR 6/SC1240)

BAUBILLIER+ (8?RM+CERN+GLAS+MSU+LPNP&
+FOLEY, LA?, LINDEMBAUM+ (BNL+CUNY+TUFT+VAND) JP

R5 B INTO &ETA PI) / CPI ONE6A) CP6) /CP1)
R5 (025) OR LESS CL= ~ 90 BALTAY 67 HBC +- 00 PBAR P

R6 B+- INTO «K KBAR)+- PIO) / &PI OIIE6A)
R6 (0 ~ 08) OR LESS CL= ~ 90 BALTAY 67 HBC +- 0 ~ 0 PSAR P

R7 B+- INTO (KS KS PI+-) / CPI ONESA)
R7 (0 ' 02) OR LESS CL= ~ 90 BALTAY 67 HBC +- 0.0 PBA- P

RS B+- INTO &KS KL PI+-) / CPI EÃIE6A)
R8 (0.06) OR LESS CL=.90 BALTAY 67 HBC +- 0 0 PBAR P

»a*a«a aaaaaa**a a**a*a»a« »a»a«a*a* «*»«*a*a» ***a*a»a« **a»*****a«a«a*a*

2/67

2/67

2/67

2/67

ASOL INS 63 PRL 11 381
BONDAR 63 PL 5 209

ADERHOLZ 64 PL 10 240
CARMONY 64 PRL 12 254

REFERENCES FOR 8

ABOL ?MS' LANDER ~MEHLHOP ~ XUONG ~ YAGER (UCSD)
BONDAR, DODD+ &AACHEN+B?RM+HAMB+LOIC+MPIM)

AACHEN+SERL IN+BIRM + BONN+HAMBUR+LO?C+MPIM
CARMONY, LANDER, RINDFLEISCH, XUONG, YAGER(UCB) JP

R4 B INTO &PI PII?) / (PI ONE6A) CP5)/&P1&
R4 &0.015)OR LESS DAHL 67 HBC 1.6-4.2 PI- P 10/66
R4 &0.04) OR LESS CL~. 95 BI ZZARRI 69 HBC +- 0 PBAR P 9/69

(1250)
69 RHOC 1250' JP6~1-+) I~1

FORMERLY CALLED RHO PRIME
EVIDENCE NOT COMPELLING. OM?TTED FROM TABLE.
SEE ALSO THE RHO(1600) MINI-REV? EW.

69 RHOC 1250& MASS CIIEV)

M

M 0
M A

M A

M

M AVG 1264.0 4 ' 5

FRENKIEL 72 HBC +- O. PBARP, OMEGA PI 12/77
SARTALUCC 79 OASP 07 GAM P, E+E- P 12/79
ASTON 80 OMEG 20 70G P, OME PIO 9/81
BARBER 80 SPEC 3-5 G P, OMEG PIO 9/81

AVERAGE

M A NOT SEPARATED FROM 8( 1235),MOT PURE JP=1- EFFECT

69 RIIO& 1250) 'WIDTN CMEV)

«a*a«a a**a»a»a* ***a«a**a**««*a**a*a*«*a»«a *»a»*a*a» *****»aa*«a«a*a«a
««*a** aa«*a«aaa a«a»a«a«a **a»**»*aa«*a*«a«a **»*»a***»*»a«*»*a a*»«»a**

BALTAY 67 PRL 18 93
DAHL 67 PR 163 1377
LEE 67 PR 159 1156
SLATTERY 67 NC 50A 377

+SEVERIENS+YEH+ZANELLO (COLU+BNL)
+HARDY+HESS+KIRZ+MILLER (LRL)
+MOEBS, ROE, 8 INC LA IR s VANOERVELOE (M?CH)
+KRAYBILL+FORMAM+F ERBEL (YALE+ROCH)

GOLDHABE 65 PRL 15 'l18 G GOLDHABER, S GOLDHABERrKAOYK, SHEN (LRL) W

W

W A

M A

W AVG

130 ~

110.0
(300.)
(320 ' )

125.1

20.
35.0

(100 ~ )

17 ~ 4

FRENKI EL 72 HBC +- 0.PBARP, OMEGA PI 12/77
SARTALUCC 79 DASP 0? GAM P, E+E- P 12/79
ASTON 80 OMEG 20-70G P, OME PIO 9/81
BARBER 80 SPEC 3 5 G P OMEG PIO 9/81

AVERAGE

ASCOL I 68 PRL 20 1411
BOESEBEC 68 NP 8 4 501
CASO 68 NC 54 A 983
CHUNG 68 PR 165 1491

+CRAMLEY, MORTARA, SHAP IRO (ILL) JP
BOESEBECK, DEUTSCHMANN, +(AACHEM+BERL IN+CERN)
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB+MILA+SACL)
S.U. CHUNG, O. DAHL, J.K IRZ, D. H. MILLER (LRL)

M A NOT SEPARATED FROM 8( 1235),NOT PURE JP=1 — EFFECT

aaaa** a****a«»a »«**a**a» a»**a»a** »»*a»«»*a a*»»***»a »a***»a»* »«***»a*

REFERENCES FOR RHOC1250)

BIZZARRI 69 NP 8 14 169 . +FOSTER, GAVILLET, MOMTANET, + (CERN+CDEF)

ANDERSON
CASO
CASON
EROFEEV
HOMES
HOOGLAND
MIYASHIT
POLS
MERBROUC

70 PR D 1 27
70 LNC 3 707
70 PR D 1 851
70 S JNP 11 450
70 PR D 2 827
70 PL 33 8 631
70 PR D 1 771
70 NP 8 25 109
70 LNC 4 1267

+GUSTAVSON, JOHNSON, + (SLAC+CI T+UCSB+NEAS)
+CONTE ~ TOMAS IN I g CORDS+ ( GENO+HAMB+MI LA+SACL )
+ANDREWS, 8 I SWAS, GROVES, HARR INGTON, + (NDAM)
+VETLITSKY, WLAD IMIRSKY, GR IGOREV, + ( ITEP)
+CASON, SISMAS, HELLAMD, KENNEY, MCGAHAN+(MOAM)
SABRE COLLABOR. (AMST+SACL+BGNA+REHO+EPOL)
MI YASH I TA / VON KROGH g KOPE LMAN J L I BBY ( COLO)
+BOECKMANN, CIRSA, + (BONM+DURH+EPOL+TORI)
WERBROUCK, RINAUDO, + (TORI+NIJM+BONN+LBL)JP

FREMKIEL 72 NP 8 47 61
OTT 72 LBL-1547
SISTERSO 72 NP 8 48 493

+GHESQUIERE, LILLESTOL, CHUNG, + (CDEF+CERN) JP
R. L. OTT THESIS (LSL)JP
SISTERSON, HARRISON, HEYDA, JOHNSON, +(HARVARD)

AF ZAL 73
ARMENISE 73
ARMENISE 73
ARNOLD 73
CASON 73
CASON 1 73
CHUNG 73
COHEN 73

NCL 15 A 61
NC 17 A 707
LNC 8 425
LNC 6 707
PR D 7 1971
NP 8 64 14
PL 47 8 526
PR D 8 23

+SASSLER, + (DURH+GENO+DESY+MI LA+SACL)
+FOR?NO, CARTACC I g+ (BAR I+BGNA+F IRZ)
+ FOR I NO, CARTACC I,+ (BAR I+BGNA+F IRZ)
+ENGEL ESCOUBESgKURTZ LLORETgPATYg+ (STRB)
+8?SMAS, KENNEY, MADDEN, SANDER, SHEPHARD(NDAM)
+MADDEN g 8 I SHOP g 8 I SWAS KENNE Y + (NOAM)
+PROTOPOPESCU, LYNCH, FLATTE, + (BNL+LSL+UCSC)
+FERSEL, SLATTERY (ROCHESTER)

JP

JP

BALLAM 74 NP 876 375
CHALOUPK 74 PL 518 407
KARSHON 74 PR D10 3608

+CHADWICK, 8 INGHAM, FRETTER+ (SLAC+LBL+MPIM&
CHALOUPKA, FERRANOO, LOSTY, MONTAMET (CERN) JP
+MIKENBERG, EISENBERG, P?TLUCK, RONAT+ (REHO) JP

DEVONS 71 PRL 27 1614 +KOZLOWSK I, HORMITZ, + (COLU+SYRA)

BALLAM 74 NP 876 375
CHALOUPK 74 PL 518 407
CONVERSI 74 PL 528 493
ESTABROO 74 MP 879 301
KARSHON 74 PR D10 3608

ALLES 75 NC 30A 136
CHUNG 75 PR 011 ?426
ESTABROO 75 MP 8'95 322
FROGGATT 75 NP 891 454
HYAMS 75 NP 8100 205

+CHADWICK, B INGHAM, FRETTER+ (SLAC+LBL+MP IM)
CHALOUPKA, FERRANDO, LOSTY, MONTANET (CERN)
+PAOLUZ I, CERAD INI, GRILL I+ (ROMA+FRAS)
P ESTASROOKS t A D MART I N (DURH)
+MIKENBERG, EISENBERG, PITLUCK, RONAT+ (REHO) JP

ALLES-BORELLI, BERNARDINI+ &CERN+BGNA+FRAS)
+PROTOPOPESCU, LYNCH, FLATTE, + (BNL+LBL+UCSC)
P. ESTABROOKS, A. O. MARTIN (DURH)
C AD. FROGGATT, JUL. PETERSEN (GLAS+NORD)
+ JONES, ME ILHAMMER, BLLIM, DI ETL+ (CERN+MP IM)

BASSOMPI 76 PL 65 S 397 BASSOMPIERRE, BINDER, + (MULH+STRB+ TORI )

SUDMEV 77 PL 70 8 365
COSTA 77 PL 67 8 213
GESSAROL 77 NP 8 126 382

NUM. BUDNEV, V. M. BUDNEV, V. V. SEREBRYAKOV(NOVO)
COSTA DE BEAUREGARD, PHAM, PIRE, TRUONG (EPOL)
GESSAROL I,+ &BGNA+F IRZ+GENO+MI LA+OX F+PAVI )

BUKIN 78 PL 73 8 2?6 +VASSERMAN, KOOP, KURDADZE, SIDOROV, + (NOVO)

ANDERSON 70 PR D 1 27 +GUSTAVSOM, JOHNSON, + (SLAC+CIT+UCSB+NEAS)

PODOLSKY 71 UCRL 20128 W. J.PODOLSKY, PH. D. THESIS (LBL)

FRENKIEL 72 NP 8 47 61 +GHESQUIERE, L ILLESTOL, CHUNG, + (CDEF+CERN)JP
WOLF 72 iTHACA N. Y. CONF. G. MOLF, P.Z13 (SLAC)

CHUNG 73 PL 47 8 526 +PROTOPOPESCU, LYNCH, FLATTE, + (BNL+LSL+UCSC)
BRAMON 73 LNC 8 659 A. BRAMON (FRASCATI)

CHUNG 75 PR D11 2426
DUBOVIKO 75 SJNP 20 229

+PROTOPOP ESCU g L YNCH F LATTE g + ( BNL+LB L+UCSC ) JP
M. S.DUBOVIKOV, I.A. EROFEEV (ITEP) JP

SACCI 79 PL 8 86 234
BARTALUC 79 NC 49 A 207

+DE ZORZ?, PENSO, STELLA, + (ROMA+SGNA+FRAS)
BARTALUCCI, BASINI, BERTOLUCCI+ (OESY+FRAS)

BALTAY 78 PR D 17 62
GAVILLET 78 PL 78 8 158

+CAUTIS, COHEN, CSORNA, SMITH, YEH, +(COLU+BING)
+DION IS?,GURTU, + (CERN+AMST, NI JM+OXF) JP

BLOODMOR 80 LNC 27 555 BLOOOWORTH, + (BIRM+CERN+GLAS+MSU+LPNP)

FLATTE 76 PL 64 8 225 +GAY, SLOKZIJLsMETZGER, +(CERN+AMST+NIJM+OXF) JP

GESSAROL 77 NP 8 126 382 GESSAROL I, + (BGNA+FIRZ+GENO+MILA+OXF+PAVI) JP

ASTON 80 PL 92 8 211 (BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+PARIS+)
BARBER 80 ZPHY C 4 169 +OAINTON, BRODSECK, BROOKES, +(OARE+LANC+SHEF)

«******a**a«a«a *«a«a«a«a a»*a*«aa* ***«*a»*a*»a***a***a*a«a»*a a*»a»a»a
««a«** *a«***»*a***«»a»**»a»****a» a**a*a«a» ***«a«a*a a»»a«a«** aaaaaaaa

5 F&1270,JP6~2++) ?~0

EVANGEL? 81 NP 8 178 197
MONG 81 PRL 46 974

EVANGELISTA+(SAR I+BONN+CERN+DARE+LIVP+M? LA)
+KEY t FR I SK EM y CL I NE g OE BONTE+ ( TNTO+ YORK+PURD ) 5 F IIASS CNEV)

TORNQVIS 82 NP 8 203 268 TORNQVIST (HELS)

87 6/S&1240& MASS &IIEV)

M A 1240.0 30.0 ETKIN &2 MPS 0 23 PI-P 2KOS N 9/83*

M A

M A

FROM AN AMPLITUDE ANALYSIS OF THE KOS KOS SYSTEM. SYSTEMATIC
ERROR ADDED LINEARLY BY US.

87 6/S& 1240) WIDTH CNEV)

ATKINSON 83 CERN-EP/83-179 + &BONN+CERN+GLAS+LANC+MCHS+LPNP+RHEL+SHEF)

***«a*a*«a»**«a «*a«a«*** *a«a*a»a* *a»a«*a*» a«a«a«*** aaaa**a«* a*a«**a«
*a«»a* a«a«a«a«« **a»a«a«a a**a»a*a« *«»a«*a«* «a«*a»a»a **a**»a»a a»*a**a*

g, (1240)
SEEN ?M PHASE SHIFT ANALYSIS OF KOS KOS SYSTEM.
NAMED G/S BY ETKIN 82.
NEEDS CONFIRMATION. OMITTED FROM TABLE.

M (1273.0)
M 600(1275 ~ 0)
M E (1273.0&
M 2000 (1261.0)
M IH (1269.)
M IG (1275.)
M G (1273.8)

M 1276 ~

M T 1960 1261.
M T 360 1270.
M 1265 ~

M J 1268.0
M 1275.0
M 5300 1277.0
M 600 1258.0
M 4600 1272.
M 16000 1284.0
M 1282 ~ 0
M 1281.0
M 1280.0
M 1273 ~ 3

M AVG 1273 ' 8

(7.0)
(10~ 0)
(6.0)

(10~ 0)
(4 ~ )
(4 ~ )
(2.8&

11 ~

5.
10.
8.
6.0

13.0
4.0

10 ~ 0
4 ~

10.0
5 ~ 0
7.0
4.0
2.3

(F 7)

ARMENI SE
OH
STUNTEBEC
JACOBS
ESTABROOK
HYAMS
BECKER

70 HBC
70 HBC
70 HBC
72 HBC
75 RVUE
75 ASPK
79 ASPK

9 PI+ N -- MM P
1.26 PI- P P F
8.PI-P, 5.4 PI+0
2.8 Pl- P

17 PI-P, PI+PI-N
17 P?-P, PI+PI-N

17 PI- P POLAR?Z

RABlN
ARNE NI SE
ARME N I SE
SOESEBECK
JOHNSON
ARMENI SE
FLATTE
TAKAHASH I
ENGLER
DEUTSCHMA
CORDEN
GIDAL
CASON
CHABAUD

67 HBC
68 DBC
68 DBC
68 HBC
68 HBC
70 HBC
71 HBC
72 HBC
74 DBC
76 HBC
79 OMEG
81 SMK2
82 STRC
83 ASPK

85 PI+ P
5. 1 Pl+N, P PI+
5. 1 PI+N, P PI 0 0
8 Pl+ P

3 74 2 PI- P
9 P I+ N -- F P
7 0 Pl+ P

8. P I- P, N 2P I
6. P I+N, PI+PI-P

16 P I+P
12-15PI-P, N 2P I
J/PSI DECAY
8 P I+P, P I+2P IO P
17 PI-P POLAR IZ

AVERAGE (ERRO'R INCLUDES SCALE FACTOR OF 1 ' 2)

1/71
1/71

11/71
1/73

12/75
12/75
12/79

9/67
1/73
1/73
6/68
7/69
1/71
6/71
1/73

12/75
4/78

12/79
1/82
8/83*

12/83*

W A

M A

140 ~ 0 30.0 ETK?N 82 MPS 0 23 PI-P2KOS M 9/83*

FROM AN AMPLITUDE ANALYSIS OF THE KOS KOS SYSTEM. SYSTEMATIC
ERROR ADDED LINEARLY BY US.

M G

M H

M I
M J
M T

INCLUDED IN CHABAUD 83 ANALYSIS
USES SAME 'DATA AS HYAMS 75
ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS
JOHNSON 68 INCLUDES BONDAR 63, LEE 64, DERADO 65, EISNER 67.
MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(N&, SEE K*(892) TYPED NOTE
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Mesc&ns
f(1270)

Data Card Listings

(131~ 0)
T 600 (120 ~ 0)

2000 (130 ' 0)
IH (209 ' )
IG (188.&

G (183.2&

5 F WIDTH CNEV&

&25.0)
(20.0)
(25.0&
(10.)
(4-)
(8.3&

ARMENI SE
OH
JACOBS
ESTABROOK
HYAHS
BECKER

70 HBC
70 HBC
72 HSC
75 RVUE
75 ASPK
79 ASPK

9PI+N--MHP
1.26 PI- P, P F

2 ~ 8 PI- P
17 P I-P, PI+PI-N

17 PI-P, P I+P I-N
17 P I- P POLAR I Z

155 ~

T 1960 216 ~

128.
J 176.0

T 173.0
196 ~ 0

5300 183 ' 0
T 600 166.0

4600 192.
16000 225 ' 0

T 650 187.0
216.0
186.0
152 ~ 0
179~ 2

178.0

17.
20 '
23 ~

13.0
25.0
18.0
15.0
28.0
16.
38 ~ 0
30 ' 0
13 ~ 0
27 ~ 0
9 ' 0
6.9 6 ' 6

~ ~ ~ ~ ~

5.6 AVERAGE (ERROR INCLUDES SCAL
(SEE IDEOGRAN BELOW)

67 HSC
68 DSC
68 HBC
68 HSC
70 HBC
70 HBC
71 HBC
72 HSC
74 DSC
76 HBC
77 CIBS
79 OHEG
81 SHK2
82 STRC
83 ASPK

8.5 pl+ p
5 ~ 1 PI+N, P PI+
8 P I+ P
3.7-4 ' 2 PI- P
9 PI+ N -- F P

8.PI-P, 5.4 PI+D
7.PI+P, OELTA++F
8. PI- P, N 2PI
6. P I+N, PI+I+-P

16 PI+&
25 PI-P, P 3PI
12-15PI -P, N 2P I
J/PS I DECAY
8 PI+P, PI+2PIO P
17 P I — P POLAR I Z

E FACTOR OF 1.5)

1/71
2/74
1/73

12/75
12/75
12/79

9/67
1/73
6/68
7/69
2/74

11/71
1/71
1/73

12/75
4/78
1/82

12/79
1/82
8/83*

12/83*

R3
R3 20
R3
R3
R3 M

R3 0
R3
R3
R3
R3
R3
R3 AVG

(0 ~ 047
0.031
0 ~ 025
0.030
0.027
0.036
0 ~ 039

(0.03)
0 ' 045
0 ~ 037

YST ~ BEUSCH
ADERHOLZ
EMHS
MARTIN
POLYCHRON
COSTA
LOVERRE.95 AGUI LAR
CHABAUO

0.021 ETK IN

) (0 ~ 012)+ S
0 ~ 012
0 ~ 015
0.005
0.009
0.005
0 ' 008

OR LESS CL~
0.009
0.008

0.0340 0 ~ 0027 AVERAGE

67 OSPK
69 HBC
75 DBC
79 RVUE
79 STRC
80 OMEG
80 HBC
81 HBC
81 ASPK
82 MPS

5, 7, 12 PI-P
8 PI+ P, K+K-PI-

4. P I+N, P FO

7 ~ PI-PKS KS N

1-2 ' 2 PI-P, K+K-N
4 ~ PI-P, K K N

4 ' 2 K-P, LAM 2K
17 PI-P POLARIZ
23 P I-P, 2KOS

R3 C THIS DETERHINATION HAS QUANTITATIVELY ACCOUNTED FOR BOTH F-PRIME
R3 C AND A2 INTERFERENCE EFFECTS ~

R3 M TAKES INTO ACCOUNT THE F-F PRIME INTERFERENCE
R3 N SY EXTRAPOLATION TO THE PION POLE
R3 W USING F PRIME WIDTH ~ 40 MEV
R3 A INCLUDEO IN POLYCHRONAKOS 79.
R3 8 INCLUDEO IN MARTIN 79 REVIEW.
R3 D RE-EVALUATED BY CHABAUD 83.W.

R4 F ENTO CKO K- PI+ AND C.C.&/CPE PE) CP5&/CP1&
R4 (.004)OR LESS CL~.95 EHMS 75 DBC 4. PI+N, P FO

RS F INTO CETA PI PI&/CPI PI& CP6&/CP1&
R5 (.010)OR LESS CL~.95 ENHS 75 DBC 4. PI+N, P FO

9/67
12/75
11/75
12/79
12/79
9/81

12/79
1/82

12/83*
9/83*

11/75

11/75
G INCLUDED IN CHABAUD 83 ANALYS1S
H USES SAME DATA AS HYAHS 75

I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS
J JOHNSON 68 INCLUDES BONDAR 63, LEE 64, DERADO 65, EISNER 67.

T WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N), SEE K*(892) NOTE

Rb F ENTO CETA ETA&/CPI PI) CP?)/(P1&
R6 (.09) OR LESS CL~.95 EISENBERG 74 HBC 4.9 PI+P, DEL++FO
R6 (.016)OR LESS CL~. 95 EMMS 75 DBC 4. PI+N, P FO
R6 (.05) OR LESS CL~. 95 EDWARDS 82 CBAL GAH GAM, 4GAMHA

11/75
11/75
2/82

-CHABAUD
-CASON
. GIDAL
. CORDEN
ANTIPOV

. DEUTSCHMA
-ENGLER
. TAKAHASHI
-FLATTE
-STUNTEBEC

RMEN I SE
OHNSON

OESEBECK
RMENISE
AB [N

83 ASPK
82 STRC
81 SMK2
79 OMEG

77 C IBS
76 HBC
74 DBC
72 HBC
71 HBC
70 HBC
70 HBC

68 HBC

68 HBC

68 DBC
67 HBC

50 150
F WIDTH (MEV)

250
I

350

WEIGHTED AVERAGE = 178.0 + 5. 6
ERROR SCALED BY 1.5

CHI SQ
0. 0
8. 4
0, 1

8. 5
0. 1

1.5
0. 8
0. 2

0. 1

1.0
0. 0
0. 0
4. 7

3. 6
1.8

30. 9
(CONLEV
=0. 006)

&/TOTAL
0 ~ 04
0 ' 05

(0.01&
(0.003)
0 ~ 016
0.025

0.012

(P1)
01 26 PI PIP F
08 Pl+ P, DELTA++F

17 P I-P, P I+P I-N
17 PI-P, PI+PI-N

17 P I- P POLAR I Z
17 PI-P POLAR I 2

R10 F INTO CPE PI
R10 600 0.8
R10 250 0.85
R10IH &o.e2&
R10IG &0.803&
R10 0.847
R10 0.849
R10
R10 AVG 0.e43

OH

BEAUPRE
ESTABROOK
HYAMS
BECKER
CHABAUD

AVERAGE

70 HBC
71 HSC
75 RVUE
75 ASPK
79 ASPK
83 ASPK

R10 G INCLUDED IN BECKER 79 ANALYSIS
R10 H USES SAHE DATA AS HYAMS 75
R10I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS

040*00 00****t040*404**0*40040*404 004*440*4 *00%4*404 0440*0*44 004404**

REFERENCES FOR F

SELOVE 62 PRL 9 272
BONDAR 63 PL 5 153
GUIRAGOS 63 PRL 11 85
HAGOPIAN 63 PRL 10 533
VEILLET 63 PRL 10 29

ADERHOLZ 64 PL 10 240
BRUYANT 64 PL 10 232
LEE 64 PRL 12 342
soDlcKso 64 pRL 12 485

SE LOVE ~ HAGOP I AN~ BRODY BAKER J LE BOY (PENN &

BONDAR+ (AAC HE N+8 I RM+BONN+OE SY+LOI C+MP IM)
Z. G. T. GU IRAGOSS I AN (LRL)
V HAGOPIAN, W SELOVE (PENN&
VE ILLET, HENNESSY, SINGHAM, BLOCH+(EPOL+HI LAN)

AACHEN+BERL IN+BERLIN+BONN+HAHBURG+LOIC+MPI I J
BRUYANT, GOLDBERG, HOLDER, FLEURY+ (CERN+EPOL) I
LEE, ROE, SIMCLAIR, VANDERVELDE (M1CH&
SODICKSON, WAHLIG, MAMNELLI, FRISCH+ (MIT) I

+DOLGOLENKO, ELENSKY, EROFEEV+ (ITEP MOSCOW) JP
+DOLGOLENKO+EROFEEV+KRESTNIKOV+ ( ITEP MOSC)
CHUNG, DAHL, HARDY, HESS, JACOBS, KIRZ (LRL)
DERADO, KENNEY, POIR IER, SHEPHARO (MOTRE DANE)
Z G T GU IRAGOS SIAN (LRL)
T P WANGLER, A R ERWIN, W WALKER (WISCONSIN)

SJNP 1 230
SJNP 1 623
PRL 15 325
PRL 14 872
PRL 11 85
PR 137 8 414

BAR MIN 65
BARM IN 65
CHUNG 65
DERADO 65
GUIRAGOS 65
WANGLER 65

1/71
1/71

12/75
12/75
12/79
12/83*

P1
P2
P3
P4
P5
P6
P7
P8

W8
We
W8
We
W8
W8
we
we
We
We

W8
W8
W8

5 F PARTIAL OECAY HOOES

F INTO PI PI
F INTO 2PI+ 2PI-
F INTO PI+ PI- 2PIO
F INTO K KBAR
F I NTO K KBAR P I
F INTO ETA P I P I
F INTO ETA ETA
F INTO GAMMA GAMMA

DECAY MASSES
140+ 140
140+ 140+ 140+ 140
140+ 140+ 135+ 135
498+ 498
498+ 498+ 140
549+ 140+ 140
549+ 549

0+ 0

5 F PARTIAL NEDTIIS

A
O

D

DH
D

D

AVG

INTO 6NOIA
2.3
3.2
3 ' 6
2 ' 7

(2.9)
F 7
2.3

6AWIA CKEV&
o.e
0.8
0 ~ 8
0.8(1.2)
0 ~ 4
0 ~ 7

(1.0)

2.75 0 ~ 26 AVERAGE

BERGER
BRANDELIK
ROUSSARIE
EDWARDS
EDWARDS
FRAZER
FRAZER

(68&
80 PLUT E+ E-
81 TASS GAH GAH, 2PI
81 SHK2 GAM GAH, 2PI
82 CBAL GAM GAM, 2PIO
82 CSAL GAH GAH, 2PIO
83 CELL E+E-,E+E- PI+PI-
83 JADE E+E-,E+E- PI+PI-

5 F BRANCNENS RATIOS

A USING MASS, WIDTH AND BR(F TO 2PI) FROH PDG 1978
D SYSTEMATIC ERROR ADDED LINEARLY BY US.

H IF HELICITY~2 ASSUIIPTION IS NOT NADE

12/?I
9/81
1/82
1/82
2/82
2/82
9/83*
9/83~

BARLOW 67
SEUSCH 67
DAHL 67
E I SNER 67
POIR IER 67
RABIN 67

ARMENISE 68
ASCOLI 68
BOESEBEC 68
FOSTER 68
JOHNSON 68
LAMSA 68
WHITEHEA 68

NC 50A 701
PL 25 8 357
PR 163 1377
PR 164 1699
PR 163 1462
THESIS

NC 54 A 999
PRL 21 1712
NP 8 4 501
NP 8 6 107
PR 176 1651
PR 166 1395
NC 53A 817

AOERHOLZ 69 NP 8 11 259
AGUILAR 69 PL 29 8 241
ARHENISE 69 LNC 2 501
CASO 69 NC 62 A 755
DONALD 69 NP 8 11 551

AGUI LAR 70 PRL 25 58
ARHENI SE 70 LNC 4 199
BADIER 70 NP 8 22 512
OH 70 PR D 1 2494
STUNTEBE 70 PL 32 8 391

BARDAD IN 71 PR 04 2711
BEAUPRE 71 NP 8 28 77
FARSER 71 NP 8 29 237
FLATTE 71 PL 34 8 551

ACCENS I 66 PL 20 557
JACOBS 66 UCRL-16877
WAHLIG 66 PR 147 941

ACCENS I J AL LES BORELL I g FRENCH ~ FRISK+ (CERN)
L. D. JACOBS, THESIS (LRL)
+SHIBATA, GORDON, FRI SCH, MANNELLI (HIT+PISA) J

+ L I LL ESTOL+HONTANET+ ( CERN+ CD E F+ IRAD+L I VP )
+F I SC HER, GOBB I, ASTBURY+ (ETH+CERN)
+HARDY+HESS+KIRZ+HILLER (LRL)
+JOHNSON+KLEIN+PETERS+SAHNI+YEN+ (PURDUE)
+BISWAS, CASOM, DERADO, KENNEY+ (NDAM+PENN)
H. RABIN (RUTGERS)

+FOR INO+CARTACCI+ (BAR I+BGNA+F IRENZE+OR SAY)
G ASCOL I H ~ 8 CRAWLEY I D ~ W ~ HORTARA g + ( ILL )
BOESEBECK, DEUTSCHMANN, +(AACHEN+BERLIN+CERN)
+GAVILLET+LABROSSE+MONTANET+ (CERN+CDEF)
+POIR IER, 8 I SWAS, GUTAY+ (MDAH+PURD+SLAC )
+CASON+BISWAS+DERADO+GROVES+ &NOTREDAHE)
+MCEWEN, OTT, AITKEN+ (AERE+SHMP+LOUC)

+BARTSCH, + (AACH+BERL+CERN+JAGL+WARS)
M. AGUILAR-BENITEZ, J.BARLOW, + (CERN+CDEF)
+GHID INI, FORINO, CARTACC I+ (BAR I+BGNA+F IRZ)
+CONTE, BENZ, + (GENO+DESY+HAMB+HILA+SACL)
eEDWARDS, BURAN, BETT INI, + (L IVP+OSLO+PADO)

AGUILAR-BENI TEZ, BARNES, BASSANO, + (BML+SYRA)
+GH ID IN I, FOR I NG, CAR TACC I, + (BAR I+BGNA+F IRZ &

+BONNET, DREVILLON, BAUBILL IER, + (EPOL+IPNP)
+GARF INKEL, MORSE, WALKER, PRENTI CE(WI SC+TNTO J)
STUNTEBECK, KENNEY, DEER Y, 8 ISWAS, CASON+(NDAH)

SARDAN IN-OTWI NOWSKA, HOFHOKL, + (WARS)
+DEUTSCHMANN, GRAESSLER, + (AACH+BERL+CERN)
+DE PINTO, SISWAS, CASON, DEERY, KENNEY, +(NDAH)
+ALSTON-GARNJOST, BARBARO-GALTIERI, + (LBL)

R1
R1
R1
R1
R1
R1
R1
R1
R1

F ENTO C2PE+ 2P
0 ' 047

154 0 ~ 037
(0 ~ 033)OR

70 0.051
285 0.043
160 0 ~ 024

0.0340AVG

I-)/CPE PE)
0.013 OH 70 HBC
0.00? ANDERSON 73 DB C

LESS C. L.~.90 BUGG 73 DBC
0.025 EISENBERG 74 HBC
0.007 .011 LOUIE 74 HBC
0 ~ 006 EMHS 75 DB C

0 ~ 0045 AVERAGE (ERROR INCLUDES

CP2&/CP1&
1 ~ 26 PI- PP F
6. P I+N, P FO
8. P I+N, P FO
4.9 Pl+P, DEL++Fo
3 ~ 9 PI- PsN FO
4. PI+N, P Fo

SCALE FACTOR OF 1 ' 2)

2/73
1/74
1/74

11/75
11/75
11/75

AGUILAR 72
BISWAS 72
FOGL I 72
GRAYER 72
JACOBS 72
KEMP 72
SCARROTT 72
TAKAHASH 72
WHITEHEA 72

PR D 6 29
PR 0 5 1564
NC 8 A 670
PHIL ~ CONF ~ PROC .
PR D 6 1291
NCBA611
LNC 3 271
PR D 6 1266
NP 8 48 365

AGUILAR-BENITEZ, CHUNG, EISNER, SAMIOS (BNL)
+CASONg HARR INGTON gKENNEY~ SHEPHARD (NDAM)
FOGLI-MUG IACCIA, PI CCIARELLI (BAR I)

5 +HYAMS, JONES, SCHLEIN, BLUM, OIETL+(CERN+MP IH)
L AD. JACOBS (SACLAY)
+MAJOR, CONTRI, + &DURH+GENO+MILA+EPOL+LPNP)
SCARROTT, KEMP (DURHAM)
TAKAHASHI, BARISH, + (TOHO+PENN+NDAH+ANL)
WHITEHEAD, AULD, + (AERE+RHEL+SHMP+LOUC&

R2
R2
R2
R2

F INTO CPE+ PE- 2PEO&/CPE PE& CP3&/CP1&
SHOULD BE TWICE R1 IF DECAY IS RHO RHO (SEE ASCOLI 68)

600 0. 15 0 ~ 06 EISENBERG 74 HSC 4.9 PI+P, DEL++Fo
(0.07) EMMS 75 DSC 4. PI+M, P Fo

11/75
11/75

ANDERSON 73 PRL 31 562
BUGG 73 PR D 7 3264
CHARLESW 73 NP 8 65 253
HYAHS 73 NP 8 64 134
TOET 73 NP 8 63 248

+ENGLER, KRAEHER, TOAF, DIAZ, + (CARN+CASE)
+CONDO, HART, COHN, ENDORF, + (TENN+ORNL+CIMC)
CHARLESWORTH, EHMS, BELL, + (RHEL+BIRM+DURH)
+JONES, WE IL HAMMER, BLUM, DI ETL, + (CERN+MP IM)
+THUAN, MA JOR, R I NAUDO, +(N I JM+BONN+OURH+TORI )

R3
R3
R3
R3
R3
R3
R3

W

BC
AN

F ENTO CK KSAR&/CPE PI& CP4&/CP1&
WE ONLY AVERAGE EXPERIMENTS WHICH EITHER TAKE INTO ACCOUNT F-A2
INTERFERENCE EXPLICITLY OR OENONSTRATE THAT A2 PRODUCTION IS
NEGLIGIBLE.

(0 ~ 029) (0.006) WETZEL 76 OSPK 8.9 PI-P, KS KS
(0 ~ 047) (0.005) PAWLICKI 77 SPEC 6 PI NgK+KN
&o'. o2e& &o.oo5& CASON 78 STRC 7. PI-P, KS KS N

7/77
12/77
12/78

EISENBER 74 PL 528 239
ENGLER 74 PR D10 2070
GRAYER 74 NP 8 75 189
HOLLOWAY 74 PR D9 1161
LOUIE 74 PL 488 385

EISENBERG, ENGLER, HABER, KARSHON+ (REHO)
+KRAEHER, TOAFF, WE ISSER,DIAZ+ (CARN+CASE)
G ~ GRAYER, HYAMS, SLUM, DI ETL, + (CERN+MP IM)
+HULD, JORDAN, KOETZ, BERMSTEI N+ (

ILL+ILLC�
)

+AL ITTI, GANDOIS, CHALOUPKA+ (SAC L+CERN)
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Me sons
f(1270), A(1870) [A, ]

ENMS 75 NP 896 155
ESTASROO 75 NP 895 322
HYAMS 75 NP 8100 205
PAWL ICKI 75 PR D12 631

DEUTSCHM 76 NP 8 103 426
WETZEL 76 NP 8 115 208

ALEXANDE 77 NP 8 131 365
ANT IPOV 77 NP 8 119 45
PAWL ICKI 77 PR D 15 3196

+K INSON, STACEY, VOTRUBA+ (8 IRM+DURH+RHEL)
P ~ ESTABROOKS, A. O. MARTI N (DURH)
+ JONES, WE ILHAMMER, BLUH, DIETL+ (CERN+NP IM)
+AYRES, DIEBOLD, GREENE, KRAMER, WICKLUND (ANL)

+K I RK, + (AAC H+BERL+SONN+ CE RN+ CRAG+HE ID+MARS)
+FREUDENREICH, BEUSCH, + (ETH+CERM+LOIC)

ALEXANDER, CORDEN, + (TELA+BIRM+RHEL+LOWC)
+BUSNELLO, DANGAARD, KIENZLE, + (SERP+GEVA)
+AYRES, COHEN, DIEBOLD, KRAMER, WICKLUND (ANL)

BALTAY 78 PR D 17 62 +CAUT IS, COHEN, CSORNA, SMITH, YEH, +(COLU+SING)
CASON 78 PRL 41 271 +BAUMBAUGH, BISHOP, BISMAS, KENMEY, +(NDAN+ANL)

in the reaction K p ~ X ~+~+ir (1041 ~ 13 MeV,
GAVILLET 77). Based on a small statistical sample,
GAVILLET 77 Gtted the 3~ mass distribution with a
relativistic S-wave Breit-Wigner and a background
including reflections from all the competing channels.

BECKER 79 NP 8 151 46
CORDEN 79 NP 8 157 250
MARTIN 79 NP 8 158 520
POLYCHRO 79 PR D 19 1317

BERGER 80 DESY 80/34
COSTA 80 NP 8 175 402
GORLICH 80 NP 8 174 16
LOVERRE 80 ZPHY C 6 1&7

AGUILAR 81 ZPHY C 8 313
SRANDELI 81 ZPHY C 10 117
CHABAUD 81 APP 8 12 575
GIDAL 81 PL 107 8 153
ROUSSARI 81 PL 105 8 304

CASON 82 PRL 48 1316
EDWARDS 82 PL 110 8 82
ETKIN 82 PR D 25 1786

ARNSTRON 83 NP 8 224 193
CASON 83 PR D 28 1586
CHABAUD 83 NP 8 223 1
FRAZER 83 AACHEN CONF.
JENNI 83 PR D 27 1031

+BLANAR, BLUN, CERRAOA+ (NP IN+CERN+ZEEM+CRAC)
+OOWELL, GARVEY, JOBES, +(BIRM+RHEL+TELA+LOMC)
+OZMUTLU (DURH)
POLYCHRONAKOS, CASON, BISHOP+ (NDAN+ANL)

+GENZER+ (AACH+BERG+DESY+HANB+UND+S IEG+WUPG )
+ (BAR I+BONN+CERN+GLAS+L I VP+NILA+MIEN)
+NICZYPORUK, ROZANSKA+ (CRAC+MPIM+CERN+ZEEN)
+ARMENTEROS, DIONISI+ (CERN+CDEF+NADR+STOH)

+ALBAJAR, ARNENTEROS, + (CERN+CDEF+HADR+STOH)
BRANDELIK, BOERNER, + (TASSO COLLABORATION)
+NICZYPORUK, BECKER+ ( C ER N+ CR AC+HP I M)
+GOLDHABER, GUY, MILL IKAN, ABRANS, + (SLAC+LBL)
ROUSSARIE, BURKE, ASRAMS, ALAN, + (SLAC+LSL)

+8 I SWAS, 8AUNB AUGH, 8 I SHOP, CANNATA+ (NDAM+ANL )
+PARTRIDGE, PECK, + (CIT+HARV+PRIN+STAN+SLAC)
+FOLEY, LAI, LINDENSAUN+ (BNL+CUNY+TUFT+VAND)

ARHSTRONG+ (BAR I+8 IRM+CERN+MILA+LPNP+PAVI )
+CANNATA, BAUNBAUGH, BISHOP, MATSON+(NDAN+ANL)
+GORL ICH, CERRADA+ (CERN+CRAC+HPIN)
RAPPORTEUR TALK (UCSD)
+BURKE, TELNOV, ABRAMS, BLOCKER+ (SLAC+LBL)

N A

M 8
'M F

N O

M D

M E
M T
N

M AVG

N A
N 8
M D

M E
M E
M F
N T

10 A(1270& NASS (NEV&

1270. TO
(1382.)
(1041.0)
1240.0
1280.0

(1230 ~ 0)
(1250.0)
1275. 1

1350.

(13~ 0)
80.0
30.0

(30 ' 0)
APPROX

28. 1 AVERAGE

BOWLER
BASDEVANT
GAVILLET
OANKOWYCH
DAUM
LONGACRE
TORNQV I ST

75 RVUE +- 7-40 PI+- P
77 RVUE — 25, 40 PI — P
77 HBC + 4.2 K- P, S 3PI
81 SPEC 08 ~ 45 PI-P, 3P I N

81 CNTR 6394 PI- P
82 RVUE
82 RVUE

10 A(1270& WIDTH (NEV)

USES DATA OF ANTIPOV 73,ASCOLI 74, OTTER 74, TABAK 74, THOHPSON 74 ~

USES ANTIPOV 73 DATA. WE SELECT SOLUTION 8 OF BASDEVANT 77 ~

USES THE MODEL OF BOMLER 75 ~

USES MULTICHANNEL AITCHI SON-BOWLER MODEL.
USES DATA FROM GAVILLET 77, DAUN &0 AND DANKOMYCH 81.
PRODUCED IN K- BACKWARD SCATTERING.
FROM A UNITARIZEO QUARK HOOEL CALCULATION

6/81
6/81

12/77
6/81

12/79
8/83*
9/83*

«*««*« «a«*a«*** ««**a«*a* «««**«a*a a*a*«a«a« «*««*«a*a ****«««a« a«a«a*a*
*«***a«**«*a**a««a*a«a«* «*a***a«« **a«*a«a* «a*a«*a«a aaaa«a«a« a«a**«a«

A(1270) 1o A&1270, JP6 1+—I l 1

OI' A

We no longer use the subscript 1 to specify this reso-

nance.
The long-standing question concerning the resonance

interpretation of the A(1270) was considerably clarified

at the time of our 1982 edition.
The results of the partial-wave analyses obtained in

two high-statistics experiments dealing with the diffrac-

tive (DAUM 80,81) and charge-exchange (DAN-
KOWYCH &1) production of the 3n. system in wp

interactions clearly show that the behavior of the
1+SO+ intensity with the 3~ mass and the phase varia-

tion of the 1+SO+ (pm) amplitude with respect to other
waves [already reported in a study of diffractive produc-
tion fram nuclei (PERNEGR 78)] require the presence
of both Deck background and a resonance.

The resonance parameters of the A(1270) are

obtained by fitting the data (intensity and relative

phases) to a phenomenological amplitude containing
direct resonance production and a coherent Deck back-

ground which is rescattered through the resonance
(BOWLER 75, BASDEVANT 77). In the context of this

model-dependent analysis, the Deck background is
responsible for making the peak of the 1+SO+ intensity
occur some 110 MeV below the most-likely resonance
mass.

We take the mass values far the A(1270) from the
above reactions (1240 ~ 80 MeV, DANKOWYCH 81;
1280 ~ 30 MeV, DAUM 81). Note, however, the result

reported in a study of a backwardly produced 3m system

W A

W 8
W F
W D

M D

M E
W T
W

W AVG

240 ' TO 280.
(470. )
(230.0) (50.0)
380 ' 0 100 ' 0
300.0 50.0

(330.0) (60.0)
(234 ' 0) APPROX

316~ 0 44.7 AVERAGE

BOWLER
BASDEVANT
GAVILLET
DANKOWYCH
DAUH
LONGACRE
TORNQV I ST

75 RVUE +- 7-40 Pi+- P
77 RVUE — 25, 40 P I- P
?7 HBC + 4. 2 K- P, S 3PI
81 SPEC 08.45 PI-P, 3PI N

81 CNTR 6394 PI- P
82 RVUE
82 RVUE

6/81
6/81

12/77
6/81
1/82
8/83*
9/83*

M A

W 8
W D

W E
M E
W F
W T

USES DATA OF ANTIPOV ?3,ASCOLI 74, OTTER 74, TABAK 74, THOMPSON 74.
USES AMTIPOV 73 DATA. ME SELECT SOLUTION 8 OF BASDEVANT 77.
USES THE MODEL OF BOWLER 75.
USES MULTICHANNEL AITCHISON-BOWLER MODEL.
USES DATA FROM GAVILLET 77, DAUM 80 AND OANKOWYCH 81.
PRODUCED IN K- BACKMARD SCATTERING.
FROM A UNITARIZED QUARK MODEL CALCULATION

10 A(1270) PARTIAL DECAY NODES

DECAY MASSES
769+ 140
494+ 498
140+ 140+ 140

A(1270) INTO RHO PI
A(1270) INTO KBAR K

A(1270) INTO Pi (PI Pi) S WAVE

P1
P2
P3

10 A(1270& BRANCHIN6 RATIOS

(P3&/(P1&R4 A&1270& INTO (Pi (PI Pi& S WAVE&/(RHO PI&
R4 E 0.003 0 F 003 LONGACRE 82 RVUE
R4 E USES MULTICHANNEL AITCHISON-BOMLER MODELS
R4 E USES DATA FROM GAVILLET 77, OAUM 80 AND DANKOWYCH 81.
a«a««a *«*«*a*a« *a«****a**a*****a***a****a*«*«**«««a «*«*««*aa a«a«a«««

REFERENCES FOR A&1270&

BELL IN I, F IOR INI, HERZ, NEGRI, RATTI (MILAN)

AACH+BERL+BIRH+BONN+DESY+HANBURG+LOIC+MPIM
GOLDHABER, BROWN, KADYK, SHEN+ (LRL+UCB)
LANDER, ABOLINS, CARMONY, HENDRICKS + (UCSD) JP

BELLINI 63 NC 29 896

ADERHOLZ 64 PL 10 226
GOLDHABE 64 PRL 12 336
LANDER 64 PRI 13 346 A

65 ATHENS (OHIO) CONF +CARNONY~ LANDER t XUONG g YAGER (LA JOLLA) I~ 1
65 PL 15 69 ALITTI, BATON, DELER, CRUSSARD+ (SACL+BGNA)

ABOL INS
ALITTI

ALLARD 66 NC 46A 737
DEUTSCHN 66 PL 20 &2
HESS 66 UCRL-16832

ALLISON 67 PL 258 619
DAHL 67 PR 163 1377
DANYSZ 67 NC 51 A 801
JUHALA 67 PRL 19 1355
SLATTERY 67 NC 50A 377

+DRIJARO+HENNESSY+ (ORSAY+MILAN+SACL+UCB)
DEUTSCHNANN, STEINBERG + (AACH+BERLIN+CERN)
R I HESS (THESIS, BERKELEY) (LRL)

+CRUZ+ (OXF+MP IM+BIRM+RHEL+GLAS+LOI C)
+HARDY+HESS+KIRZ+NI LLER (LRL)
DANYSZ+FRENCH+SIMAK (CERN)
+LEACOCK+RHOOE+KOPELMAN+ (IOWA+COLO)
+KRAYBILL+FORMAN+FERSEL (YALE+ROCH) JP

68 PL 26 8 336
68 PRL 21 113
68 PRL 21 934
68 NP 8 4 501
68 NC 54 A 983
68 PR 165 1491
68 PRL 21 1609
68 PR 167 1268
68 NP 88 471
68 PR 166 1430

ARMENI SE
ASCOLI
BALLAN
BOESEBEC
CASO
CHUNG
CNOPS
FR IDNAN
JUNKNANN
KEY

ALEXANDE
ALLABY
ANDERSON
SERL INGH
DONALD
FAYOLLE
JUHALA
KENYON

+FORINO+CARTACC I+ (BAR I+BGNA+F IRZ+ORSAY)
+CRAMLEY, KRUSE, NORTARA, SCHAFER, + ( ILL INOI S)
+BRODY~ CHADWI CK g FR I ES GUIRAGOSS IAN+ (SLAC) JP
BOESEBECK, DEUTSCHMANN, +(AACHEN+BERL IN+CERN)
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB+MILA+SACL)
S.U. CHUNG, O. DAHL, J.KIRZ, D. H. MILLER (LRL)
+HOUGH t COHN, SUGG+ (BNL+ORNL+UCND+TENN+PENN)
+NAURER, MI CHALON, OUDET+ (HE ID+STRASBOURG)
+COCCONI+ (AACH+BERL+BONN+CERN+WARS)
+PRENTICE+COOPER+MANNER+ (TNTO+ANL+WISC)

G. ALEXANDER, A ~ F IRESTONE, G. GOLDHABER (LRL)
+8 I NON+D I DDENS+OUTE IL+KLOVNING+ ~ . ~ (CERN)
+COLL INS, + (BNL+CARN)
BERL INGHIER I, FARBER, + (ROCH)
+EDWARDS, BURAN, BETTINI, + (LIVP+OSLO+PADO)
+DE MONTAIGMAC, NORAND, STRACHMAN+ (PARIS)
+LEACOCK, RHODE, KOPELHAN, LIBBY,+ (ISU+COLO)
+KINSON, SCARR, + (SNL+UCND+ORNL)

69 PR 183 1168
69 PL 298 198
69 PRL 22 1390
69 PRL 23 42
69 NP 8 11 551
69 NP 8 13 40
69 PR 184 1461
69 PRL 23 146

ARNENISE ?0 LNC 4 199
AS COL I 70 PR L 25 962
SRANDENB 70 NP 816 369
CASO 70 I NC 3 707

+GHIDINI, FORING, CARTACCI, + (BARI+SGNA+FIRZ)
+BROCKWAYg CRAWLEY g E ISENSTE I N g HANFT ~+ (

ILL�)

JP
+BRENNER, IOFFREDO, JOHNSON, KIM+ (HARVARD)
+CORDS, COSTA+ (GENO+OESY+HAMB+NILA+SACL)

8/83*
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Me sons
A(1270) [A,], q (1275), D(1285)

Data Card Listings

CRENNELL 70 PRL 24 781 +KARSHON, LA I, SCARR / S I MS (BNL)
GARE LICK 70 PHILAD ~ CONF. P. 205 D. A. GARELI CK, REVIEW (NORTHEASTERN)
RABIN 70 PRL 24 925 +GALTIERI, DERENZO, FLATTE, FRIEDMAN+ (LRL)

ASCOLI 71 PRL 26 929 IL L I NO I S+GE NO+ HAMB+M I L+ SAC I+HARV+ TNTO+WI SC
BEMPORAD 71 NP 8 33 397 +BEUSCH, MEL ISSINOS, + (CERN+ETH+LOIC+MILA)
BERGER 71 PHENOMENOLOGY IN PARTICLE PHYSICS, CALTECH 1971 (LRL)
RINAUDO 71 NC 5 A 239 +BOECKMANN, MA JOR+ (TOR I+BOMN+DURH+MI JM+EPOL )

BERENYI 72 NP 8 37 621 +PRENTICE, STEENBERG, YOON, WALKER (TNTO+WI SC)
BLOODWOR 72 NP 8 46 402 BLOODWORTH, JACKSON, PRENTICE, YOON (TORONTO)
DIEBOLD 72 BATAV. COMFY 3P. 17 R. DIEBOLD RAPPORTEUR TALK (ANL)
LAMSA 72 NP 8 41 388 +EZELL, GAIDOS, WILLMANN (PURDUE)
MORSE 72 NP 8 43 77 +OH, WALKERgJOHNSTON, YOON (W I S C+TNTO)

JP

BARNES 82 PL 116 8 365
TAMIMOTO 82 PL 116 8 198

T. BARNES AND F.E. CLOSE
M. TANIMOTO

(RHEL)
(8 IEL)

«a««a« *a«a«a«*a a*a*a«a** a**««a«** ««*«*a*a« a«a«a«**« a*»**«**a***a«*a*
««*a** a«*a«a«a* a*a«a««** ***«*a«a*«a«****a« *«*«a««aa **««a«aaa ****a«*«

D(1285) 8 D&1285, JP6 1++& I 0

REFERENCES FOR ETA& 1275)

STANTON 79 PRL 42 346 +BROCKMAN, DAMKOWYCH, + (OSU+CARL+MCG I+TNTO) JP

ANT I POV1 73
ANTIPOV2 73
ARNOLD 73
ASCOLI 1 73
ASCOLI 2 73
ATHERTOM 73
READ 73

NP 8 63 153
NP 8 63 141
NC 17 A 393
PR D 8 3894
PRL 31 795
PL 43 8 249
NP 8 64 511

+ASCOLI, BUSNEI LO, FOCACCI, + (CERN+SERP)
+ASCOLI, BUSNELLO, FOCACCI, + (CERN+SERP)
+ENGEL, ESCOUBES, GEMESY, JANOSSY, +(STRB+BUDA)
+JONES, WE IN STEIN, WYLD (ILL)
+CHAP IN, CUTLER, HOLLOWAY, KOESTER, KRUSE+(

ILL�)

+FRANEK, FRENCH, GHIDINI, HILPERT, + (CERN)
8 ~ J ~ READ (DESY)

AS COL I
BOWLER
KRUSE
LICHTMAN
OTTER
TABAK
THOMPS01
THOMPS02

74 PR 09 1963
74 NP 874 493
74 PRL 32 1328
74 NP 881 31
74 NP 880 1
74 BOSTON CONF.
74 PR D9 560
74 NP 869 381

ABASHIAN
AITCHISO
ASCOL I
BEUSCH
BOSETT I
BOWL ER
DIAZ
EMMS 1
EMMS 2
HORNE
KANE
WAGNER

75 PRL 34 691
75 PL 59 8 288
75 PR D 12 43
75 PL 558 97
75 NP 8 101 304
75 NP 897 ?27
75 PR 12 D 1272
75 NP 893 1
75 PL 60 8 109
75 PR D11 996
75 TENTH RENCONTRE
75 PL 588 201

+SEAMER, BROSS, E I S ENSTE I M, + ( I LL+ANL+ I SU)I.J.R. AITCHI SON, R. J.GOLDING (OXFORD)
G. ASCOLI, H. W. WYLD (ILLINOIS)
+POLGAR, FREUOENRE ICH+ (CERN+ETH+LOIC+MILA)
+OTTER+(AACH+BERL+BONN+CERN+HE ID+LOI C+WI EN)
+GAME, A ITCH I SON, DAI NTON (OXF+DARE)
+D I 8 I ANCA, F ICK INGER, DADO, ENGLER+ (CASE+CARN)
+JONES, KINSON, SELL, DALE+ (BIRM+DURH+RHEL)
+JONES, KINSON, BELL, DALE+ (BIRM+DURH+RHEL)
+S.HAGOP I AN, V ~ HAGOP I AN, BENS INGER+(F SU+BRAN)

OE MOR IOND (MICH)
+TABAK, CHEW &LBL)

+CUTLER, JONES, KRUSE, ROBERTS, WEINSTE IN+(ILL)
+OA IN TON, KADDOURA, A I T CH I SON (OXF)
+ROBERTS, EDELSTE IN+ ( ILL+CARN+NWES+ROCH)
+8 I SWAS ~ CASON KENNE Y MCGAHAN p + (NDAM)
+RUDOLPH+ (AACH+SERL+BONN+CERN+HEID)

P. 46 +RONAT, ROSENFELD, LASINSKI+ (LBL+SLAC)
THOMPSON, GA I DOS, MC I L WA I M, W IL LMANN (P URD )
THOMPSON, BADEWITZ, GAIDOS, MCILWAIN+ (PURD)

JP
JP

JP

JP
JP
JP
JP
JP
JP

JP
JP
JP

JP

8 D& 12B5& MASS &MEV&

M S
M

M P

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M T
M

M

M A'VG

500(1280. &

34 (1271 ~ 0)
46 (1275.0)

1283 ~ 0
1290.
1270 ~ 0
1285 ~

1303.0
1283.0

150 1292 ~

180 1286.
210 1279.0

85 1295.0
320 1282.0
200 1288.0
31 1275 ' 0

103 1283.0
1278 ~

(1279.&

1285.0

1283.5

(3 ~ )
(10.0)

APPROX'
5 ' 0
7 ~

10.0
7 ~

8.0
6 ' 0

10 ~

3.
5 ~ 0

12.0
2 ' 09.0
6.0
3 ' 0
4 ~

APPROX
2 ' 0

THUN
CORDEN
STANTON

DAHL
D-ANOLAU
CAMPBELL
LORSTAD
BARDAD IN
BOESEBECK
DEFOIX
DUBOC
GRASSLER
CORDEN
NACASCH
GURTU
BROMBERG
D ION IS I
EVANGELIS
TORNQV I ST
PALANO

72 MMS 13.4 PI — P
78 OMEG 12-15PI-P, K+K-Pi
79 CNTR 8.5P I-P, 2GAM 2PI
67 HBC 1 ~ 6-4.2 PI- P
68 HBC 1.2 PBAR P, 5-6 PFS
69 DBC 2.7 PI+ D

69 HBC 0.7 PS P, 4, 5-BODY
71 HBC 8 PI+ P, P+6PI
71 HBC 16.0 PI P, 5 PI
72 HBC 0.7 PBAR P, 7 PI
72 HBC 1.2 PBAR P, 2K4P I
77 HBC 16 ~ P I-+ P
78 OMEG 12-15PI-P, N 5PI
?8 HBC 7+ 76 PB PgKKBP
79 HBC 4 ~ 2 K- P, ETA 2P I
80 SPEC 100 P I-P, 2KP I X
80 HBC 4 ~ PI — P, K KB PI
81 OMEG 12 PI-P, ETA3PIP
82 RVUE
83 OMEG 85 PP PI+P, 2KPIX

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

M P FROM PHASE SHIFT ANALYSIS OF ETA PI+PI — SYSTEM.
M S SEEN IN THE MISSING MASS SPECTRUM
M T FROM A UNITARIZED QUARK MODEL CALCULATION

12/72
4/78

12/79
10/66
6/68
8/69
9/69
9/69
6/71
1/73

12/72
11/77
4/78
4/78

12/79
1/82

12/79
1/82
9/83*

12/83*

BAUBILLI 76 NP 8 115 237
BENZ 76 NP 8 115 385
BRAYSHAW 76 PRL 36 73

BAUBILLIER, R IVOAL, ARMENI SE + (BARI+LPNP)
+BRAUN +(AACHEN+BONN+HAMBURG+HEIDBERG+MPIM)
O. BRAYSHAW (SLAC)

JP

8 DC 1285& WIDTH CNEV&

BALTAY
BASDEVAN
CAUT IS
CERRADA
FERRER
GAVILLET
HABER
LONGACRE
SCHULT

77 PRL 39 591
77 PR D 16 657
77 THESIS NEVIS 221
77 NP 8 126 241
77 THES IS, LAL 1295
77 PL 69 8 119
77 Mr 8 129 429
77 PRL 38 1509
77 PR D 16 62

+CAUT IS,KALELKAR
BASDEVANT, BERGER
C. V. CAUTIS
+BLOCKZ I J L, HE INEN+
A. FERRER SORIA
+BLOCKZIJL, ENGELEN+
HE E.HABER, GAL. KANE
+AARON
+ WYI. D

(COLUMBIA)
(FNAL+ANL)
(COLUMBIA)

(AMST+CERN+NIJM+OXF)
(ORSAY)

(AMST+CERN+NIJM+OXF)
&UNI V. OF MICHIGAN)

(NORTHEASTERN, BOSTON)
(II.L INOIS)

JP
JP
JP
JP

JP

JP
JP

R (35.0)
R (60. &

R (44.0)
R 150 (28. )
R 180 (46 ' )
S 500 (37.)

D 34 (55 ' 0)
P (10.0)

&10 ~ 0)
(15.)
(24. 0&

(5 ' )
&9. )
(5.)

(38.0)
PPROX ~

OAHL
LORSTAD
BARDAD IN
DEFOIX
DUBOC
THUN
CORDEN
STANTON

67 HBC
69 HBC
71 HBC
72 HBC
72 HBC
72 MMS
78 OMEG
79 CNTR

1 ~ 64 ~ 2 P I- P
0.7 PB P, 4, 5-BODY

8 PI+ P, P+6PI
0 ~ 7 PBAR P, 7 P9
1.2 PBAR P, 2K4P I
13.4 PI- P
12-15PI-P, K+K-PI
8.5P I-P, 2GAM 2P I

11/71
11/71
11/71
1/73

12/72
12/72
4/78

12/79

ALEXANDE
BALTAY
BASDEVAN
CORDEN
FERRER 1
FERRER 2
JAROS
PERNEGR
ROBERTS

78 PL 73 8 99
78 PR O 17 62
78 PRL 40 994
78 NP 8 136 77
78 PL 74 8 287
78 NPB 142 77
78 PRL 40 1120
78 NP 8 134 436
78 PR D 18 59

CORD IER 79 PL 8 81 389
KASPER 79 NP 8 156 207
MAZZUCAT 79 NP 8 156 532

ALEXANDER, KNIES, +(DESY+AACH+HAMB+SIEG+WUPG)
eCAUTIS, COHEN, CSORNA, KALELKAR+ (COLU+BING)
BASDEVANT, BERGER (FNAL+ANL)
DOWELL, GARVEY, JOBES+ (BIRM+RHEL+TEi. A+LOWC)
+TREILLE, RIVET + &ORSAY+CERN+CDEF+LPNP)
+TREILLE, RIVET + {ORSAY+CERN+CDEF+LPNP)
+ABRAMS, ALAM+ (SLAC+LBL+NWES+HAWA)
+AEBISCHER+ (ETH+CERN+LOI C+MI LA)
+KRUSE, EDELSTE IN+ ( I L L+ CAR N+NWES+ROCH )

+DELCOURT, ESCHSTRUTH, FULDA, + (LALO)
+CHAPMAN, DEROACH, GOLD, KLEIN, MARTIN+ (MELB)
MAZZUCATO, PENNINGTON+ (CERN+ZEEM+NIJM+OXF)

JP
JP

JP
JP

W U

210
W D 85
W 320
W 200
W 31
W 103
W

W

W

W AVG

46.
30 ~ 0
10.0
24 ~ 0
70.0
28 ' 3
25.0
22 ' 0
29.0
26 ~

26 ~

20 '
15 ~ 0
10 ~ 0
18.0
30.0
6.7

15 ~ 0
21.0
10 ~ 0
12.
5.

26.? 3. 1

D-ANOLAU 68 HBC
CAMPBELL 69 DBC
BOESEBECK 71 HBC
GRASSLER 77 HBC
CORDEN 78 OMEG
NACASCH 78 HBC
GURTU 79 HBC
BROMBERG 80 SPEC
D I ON IS I 80 HBC
EVANGELIS 81 OMEG
PALANO 83 OMEG

AVERAGE

'i. 2 PBAR P, 5-6 PFS
2 ~ 7PI+ D

160 PI P5 PI
16 ~ P I-+ P
12-15PI-P, N 5P I
.7+.76 PB P, KKBP
4 ' 2 K- P, ETA 2PI
100 PI P~2KPIX
4. Pi — P, K KS Pi
12 PI-P, ETA3PIP
85 PP P I+P, 2KPI X

2/72
8/69
6/71

12/77
4/78
4178

12/79
1/82

12/79
1/82

12/83*

AARON 81 PR D 24 1207
DANKOWYC 81 PRL 46 580
DAUM 81 NP 8 182 269
FOSTER 81 NP 8 187 231

+LONGACRE (NEAS+BNL)
+BROCKMAN, EDWARDS+(TNTO+BNL+CARL+MCGI+OHIO)
+HERTZSERGER+{AMST+CERN+CRAC+MPIM+OXF+RHEL)
+BLOKZIJL, ARMENTEROS, + (OXF+ZEEM+CERN+NIJM)

DAUM 80 PL 89 8 281 +HERTZBERGE R+ (AMST+ CERN+ CRAC+MP IM+OXF+RHEL )
WAGNER 80 ZPHY C 3 193 +ALEXANDER+ (AACH+DESY+HAMB+SIEG+WUPP)

W D WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N&, SEE K»(892) NOTE
W P FROM PHASE SHIFT ANALYSIS OF ETA PI+PI- SYSTEM.
W R RESOLUTION NOT UNFOLDED
W S SEEN IN THE MISSING MASS SPECTRUM
W U UNFOLDED BY DOBRZYNSKI 71

ARMSTRON
BELL INI
ETKIN
GAVILLET
LONGACRE
TORNQVIS

82 NP 8
82 NP 8
82 PR D

82 ZPHY
82 PR D

82 NP 8

20? 1
199 1
25 1786
C 16 119
26 83
203 268

+BACCAR(AACH+BARI+BONN+CERN+GLAS+LIVP+MILA)
+ (CERN+MILA+JINR+BGNA+HELS+PAVI+WARS+VIEN)
+FOLEY, LAI, LINDENBAUM+ (BNL+CUNY+TUFT+VAMD)
+ARMENTEROS, AGUILAR+ (CERN+CDEF+PADO+ROMA)
R. S.LONGACRE (BNL )
TORNQV I ST (HELS)

LEEDOM 83 PR D 27 1426 +DE BONTE, GAIDOS, KEY, WONG+ (PURD+TNTO)

«*««a* «««a**«*a **«**»a*a*««*a**a« «*«a«********a**a***««««**a aa«**«*a
«***a« ***a«*a«***«a**a**«««*a*«aa a*a«*a«a« a*a*a**«a «««**a**a »a«a«a«a

P1
P2
P3
P4
P5
P6
P?

D& 1285) INTO
D & 1285 ) IN TO
D(1285) INTO
D( 1285 ) INTO
D(1285) INTO
D(1285) INTO
D ( 1285 ) INTO

8 D&1285& PARTIAL DECAY MODES

K KBAR P I
PI PI RHO
ETA PI PI
DELTA PI
2P I+ 2P I-
K*(892) KBAR
4PI

DECAY MASSES
498+ 498+ 135
135+ 135+ 769
549+ 135+ 135
983+ 135
140+ 140+ 140+ 140
892+ 498
140+ 140+ 140+ 140

q(l275) 37 ETA(1275, JP6~0-+) I~O
FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

SEEN IN PHASE SHIFTS ANALYSIS OF THE ETA PI+ PI-
SYSTEM WITH PI+ PI- IN AN S-WAVE (STANTON 79) .
WAIT CONFIRMATION. OMITTED FROM TABLE.

37 ETA&1275& MASS &MEV)

(1275. ) APPROX. STANTON 79 CNTR 0 8.4PI-P, ETA 2PI 12179

37 EYA& 1275& VIDTH &MIEV)

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. a 6P. , where1 1 1
6P. = Q&6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listingsi j 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to 1.

P 1 P 3
P 1 ~ 1 117+-~ 0266
P 3 ~ 2931 .4883+- ~ 0586
P 7 —~ 6152 —.9341 .4000+- ~ 0711

(70. & APPROX. STANTON 79 CNTR 0 8.4PI-P, ETA 2PI 12/79

P1
P2

37 ETAC 1275) PARTIAL DECAY MODES

ETA(1275) INTO DELTA Pi
ETA(1275) INTO ETA PI+ P I-

DECAY MASSES
983+ 140
549+ 140+ 140

8 D(1285& BRANCHIN6 RATIOS

THE D(1285) BRANCHING RATIOS FIT IS MADE WITH THE ASSUMPTION THAT
THE D(1285) INTO 4PI DECAY IS ALWAYS VIA DECAY INTO I=1 PI PI
PAIRS (E.G. , RHO PI PI).

R1
R1

37 ETA&1275) BRANCNIN6 RATIOS.

ETA&1275& INTO DELTA Pi
LARGE

CP1)
STANTON 79 CNTR 0 8.4P I-P, ETA 2P I 12/79

R1
R1
R1 D

R1 D

D&1285) INTO CPI Pi RNO) I CK KBAR Pi)
(2.0) OR LESS DAHL 67 HBC
(4 ' 0) OR LESS DONALD 69 HBC

THIS IS FOR (RHOO PI+ PI —)/(K KBAR PIO)

(P2)/&P1)
CHARGED PI ONLY 10/66
1.2 PBAR P, 5P+

*a*a«a a«*a«a«** *aa»*«**a aaaa**»aa a*a**»««» a«**«*a«* ****»«»**«a»aaaa»
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For notation, see k, ey at front of Listings. Me sons
D(1285), e(1300)

R2
R2
R2 K
R2
R2
R2
R2 AVG
R2 FIT

D(1285& INTO (K
0 ~ 16
0.20
0.5
0.42

0.229
0 ' 229

KBAR Pl)/(ETA PI PI) (P1)/(P3)0.08 CAMPBELL 69 DBC 2 ~ 7 PI+ D
0 F 08 DEFOIX 72 HBC 0.7 PBAR P, 7 PI
0.2 CORDEN 78 OMEG 12-15PI-P
0. 15 GURTU 79 HBC 4 ' 2 K- P

0.061 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
0 ' 053 FROM FIT
(SEE IDEOGRAM BELOW)

1/73
1/73
4/78

12/79

GAVILLET 82 ZPHY C 16 119
TORNQV IS 82 NP B 203 268

+ARMENTEROS, AGUILAR+ (CERN+CDEF+PADO+ROMA)
TORNQV I ST {HELS)

PALANO 83 CERN/EP 83-107 +ARNSTRONG, APOSTOLAKIS(ATEN+BARI+BIRM+CERN)
a«»a»» a»a»*a»a» a»a«a«»a» »a»*****aaa««»«»«« **»*a*a«**«»*a»»aa «*a»**a*
»a«*** **»»a«**a a*»a»a«** **««*a»«* **»«a*»a« ««*»**«a» «*»»*a»a» a*a««a»a

's ( 1 300) 14 EPSZLON(1300, JP6 0++& I 0
R2 K K KBAR SYSTEM CHARACTERIZED BY THE I~1 THRESHOLD
R2 K ENHANCEMENT (SEE UNDER DELTA(980)).

WEIGHTED AVERAGE = 0. 229 + 0. 061
ERROR SCALED BY 1, 2

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

CHISQ
1.6

0. 1

0. 7
4

{CONLEV
=0. 228)

-GURTU 79 HBC
. CORDEN 78 OMEG

X 72 HBC
ELL 69 DBC

-0. 2 0. 2 0. 6 1.0

D(1285) INTO (K KBAR PI)/(ETA PI PI )

R3
R3
R3
R3
R3
R3
R3 AVG

D(1285& INTO (DELTA PI&/CETA PI PI&
SEEN DEFOIX

1.0 0 ~ 3 GRASSI. ER
0.6 0 ' 3 0 ' 2 CORDEN
0.72 0 ' 15 GURTU

0 ' 74 0 ' 12 AVERAGE

68
77
78
79

CP4&/(P3&
HBC PBAR P
HBC 0 16. PI-+ P
OMEG 12-15PI-P
HBC 4 ' 2 K- P

1/80
11/77
4/78

12/79

R4 D INTO C2PI+ 2PI- (INCL. RHO PI PI» /(ETA P
R4 0.46 0 ~ 15 GRASSLER 77
R4 0 ' 32 0 ' 20 GURTU 79

R4 AVG 0.41 0 ' 12 AVERAGE
R4 FIT 0.41 0. 12 FROM F IT
R5 D(1285& INTO CK'«C892& KSAR&/TOTAL
R5 NOT SEEN NACASCH 77

I+PI-)(P5&/C2/3P3&
HSC 16. P I-+ P
HBC 42K- P

11/77
12/79

(P6&
HBC .7+.?6 PB P, KKBP 12/77

R? DC1285& INTO CRHO PI PI&/CETA PI PI& (P2&/(P3)
R7 C {0.4) OR LESS CL~.95 CORDEN 78 OMEG 12-15PI-P
R7 C NOTE THAT CORDEN 78 AND GRASSLER 77 ARE IN DISAGREEMENTS

4/78

D-AMDLAU 65 PL 17 347
MILLER 65 PR L '14 1074

BARLOW
DAHL

67 NC 50 A 701
67 PR 163 1377

D-ANDLAU 68 NP B 5 693
DEFOIX 68 PL 28 B 353

CAMPBELL 69 PRL 22 1204
DONALD 69 NP B 11 551
LORSTAD 69 NP B 14 63
OTWINOWS 69 PL 29 B 529

AMMAR 70 PR D2 430

BARDAD IN 71 PR D4 2711
BOESEBEC 71 PL 34 B 659
GOLDBERG 71 LNC 1 627

REFERENCES FOR DC1285)

+BARLOW, ADAMSON, + (CDEF+CERN+IRAD+LIVP)
+CHUNG, DAHL, HESS, HARDY, KIRZ, + (LRL+UCB)

+MONTANET, D-ANDLAU+ (CERN+ CDE F+ IRAD+L I VP )
+HARD Y+ HE SS+K I RZ+MI L L E R (LRL) I JP

+ASTIER, BARLOW+ (CDEF+CERM+IRAD+LI VP) I JP
+RIVET, SIAUD, CONFORTO+ (CDEF+IPNP+CERN)

+L I CHTMAN, + (PURD)
+EDWARDS, BURAN, BETTINI, + (LIVP+OSLO+PADO)
B ~ LORSTADg 0 ANDLAU~AST IER I+ (CDEF+CERN ) JP
S.OTWI NOWSK I (WARSAW)

+KROPAC, DAVIS, DERRICK+ (KANS+NWES+ANL+WISC)

SARDADIN-OTWINOWSKA, HOFMOKL, MICHEJDA+(WARS)
(AACH+BERL+BOMN+CERN+CRAC+HEID+WARS)

+MAKOWSKI, TOUCHARD, DONALD, + (IPN+LIVP) JP

BERENYI
CHAPMAN
DEFOIX
DUBOC
THUN

72 NP B 37 621
72 NP B 42 1
72 NP B 44 125
72 NP B 46 429
72 PRL 28 1733

+PRENT I CE, STEENBERG, YOON, WALKER (TNTO+WI SC)
+CHURCH, LYS, MURPHY, RING, VANDER VELDE (MICH)
+NASC IMENTO, B IZZARR I, + (CDEF+CERN)
+GOLDBERG, MAKOWSKI, DONALD, + (LPNP+LIVP)
+BLIEDEN, FINOCCHIARO, BOWEN, + (STON+NEAS)

VUILLEMI 75 LNC 14 165
WELLS 75 NP B 101 333

HANDLER 76 NP B 110 173
VUILLEMI 76 NC 33A 133

GRASSLER 77 MP B 121 189

VUILLEMIN, + (LAUS+NEUC+LPNP+LIVP+GLAS) JP
+RADO J I C I C, ROSCOE, LYONS, + (OXF)

+PLANO, BRUCKER, KOLLER+ (RUTG+STEV+SETO)
VUIl. LENIN+ (LAUS+NEUC+LPNP+LIVP+GLAS)

+(AACHEN+BERLIM+BONN+CERN+CRACOW+HEID+WARS)

CORDEN
IRVING
NACASCH

GURTU
STANTON

78 NP B 144 253
78 NP B 139 327
78 NP B 135 203

79 NP B 151 181
79 PRL 42 346

+CORBETT, ALEXANDER, + (BIRM+RHEL+TELA+LOWC) JP
A. C. IRVING, H ~ R ~ SEPANGI (L IVP)
+DE FOIX, DOSRZYNSK I, + (PAR IS+MADR ID+CERN)

+GAVI LLET, BLOKZI J L, + {CERN+ZEEM+NI JM+OXF )
+BROCKMAN, DANKOWYCH, + {OSU+CARL+NCGI+TNTO) JP

BRONBERG 80 PR D 2? 1513
DE BILLY 80 NP B 176 1
DIONISI 80 NP B 169

FVANGEI I 81 NP B 178 197

+HAGG ERTY, A BRANS, DZ I ERBA( C I T+F NAL+ IL LC+ I ND )
+BR IAND, DUBOC, LEVY+ (CUR I+1 AUS+NEUC+GLAS) JP
+GAVI LLETIARMENTEROS+ (CERN+MADR+CDEF+STOH)

EVANGEL I STA+(BAR I+BONN+CERN+DARE+L I VP+MILA)

R6 D(1285) INTO (RHOO PI+ PI-)/(2PI+ 2PI-) ( 1/3P2 )I (P5 )
R6 1.0 0 ~ 4 GRASSLER 77 HBC 16 GEV PI+- P 11/77

NOTE ON S-WAVE mx AND KK INTERACTIONS

In this note we discuss information on the non-

strange I I = 0+0++ partial wave (S wave) coupled
to the xm and KK systems.

The threshold behavior of elastic m+x scattering
involves S, P, and D waves which can be suAiciently

well described by the scattering lengths ao, ao, a&', a2,
and a2. The determination of these parameters has in
the past met with great difficulties (see our 1978 edi-

tion). A consistent set of parameters has been proposed

(see ALEKSEEVA 82 and references therein).

Up to the p meson mass region, the phase shift Bo is

(qualitatively) uniquely determined: it rises monotoni-

cally and reaches 60 to 70 near 700 MeV (SON-
DEREGGER 69, BATON 70, BAILLON 72, CARROL
72, FRENKIEL 72, GAIDOS 72, PROTOPOPESCU 73,
HYAMS 73, OCHS 73, ENGLER 74, ESTABROOKS
74,75, GRAYER 74).

In the early phase-shift analyses two solutions for Bo

were found (the "up-down ambiguity") in the 700-900-
MeV region. The "up" solution corresponds to an ~

resonance under the p meson with mass and width simi-

lar to the p meson, the ~(800). The "down" solution is
characterized by an approximately energy-independent

phase shift of almost 90, showing no resonant behavior.
This ambiguity was considered resolved in favor of the
"down" solution by the observation of a very rapid
decrease in the modulus of the S-wave amplitude
between 900 MeV and the KK threshold, followed by a
sharp drop in the elasticity. 60 is -90 at about 900
MeV and reaches -180' around 990 MeV (FLATTE 72,
GAIDOS 72, HYAMS 73, BINNIE 73, ENGLER 74).
However, the region is complicated by the simultaneous

presence of the S(975) resonance and the opening of the

KK channel, permitting almost discontinuous jumps
from one solution to another.

Without polarization information, the reaction mN

~ ~xN cannot be analyzed unambiguously due to the
fact that there are more helicity amplitudes than observ-

ables (see, e.g., DONOHUE 75). Thus one is obliged to
make some supplementary assumptions.

An amplitude analysis (ESTABROOKS 74) of the
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largest ~ p (unpolarized) ~ ~+~ n experiment
(HYAMS 73, GRAYER 74) still finds both the "up"
and "down" solutions. This analysis assumes both spin
coherence (the unnatural-parity-exchange, s-channel hel-

icity amplitudes are nucleon spin-flip, i.e., no A(1270)-
like exchange) and phase coherence (the S-wave ampli-

tude and the unnatural-parity-exchange, meson helicity»»

zero P-wave amplitude have the same phase). These
assumptions may tend to bias the results (MORGAN
74, DONOHUE 75,79).

The advent of ~ p (polarized) ~ ~+~ n data
(BECKER 79) has made both the spin coherence and

phase coherence assumptions unnecessary. Analyzing

their data in a model-independent way, BE( KER2 79
also find both the "up" and the "down" solutions.

The reaction x+p ~ ~+sr 6++ has been analyzed
in the region 660 to 860 MeV (OWENS 76, DONOHUE
79) and in the region 600 to 920 MeV (GELFAND 78),
using all the information carried by the 6++ decay.
The conclusion from both analyses is that the e(800) of
the "up" solution cannot be ruled out.

The only way to rule out a narrow ~ under the p
meson (the "up" solution) is to study the n. ~ system.

Many experiments agree that no such narrow resonance
is present and that the "down" solution describes the
data well (DEINET 69, SONDEREGGER 69, SHIBATA
70, BENSINGER 71, APEL 72,79, BRAUN 73, RIES-
TER 75, GRIVAZ 76, DAVID 77, BORREANI 79,81).
The phase shiAs of BISWAS 81 lie much lower than all

others in the 300-700-MeV region, thus requiring a sud-

den phase motion in the p region to match the "down"
solution above the p.

A recent amplitude analysis of the reaction x+~
(CASON 83) has selected the so-called "down-

down" solution as the only one making the x+x
~omo and ~+m ~ ~+n data consistent (as already
noted by SKUJA 73). This solution "leads to a rather

rapid phase variation at approximately 750 MeV and a
phase shift which goes through 90 at about 800 MeV"
(CASON 83) (see Fig. 1).

Additional information on the ~x scalar states is
emerging from the study of meson pair production in

yy scattering. A recent analysis of available data
(MENESSIER 83) argues in favor of a very broad low-

mass scalar in the 500-700-MeV region.
The region of elastic x~ scattering is known to

extend to about 990 MeV, near the KK threshold
(BATON 70, CARROLL 72, PROTOPOPESCU 73,

0.8-

r~"..
I

I »

O.4—

/
I

AI

0.2-
~ ~ ~ ~

180 — b )

0 »

A C

I»»»»I»
I~y- I- I 0

l l

0.4 0.5 0.7
I

0.8 0.9 t.o

»g. 1. (a) Extrapolated S-wave intensity as a function of
the ~ ~ mass. (b) I = 0, S-wave phase shifts. FromD 0

CASON 83.

HYAMS 73, OCHS 73). Beyond 1 GeV we therefore
have to consider the two channels ~~ and K.K, and
beyond 1100 MeV the gq channel also opens up. In
addition, the solutions have inherent ambiguities related
to the Barrelet zeros of the amplitudes. Thus HYAMS
75 find four solutions in the region 1.0 to 1.8 GeV,
ESTABROOKS 74 find eight solutions, and CORDEN
79, extending the ~x analysis to 2.08 GeV, find another
eight solutions.

In the past many of these solutions have been ruled
out by imposing continuity in various ways, as weH as
analyticity and unitarity (FROGGATT 75,77, COM-
MON 76, MARTIN 78).

One notes that a model-independent partial-wave
analysis (BECKER2 79 on polarized target) agrees quali-
tatively with solutions p and p' (of MARTIN 78).

The p and p' amplitudes describe the experimental
moments in each bin without any explicit smoothing;
they are analytic in s and approximately analytic in
cos8. They take into account all waves up to 8 = 4.
The p solution has a highly elastic S wave, whereas the
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S wave of solution P' is somewhat inelastic (MARTIN
78). The unique solution of FROGGATT 77, which has

explicit smoothness built in and which takes account
only of l ~ 3 waves, is rather similar to P. However,
it has problems with unitarity, apparently because of the
neglected G wave (MARTIN 78).

The S wave is clearly resonant in the data of
BECKER2 79. In the 1150-1400-MeV region both the
S-P and S-D phase differences show the presence of a
broad resonance, and the intensity of the S wave con-
firms this by exhibiting a peak at about 1300 MeV with
a width of about 300 MeV.

The amplitude analysis of the ~ p ~ m x n exper-
iment of CORDEN 79 has two preferred solutions
which are close to P and P', giving some support for an
e(1300). Also the S wave in the m. ~ system tends to
confirm the e(1300) by staying near its unitarity limit
around 1200 MeV (APEL 79).

The new results on n+~ ~ n. vr (CASON 83)
establish that the only solutions consistent with the data
are the P and P', in agreement with BECKER2 79. That
implies a significant mn. coupling of the p(1600).

Independent evidence for the e(1300) comes from
studies of the KK systems. In the reaction ~ p ~
KOKon, the S wave exhibits a large intensity in the
1300-MeV region (WETZEL 76, LOVERRE 80, ETKIN
82) with evidence for a bump. Moreover, the Y02

moment shows a large negative excursion indicating S-D
interference (CASON 76, WETZEL 76,
POLYCHRONAKOS 79, GOTTESMAN 80,
LOVERRE 80, ETKIN 82). The main problem was the
isospin of the bump: if OPE were the only mechanism,
I - 0 would be assured. The new high-statistics data
(ETKIN 82), in the restricted t' region smaller than 0.1

GeV, strongly argues in favor of OPE dominance and
assigns the observed effects to the I = 0+ state.

An enhancement in the intensity of the S wave
around 1300 MeV has also been observed in the K+K
system produced in m p, ~+n, and ~ p (polarized)
scattering. Again contributions from the I = 0 and I = 1

states may be present (PAWLICKI 77, MARTIN 79,
COHEN 80, COSTA 80, GORLICH 80, WICKLUND
80).

To get from the mass-independent S-wave ampli-
tudes and S-D relative phase to resonance parameters
and qq composition several assumptions have to be
made. Various analyses (PAWLICKI 80, ETKIN2 83)
reach contradictory results concerning the number and

14 EPSILON C 1300& MASS CHEV&

H

M

M

H

H

M C

M

M

H

(1256.0)
(1270 ' ) APPROX.
(1300 ' ) APPROX.
1425. 15 ~

( 1394 ~ )
1463.0 9.0
1470.0 30.0

(1237 ' ) APPROX

AVERAGE MEANINGLESS (SCALE

FROGGATT
MARTIN
POLYCHRON
MICK LUND
IRVING
ETKIN1
ETKINZ
TORNQV I ST

FACTOR ~ 1 ~ 6)

77 RVUE
78 RVUE
79 STRC
80 SPEC
81 RVUE
82 HPS
82 MPS
82 RVUE

P I+PI — CHANNEL
P I+P I- CHANNEL
7 ~ PI-P, KS KS N

6 ~ PI N, K+ K- N

PI+PI —,K KBAR CH
23 PI-P, 2KOS N

23 PI-P, 2KOS N

12/77
12/77
12/79
9/81
3/82
9/83*
9/83*
1/82

H C FIT INCLUDES INTERFERING G/S(1240) RESONANCE. SYSTEMATIC
M C ERROR ADDED LINEARLY BY US ~

14 EPSILON( 1300& NIDTH CHEV)

M E (400. ) APPROX.
M (150 ~ ) APPROX ~

M 160 ~ 30.
M P (220. )
M 118.0 138.0
M C 140.0 30.0
M ( 1400. ) APPROX.
M AVERAGE MEANINGLESS

16 ~ 0

FROGGATT
POI YCHRON
MI CKLUND
IRVING
ETK IN1
ETKINZ
TORNQV IST

77 RVUE
79 STRC
80 SPEC
81 RVUE
82 HPS
82 HPS
82 RVUE

PI+PI- CHANNEL
7 ~ PI-P, KS KS N

6. PI NK+ K- N

PI+PI —,K KBAR CH
23 PI-P, 2KOS N

23 PI-P, 2KOS N

12/? 7
12/?9
9/81
3/82
9/83*
9/83*
1/82

M C FIT INCLUDES INTERFERING G/S(1240) RESONANCE. SYSTEMATIC
M C ERROR ADDED LINEARLY BY US.
M E MIDTH DEFINED AS DISTANCE BETMEEN 45 AND 135 DEGREES PHASE SHIFT.
M P FROM POLE POSITION

P1
P2
P3

14 EPSILONC 1300) PARTIAL DECAY NODES

EPSILON(1300) INTO PI PI
EPSILON(1300) INTO K KBAR
EPSILON(1300) INTO ETA ETA

DECAY MASSES
140+ 140
498+ 498
549+ 549

14 EPSILONC1300& BRANCHING RATIOS

R1
R1
R1
R1
R1

EPSILON(1300& INTO CPI
(0.73)
0.936 0.019

(0 ' 93)
(0.93) APPROX.

PI &/TOTAL CP1)
HYAHS 75 ASPK 17 ~ 2 PI-P, PI+PI-

0.015 GORLICH 80 ASPK 17, 18 PI-P POLAR
LOVERRE 80 HBC 4. PI- P, K K N

TORNQVIST 82 RVUE

9/81
9/81
9/81
1/82

R2
R2

EPSILONC1300& INTO CK KBAR&/CPI PI )0.08 0.01 COSTA
CP2) /CP1&

80 OHEG 0 10 PI-P, K+ K- N 1/82

properties of the resonance states coupled to the I
0+ system.

Recently, two fully unitarized coupled-channel ana-
lyses have been performed (ACHASOV 79,80,81,
TORNQVIST 82) giving fairly consistent results.

The picture emerging (TORNQVIST 82) is that of a
dominantly qq system with large qqqq components in
the form of virtual two-meson bound states. At the
SU(3) level, two isoscalar resonances are needed, a nar-
row S(975) superimposed on a broad e. The position
and width of the S(975) are well determined by the
interference with the ~, visible as a dip in the ~~ ~ xm

cross section.
The interpretation of the S(975) as a qqqq system is

another possiblity.
The mass and width of the ~, however, are difficult

to de6ne in any simple way, its Breit-signer shape
being completely distorted by hadronic mass-
renormalization effects (cusps) from the ~m, KK, and ilia

channels (MORGAN 74, ACHASOV 79,80,81, IRVING
81, TORNQVIST 82).

For further discussion of the scalar nonet, see the
mini-reviews under b(980) and «(1350).

Rev. Mod. Phys. , Vol. 56, No. 2, Part Il, April 1984
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Mes&)ns
~(i3OO), ~(~3OO)

D~tg C~rd Listings

SAMIOS

BLOKHINT
BOOTH
KIRZ

BAR ISH
CRAWFORD
DEL FABR
KALMUS

63
63
63

64
64
64
64

PRL 9 139

JETP 17 80
PR 132 2314
PR 130 2481

PR 135 B 416
PRL 13 421
PRL 12 674
PRL 13 99

REFERENCES FOR EPSILON(1300&

+BACHMAN, LEA+ (BNL+CUNY+COLU+KNTY)

BLOKHI NTSEVA, GRE I B I NNIK, ZHUKOV + (DUBNA)
+ ABASHI AN (LRL)
+SCHWARTZ + TRIPP (LRL)

SARI SH / KURZ g PEREZ MENDEZ SOLOMON (LRL )
+GROSSMAN, LLOYD, PRI CE, FOWLER (LRL)
DEL FABRO DE PRET IS ~ JONES+ (FRASCATI)
+KERNAN, PU, POWELL, DOWD (LRLeWI SCONS IN)

BAR-NIR
BARRY
BASDEVAN
DONOHUE
ESTABROO
FROGGATT
FUJI I
HYAMS
MORGAN
RIESTER
SH IMADA
SR IN I VAS

75 NP B 87 109
75 NP B 85 239
75 NP B 98 285
75 NC 25 A 409
75 NP B 95 322
75 NP B 91 454
75 NP B 85 179
75 NP B 100 205
75 ARGONNE CONF. 45
75 NP B 96 407
75 NP B 100 225
75 PR D 12 681

+RISSER, SHUSTER (C ERN+UC SB+TELA)
G ~ W ~ BARRY (PURD)
BASDEVANT, CHAPELLE, LOPEZ, SIGELLE (LPTP)J.T. DONOHUE, Y.LEROYER (BORD)
P ESTABROOKS t A D MART I N (DURH)
C. D ~ FROGGATT, J.L.PETERSEN (GLAS+NORD)
Y. FUJII, M. FUKUGITA (TOKY)
+JONES, WEILHAMMER, BLUM, DIETL+ (CERN+MPIM)
D ~ MORGAN (RHEL)
+ARNOLD, ENGEL, PATY (STRB)
T. SH IMADA (TOKY)
SR INIVASAN, HELLAND, LENNOX, KLEM+ (NDAM+ANL)

BATON
BIRGE
BROWN
DURAND.

BETT INI
JACOBS
KOPELMAN
LOVELACE

65
65
65
65

66
66
66
66

NC 36 1149
PR 139 B 1600
CORAL GABLES 219
PRL 14 329

NC 42A 695
PRL 16 669
PL 22 118
PL 22 332

J.P. BATON, J.REGNIER (SACLAY)
+ELY+GIDAL+KALMUS+CAMERINI+ (LRL+WISC)
BROWN+FA IER (NORTHWESTERN)
LE DURAND AND Y. T. CHIU (YALE)

+CREST I, L IMENTANI, LOR I A, PERUZZO+(PADO+P ISA)
+SE LOVE (LRL)
+ALLEN, GODDEN, MARSHALL + (COLORADO+IOWA)
LOVE LACE, HE INZ, DONNA CH I E (CERN)

SANA I GS ?6
CASON 76
CERRADA 76
COMMON 76
FLATTE 76
GRIVAZ 76
OWENS 76
PAWL I CK I 76
WETZEL 76

NP B 105 52
PR L 36 1485
PL 62 B 353
NP B 103 109
PL 63 B 228
PL 61 B 400
NP B 112 514
PR L 37 1666
NP B 115 208

eGONZALEZ-ARROYO, RUBIO, YNDURAIN (CERN+MADR)
A. K. COMMON (KENT)
S.M ~ FLATTE (CERN)
+DAVIS, HALSTE INSL ID, IRWIN, +(LALO+BERG+EPOL)
+EISNER, CHUNG, PROTOPOPESCU (CASE+BNL&

JP

+AYRES, COHEN, DIEBOLD, KRAMER, WICKLUND (ANL) I, JP
+FREUDENREICH, BEUSCH, + (ETH+CERN+LOIC)

+BERGER, GOLDZAHL, COTTEREAU+(SACL+CAEN+FRAS) I, JP
+POLYCHRONAKOS, BISHOP, 8 ISWAS, + (NDAM+ANL) I

ANDERSON
BEUSCH
CLEGG
CORBETT
GUTAY
JOHNSON
MALAMUD
WALKER
WALKER

67
67
67
67
67
67
67
67
67

PRL 18 89
PL 25 B 357
P R 163 1664.
PR 156 1451
PRL 18 142
PR 163 1497
PRL 19 1056
RMP 39 695
PRL 18 630

+FUKUI+KESSLER+ (CHI C+ANL+CNRC+MCGILL+LOQM)
+F ISCHER, GOBB I, ASTBURY+ (ETH+CERN)
A. B.CLEGG (LANCASTER)
+DAMERELL+MIDDLEMAS+NEWTON &OXF+RHEL)
+ JOHNSON+I OEF FLER+MC ILWAIN+ (PURDUE+LRL)
+GUTAY, E ISNER, KLE IN, PETERS, SAHNI, YEN+(PURD)
E.MALAMUD + P. E ~ SCHLEIN (UCLA)
W. D. WALKER (W I SCONS IN)
+CARROLL, GARF INKEL, OH (WISCONS IN)

FROGGATT 77 NP B 129 89
DAVID 77 PR D 16 2027
MARTIN 77 NP B 121 514
PAWL ICKI 77 PR D 15 3196
ROSSELET 77 PR D 15 574

AGUILAR 78 NP B 140 73
GELFAND 78 NP B 138 365
HOLMGREN 78 PL 77 B 304
MART IN 78 ANP 114 1

+PETERSEN (GLASGOW+COPENHAGEN)
+V I L LET AYE D g BARE YRE ~ BORG EAUD + & SAC L )
+OZMUTLU, SQUIRES (DURHAM)
+AYRES, COHEN, DIEBOLD, KRAMER, WICKLUND (ANL)I
+EXTERMANN, FISHER, BERGER, BLOCH, +(GEVA+SACL)

+CERRADA, + (MADRID+BOMBAY+CERN+PARIS)
+DAGAN, LISSAUER, OREN, ABRAMS+ (TELA+UCB)
+P E NN IN G TON (STOH+CERN)
A. D. MART IN, M. R. PENNINGTON (CERN)

BANDER
BI SWAS
BRAUN
DUTTA-RO
EISENHAN
FOSTER
HYAMS
JONES
JOHNSON
LOVELACE
MARATECK

B I ZZARR I
DAVI SON
DEINET
ELY
FELDMAN
GUTAY
HALL
HOPK IN SO
MALAMUD
MORGAN
ROBERTS
SCHAREN1
SCHAREN2
SMITH
SONDEREG
STRUGALS

ALSO
WAGNER

BARTSCH
BATON
BRODY
DIAZ
HYAMS
MAUNG
MORGAN 1
MORGAN 2
NIELSEN
OH
SCHARENG
SHIBATA

ALSTON-G
SANA IGS
BEAUPRE
BENSINGE
DUBAL
GUIL LOU
GUTAY
HAMILTON
KIM
LYNG PET

68
68
68
68
68
68
68
68
68
68
68

69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
70
69

70
70
70
70
70
70
70
70
70
70
70
70

71
71
71
71
71
71
71
71
71
71

PR 168 1679
PL 27 B 513
PRL 21 1275
PR 169 1357
PRL 20 758
NP B 6 107
NP B7 1
PR 166 1405
PR 176 1651
PL 28 B 264
PRL 21 1613

+SHAW, FULCO (UC IRVINE+S ~ BARBARA)
+CASON, JOHNSON, KENNEY, POIRIER+ (NDAM)
BRAUN, CLINE, SCHERER (WISCONS IN)
B ~ DUTTA-ROY, I.R. LAP IDUS (STEV)
EISENHANDLER, MISTRY, MOSTEK + (CORNELL)
+GAVILLET+LABROSSE+MONTANET+ (CERN+CDEF)
+KOCH SPOTTER VON L I ND ERN ~ LORE N ( CERN+MP IM )
+CALDWELL+ZACHAROV+HART ING+BLEULER+ (CERN)
+POIR I ER, BI SWAS, GUTAY+ (NDAM+PURD+SLAC )
C ~ LOVELACE (CERN)
+HAGOPIAN, + (PENN+LRL+COLO+PURD+TNTO+WISC)

190)+FOSTER, GAV ILLET, GHESQUIERE+ (CERN+CDEF )
+BACASTOW, BARKAS, + (UCR+UCB)
+MENZIONE, MUI. LER, STAUDENMAIER, + (KARL+CERN)
+GIDAL, HAGOPIAN, + (UCB+LOUC+WISC)
+FRATI, GLEESON, HALPERN, NUSSBAUM, + (PENN)
+CARMONY, CSONKA, LOEFFLER, MEIERE ' (PURDUE)
+MURRAY, R I 0 D I FORD (B IRMI NG HAM)
J.HOPK INSON, R. G. ROBERTS (CERN)
E.MALAMUD, P. SCHLEIN (UCLA)
D. MORGAN, G. SHAW (RHEL)
R. G. ROBERTS, F. WAGNER (CERN)
SCHARENGUIVEL (PURDUE)
SCHARENGUIVEL(PURD+LRL+CERN+COLO+PENN+TNTO)
G. A. SMITH, R. J .MANNING &MSU+LRL)
SONDEREGGER, BONAMY (SACL)
+CHUVILO, FENYVES, + (WAR S+J I NR+

BUDA�)

STRUGALSKI, CHUVILO, F ENYVES, GEMESY, + (DUBNA)
F .WAGNER (CERN)

NP B14 169(SEE P ~

PR 180 1333
PL 30 B 359
PR 180 1319
PRL 22 316
NP B 12 31
NP B 12 573
NC 59 A 181
ARGONNE CONF' P.93
NP B 10 261
PL 29 B 368
ARGONNE CONF' 306
PR 186 1387
PRL 23 335

SEE BASDEVANT 72
PL 29 B 518
NP B 24 358
NC 64 A 189

NP B 22 1
PL 33 B 528
PRL 24 948
NP B 16 239
PHILAD ~ CONF. P. 41
PL 33 B 521

+KEPPEL, GENSCH, MORRISON, + (AACH+BERL+CERN)
+LAURENS, RE IGNI ER (SACLAY)
+GROVES, VANBERG, MAGLIC+(PENN+RUTG+UPNJ+ANL)
+GAVILLET, LABROSSE, MONTANET+ (CERN+CDEF)
+SCHLEIN, BEUSCH, + (CERN+MP IM+ETH+LOIC+HAWA)
+MASEK, MILLER, RUDERMAN, VERNON, + (UCSD+LRL)

PR D 2 520
NP B 22 525
PR D 1 2494
NP B 22 16
PRL 25 1227

D ~ MORGAN, G. SHAW (RHEL)
+LYNG-PETERSEN, PIETARINEN (NORDI TA)
+GARF INKEL, MORSE, WALKER, PRENT ICE (WI SCeTNTO&
SCHARENGUIVEL, GUTAY, MILLER, + (PURD+PENN)
+FR ISCH, WAHLIG (MIT)

PL 36 B 152
B 28 509

NP B 28 77
PL 36 B 134
NP B 32 535
NC 5 A 659
NP B 27 486

ALSTON-GARN JOST, BARBARO-GALTIERI, + (LBL)
+BERGER, DUFlO, GOLDZAHL, COTTEREA+(SACL+CAEN)
+DEUTSCHMANN, GRAESSLER, + (AACH+BERL+CERN)
BENSINGER, ERWIN, THOMPSON, W. D. WALKER (WISC)
L. DUBAL, D. J.BROWN (CNRC+CARL)
LE GUILLOU, MOREL, NAVELET (CERN)
+SCHARENGUI VEL, FUCHS, GAIDOS, MILLER, + (PURD)

SPRINGER TRACTS MOD. PHYS. , VOL. 57,P.41 J.HAMILTON (NORDITA)
PR D 4 265 +BANDER (UCI)
PHYS ~ REPRTS 2 155 J.LYNG PETERSEN (REVIEW) (CERN)

SPRINGER TRACTS MOD. PHYS. , VOL. 55,P. 1. MORGAN, P ISUT(RHEL+CERN)

ACHASOV 79
APEL 79
BECKER 1 79
BECKER 2 79
BORREANI 79
CORDEN 79
DONOHUE 79
ESTABROO 79
GREENHUT 79
JAFFE T 79
MART IN 79
POLYCHRO 79

PL B 88 367
NP B 160 42
NP B 150 301
NP B 151 46
NP B 147 28
NP B 157 250
NP B 158 123
PR D 19 2678
PR D 20 2326
PR D 19 2105
NP B 158 520
PR D 19 1317

+DEVYANIN, SHESTAKOV (NOVO)
eAUS1 ANDER, MULLER, REHAK+ (KARL+PISA)
+BLANAR, SLUM, CERRADA+ (MPIM+CERN+ZEEM+CRAC)
+BLANAR, BLUM, CERRADA+ (MPIM+CERN+ZEEM+CRAC)
+FISHER, GUY, ELY, LEUTZ, +&TORI+RHEL+LBL+CERN)
+DOWE LL J GARVEY / JOBE S ~ + ( B IRM+RHE L+TELA+LOWC )
+LEROYER &BORD+ANL+OXF)
P ~ ESTABROOKS (CARL)
+ INTEMANN (SETO)
R ~ L ~ JAFFE, F.E. LOW (MIT)

JP

+OZMUTLIJ (DURH) I, JP
POLYCHRONAKOS, CASON, BISHOP+ (NDAM+ANL) I, JP

ACHASOV 80
BOHAC IK 80
COHEN 80
COSTA 80
DE BILLY 80
GORL ICH 80
GOTTESMA 80
LOVERRE 80
W I CK LUND 80

SJNP 32 566
PR D 21 1342
PR D 22 2595
NP B 175 402
NP B 176 1
NP B 174 16
PR D 22 1503
ZPHY C 6 187
PR L 45 1469

+DEVYAN IN, SHESTAKOVJ.BOHACIK, H. KUHNELT
+AYRE S g D I EBOL 0 g KRAMER g

+ (BAR I+BONN+CERN
+BRIAND, DUBOC, LEVY+
+NICZYPORUK, ROZANSKA+
GOTTESMAN, JACOBS, +
+ARMENTEROS, D ION I S I+
+AYRES, COHEN, DIEBOLD, P

(NOVO)
(BRATISLAVA+WIEN)

PAWL I CKI+ (ANL)I' JP
+GLAS+LIVP+MILA+WIEN)
(CURI+LAUS+NEUC+GLAS)
(CRAC+MPIM+CERN+ZEEM)

(SYRA+BRAN+BNL+CINC)

JP

(CERN+CDEF+MADR+STOH)I, JP
AWL ICKI (ANL)

ACHASOV 81
AGUI LAR 81
AGUILAR2 81
BORE AN I 81
B I SWAS 81
BRANDELI 81
GIDAL 81
IRVING 81

ACHASOV 82
ALEKSEEV 82
CASON 82
ETK IN1 82
ETKIN2 82
SCHNITZE 82
TORNQV I S 82

PL 'l02 B 196
ZPHY C 10 299
ZPHY C 8 313
NP B 187 42
PR L 47 1378
ZPHY C 10 117
PL 107 B 153
ZPHY C 10 45

TP 20&130&
JETP 55 591
PRL 48 1316
PR D 25 1786
PR D 25 2446
PR B 117 96
PRL 49 624

+DEVYANIN, SHESTAKOV (NOVO)
AGUILAR BENITEZ~ DONE ~MARTIN (MADR+DURH)
+ALBAJAR, ARMENTEROS, + (CERN+CDEF+MADR+STOH)
+GUY, MARCHETTO, MAUR IZIO, + (TOR I+RHEL+CERN)
+CASON, BAUMBAUGH, BISHOP, CANNATA, +(NDAM+ANL)
BRANDELIK+ (AACH+BONN+DESY+HAMB+LOIC+OXF+)
+GOLDHABER, GUY, MILLIKAN, ABRAMS, + (SLAC+LBL)
+MART IN, DONE (L I VP+DURH)

+DEVYANIN, SHESTAKOV (NOVO)
ALEKSEEVA, KARTAMYSHEV, MAKARIN+ (K IAE)
+BISWAS, BAUMBAUGH, BISHOP, CANNATA+(NDAM+ANL)
+FOLEY, LAI, LINDENBAUM+ (BNL+CUNYeTUFT+VAND)
+FOLEY, LAI, LINDENBAUM+ (BNL+CUNY+TUFT+VAND)
H ~ SCHN ITZER (BRAN)
N ~ A. TORNQVIST (HELS)

BAUBILLI 83 ZPHY C 17 309 BAUBILLIER+ (BIRMeCERNeGLASeMSUeLPNP)
CASON 83 PR D 28 1586 +CANNATA, BAUMBAUGH, BISHOP, WATSON+(NDAM+ANL)
HITL IN 83 CORNELL CONF. 746 DAVID HITLIN, RAPPORTEUR'S TALK (CIT)
MENNESSI 83 ZPHY C 16 241 G ~ MENNESSIER (MONP)
TORNQVIS 83 EMS CONFERENCE N. A. TORNQVIST (HELS)

0*4044 *4*4*****4**4444*4 04**4**4***4**4404 *444k**4* 4*44**4**44040444
**44*4 **0******4**4*4***4******40**44*4****0*4r+0444 4**4***%*4**400**

~(&3oo) 58 PI&1300,JPS 0—) 11
SEEN IN PARTIAL WAVE ANALYSIS OF THE
DIFF RACTIVELY PRODUCED 3 PI SYSTEM.

APEL
BA IL LON
BASDEVAN
BRODY 1
BRODY 2
CARROLL
ELVEKJAE
FLATTE
FRENKI EL
GA I DOS
PRASAD
NIELSEN
WHITEHEA
WILLIAMS
ZYLBERSZ

72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

PL 41 B 542
PL 38 B 555
PL 41 B 178
PRL 28 1215
PRL 28 1217
PRL 28 318
NP B 43 445
PL 38 B 232
NP B 47 61
NP B 46 449
PR D 6 3216
NP B 49 586
NP B 48 365
PR D 6 3178
PL 38 B 457

+AUSLANDER, MULLER, BERTOLUCC I, + (KARL+PISA)
+CARNEGIE, KLUGE, LEITH, LYNCH, RATCL IFF+(SLAG)
BASDEVANT, FROGGATT, PETERSEN (CERN)
+GROVES, MAGL I CH, NOREM, + (P ENN+RUTG+UPN J )
H. BRODY (PENNSYLVANIA)
+DIAMOND, FIREBAUGH, MATTHEWS, + (WISC+TNTO)
F. ELVEKJAER (AARHUS)
+ALSTON-GARNJOST, BARBARO-GALTIERI, (LBL)
+GHESQUIERE, L ILLESTOL, CHUNG, + (CDEF+CERN)
eMC I LWA IN, THOMP SON, WI LL MANN (PURDUE)
+BREHM (UNIV. OF MASSACHUSETTS)
H. NIELSFN, G. OADES (NORD+AARHUS)
WHITEHEAD, AULD, + (AERE+RHEL+SHMP+LOUC)
P.K. WILL I AMS (FSU)
ZYLBERSZTEJN, BASILE, BOURQUIN, + (GEVA+SACL)

58 P I & 1300) MASS (NEV)

M E
M

M

M

M

M AV

M E USES MULTICHANNEL AITCHISON-BOWLER MODEL.
M E USES DATA FROM DAUM 80 AND DANKOWYCH 81.

1273.0 50.0 AARON 81 RVUE
1342. 20. BONE S I NI 81 OMEG

(1400 ' ) APPROX. DAUM 81 SPEC
1240 ' 30. BELL INI 82 SPEC

ERAGE MEANINGLESS (SCALE FACTOR = 2. 1)

3P I P
P

3PI A

12 PI-P,
63,94 PI
40 PI-A,

1/82
1/82
1/82
8/83*

AN JOS
BANAIGS1
BANAIGS2
BASDEVAN
BE IER
BI NNI E
BRAUN
HYAMS

73
73
73
73
73
73
73
73

NP B 67 37
PL 43 B 535
NP B 67 1
AIX CONF' PE 220
PRL 30 399
PRL 31 1534
PR D 8 3794
NP B 64 134

OCHS
P I l.KUHN
PROTOPOP
RISSER
SKUJA

73
73
73
73
73

THESIS
NP B 65 460
PR D 7 1280
PL 43 B 68
PRL 31 653

FOR OTHER RESULTS ON SAME

+D ~ LEVY, A. SANTORO (SACLAY)
+COTTEREAU, FABBRI, + &SACL+CAEN+FRAS)
+BERGER, GOLDZAHL, COTTEREAU, + (SACL+CAEN)
JUL. BASDEVANT RAPPORTEUR TALK (PARIS VI)
+BUCHHOLZ, MANN, PARKER, ROBERTS (PENN)
+CARR, DEBENHAM, DUANE, GARBUTT, + (LOIC+SHMP)
+D. CL INE (WISC)
+ JONES, WE ILHAMMER, BLUM, D IETL, + (CERN+MP IM)
EXPERIMENT SEE GRAYER 74
THESIS (MPIM)
+SCHMIDT, MART IN, + (KARL+CERN+LOUC+NI JM)
PROTOPOPESCU, GARN JOST, GALTI ER I, F LATTE+ (LBL )
T ~ RI SSER, M ~ D. SHUSTER &SACL)
+WAHLIG, RISSER, PRIPSTEIN, NELSON, + (I BL)

58 PI&1300) WIDTH &NEV)

W E
W

W

W

W AVERAGE MEANINGLESS (SCALE FACTOR = 2. 1)

AARON 81 RVUE
BONE SI N I 81 OMEG
DAUM 81 SP EC
BELL IN I 82 SPEC

580.0
220.

(600. )
360 '

100.0
70 ~

APPROX.
120 ~

W E USES MULTICHANNEL AITCHISON-BOWLER MODEL.
W E USES DATA FROM DAUM 80 AND DANKOWYCH 81.

12 PI-P, 3PI P
63 94 PI — P
40 PI-A, 3PI A

1/82
1/82
1/82
8/83*

BASDEVAN
BONNIER
CARROLL
ENGLER
ESTABROO
GRAYER
JONES
MORGAN
OR I TO
PASCUAL

74
74
74
74
74
74
74
74
74
74

NP B 72 413
NP B 83 440
PR D 10 1430
PR D 10 2070
NP B 79 301
NP B 76 375
NP B 83 93
PL 51 B 71
PL 48 B 380
NP B 83 362

BASDEVANT, FROGGATT, PETERSEN (LPTP+NORD)
8 ~ BONNIER, N. JOHANNESSON (CERN)
+MATTHEWS, WALKER+ (SLAC+DUKE+WISC+TNTO)
+KRAEMER, TOAFF, WEISSER, DIAZ+ (CARN+CASE)
P. ESTABROOKS, A. D. MARTIN (DURH)
+HYAMS, JONES, BLUM, DIETL (CERN+MP IM)
+ALLISON, SAXON (OXF)
D ~ MORGAN &RHEL)
+FERRER, PAOLUZI, SANTONICO (FRAS+ROMA)
P. PASCUAL, F.J.YNDURAIN (BARC+MADU)

58 PI&1300) PARTIAL DECAY MODES

DECAY MASSES
P1 PI(1300) INTO RHO PI 769+ 140
P2 PI (1300) INTO EPSILON(1300) PI 1300+ 140
P3 PI &1300) INTO PI (PI PI) S WAVE 140+ 140+ 140
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Me sons
~(I3OO), A, (I32O)

58 PI (1300) BRANCH IN6 RATIOS 12 A2 MASS (NEV), ETA PI MODE

R1 PI(1300) INTO (PI (PI PI) S WAVE/(RHO PI) (P3) /(P1)
R1 E (2.12) AARON 81 RVUE
R1 E USES MULTICHANNEL AITCHISON-BOWLER MODEL.
R1 E USES DATA FRCIM OAUM 80 AND DANKOWYCH 81.
*40%0* *4444s4** 4***4444* *4%0**0%4 *kee+444* ork*e*4*e* *440404+s 4*04*040

3/82
E 1000 1323. 8.

M EM 6200( 1324. ) (8. )
M 2561 1336 ' 2 1.7
H 1653 1330.7 2.4

M AVG 1334.0 2 ' 6

KEY 73 OSPK — 6.PI-P, P PI-ETA
CONFORTO 73 OSPK — 6.PI-P, P HMS-
DELFOSSE 81 SPEC + PI+-P, PI+-ETA P
DELFOSSE 81 SPEC — PI+-P, PI+-ETA P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9)

1/74
1/74
1/82
1/82

DAUM

REFERENCES FOR PI(1300)
80 PL 80 B 281 + HER TZB ER GER+ (AMST+ CE RN+ CRAC+HP I M+OX F+RHE L )

M E ERROR INCLUDES 5 MEV SYSTEMATIC MASS-SCALE ERROR
H H MISSING MASS WITH ENRICHED MHS=ETA PI-, ETA = 2 GAMHA

AARON 81
BELL IN I 81
BONES I NI 81
OANKOWYC 81
DAUM 81
EVANGELI 81

PR D 24 1207
LISBON CONF.
PL 103 B 75
PRL 46 580
NP B 182 269
NP B 178 197

+LONGACRE (NEAS+BNl. )
413 +IVANSHIN, FRABETTI, + (HI LA+ J I NR+BGNA )

+DONALD, + (MILA+LIVP+DARE+CERN+BARI+BONN)
+BROCKMAN, EDWARDS+ (TN TO+ BNL+CARL+MC G I+OHIO)
+HERTZBERGER+ (AHST+ CERN+ CRAC+HP IM+OX F+RHEL )
EVANGEL ISTA+(BAR I+BONN+CERN+DARE+LI VP+MILA)

12 A2 MASS (HEV), 3PI MODE

BELL INI 82 PRL 48 1697 +FRABETTI, I VANSHIN, LITK IN+ (HILA+SGNA+ J INR)

LEEDOM 83 PR D 27 1426 +DE BONTE, GAIDOS, KEY, WONG+ (PURD+TNTO)

*104*0 **4004%40 *****%Ok%4440040*4 44*e*4044 +eekk*444r ***eke*se 40*4***0
*****0440*040*4 4404*044* 4****0404044*4400e 44*4**e****4*44*40***4*040

~,( I 32 o ) 'l2 A2&132o, JP6 2+-) I 1

ONLY EXPERIMENTS GIVING MASS ERROR LESS THAN 15 MEV
ARE KEPT FOR AVERAGING.

W 260
W 941
W 360
W 10000

5000
w 28000
W 24000
W 17000
W P

1580
W P 1600
W P S 1200
W 1097
W P 490

W P 25000
W P

W AVG

96 ~ 0
79 ~ 0

111.4
(100.)

72 ~

105.0
99 ' 0

103 ~ 0
115~

99 '
112 ~

122 ~

110.0
(115~ 0)
(150 ~ 0)

96 ~ 0
97 ~

100.6

12 A2 WIDTH (MEV), 3PI MODE

16.0
12.0
18.0
16.

5 ~ 0
5.0
5 ~ 0

15 ~

15 ~

18.
14.
15.0

(14 ~ 0)
(20.0)9.0

5.
2 ~ 2

ARMENISE
ALSTON
BARNHAH
BINNIE1
BINNIE1
BOWEN
BOWEN
BOWEN
ANT IPOV1
CHALOUPKA
EHMS
WAGNER
BALTAY 1
SALTAY 1
CORDEN 2
DAUM
EVANGELIS

AVERAGE

68 DBC
70 HBC
71 HBC
71 HMS
71 MHS
71 MMS
71 HMS
71 MMS
73 CNTR
73 HBC
75 DBC
75 HBC
78 HBC
78 HBC
78 OMEG
80 SPEC
81 OMEG

0 5. 1 PI+D
+ 7 ~ 0 PI+P3PI P
+ 3.7 PI+ P, (3PI)+

PI-P NEAR A2 THR
PI -P NEAR A2 THR
5. Pl — P

+ 5. PI+ P
7. PI — P
25. , 40 ~ PI- P
3 ~ 9 PI- P, P A2

04. P I+N, P A20
07. PI+P, DEL++A2

+0 15 P I+P, P 4P I
0 15 PI+P, DEL 3P I

12-15 PI-P, 3P1 N

63,94 P I- P~ 3P I
12 PI-P, 3PI P

9/67
1/71

11/71
11/71
11/71
11/71
11/71
11/71

1/74
2/73

11/75
11/75
4/?8
4/78
4/78

12/79
1/82

H 260 1311~ 0
H 120 1320 ~

M 1310~ 0
H 941 1306.0
H 280 1313.0
M 360 1304.0
M 10000 1307 '
M 5000 1309.
M 28000 1299.0
M 24000 1300.
H 17000 1309 ' 0
M 160 1307.
H P 1315~

M 1580 1306.
M P 1600 1318.
H P 1200 1298.

1097 1320.0
M P 490(1343.0)
H (1285.0)
M 1306.0
M P 25000 1317~ 0
M P 1310.
M AVG 1310.7

6.0
10 ~

14.0
4.0
7.0
4.5
5.
5 ~

6.0
6.0
4 ' 0
7.
5.
9.
7.
8 ~

10.0
(11.0)(9.0)

8 ' 0
2.0
2 ~

ARMENISE
BOESEBECK
EISENBERG
ALSTON
BOCKMANN
BARNHAH
Bl NNIE1
SINN IE1
BOWEN
BOWEN
BOWEN
SLOODWORT
ANT IPOV1
CHALOUPKA
EHMS
WAGNER
SALTAY 1
BALTAY 1
CORDEN 2
FERRER
DAUH
EVANGEL IS

68 DBC 0 5 ~ 1 PI+D
68 HBC . 0 8 PI+ P
69 HBC + 4.3,5.3 GAMMA P
70 HBC + 7 0 PI+P 3PI P
70 HBC 05. P I+P
71 HBC + 3.7 PI+ P, (3PI)+
71 MHS — P I-P NEAR A2 THR
71 MHS — P I -P NEAR A2 THR
71 HMS — 5. PI- P
71 MHS + 5 ~ PI+ P
71 MHS — 7. PI- P
72 HSC + 5.45 PI+ P, P 3PI
73 CNTR — 25 ~, 40. P I — P
73 HBC — 3 ~ 9 PI- P, P A2
75 DBC 04. PI+M, P A20
75 HBC 07. PI+P, DEL++A2
78 HSC +0 15 PI+P, P 4PI
78 HBC 0 15 PI+P, DEL 3P I
78 OMEG — 12-15 PI-P, 3PI N

78 OHEG — 9 PI-P, P 3P I
80 SPEC — 63,94 Pl, — P~ 3PI
81 OHEG — 12 PI-P, 3PI P

1 ' 3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 3)
(SEE IDEOGRAM BELOW)

9/67
6/68

12/69
1/71
5/70

11/71
11/71
11/71
11/71
11/71
11/71

1/73
1/74
2/73

11/75
11/75
4/78
4/78
4/78
4/78

12/79
1/82

W S WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N), SEE K*(892) NOTE
W P FROM A FIT TO JP~2+ RHO PI PARTIAL WAVE

12 A2 VIDTH (NEV), CHARGED K KBAR MODE

WK S15QQ
WK 73Q
WK S2724

350
WK 11QQQ
WK 4730
WK P S

4000
WK P W 1000
WK P W4700
WK P W 5200
WK

WK AVG

123.0
113.Q
105.0
110.0
126 ~ 0
101.0
113.
106.0
121 ~ 0
112~ 0
120 ~ 0

109 ~ 8

13.0
19.0
8.'0

18.0
11.0
8.0
4 ~

4.0
51 ~ 0
20 ' 0
25.0

2 ~ 4

GRAYER
FOLEY
MAR 6UL I E $
HYAMS
CHABAUD
CHABAUO
MARTIN 1
CHABAUO
CLELAND
CLELAND
CLELAND

AVERAGE

7'1 ASPK
72 CNTR
76 SPEC
78 ASPK
78 SPEC
78 SPEC
78 SPEC
80 SPEC
82 SPEC
82 SPEC
82 SPEC

17 ~ 2 PI-P, K-KS P
20.3 P I- P, K- KS
23 PI-P K-KS

+ 12 ~ 7 PI+P, K+KS P-9.8 PI-P, K- KS P
18 ~ 8PI-P, K- KS P

—10 PI P, KS K- P
17P I-NUCLEI, KSK-

+ 30 PI+P, KS K+ P
+ 50 P I+P, KS K+ P

50 P I -P, KS K- P

WK P FROM A F IT TO JP 2+ PARTIAL WAVE.
WK S WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N), SEE K* TYPED NOTE
WK W NUMBER OF EVENTS EVALUATED BY US.

11/71
12/72
12/77
4/78
4/78
4/78
4/78

12/79
8/83*
8/83*
8/83*

H P FROM A FIT TO JP=2+ RHO PI PARTIAL WAVE 12 A2 VIDTH (MEV), ETA PI NODE

WEIGHTED AVERAGE = 1310.7 + 1.3
ERROR SCALED BY

1000 108.
H 6200 (104.)

2561 112~ 2
1653 116~ 6

9.
(9 ~ )
F 7
F 7

KEY 73 OSPK
CONFORTO 73 OSPK
DELFOSSE 81 SPEC
DELFOSSE 81 SPEC

6 ~ PI-P, P PI-ETA 1/74
6.P I —P, P MHS- 1/74
PI+-P, PI+-ETA P 1/82
PI+-P, PI+-ETA P 1/82

I

1280 1300 1320
A2 MASS (MEV) ~ 3PI MODE

81 OMEG
80 SPEC
/8 CMEG
78 HBC
75 HBC
75 OBC
73 HBC
73 CNTR
72 HBC
71 MMS
71 MMS
71 MMS
71 MMS
71 MMS
71 HBC
70 HBC
70 HBC
69 HBC
68 HBC
68 DBC

1340

-EVANGELIS
DAUM

-FERRER
. BALTAY 1

. WAGNER

. EMMS

. CHALOUPKA

. ANT IPOV1
-BLOODWORT
. BOWEN
-BOWEN
. BOWEN
- B INNIE1
. B INN I E1

BARNHAM
BOCKMANN

-ALSTON
. EISENBERG
. BOESEBECK

MEN I SE

CHISQ
0. 1

10.0
0, 3
0. 9
2. 5
1, 1

0. 3
0, 7
0. 3
0. 2
3. 2
3, 8
0. 1

0. 5
2, 2
0. 1

1.4

0. 9
0. 0

28. 6
(CONL EV
=0. 054)

AVG 112.6 4. 1 AVERAGE

W H HISSING MASS WITH ENRICHED MMS=ETA PI-, ETA = 2

P1
P2
P3
P4
P5 S
P6 S
P7 S
P8 S
P9 S

'12 A2 PARTIAL DECAY NODES

A2 INTO RHO P I
A2 INTO K KBAR
A2 INTO ETA PI
A2 INTO OMEGA Pl PI
A2 INTO PI+ PI- PIQ EXCL. RHO PI
A2 INTO PI+ PI- PI- EXCL. RHO PI
A2 INTO PI GAMMA

A2 INTO ETA PR IME P I
A2 INTO GAMHA GAMHA

DECAY MASSES
769+ 140
494+ 498
549+ 140
140+ 140+ 783
140+ 140+ 135
140+ 140+ 140
140+ 0
958+ 140

0+ 0

P S SHALL, NOT USED IN THE FIT

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P, , as follows: The diagonal elements are P. + 6P. , where

1 1 1
6P. = Q&6P, 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 i
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listings1 J i j 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

HK S 150Q
HK 730
MK 2724

11000
MK 4?30
HK 350
HK P S

4000
HK P W1000
HK P W4700
HK P W5200
MK

MK AVG

1319.0
1313~ 0
1320.0
1312.0
1316~ 0
1324.0
1318~

1320 ~ 0
1330 ~ 0
1319~ 0
1324 ~ 0

1318.22

3 ~ 0
4 ~ 0
2 ~ 0
4 ' 0
2.0
5.0
1 ~

2 ' 0
11.0
5.0
6 ~ 0

0.70

GRAYER
FOLEY
MARGUL I ES
CHABAUD
CHABAUD
HYAMS
HART IN 1
CHABAUD
CLELAND
CLELAND
CLELAND

71 ASPK — 17 ~ 2 PI-P, K-KS P
72 CNTR — 20 3 P I- P K- KS
76 SPEC — 23 ' PI-P, K-KS
78 SPEC -9.8 PI-P, K- KS P
78 SPEC — 18.8PI-P, K- KS P
78 ASPK + 12.7 PI+P, K+KS P
78 SPEC -10 PI P, KS K- P
80 SPEC — 17PI-NUCLEI, KSK-
82 SPEC + 30 Pl+P, KS K+ P
82 SPEC + 50 PI+P, KS K+ P
82 SPEC — 50 PI-P, KS K- P

AVERAGE

12 A2 MASS (HEV), CHARGED K KBAR NODE

2/72
12/72
12/77
4/78
4/78
4/78
4/78

12/79
8/83*
8/83*
8/83*

12 A2 PARTIAL WIDTHS

N?
W7 M

W7

A2 INTO PI+-. GAMMA (KEV)
(461.) (110.)
295. 60.

(67)
MAY 77 SPEC +- 9.7 GAH N, A2 X 9/83*
CI HANG IR 82 SPEC + 200 P I+2, Z A2 9/83*

P 4P 1 P 2
P 1 ~ 7006+-.0225
P 2 —.1065 .0487+-.0080
P 3 —.0680 —.0451 .1448+-.0117
P 4 —.8336 —.2037 —.3936 ~ 1058+-.0250

HK S SYSTEMATIC ERROR IN MASS SCALE SUBTRACTED
HK W NUMBER OF EVENTS EVALUATED BY US.
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8164 Particle Data Group: Review of particle properties

Me sons
AR(1320)

Data Card Listings

V9 AZ INTO 6ANNA 6ANIA (KEY&
W9 E G 22 0 77 0 45 EDWARDS
W9 F E 35 0.81 0.61 0.30 BEHREND
W9 F E 0 ~ 84 0 ~ 22 FRAZER

W9 AVG 0.82 0. 18 AVERAGE

&69)
82 CBAL E+ E-, PIO ETA
83 CELL E+E-, E+E- 3 PI
83 JADE E+E-, E+E- 3 PI

W E
W F

M

W G

SYSTEMATIC ERROR ADDED LINEARLY BY US
FROM RHO PI DECAY MODE
MODEL DEPENDENT
FROM ETA PIO DECAY MODE.

12 AZ BRANCNIN6 RATIOS

R1 AZ CCNAR6ED ONLY& INTO CK KBAR&/&RNO Pl&
R1 C (0.054) (0 ' 022) CHUNG
R1 C (0.06) (0.03) ABRAMOV I C

R1 C &0 ' 07) (0.03) NEF
R1 C 113 (0.097) (0.018) ALSTON
R1 C 50 &0.056) &0.014) CHALOUPKA
R1 0.078 0 ~ 017 CHABAUO
R1 C INCLUDEO IN CHABAUO 78 RVUE.

R1 FIT 0.070 0.012 FROM FIT

CPZ&/&P1&
68 HBC — 3 ' 2 PI-P
70 HBC — 3.93 PI- P
70 MHS — 7.0 PI- P
71 HBC + 7 ~ 0 PI+ P
73 HBC — 3 ~ 9 P I- P, P A2
78 RVUE

A2 INTO &ETA PI&/CRIIO PI + K KBAR + ETA PI& CP3&/CP1+PZ+P3&
34 0 ~ 15 0 ~ 04 BARMHAH 71 HBC + 3 ~ 7 PI+ P

0. 13 0 ~ 04 ESPIGAT 72 HBC +- O. PBAR P,

RZ
R2
R2
R2
R2 AVG
R2 F IT

0. 140 0 ~ 028
0 ~ 162 0 ~ 012

AVERAGE
FROM F IT

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3 AVG
R3 F I T

AZ INTO CETA
0.22

22 0 ' 23
0. 12

15 0.25
167 0 ~ 246
149 0 ~ 211
52 0.22

0.18

PI& I CRHO PI&
0.09
0.08
0.08
0.09
0 ' 042
0 ' 044
0.05
0.05

0 ~ 213 0 ~ 020
0 ~ 207 0 ~ 018

AVERAGE
FROM F I T

CONTE
AS COL I
CHUNG
BOCKMANN
ALSTON
CHALOUPKA
ANTIPOV
FOR INO

CP3&/(P1 &

67 HBC — 11.0 PI-P
68 HBC — 5 PI-P
68 HBC — 3.2 PI-P
70 HBC + 5.0 P I+P
71 HBC + 7.0 PI+ P
73 HBC — 3 ~ 9 PI- P, P A2
73 CNTR — 40. P I-P, P A2-
76 HBC 11 Pl- P, ETA Pl

R4 AZ INTO &ETA PRIME PI& / TOTAL (P8&
R4 (0 ~ 02) OR LESS CL=.97 BARNHAH 71 HBC + 3.7 PI+ P

2/82
9/83*
9/83*

1/67
1/71
6/70
1/71
2/73

12/78

11/71
11/71

8/67
6/68

12/66
9/69
1/? 1
2/73
1/74

12/77

2/72

CONTE
DAHL
DANYSZ
SLATTERY

ARHENI SE
ASCOLI
BALLAH
BENZ
SOESESEC
CA SO
CHUNG
CRENHELL
DONALD
FOSTER
FR IOMAH
JUNKMANN
KEY
LAHSA
VON KROG

67
67
67
67

68
68
68
68
68
68
6e
68
68
68
68
68
6e
be
68

69
69
69
69
69
69
69

ANDERSON
ARMENI SE
CH IKOVAN
CREHNELL
DONALD
EISENBER
VETL ITSK

ABRAMOVI
ALSTON
ASCOLI
BASILE
BAUD 1
BAUD2
BAUD3
BOCKMANN
BUTLER
CAROLL
CASO
DIAZ
DZ IERBA
GARF INKE
JOHNSTON
KRUSE
NEF
SUTHERLA

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

ADERHOLZ 69
AGUI LAR 169
AGUILAR 269

NC 51 A 175
PR 163 1377
NC 51 A 801
NC 50A 377

PL 268 336
PRL 20 1321
PRL 21 934
PL 28 8 233
HP 8 4 501
NC 54 A 983
PR 165 1491
PR L 20 1318
PL 26 8 327
MP 8 8 174
PR 167 1268
NP 88 471
PR 166 1430
PR 166 1395
PL 27 8 253

+ TOMAS IMI, CORDS+(6ENOVA+HAHB+MI LANO+SACLAY)
+ HARDY+HE SS+K I R 2+HI L L ER (LRL)
D ANY SZ+ F R EN C H+S I HAK (CERN)
+KRAYBILL+FORHAN+FERBEL (YALE+ROCH)

ARMENI SE, FOR INO, + (BAR I+BGNAeF I RZ+ORSAY)
+CRAWLEY, MORTARA, SHAP IRO, BR IDGES+( ILL INOI S)
+BRODY, CHADWI CK, F R IES, GUIRAGOSS I AN+ (SLAG)
CERN MISSING MASS SPECTROMETER .GROUP (CERN)
BOESEBECK, OEUTSCHMANN&e(AACHENeBERLINeCERH)
+CONTE+CORDS+DIAZ+ (GENOVA+HAHB+HILAN+SACL)
S.U. CHUNG, O. DAHL, J.KIRZ, D. H. MILLER (LRL)
+KARSHON+KWAN LAI, SCARR, SKILLICORN (BNL)
+FRODESEN+BETTINI+ (LIVERPOOL+OSLO+PADUA)
eGAVILLET, LABROSSE, HOMTAMET, e (CERH+COEF)
+MAURER, MICHALON, OUDET+(HEID - +STRASBOURG)
+ COG CON I, + &AACH+BERL+BONN+CERN+WARS)
+PRENTICE+COOPER+MANNER+ (TNTO+ANL+WISC)
+CASON+BISWAS+DERADO+GROVES+ (NOTREDAHE)
+MIYASHITA, KOPELMAN, MARSHALL LIBBY (COLO)

JP

JP

NP 8 11 259
PL 29 8 62
PL 29 8 241
PR L 22 1390
LNC 2 501
pL 28 8 526
PRL 22 '1327
MP 8 12 325
PRL 23 1322
SJNP 9 596

+BARTSCH, + (AACH+BERL+CERN+JAGL+WARS)
+BARLOW, JACOBS, DELLA NEGRA+(CERN+CDEF+LIVP)
M. AGUILAR-BENITEZ, J.BARLOW, + (CERN+CDEF)
+COLL INS, + (BNL+CARN)
+GHID IN I, FOR INO, CARTACC I+ (BAR I+BGNA+F IRZ)
CERN HISSIHG MASS SPECTROMETER GROUP (CERN)
eKARSHON, KWAN WU LA I, + (BNL) I JP
+EDWARDS, FOSTER, MOORE (L I VERPOOL)
E I SEMB ERG, HABER, BALLAH, CHADWI CKe(REHOeSLAC)
VETL ITSKY, GR IGOREYEV, GRI SHIH, + (ITEP)

NP 8 29 466
PL 33 8 607
PRL 25 962
LNC 4 838
PL 318 397
PH ILAD. CONF ~ P.311
PL 31 8 401
NP 8 16 221

UCRL 19845
PR L 25 1393
LNC 3 707
NP 8 16 239
PR D 2 2544
PL 33 8 536
NP 8 24 253

ABRAMOVI CH, BLUMENF ELD, BRUYANT, + (CERN)
+BARBARO, BUHL, DERENZO, EPPERSON, FLATTE+(LRL)
+BROCKWAY, CRAWLEY, EISENSTEIN, HANFT, + (ILL)
+OALPIAZ, FRABETTI, MASSAH, + (CERN+BGMA+STRS)
CERN BOSON SPECTROMETER GROUP (CERN)
CERN BOSON SPECTROMETER GROUP (CERN)
CERN BOSON SPECTROHETER GROUP (CERN)
+MAJOR, POLS, + (BONMeDURHeNIJHeEPOLeTORI)
THESIS (LRL)
+FIREBAUGH, GARF INKEL, MORSE, OH, + (WISC+TNTO)
+CONTE, TOHASIHI, CORDS+(GENO+HAHB+MILA+SACL)

JP

JP

+GAVILLET, LABROSSE, MONTANET+ (CERN+CDEF)JP
+SHEPHARD, BISWAS, CASON, JOHNSON, KENNEY(HDAH)
GARF INKEL AHMANN CARMONY g YEN, (PURD) JPC
+KEY, PRENT I CE, YOON, GARF IMKE L, + (TNTO+WI SC)

JPPHILAD. CONF. P. 359 U. KRUSE, PARTIAL WAVE ANALYSIS (ILL)
THESIS+PRIV. COMM. CERN BOSON SPECTROMETER GROUP (CERN)

PHILAD. CONF. P. 369 G. SUTHERLAND, INTERFERING RESONANCE(GLASGOW)

R5 AZ INTO &ETA PRIME PI&/&RHO PI& CP8& ICP1&
R5 0.04 0.03 0.04 BOCKMANN 70 HBC 0 5.0 PI+ P
R5 (0 ' 04) OR LESS ALSTON 71 HBC + 7.0 PI+ P
R5 (0.011)OR LESS CL=. 90 EISENSTEI 73 HBC — 5.PI — P, P 6PI

9/69
1/71
1/74

R9 AZ INTO &Ple Pl- PI-&/CRHOO PI-& (P6C & I&P1C &

R9 (0.23) OR LESS CL=.90 ABRAMOVIC 70 HBC — 393 PI- P 1/71

R11 A2 INTO &PI 6ANNA&/TOTAL (P?&
R11R 0.005 0.005 0.003 EISENBERG 72 HBC PHOTOPRODUCTION 11/71
R11R PION EXCHANGE MODEL USED IN THIS ESTIMATION

R8 AZ INTO &K KBAR&/CRHO PI + K KBAR + ETA PI& CP2&/(P1+P2eP3&
R8 17 0.06 0.03 BARMHAM 71 HBC + 3 ~ 7 P I+ P, KSK+P 11/71
Re A (0.020) (0 ' 004) ESPIGAT 72 HBC +- O. PBAR P, 2/72
R8 8 0 ' 03 0.02 DAMER I 72 HBC — 11. PI- P 12/72
Re 0.05 0.02 TOET 73 HBC + 5. PI+ P, P K+ KO 12/75
R8 0 ' 09 0.04 TOET 73 HBC 0 5.PI+P, PI+P K KB 12/75
Re A NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES
R8 A FROM (K KBAR) AND (RHO PI) MODES

R8 AVG 0.048 0.012 AVERAGE
R8 FIT 0.0545 0.0088 FROM FIT

AGUI LAR
ALSTON
BARNHAM
SEKETOV
8 I NNI E 1
8 I MNI E2
BOWEN
CRENNEL
FARBER
FOLEY
GRAYER
LYNCH
RINAUDO

ANKENBRA
BERENYI
BLOODWOR
DAMER I
DI EBOLD
EISENBER
ESP IGAT
FOLEY
LASSILA
HORSE

71
71
71
71
71
71
71
71
71
71
71
71
71

72
72
72
72
72
72
72
72
72
72

PR D 4 2583
PL 34 8 156
PRL 26 1494
SJNP 4 765
PL 36 8 257
PL 36 8 537
PRL 26 1663
PL 35 8 185
NP 8 29 237
PRL 26 413
PL 34 8 333
UCRL 20022 AND 71
NC 5 A 239

PRL 29 1688
NP 8 37 621
NP 8 37 203
NC9A1
BATAVIA CONF.
PR D 5 15
NP 8 36 93
PR D 6 747
PRL 28 1491
NP 8 43 77

AGUILAR-BENI TEZ, EI SNER, K INSON (BNL)
+BARBARO, BUHL, OERENZO, EPPERSON, FLATTE+(LRL)
+ABRAMS, BUTLER, COYNE, GOLDHABER, HALL, + (LBL)
+SOHBKOWSKY, KONOWALOV, KRUTSCHININ, + (ITEP)
eCAHILLERI, DUANE, FARUQI, BURTON, +(LOIC+SHMP)
+CAMI LL ER I, DUAHE, FARUQ I, BURTON, + (LOI C+SHHP )
+FARLES, FAISSLER, BL IEDEN, + (NEAS+STON)
+GORDON, KWAH-WU LA I, SCARR (BNL)
eOE PINTO ~ BISWAS, CASON, DEERY, KEMNEY, +(NDAM)
+LOVE, OZAKI, PLATHER, L INDENBAUH, + (BNL+CUNY)
+HYAHS e JONES' SCHLE IN t SLUM t D IETL+(CERM+HP IN)
AMSTERDAM CONF. G. LYNCH (LBL)
+BOECKMANN, MAJOR+(TORI+BONN+DURH+NIJH+EPOL)

ANKE NBRAMO 7 g BRAS SON CR I TTENDEN g HE I NZ + ( I ND

+PRENTI CE, STEENBERG, YOON, WALKER (TNTO+WI SC )
BLOODWORTH, JACKSON, PRENTICE, YOON (TNTO)
+BORZATTA, GOUSSU, + (GENO+MILA+SACL)
R ~ DIEBOLD RAPPORTEUR TALK (ANL)
EISENSERG, BALLAH, DAGAN, + (REHO+SLAC+TELA)
+GHESQUIERE, L ILLESTOL, MONTANET (CERN+CDEF)
+LOVE, OZAKI, PLATNER, LINDENBAUH, + (BNL+CUNY)
LASS ILA, YOUNG (IOWA)
+OH, WALKER, JOHNSTON, YOON (WISC+TMTO)

JP

JP

CP4&/CP1&
0 0.7 PBAR P, 7 PI

3.9 Pl- P, P A2
0 6.PI+M, P(5PI)0
0 4 ~ 9 PI+P, DEL++A2

+ 4 ~ 9 P I+P, P A2+
AVG OF ABOVE TWO

SCALE FACTOR OF 1.3)

R12 AZ INTO &OHE6A
R12 (0 ~ 19)
R12 279 0. 10
R12 60 0 ~ 28
R12 K 140 (0 ~ 29)
R12 K 60 (0 ~ 10)
R12 K 0 ~ 18
R12
R12 AVG 0 ~ 151
R12 FIT 0. 151

PI PI)/CRNO PI&
&0.08) DE FOI X 73 HBC
0.05 CHALOUPKA 73 HBC
0 ' 09 DIAZ 74 DBC

&0.0e) KARSHON 74 HBC
&0.04) KARSHON 74 HBC
0 ' 08 KARSHON 74 HBC

0 ' 049 AVERAGE (ERROR INCLUDES
0.040 FROM FIT

R12 K KARSHON 74 SUGGEST AN ADDITIONAL I=O STATE, STRONGLY COUPLED
R12 K TO OMEGA PI PI COULD EXPLAIN DISCREPANCIES IN BRANCHING RATIOS
R12 K AND MASSES ~ WE USE A CENTRAL VALUE AND A SYST. SPREAD.

040040 4*04*0404 04440*440 00**444****4%4*04**4400*404 *00*44*4***040%4*

REFERENCES FOR AZ

(A AC HEN+BE R L I N+8 I RM+SONN+ HAMBUR G+ LOI C+HP I M )
+OAHL, HARDY, HESS, KALBFLEI SCH, KIRZ (LRL)
G GOLDHABER, S GOLDHABER, OHALLORAN, SHEN(LRL)
G+S. GOLDHABER, BROWN, KADYK, TRILLING, + (LBL)
+ABOLINS, CARMONY, HENDRIKS, XUONG+ (LA JOLLA)

ADERHOLZ 64 PL 10 226
CHUNG 64 PRt. 12 621
GOLDHABE 64 DUBNA CONF 1 480

ALSO 64 PRL 12 336
LANDER 64 PRL 13 346

ABOL INS
ADERHOLZ
ALITTI
CHUMG
FORINO
LEFEBVRE
SEIDLITZ

BARNES
BENSON

ALSO
EHRL ICH
FERSEL
LEVRAT

65 ATHEMS(OHIO)CONF.
65 PR 138 8 897
65 PL 15 69
65 PRL 15 325
65 PL 19 68
65 PL 19 434
65 PR L 15 217

66 PRL 16 41
66 MICH COO-1112-4
66 PRL 16 1177
66 PR 152 1194
66 PL 21 111
66 PL 22 714

+CARHONY, LANDER, XUONG, YAGER (LA JOLLA) I~1
(AACHE N+BERL+8 IRM+BONN+HAMB+LOI C+MP IH)

AL ITT I, BATON, DEL ER, CRUSSARD+ (SAC LAY+BGNA) JP
eDAHL, HARDY, HESS, JACOBS, KIRZrHILLER (LRL)
+GESSAROL I+ (8GNA+BAR I + F I RZ+OR SA+SACL )
CERN HISSING MASS SPECTROMETER GROUP (CERN)
LSEIDLITZgO I DAHLgDH MILLER (LRL)

BARNES g FOWLER LA I ORENSTE IN + (BNL+CUNY)
G. C. BENSON, THESIS &MICH)
G BENSON, LOVELL, MARQUIT, ROE + (MICH)
R. EHRLICH, W. SELOVE, H. YUTA (PENN)
FERBEL (ROCHESTER)
CERN MISSING MASS SPECTROMETER GROUP (CERN)

67 PL 258 53
6? PL 258 160
67 NC 50A 701
67 PL 258 48
67 PL 25 8 357
67 PRL 18 880
67 PL 258 44
67 PR L 18 100
66 UCRL-16832
67 MP 81 57
67 NP 83 469

ARMENISE
BALTAY
BARLOW
BARTSCH
BEUSCH
CASOH
CHIKOVAH
CHUNG

ALSO
COHN
CONFORTO

ARHEMISE, FOR INO, + (BAR I+BGNA+F IRZ+ORSAY)
eKIRSCHeKUNGeYEHeRABIN (COLU+BNL+RUTGERS)
+L ILL ESTOL+MONTANET+ (CERN+CD EF+ IRAD+L I VP )
+DEUTSCHMANN+GROTE+COCCON I+(AACH+BERL+CERN)
+F ISCHER, GOBB I, ASTBURY+ (ETH+CERN)
+LAHSA, BISWAS, DERADO, GROVES, + &NOTREDAME)
CERN HISSING MASS SPECTROMETER GROUP (CERN)
+DAHL, HARDY, HESS, K I RZ, M IL LER (LRL)
RICHARD. I HESS--THESIS, BERKELEY (LRL)
+MCCULLOCH+BUGG+CONOO (ORNL+UHIV. TENN. )
+MARECHAL, HONTANET+ (CERN+CDEF+IPN+LIVP)

12/77
2/73
1/74

12/77
12/77
12/77

AHMANN

ANKEBRAN
ANT IPOV
ANT IPOV1
ANTIPOV2
CASOH
CHALOUPK
CONFORTO
DEFOIX
EISENSTE
KEY
TOET

DIAZ
KARSHON
OTTER
TABAK
THOMPS01
THOMPS02

ASASHI AN

EMHS
LOSTY
UNDERWOO

ALSO
WAGNER

FORIHO
HANDLER
MARGULIE

CERRADA
MAY
PAWL ICKI

BALTAY 1
BALTAY 2
CHABAUD
CORDEN 1
CORDEN 2
FERRER
HYAMS
MARTIN 1
MARTIN 2

CHASAUD
DAUM

DAUM
DELFOSSE
EVANGELI

73
73
?3
73
73
73
73
73
73
73
73
73

74
74
74
74
74
74

75
75
75
75
73
75

76
76
76

77
77
77

?8
78
78
78
78
78
78
78
78

80
80

81
81
81

PR D 7 1345
PR 0 8 2785
MP 8 63 175
NP 8 63 153
NP 8 63 141
NP 8 64 14
PL 44 8 211
PL 45 8 154
PL 43 8 141
PR D 7 278
PRL 30 503

8 63 248

PRL 32 260
PRL 32 852
NP 880 1

BOSTON P. 46
PR O9 560
NP 869 381

PRL 34 691
PL 588 117
PL 568 96
PR D11 2345
CONFORTO, 73 KEY
PL 588 201

NC A 35 465
NP 8 110 173
PR D 14 667

NP 8 126 241
PR D 16 1983
PR D 15 3196

PR D 17 62
PRL 40 87
NP 8 145 349
NP 8 136 77
MP 8 138 235
PL 74 8 287
NP 8 146 303
PL 74 8 417
MP 8 140 158

NP 8 175 189
PL 89 8 276

NP 8 182 269
NP 8 183 349
NP 8 178 197

+CARHONY, GARF INKEL, GUTAY, MILLER+(PURO+IUPU)
ANKEBRANDT, BRABSON, CRITTENDEN, HEINZ, + & IND)
+ASCOLI, BUSNELLO, FOCACCI, + (CERH+SERP)
+ASCOLI, BUSNELLO, FOCACCI, + (CERN+SERP)
+ASCOLI, BUSNELLO, FOCACCI, + (CERN+SERP)
+MADDEN, BISHOP, 8ISWAS, KENNEY, + (NDAH)
CHALOUPKA, DOBRZYNSKI, FERRANDO, LOSTY, +(CERN)
+MOBLEY, KEY, PERPOST, + &EFI+FNAL+TNTO+WISC)
+DOBRZYNSKI, ESPIGAT, NASCIHENTO, + (CDEF)
EISENSTEIN, SCHULTZ, ASCOL I, IOFFREDO, + ( ILL)
+CONFORTO, HOBLEY, + (THTO+EF I+FNAL+WISC)
+THUAM, HAJOR, RINAUDO, +(NIJH+BONH+OURH+TORI)

+DIBIANCA, F I CKINGER, ANDERSON, + (CASE+CARN)
+HIKENBERG, PI TLUCK, EI SENBERG, RONAT+ (REHO)
+RUDOLPH+ (AACH+BERL+BONN+CERN+HEID)
+RONAT ~ ROSE NF ELD ~ LAS I NSK I + (LBL+SLAC)
THOMPSON, GAI DOS, MCILWAIN, WILLMAHN (PURD)
THOMPSON, BADEWITZ, GA IDOS, HC ILWA IN+ (PURD)

+BEAHER g BROSS g E I SENSTE IN g e ( I LL+ANL+ I SU)
+ JONES, K I HSON, STACE Y, BELL+ (8 I RM+DURH+RHE L )
+CHALOUPKA, HONTANET, GANDOIS+ (CERN+SACL)
UNDERWOOD, CONFORTO, KEY+(EFI+FNAL+THTO+WISC)

JP
JP
JP

JP
JP
JP
JP

JP
JP

+TABAK, CHEW (LBL) JP

+CAUT IS, COHEN, CSORNA, SMITH, YEH, +(COLU+BING)
+CAUT IS,KAL ELKAR (COLU)
+HYAHS, JONES, WEILHAHMER, BLUM, + (CERN+MP IH)
DOWELL, GARVEY, JOBES+ (BIRH+RHEL+TELA+LOWC)
+CORBETT, ALEXANDER, + (BIRM+RHEL+TELA+LOWC)
+TREILLE, RIVET + (ORSAY+CERN+CDEF+LPNP)
eJONES, WEILHAMMER, SLUM, e (CERN+MPIM+ATEN)
+OZMUTLU+BALDI, BOHRINGER, DORSAZe(DURH+GEVA)
+OZMUTLU, BALDI, BOHRINGER, DORSAZe(DURH+GEVA)

JP

JP

JP

+HYAHS, PAPADOPOULOU, + ( C E R N+HP I H+AMST )
+HERTZBERGER+(AMST+CERN+CRAC+MPIM+OXF+RHEL)

+HE RT ZB ERGE R+ (AMS T+ C ERN+CRAC+MP IH+OX F+RH EL )
+GUISAN, HARTIN, MUHLEHANN, WE ILL, +(GEVAeLAUS)
EVANGEL I STA+(BAR I+BOHM+CERN+DARE+L I VP+MI LA)

JP

+GESSAROLI, + BGNA+FIRZ+GENO+MILA+OXF+PAV
+PLANO, BRUCKNER, KOLLER, , + (RUTG, STEV, SETO)
+KRAMER, FOLEY, LOVE, LINDENBAUM, + (BNL+CUMY)

+BLOCKZI JL, HE IHEN, + (AMST+CERN+HI JH+OXF)
eASRAHSOM, ANDREWS, BUSNELLO, e (ROCH+CORN)
+AYRES, COHEN, DIEBOLD, KRAMER, WICKLUND (ANL)I J
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Mes ons
A (1320), E(1420)

BEHREND 82 PL 114 B 378
CIHANGIR 82 PL '117 B 123
CLELAND 82 NP B 208 228
EDWARDS 82 PL 110 B 82

BEHREND 83 PL 125 B 518
FRAZER 83 AACHEN CONF.
JENNI 83 PR D 27 1031

+D-AGOST INI+(DESY+KARL+MP IM+LALO+LPNP+SACL )
+BERG, BIEL, CHANDLEE, FERBEL+(FNAL+MINN+ROCH)
+DELFOSSE, DORSAZ, GLOOR(DURH+GEVA+LAUS+PITT)
+PARTRIDGE, PECK, + (C IT+HARV+PR IN+STAN+SLAC)

+D-AGOSTINI+(DESY+KARL+MP IM+LALO+LPNP+SACL)
RAPPORTEUR TALK (UCSD)
+BURKEiTELNOV ~ ABRAMSsBLOCKER+ (SLAC+LBL&

E(1420) 6 EC 1420, JP6~1++) 1~0

*0%0***044*4*******44%4*004*40*0* 4*k44k44* 4*44**4***44*4*000 4*04*040
4404*0 40***0440 00004***0 000*0044* 44444**44 4**4004****4*44*4*4044****

310
170
280
36

W

W

W

W

W

W

W 221
W

W

W AVG

60.0
45.
60 '
50.
50.

(45.0)
53 ~

62.0
40.0

(58 ' 0)

51.7

20.0
20 ~

20 ~

10 ~

12 ~

(30.0&
20 ' 0
14.0
15 ~ 0
(9-0)

5 ' 2 AVERAGE

DAHL
FRENCH
LORSTAD
DEFOIX
DUBOC
CORDEN
NACASCH
BROMBERG
DIONISI
PALANO

6 E&1420) lJIDTH CNEV)

67 HBC
67 HBC
69 HBC
72 HBC
72 HBC
78 OMEG
78 HBC
80 SPEC
80 HBC
83 OMEG

1.6-4 ~ 2 PI- P
3-4 PBAR P.7PB P, 4, 5-BODY

0 ' 7 PBAR P, 7 Pl
1.2 PBAR P, 2K4P I
12-15PI-P, K+K-P I
.7, .76 PBAR P

100 PI-P, 2KP IX
4. PI-P, K K PI N

85 PP PI+P, 2KPI X

10/66
6/67
9/69
1/73

12/72
4/78
4/78
1/82

12/79
12/83*

NOTE ON THE E(1420) AND a(1440)

We are tentatively splitting the data on the

E(1420)/a(1440) into two entries according to the pro-

posed J assignments.
The JPC = 1++ state (DIONISI 80), E(1420),

appears to have a dominant decay mode into the
K (892)K system.

The state with JP = 0 + is named i(1440). Under
this entry ere group the results obtained in the early pp
annihilation experiment at rest (BAILLON 67) and in

the radiative decays of the J/g resonance (SCHARRE
80,81, EDWARDS 82). The ~(1440) is largely coupled to
the 8(980)~ decay channel, although the lack of a signal

in the rim~ system (EDWARDS 83) is a source of con-
cern.

Note that the experimental situation in this mass

P1
P2
P3
P4
P5
P6
P7

E& 1420& INTO
E& 1420& INTO
E( 1420 & INTO
E& 1420) INTO
E( 1420) INTO
E(1420) INTO
E(1420) INTO

6 E&1420) PARTIAL DECAY NODES

K K*(892&
K KBAR PI
Pl PI RHO
DELTA(980) Pl
ETA PI PI
4 PI
GAMMA GAMMA

DECAY MASSES
498+ 892
498+ 498+ 140
140+ 140+ 769
983+ 140
549+ 140+ 140
140+ 140+ 140+ 140

0+ 0

6 E&1420) BRANCHINS RATIOS

R1 EC1420) INTO CKBAR K~&892) + C.C. )/&K KBAR PI) (P1)/CP2)
R1 0.76 0.06 BROMBERG 80 SPEC 100 PI P I 2KP I X 1/82
R1 0 ~ 86 0 ~ 12 DIONISI 80 HBC 4. PI-P, K K PI N 12/79
R1 AVERAGE MEANINGLESS

R2 E&1420) INTO (PI PI RHO) / &K KBAR Pl) (P3)/CP2)
R2 (2.0) OR 1ESS DAHL 67 HBC 0 1.6-4. 2 PI- P 10/66
R2 (0.3) OR LESS CL=.95 CORDEN 78 OMEG 12-15PI-P 4/78

R3 E&1420) INTO &ETA 2 PI)/(K KBAR PI) CP5)/CP2)
R3 (1.5) OR LESS CL=.95 FOSTER 68 HBC — 0 0 PBAR P
R3 1 ~ 5 0.8 DEFOIX 72 HBC 0.7 PBAR P
R3 (0 ' 5) OR LESS CL= ~ 95 CORDEN 78 OMEG 12-15PI-P

9/69
1/73
4/78

R4 E&1420) INTO CDELTAC980) PI)/CETA PI PI) CP4)/(P5)
R4 0.4 0.2 DEFOIX 72 HBC 0.7 PBAR P, 7 PI 1/73
R4 NOT SEEN IN EITHER MODE CORDEN 78 OMEG 12-15PI-P 4/78

RS E(1420) INTO &4PI)/(KBAR K~&892) +C.C. ) (P6)/(P1)
R5 (090)OR LESS CL~95 DIONISI 80 HBC 4. PI-PK K PI N 12/79

6 E C 1420) PARTIAL llIDTHS CKEV)

W? E(1420) INTO (SANNA SANNA)~(P2) &67)*CP2)
W7 A 8 ~ 0 OR LESS CL=0. 95 JENNI 83 SMK2 GAM GAM, KKBAR PI 1/84*
W7 A THIS IS THE PARTIAL WIDTH TIMES THE E(1420& BRANCHING FRACTION
W7 A INTO K KBAR PI . SEE ALSO IOTA(1440) .

region is still confused and that forthcoming results may
drastically change present views on the subject (HITLIN
83).

R6
R6
R6
R6
R6

E C 1420) INTO (P2) / C P 1+P4)
(K KBAR PI)/(DELTA Pl + KBAR K*&892& +C. C)

C 0 ' 65 0.27 D ION IS I 80 HBC 4. PI-P
C CALCULATED USING,
C (DELTA(980& INTO K KB)/(DELTA(980) INTO ETA PI&~0. 24+-0. 07

440*** 40400*0*4 *0*044*4*404**044k 4*44**%04 44*4**4**4*4444004 00***000

2/81

6 E&$420) NABS CNEV)
REFERENCES FOR E(1420)

M

M

M

M

M

M

M

M A
M

M T
M

M

M AVG

1420.
1423 ~ 0

310 1420.
170 1398.
280 1406.
36(1397' 0)

1417.5
1440.0

221 1426.0
(1431.0)
(1432.0)

1418.4

20.
10.0
7 ~

10.
7.

(10.0)
4 ~

10 ~ 0
6.0

APPROX
(3 ' 0)

3.5
(SEE

1 ' 6-4. 2 PI- P
3-4 PBAR'P

.7PB P, 4, 5-BODY
0.7 PBAR P, ? Pl
1 ~ 2 PBAR P, 2K4P I
12-15PI-P, K+K-PI.7, .76 PBAR P
100 P I P g 2KP I X
4. PI-P, K K Pl N

DAHL 67 HBC
FRENCH 67 HBC
LORSTAD 69 HBC
DE FOI X 72 HB C

DUBOC 72 HBC
CORDEN 78 OMEG
NACASCH 78 HBC
BROMBERG 80 SPEC
D IGNI S I 80 HBC
TORNQVIST 82 RVUE
PALANO 83 OMEG 85 PP PI+P, 2KPIX

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
IDEOGRAM BELOW&

9/66
6/67
9/69
1/73

12/72
4/78
4/78
1/82

12/79
9/83*

12/83*

BARASH 67 PR 156 1399
DAHL 67 PR 163 1377

ALSO 65 PRL 14 1074
FRENCH 67 NC 52A 438

BARASH, K IRSCH, MILLER, TAN (COLUMBIA)
+HARDY+HESS+KIRZ+MILLER (LRL) I JP
MILLER, CHUNG, DAHL, HESS, HARDY, KIRZ+(LRL+UCB)
+K I NSON+MC DONALD+ R I DD I FORD+ ( C ER N+B I RM)

FOSTER 68 NP B 8 174 +GAVILLET, LABROSSE, MONTANET, + (CERN+CDEF)

BETTINI 69 NC 62 A 1038
LORSTAD 69 NP B 14 63

+CREST I, L IMENTANI, BERTANZA, BI GI+ (PADO+PI SA) I C
B ~ LORSTAD, D-ANDLAU, ASTIER, + (CDEF+CERN) JP

CHAPMAN 72 NP B 42 1
DE FOI X 72 NP B 44 125
DUBOC 72 NP B 46 429

+CHURCH, LYS, MURPHY, RING, VANDER VELDE (MICH)
+NASC IMENTO, BIZZARRI, + &CDEF+CERN)
+GOLDBERG, MAKOWSKI, DONALD, + (LPNP+LIVP)

DEVONS 71 PRL 27 1614 +KOZLOWSK I, HORWITZ, + (COLU+SYRA)

MASS ERROR INCREASED TO ACCOUNT FOR DELTA(980& MASS CUT UNCERTAINTIES
FROM A UNITARIZED QUARK MODEL CALCULATION

VUILLEMI ?5 LNC 14 165 VUILLEMIN, + &l AUS+NEUC+LPNP+LIVP+GLAS) JP

WE I GHTED AVERAGE = 1418.4 1 3.5
ERROR SCALED BY 1. 4

HANDLER 76 NP B 110 173
VU I L L EMI 76 NC 33A 133

GRASSLER 77 NP B 121 189
CORDEN 78 NP B 144 253
IRVING 78 NP B 139 327
NACASCH 78 NP B 135 203

+PLANO, BRUCKER, KOLLER+ (RUTG+STEV+SETO)
+VUILLEMIN, + (LAUS+NEUC+LPNP+LIVP+GLAS)

+(AACHEN+BERL IN+BONN+CERN+CRACOW+HE ID+WARS)
+CORBETT, ALEXANDER, + (B IRM+RHEL+TELA+LOWC)
A ~ C. IRVING, H. R. SEPANGI (L IVP)
+DEFOIX, DOBRZYNSKI, + (PARIS+MADRID+CERN)

1360 1400 1440
E(1420) MASS (lv!EV)

IONISI
ROMBERG
ACASCH
UBOC

EFOI X

ORSTAD
RENCH
AHL

1460

80 HBC

80 SPEC
78 HBC
72 HBC
72 HBC
69 HBC
67 HBC
67 HBC

CH I SQ
1

4. 7

0. 0

4. 2

0. 2
0. 0

13.9
(CONLEV
=0. 053)

BAILLON
EDWARDS
HITL IN
JENNI
MENNESSI
PALANO

83 CERN/EP 83-82
83 PR L 51 859
83 CORNELL CONF. 746
83 PR D 27 1031
83 ZPHY C 16 241
83 CERN/EP 83-107

P. BAILLON (CERN)
+PARTRIDGE, PECK+ & C I T+HARV+PR IN+STAN+SLAC )
DAVID HITL IN, RAPPORTEUR ' S TALK (CIT)
+BURKE, TELNOV, ALAN, BOYARSKI+ (SLAC+LBL)
G ~ MENNESSIER (MONP)
+ARMSTRONG, APOSTOLAKIS(ATEN+BARI+BIRM+CERN)

*0*00**0*00**44*440*440* 4**+0*4*4444**0***440*******4*440000 *0**4040
*oem*a *******asa*a+*a*a* eaea**cay aaaaa*+*a e*eeaaaa* aaeaaa**a o*a*aeee

STANTON 79 PRL 42 346 +BROCKMAN, DANKOWYCH, + (OSU+CARL+MCGI+TNTO) JP

BROMBERG 80 PR D 22 1513 +HAGGERTY, ABRAMS, DZIERBA(CIT+FNAL+ILLC+IND)
ALSO 82 PRIVATE COMM. C. BROMBERG (MSU)

DIONISI 80 NP B 169 1 +GAVILLET, ARMENTEROS+ (CERN+MADR+CDEF+STOH) I, JP
LACAZE 81 NP B 186 247 +NAVELET (SACL)

BAILLON 82 PARIS CONFERENCE P. BAILLON (CERN)
GAVILLET 82 ZPHY C 16 119 +ARMENTEROS, AGUILAR+ (CERN+CDEF+PADO+ROMA)
EDWARDS 82 PRL 49 259 +PARTRIDGE, PECK+ (C I T+HARV+PR IN+STAN+SLAC )

ALSO 83 PRL 50 219 EDWARDS+PARTRIDGE+(C I T+HARV+PR IN+STAN+SLAC )
TORNQV IS 82 NP B 203 268 TORNQVIST (HELS)
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Particle Data Group: Review of particle properties

Mesons
4(1440), f (1525)

Data Card Listings

g( I 44Q) 22 IRTRIIRRR, JPR=R-+& I-O

CALLED E BY BAIL LON 67
AND IOTA BY SCHARRE 80 ~

SEE MINI REVIEW UNDER E(1420)

C MITH A PHASE SHIFT ANALYSIS
C MASS ERRORS ENLARGED BY US BY FACTOR 1.5.
N FROM AN AHPLITUDE ANAlYSIS MHERE THE F PRIME WIDTH AMD

N ELASTICITY ARE IN COMPLETE DISAGREEMENT WITH VALUES
N OBTAINED FROH KKBAR CHANNEL HAKING THE SOLUTION DUBIOUS.
D CHABAUD 81 IS A RE-ANALYSIS OF PAWLICKI 77 DATA.

27 IOTA(1440) tIASS CNEV) 13 F PRIME 'NIQTH CNEV)

7 ~

10.0
20.0
10 '

1425.
1440.0

174 1440.0
1460.

M

M 15 ~ 0
M 15 ~ 0
H

H

H AVG AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 7)

27 IOTA(1440) itII)TH CIIEV)

BAILLON 67 HBC 0. PBAR P 11/66
SCHARRE 80 SMK2 E+E-, J/PSI, E 'GAM 6/81
EDMARDS 82 CBAL J/PS I, ETA GAH 12/83*
EINSMEILE 83 SHK3 E+E-, HADRONS GAH 12/83*

M PRODUCED BY PION
W N (165 ~ 0)
M (150 ' 0)
M

W C 66.0
M H 92.0
W D 69.0
W 137.0
W AVG 83.7

BEAM
(42 ' 0)
(83.0)

15 ~ 0
39.0
22 '
23.
16.0

22. 0
16 ~

21.

PAWL ICKI 77 SPEC 6.PI N, K+K-
POLYCHRON 79 STRC 7. PI-P, KS KS N

CHABAUD 81 ASPK 6 PI-P
CHABAUD 81 ASPK 18.4 PI-P

12/77
12/79
12/83*
12/83*

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 6)

CORDEN 79 OHEG 12-15PI-P, N 2PI 12/79
(50.0) GORLICH 80 ASPK 17 PI- P, POLARIZ 12/79

M

W

W

M

W

W AVG

P1
P2
P3
P4
P5
P6
P7

80.
50.0

174 55.0
97 ~

75.9

IOTA(1440)
IOTA ( 1440)
IOTA ( 1440)
IOTA(1440)
IOTA(1440)
IOTA ( 1440)
IOTA(1440)

10.
30.0
20.0
25.

8 ~ 2

20 ~ 0
30.0

AVERAGE

BA IL LON 67 HBC
SCHARRE 80 SMK2
EDWARDS 82 CBAL
E INSWE ILE 83 SHK3

INTO K K*(892)
INTO K KBAR Pl
INTO PI PI RHO
INTO DE LTA P I
INTO ETA PI PI
I NTO 4 P I
INTO GAMMA GAMMA

27 IOTA(1440) DECAY NODES

0. PBAR P 11/66
E+E-, J/PSI, E GAH 6/81
J/PS I, ETA GAH 12/83*
E+E-, HADRONS GAH 12/83*

DECAY MASSES
498+ 892
498+ 498+ 140
140+ 140+ 769
983+ 140
549+ 140+ 140
140+ 140+ 140+ 140

0+ 0

PRODUCED BY K+-
(35 ' 0)

46 (28 ' )
47 (40 ' )

BEAM
(25 ~ 0)
(15 ~ )
&10. &

AHHAR
COLLEY
VIDEAU

67 HBC
72 HBC
72 HBC

5 ' 5 K-P, K KBAR 9/67
10.K+ P, K+ K- 12/72
4.K- P, K KBAR 12/72

100
120
123
166
650
572

69.
61.0
6?.0
72 ~ 0
85.0
80.0
83 ' 0

22 '
8.

19.
25 ~

16 ~

14.
15 ~

14.0

11 ~ 0

AGUI LAR
BRANDENBU
BARR E IRO
EVANGELIS
AGUI LAR
ALHARRAN
ARMSTRONG

72 HBC
76 ASPK
77 HBC
77 OHEG
81 HBC
81 HBC
83 OMEG

3.9,4.6 K-P, K KB
13.K-P, K+K-
4. 15 K-P, KS KS
10 K- P
4. 2 K-P, LAH 2K
8.25 K-P, LAH 2K
18 ' 5 K-P, K-K+LAM

12/72
7/77
7/77

12/77
1/82
1/82

12/83*

70.3 5. 1 AVERAGE

C WITH A PHASE SHIFT ANALYSIS
C WIDTH ERRORS ENLARGED BY US BY FACTOR 1.5.
H FROM A FET TO THE D WAVE MITH F-F PRIME INTERFERENCE. HASS FIXED
H AT 1516 MEV.
N SEE NOTE N UNDER MASS.
D CHABAUD 81 IS A RE-ANALYSIS OF PAWL ICKI ?7 DATA.

27 IOTA(1440) SRANCHXN6 RATIOS

R1 IOTA(1440) INTO (KBAR Ka(892) + C.C. )/(K KSAR PI)(P1)/CP2)
R1 .50 .10 BAILLON 67 HBC 0 ~ 0 PBAR P 12/78

27 IOTA C 1440) PARTIAL QIOTHS Ct(EV)

it7 IOTAC1440) INTO (6ANNA 6ANNA)«(P2) {67)«CP2)
M7 A 8.0 OR LESS CL=0. 95 JENNI 83 SHK2 GAM GAH, KKBAR PI 1/84*
M7 A THIS IS THE PARTIAL WIDTH TIMES THE IOTA(1440) BRANCHING FRACTION
W7 A INTO K KBAR PI. SEE ALSO E(1420&. P1

P2
P3
P4
P5
P6
P7
P8

F PRIME
F PR IHE
F PRIME
F PR IHE
F PR IHE
F PRIME
F PRIME
F PR IME

13 F PRINE PARTIAL DECAY NODES

INTO PI PI
INTO K KBAR
INTO K K*(892&
INTO ETA ETA
INTO PI Pl ETA
INTO PI K KBAR
INTO PI+ PI+ PI — P I-
INTO GAHMA GAMMA

DECAY MASSES
140+ 140
498+ 498
494+ 892
549+ 549
140+ 140+ 549
140+ 498+ 498
140+ 140+ 140+ 140

0+ 0

R3 IOTA{1440) INTO CETA 2 PI)/CK KBAR PI) CP5)/CP2)
R3 (1.1) OR LESS CL=. 90 SCHARRE 80 SHK2 E+E-, J/PSI, E GAH 2/81
R3 (0.5) OR LESS CL=.90 EDWARDS 83 CBAL J/PSI, HADR GAH 12/83«

R6 IOTA(1440) INTO (P2) /(P1+P4)
R6 &K KBAR PI )/(DELTA PI + KBAR K*(892) + C. C&
R6 (0.25) OR LESS CL=.90 EDMARDS 82 CBAL J/PSIPETA GAM 12/83*
«*«*«a *a**«******«**«a«*«««**a*«* ***«««««a *«*«a«*aa aaa««««*a ««*««a«*

REFERENCES FOR IOTA(1440)

13 F PRIME PARTIAL QIOTHS

M8 F PRIME INTO 6ANNA 6ANNA (KEV) C68)
M8 8 D 0 ' 77 0.06 ALTHOFF 82 TASS GAM GAH, 2K

W8 8 USING BRANCHING RATIO F PRIME INTO K KBAR = 1.
M8 D SYSTEMATIC ERROR ADDED LINEARLY BY US

12/78

12/78
9/83*

12/78

CHANOMIT 81 PRL 46 981
LIPKIN 81 PL 106 8 114
SCHARRE 81 BONN CONF' 163

ALSO 81 SANTA CRUZ CONF.
ALSO 80 MORIOND I I 83

82 ZPHY C 16 13
82 PARIS CONFERENCE
82 PL 116 8 365
82 NP 8 198 360
82 PL 112 8 409
82 PRL 49 259
83 PR L 50 219
82 PL 113 8 69
82 PL 116 8 198

ALTHOFF
BAIL LON
BARNES
BARNES
DONOGHUE
EDMARDS

ALSO
HI NAMI
TANEHOTO

CHAMOMITZ (LBL)
L IPK IN (FNAL)
D. L. SCHARRE &Sl AC)
COYNE, EDWARDS, + &PRIN+CIT+HARV+STAN+SLAC)
ASCHHAN, PARTRIDGE+(PRIN+C I T+HARV+STAN+SLAC)

+BOERNER, BURKHARDT+ (TASSO COLLABORATION)
P ~ BAILLON (CERN)
T.BARMES AND F.E. CLOSE (RHEL)
+CLOSE, MONAGHAN (RHEL+OXF)J.F.DONOGHUE AND H. GOMM (MASA)
+PART R I DG E, PECK+ ( C IT+ HARV+PR I N+STAN+SLAC )
EDWARSD+PARTR IDGE+(C IT+HARV+PR IN+STAM+SLAC )
S.HI NAME (OSKC)
M. TANIHOTO (BIEL)

BAIL LON 83 CERN/EP 83-82 P. BAILLON (CERN)
EDWARDS 83 PRl. 51 859 +PARTRIDGE, PECK+ & C IT+HARV+PR IN+STAN+SLAG)
EINSME IL 83 BRIGHTON CONF. K. F. EINSWEILER+MARKI I I COLLABORATION (SLAG)
JENNI 83 PR D 27 1031 +BURKE, TELNOV, ABRAHS, BLOCKER+ (SLAC+LBL)

BAILLON 67 NC 50A 393 +EDWARDS+D-ANDLAU+ASTI ER+ (CERN+CDEF+IRAD)

SCHARRE 80 PL 97 8 329 +TRILLING, ABRAHS, ALAM, BLOCKER+ (SLAC+LBL)
13 F PRIME BRANCHEN6 RATIOS

R1 F PRINE INTO CPE PI)/TOTAL
R1 C (0 ~ 0086) OR LE SS BEUSCH
R1 (0.063)OR LESS CL=O. 90 BRANDENBU
R1 (0.045)OR LESS CL=O. 95 BARREIRO
R1 C 0.012 0.004 PAWL ICKI
R1 N (0 ' 19) (0 ' 03) CORDEN
R1 C D 0 ' 0075 0.0025 HART IN
R1 0.007 0.002 COSTA
R1 C (0.027) (0.071 & (0.013)GORL I CH
R1 (0.06) OR LESS CL=. 95 AGUILAR
R1
R1 AVERAGE HEANINGLESS

75 OSPK
76 ASPK
77 HBC
77 SP EC
79 OMEG
79 RVUE
80 OMEG
80 ASPK
81 HBC

(P1)
8.9 PI-P, KO KO N

13 ' K-P, K+K-
4. 15 K-P, KS KS
6 ' PI N, K+K-
12-15PI-P, N 2P I

10 PI-P, K+ K- N

17, 18 PI-P POLAR
4 ' 2 K-P, LAH ZK

12/77
7/77
7/77

12/77
12/79
12/79

1/82
12/79

1/82

R1 C

R1
R1 D
R1
R1 N

R3
R3

F PRIME INTO CETA ETA)/(K KBAR)
(0 ' 50) OR LESS BARNES

(P4)/(PZ)
67 HBC 4.6, 5.0 K- P 10/67

ASSUMING THAT THE F PRIME IS PRODUCED BY AN OPE
PRODUCTION HE CHAN ISM.
HARTIN 79 USES THE PAWLECKI 77 DATA WITH DIFFERENT INPUT
VALUE OF THE F ENTO K KBAR BRANCHIMG RATIO.
SEE NOTE N UNDER MASS.

««**«a *««*«*«*a **«*a«**«*«***a***aa«a«a*a« «****««a******«««aa«a*«*aa
*«a««a «««««««a* **«a«**a« *«a«a*«*a «a**«a«a« «a«a«a«a* a«a«a«a«a «**«a«**

r

f ( ~525) 15 P PRIRRI1525, JPR 2++& I 0

13 F PRIME MASS CNEV)

R4
R4
R4

R5
R5
R5

Rb
R6

F PRINE ENTO (PI Pl ETA)/{I( t(BAR)
(0.3) OR LESS CL=.6? AHMAR
(0 ~ 41) OR LESS CL=.95 AGUILAR

(P5)/CPZ)
67 HBC
72 HBC 3 ' 9,4.6 K- P

F PRIME INTO (PI K KBAR + I( t(a(892))/(K KSAR) (P6+P3)/(P2)
(0 ' 4) OR LESS CL= ~ 67 AMHAR 67 HBC
(0 ' 35) OR LESS CL= ~ 95 AGUILAR 72 HBC 3.9,4.6 K- P

F PRIME INTO (PI+ PI+ PI- PI-)/(K KBAR) (P?)/(P2)(0.32) OR LESS CL=.95 AGUILAR 72 HBC 3.9,4.6 K- P

10/67
12/72

10/67
12/72

12/72
H PRODUCED BY PION
H N (1502.0)
M

M C 1506 ~ 0
H 1492 ~ 0
M D 1496 0
M 1497 ~ 0

M AVG 1500.0

BEAN
(25.0&

7 ' 5
29.0
9.
8.
4.6

8.
9.

AVERAGE

CORDEN

PAWL ICKI
GORL ICH
CHABAUD
CHABAUD

?9 OHEG 12-'15PE-P, N 2PI 12/79

77 SP EC 6.PI N, K+K- 12/77
80 ASPK 17 PI- P, POLAR IZ 12/79
81 ASPK 6 P I-P 12/83*
81 ASPK 18.4 PI-P 12/83*

BARNES 65 PRL 15 322

CRENNELL 66 PRL 16 1025

REFERENCES FOR F PR INE

+CULMI CK, GU I DON I, KALB F LE I SC H, GOZ+ (8NL+SYRA)

+ KALBFLEISCH, LAI, SCARR, SCHUHANN + (BNL)I

*««««a aa«a«a«a* «aaa««aaa aa«a*a«aa *a«a«a««a «aa«aaaa« a«a«a*«aa a*«a*a«a

100 1519.
120 1527 ' 0
123 1522.0
166 1528.
650 1521 ~ 0
572 152'l .0

1529.0

1524.9

H PRODUCED BY K+-
M (1515~ 0)
H 46(1514.)
M 47(1521.)
M

H

M

M

M

H

M

H

H

H AVG

BEAM
(7 ' 0&
(4. )
&7. )

7.
3 ~ 0
6.0
7.
6.0
3.0
3.0

1.5

AMMAR
COLLEY
VID EAU

AGUE LAR
BRANDENBU
BARRE IRO
EVANGEL IS
AGUILAR
ALHARRAN
ARHSTRONG

AVERAGE

67 HBC
72 HBC
72 HBC

72 HBC
76 ASPK
77 HBC
77 OHEG
81 HBC
81 HBC
83 OHEG

5.5 K-P, K KBAR
10.K+ P, K+ K-
4.K- P, K KBAR

3.9,4.6 K-, K KB
13 ' K-P, K+K-
4. 15 K-P, KS KS
10 K- P
4. 2 K-P, LAH 2K
8.25 K-P, LAH 2K
18 ' 5 K-P, K-K+LAM

9/67
12/72
12/72

12/72
7/77
7/77

12/77
1/82
1/82

12/83*

ABRAHS
AHMAR
BARNES

67 PRL 18 620
67 PRL 19 1071
6? PR L 19 964

Al I TTI 68 PR L 21 1705

LORSTAD
SCOTTER

AGUELAR
COLLEY
VI DEAU

69 NP 8 14 63
69 NC 62 A 1057

7Z PR D 6 29
72 NP 8 50 1
72 PL 41 8 213

BEUSCH 75 PL 60 8 101

BRAMDENB 76 NP 8 104 413

+BIRMAN, WEBSDALE, WETZEL (CERN+ETH)

BRANDENBURG, CARNEGIE, CASHHORE, DAVIER+(SLAG)

+KEHOE, GLASSER, SECHE-ZORN, MOLSKY (MARYLAND&
+DAVIS, HWANG, DAGAN, DERRICK + (NMES+ANL& JP
+DORNAN, GOLDBERG, LEITNER + &BNL+SYRACUSE)ICJP

+BARNES, CRENNELL, FLAHINIO, GOLDBERG, + (BNL)

B.LORSTAD, D-ANDLAU, ASTIER, + (CDEF+CERM)
+ERSKINE, PALER, + (BIRM+GLAS+LOIC+MPIM+OXF)

AGUILAR-BENI TEZ, CHUMG, EISNER, SAHIOS (BNL)
+JOBES,RIDDIFORD, GRIFFITHS, + (BIRH+GLAS)
+VIDEAU, ROUGE, BARRE LET, DEBR ION, +(EPOL+SACL &
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For notation, see key at front of Listings. MeSOnS
f (1525), D(1530), p(1600) [p ]

BARREIRO 77 NP B 121 237
EVANGELI 77 NP B 127 384
LAVEN 77 NP B 127 43
PAMLICKI 77 PR D 15 3196

BECKER 79 NP B 151 46
CORDEN 79 NP B 157 250
MARTIN 79 NP B 158 520
POLYCHRO 79 PR D 19 1317

-COSTA 80 NP B 175 402
GORLICH 80 NP B 174 16

AGUILAR 81 ZPHY C 8' 313
ALHARRAN 81 NP B 191 26
CHABAUD 81 APP B 12 575

ALTHOFF 82 PL 121 B 216
ARMSTRON 82 PL 110 B 77
ETKIN 82 PR D 25 1786
LUKE 82 DESY 82 73

ARMSTRON 83 NP B 224 193
GRAY 83 PR D 27 307
JENNI 83 PR D 27 1031

+DIAZ, GAY, HEMINGWAY, + (CERN+AMST+NI JM+OXF)
EVANGELI STA, + (BAR I+BONN+CERN+DARE+GLAS+)
+OTTER, KLE IN, + (AACH+BERL+CERN+LOI C+MI EN)
+AYRES, COHEN, DIEBOLD, KRAMER, MICKLUND (ANL) I JP

+BLANAR, BLUM, CERRADA+ (MPIM+CERN+ZEEM+CRAC)
+DOWE1 L, GARVEY, JOBES, + (BIRM+RHEL+TELA+LOWC ) JP
+OZMUTLU (DURH)
POI YCHRONAKOS, CASON, BISHOP+ (NDAM+ANL)

+ (BAR I+BONN+CERN+GL AS+ L I VP+MI LA+MI EN)
+NI CZYPORUK, ROZANSKA+ (CRAC+MP IM+CERN+ZEEM)

+ALBAJAR, ARMENTEROS, + (CERN+CDEF+MADR+STOH)
+BAUB ILL I ER, + (8 IRM+ CE RN+GLAS+MI CH+LPNP )
+NICZYPORUK, BECKER+ (CERN+CRAC+MP IM)

+BRANDELIK, BOERNER+ (TASSO COLLABORATION)
+BAUB I L L I ER+ ( BAR I+BI RM+ CERN+M I LA+LP NP+PA V I )
+F01.EY, LA I, LINDENBAUM+ (BNL+CUNY+TUFT+VAND)
D. LUKE (DESY)

ARMSTRONG+ (BAR I+BIRM+CERN+MILA+LPNP+PAVI )
+KALOGEROPOULOS, NANDY, ROY, ZENONE (SYRA)
+BURKE, TELNOV, ABRAMS, BLOCKER+ (SLAC+LBL)

kk*kkk kkkkkkkkk kk***kkkk k*k*kkk** ***kkkk*k kkkkkkkkk kkkkkkkkk *kkkkkk*
kkk*kk **kkkkkk* kkkkkkk*k kkkkkkkkk kkkk*k*kk kkkkkkkkk *k*kkkkk* k*k***kk

D(1530) 84 D(1530,JP6~1++) I~0

NEEDS CONF IRMATION. OMITTED FROM TABLE.
NAMED D PRIME BY GAVILLET 82

84 D(1530) MASS (MEV)

271 1526 ~ 0 6.0 GAVILLET 82 HBC 0 4. 2 K-P, LAM KKPI 9/83k

84 D(1530) WIDTH (NEV)

271 107 ~ 0 15.0 GAVILLET 82 HBC 0 4.2 K-P, LAM KKPI 9/83*

P1

84 D(1530) PARTIAL DECAY MODES

D(1530) INTO K K*(892)
DECAY MASSES

494+ 892

REFERENCES FOR D( 1530)

GAVILLET 82 ZPHY C 16 119 +ARMENTEROS, AGUILAR+ (CERN+CDEF+PADO+ROMA)

BAILLON 83 CERN/EP 83-82 P. BAILLON (CERN)

*kkk*k k**kkkkkk kkk***kkk kkkkkkkkk *kkk**kkk kkkkkkkkk kkkkk*k*k k*k*k*kk
k*k*kk kkkkk**kk k*kkkkkk* *k*kkkk** *kk*kkkk* k*kkkkkk* k*kkkkkkk k***k*kk.

p(1600) 65 Rllo&16DO, JPS 1 —+) 11
I

or p

NOTE ON p, cu, P RADIAL KXCITATIONS

We no longer use primes to distinguish radial excita-
tions: thus the mesons formerly named p'(1250),
p'(1600), and Q'(1680) have now become p(1250),
p(1600), and $(1680), respectively. The not-yet-

established radial excitation of the ar is temporarily
called cv(rad. excit.).

The p(1600) has been seen in the p m. ~ final state
in photoproduction (BINGHAM 72, DAVIER 73,
SCHACHT 74, ALEXANDER 75, LEE 75, ATIYA 79,
RICHARD 79, BARBER 80, ASTON1 81), in e+e
annihilation (BARBARINO 72, CONVERSI 74, COR-
DIER 79, COSME 79, BACCI 80, DELCOURT 81,82,
BUON 82, AUGUSTIN 83), in electroproduction (KIL-
LIAN 80), in muoproduction (SHAMBROOM 82), and
in a ~ d experiment (DIBIANCA 81). If the ~
subsystem were in an S wave, as has often been
assumed, one would also expect to see the p(1600)
decaying into pox x . This has, however, not been seen

(ATKINSON 82). Thus the most likely decay chain is

p(1600) ~ A(1270)~ ~ pm~ ~ 4n. .
For the determination of the p(1600) parameters we

turn to jts relatively rare ~+m and K+K decays,
which do not have the problems of the above decay
chain. The m+~ final state has been produced in ~ p
interactions (HYAMS 73, BECKER 79), in photopro-
duction (ATIYA 79, ASTON1 80), and with weaker evi-

dence in e+e annihilation (reviewed by GENSINI 78,
HEYN 80). The mass and width in these experiments
are consistently 1600 MeV and 300 MeV, respectively.
Note, however, that these parameters are the results of
very simplified analyses which are not adequate for such

a broad resonance. An attempt to determine the

p(1600) pole position in a more model-independent way

(LANG 79) from the HYAMS 73 data yields a mass at
1660 MeV.

The mass determination of BECKER 79 is very well

confirmed in the K+K system by CLELAND 82, and
in K+K and K&KL by BUON 82 in a global fit of all

the vector mesons present in this energy range (see
below). The p(1600) parameters in the Meson Table are
based on these three determinations only.

The elusive p(1250) has been reclaimed in the dif-

fractively photoproduced ~~ system (ASTON 80,
BARBER 80). However, the J determinations are
complicated by the simultaneously present B(1235) reso-
nance. In addition, other dynamical effects obscure the
interpretation of the p(1250) as a resonance.

The radial excitations of the a& and the P have been
looked for in the channels K+K, KsKL, KSK*~*,
cox+x, and x+~ m, in e+e annihilation and in
photoproduction. We list the evidence for a state at
1680 MeV under the name $(1680); ho~ever, the situa-
tion is far from clear. In a global analysis of all the
channels above except x+x ~, BUON 82 conclude
that the data are well described by the tails of the p, cv,

and P, the p(1600), a conspicuous $(1680), and one
co(rad. excit. ) hidden under the p(1600). This view is
confirmed by AUGUSTIN 83 in preliminary K+K
data. The ~+m xo system is not yet reliably analyzed.

In photoproduction, however, no $(1680) resonance
is seen in the co++~ channel, but rather a broad thres-
hold enhancement (ASTON2 80, ATKINSON1 83), and
nothing is seen in KK~ (ATKINSON1 83). In the
K+K channel, the p(1680) has been found (ASTON2
81) with the same parameters as in e e annihilation,
but its interference with the P looks quite difFerent.

A resonance with parameters similar to the $(1680)
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Me sons
p(1600) [p ]

D~t~ Q~r&I Listings

65 RHOC 1600& NASS CNEV&

H PI+ PI- MODE
M H (1590.)
M P 1610~

M P (1575 ~ )
M R 1600.0
M 1598.0
M P (1659~ )
M M 1590.
M K KBAR MODE
M 1600 1582.
M HIXED MODES
M G 1580.
M

H AVG 1595 ~ 7

(20. &

30.
10.0
24.0

(25 ' )
20 '

36 ~

20.

7 ' 3

22.0

AVERAGE

HYAMS
FROGGATT
MARTIN
AT IYA
BECKER
LANG
ASTON 1

73 ASPK
77 RVUE
78 RVUE
79 SPEC
79 ASPK
79 RVUE
80 OMEG

0 17 PI-P, N PI+PI-
0 17 PI-P, PI+PI-N
0 17 PI-P, PI+PI-N

50 GAM C, 2P I
0 17 PI — P POLAR IZ
0

20-70GAM P, 2 P I

1/74
12/77
12/77
12/79
12/79
1/82
9/81

CLELAND 82 SPEC +- 50 PI P, KS K+-P 8/83*

BUON 82 DM1 E+E-, HADRONS 1/84*

M 2(P I+ P I-) MODE
M 400 1430 ~

M M 1550.
M 160 1550.
M 340 1450.
M D 65(1570-)
M C (1500.)
M A (1666.&

H 34 (1780.&

1520 ~

M 0 1654.
M 8 (1540 ~ )

M AVERAGE MEANINGLE

50.
60 '
50.

100 '
(60-&

BING HAM

CONVERSI
SCHACHT
SCHACHT
Aj. EXANDER
AT I YA
BACCI
KILLIAN
ASTON 1
DIBIANCA
PENSO

(39.)

30 ~

25.

SS (SCALE FACTOR = 2 ~ 2)

72 HBC
74 OSPK
74 STRC
74 STRC
75 HBC
79 SPEC
80 FRAG
80 SPEC
81 OMEG
81 DBC
82 RVUE

0 9.3 GAM P, P 4PI
0 E+ E-,2(P I+PI-)
0 5.5-9 G P, P 4PI
0 9-18 G P, P 4PI
0 7.5 GAM P, P 4PI

50 GAM C, 4 P I+-
E+ E- t 2(PI+PI —)

E-P, 2(PI+PI-)
20-70GAM P, 4 PI

0 PI+D, PP2(PI+PI-)
E+ E-, 2(PI+PI-)

12/72
12/75
12/75
12/75
12/75
9/81
9/81
9/81
9/81
1/82
9/81

has been found in the photoproduced ~+m x system

(ATKINSON3, 4 83). Its interpretation is, however,

complicated, as it may contain both the ~(rad. excit. )
and the $(1680). So far we list this evidence under the

$(1680).

65 RHO(1600) PARTIAL WIDTHS (KEV)

Qs RHO(1600) INTO E+ E- (68)

65 RHOC1600& BRANCHIN6 RATIOS

R1
R1 S
R1
R1
R1 S

RHOf 1600) INTO (RHO PI+
(0.80)

500 0.7 0. 1
(1.0) APPROX.

THE PI PI SYSTEH IS IN

PI-)/(4 PI, ALL CHAR6ED& CP1&/CP2)
BINGHAM 72 HBC 9.3 GAM P, P 4PI
SCHACHT 74 STRC 5.5-18 G P, P 4PI
DELCOUR2 81 DH1 E+E-,2(PI+PI-)

S MAVE

1/73
12/75

1/82
1/73

R3
R3
R3
R3

RHO{1600) INTO CPIw PI-)/C4 PI, ALL CHAR6ED& (P4&/CP2&
(0.2) OR LESS 2 SIGMA BINGHAM 72 HBC 9.3 GAM P, P 2PI
(0.14) OR LESS ESTIHATE DAVIER 73 STRC 6-18 G P, P 4PI
0.13 0.05 ASTON 1 80 OMEG 20 70 GAM P I 2P I

1/73
1/74
9/81

R4 RHOC1600& INTO CKBAR K&/C4 PI, ALL CHAR6ED& CP5&/CP2&
R4 (0.04) OR LESS CL=0. 95 BINGHAM 72 HBC 0 9.3 GAM P
R4 D 0.015 0.010 DELCOUR2 81 DM1 E+E-,KBAR K
R4 D ASSUMING RHO(1600) AND OMEGA RAD. EXIT. TO BE DEGENERATE IN HASS.

1/73
1/82

R5 RHO&1&OO) INTO CPI+PI-&/TOTAL
R5 E (0 ~ 15& OR LESS
R5 H (0.25) (0.05)
R5 0.20 0.05
R5 C (0.20) OR LESS
R5 P (0.30) (0 F 05)
R5 P (0.15)TO 0 ~ 30
R5 0.287 0.043 0.042

R5 AVERAGE MEANINGLESS (SCALE FACTOR

E ISENBERG
HYAMS
MONTANET
COSTA 2
FROGGATT
MART IN
BECKER

1.3&

CP4)
73 HBC 5 PI+ P, DEL++2PI
73 ASPK 17 PI P~N PI+PI
73 HBC PBAR P AT REST
77 RVUE E+E-, 2 PI + 4 PI
77 RVUE 17 PI-P, PI+PI-N
78 RVUE 17 PI-P, PI+PI-N
79 ASPK 17 PI- P POLARIZ

1/74
1/74

12/77
12/77
12/77
12/77
12/79

R5 C ESTIMATE USING UNITAR ITYt TIHE REVERSAL INVARI ANCE

FIBRE

IT WIGNER
R5 E ESTIMATED USING OPE HODEL.
R5 H INCLUDED IN BECKER 79 ANALYSIS
R5 P FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA

R6 RHO(1600) INTO CRHOO PIO PIO)/(RHO+- PI-+ PIO) (P7)/(P9)
R6 (0 ~ 15) OR LESS ATKINSON 82 OMEG 0 20-70GAM P, 4PI P 1/82

M& 0 (7-5) (1.5) DELCOUR2 81 DM1 E+ E-, 2(PI+PI-) 9/81

W& D MODEL DEPENDENT, NOT INDEPENDENT OF DELCOUR2 81 WIDTH TIMES E+E-
M8 D BRANCHING RATIO BELOM

M A

M 8
M 8
M C

M D

M H

H

M 0
M P
H R
M R

M G

M G

SIHPLE RELATIV. BREIT-WIGNER FIT WITH HODEL DEPENDENT WIDTH
ASSUMING RHO+EPSILON(1300) DECAY MODE INTERFERES WITH
A ( 1270)+P I BACKGROUND
PARAMETERS ROUGHLY ESTIHATED, NOT FROM A FIT
SKEW MASS DISTRIBUTION COMPENSATED BY ROSS-STODOLSKY FACTOR
INCLUDED IN BECKER 79 ANALYSIS
SIMPLE RELATIV. BREIT WIGNER FIT WITH CONSTANT WIDTH
ONE PEAK FIT RESULT.
FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA
AN ADDITIONAL 40 MEV UNCERTAINTY IN BOTH THE MASS AND WIDTH
IS PRESENT OUE TO THE CHOICE OF THE BACKGROUND SHAPE.
FROM GLOBAL FIT OF RHO, OHEGA, PHI AND THEIR RADIAL EXCITATIONS TO
CHANNELS OHEGA PI+PI-, K+K-, KS KL, KS K+- PI-+.

&5 RHO( 1600) WIDTH (NEV)

R7 RHO(1&OO) INTO (PI+ PI- + NEUTRALS&/C4PI, ALL CHAR6ED&
R7 (P7+. . . . )/(P2)
R7 U (2.6& (0.4& BALLAM 74 HBC 9.3 GAMMA P
R7 U UPPER LIHIT. BACKGROUND NOT SUBTRACTED

R8 RHO{1600) INTO (PI PI ETA)/&4 PI, ALL CHARGES) {P11&/P2
R& (0.1) APPROX. ASTON 1 80 OMEG 20-70 GAH P
R8 0 123 0 027 DELCOURT 82 DM1 E+E-, P I+PI-HM

R9 RHO{1600) INTO (KBAR K~(892)+C.C. )/&4PI, ALL CH6&(P10&/CP2)
R9 D 0 ~ 15 0 ~ 03 DELCOUR2 81 DM1 E+E-, KBAR K PI
R9 D ASSUMING RHO(1600) AND OMEGA RAD. EXIT ~ TO BE DEGENERATE IN MASS ~

R10 RHOC1600& INTO CKBAR K&/CKSAR K~&892&+C.C. & &P5&/I 10&
R10 0 ' 052 0.026 BUON 82 DM1 E+E-, HADRONS

12/75

1/82
9/83*

1/82

1/84*

W PI+ PI- MODE
W H (180.&

M P 300.
M P (340. &

R 283 ~ 0
M 175.0
M P (232. )

M 230 ' 0
M K KBAR HODE
M 1600 265 '
W MIXED MODES
M G 340 '
M

M AVG 279 ' 9

(50. )
100.

14.0
9' 0

(34 ' )
80.0

120 ~

80 ~

13.2

53.0

HYAMS
FROGGATT
HART IN
AT I YA
BECKER
LANG
ASTON 1

73 AS PK
77 RVUE
78 RVUE
79 SPEC
79 ASPK
79 RVUE
80 OMEG

0 17 PI-P, N PI+PE-
0 17 PI-P, PE+PI-N
0 17 PI-P, P I+P I-N

50 GAM C, 2P I
0 17 PI — P POLAR I Z
0

20-70 GAM P, 2PI

12/75
'12/?7
12/77
12/79
12/79
1/82
9/81

AVERAGE

BUON 82 DM1 E+E-eHADRONS 1/84*

M 2(PI+ PI-) HODE
M 400 650.
W M 360.
W E 160 400 ~

M E 340 850.
M D 65 (340. &

W C (600 ' )
W A (700 ' &

M 34 (1GO. )
M 8 (230. )

400 '
W 0 400 '
W

W AVERAGE MEANIN

8 INGHAM

CONVERSI
SCHACHT
SCHACHT
ALEXANDER
ATIYA
BACC I
KILL IAN
PENSO
ASTON
DIB IANCA

100 '
100.
120 ~

200 '
(160.)
(160.)

50.
146.

GLESS (SCALE FACTOR = 1.4)

72 HBC
74 OSPK
74 STRC
74 STRC
75 HBC
79 SPEC
80 FRAG
80 SPEC
80 RVUE
81 OHEG
81 DBC

0 93 GAM P, P 4PE
0 E+ E-,2(PI+PI-)
0 5.5-9 G P, P 4PI
0 9-1& G P P 4PI
0 7.5 GAH P, P 4PI

50 GAM C, 4 P I+-
E+ E-, 2(PI+PI-)
11 E-P, 2(PI+PI —)
E+ E-, 2(P I+P I —)
20-70GAM P, 4 PI

0 PI+0, PP2(PI+PI-&

12/72
12/75
12/75
12/75
12/75
9/81
9/81
9/81
9/81
9/81
1/82

CLELAND 82 SPEC +- 50 PI P, KS K+-P 8/834

65 RHO(1&00& 6(I)*6CE+E-&/6(TOTAL& (KEV&

THIS COMBINATION OF A PARTIAL MIDTH METH THE PARTIAL WIDTH INTO
E+E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE CROSS-SECTION
INTO CHANNEL( I ) IN E+E- ANNIHILATION.

62
G2
G2 P
G2
G2
G2 AVG

6(4 PI, ALL
2.83

(0.4)
2.6

2 AD &4

CHAR6ED&~6(E+E-)/6(TOTAL&
0 ' 42 BACC I

PENSO
0.2 DELCOUR2

0. 18 AVERAGE

80 FRAG
80 RVUE
81 DM1

(62&*C68&/TOTAL
E+ E-, 2(P I+P I-)
E+ E-, 2(PI+PI-)
E+ E-, 2(PI+PI-)

G2 P
G2 P

ASSUMING RHO+EPSILON DECAY MODE INTERFERES MITH A(1270)+PI
BACKGROUND.

65
G5 M

610
G10 M

612
G12 M

6&KBAR K&*6&E+E-)/6&TOTAL&
(0 035) (0 029) BEZOT 80 DH1

6(KBAR K~&892& + C.C. )~6&E+E-)/6{TOTAL)
(0.305) (0.071& 8 I ZOT 80 DH1

6CRHO PI PI&*6CE+E-&/6&TOTAL&
(3.510) (0 ' 090) 8 IZOT 80 DM1

(65&*&68&/TOTAL
E+ E-

(610)~(68&/TOTAL
E+ E-

(612)0(68) /TOTAL
E+ E-

G M MODEL DEPENDENT

*4*0*4 *44*400*0 44****4*****444*40 4404444k* *****4*k*4*44*4044 4k44k44%

3/82
3/82
3/82

3/82

3/82

3/82

W A

M 8
M 8
M C

M D

M E
M H

W M

M 0
M P
W R
M R
W G

M G

SIMPLE RELATEV. BREIT-WIGNER FIT WITH MODEL DEPENDENT WIDTH
ASSUMING RHO+EPSILON(1300) DECAY MODE INTERFERES WITH
A(1270)+PI BACKGROUND
PARAMETERS ROUGHLY ESTIMATED, NOT FROH A FIT
SKEW MASS DISTRIBUTION COMPENSATED BY ROSS-STODOLSKY FACTOR
WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N &, SEE K*(892) NOTE
INCLUDED IN BECKER 79 ANALYSIS
SIMPLE RELATIV. BREIT WIGNER FIT WITH CONSTANT WIDTH
ONE PEAK FIT RESULTS
FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA
AN ADDITIONAL 40 MEV UNCERTAINTY IN BOTH THE MASS ANO WIDTH
IS PRESENT DUE TO THE CHOICE OF THE BACKGROUND SHAPE.
FROM GLOBAL FIT OF RHO, OMEGA, PHI AND THEIR RADIAL EXCITATIONS TO
CHANNELS OMEGA PI+PI-, K+K-, KS KL, KS K+- PI-+.

BACCI
BARBAR IN
BARTOL I
8 INGHAM
BRAMON
DIEBOLD
EISENBER
LAYSSAC
SMADJA

72 PL 388 551
72 LNC 3 689
72 PR D 6 2374
72 PL 418 635
72 LNC 3 693
72 BATAVIA CONF.
72 PR 0 5 15
72 NC 10A 407
72 PH I L .CONF ~ PROC349

ALVENSLE 71 PRL 26 273
BRAUN 71 NP 830 213
BULOS 71 PRL 26 149

REFERENCES FOR RHO&1600)

ALVENSLEBEN, BECKER, BERTRAM, CHEN, +(DESY+MIT) G

+FR IDMAN, GERBER, GI VERNAUD, + (STRASBOURB) G

+BUSZA, KEHOE, BENISTON, + (SLAC+UMO+IBM+LBL) G

+PENSO, SALVINI, STELLA, BALDINI-CE(ROMA+FRAS) JPC
BARBAR ENDS CERAD IN! ~ + (FRAS+ROMA+PADO+UMO) IG JP
+FEL I CETT I, OGREN, + (FRAS+ROMA+NAPL) IG JP
+RABIN, ROSENFELD, SMADJA, YOST+(LBL, UCB, SLAC) IGJP
+GRECO (THEORETICAL PAPER) (FRASCATI)
R. DIEBOLD RAPPORTEUR TALK (ANL)
EISENBERG, BALLAM, OAGAN, + (REHO+SLAC+TELA)J.LAYSSAC, F.M ~ RCNARD (MONP)
+BINGHAM, FRETTER, BALLAM, CHADWICK+(LBL+SLAC)

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12

INTO RHO PI+ P I—
INTO 4 PI ALL CHARGED
INTO RHO RHO
INTO PI PI
INTO KBAR K

INTO PI OMEGA
INTO RHOO PIO PIO
INTO E+ E-
INTO RHO+- PI-+ PIG
INTO KBAR KA(892& + C. C.
INTO P I P I ETA
INTO RHO PI PI

RHO( 1600)
RHO ( 1600)
RHO ( 1600)
RHO(1600)
RHO( 1600)
RHO( 1600 &

RHO( 1600)
RHO( 1600)
RHO( 1600)
RHO( 1600)
RHO('1600)
RHO( 1600)

65 RHO{1600& PARTIAL DECAY NODES

DECAY MASSES
769+ 140+ 140
140+ 140+ 140+ 140
769+ 769
140+ 140
494+ 494
140+ 783
769+ 135+ 135

.511+.511
769+ 140+ 135
494+ 892
140+ 140+ 549
769+ 140+ 140

CERAD INI
CHUNG
DA VIER
EISENBER
HYAMS
KREUZER
OCHS
HONTANET
PARK

BALLAM
BERNABEI
CHALOUPK
CONVERSI
ESTABROO
FERBEL
GRAYER

74 NP 876 375
74 LNC 11 261
74 PL 51 8 407
74 PL 528 493
74 NP 879 301
74 PR D9 824
74 NP 8 75 189

73 PL 43 8 341
73 PL 47 8 526
73 NP 8 58 31
73 PL 43 8 149
73 NP 8 64 134
73 PR D 8 1431
73 THESIS
73 ER ICE SCHOOL 518
73 NP 8 58 45

+CONVERSI, EKSTRAND, GRILLI, +(ROMA+FRAS+PADO)IGJP
+PROTOPOPESCU, LYNCH, FLATTE+ (BNL+LBL+USC)
+DERADO FRI ES g L IU /MOZLEY ODIAN PARK ~+ (SLAG)
EI SENBERG KARSHON f MIKENBERG~ PITLUCK ~ + (REHO)
+ JONES, ME ILHAHMER, SLUM, DIETL, + (CERN+MP IM)
H. J ~ KREUZER, A. N. KAMAL (UNIV. OF Ai. BERTA)
THESIS (MPEM)
L ~ MONTANET (CERN)
J.C AH. PARK (MP IM) JP

+CHADWECK, BINGHAM, FRETTER+ (SLAC+LBL+MPIH&
+D ANGELO~ SP I LLANTINE g VALENTE (ROHA+FRAS)
CHALOUPKA, FERRANDO, LOSTY, MONTANET (CERN)
+PAOLUZ I, CERAD I NI, GRILL I+ (ROMA+FRAS)
P. ESTABROOKS, A. D. MARTIN (DURH)
T. FERBEL AND P ~ SLATTERY (ROCH)
G. GRAYER, HYAMS, BLUM, DIETL, + (CERN+MP IH)
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For notation, see k,ey at front of Listings. Me sons
p(1600) [p ], rJ(1670), A(1680) [As]

HIRSHFEL 74 NP B74 211
SCHACHT 74 NP B81 205

A ~ C .HI RSHF ELD, G. KRAMER
+DERADO, FRIES, PARK, YOUNT

(HAMB)
(MP IM)

45 ONE SAC 1670& BRANCH INS RATIOS

ALEXANDE
ALLES
CHUNG
ESTABROO
FROGGATT
HYAMS
LANG
LANGACKE
LEE
ROOS

75 PL 57B 487
75 NC 30A 136
75 PR D 11 2436
75 NP B95 322
75 NP B91 454
75 NP B100 205
75 PL 58B 450
75 PR D 13 697
75 STANFORD CONF ~ 213
75 NP B 97 165

ALEXANDER, BENARY, GANDSMAN, LI SSAUER+ (TELA)
ALLES-BORELLI, BERNARDINI+ (CERN+BGNA+FRAS)
+PROTOPOPESCU, LYNCH, FLATTE+ (BNL+LBL+USC)
P. ESTABROOKS, A. D. MARTIN (DURH)
C D FROGGATT I J L PETERSEN (GLAS+NORD)
+ JONES, WE ILHAMMER, BLUM, DIETL+ (CERN+MP IM)
C. B ~ LANG ~ I .S.STE FANE SCU (KARL)
P. LANGACKER, G. SEGRE (PENN)
WONYONG LEE (COLU)
M ~ ROOS (HELS)

BASSOMPI 76 PL 65 B 397
COMMON 76 NP B 103 109
JOHNSON 76 PL 63 B 95

BASSOMP I ERRE, 8 INDER, +
AD K. COMMON
+MARTIN, PENNI NGTON

(MULH+STRB+TORI)
(KENT)

(DURH+CERN)

BUDNEV 77 PL 70 B 365
COSTA 1 77 PL 67 B 213
COSTA 2 77 PL 71 B 345
FROGGATT 77 NP B 129 89
GESSAROL 77 NP B 126 382

N. M. BUDNEV, V AM. BUDNEV, V I V. SEREBRYAKOV(NOVO)
COSTA DE BEAUREGARD, PHAM, PIRE, TRUONG (EPOL)
COSTA DE BEAUREGARD, PIRE, T.N. TRUONG (EPOL)
C. D ~ FROGGATT, J.LE PETERSEN (GLAS+BOHR)
GESSAROLI+ (BGNA+FIRZ+GENO+MILA+OXF+PAVI)

GENS INI 78 PR D 17 1368
MARTIN 78 ANP 114 1

PAOLO M GENS INI
A ~ D ~ MART IN, M ~ R ~ PENNI NGTON

(SLAC)
(CERN)

ATIYA
BACC I
BECKER
CORDEN
CORD IER
COSME
LANG
RICHARD

79 PRL 43 1691
79 PL B 86 234
?9 NP B 151 46
79 NP B 157 250
79 PL 81 B 389
79 NP B 152 215
79 PR D 19 956
79 FERMILAB SYMP ~ 469

+HOLMES, KNAPP, LEE, SETO, + (COLU+ILLeFNAL)
+DE ZORZ I,PENSO, STELLA, + (ROMA+BGNA+FRAS)
+BLANAR, BLUM, CERRADA+ (MPIM+CERN+ZEEM+CRAC)
+DOWE LL, GARVEY, JOBES, +(BIRM+RHEL+TE LA+ LOWC)
+DELCOURT, ESCHSTRUTH, FULDA+ (LALO)
+DUDELZAK, GRELAUD, JEAN-MARIE, JULLIAN+ ( IPN)
C. B ~ LANG, AROMAS-PARAREDA (GRAZ)
F ~ RICHARD (LALO)

ASTON 1
ASTON 2
BARBER
BACC I
BIZOT
HEYN
KILL IAN
0-DONNEL
PENSO

80 PL 92 B 215
80 NP B 174 269
80 ZPHY C 4 169
80 PL 95 B 139
80 MADISON CONF'
80 ZPHY C 7 169
80 PR D 21 3005
80 PR D 22 711
80 PL 95 B 143

ASTON 1 81
ASTON 2 81
DELCOURT 81
DELCOUR2 81

ALSO 82
DIBIANCA 81

NP B 189 15
PL 104 B 231
PL 99 B 257
BONN CONF' 205
PL 109B 129
PR D 23 595

(BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+PARIS+)
(BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+PARIS+)
+BISELLO, BI ZOT, BUON, CORD IER, MANE (ORSAY)
B ~ DELCOURT (ORSAY)
CORD IER, + (ORSAY)
+FICKINGER, MALKO, DADO, ENGELER, + (CASE+CARN)

(BONN+ CERN+EPOL+GLAS+LANC+MC HS+ORSA+PAR I S+)
(BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+PARIS+)
+DAINTON, BRODBECK, BROOKES, +(DARE+LANC+SHEF)
+DE ZORZI, PENSO, BALD INI-CELIO, + (ROMA+FRAS)

546 +BISE LLO, BUON, CORDIER, DELCOURT, +(LALO+USTL)
MD F.HEYN, C ~ B ~ LANG (GRAZ)
+TREADWELL, AHRENS, BERKELMAN, CASSEL, + (CORN)
P. J ~ 0-DONNELL (TORONTO)
G ~ PENSO, TRAN N ~ TRUONG (ROMA+EPOL)

JP
JP

JP

MATTHEWS 71 PR D 3 2561
MATTHEW1 71 LNC 1 361

ePRENT ICE, YOON, CARROLL, +
+PRENTICE, YOON, CARROLL, +

(TNTO+WISC)
(TNTO+WISC)

DIAZ 74 PRL 32 260 +DIBIANCA, F ICKINGER, ANDERSON, + (CASE+CARN&

WAGNER 75 PL 58B 201 +TABAK, CHEW (LBI.) JP

CERRADA 77 NP B 126 241 +BLOCKZ I J L, HE INEN, + (AMST+CERN+NI JM+OXF) JP

BALTAY 78 PRL 40 87 +CAUTIS, KALEl. KAR (COLU) JP
CORDEN 78 NP B 138 235 +CORBETT, ALEXANDER, + (BIRM+RHEL+TELA+LOWC)

BAUBILLI 79 PL B 89 131 BAUB IL L I ER+ (BIRM+CERN+GLAS+MSU+LPNP)

t*tt** **ttt*t**ttttttttt ttttttttt ttt****t***t*ttt*t tt**t***ttttttttt
ttttt* ttttttttt t****t***t**t*tt*t t**t**t**tttt*t**t *t*t****tt*tt*ttt

A(1680) 36 A(1680, JP62—) I I

or A~

R1 ONESAC1670& INTO C5 PI&/&3 PI& CP2&/CP1&
R1 200 0.97 0.28 DIAZ 74 DBC 6. PI+N, P(5PI)0 1/74

R2 ONESA&1670& INTO CRHO PI&/C3 PI & CP3&/CP1&
R2 200 (0.70) OR MORE MATTHEWS 71 DBC 7.0 PI+N, P(3PI)0 11/71

R3 ONESAC1670& INTO COMESA 2 PI&/CRNO PI& CP4&/(P3&
R3 100 0.71 0.?7 DIAZ 74 DBC 6 ~ PI+N, P(5P I ) 0 12/78

R4 ONESAC 1670& INTO CB&1235& PI&/CRHO PI) &P5)/(P3)
R4 POSSIBLY SEEN DIAZ 74 DBC 6. PI+M, P(5PI)0 1/74

R5 ONESAC1670& INTO CB(1235&PI&/CONESA PI PI & CP5&/CP4&
R5 1.0 0.0 0 ~ 25 BAUBILLIE 79 HBC 8.2K- P, BACKWARD 12/79

t*tttt *t*t*tttt ttttttttt tt*ttt*t* *tt***t*t**ttt***tttttttttt **t**ttt
REFERENCES FOR ONESAC1670)

ARMENISE 68 PL 26B 336 +GHIDINI, FORINO+ (BAR I+BGNA +FIRZ +ORSAY)

BARNES 69 PRL 23 142 +CHUNGPEISNER FLAMINIOJ+ (BNL)
KENYON 69 PRL 23 146 eKINSON, SCARRTe (BNL+UCND+ORNL)

ARMENISE 70 LNC 4 199 +GHIDINI, FORINO, CARTACCI, + (BAR I+BGNA+F IRZ)

ATKINSON
BUON
DELCOURT
CLELAND
PENSO
SHAMBROO

82 PL 108 B 55
82 PL 118 B 221
82 PL 113 B 93
82 NP B 208 228
82 NC 68 A 213
82 PR D 26 1

+ (BONN+CERN+GLAS+LANC+MCHS+CURI+RHEL+SHEF)
+BISELLO, BI ZOT, CORD IER, DELCOURT+(LALO+MONP)
+BISELLO, BI ZOT, BUON, CORDI ER, MANE (LALO)
+DELFOSSE, DORSAZ, GLOOR(DURH+GEVA+LAUS+PITT)
+PENSO, TRAN N. TRUONG (ROMA+EPOL)
+WILSON, ANDERSON, FRANCIS+(HARV+EF I+ILL+OXF)

AUGUSTIN 83 LAL/83-21
ATKINS01 83 NP B 229 269
ATKINSO2 83 CERN-EP/83-80
ATKINS03 83 PL 127 B 132
ATKINS04 83 CERN-EP/83-85

+AYACH, BI SELLO, BALD IN I+ (LALO+PADO+FRAS)
(BONN+CERN+GLAS+LANC+MCHS+IPNP+RHEL+SHEF)
(BONN+CERN+GLAS+LANC+MCHS+IPNP+RHEL+SHEF)
(BONN+CERN+GLAS+LANC+MCHS+IPNP+RHEL+SHEF)
(BONN+CERN+GLAS+LANC+MCHS+IPNP+RHEL+SHEF)

45 ONESAC1670& NASS CNEV&

M 1636.
M Q 1695 0
M 1670 ~

M 200 1679 ~

M 500 1678.
M Q 200 1660.
M P 600 1669.

E 110(1700~ 0
M P E 430 1673.0
M 1650 ~ 0
M 60 1685.0
M ~ ~ ~

M AVG 1667.9

20 ~

20 ~ 0
20.
17.
14.
13.
11.

) APPROX.
12.0

12.0
20 ~ 0

~ ~ ~ ~ ~ ~

4.6

ARMENI SE
BARNES
KENYON
MATTHEWS
DIAZ
DIAZ
WAGNER
CERRADA
BALTAY
CORDEN
BAUB ILL IE

AVERAGE

68 DBC
69 HBC
69 DBC
71 DBC
74 DBC
74 DBC
75 HBC
77 HBC
78 HBC
78 OMEG
79 HBC

5 ~ 1 PI+M, P(3PI)0
0 4.6 K-P, OMEG2PI

8 ~ PI+N, P(3P I )0
7 ~ 0 PI+N, P(3P I )0
6 ~ PI eN, P(3r I )0
6 ~ PI+N, P(5P I )0
7. PI+P, DEL++3PI
4. 2 K-P, LAM 3PI
15 PI+I, DEL 3P I
8-12 PI- P N 3PI
8.2K- P, BACKWARD

9/68
2/74
8/69
1/71
1/74
1/74

11/75
12/77
4/78

12/77
12/79

M E PHASE ROTATION SEEN FOR JP 3- (RHO PI) WAVE.
M P FROM A F IT TO I~OP JP~3 RHO PI PARTIAL WAVE
M Q FROM (OMEGA PI PI) MODE

45 ONESA& 1670& WIDTH (NEV&

W 112.
W Q (90.)
W 100 ~

W S 200 155.
W 500 167.
W Q 200 122.
W P S 600 173.
W P E 430 173.0
W 253.0
W S 60 160.0
W ~ 0 ~

'W AVG 166.1

60 ~

(20. )
40 '
40 ~

40.
39.
28 ~

16.0
39.0
80.0

~ 0 ~ ~

12.0

ARMENISE 68 DBC 5. 1 PI+N, P(3PI)0
BARNES 69 HBC 0 4.6 K-P, OMEG2PI
KENYON 69 DBC 8. P I+N, P(3P I )0
MATTHEWS 71 DBC 7.0 P I+N, P(3P I ) 0
DIAZ 74 DBC 6. P I+N, P(3P I )0
DIAZ 74 DBC 6 ~ PI+N, P(5P I )0
WAGNER 75 HBC 7 ~ PI+P, DEL++3PI
BALTAY 78 HBC 15 PI+P, DEL 3PI
CORDEN 78 OMEG 8-12 PI- P, N 3PI
BAUBILLIE 79 HBC 8 ' 2K- P, BACKWARD

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)

9/68
1/73
8/69

11/75
1/74
1/74

11/75
4/78

12/77
12/79

W E PHASE ROTATION SEEN FOR JP 3- (RHO PI) WAVE.
W P FROM A FIT TO 1~0, JP~3- RHO PI PARTIAL WAVE
W S WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N), SEE K*(892) NOTE
W Q FROM (OMEGA PI PI ) MODE

P1
P2
P3
P4
P5

45 ONESAC 1670& PARTIAL DECAY MODES

OMEGA(1670& INTO 3 PI (INCL ~ RHO PI)
OMEGA(1670) INTO 5 PI (INCL. OMEGA PI+PI-)
OMEGA(1670) INTO RHO PI
OMEGA(1670) INTO OMEGA 2 PI
OMEGA(1670) INTO B(1235) PI

DECAY MASSES
135+ 135+ '135
135+ 135+ 135+ 135+
769+ 135
783+ 135+ 135

1234+ 135

t**tt* t*ttt*t** tt*t*tttt ****tt**tttt**t*tt **tt*tt**t*tttt*tt **t***tt
tttt** ttt*t*ttt ***tttt**ttt***tt* ***t*tt*t*ttttt**t t*t*t***t*ttttt*t

V(1670) 63 ONE 666T&1JPO3—6) I O.

We have dropped the subscript 3 on the A3, and
rename this meson A(1680).

Evidence for the existence of the A(1680) meson was

previously conf'used due to its appearance near the f~
threshold in the di%active-like process mN ~ mmxN,

much like the A(1270) meson. While everybody agreed

that there was a -300-MeV-wide f~ enhancement in the

J LM - 2 SO partial wave at about 1650 MeV, some
claimed nonresonant states (ANTIPOV1 73, ASCOLI1
73, BALTAY 77), while others saw evidence for a reso-

nance in the phase variation with respect to other par-

tial waves (OTTER 74, THOMPSON 74).
In the nondiFractive charge-exchange reaction m p

m 6++ (WAGNER 75, BALTAY 77, CAUTIS
77) and in the hypercharge-exchange reaction K p ~

2r 4 at 4.2 GeV/c (CERRADA 77), there is no
evidence for A(1680) production.

De6nitive proof for the resonant nature of the

A(1680) has been given by PERNEGR 78 (3n. system

diffractively produced on nuclei) and DAUM 80,81 and

EVANGELISTA 81 (33r diffraction on proton target).
In all these experiments, the 2 SO+ (f2r) partial-wave

amplitude exhibits resonance-like phase variation.
In a simultaneous fit to the four 2 waves (nr, p2r,

twice fn), DAUM 81 needs a heavier companion to the

A(1680) in addition to the Deck background. This fit

probably gives the most reliable estimates of the

A(1680) and of its heavier companion, which we name

A(2100).
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MeSnnS
A(1680) [AB], $(1680) [@]

Data Card Listings

M 1660 ~ 0
M 260 1660 '
M P 1650 ~

1660 ~

(1600.)
575 1640 '

M P 2M 1662.0
M R &1650.0
M P D 1657 ~ 0
M L (1710.0
M P 1676 ~

M ~ P

M AVG 1663.5

34 A(1680) NASS (NEV&

20.0
25 '
30.
10.

(10~ )
10 ~

10.0
)

14.0
) (20 ~ 0)

6 ~

4 ~ 7
(SEE

CASO 69 HBC — 11 PI-P, PI-F
CASO 72 HBC + 11.7 PI+ P
ANT IPOV1 73 CNTR — 25. , 40. PI — P
ASCOLI 1 73 HBC — 5 ~ -25.PI- P, P A3
THOMPSON 74 HBC + 13. PI+ P, P A3+
KALELKAR 75 HBC + 15 PI+P, P PI+F
BALTAY 77 HBC 0 15 PI+ P, P 3P I
PERNEGR 78 CNTR — 9+13+15,PI — NUC.
DAUM 80 SPEC — 63-94 PI- P, 3PI
DAUM 81 SPEC — 63 94 PI — P
EVANGELIS 81 OMEG — 12 PI-P, 3PI P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
IDEOGRAM BELOW)

12/75
12/75
12/75
12/75
12/75
12/75
12/77
4/78

12/79
1/82
1/82

R11 A(1680&e- INTO (PI+- EPSILON)/(ALL PI+- PI+ PI-) (P11)/(P1C)
R11 (WITH EPSILON INTO PI+ PI-)
R11 L 0. 10 0.05 DAUM 81 SPEC 6394 PI — P
R11 L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES.

R12 D/S RATIO FQR A(1680& INTO F PI
R12 L 0.22 0. 10 DAUM 81 SPEC 6394 PI — P
R12 L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES ~

1/82

1/82

R5 A(1680)+- INTO (PI+- ETA&/(AI. L PI+- PI+ PI-) (P3)/(P1C)
R5 (ALL ETA DECAYS)
R5 (G.09) OR LE SS BALTAY 68 HBC + 7-8 ~ 5 PI+P 5/68
R5 (G ~ 10) OR LESS CRENNELL 70 HBC — 6. PI- P, F PI 5/70

R6 A+- INTO (PI+- 2PI+ 2PI-)/(ALL PI+- PI+ PI-) (P4C)/(P1C)
R6 (0.1 & OR LESS BALTAY 68 HBC + 7, 8.5 PI+ P . 6/68
R6 (0.10) OR LESS CRENNELL 70 HBC — 6. P+- P, F P+ 5/70

M D CLEAR PHASE ROTATION SEEN IN (2-S), (2-P), &2-D) WAVES.
M D WE QUOTE CENTRAL VALUE AND SPREAD OF SINGLE-RESONANCE
M D FITS TO THREE CHANNELS.
M E EVIDENCE FOR A ROTATION OF THE PHASE CLAIMED.

L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. THIS SHOULD NOT BE
L AVERAGED WITH ALL THE SINGLE RESONANCE FITS. SEE MINIREVIEW.

P FROM A FIT TO JP=2-S (F PI) PARTIAL WAVE
R CLEAR PHASE ROTATION SEEN IN (2-S) AND (2-P) WAVES

R13 a(1680&+- INTO r Ka(892) / A(1680)+- CaVO PI+- F (PS)/(PS)
R13M 0.075 0 ' 025 ARMSTRONG 82 OMEG — 16 PI-P, K+K-PI-P 9/83*
R13M FROM A PARTIAL WAVE ANALYSIS OF K+ K- PI- SYSTEM

a****aa****a*a****aaa***aaaa***a* *aaaaaaaa aaa*aaaaa aaaaaa*** **a**aaa

REFERENCES FOR A(1680&

FOR INO 65 PL 19 68 +GESSAROLI+ (BGNA+BAR I+F I RZ+ORSA+SACL)
WEIGHTED AVERAGE = 1663, 5 + 4. 7

ERROR SCALED BY 1.2
FOCACCI 66 PRL 17 890 CERN MISSING MASS SPECTROMETER GROUP (CERN)
LEVRAT 66 PL 22 714 CERN MISSING MASS SPECTROMETER GROUP (CERN)
LUBATTI 66 THESIS BERKELEY H. J.LUBATTI (LRL)1-2-
VETL ITSK 66 PL 21 579 VETL ITSKY, GUSZAVIN, KLIGER, ZOLGANOV+ (ITEP)

DANYSZ 67 NC 51 A 801
DUBAL 67 NP B3 435

ALSO 68 THESIS 1456

DANYSZ+FRENCH+SIMAK (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
L.DUBAL (GENEVE)

1600 1640 1680
A(1680) MASS (MEV)

1720 1 760

NGEL I S 81
M 80
TAY 77
ELKAR 75
OLI 1 73
IPOV1 73
0 72
0 69

OMEG

SPEC
HBC
HBC

HBC
CNTR

HBC
HBC

CH I SQ
4. 3
0. 2

0. 0
5. 5
0, 1

0. 2

0. 0
0. 0

10.5
(CONLEV
=0. 163)

BALTAY 68
BARTSCH 68
CASO . 68
FERBEL 68
IOFFREDO 68
LAMSA 68

PRL 20 887
NP B 7 345
NC 54 A 983
PH ILA ~ CONF ~ 335
PRL 21 1212
PR 166 1395

+KUNG+YEH+FERBEL+ &COLU+ROCHeRUTG+YALE)I=1
+KEPPEL, KRAUS, + (AACH+BERL+CERN) JP
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB+MILA+SACL)
T. FERBEL (ROCHESTER)
+BRANDENBURG, BRENNER, EISENSTEIN+ (HARVARD)
+CASON+BISWAS+DERADO+GROVES+ (NOTREDAME)

ARMENISE 69 LNC 2 501
BARNES 69 PRL 23 142
CASO 69 LNC 2 437

+GH ID IN I, FOR I NO, CARTACC I+ (BAR I+BGNA+ F I RZ)
+CHUNG, EI SNER, FLAMINIO, + (BNL)
+CONTE, TOMASINI, CANTORE+ (GENO+MILA+SACL)

BEKETOV 71 SJNP 4 765
PALER 71 PRL 26 1675

ALEXANDE 72 NP B 45 29
ARMENISE 72 LNC 4 201
CASO 72 NP B 36 349
HARRISON 72 PRL 28 775
SALZBERG 72 NP B 41 397

+SOMBKOWSKY, KONOWALOV, KRUTSCHININ, + (ITEP) JP
+BADE WI TZ, BARTON, MILL ER, PALFREY, TEBES (PURD)

ALEXANDER, BAR-NIR, SENARY, DAGAN, + (TELA)
+FORINO, CARTACC I, + (BARI+BGNA+FIRZ)
+MADDOCK, BASSLER+(DURH+GENO+DESY+MILA+SACL)
+HEYDA, JOHNSON, KIM, LAW, MUELLER, + (HARV)
+HARRISON, HEYDA, JOHNSON, KIM, LAW, + (HARV)

BRANDENB 70 NP B16 369 +BRENNER, IOFFREDO, JOHNSON, K IM+ (HARVARD)
CRENNELL 70 PRL 24 781 +KARSHON, LA I, SCARR, SI MS (BNL)
CH IEN 70 PHILAD. CONF .P. 275 C. Y. CHI EN, REVIEW ( JOHNS HOPKINS)
MIYASHIT 70 PR D 1 771 MIYASHITA, VON KROGH, KOPELMAN, LIBBY (COLO)

34 A(16SO& WIDTH (NEV&

ANTIPOV1 73 NP B 63 153
ANTIPOV2 73 NP B 63 141
ASCOLI 1 73 PR D 7 669
ASCOLI 2 73 PR D 8 3894

+ASCOL I g BUSNE LLO~ FOCACC I f +
+ASCOLI, BUSNELLO, FOCACC I, +
INTERNAT. COLLABORATION
+ JONES, WE INSTE IN, WYLD

(CERN+SERP) JP
(CERN+SERP) JP

( ILL+) JP
(ILL) JP

50 ' 0W 297 240. 0
W (130~ )
W (150.0)
W P 200. TO 400.
W 260 190. 100.
W P 300 ' 50 '
W P 270 ~ 60 ~

W P E (310.) (40. )
W 575 240 ' 30 '
W P 2000 285. 0 60 ' 0
W R (400 ' 0)
W P D 219 ' 0 20.0
W L 312.0 50.0
W P 260. 20.
W AVG 248. 3 11.2 AVERAGE

ARMENI SE
CASO
CASO
CASO
CASO
ANT IPOV1
ASCOL I 1
THOMPSON
KALELKAR
BALTAY
PERNEGR
DAUM
DAUM

EVANGELIS

69 DBC
69 HBC
69 HBC
72 HBC
72 HBC
73 CNTR
73 HBC
74 HBC
75 HBC
77 HBC
78 CNTR
80 SPEC
81 SPEC
81 OMEG

5. 1 P I+D, 3P I++-
11 PI- P

11.0 PI-P, PI- F
11.7 PI+ P
11.7 PI+ P
25 ~, 40. PI- P
5.-25.PI- P, P A3
13. PI+ P, P A3+
15 P I+P, P PI+F
15 PI+ P P 3P I
9+13+15,PI- NUC.
63-94 P I- P, 3P I
63,94 P I- P
12 PI-P, 3PI P

5/70
6/68
6/68
1/72

12/75
12/75
12/75
12/75
12/75
12/77
4/78

12/79
1/82
1/82

ASCOLI 74
LICHTMAN 74
OTTER 74
TABAK 74
THOMPSON 74

ALSO 74

PR D9 1963
NP B81 31
RP B80 1
BOSTON CONF ~

PRL 32 331
NP B69 381

+CUTLER, JONES, KRUSE, ROBERTS, WE I NSTE IN+(

ILL�

)
+BISWAS, CASON, KENNEY, MCGAHAN, + (NDAM)
+RUDOLPH+ (AACH+BERL+BONN+CERN+HEID) JP
+RONATgROSENFELD, LASINSKI+ (LBL+SLAC) JP
+BADEWITZ, GAIDOS, MCILWAIN, PALER, + (PURD) JP
THOMPSON, BADEWITZ, GAIDOS, MCILWAIN+ (PURD) JP

BALTAY 77 PRL 39 591 +CAUTIS, KALELKAR
CAUTIS 77 THESIS NEVIS 221 C. V ~ CAUTIS
CERRADA 77 NP B 126 241 +BLOCKZIJL, HEINEN, +

(COLUMBIA) JP
&COLUMBIA) JP

(AMST+CERN+NIJM+OXF) JP

BEKETOV 75 SJNP 20 379 +ZOMBKOVSKII, KAIDALON, KONOVALOV+ ( ITEP)
EMMS 75 PL 60 B 109 +JONES, KINSON, BELL, DALE+ (BIRM+DURH+RHEL) JP
HORNE 75 PR D11 996 +S.HAGOPIAN, V. HAGOP IAN, BENS INGER+(F SU+BRAN)
KALELKAR 75 THESIS(NEVIS 207) M. S.KALELKAR (COLU)
WAGNER 75 PL 58B 201 +TABAK, CHEW (LBL) JP

W D

W E
W L
W L
W P
W R

SEE NOTE D UNDER MASS ~

EVIDENCE FOR A ROTATION OF THE PHASE CLAIMED.
FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. THIS SHOULD NOT BE
AVERAGED WITH ALL THE SINGLE RESONANCE FITS. SEE MINIREVIEW.
FROM A FIT TO JP=2- F PI PARTIAL WAVE
CLEAR PHASE ROTATION SEEN IN (2S) AND (2-P) WAVES

BALTAY 78 PR D 17 52
CORDEN 78 NP B 136 77
PERNEGR 78 NP B 134 436
ROBERTS 78 PR D 18 59

+CAUT IS,COHEN, CSORNA, KALELKAR+ (COLU+BI NG)
DOWELL, GARVEY, JOBES+ (BIRM+RHEL+TELA+LOWC) JP
+AEBISCHER+ (ETH+CERN+LOIC+MI LA)
+KRUSE, EDELSTEIN+ ( I LL+CARN+NWES+ROCH)

DAUM 80 PL 89 B 285 +HERTZBERGER+(AMST+CERN+CRAC+MPIM+OXF+RHEL) JP

34 A(1680& PARTIAL DECAY NODES

DAUM 81 NP B 182 269
EVANGELI 81 NP B 178 197

ALSO 81 NP B 186 594

+HERTZBER GER+ (AMST+CERN+CRAC+MP IM+OXF+RHEL)
EVANGEL I STA+(BAR I+BONN+ CERN+DARE+L I VP+MI LA)
(ERRATUM)

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11

A(1680) INTO
A(1680) INTO
A(1680) INTO
A(1680) INTO
A(1680) INTO
A(1680) INTO
A(1680) INTO
A(1680) INTO
A(1680) INTO
A(1680) INTO
A(1680) INTO

3 PI
RHO PI
ETA PI
5 PI
K Ka(892)
K KBAR PI
K KBAR
F PI
OMEGA PI PI
3 PI
EPS I LON(1300) P I

34 A(1680& BRANCHING RATIOS

DECAY MASSES
135+ 135+ 135
135+ 769
135+ 549
140+ 140+ 140+ 140+
498+ 892
498+ 498+ 135
498+ 498

1274+ 135
783+ 135+ 135
140+ 140+ 140

1300+ 140

ARMSTRON 82 NP B 202 1
BELL INI 82 NP B 199 1

+BACCAR (AACH+BARI+BONN+CERN+GLAS+L I VP+MI LA)
+ (CERN+MILA+ JI NR+BGNA+HELS+PAVI+WARS+VIEN)

$(1680)
or

67 PHI (1680' JPG~1--) I~O

FORMERLY CALLED PHI PRIME
FIRST IDENTIFIED USING DALITZ PLOT ANALYSIS OF
E+E- INTO K K*(892) (BIZOT 80, DELCOURT 81)

CHER 83 PR D 28 2304 + F E NKER+ (AR I Z+F NAL+F LOR+NDAM+ TUF T+VAND+VP I )
LEEDOM 83 PR D 27 1426 +DE BONTE, GAIDOS, KEY, WONG+ (PURD+TNTO)

*aaaaa aaaaa*aaa *aaaa*aa* **a**aaaa aaaaaaa*a aaaaa**** aa*a**a****a**aa*
aaa*** a*aaaaaaa a**aaaaaa aaaaaaaaa ********a*aa*aa***a*aaaaaa* aaa**a**

R2
R2
R2
R2
R2

A(1680&+- INTO (PI+- RHOO)/(ALL PI+- PI+ PI-)
(0.3& OR LESS BARTSCH 68 HBC(0.4) OR LESS FERBEL 68 RVUE

L 0 ' 29 0 ' 05 DAUM 81 SPEC
L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES.

(P2C&/(P1C&
+ 8. PI+ P, 3PI P 8/69
+— 9/68

63,94 PI — P 1/82 (1652.0) (17 ~ G) COSME

6? PHI (1680& NABS (NEV&

79 OSPK 0 E+ E-, 3P I 12/79

R3
R3
R3
R3
R3
R3 L
R3 L
R3
R3 AVG

A(1680)+- INTO (PI+- F)/(ALL PI+- PI+ PI-)
(WITH F INTO PI+ PI-)

&0.59) BARTSCH 68 HBC
0 ' 35 0.20 BALTAY 68 HBC0.76 0.24 0.34 ARMENISE 69 DBC0.61 0.04 DAUM 81 SPEC

FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES.
~ ~ ~ ~ ~ ~ ~

0 ' 603 0 ' 050 AVERAGE &ERROR INCLUDES S

(PS&/(P1C&

+ 8. PI+ P, 3PI P 8/69
+ 78 ~ 5 P I+P 5/68
+ 5. 1 PI+D, 3PI++- 5/70

63,94 PI — P 1/82

CALE FACTOR OF 1.3&

M

M B
M C
M A

M

AVG

21 1679.
1690.
1680 ~

(1670.)
1684 ' 8

34.
10 ~

10 ~

(20. )

6.9

ESPOSITO
ASTON
BUON
ATKINS03

AVERAGE

80 FR AM

81 OMEG
82 DM1
83 OMEG

E+E-,3 P I 6/81
25 —70 GAM P, K+K- 9/81
E+E-, HADRONS 1/84*
20-70 GAM P, 3 PI 1/84*
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For notation, see key at front of Listings. Me sons
$(1680) [P ], g(1690)

67 PHI (1680& MIDTH (MEV&

(42.0) (17~ 0) COSME 79 OSPK 0 E+ E-,3PI 12/79

N

B
C

A

M

W AV

21 99.
100 ~

185.
(160 ~ )

G 156.4

49 '
40.
22 '

(20. )

28.5

ESPOSITO 80 FRAM EeE-,3 PI 6/81
ASTON 81 OMEG 25-70 GAM P, K+K- 9/81
BUON 82 DM1 E+E-, HADRONS 1/84*
ATKINSO3 83 OMEG 20-70 GAM P, 3 PI '1/84*

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6)

M B JP NOT UNAMBIGUOSLY 1-
M C FROM GLOBAL FIT OF RHO, OMEGA, PHI AND THEIR RADIAL EXCITATIONS TO
M C CHANNE LS OMEGA P I+P I g K+K t KS KL KS K+ P I + ASSUME MASS 1 570 MEV
M C AND MIDTH 510 MEV FOR RHO RAD. EXIT. , MASS 1570 AND MIDTH 500 MEV
M C FOR OMEGA RADIAL EXCITATION ~

M A MAY BE PHI OR OME6A RADIAL EXCITATION. INTERPRETATION COMPLICATED.

E MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(N), SEE K*(892} TYPED NOTE
G USES SAME DATA AS HYAMS 75

I FROM PHASE-SHIFT ANALYSIS
I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS

M FROM A PHASE SHIFT SOLUTION CONTAINING A F PRIME MIDTH
M TWO TIMES LARGER THAN THE K KBAR RESULT.

K KBAR + K KBAR PI MODE

1690.0 16.0 ADERHOLZ 69 HBC + 8 PI+ P, KKBARPI
1692 ~ 6 ~ BLUM 75 ASPK 018.4 PI-P, N K+K-

P S 6K 1698. 12. MARTIN 1 78 SPEC 10 PI P, KS K- P
1699.0 5 ~ 0 ALPER 80 CNTR 0 62 PI-P, K+ K- N

L (1694.0& (8.0) COSTA 80 OMEG 10. PI-P, K+ K- N

L THEY CANNOT DISTINGUISH BETMEEN G AND OMEGA(1670).
P FROM A FIT TO JP 3- PARTIAL MAVE.

S SYSTEMATIC ERROR ON MASS SCALE SUBTRACTED

8/69
11/75
4/78
1/82
1/82

M B
C

A

JP NOT UNAMBIGUOSLY 1-
SEE NOTE C UNDER MASS.
MAY BE PHI OR OMEGA RADIAL EXCITATION. INTERPRETATION COMPLICATED.

AVG 1690 F 9 2.6

(4P I }+- MODE

AVERAGE

P1
P2
P3
P4
P5
P6

PH I ( 1680 &

PHI ( 1680)
PHI (1680)
PH I (1680)
P HI (1680&

P H I ( 1680 )

67 PHI(1680& PARTIAL DECAY MODES

INTO OMEGA 2 PI
INTO 3 Pl
INTO K KBAR
INTO K*(892) KBAR + C. C.
INTO KS K PI
INTO E+ E-

DECAY MASSES
783+ 140+ 140
140+ 140+ 135
494+ 494
892+ 494
498+ 494+ 140.511+.511

67 PHIC1680& BRANCHINS RATIOS

R1 PHI (1680) INTO (ONESA PI+PI-)/(K~(892) KBAReC. C. )(P1)/(P4)
R1 (0.10) OR LESS BUON 82 DM1 E+E-

R2 I HI(1680& INTO CK KBAR&/CK~(892& KBAR+C. C. & CP3)/CP4&
R2 0.07 0 ~ 01 BUON 82 DM1 E+E-

8/83*

8/83*

1720.
144 1680.0

F 102(1689.0)
1705.0
1630.
1687.

F (1685.)
F 66( 1733 ' )

1670.
177 1665 ' 0

A (1694 ' )
B (1718.)
C (1673~ )

1675 ' 2AVG

15 ~

40.0
(20 ~ 0)
21.0
15.
20.

(14.)
(9-)
10 ~

15 ~ 0
(6 ~ )

(10.)
(9 ~ )

11.1 AVERAGE (ERROR IN
(SEE IDEOGRAM BELOW}

A FROM RHO- RHOO MODE, NOT INDEPENDENT OF
B FROM (A2&- PIO MODE, NOT INDEPENDENT OF
C FROM (A2&0 PI- MODE, NOT INDEPENDENT OF
F FROM (RHO+- RHOO) MODE

68 HBC +
70 HBC +
70 HBC +
70 HBC
72 HBC +
73 HBC
73 HBC
74 HBC
74 HBC +
78 HBC +
81 OMEG
81 OMEG
81 OMEG

7, 8.5 PI+ P
8 PI+ P, 4 PI
8 PI+ P, 2 RHO
11.2PI-P, RHO 2PI
10.-12 ~ K+ P
8 ~, 18 ~ 5 PI- P
8 ~, 18.5 PI- P
4. 5 PI-P, P 4PI
13 PI+ P
15 Pl eP, P 4P I
12 PI-P, (4PI)-P
12 PI-P, (4PI )-P
12 PI-P, (4PI &-P

&B), (C)
&A), &C)
(A), &B)

CLUDES SCALE FACTOR OF '1.9)

6/68
4/71
4/71
5/70
1/73
1/74
1/74

12/75
12/75
4/78
3/82
3/82
3/82

R3 PHI(1680) INTO (K~(892) KBAR)/(KS Ke- PI-e) (P4) l(P5)
R3 DOMINANT MANE 82 DM1 E+E-,K S K+- P I-+ 8/83*

67 PHI(1680) S(I&+S(EeE-)/S(TOTAL) (KEV)

THIS COMBINATION OF A PARTIAL WIDTH MITH THE PARTIAL MIDTH INTO
E+E- AND MITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED
CROSS SECTION INTO CHANNEL(I) IN E+E- ANNIHILATION.
QE ONLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL
WIDTH G(l) OR THE BRANCHING RATIO 6(I)/TOTAL.

WEIGHTED AVERAGE = 1675. 2 + 11. 1

ERROR SCALED SY 1.9

S1 6 (OMESA 2P I & ~S (E+E-)I6 (TOTAL &

G1 M (0.017)APPROX

S3 S(K KBAR)~S(E+E-)/S(TOTAL)
G3 M (0.053) (0.035)

BI ZOT
CS1&%(S6&/TOTAL

80 DM1 0 E+ E-

C 63&*(66&/TOTAL
BIZOT 80 DM1 0 E+ E-

3/82

3/82

S4 S(K~(892) KBAR e C/C/)~S(E+E-) IS(TOTAL)
G4 M (0.413) (0.033) BI ZOT

G M MODEL DEPENDENT

C 64& ~(66)ITOTAL
80 DM1 0 E+ E-

REFERENCES FOR PHI

COSME 79 NP B 152 215 +DUDELZAK, GRELAUD, JEAN-MARIE, JULLIAN+&IPNP)

ASTON 80 NP B 174 269 &BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSAeIPNP +&
BIZOT 80 MADISON CONF. 546 +BISELLO, BUON, CORDIER, DELCOURT, +(LALO+USTL)
ESPOSITO 80 LNC 28 195 +MARINI, PATTERI, NIGRO+(FRAS+NAPL+PADO+ROMA)

ASTON 81 PL 104 B 231
CORDIER 81 PL 106 B 155
DELCOURT 81 PL 99 B 257
MANE 81 PL 99 B 261

(BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+PARIS+)
+BISELLO, BIZOT, BUON, DELCOURT, MANE (ORSAY)
+BISE LLO, 8 IZOT, BUON, CORD IER, MANE (ORSAY)
+BISELLO, BIZOT, BUON, CORDIER, DELCOURT(ORSAY}

*040*0 40*4*00*1 440**0440 ***4k*404 *40%44*S4 0*4404004 *40*40*00 404004**

3/82

1550 1650 1750
G MASS (MEV), (4pj)+- MODE

OMEGA P I MODE

78 HBC
74 HBC
73 HBC

72 HBC
70 HBC

70 HBC

68 HBC

I

1850

Al TAY

HOMPSON

ASON

OLMES
ASO
ARTSCH
ALTAY

CH I SQ
0. 5
0. 3
0. 3
9. 1

2. 0
0. 0
8. 9

21. 1

(CONLEV
=0. 002)

BUON
MANE

82 PL 118 B 221
82 PL 112 B 178

AUGUSTIN 83 LAL/83-21
ATKINS01 83 NP B 229 269
ATKINS02 83 CERN-EP/83-80
ATKINS03 83 PL 127 B 132
ATKINSO4 83 CERN-EP/83-85

+BISELLO, BIZOT, CORD IER, DELCOURT+(LALO+MONP &

+BI SE

LLOYD

BI ZOT ~ BUON ~ DELCOURT FAYARD g+ ( LALO)

+AYACH, BISELLO, BALD INIe (LALO+PADOeFRAS&
ATKINSON+ (BONN+CERN+GLAS+LANC+MCHS+ IPNP+)
ATKINSON+ (BONN+CERN+GLAS+LANC+MCHS+ IPNP+)
ATKINSON+ (BONN+CERN+GLAS+LANC+MCHS+ IPNP+ &

ATKINSON+ (BONN+CERN+GLAS+LANC+MCHS+IPNP+)
AVG

1654.
1686 ~

1666 ~ 0
1690.

1680.1

24 ~

9.
14.0
15.
6 ' 6 AVERAGE

BARNHAM 70 HBC + 10 K+ P, OMEGA PI 6/70
THOMPSON 74 HBC + 13 PI+ P 12/75
GESSAROLI 77 HBC 11 PI-P, OMEGA PI 12/77
EVANGELIS 81 OMEG — 12 PI-P OME PI P 1/82

****4000*4*44**040400404 440*04404 *40%4**40 *****%444**4440%4* 40***44*
4*0400 04*0444** 40*00*04* 00***4404 04404*0** *4*4044*4 **0440%4* k*44t**0 15 S MIDTH (MEV)

(1690) 15 S(1690 JPS 3-+) I 1
QE ONLY INCLUDE HIGH STATISTICS EXPERIMENTS IN THE AVERAGE FOR THE
2PI AND KKBAR MODES.

M 2 PI MODE
M

M 1670.0
M &1683.)
M ( 1737 ~ 0

122 1650 ' 0
M 1687.
M 1678 ~

M E 600 1690 '
M G 1693.
M GI (1692.)
M I (1722. )
M E 175 1678.0
M 476 1679.0
M M (1734.0
M 1677 ~

30 ' 0
(13.)
(23 ' 0)
35.0
21.
12.
7 ~

8 ~

&12 ~ )
(3 ' )
12 ~ 0
11 ~ 0

(10.0&
14.

GOLDBERG
ARMENI SE
ARMENI SE
BARTSCH
STUNTEBEC
MATTHEMS
ENG1 ER
GRAYER
ESTABROOK
HYAMS
ANTIPOV
BALTAY
CORDEN
EVANGELIS

65 HBC
68 DBC
70 DBC
70 HBC
70 HDBC
71 DBC
74 DBC
74 ASPK
75 RVUE
75 ASPK
77 C IBS
78 HBC
79 OMEG
81 OMEG

0 6 P I+0, 8 PI-P
0 5. 1 PI+ D

09PI+N
+ 8 PI+ P, 2 PI

0 8 ~ PI-P, 5 ~ 4 PI+D
0 7. PI+ N

0 6. P I+N, PI+PI-P
0 17 PI-P, PI+PI-N

17 P I-P, PI+PI-N
0 17 PI-P, P I+PI-N

0 25 Pl-PP 3PI
0 15 P I+V, PI+PI-

12-15PI-P, N 2P I
12 PI-P, 2PI P

15 S MASS (NEV)

ME ONLY INCLUDE HIGH STATISTICS EXPERIMENTS IN THE AVERAGE FOR THE
2PI AND KKBAR MODES.

6/68
1/71
5/70
2/72
2/72

12/75
2/74

12/75
12/75

1/82
4/78

12/79
1/82

M

W

iwi

bl

M

M

Q

bf

bl

bf

W

M

W

65 HBC 0 6 PI+0, 8 PI-P
68 DBC 0 5. 1 PI+ D

70 DBC 0 9 PI+ D

70 HBC + 8 PI+ P, 2 Pl
70 HDBC 0 8. PI-P, 5 ~ 4 P I+D
71 DBC 0 7. PI+ N

74 DBC 0 6. PleN, PI+PI-P
74 ASPK 0 17 PI-P, P I+P I-N
75 RVUE 17 PI-P, PI+PI-N
75 ASPK 0 17 PI-P, P I+P I-N
77 CIBS 0 25 PI-P, P 3PI
78 HBC 0 15 P I+P, P I+PI-
79 ASPK 0 17 Pl- P POLARIZ
79 OMEG 12-15PI-P, N 2PI
81 OMEG — 12 P I-P, 2P I P

2 P I MODE

180 ' 0 40 ' 0 GOLDBERG
188 ~ 49 ~ ARMENI SE
171 ~ 0 65.0 ARME NI SE

122 180.0 30.0 BARTSCH
267. 72. 46. STUNTEBEC
156 ~ 36. MATT HEblS

600 167. 40 ' ENGLER
G 200. 18. GRAYER
GI (240 ' ) (30 ' ) ESTABROOK

&267. ) &30. ) HYAMS
T '175 162 ' 0 50 ' 0 ANTIPOV

476 116' 0 30.0 BALTAY
(206 ' 0) OR MORE CL=.84 BECKER

M (322 ' 0) (35.0) CORDEN
246 ' 37 ' EVANGELIS

I FROM PHASE-SHIFT ANALYSIS
I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS

G USES SAME DATA AS HYAMS 75 AND BECKER 79
M FROM A PHASE SHIFT SOLUTION CONTAINING A F PRIME WIDTH
M T140 TIMES LARGER THAN THE K KBAR RESULT.

T MI DTH ERRORS ENLARGED BY US TO 4*nfl DT H/SQRT (N ),SEE K*(892) NOTE

6/68
1/7'I
5/70
2/72
2/72

12/75
2/74

12/75
12/75

1/82
4/78

12/79
12/79

1/82
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S1?2 Particle Data Group: Review of particle properties

Me sons
g(I&90)

Data Card Listings

W K KBAR + K KBAR PI MODE
W

W 112~ 0 60.0
W 205. 20.
W P 6000 199. 40.
W 219~ 0 4 ~ 0
W L (186.0) (11.0)
W

W L THEY CANNOT DISTINGUISH BETWEEN G AND OMEGA(1670).
W P FROM A FIT TO JP~3- PARTIAL 'WAVE.
W

W

W

ADERHOLZ 69 HBC + 8 PI+ P, KKBARPI 8/69
SLUM 75 ASPK 018.4 PI-P, N K+K- 11/75
MARTIN 1 78 SPEC 10 PI P, KS K- P 4/78
ALPER 80 CNTR 0 62 PI-P, K+ K- N 1/82
COSTA 80 OMEG 10. PI-P, K+ K- N 1/82

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 213 ~ 5 5.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
(SEE IDEOGRAM BELOW)

15 6 BRANCHIN6 RATIOS

R1 6 XNTO (2PX &/TOTAL
R1 P 0 ' 22 0.04
R1 G (0.245) (0 ~ 006)
R1 0 ~ 259 0.018
R1 0 ' 23 0 ' 02

R1 AVG 0.243 0.013
R1 FIT 0.238 0.013

MATTHEWS 71
ESTABROOK 75

0 ' 019 BECKER 79
CORDEN 79

AVERAGE
FROM FIT

R1 G FROM PHASE-SHIFT ANALYSIS OF HYAMS 75 DATA
R1 H INCLUDED IN BECKER 79 ANALYSIS
R1 P OPE MODEL USED IN THIS ESTIMATION

(P1&
HD BC 0 7. P I+M ~ P I -P 2/72
RVUE 17 PI-P, P I+P I-N 12/75
ASPK 0 17 PI- P POLARIZ 12/79
OMEG 12-15PI-P, N 2P I 12/79

WEIGHTED AVERAGE = 213.5 + 5. 4
ERROR SCALED BY 1.5

R2 6 INTO(2 PI&/(4 Pl& CHAR6ED
R2 (0 ~ 12) OR LESS
R2 (0 ' 2) OR LESS
R2 0 ~ 35 0. 11

BALLAN
HOLMES
CASON

(P1&/(P11&
71 HBC — 16. P I- P
72 HBC + 10.—12. K+ P
73 HBC — 8 ~, 18 5 PI- P

2/72
1/73
1/74

-ALPER
-MARTIN 1

-BLUM
-ADERHOLZ
-EVANGELIS

BALTAY
. ANT IPOV

GRAYER
ENGLER

. MATTHEWS

STUNTEBEC
BARTSCH

. ARMENISE

. ARMENISE

. GOLDBERG

80 CNTR

78 SPEC
75 ASPK
69 HBC
81 OMEG

78 HBC
77 CIBS
74 ASPK
74 DBC
71 DBC
70 HDBC

70 HBC

70 DBC
68 DBC
65 HBC

I

0 100 200
I

300 400 500
G WIDTH (MEV), P I P I + K KBAR MODES

CH I SQ
9

0. 1

0. 2

0. 8
10.6

0. 6
. 4

2. 6

1.2

0. 7

19.9
(CONLEV
=0. 018)

R3 60 INTO(2 Pl &/(4 P I & ALL
R3 0.30 0 ~ 10 BALTAY

R3 FIT 0.336 0.026 FROM FIT

(P1 &/(P2&
7& HBC 0 15 PI+P, P 4PI 4/78

R6
R6
R6
R6
R6
R6
R6 AVG

6+- INTO (RHO 2PI&/(4 PX) CHAR6ED
CONSISTENT WITH 1. CASO

(1.) (0.15) BARTSCH
0 ~ 88 0 ~ 15 BALLAN
0 ' 96 0.21 BALTAY

0 ~ 91 0. 12 AVERAGE

(P5+P6+PS&/(P11&
68 HBC — 11 PI- P
70 HBC + 8. PI+ P
71 HBC — 16. Pl- P
78 HBC + 15 PI+P, P 4P I

6/68
2/72
2/72
4/78

R7
R7
R7
R7 T
R7
R7 T

6+- INTO (2RHO&/(4 Pl) CHAR6ED
(0 ~ 7) (0.15) BARTSCH 70 HBC

66 {0.56) KL IGER 74 HBC
(0.13) (0.09) THOMPSON 74 HBC
0. 12 0 ~ 11 BALTAY 78 HBC

RHO RHO AND A2 PI MODES ARE INDISTINGUISHABLE

(PS&/(P11 &

+ 8 ~ PI+ P
4. 5 PI-P, P 4P I

+ 13 PI+ P
+ 15 PI+P, P 4PI

2/72
12/75
12/75
4/78

R4 6+- INTO (K KBAR &/(2P I & (P4) /(P1)
R4 0. 191 0.040 0.037 GORL ICH 80 ASPK 0 17, 18 PI-P POLAR 12/79

R4 FIT 0.063 0.014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)
R5 6+- INTO (K KBAR Pl)/(2PI& (P3)I (P1 &

R5 A 0.16 0.05 BARTSCH 70 HBC + &. PI+ P 2/72
R5 A INCREASED BY US TO CORRESPOND TO G INTO (2PI)=.24
R5 ~ ~ ~ ~ ~ ~ ~

R5 FIT 0.159 0.051 FROM F IT

RS 6+- INTO (2 RHO&/(ALL RHO 2PX) (PS)/(PS+P6+PS)
Re 0.48 0.16 CASO 68 HBC — 11 PI- P 6/68

W (4PI )+- MODE
W

W 100.
W 144 135 ~ 0
W 90 (180.0)
W F 102 (160 0)
W 130 ~

W 169 ~

W F {125.)
W F 66 (150.&

W 106.
W 177 105.0

A (123.)
8 (230 ~ )

W C (184-)
W ~ ~ ~

W AVG 117.8

35.
30 ' 0

&30 ' 0)
(30.0)
30 '
70.

(83-)
25 ~

30.0
(13.)
&2e. )
(33.)

12 ~ 9

48.
(35 ' )

AVERAGE

BALTAY
BARTSCH
BARTSCH
BARTSCH
HOLMES
CASON
CASON
KLIGER
THOMPSON
BALTAY
EVANGELI
EVANGELI
EVANGELI

68 HBC +
70 HBC +
70 H BC +
70 HBC +
72 HBC +
73 HBC
73 HBC
74 HBC
74 HBC +
78 HBC +
81 OMEG
81 OMEG
81 OMEG

?, 85 Pl+ Pepl+p4pl
8 PI+ P, A2 PI
8 PI+ P, 2 RHO
10 ~ —12. K+ P
8 ~, 18.5 PI- P
8. , 18 5 PI- P
4.5 PI-P, P 4PI
13 PI+ P
15 P I+P, P 4PI
12 PI-P, (4P I )-P
12 PI-P, (4PI )-P
12 PI-P, (4PI )-P

6/68
4/71
4/71

1/73
1/74
1/74

12/75
12/75
4/78
3/82
3/82
3/82

R9
R9
R9
R9
R9 T
R9
R9

R10 6+-
R10
R10
R10
R10
R10
R10
R10
R10 AVG

XNTO (Pl ONE6A&/(4 Pl) CHAR6ED
0.25 0.10 BALTAY 6& HBC
0.25 0. 10 JOHNSTON 68 HBC
0 ~ 12 0.07 BALLAN 71 HBC

(0 ' 09) OR LESS KL I GER 74 HBC
0.33 0.07 THOMPSON 74 HBC

(0.11) OR LESS CL=O ~ 95 BALTAY 78 HBC

0.233 0 ' 050 AVERAGE (ERROR INCLUDES

6+- lNTO (Pl A2&/(4 PI& CHAR6ED
(0.6) BALTAY 68 HBC
(0.6& (0.15) BARTSCH 70 HBC

NOT SEEN CASON 73 HBC
(0 ' 36& (0.14) THOMPSON 74 HBC
0.66 0.08 BALTAY 78 HBC

RHO RHO AND A2 PI MODES ARE INDISTINGUISHABLE

(P6& /(P 11&

+ 785 PI+P
+ 8 ~ P I+ P

8. , 18.5 PI — P
+ 13 P I+P
+ 15 PI+P, P 4P I

(P7)/(P11&
+ 7-8.5 PI+P

7 ~ 0 PI — P
16. PI- P

4. 5 PI-P, P 4P I
+ 13 P I+ P
+ 15 P I+P P 4P I

SCALE FACTOR OF 1 ' 2&

6/68
2/72
1/74
4/78
4/78

5/68
6/68
2/72

12/75
12/75
4/78

W A FROM RHO- RHOO MODE, NOT INDEPENDENT OF (8), (C)
W 8 FROM'(A2)- PIO MODE, NOT INDEPENDENT OF (A), (C)
W C FROM (A2)0 PI- MODE, NOT INDEPENDENT OF (A), (8)
W F FROM (RHO+- RHOO) MODE

R11 6+- INTO (PI PHI)/(4 PI) CHAR6ED (P9)I(P11)
R11 (0.11) OR LE SS BALTAY 68 HBC + 7,8.5 PI+P

R12 6+- INTO (PX+- 2PI+ 2PI- PXO)/(4 PI) CH.
R12 (0.15) OR LESS ~ BALTAY 68 HBC + 7,8.5 PI+ P

6/68

6/68

20.6

W OMEGA PI MODE
W

W 130. 73. 43. BARNHAM
W 89. 25. THOMPSON
W 160.0 56 ' 0 GESSAROLI
W 190. 65. EVANGELIS
W

W AVG AVERAGE

70 HBC + 10 K+ P, OMEGA PI 6/70
74 HBC + 13 PI+ P 12/75
77 HBC 11 PI-P, OMEGA PI 12/77
81 OMEG — 12 PI-P, OME PI P 1/82

R13 6+- INTO (PI ETA&/(4 Pl& CHAR6ED (P10&/(P11)
R13 (0.02) OR LESS THOMPSON 74 HBC + 13 Pl+ P

R14 6+- INTO (K KBAR&/TOTAL (P4)
R14 8 0 ' 013 0.004 MARTIN 2 78 SPEC -10 PI P, KS K- P
R14 0 ~ 013 0.003 COSTA 80 OMEG 0 10 P I-P, K+ K- N

R14 8 FROM SORT(P1*P4&~0.056+-0.034 ASSUMING (2PI )/TOTAL=P1=0. 24
R14 ~ ~ ~ ~ ~

R14 AVG 0 ' 0130 0.0024 AVERAGE
R14 FIT 0 ~ 0151 0.0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3&

12/75

4/78
1/82

P1
P2
P3
P4
P5
P6
P7
Pe
P9
P10
P11

15 6 PARTIAL DECAY MODES

6 INTO PI PI
G INTO 4PI(INCL. PIO'S)
G INTO K KBAR PI
G INTO K KBAR
G INTO PI PI RHO &EXCLUDING 2RHO+A2 PI )
G INTO A2 PI
G INTO OMEGA Pl
G INTO 2 RHO
G INTO PHI PI
G INTO ETA PI
G+- INTO 3 PI CHARGED AND 1 PIO

DE CAY MASSES
140+ 140
140+ 140+ 140+ 140
498+ 498+ 140
498+ 498
140+ 140+ 769

1318+ 140
140+ 783
769+ 769

1020+ 140
549+ 140
140+ 140+ 140+ 140

BELLINI 65 NC 40 A 948
DEUTSCHM 65 PL 18 351
FOR INO 65 PL 19 65
GOLDBERG 65 PL 17 354

EHRLICH 66 PR 152 1194
FOCAC C I 66 PR L 17 890
LE VRAT 66 PL 22 714
SEGUINOT 66 PL 19 712

BELLINI, DI CORATO, DUIMIO, FIORINI (MILANO)
M. DEUTSCHMANN ET AL {AACHEN+BERL IN+CERN)
FOR I NO, GESSAROL I + (BOLOGNA+ORSAY+SACLAY)
GOLDBERG+ (CERN+EPOL+ORSAY+MILANO+CEA-SACL)

R. EHRL ICH, W. SE LOVE, H. YUTA (PENNSYL VANI A)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)

R16 6+- INTO (PX OHE6A&/(PI ONE6A+ 2 RHO& (P7)I(P7+PS)
R16 0.22 0 ' 08 CASON 73 HBC — 8. , 18.5 P I- P

*eeeee eee****ee «eeeeeee* *ee***ee**e*eee*e» **eeeeee» ee*eeeeee keeeee*e

REFERENCES FOR 6

1/74

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 4P 3P 1 P 2
P 1 .2380+- ~ 0129
P 2 —.7561 ~ 7090+- ~ 0189
P 3 .1510 —.7415 ~ 0378+-.0122
P 4 —.1452 —.0478 —.0230 .0151+-.0031

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P., as follows: The diagonal elements are P. a 6P. , where

1 1 1
6P. = QPP. 6P.), while the off-diagonal elements are the normalized correlation coeffi-

1 1 1
cients (6P.6P. ) /{6P. ~ 6P.&. For the definitions of the individual P., see the listings1 J i 3 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to i.

ABRAMS
DANYSZ
DUBAL

ALSO
FRENCH

ARMENI SE
BALTAY
BI SWAS
BOESEBEC
CASO
CRENNELL
JOHNSTON

67 PR L 18 620
67 PL 24 8 309
67 NP 83 435
68 THESIS 1456
67 NC 52A 442

68 NC 54 A 999
68 PRL 20 887
68 PRL 21 50
68 NP 8 4 501
68 NC 54 A 983
68 PL 28 8 136
68 PRL 20 1414

ADERHOLZ 69 NP 8 11 259
ANDERSON 69 PRL 22 1390
BAR ISH 69 PR 184 1375
CASO 69 NC 62 A 755
VETLITSK 69 SJNP 9 461

+KEHOE+GLASSER+SFCHI-ZORN+WOLSKY (MARYLAND)
+FRENCH+K INSON+SIMAK+ (CERN+LI VERPOOL)
+FOCACCI+KIENZLE+LECHANOINE+LEVRAT+ (CERN)
L.DUBAL (GENEVE)
+KINSON+MCDONALD+R IDD IFORD+ (CERN+BIRM)

+FOR INO+CARTACC I+(BAR I+BGNA +F IRENZE+ORSAY) I
+KUNG+YEH+FERBEL+ (COLU+ROCH+RUTG+YALE)I=1
+CASON, DZIERBA, GROVES, KENNEY, + (NDAM)
BOESEBECK, DEUTSCHMANN, +(AACHEN+BERLIN+CERN)
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB+MILA+SACL)
+KARSHON, LA I, SCARR, SK ILL I CORN (BNL)
+PRENTICE, STEENBERG, YOON (TORONTO+WISC)IJP

+BARTSCH, + (AACH+BERL+CERN+JAGL+WARS)
+COLL INS, BL IEDEN+ (BNL+CARN)
+SELOVE, BISWAS, CASON, + (PENN+NDAM+ROCH)
+CONTE, BENZ, + (GENO+DESY+HAMB+MILA+SACL)
+GUZHAVIN, KLIGER, KOLGANOV, LEBEDEV+ (ITEP)
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For notation, see key at front of Listings. MeS()nS
g(1690), 8(1690), g(1700), S(1730), m(1770)

ARMENISE
BARNHAM
BARTSCH
CASO
KRAMER
MAURER
STUMTEBE

70 LNC 4 199
70 PR L 24 1083
70 NP 8 22 109
70 LNC 3 707
70 PR L 25 396
70 THESIS MO. 588
70 PL 32 8 391

BALLAM 71 PR D 3 2606
BRAUN 71 NP 8 30 213
GRAYER 71 PL 35 8 610
MATTHEWS 71 NP 8 331

+GHIO INI, FORINO, CARTACC I, + (SAR I+BGNA+F IRZ)
+COLL EY 2 JOB ES 2 KENYON, PATHAK, R I 00 I FORD (8 IRM)
+KRAUS, TSANOS, GROTE, KOTZAN+(AACH+BERL+CERN)
+CONTE, TOMASINI, CORDS+(GENO+HAMB+MILA+SACL)
+BARTON, GUTAY, L ICHTMAN, MILLER, + (PURDUE)
G ~ MAURER (STRASBOURG)
STUNTESECK, KENMEY, OEERY, BISMAS, CASON+(NDAM)

+CHADWICK, GUIRAGOSSIAN, JOHNSON, + (SLAG)
+FR IDMAN GERBER 2 G IVERNAUD JKAHN 2 + (STRB)
+HYAMS, JONES, SCHLEIN, SLUM, + (CERN+MPIM)JP3-
+PRENT I CE J YOON 2 CARROLL 2 + &TNTO+WISC)JP3-

1(1 700) 63 0&6&1200,JP0 +& & EYEN

ENHANCEMENT SEEN IN THE ETA PI PI SYSTEM
PRODUCED IM THE RADI ATIVC DECAY OF THE J/PS I(3100)~

MAY CONTAIN SIGNIFICANT SUB-STRUCTURE. RELATION TO
OTHER ENHANCEMENTS SEEM IN RADIATIVE J/PSI DECAY
UNCLEAR (SEE HITLIH 83) ~

TENTATIVELY CALLED ETA(1700) BY US.
OMITTED FROM TABLE.

ARMEHISE 72
ALSO 75

BOMEN 72
CLAYTON 72
GRAYER 72
HOLMES 72

LNC 4 205
LNC 14 177
PRL 29 890
NP 8 47 81
PHIL. CONF ~ PROC ~

PR 0 6 3336

+FOR I NO, CARTACC I,+ (BARE+BGNA+FIRZ)
+FOGL I-MUG I ACC I A, FOR I NO+ (BAR I+BGNA+F IRZ ) JP
+EARLES, FAISSLER, SLIEDEN, + (NEAS+STON)
+MASON, MU I R HEAD, R I GOPOULOS, + & L I VP+PATR )

5 +HYAMS, JONES, SCHL E I N, SLUM, D I ETL+ & C ERN+MP IM)
+FERBEL, SLATTERY, MERNER (ROCH)

1700.0

63 ETA( 1700) MASS (NEV)

45 ' EDWARDS 83 CBAL J/PSI, ETA 2PIGAM 12/83»

AR NOL D 73 LN C 6 70?
CASON 73 PR 0 7 1971
CASON 1 73 NP 8 64 14
HYAMS 73 NP 8 64 134
ROBERTSO 73 PR D 7 2554

OUBOVEKO ?4 SJNP 19 568
ENGLER 74 PR 010 2070
GRAYER 74 NP 8 75 189
KLIGER 74 SJNP 19 428
OR EN 74 NP 871 189
THOMPSON 74 NP 869 220

BLUM 75 PL 578 403
ESTABROO 75 HP 895 322
HYAMS 75 NP 8100 205
KALELKAR 75 THESIS(NEVIS
ANTIPOV 77 NP 8 119 45
GESSAROL 77 NP 8 126 382

BALTAY 78 PR D 17 62
FOR I NO 78 NP 8 139 413
MARTIN 1 78 PL 74 8 417
MARTIN 2 78 NP 8 140 158
MARTIN 3 78 AMP 114 1

+EMGEL, ESCOUBESJKURTZ, LLORET, PATY, + (STRS)
+BISMAS, KENNEY, MADDEN, SANDER, SHEPHARO(NDAM)
+MADDEN BISHOP 2 BI SMAS ~ KENNEY 2 + (NOAM)
+JONES, WE ILHAMMER, BLUM, DIETL, + (CERN+MPIM)
ROBERTSON, WALKER, DAV I S (DUK E+WI SC )

DUBOVIKOV, MATSYUK, NE LOV, SOKOLOV ( I TEP)
+KRAEMER, TOAF F, ME ISSER, DIAZ+ (CARN+CASE)
G ~ GRAYER, HYAMS, BLUM, DIETL, + (CERN+MPIM)
+BEKETOV, GRECHKO, GUZHAVIN, DUSOVIKOV+ (ITEP)
+COOPER, FIELDS, RHINES, WHITMORE, + (ANL+OXF)
+GAIDOS, MC I LWA IN, MILLER, MUL ERA, + (PURD)

+CHABAUD, DIETL, GARE LICK, GRAYER+ (CERM+MP IM) JP
P. ESTASROOKS, A. D.MARTIN (DURH&
+JONES, WEILHAMMER, BLUM, OIETL+ (CERN+MPIM)

207) M. S ~ KALELKAR (COLU) I~1
+BUSNELLO, DAMGAARD, KI ENZLE+ (CERN+SERP)
GESSAROL I, + (BGNA+F IRZ+GENO+MILA+OXF+PAVI )
+CAUT I 8, COHEN, CSORNA, SMITH, YEH, i(COLU+BING)
+CARTACCI, + (BGNA+FIRZ+GENO+MILA+OXF+PAVI & JP
+OZMUTL V+BALD I, BOHR IN GER, OORS AZ+ (OUR H+GC VA )
+OZMUTLU, BALDIJBOHRINGER, DORSAZ+(OURH+GEifA)
A AD. MARTIN, M. R ~ PENNINGTOM (CERN)

EDWARDS 83 PRL 51 859
HITL IN 83 CORNELL CONF ~

REFERENCES FOR ETA(17003

+PARTRIDGE, PECK+ (CIT+HARV+PR IN+STAN+SLAG)
D. HITL IN (CIT)

t*tttt ttttt*tt* tttttttt* «*«««*««* t*«t«tt«* »«t*«tttt »t»t*ttt« ttt***««tttttt «tttttttt tttt**««« «*«*««*«« ***««t«t« «*tt«tt«* ««*«**««« tttttttt

S(1730) $6 S(1?30,JP6 0++) I 0

NAMED S» PRIME SY ETKIN &2
SEEN IN PHASE SHIFT ANALYSIS OF KOS KOS SYSTEM.
NEEDS CONFIRMATION. OMITTED FROM TABLE.

$6 S(i?303 MASS (NEV3

63 ETA( 1700) WIDTH (NEV)

W. 520 ~ 110. EDWARDS &3 CBAL J/PSE, ETA 2PIGAM 12/83»
tttt«t «ttttttt« tttt«tt«t ««««»t««t «««tt«t«t tttt««ttt ttt«t«tt« *t«ttttt

BECKER 79 NP 8 151 46
CORDEN 79 NP 8 157 250
EVAHGELI 79 NP 8 154 381

+SLANAR, 8 LUM ~ CERRADA+ (MP I M+CERH+ZE EM+CRAC &

+DOMELL, GARVEY, JOSES, +(BIRM+RHEL+TELA+LOMC) JP
+ (BARI+BOMN+CERN+DARE+GLAS+LIVP+MILA+WIEN)

M AB
M A S

(1771.0)
1730 ~ 0

(77.0)
30.0

(53 ' 0) ETKIM1
ETKIN2

82 MPS 0 23 PI-P, 2KOS N 9/83»
82 MPS 0 23 PI-PI 2KOS N 2/84»

ALPER 80 PL 94 8 422
COSTA 80 NP 8 175 402
GORLICH 80 NP 8 174 16

+SECK ER, + (AMST+CE RN+ CRAC+MP IN+OX F+RHEL )
+ (BAR I+BONN+CERN+GLAS+L I VP+MI LA+ME EN)
+MICZYPORUK, ROZANSKA+ (CRAC+MPIM+CERN+ZEEM)

M A

M 8
M S

FROM AN AMPLITUDE ANALYSIS OF THE KOS KOS SYSTEM.
SUPERSEDED BY ETKIN2 82.
SYSTEMATIC ERROR ADDED LINEARLY BY US.

EVANGELI &1 NP 8 178 197 EVANGELISTA+(BARI+SONN+CERN+OARE+LEVP+MILA)

SARNETT 83 PL 120 8 455 +BLOCKUS, BURKA, CHI EN, CHRIST IAH+ (JHU)

»»t«*t «t»tt«*«* *ttt««««« «««»«*»t« t*«***««**»««*****tt«****«***t««*«*ttt*** «**»«*«t* *****«««t**«**««*« tt«t«tt«t »*t««««t« t««««««*« tttttttt

e(1690) 60 &00&6&1600,JP0 2++» 0

W A

W A

$6 S(1?30) WIDTH (NEV)

200.0 156.0 9.0 ETKIN1 82 MPS 0 23 PI-P, 2KOS N 9/83»

FROM AN AMPLITUDE ANALYSIS OF THE KOS KOS SYSTEM.

NAMED THETA BY EDWARDS 82
SEEN IN J/PSI INTO GAMMA THETA(1690), THEREFORE C~+ ~

THETA(1690) DECAYS INTO 2 ETA, THEREFORE IG~O+.
JP~2+ IS PRCFERRED OVER 0+, HIGHER SP INS NOT
STUDIED.

MASS AND WIDTH DETERMINATION COMPLICATED BY OVERLAP WITH F PRIME
IN MASS SPECTRA. POSSIBLE CONNECTION OF THIS STATE WITH STRUCTURE
SEEM IN J/PS I TO GAMMA RHO RHO ANO IN J/PSI TO GAMMA ETA PI PI
IS UNCLEAR (SEE HITL IN 83) .

6$ THETA(1690) NASS (NEV)

$6 S(1?30) PARTIAL DECAY NODES

S(1730) INTO K KSAR
DECAY MASSES

498+ 498

ETKIM1
ETKIN2

82 PR 0 25 1786
82 PR 0 25 2446

REFERENCES FOR S(17303

+FOLEY, LAI, LINOENBAUM+ (BNL+CUNY+TUFT+VANO) JP
+FOLEY, LA I, L INOENSAUM+ (BNL+CUNY+TUFT+VAND)

***««« tttt*tttt tt*tttttt tttt«tt*t «ttttt««t ««»««*t«« **tttt*t* «***«*t*tttttt tttttt**« ttttttt«t «*««*«««« *tt**tttt tt«t«tt«t tttttt*t* tttttt«t

tt*ttt t*ttttt*t t*ttttttt t*ttt*t«* «**««**tt ttt«t«tt« ««*tttttt t*t«tttt

M

M

M

M

M AVG

1640 ~

1708.0
&1719.0)

50.
30 ~ 0
(6 ' 0)

1690 ~ 0 30.0

EOMAROS 82 CSAL
FRANKLIN 82 SMK2
EINSME ILE 83 SMK3

0 J/PS I, GAM ZETA 1/82
C+E-, GAM K+ K- 12/83»
E+E-, HAORONS GAM 12/83»

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)

~(1770) ?5 PI (17?0,JP6~0—) I~1

SEEN IN PARTIAL WAVE ANALYSIS OF THE DIFFRACTIVEI. Y
PRODUCED 3 PI SYSTEM.
HCEOS COHF IRMATION. OMITTED FROM TABLE.

6$ THETA(16903 WIDTH (NEV)

M

M

M

M

W AVG

220 '
156.0

(117~ 0)

100 ~

60.0
(23 ' 0)

177.3 49.0

70. EDWARDS 82 CBAL
FRANKLIN 82 SMK2
E I NSME IL E &3 SMK3

AVERAGE

0 J/PSI, GAM 2ETA 1/82
E+E-, GAM K+ K- 12/83»
E+E-, HAORONS GAM 12/83» 1100 1770.

75 PI($7703 NABS (NEV)

30. BELLINI 82 SPEC - 40 PI-A 3PI A 8/83*

75 PI(17703 WIDTH (NEV)
6$ THETA(16903 PARTIAL DECAY NODES

W 1100 310. 50. BELLINI 82 SPEC - 40 PI-A3PI A 8/83»

ALTHOFF 82 PL 121 8 216
ALTHOFF 82 ZPHY C 16 13
SARNES 82 PL 116 8 365
BARNES 82 NP 8 198 360
EDWARDS 82 PRL 48 458
FRANKLIN 82 SLAG-254
TANIMOTO 82 PL 116 8 198

+BRANDELIK, BOERNER+ (TASSO COLLABORATION)
+BOERHER, BURKHARDT+ (TASSO COLLABORATION)
T ~ BARNES AND F ~ E.CLOSE (RHEL)
+CLOSE, MONAGHAN (RHEL+OXF)
+PARTRIDGE, PECK, + (CIT+HARV+PRIN+STAN+SLAC)
M. E.B.FRANKLIN (SLAG)
M. TANIMOTO (BIEL)

DECAY MASSES
P1 THETA( 1690) INTO ETA ETA 549+ 549
P2 THETA& 1690) INTO K KBAR 49&+ 498
«««««» ««tt«t«tt tt««t«ttt *«**«««*« *«tt«t*«« ««*«*******««t««*t tttt«ttt

REFERENCES FOR THETA(1690& P1
P2

R1
R1

75 PI(1?703 PARTIAL DECAY NODES

PI &1770) INTO EPSILON PI
PI(1770) ENTO RHO PI

DECAY MASSES
1300+ 140
769+ 140

?5 P'I (1??03 IRANCHIN6 RATIOS

PI (1?703 INTO (EPSILON PI) /TOTAL (P13
DOMINANT BELL INI 82 SPEC - 40 PI-A3PI A 8/83»

BARNETT 83 PL 120 8 455
EI NSWE IL 83 BRIGHTON CONF ~

HITLIN 83 CORNELL CONF ~

+BLOCKUS, BURKA, CHI EH, CHRIST EAN+ (JHU)
K. F.EIMSWE ILER+MARK I I I COLLABORATION (SLAG)0. HITL IN (CIT)

R2
R2

PI(17?03 INTO (RHO PI)/TOTAL (P23
NOT SEEN BELL INI 82 SPEC - 40 PI-A3PI A 8/83»

««t«t* «*«»«««*« tt»*t«*«* »«*»tt««t *«««*«****»**«*««t tt»*tt«tt t»tttttt*«**«« ttt«t«»t« t«*««**«* «*ttttt«* **«t**«*t«««*«**«t «tttttt«« ttt*«ttt
**tttt ttttttttt *tttttttt «tt«t*«*t ttt«««««« t«*««««*t ***«««***tttt*ttt

REFERENCES FOR PI(1770)
BELL IHI 82 PRL 48 1697 +FRASETTI, IVAMSHIN, L I TK IN+ (MILA+BGHA+ J INR)

ttt«tt «ttttttt« *««t»«t«* «*«««««tt t«ttt«««« «««*«t««« *t«******«tt*«tttttttt* ttttttttt *«***********«**tt«*t«*««*« «tttt»«tt ««««««««« ««*««***
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Particle Data Group: Review of particle properties

Me sans
f(1810), $(1850), S(1935)

Data Gard Listings

f(1810) 38 F (1810,JP6~2++) I~0 S(1935) 31 S(1935~ JP6~ )

FORMERLY CALLED X(1850).
FROM AN AMPLITUDE ANALYSIS OF THE K+K- SYSTEM SEEN IN
PI- P INTO K+ K- N AT 10 GEV/C. NOT CONFIRMED BY
ETKIN 82. SEEN ALSO IN PI+PI- TO 2PIO AMPLITUDE
ANALYSIS (CASON 82), SUT NOT SEEN IN THE PARTIAL
WAVE ANALYSIS OF THE PI+PI- SYSTEM.
NEEDS CONF IRMAT ION. OMITTED FROM TABLE.

38 F(1810& WIDTH (NEV&

W A 185.0 102.0
W

?SORY

0 42.0
W AVERAGE MEANINGLESS

139' 0 COSTA
35 ' 0 CASON

80 OMEG 0 10 PI-P, K+ K- N 1/82
82 STRC 0 8 PI+P, PI+2PIO P 8/83*

W A ERROR INCREASED BY SPREAD OF TWO SOLUTIOHS.

P1
P2

38 F(1810) PARTIAL DECAY MODES

F(1810) INTO K+ K-
F(1810) INTO PI PI

DECAY MASSES
494+ 494
140+ 140

38 F(1810& SRANCHIN6 RATIOS

R1
R1

R2
R2

F(1810) INTO ( K+ K- &/TOTAL
SEEN

F C 1810& INTO CP I PI ) /TOTAL
0.44 0.03

COSTA

CASON

(P1)
80 OMEG 0 10 P I-P, K+ K- N

(P2)
82 STRC 0 8 PI+P, PI+2PIO P

1/82

8/83*

»»**a» ca«**a*a» eeeea*»a« *a»*a»a*e **a»»a*»a **a»e**«*'***a»a**»««a*****

COSTA

CASON
ETKIN

CASON

REFERENCES FOR FC 1810)

80 NP 8 175 402 + (SAR I+BONN+CERH+GLAS+L I VP+MILA+WI EH)

8? PRL 48 1316
82 PR D 25 1786

+BI SWAS r BAUMSAUGH r 8 I SHOP r CAHHATA+ (NDAM+ANL )
+FOLEY, LAI, LINDEHSAUM+ (BNL+CUHY+TUFT+VAND)

83 PR D 28 1586 eCANNATA, BAUMBAUGH, BISHOP, WATSOH+(NDAM+AHL)

eeeeae *a»a»a*a» a«a»»»a»a aeeeee**a a»a»a«»»a a»a»»»a«a aee«****a **»a**a«
aaeaae a»a**a»** «a«a»a*»a eaeeaa«ee a«a*a««a* »**a»*«a* a»a**a«a* a»»*a«a»

54 PHI(1850, JP6 ) I 0

SEEN IN THE K KSAR AND K KBAR PI MASS
DI STR I BUT IONS.

54 PHIC1850) MASS CMEV)

M 123 1850.0 10.0 ALHARRAN 81 HBC 8.25 K-P, LAM 2K
M 430 1870.0 30.0 20.0 ARMSTRONG 82 OMEG 18.5 K-P, K-K+LAM

M AVG 1852.8 9.3 AVERAGE

1/82
8/83*

38 F C 1810& MASS CMEV)

M A 1857.0 35.0 24.0 COSTA 80 OMEG 0 10 PI-P, K+ K- N 1/82
M 1799 ' 0 15 ' 0 CASON 82 STRC 0 8 PI+P, PI+2PIO P 8/83*

M AVERAGE MEANINGLESS (SCALE FACTOR = 1.8)

M A ERROR INCREASED BY SPREAD OF TWO SOLUTIONS.

A narrow enhancement called the S(1935)has been

observed in the antiproton-proton total cross section

(CARROLL 74, CHALOUPKA 76, BRUCKNER 77,
SAKAMOTO 79).

This observation has not been confirmed by other

experiments (ALLEN 80, KAMAE 80, JAS-

TRZEMBSKI 81, LOWENSTEIN 81), or the effect was

found to be smaller in magnitude and larger in width

(HAMILTON 80).
A recent experiment (SUMIYOSHI 82) has meas-

ured with high precision the pp total cross section, by an

improved transmission method, rejecting both the

narrow- (CARROLL 74) and broad- (HAMILTON 80) S

hypotheses.
No significant signal is observed for a narrow

S(1935) in backward antiproton-proton elastic scattering

(GARNJOST 79), nor in the charge-exchange cross sec-

tion (GARNJOST 75, CHALOUPKA 76, HAMILTON

80).
The nonexistence of the S is also confirmed by

recent hadroproduction experiments (DAUM 81, BENS-

INGER 83, BARNETT 83).
The only observation in favor of a narrow S which

remains unchallenged is the one of ASTON 80 in a pho-

toproduction experiment. The weak statistical signifi-

cance of the signal does not ~arrant taking the S(1935)
as a well-established narrow resonance.

31 S MASS (MEV)

54 PHI(1850) WIDTH (NEV)

W 123
W 430
W

W AVG

80.0
160 ~ 0

96 ' 0

40.0
90.0

30.0
50.0

32.0 AVERAGE

P1
P2

54 PHI(1850) PARTIAL DECAY MODES

PHI(1850) INTO K KBAR
PHI(1850) INTO K*(892) K + C. C.

DECAY MASSES
494+ 494
892+ 494

54 PHI(1850& SRANCHIN6 RATIOS

ALHARRAN 81 HBC 8.25 K-P, LAM ?K
ARMSTRONG 82 OMEG 18.5 K-P, K-K+LAM

1/S2
8/83*

M S CHANNE L NBAR N

M C (1940 ~ ) (8. )
8 (1968.)

M S 1932 ~ 2 ~

M C (1942.) (5. )
M Z (1934.4) (2 ' 6)
M S 1935.9 1.0

1939.0 3.0
M 1935.5 1.0
M 1930 ' 0 2. 0
M A (1949.) (10~ )
M M 1939.0 2. 0

M PRODUCTION EXPERIMENTS
M 36(1940.0) (1.0)

M AVERAGE MEANINGLESS (SCALE

(1.4)

CL INE
BENVENUT I
CARROLL
D-ANDLAU
KALOGERO
CHALOUPKA
BRUCKNER
SAKAMOTO
ASTON
DEFOIX
HAMIL T02

DAUM

FACTOR = 1.7)

70 HBC
71 HBC
74 CNTR
75 HBC
75 DBC
76 HBC
7? SPEC
79 HBC
80 OMEG
80 HBC
80 CNTR

0 ~ 25- ~ 74 PBAR P
0 .1 — .8 PBAR P

S CHAN. PBAR P, D

0 ~ 175-.750 PBAR P
PBAR N ANNIH

0 PBAR P TOTrELAS
0 .4-.85 PBAR P
0 ~ 37-.73 PB P

GAM P, P PBAR X
0 PBAR P, 5P I
0 S CHAN, PBAR P

2/72
2/72

12/75
12/75
12/75
12/75
7/77

12/79
1/82
1/80

12/79

80 CHTR 0 93 P Pr PB P + X 12/79

ASTON 80 PL 92 8 219

ALHARRAN 81 PL 101 8 357

ARMSTROH 82 PL 110 8 77
CORD IER 82 PL 110 8 335

(BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+PARIS+)

+AMIRZADEH, + (8 IRM+CERN+GLAS+MI CH+LPNP)

+BAUBILLIER+(BARI+BIRM+CERN+MILA+1 PNP+PAVI) JP
+BISE LLO, BIZOT, BUON, DEL COURT, FAYARD, +(LALO)

»***a» a»a«»a*a» a«a»a»a«a »»**a»**a a*a»a»a»a *«»*a*«**«ace«e**« **«««**a
»**ac» ***eeeeea aeeeaeeae eea*aeeaa «eaeae*ee a««a«»aaa **e»ae*«e «*»«a*«*

R1 PHI(1850) INTO (Ke(892) K+C. C. )/(K KBAR) (P2)/(P1)
R1 0 ~ 8 0.4 ALHARRAN 81 OMEG 8.25 K-P, LAM 2K 1/82

a»a»a« a«a»a«a«a e«»a*««e* e*aeaeaae ««*«a«*«e *aa«a«aa* ««a«e»««e a«»««a««

RE FERENCES FOR PH I C 1850)

M A

M A

M 8
M

M C

M

M

M

M

M N

M S
M

M

M Z

FROM ENERGY DEPENDENCE OF 5PI CROSS-SECTION. IG=1- FROM OBSERVATION
OF OMEGA RHO DECAY. P=+ AND J)1. A2 PI PI ALSO SEEN.
SEEN AS A SUMP IN THE PBAR P — KS KL CROSS SECTION WITH JPC~1--.
NOT SEEN BY CARSON 72 WITH EQUAL STATISTICS.
FROM ENERGY DEPENDENCE OF FAR BACKWARD ELASTIC SCATTERING.
SOME INDI CATION OF ADDITIONAL STRUCTURE.

M I=O FAVORED, J=0 OR 1,SEEN IN TOTAl PSAR P TOTAL CROSS-SECT IONr
M PRIMARLY FROM ANNIH. REACTIONS. NOT SEEN IN PBAR D TOTAL AND

M ANNI H ~ CROSS SECTIONS.
SEEN IN 3 CHARGED MODE. NOT SEEN BY BOWEN 73 WITH 6X STATISTICS.
NARROW BUMP SEEN IN TOTAL PBAR P, D CROSS-SECTIONS. ISOSPIN UNCERTAIN
NOT SEEN IN PBAR P CEX BY GARNJOST 75, CHALOUPKA 76. INTEGRATED
CROSS-SECTION 3X LARGER THAN BRUCKNER 77.
NOT SEEN BY ALBERI 79 WITH COMPARABLE STATISTICS.
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Particle Data Group: Review of particle properties 8175

For notation, see key at front of Listings. MeSC)nS
S(1935), h(2030), 6(2040)

S CHANNEL

(35 ' )9.
(57 ' 5)
(11~ )8.8
(4 ' 0)
2.8

12 ~ 0
(80. )

22 ' 0

W

W C

W 8
W S
W C

W Z
W S
W

W

W

W A

W H

W

W

W

W

PRODUCTION
(6 ' 0)

AVERAGE MEANIN

31 S WIDTH (HEV)

NBAR N

(9 ' )

4.
(5 ~ )

(11.)
4 ' 3

OR LESS
1 ~ 4
7 ' 0

(20.')
6.0

(4 ~ &3.2

CL INE
BENVENUTI
CARROLL
D-ANDLAU
KALOGERO
CHALOUPKA
BRUCKNER
SAKAMOTO
ASTON
DEFOIX
HAMILT02

EXPERIHENTS
APPROX. DAUM

GLESS (SCALE FACTOR = 1 ' 9)

W SEE FOOTNOTES UNDER S MASS ABOVE

70 HBC
71 HBC
74 CNTR
75 HBC
75 DBC
76 HBC
77 SPEC
79 HBC
80 OMEG
80 HBC
80 CNTR

0 .25- ~ 74 PBAR P
0 .1 — ~ 8 PBAR P

S CHAN ~ PBAR P, D

0 ~ 175- ~ 750 PBAR P
PBAR N ANNIH

0 PBAR P TOT, ELAS
0 .4-.85 PBAR P
0 .37-.73 PB P

GAM P, P PBAR X
0 PBAR P, 5P I
0 S CHAN, P BAR P

80 CNTR 93 P P, PB P + X

2/72
2/72

12/75
12/75
1?/75
12/75
7/77

12/79
1/82
1/80

12/79

12/79

16 H WIDTH CNEV)

W 700 180.
W 225 '
W T &107 ~ 0)
W M (263.0)
W (100 ~ 0)
W M (140.0)
W M &243.0)
W N 186 ~ 0
W E 305 ' 0
W N 40K 240. 0
W

W AVG 222. 2

60 ~

120.
(56.0)
(57 ' 0)
(28.0)
(15.0)
(16 ~ 0)
103.0
119~ 0
40 ' 0

28 ' 4

APEL
BLUM
ANT IPOV
CORDEN
EVANGELIS
ROZANSKA
ALPER
CASON
ETKIN
BINON

70 ~

58.0

AVERAGE

75 CNTR
75 ASPK
77 C I BS
79 OMEG
79 OMEG
80 SPRK
80 CNTR
82 STRC
82 MPS
83 SPEC

40 ~ P I -P, N 2P IO
18 ~ 4 P I-P, N K+K-

0 25 PI-P P 3PI
12-15PI-P, N 2P I
10 ~ P I-P, K+ K- N

18 ~ PI-P P PB N

62 PI-P, K+ K- N

0 8 PI+P, PI+2PIO P
0 23 PI-P, 2KOS M

0 38 PI-P, N 2PIO

M M I~O, JP~4+ FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE
M T WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(N), SEE K* TYPED NOTE
H E ETKIN 82 QUOTES ERRORS +25/-36 MEV. WE USE +-36 MEV IN THE AVERAGE.
M N FROM AMPLITUDE ANALYSIS OF REACTION PI+PI- TO 2PIO

11/75
11/75

1/82
12/79
12/79
12/79

1/82
8/83*
9/83*
9/83*

P1 S INTO P BAR P

31 S PARTIAL DECAY NODES

DECAY MASSES
938+ 938

W M

W E
W N

I~O, JP=4+ FROH AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE
ETKIN 82 QUOTES ERRORS +36/-119 MEV. WE USE +-119 MEV.
FROM AMPLITUDE ANALYSIS OF REACTION PI+PI- TO 2PIO

16 H PARTIAL DECAY NODES04**440***0*4**4%044*4*4******44*4*0*4%04**4k 4*04044*0 044*4*0*

REFERENCES FOR SC1935)

CL INE 68 PRL 21 1268 +ENGLISH, REEDER, TERRELL, TWITTY (WISCONSIN)

DECAY MASSES
P1 H INTO P I P I 140+ 140
P2 H INTO K KBAR 498+ 498

CL INE 70 PREPRI NT
ALSO 70 KIEV CONF'

BENVENUT 71 PRL 27 283
P INSKI 71 PRL 27 1548

BIZZARRI 72 PR D 6 160
BOWEN 1 72 PRL 29 890

D ~ CLINE, J ~ ENGLISH, D. D ~ REEDER
ASTI ER RAPPORTEUR TALK

(WISC) J

+GU I DON I, MARZANO, CAST EL L I, +
+ EAR LES g FA I SSLER ~ BL I EDEN ~ +

(ROMA+TRST)
(NEAS+STON)

BENVENUTI, CLIME, RUTZ, REEDER, SCHERER ('WISC)
STEPHEN S. PINSKY (UTAH+ARGONNE)

R1
R1
R1
R1
R1 AVG

H INTO C P I P I ) /TOTAL
0 ~ 17 0 ~ 02
0 ~ 16 0.03

0 ~ 167 0.017

CORDEN
CASON

AVERAGE

16 H BRANCHING RATIOS

CP1)
79 OMEG 12-15PI-P, N 2PI 12/79
82 STRC 0 8 PI+P, P I+2P IO P 8/83*

ABASHI AN 75
D-ANDLAU 75
DEFOIX 75
DONNACHI 75
GARNJOST 75
KALOGERO 75
WE INGART 75

PRL 34 691
PL 58$ 223
PALERHO CONF.
NC 26 A 317
PRL 35 1685
PRL 34 1047
PRL 34 1201

BOWEN 73 PRL 30 332
BURNS 73 PR D 8 1286
KIENZLE 73 PR D 7 3520

BURNS 74 NC 20A 463
CARROLL 74 PRL 32 24?

+ CONDON, MAND E LK ER N, P R I C E, SC HULT2
+CHIANG, KYC I A, L I, HAZUR, MICHAEL, +

(UCI )
(BNL)

+BEAHER, BROSS, E ISENSTEIN, + ( ILL+ANL+I SU)
+COHEN-GANOUNA, LALOUH, LUTZ, PETRI (CDEF+PISA)
8 FRENCHs RAPPORTEURS TALK (CDEF)
A. DONNACHIE, P. R. THOMAS (MANCHESTER)
+KENNEY, POLLARD, ROSS, TRIPP, + (LSL+MHCO)
KALOGEROPOULOS, TZANAKOS (SYRA)
WEINGARTEN, OKUBO (ROCH)

+EARLES, FAI SSLER, BL IEDEN, + (NEAS+STON)
+CONDOM, DONAHUE, HANDELKERN, PRICE, + (UCI )
W. K I ENZLE (CERN)

JP

R2 H INTO CK KBAR)/CPI PI) CP2)/CP1)
R2 0.04 0.02 0.01 ETKIN 82 HPS 0 23 PI-P, 2KOS N 9/83*
440044 4404**444 00404000* 0440*4440 404404400 4404*4*4* 444*4*4*4 *40*0444

REFERENCES FOR HC2030)

WAGNER 74 LONDON CONF. F ~ WAGNER, RAPPORTEURS TALK (MP I M)

APEL 75 PL 578 398 +AUGENSTE IN+ (KARL+PISA+SERP+WIEN+CERN) JP
BLUM 75 PL 578 403 +CHASAUD, DIETL, GARELICK, GRAYER+ (CERN+HPIH) JP

ANTIPOV 77 NP 8 119 45 +BUSNELLO, DAMGAARD, KIENZLE+ (CERN+SERP)

ABASHIAN 76 PR D 13 5 +WATSON, GEL FAND, BUTTRAM, +( ILL+ANL+CHIC+ISU)
DEFOIX ?6 STOCK SYMP NBAR N +t ADRON DE GUEVARA g ANGEL I NI ~ + (CDEF+PI SA)
DOVER 76 PL 62 8 293 +KAHANA (BNL)
CHALOUPK 76 PL 61 8 487 CHALOUPKA, + (CERN+LIVP+MONS+PADO+ROMA+TRST)

CORDEN 79 NP 8 157 250
EVANGELI 79 NP 8 154 381

+DOWELL, GARVEY, JOBES, +(BIRM+RHEL+TELA+LOWC) JP
+ (BAR I+BONN+CERN+DARE+GLAS+LI VP+MI LA+WI EN)

ALPER 80 PL 94 8 422 +BECKER, + (AMST+CERN+CRAC+MPIM+OXF+RHEL)

BENKHEIR 77 PL 8 68 483 BENKHEIRI, BOUCROT, + (CERN+CDEF+EPOL+LALO)
BRUCKNER 77 PL 67 8 222 +GRANZ, INGHAM, K IL I AN, LYNEN+ (HP I H+HE ID+CERN)
MONTANET 77 BOSTON CONF. 260 L. HONTANET (CERN)
ROSSI 77 PL 70 8 255 G ~ C ~ ROSSI, G ~ VENEZIANO (CERN)

CASON
ETKIN

82 PRL 48 1316
82 PR D 25 1786

GOTTESMA 81 PR D 22 1503
ROZANSKA 80 NP 8 162 505

GOTTESMAN, JACOBS, + (SYRA+BRAN+BNL+CINC)
+BLUM, D I ETL, GRAYE R, LORE NZ+ (MP I M+CERN)

+BISWAS, BAUMBAUGH, BISHOP, CANMATA+(NDAM+ANL)
+FOLEY, LAI, LINDENBAUM+ (BNL+CUNY+TUFT+VAND)

79 PL 83 8 247
79 PRL 43 1901
79 PR D 19 1950
79 PL 8 86 395
79 PRL 42 1593
79 ZPHY C 2 351
79 BATAVI A CONF .
79 NP 8 158 410

ALSERI
ALSTON-G
CARROLL
DELCOURT
GI BBARD
KLUYVER
RI CHARD
SAKAMOTO

CARTER 78 NP 8 132 176
CUTTS 78 PR D 17 16
PENNINGT 78 NP 8 137 77

A ~ A ~ CARTER (LOQM)
+GOOD, GRANNIS, GREEN, LEE, PITTMAN+(STON+WISC)
M. R ~ PENNINGTON &CERN)

+AL YEAR, CASTELL I, POROPAT+ (TRST+CERN+I FR J )
ALSTON-GARNJOST, HAMILTON+ (LBL+MTHO+BNL)
+CHIANG, KYC IA, L I, LI TTENBERG, + (BNL+ROCH)
+DE RADO, BERTRAND, 8 I SE LLO, 8 I ZOT, BUON, + (LALO)
+AHRENS, BERKELMAN, CASSEL, DAY, HARDING+(CORN)J.CD KLUYVER (AMST)

469 F. RICHARD (LALO)
+HASH I MOTO g SA I ~ YAMAMOTO+ (TOKY)

JP BINON 83 CERN-EP/83-98 +DONSKOV, DUTEIL, GOUANERE+ (SERP+BELG+LAPP)
CASON 83 PR D 28 1586 +CANNATA, BAUMBAUGH, BISHOP, WATSON+(NDAM+ANL)

000********0***0*****04*4*4*04**4 4*4404404 04**40*4*4*4*400*4 **4*400*
4004*4 440400000 04000400* 4*4044400 *4*0444*4 444040*** *4**4****44404*04

a(2o4o) 17 DELTA(?040, JP6~4+-) I~1

SEEN IN PARTIAL WAVE ANALYSIS OF THE K KBAR AND
P I+P I-P I 0 SYSTEMS.
NEEDS CONFIRMATION. OMITTED FROM TABLE.

ALLEN
ASTON
8IONTA
CHUNG
DAUM
DEFOIX

ALSO
HAMI LT01
HAMI LT02
KAMAE

80 BRESSANONE 175
80 PL 93 8 517
80 PRL 46 970
80 PRL 45 1611
80 PL 90 8 475
80 NP 8 162 12
80 NP 8 162 41
80 PRL 44 1179
80 PRL 44 1182
80 PRL 44 1439

5TH EUROPEAN SYMPOSIUM ON N-NBAR INTS.
(BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+PARIS+)
+CARROLL, EDELSTEIN, + (BNL+CARN+FNAL+SMAS)
+ETKIN, BENSIMGER, +(BNL+BRAN+CUNY+SMAS+MASA)
+HERTZBERGER+&AHST+CERN+CRAC+MPIM+OXF+RHEL)
+DOBRZYNSKI, ANGEL INI, BIG I, + (CDEF+PI SA)
ESP I GAT, DE FO I X, DOBRZ YNSK I+ (C DEF+P I SA)
HAMILTON, PUN, TRIPP, LAZARUS, + (LBL+BNLeMTHO)
HAMILTON, PUN, TRIPP, LAZARUS, + (l BL+SNL+HTHO)
+AIHARA, CHIBA, FUJII, IWASAKI, + (TOKY+HIRO)

M Y
M M

M C
M

H AVG

(1903~ 0) (10.0)
2030 ' 0 50 ' 0
2040.0 30.0
2037 ' 4 25.7 AVERAGE

BALD I
CORDEN
CLELAND

17 DELTAC2040) MASS CHEV)

78 SPEC — 10 PI-P, P KS K-
78 OHEG 0 15 PI- P, 3 PI N

82 SPEC +- 50 PI P, KS K+-P

12/77
12/78
8/83+

DAUM 81 PL 100 8 439
GANGULI 81 NP 8 183 295
JASTRZEM 81 PR D 23 2784
LOWEMSTE 81 PR D 23 2788

+HERTZBERGER+(AHST+CERN+CRAC+MP IH+OXF+RHEL)
+CERRADA ~ DE FOI X, + (T I F R+CERM+CDE F+HADR+P I SA)
JASTRZEMBSKI, MANDELKERN, + (TEMP+UCI+UNM)
LOWENSTEIN, PEASLEE, + (BNL+DOE+HSU+SYRA)

M M JP~4+ IS FAVORED , THOUGH 2+ CANNOT BE EXCLUDED.
M Y FROM A FIT TO THE Y(8, 0) MOMENT. LIMITED BY PHASE SPACE.
M C FROM AN AMPLITUDE ANALYSIS
M

SUHIYOSH 82 PRL 49 628

BARNETT 83 PR D 27 493
BENSINGE 83 PR D 27 1417

+CHIBA, FUJII, IKEDA, TAKADA, + (TOKY+KEK+TSUK)

+BLOCKUS ~ BURKA, CH IEN, CHR I ST I AN+ ( JHU)
BENS INGER, CHUNG (BRAN+BNL+CINC+FSU+SHAS)

****4404440040* ****0*040044040044 *****40%4*40%4*440 0*4404004 000040*0
004004 ***0****044400404* *40**0**44044000*4 0*00*****0****40*40*00*4**

W Y
W H

W C

W

W AVG

(166 ~ 0) (43 ~ 0)
510.0 200 ' 0
380 ' 0 150 ' 0

BALD I
CORDEN
CLELAND

426. 8 120 ~ 0 AVERAGE

17 BELTAC2040) WIDTH CHEV)

78 SPEC — 10PI-P, P KS K-
78 OMEG 0 15 PI — P, 3 PI N

82 SPEC +- 50 PI P, KS K+-P

12/77
12/78
8/83*

h(2030) 16 H(2030, JP6~4++) I 0
W H

W Y
W C

W

JP~4+ IS FAVORED , THOUGH 2+ CANNOT BE EXCLUDED'
FROM A FIT TO THE Y(8,0) MOMENT. LIHITED BY PHASE SPACE.

FROM AN AMPLITUDE ANALYSIS

16 H MASS CHEV)

700 2020.
M 2050.
M T (1922 ' 0)
H M (1935.0)
M (1988.0&
M M (2040 ' 0)
H H (1978.0)
M N 2015 ~ 0
H E 2031.0
H N 40K 2020 ~ 0
H ~ ~ ~ ~

M AVG 2026.9

30.
25.

(14 ~ 0)
(13~ 0)
(7.0)

(10~ 0)
(5 ' 0)
28 ' 0
36 ' 0
20 ' 0

11.7

APEL
BLUH
ANT IPOV
CORDEN
EVANGELIS
ROZANSKA
ALPER
CASON
ETKIN
8 I NON

AVERAGE

75 CNTR
75 ASPK
77 C I BS
79 OMEG
79 OMEG
80 SPRK
80 CNTR
82 STRC
82 MPS
83 SPEC

40. P I-P, N 2P IO
18 ~ 4 PI-P, N K+K-

0 25 PI-P, P 3P I
12-15PI-P, N 2PI
10. PI-P, K+ K- N

18 ~ P I-P, P PB N

62 PI-P, K+ K- N

0 8 PI+P, PI+2PIO P
0 23 P I -P, 2KOS N

0 38 PI-P, N 2PIO

17 DELTA(2040) PARTIAL DECAY NODES
11/75
11/75

1/82
12/79
12/79
12/79

1/82
8/83*
9/83*
9/83* R1

R1

17 DELTA(2040) BRANCHIN6 RATIOS

DELTA(2040) INTO CK KBAR)/TOTAL
SEEN BALD I

(P1)
78 SPEC +- 10 PI-P, KS K- P 8/83*

DECAY MASSES
P1 DELTA(2040) INTO K KBAR 494+ 494
P2 DELTA(2040) INTO PI+ PI- PIO 140+ 140+ 135
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Me sons
b(2040), A(2050), A(2100), T and U Regions, p(2150)

Data Card Listings

BALDI
CORDEN

78 PL 74 B 413
78 NP B 136 77

+BOHRINGER, DORSAZ, HUNGERBULER, + (GENEVA) JP
DOWELL, GARVEY, JOBES+ &BIRM+RHEL+TELA+LOWC& JP

DELFOSSE 81 NP B 183 349

CLELAND 82 NP B 208 228

+DORSAZ, EXTERMANN, GLOOR, WEILL, + &GEVA+LAUS)

+DELFOSSE, DORSAZ, GLOOR(DURH+GEVA+LAUS+PITT)

R2 DELTA(2040) INTO (PI+ PI- PIO&/TOTAL CP2&
R2 SEEN CORDEN 78 OMEG 0 15 PI — P, 3 PI N 6/81

«***a« ****a«*a*«a«***«*a *a«*«««*a ««**«a««a aa«aa««*a «a**«««*« *a«**«a*

REFERENCES FOR DELTA(2040)

R2 AC2100& INTO CF PI&/CALL 3PI)
R2 L 0 ' 36 0.09 DAUM

(P3&/(P1)
81 CNTR 63 94 PI- P

R3 A(2100& INTO (EPSILONC1300) PI&/CALL 3PI& CP4)/CP1&
R3 L 0.45 0 ' 07 DAUM 81 CNTR 63,94 P I — P

R4 D/S RATIO FOR AC2100& INTO F PI
R4 L 0.39 0.23 DAUM 81 CNTR 63,94 PI- P

R L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES.

««*««« a«**««a«« «**a«***a**««*«**a«aa«a**«* «*«*««**a «**«««*«« a*««««a«

REFERENCES FOR A(2100)

1/82

1/82

1/82

a«****««**««a«a «*a*«aaa« a******a«aa'«*****a «*a*««**a *«a*««aaa «*«*««««
«**««a a«a*«a«a* «««««a**a **«a*«aa* ***«a«aa* **a«««**a «««**a*a* aa«a*a*a

DAUM 81 NP B 182 269 +HERTZBERGER+(AMST+CERN+CRAC+MPIM+OXF+RHEL)

A(2050) 63 A&2630, JPO 3+—) 11
FORHERLY CALLED A4 OR PI ~

NEEDS CONFIRMATION. OMITTED FROM TABLE.

*«*««a *a«****a«aa««a«*** «*««*«««* a«a«**«** a«*aa«a** *«a*««a** «*«**«**
«*«*a« **«*«a***«a«a«*«aa *a««*«**a ****««a*a**««a**«a «*a«a««*a «««***a»

NOTE ON THE T AND U REGIONS

43 A(2050& NASS CNEV&

208 2080.
(2100.)
(2214 ~ )

40 '
APPROX

&15 ~ )

KALELKAR 75 HBC + 15 PI+P, P PI+6 1Z/75
ANTI POV 77 C I BS — 25PI-P, P PI-G 1Z/77
BALTAY 77 HBC 0 15PI-P, DEL++3PI 12/77

43 A(2050) MIDTH (NEV&

208 340.
(500 ' )
(355.)

80.
APPROX'
(21.)

KALELKAR 75 HBC + 15 PI+P, P PI+G 12/75
ANTIPOV 77 CIBS — 25PI-P, P PI- G 12/77
BALTAY 77 HBC 0 15PI-PPDEL++3PI 12/77

P1
P2

43 AC2050& PARTIAL DECAY NODES

A(2050) INTO 3PI
A(2050) INTO G PI

DECAY MASSES
140+ 140+ 140

1691+ 140

DEUTSCHM 75 NP B99 397 DEUTSCHMANN, +
KALELKAR 75 THESIS(NEVIS 207) M. S.KALELKAR

&ABBCCHW COLLABORATION&
&COLU&

ANTIPOV 77 NP B 119 45
BALTAY 77 PR L 39 591

+BUSNELLO, DAMGAARD, KIENZLE+ (CERN+SERP &

+CAUTIS, KALELKAR (COLUMBIA& JP

HARRIS 81 ZPHY C 9 275 +DUNN, LUBATTI, MORIYASU, PODOLSKY+ &SEAT+UCB&
CAUTIS 77 THESIS NEVIS 221 C. V. CAUTIS &COLUMBIA) JP

BALTAY 78 PR D 17 52 +CAUTIS, COHEN, CSORNA, KALELKAR+ (COLU+BING)

««««*« a*«*«*««* **«a«**a**««**««a« *«««aaa«* aaa«a«*** «***««*«« a****«**
««««a« *«*«««a*a «*«**a*a« **««*««*« a««««a««« «««*«*«*« «**««*a«a «**«*«**

A(2 1 00) 20 R(2\66, JPO 2—) I 1

FORMERLY CALLED PI ~

SEEN IN THE (RHO PI), (EPSILON&1300) PI) AND (F PI)
JP = 2- WAVES OF THE DIFFRACTIVELY PRODUCED 3 PI
SYSTEM. NEEDS CONFIRMATION. OMITTED FROH TABLE.

43 A(2050& BRANCHING RATIOS

R1 A(2050) INTO (6 PI)/(ALL 3PI) (P2) /(P1)
R1 DOMINANT KALELKAR 75 HBC + 15 PI+P, P 3PI 12/75

««*««a **a«***a*a«aaa««a« *a«***««a **«««««a« a*«a*«*aa a««***««a **««***a

REFERENCES FOR A(2050)

HUSON 68 PL 28 B 208 +LUBATT I, BELL INI, B INGHAM, + (ORSA+MILA+LBL)

BEMPORAD 71 NP B 33 397 +DUFEY, CODLING, + (C ERN+ETH+LOI C+MI LA &

CLAYTON 72 NP B 47 81 +MASON, MUIRHEAD, R IGOPOULOS, + (L IVP+PATR &

SASTIEN 73 UPPSAI. A CONF. 73 +DUNN. HARRISJLUBATTI JSINGHAMI+ &SEAT+UCS&

OREN 74 NP B71 189 +COOPER, F IELDS, RHINES, WHI TMORE, + (ANL+OXF )

The observation of broad enhancements at 2190 and

2350 MeV comes from pp total cross-section measure-

ments (ABRAMS 67), pp annihilation measurements

(ALSPECTOR 73), pp elastic cross-section measure-

ments (COUPLAND 77), and pp charge-exchange

cross-section measurements (CUTTS 78). The mass

regions centered around 2190 MeV and 2350 MeV have

been called T and U regions, respectively.
Searches for resonances in exclusive pp annihilation

channels which could be coupled to the enhancements

observed in the pp total cross section and in pp elastic

scattering have been unsuccessful, except for the two-

body annihilation channels x+m and m x, where

partial-wave analyses have shown that resonances are
formed in the 2100-2500-MeV mass region (CARTER
77, DULUDE 78, MARTIN A 80, MARTIN B 80). We

have listed the results of these analyses under the head-

ings o(2150) for the I=O, J =2+ wave; p(2150) for the

I=1, JP=l wave; p(2250) for the I-l, JP=3 wave;

e(2300) for the I=O, J =4+ wave; and p(2350) for the

I=1, JP=5 wave.
Various structures coupled to pp and observed in

production experiments are listed under the heading

NN(1200-3600).

20 A(2100& NASS CNEV&

2100. 150. DAUH 81 CNTR

M L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES.

63,94 PI — P, 3PI 1/82
THIS ENTRY WAS PREVIOUSLY CALLED T1(2190).
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR
PRODUCTION EXPERIMENTS SEE THE NBAR N(1200-3600) ENTRY.
SEE ALSO T, U MINI-RE VI EWS ~

OMITTED FROM TABLE.

W L

20 A(2100& QIDTN (NEV&

651 ~ 50. DAUM 81 CNTR

W l FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES.

63,94 PI- P, 3PI 1/82
M

M

M P
H P

&2100.0& APPROX.
&2'170.0& APPROX.

MART IN A 80 RVUE
HART IN B 80 RVUE

32 RHO(2150) NASS (NEV&

PBAR P INTO P I P I

1/82
1/82

P1
P2
P3
P4

20 AC2100& PARTIAL DECAY NODES

A(2100) INTO 3PI
A(2100) INTO RHO PI
A(2100) INTO F PI
A(2100& INTO EPSILON(1300) PI

DECAY HASSES
140+ 140+ 140
769+ 140

1274+ 140
1300+ 140

H P

M

H B
M I
M E I
M I
H AV

ABRAMS 70 CNTR S CHANNEL PBAR N 1/73
ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74
COUPLAND 77 CNTR 0 .7-2 ~ 4PB-P, PB-P 12/77
CUTTS 78 CNTR .97-3. PB P, NB N 12/78

2190. 10.
2193 ~ 2.
2155 ~ 0 15.0

(2190.0) APPROX.
ERAGE HEANINGLESS

I=1,JP=1- FROM SIMULTANEOUS ANALYSIS OF P PB --) PI-PI+ AND PIO PIO
S CHANNEL NUCLEON ANTINUCLEON

20 A(2100& BRANCHIN6 RATIOS

(PZ)/CP1&
81 CNTR 63 94 PI- P

R1 AC2100& INTO CRNO PI&/(ALL 3PI)
R1 L 0. 19 0.05 DAUM 1/82

M B
H B
M E
H I

SEEN AS BUMP IN I=1 STATE ~ SEE ALSO COOPER 68.
PEASLEE 75 CONFIRM PBAR P RESULTS OF ABRAMS 70, NO NARROW STRUCTURE
FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION.
ISOSPINS 0 AND 1 NOT SEPARATED
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For notation, see key at front of Listings. Mesons
(2150), e(2150), ((2220), g~(2240)

32 RMO(2150} WIDTH (MEV}

W PBAR P INTO PI PI
W

W P (200.0} APPROX. MARTIN A 80 RVUE
W P (250.0) APPROX. MART IN 8 80 RVUE

W P I~'l, JP~1- FROM SIMULTANEOUS ANALYSIS OF P PB --) PI-PI+ AND PIO PIO

1/82
1/82

W

W

W I
W E I

AV

W E
W I

S CHANNEL PBAR P OR NBAR N

ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74
COUPLAND 77 CNTR 0 .7-2.4PB-P, PB-P 12/77

98 ' 8 ~

135.0 75.0
ERAGE MEANINGLESS

FRGM A FIT TO THE TOTAL ELASTIC CROSS SECTION.
ISOSPINS 0 ANO 1 NOT SEPARATED

W S CHANNEL NUCLEON ANTINUCLEON
W

W 8 (85 ' ) APPROX'
W I 98 ' 8.
W E I 135.0 75.0
W AVERAGE MEANINGLESS

ABRAMS 70 CNTR
ALSPECTOR 73 CNTR
COUPLANO 77 CNTR

S CHANNEL PBAR N 7/67
S CHANNEL PBAR P 1/74

0 .7-2.4PB-P, PB-P 12/77
P1

42 EPSILON(2150& PARTIAL DECAY MGDES

EPSILON(2150) INTO PI PI
DECAY MASSES

140+ 140

ALEXANDE 72 NP 8 45 29
DONALD 72 PL 40 8 586

ALEXANDER, BAR-NIR, BEVARY, DAGAM, + (TELA)
+GALLETLY, EDWARDS, DE BILLY, + (LIVP+LPNP)

W 8 SEE NOTE 8 ABOVE'
W E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION.
W I ISOSPINS 0 AND 1 NOT SEPARATED

*04**4 ****40**0*44*404*0 044**044* k44**444* *0*0*4**0404044**4 4**0404*

REFERENCES FOR RMO(2150)

ABRAMS 67 PRL 18 1209 +COOL, GIACOMELLI, KYCIA, LEONTIC, LI, + (BNL)

COOPER 68 PRL 20 1059 +HYMAN MANNER MUSGRAVE g VOYVOD IC (ANL )

BR ICMAN 69 PL 29 8 451 +FERRO-LUZZI, BIZARD, + (CERN+CAEN+SACL)

ABRAMS 70 PR D 1 1917 +COOL, G IACOMELL I, KYCI A, LEONTI C, L I, + (BNL)

BACON 71 NP 8 32 66 +BUTTERWORTH, MILLER, PHELAN, + (RHEL+LI VP )
F I ELDS 71 PRL 27 1749 +COOPER, R HI MES, AL L I SON (ANL+OXF)
YGH 71 PRL 26 922 +BAR ISH, CAROLL, LOBKOVI CZ+ (C IT+BNL+ROCH)

FIELDS 71 PRL 27 1749 +COOPER, RHINES, ALLISON (ANL+OXF)
YOH 71 PRL 26 922 +BARISH, CAROLL, LOBKOVICZ+ (CIT+BNL+ROCH)

DONALD 72 PL 40 8 586 +GALLETLY, EDWARDS, DE BILLY, + (L IVP+LPNP)

ALSPECTG 73 PRL 30 511
BACON 73 PR D 7 577
DONALD 73 NP 8 61 333
NICHOLSO 73 PR D 7 2572

ALSPECTOR g COHEM t CV I JANOV ICH I + (RUTG+UPN J )
+BUTTERWORTH, (RHEL+LIVP)
+EDWARDS, GIBBINS, BRIAND, DUBOC, + (LIVP+LPNP)
NICHOLSON, OELORME, CARROLL, + (CIT+ROCH+BNL)

GAY 76 NC 31 A 593 + JEANNERET, BOGDANSK I, +(NEUC+LAUS+L I VP+LPNP)

COUPLAND 77 PL 71 8 460 +EISENHANDLER, GIBSON, ASTBURY, + (LOQM+RHEL)

CUTTS 78 PR 0 17 16
DULUDE1 78 PL 79 8 329
DULUDE2 78 PL 79 8 335

+GOOD, GRANNIS, GREEN, LEE, PITTMAN+(STON+WISC)
+LANOU s MASS IMOs PEASLEE+ (BROW+MING+SARI ) JP
+LANOU, MASS IMO, PEASLEE+ (BROW+MIT+BAR I ) JP

044*04 *4**40*0**4*0*4404 0400*00+0 4044040*4 40****40**4*4**0%4*00*0**4

REFERENCES FOR EPSILON(2150)

ALSPECTO 73 PRL 30 511
BACON 73 PR D 7 577
SETT INI 73 NC 15 A 563
DONALD 73 NP 8 61 333
NICHGLSG 73 PR 0 7 2572

BERTANZA 74 NC 23A 209
HYAMS 74 NP 8 73 202

DONNACHI 75 NC 26 A 317
EISENHAN 75 NP 8 96 109
HANDLER 75 NP 8101 35
HUESMAN 75 NC 25A 91
PEASLEE 75 PL 578 189

ALSPECTOR, COHEN, CVI JANOVICH, + (RUTG+UPN J)
+BUTTERWORTH, (RHEL+LIVP)
+GARMJOSTgBIGI g+ (PA DO+ LB L+P I SA+ TOR I )
+EDWARDS, GIBBINS, BRIANO, DUBOC, + (LIVP+LPNP)
NICHOLSON, DELORME, CARROLL, + (CIT+ROCH+BNL)

+BIGI, CASALI, LARICCIA, + (PISA+PAOO+TORI)
+JONES, WEILHAMMER, BLUM, + (CERN+MP IM)

A. DONNACHIE, P. R. THOMAS (MANCHESTER)
E I SENHANDLER t GIBSON + ( LOQM+L IVP+DARE+RHEL )
+JACQUES, JONES, PANOOULAS, + (RUTG+STEV+ALBA)
+GARNJOST, ROSS/+ (LBL+PADO+P I SA+ TOR I )
+DE MARZO, GUERR I ERO, + (CANB+BAR I+BROW+MI T)

MARTIN 79 PL 86 8 93 A. D. MARTIN, M. R. PENNINGTON (DURH)

BOWCOCK 80 LNC 28 21
MARTIN A 80 NP 8 169 216
MARTIN 8 80 NP 8 176 355

J.E.BOWCOCK, D. C. HODGSON
A. 0. MART IN, M .R. PENNINGTON
B.R. MARTIN, D.MORGAN

(8 IRM)
(DURH) JP

(LOUC+RHEL) JP

82 XI(2220, JP~EVEN +) I~O

THIS STATE HAS BEEN SEEN IN THE K KBAR SYSTEM
PRODUCED IN THE RADIATIVE DECAY OF J/PSI(3100)
NEEDS CONFIRMATION. OMITTED FROM TABLE.

004044 0000**4**0440040*4 44**0*440 4***4*0****4*444**Sr0444**4* **404k44
0*444* 4400*4*0* 44***444* *44***4%4 4404*0*0* 444000*40 0**4***4*44***440

GAY 76 NC 31 A 593 + JEANNERET, BOGDANSKI, +(NEUC+LAUS+L I VP+LPNP)
ZEMANY 76 NP 8 103 537 +MING MA, MOUNTZ, SMITH (MSU)

CARTER 1 77
CARTER 2 77
CARTER 3 77
COUPLAND 77
JONES 77
MONTANET 77

PL 67 8 11?
PL 67 8 122
NP 8 127 202
PL 71 8 460
NP 8 119 476
BOSTON CONF'

+COUPLAND, EISENHANDLER, ASTBURY, +(LOQM+RHEL) JP
A. A. CARTER (LOQM) JP
+COUPLAMD, ATKINSON, ARNISON+(LOQM+DARE+RHEL)
+EISENHANDLER, GIBSON, ASTBURY, + (LOQM+RHEL)
M AD. JONES, R. J ~ PLANO (RUTG)

260 L.MONTANET (CERN)

82 XI(2220} MASS (MEV }
M A (2220. ) (35. ) EINSWEILE 83 SMK3 E+E-, HADRONS GAM 12/83*
M A SYSTEMATIC ERROR ADDED LINEARLY BY US.

CARTER 1 78 NP 8 132 176
CARTER 2 78 NP 8 141 467
CUTTS 78 PR 0 17 16

A. A. CARTER (LOQM) JP
A. A. CARTER (LOQM)
+GOOD, GRANNIS, GREEN, LEE, PITTMAN+(STON+WISC)

MARTIN 79 PL 86 8 93 A. O. MART IN, M. R. PENNINGTON (DURH)

MARTIN A 80 NP 8 169 216
MARTIN 8 80 NP 8 176 355

A. D. MARTIN, M. R. PENNINGTON
B.R. MARTIN, D.MORGAN

(DURH) JP
(LOUC+RHEL) JP

0**000 *4*040440 4*0***444 004*40440 **044%4*4 4*04*4004 *0*440444 404****0
04000* 0400*00*0 *4*44**000*4*0*04***%4*4*0*40444*4*0 44**44**0*00*4000

E(2150) 42 EPSILON(215o, JPS 2++) I o

82 XI (2220} WIDTH (NEV}

W A (30. ) (30. ) HITLIN 83 SMK3 E+E-, HAORONS GAM 12/83*
W A SYSTEMATIC ERROR ADDED LINEARLY BY US.

0**44* 4*00**0*44*04*440* *k40*440* 44044*4*0 *0%40**4k 4**4440*4 *0044444

REFERENCES FOR XI(2220}

EINSWEIL 83 BRIGHTON CONF. K. F.EINSWE ILER+MARK I I I COLLABORATION (SLAG)
HI TL IN 83 CORNELL CONF . D. HI TL IN (CIT)

440*** *4+44*0**4*40***4*4*****0444*0*044*4' 4*%***44044**40*****4*4**0
*400*4*40 40*4***404*44**0*%44044*4*4 **4*44**444%*4*04* 4*4444*%

THIS ENTRY WAS PREVIOUSLY CALLED TO.
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR
PRODUCTION EXPERIMENTS SEE THE NBAR N(1200-3600) ENTRY.
SEE ALSO T, U MINI-REVIEWS.
OMITTED FROM TABLE.

g, (2240)
THIS ENTRY CONTAINS VARIOUS STATES OBSERVED IN
PARTIAL WAVE ANALYSES OF THE PHI PHI SYSTEM.
NEEDS CONF IRMATION. OMITTED FROM TABLE.

42 EPSILON(2150& MASS (MEV)

PBAR P INTO PI PI

L (2150.0) APPROX'
P (2150.0) APPROX.
P (2170.0) APPROX ~

DULUDE2 78 OSPK
MART IN A 80 RVUE
MARTIN 8 80 RVUE

1.-2.PB P, PIOPIO 12/78
1/82
1/82

M1 0
M1 0

83 6/T(2240) MASS (NEV}

2160.0 50.0 ETKIN
D/S RATIO IS 0.02 APPROXIMATELY

82 MPS 0 16 PI-P, 2PHI N 9/83*

M L IG=O+, JP~2+ FROM PARTIAL WAVE AMPLITUDE ANALYSIS
M P 1~0, JP~2+ FROM SIMULTANEOUS ANALYSIS OF P PB --) PI-PI+ AND PIG PIO

M2 2320. 0 40 ' 0 ETKIN 82 MPS 0 16 PI-P, 2PHI N 9/83*

M S CHANNEL PBAR P OR NBAR N

M

M I 2193. 2 ~

M E I 2155 ~ 0 15.0
M I (2190.0) APPROX.
M AVERAGE MEANINGLESS

ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74
COUPLAND 77 CNTR 0 ~ 7-2.4PB-P, PB-P 12/77
CUTTS 78 CMTR .97 3 ~ PB P, NB N 12/78 W2

83 6/T(2240& WIDTH (MEV}

310.0 70.0

220. 0 70.0

ETKIN 82 MPS 0 16 PI-P2PHI N

ETKIN 82 MPS 0 16 PI-P, 2PHI N

9/83*

9/83*

M E
M I

FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION ~

ISOSPINS 0 AND 1 NOT SEPARATED

42 EPSILON(?150} WIDTH (MEV)
P1

83 6/T(2240} PARTIAL DECAY MODES

G/T(2240) INTO PHI PH I
DECAY MASSES

1020+1020

W

W

W L
W P
W P

PBAR P INTO P I PI

(250.0) APPROX.
(250.0) APPROX'
(250.0) APPROX.

DULUDE2 78 OSPK
MARTIN A 80 RVUE
MARTIN 8 80 RVUE

1.-2.PB P, PIOPIO 12/78
1/82
1/82

Ot**** *OO**ft*O 1440k*4** 4****0*11****Off4' %*OfOl**t 144***%St*4*4**41

REFERENCES FOR 6/T(2240&

ETKIN 82 PRL 49 1620 +FOLEY, LONGACRE, LINDENBAUM, CHAN+ (BNL+CUNY) I JP
ALSO 83 BRIGHTON CONF. LINDENBAUM (BNL+CUMY) I JP

W L
W P

IG=O+, JP~2+ FROM PARTIAL WAVE AMPLITUDE ANALYSIS
I=O, JP=2+ FROM SIMULTANEOUS ANALYSIS OF P PB --) PI-PI+ AND PIO PIO 404**4 44*****04*4*44**40 4**404*04 **4444**4 4***4*kk4 4r04004*4* 4444*4*4

000444 4&&**04*4 ****0%4*44*044r00*4 *44444*** 4*44**444 *44**440*444444**
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S178 Particle Data Group: Review of particle properties

Meso ns
p(zzso), ~(z3oo), p(zsso)

Data Card Listings

p(ZZ5O) 66 RR012250, JP6 3-+) I 1

CONTAINS ONLY RESULTS FRQH FORMATION EXPERIHENTS, FOR
PRODUCTION EXPERIMENTS SEE THE NBAR N(1200-3600) ENTRY.
SEE ALSO T, U MINI-REVIEWS.
OMITTED FROM TABLE.

44 RHO(2250) NASS CNEV)

M

H

H J
N K
M P
M P

PBAR P INTO PI PI OR K KB

(2150.0) APPROX.
(2140.0) APPROX.
(2300.0) APPRQX.
(2250.0) APPROX.

CARTER 1 77 CNTR 0 .7-2.4PS P, PI PI 12/77
CARTER 2 78 CNTR 0 .7-2.4PB P, K-K+ 12/78
MARTIN A 80 RVUE 1/82
HART IN 8 80 RVUE 1/82

M S CHANNEL NUCLEON ANTINUCLEON
M

M 8 2190 ~ 10.
M I 2193 ~ 2.
M E I 2155.0 15.0
M I (2190.0) APPROX.
H AVERAGE MEANINGLESS

ABRAMS 70 CNTR S CHANNEL PBAR N 1/73
ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74
COUP LAND 77 CN TR 0 7 2 4P8 P 6 PB P 12/77
CUTTS 78 CNTR .97-3. PB P, NB N 12/78

M 8 SEEN AS BUMP IN I=1 STATE. SEE ALSO COOPER 68.
M 8 PEASLEE ?5 CONFIRM PBAR P RESULTS OF ABRAMS 70, NQ NARROW STRUCTURE
M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION.
M I ISOSPINS 0 AND 1 NOT SEPARATED

M J I=1, JP=3- FROM AMPLITUDE ANALYSIS ~

N K I=O, 1.JP=3 FROIIII BARRELET ZERO ANALYSIS
H P I=1,JP=3- FROM SIMULTANEOUS ANALYSIS OF P PB --) PI-PI+ AND PIO PIO

M

M

M

M I
H EI
M I

S CHANNEL PBAR P OR NBAR N

2375 ~ 10.
(2359 ~ ) (2.)
(2345) (15.0)
(2380.0) APPROX.

ABRAMS 70 CNTR S CHANNEL NBAR N 1/71
ALSP'ECTOR 73 CNTR S CHANNEL PBAR P 1/74
COUPLAND 77 CNTR 0 .7-2.4PB-P, PB-P 12/77
CUTTS 78 CNTR .97-3. PB P, NB N 12/78

M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION ~

M I ISOSPINS 0 AND 1 NOT SEPARATED

41 EPSILON(2300& WIDTH CNEV)

M

W

W J
M K
W P

PBAR P INTO PI PI OR KB K

(210 ~ 0) APPROX.
(150 ~ 0) APPROX.
(200 ' ) APPROX.

CARTER 1 77 CNTR 0 ~ 7-2 ~ 4PB P, P I PI 12/77
CARTER 2 78 CNTR 0 .7-2.4PB P, K-K+ 12/78
MARTIN A 80 RVUE 3/82

W J I~0, JP~4+ FROM AMPLITUDE ANALYSIS.
K I~O, JP~4+ FROM BARRELET ZERO ANALYSIS
P I~OP JP~4+ FROM SINULTANEOUS ANAL. OF P PBAR --) PI-PI+ AiND iPIO PIO

W

W

W

W I
W EI

S CHANNEL PBAR P OR NBAR N

( 190 ' ) APPROX.
(165 ~ ) (18~ )
( 135.0) ( 150 ' 0)

ABRAMS 70 CNTR S CHANNEL NBAR N 1/71
&8. ) ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74

(65.0) COUPLAND 77 CNTR 0 ~ 7-2 ~ 4PB-P, PB-P 12/77

W E FROM A F IT TQ THE TOTAL ELASTIC CROSS SECTION.
W I ISOSPINS 0 AND 1 NOT SEPARATED

*a«*a* *«***«*«**a««***a*a««*«*««a **a*******«**a«aaa «a«*«*«*a a«*«a«a*

REFERENCES FOR EPSILON(2300)

M

W

M J
M K
M P
M P

44 RHO(2250) WIDTH CNEV)

PBAR P INTO PI PI OR K KB

(200 ~ 0) APPROX.
(150 ' 0) APPROX'
(200.0) APPROX.
&250.0) APPROX.

CARTER 1 77 CNTR 0 .7-2 ~ 4PB P, PIPI 12/77
CARTER 2 78 CNTR 0 .7-2.4PB P, K-K+ 12/78
MART IN A 80 RVUE 1/82
MART IN 8 80 RVUE 1/82

BRICMAN 69 PL 29 8 451 +FERRO-LUZZI 2 BIZARDJ+ (CERN+CAEN+SACL)

ABRAHS 70 PR D 1 1917 +COOL, GIACOMELL I,KYCI A, LEONTI C, LI, + (BNL)

FIELDS 71 PRL 27 1749 +COOP ER, RHI NES, AL L I SON (ANL+OXF)
YOH 71 PRL 26 922 +BAR I SH g CAROL L g LOSKOVI CZ+ (C IT+BNL+ROCH )

EASTMAN 72 NP 8 51 29 +MI NG MA, OH, PARKER, SHI TH, SPRAFKA (MSU)

W S CHANNEL NUCLEON ANTI NUCLEON
M

8 (85. ) APPROX.
W I 98 ~ 8.
M E I 135.0 75 ~ 0
W AVERAGE MEANINGLESS

ABRAHS 70 CNTR S CHANNEl. PBAR N 7/67
ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74
COUPLAND 77 CNTR 0 .7-2 ' 4PB-P, PB-P 12/77

M 8 SEE NOTE 8 ABOVE.
W E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION.
W I ISOSPINS 0 AND 1 NOT SEPARATED

W J 1=1,JP=3- FROM AHPL ITUDE ANALYSIS.
K I=O, 1.JP=3- FROM BARRELET ZERO ANALYSIS.

W P I=1, JP=3- FROM SIMULTANEOUS ANALYSIS OF P PB --) PI-Pl+ AND PIO PIO

ALSPECTO 73 PRL 30 511
DONNACHI 73 LNC 7 285
NICHOLSO 73 PR D 7 2572

HYAHS
MING MA

74 NP 8 73 202
74 NP 86S 214

DONNACHI 75 NC 26 A 317
EISENHAN 75 NP 8 96 109

CARTER 1 77 PL 67 8 117
CARTER 2 77 PL 67 8 122
CARTER 3 77 NP 8 127 202
COUPLAND 77 PL 71 8 460
HONTANET ?7 BOSTON CONF. 260

ALSPECTOR, COHEN, CVI JANOVICH, + &RUTG+UPNJ)
A. DONNACHIE, P. R. THOMAS (MANCHESTER)
NICHOLSON, DELORHE, CARROLL, + &CIT+ROCH+BNL)

+ JONE S s WE IL HAMMER 5 8 LUMP +
+MOUNTZ, ZEMANY, SNITH

(C ERN+HP IM)
(MICH)

A. DONNACHIE, P. R. THOMAS (NANCHESTER)
EISENHANDLER, GIBSON, + (LOQM+LIVP+DARE+RHEL)

+COUPLAND;EISENHANDLER, ASTBURY, +(LOQM+RHEL) JP
A. A ~ CARTER (LOQM) JP
+COUPLAND, ATKINSON, ARNISON+(LOQH+DARE+RHEL)
+EISENHANDLER, GIBSON, ASTBURY, + (LOQM+RHEL)
L.HONTANET (CERN)

*a**«a a***a«a«* «*«««««a* «a*«a«a** *«««a*a** a«a«a«a«a a****«a«a «a*a«a«a

REFERENCES FOR RHOC2250)

ABRAHS 67 PRL '18 1209 +COOL, G IACOHELL I, KYC I A, LEONTI C, L I, + (BNL )

COOPER 68 PRL 20 1059 +HYHAN, MANNER, HUSGRAVE, VQYVODIC {ANL )

ABRAMS 70 PR D 1 1917 +COOL, GIACOMELL I, KYCIA, LEONTIC, LI, + {BNL)

FIELDS 71 PRL 27 1749 +COOP ER, R H I NE S, AL L I SON (ANL+OXF)
YOH 71 PRL 26 922 +BARI SH, CAROLL, LOBKOVICZ+ (C IT+BNL+ROCH)

CARTER 1 78 NP 8 132 176
CARTER 2 78 NP 8 14'1 467
CUTTS 78 PR D 17 16
DULUDE1 78 PL 79 8 329
DULUDE2 78 PL 79 8 335

A ~ A ~ CARTER (LOQM)
AD A. CARTER (LOQH)
+GOOD, GRANN IS,GREEN, LEE, P ITTMAN+(STON+WI SC)
+LANOU, MASS IHO, PEASLEE+ (BROW+MIT+BARI)
+LANOU, MASS IMO, PEAS LEE+ (BROW+HIT+SARI )

JP
JP

BOWCOCK 80 LNC 28 21
MARTIN A 80 NP 8 169 216
HARTIN 8 80 NP 8 176 355

J.E ~ BOMCOCK, D ~ C ~ HODGSON
A. D. HART IN, M. R. PENNINGTQN
B.R ~ MARTIN, D ~ MORGAN

(8 IRM)
(DURH) JP

(LOUC+RHEL) JP

MARTIN 79 PL 86 8 93 A. D. HARTIN, M. R. PENNINGTON (DURH)

ALSPECTO 73 PRL 30 511
BETT INI 73 NC 15 A 563
DONNACHI 73 LNC 7 285
NICHOLSO 73 PR D 7 2572

ALSPECTQR, COHEN, CVI JANOVICH, + (RUTG+UPNJ)
+GARN JOST, BIG I,+ (PADO+LBL+PISA+TQRI)
A. DONNACHIE, P. R. THOMAS (MANCHESTER)
NICHOLSON, DELORME, CARROLL, + (CIT+ROCH+BNL)

«a«*a« «**a«a««« **«««**a« a«a**a********«a«*«««a«**a« «***«a«**««**a*a«
*«a«a« a«a«««a«« a«a***«a« a*a«a«a** *a*«*«aa* a*«a*a«a« *«*«a**a« ««**«*a«

P(Z35o) .3 RHo&2350, JPR 5-+I 11
BERTANZA 74 NC 23A 209 +BIGI, CASAL I, LARI CC IA, + (P I SA+PADO+TORI )

ZEMANY 76 NP 8 103 537 +MING MA, MQUNTZ, SMITH (MSU)

CARTER 1 77 PL 67 8 117 +COUPLAND, EISENHANDLER, ASTSURY, +(LQQH+RHEL) JP
CARTER 2 77 PL 67 8 122 AD A. CARTER (LOQM) JP
CARTER 3 77 NP 8 127 202 +COUPLAND, ATK INSON, ARNISON+(LOQH+DARE+RHEL)
COUPLAND 77 PL 71 8 460 +EISENHANDLER, GIBSON, ASTBURY, + (LOQM+RHEL)
MQNTANET 77 BOSTON CONF. 260 L.MONTANET (CERN)

THIS ENTRY MAS PREVIOUSLY CALLED U1(2400) ~

CONTAINS ONLY RESULTS FROM FORMATION EXPERINENTS, FOR
PRODUCTION EXPERIMENTS SEE THE NBAR N( 1200-3600) ENTRY.
SEE ALSO T, U MINI-REVIEWS.
OMITTED FROM TABLE.

33 RHOC2350) MASS CNEV)

CARTER 1 78 NP 8 132 176
CARTER 2 ?8 NP 8 14'1 46?
CUTTS 78 PR D 17 16

A. A. CARTER (LOQM) JP
A. A. CARTER {LOQM}
+GOOD, GRANNIS, GREEN, LEE, PITTHAN+(STON+WISC)

HARTIN 79 PL 86 8 93 A ~ D ~ MART IN, H. R . PENN IN GTON (DURH)

M

M J
M K

H P
M P

PBAR P INTO PI PI OR KB K
(2480.0) APPROX'
(2500.0) APPROX.
(Z250. 0) APPROX'
(2300.0) APPROX'

CARTER 1 77 CNTR 0 .7-2.4PB P, PIPI
CARTER 2 78 CNTR 0 ~ 7-2 ' 4PB P, K-K+
MARTIN A 80 RVUE
MARTIN 8 80 RVUE

12/77
12/78

1/82
1/82

HART IN A 80 NP 8 169 216
HART IN 8 80 NP 8 176 355

A. D. MARTIN, M. R. PENNINGTON
B.R. MARTIN, D. MORGAN

(DURH) JP
(LOUC+RHEL) JP

~(z3oo) 41 EPSILON(2300, JP6664++) IR60

THIS ENTRY MAS PREVIOUSLY CALLED UO(2350).
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR
PRODUCTION EXPERINENTS SEE THE NBAR N( 1200-3600) ENTRY.
SEE ALSO T, U MINI-REVIEWS.
OMITTED FROM TABLE.

41 EPSILON C?300) MASS C NEV)

a«a*a« «*«*a«aa* **«**«a«a a«a«a«a«a «aaaaaaaa a«a«a«a«a
«*«*a« «*a«*«a** **«««a**a «**««*a**aaaa**a«a «a**«a«a* **«**«a*a««*a«**a

M J
M K

H P

M

M

M A

M N

M I
M El
H I

M A

H E
M I
M N

M N

2350.
(2360 ' 0)
(2359. )
(2345.0)
(2380.0}

10.
(25.0)

&2. )
(15.0)

APPROX.

ABRAMS 70 CNTR S CHANNEL NBAR N 1/73
OH 70 HDBC -OPBAR(P, N), K*KZPI 1/73
ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74
COUPLAND 77 CNTR 0 .7-2.4PB-P, PB-P 12/77
CUTTS 7S CNTR .97-3. PB P, NB N 12/78

FOR I=1 NBAR N

FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION ~

ISOSPINS 0 AND 1 NOT SEPARATED
NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPHAN 71
NARROW STATE NOT CONFIRMED BY OH 73 MITH MORE DATA.

I~1, JP~5- FROM AMPLITUDE ANALYSIS.
I~0, 1.JP=5- FROM BARRELE1 ZERO ANALYSIS.
I~1, JP~5- FROM SIMULTANEOUS ANALYSIS OF P PB --) PI-PI+ AND PIO PIO

S CHANNEL NUCLEON ANTINUCLEON

M

H

M J
M K
M

M P
M P

(2310.0)
(2340.0)
(2330.0)
(2300.0)
&2300.0)

APPROX.
APPROX.
APPROX.
APPROX'
APPROX.

PBAR P INTO PI PI OR KB K

CARTER 1
CARTER 2
DULUDEZ
MARTIN A

MARTIN 8

77 CNTR
78 CNTR
78 OSPK
80 RVUE
80 RVUE

0 .7-2. 4PB P, PIPI 12/77
0 .7-2 ' 4PB P, K-K+ 12/78

1.-2.PB P, P I OP IO 1/82
1/82
1/82

W

W J
M K
W P
W P

33 RHOC 2350) WIDTH CHEV)

CARTER 1 77 CNTR
CARTER 2 78 CNTR
MARTIN A 80 RVUE
MARTIN 8 80 RVUE

PBAR P INTO PI PI OR KB K
(210.0) APPROX ~

(150.0) APPROX.
(300.0) APPROX'
&250.0) APPROX.

0 .7-2 ' 4PB P, PIPI
0 ~ 7-2 ' 4PB P, K-K+

12/77
12/78

1/82
1/SZ

M J I=0, JP=4+ FROM AMPLITUDE ANALYSIS ~

M K I=O, JP=4+ FROM BARRELET ZERO ANALYSIS
H P I=O, JP=4+ FROM SIMULTANEOUS ANALYSIS OF P PB --) Pl-PI+ AND PIO PIO

W J l=1, JP=5- FROM AMPLITUDE ANALYSIS.
W K I=0, 1.JP=5- FROM BARRELET ZERO ANALYSIS.
W P I~1, JP~5- FROM SIMULTANEOUS ANALYSIS OF P PB --) PI-PI+ AND PIO PIO
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Mesons
p(2350), 4(2450), t (2510), e'e (1100—2200), NN(1200 —3600)

M

M

M

M N

M I
M El

(140.) APPROX ~

(60.0) OR LESS
(165.) (18.){135.Q) (150.0)

ABRAMS 67 CNTR
OH 70 HD BC

(8. ) ALSPECTOR 73 CNTR
(65.0) COUP LAND 77 CN TR

S CHANNEL NUCLEON ANTINUCLEON

S C HAN ME L P BAR N 1/73
-OPBAR(P, N), K»K2PI 11/71

S CHANNEL PBAR P 1/74
0 .7-2.4PB-PjPS-P 12/?7

REFERENCES FQR R&25103

BINON 83 CERN-EP/83-98 +DONSKOV, DUTEIL, GOUANERE+ (SERP+BELG+LAPP) JP
»»»**» ***»»»*»*»4»»»*»»» »»'»»»*»»» k*»*»»*k» *»*»*»*»*»»»»**»»* ***»»**»»*»***»»**»»»»* »»*»»***0 »»»**»»*» »*»»»***» *»»»*»»»» »»*»»»»»0 »*»»»**j&

M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION.
M I ISOSPINS 0 AND 1 NOT SEPARATED
M N NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71
M N NARROM STATE NOT CONFIRMED BY OH 73 METH MORE DATA-

*»»*»» »»**»»»** »»»»»»»»» »*»»»»»»* »»»»**»»* ***»»»»*» »»»**»»»* »»***»»4'

REFERENCES FOR RHO(2350)

ASRAHS 6? PRL 18 1209 +COOL, G IACOMELL I, KYC IA, LEOHTI C, L I, + (SNL)

e'e (1100—2200) 7 E+ E—(1100-2200~ JPG~1- ) i~
THIS ENTRY CONTAINS NON-STRANGE
VECTOR NESONS COUPLED TO C+ E-(PHOTON)
BETMEEN PHI AND J/PSI NASS REGIONS
SEE ALSO RHO(1250) AND RHO(1600)
MINI-REVI EM.
SEE ALSO PHI(1670)
OMITTED FROM TABLE.

BRICHAN 69 PL 29 8 451
CASO 69 LNC 3 707

+FERRO-LUZZ I, SIZARO, + (CERN+CAEN+SACL )
+CONTE, BENZ, + (GENO+DESY+HAMB+MILA+SACL )

7 E+ E-(1100-2200) NASSES AND MIDTHS (NEV&

CHAPHAN 71 PR D4 1275
FIELDS 71 PRL 27 1749
YOH 71 PRL 26 922

+GREEN, LYS, MURPHY, RING, + (HICH)
+COOP ER, RHI NES, ALL I SON (ANL+OXF)
+BARISH, CAROLL, LOBKOVICZ+ (CIT+BNL+ROCH)

EASTNAN 72 MP 8 51 29
HING MA 72 NP 8 51 77
OH 72 NP 8 51 57

+MING MA, OH, PARKER, SHI TH, SPRAFKA
+EASTMAN, OH, PARKER, SMITH, SPRAFKA
+EASTMAN, MING MA, PARKER, SMITH, +

(MSU)
(MSU)
(HSU)

ALSPECTO 73 PRL 30 511
NICHOLSO 73 PR O 7 2572

HYAHS 74 NP 8 73 202
NING MA 74 MP 868 214

OONNACHI 75 HC 26 A 317
EISEMHAN 75 NP 8 96 109

ALSPECTOR 3 COHEN P CV I JANOVI CH + (RUTG+UPHJ )
Nl CHOLSON DELORNEP CARROLL 2 + (CET+ROCH+BNL)

+JONES P ME I L HAMMER P 8 LUN P +
+MOUNTZ, ZEMANY, SMITH

(CERN+HPIH)
(MICH)

A ~ DONMACHIEPP. R ~ THOMAS (MANCHESTER)
EISENHANDLER, GIBSON, + (LOQM+LIVP+OARE+RHEL)

ABRAHS 70 PR D 1 1917 +COOL, GIACOMELLI, KYCIA, LEONTIC, LI, + (BNL)
OH 70 PRL 24 1257 +PARKERPEASTMAM ~ SMITHPSPRAFKA&NA &MSU)

H C
M C

H A
M A

& 1097.0)
(31.0)

(16.0)
(24.0)

(1830.0) APPROX.
( 120.0) APPROX.

(2'}30.) APPROX.
(30. ) APPROX.

(182G. ) APPROX ~

(30.) APPROX.

(19.0) BARTALUCC 79 OSPK
(20 ' 0) BARTALUCC 79 OSPK

PETERSON 78 SPEC
PETERSON 78 SPEC

ESPOS IT1 ?8 FRAM
ESPOSET1 78 FRAM

SP INETT I 79 RVUE
SPINETTI 79 RVUE

7 GAM PE+ E- P
7 GAM P, E+ E- P

GAM P, K+ K- P
GAH P, K+ K- P

E+E-,K»(892)+ ~ ~

E+E-,K»(892)+. .
E+E-,4 P I+- 2GAM
E+E-,4 PI+- 2GAM

REFERENCES FOR E+ E-C 1100-2200&

INTEGRATED CROSS-SECTION OF BARBIELLINI 77, BACCI 77, ESPOSITO 77.
NOT SEEH BY DELCOURT 79 ~

»»»*»» »»»»**»»» *»»»»»*»» »*»»»»*»» »*»»»*»*» »»»*j&»*** *»*»***0***»»»***

12/79
12/79

12/78
12/78

1/82
1/82

CARTER 1 77 PL 67 8 117 +COUPLAND, EISENHANOLER, ASTBURY, +(LOQM+RHEL) JP
CARTER 2 77 PL 67 8 122 A. A. CARTER (LOQH) JP
CARTER 3 77 NP 8 127 202 +COUPLANO, ATKINSON, ARNISON+(LOQM+DARE+RHEL)
COUPLAND ?7 PL 71 8 460 +EISENHANDLER, GIBSON, ASTBURY, + &LOQH+RHEL)
HONTANET 77 BOSTON CONF' 260 L ~ NONTANET (CERN)

BACCI

BACC I

75 PL 58 8 481

76 PL 64 8 356

+BIDOLI, PENSO, STELLA, BALD INE, + (ROMA+FRAS)

+BIDOL I, PEHSO, STELLA, BALD INI, + &ROMA+FRAS)

CARTER 1 78 NP 8 132 176
CARTER 2 78 NP 8 141 467
CUTTS 78 PR O 17 16

AD A-CARTER (LOQM) JP
A. A. CARTER (LOQM)
+GOOD P GRANHI 8 2 GREENP LEE 0 P ITTNAN+(STON+MI SC )

BACCI 77 PL 8 68 393
BARB IELL 77 PL 8 68 397
BARTALUC 77 NC A 39 374
ESPOSITO 77 Pl. 8 68 389

+DE ZORZI, PENSO, STELLA, BALDINI, +(ROMA+FRAS)
BARB IELL INI, BARLETTA, +(FRAS+NAPL+PI SA+SANI )
BARTALUCCI BERTOLUCCI, SRADASCHIA(DESY+FRAS)
+FELICETTI, HARIMI, + (FRAS+MAPL+PAOO+RONA)

{OURH)

BOMCOCK 80 LNC 28 21
MARTIN A 80 NP 8 169 216
HARTIN 8 80 NP 8 176 355

J.E.BOMCOCK, D. C. HODGSON & 8 IRM)
A ~ D. MART IN, M. R . PENN INGTON (DURH) JP
B.R.MARTIN, D.MORGAN (LOUC+RHEL) JP

MARTIN 79 PL 86 8 93 A. O. HARTIN, H. R ~ PENN INGTON
AMBROSIO 78 PL 8G 8 141
BALDINI 7S PL 78 8 167
ESPOSIT1 78 i NC 22 305
ESPOSIT2 7S LNC 23 604
PETERSON 78 PR D 18 3955

+CERRITO, SEHPORAD, BROSCO, + (NAPL+PISA+ROMA)
+BATTISTONI, CAPON, BACCI, DEZORZI+(FRAS+ROMA)
ESPOSITOPFELICETTI+ (FRAS+NAPL+PADO+ROHA)
ESPOSITO, FELICETTI+ &FRAS+NAPL+PAOO+ROMA)
+DIXON, EHRL ICH, GALIK, LARSON+ (CORN+HARV)**»»»* *»****»**»»»*»**»» »»»»**»»jP *»»»***»» »*»»»»»** »»»***»»»

*»»*»j& »**»»»*j&» »*»*»»»*» »»*»»»»** »»**»&»*»» »*»»»»»»» »»»»»**»»

~(2450) 26 00&&A&2630, JPR 6+-) I 1

»»***»»»
»»»»*»»» BARTALUC 79 HC 49 A 207

DELCOURT 79 BATAVIA CONF. 499
ESPOSITO 79 LNC 25 5
SP ENETT I 79 BATA VI A COMF .506

BARTALUCC E P BAS IM I BERTOLUCC I+ (DESY+FRAS )
+BERTRAND, BISELLO, SIZOT, BUON, CORD IER+(LALO)
+MARINI, PALLOTTA+ (FRAS+UHD+PADO+ROMA)
H. SP IHETTI (FRAS)

M C 2450 ~

24 DELTA(2450& MASS (NEV)

130. CLELAMD 82 SPEC + 50 PI PP KS K+ P 8/83»

SEEN IN PARTIAL MAVE ANALYSIS OF THE K KBAR
SYSTEM. NEEDS CONFIRMATION. OMITTED FROM TABLE. BALD INI 81 LNC 30 337 +BATT I STONI, CAPON, SAC C I,DEZOR Z I+ (FRAS+RONA)

»»»*»* *»»»»»*»» »**»»»»»* »»»**»»»* *»****»»»***»*k»k» »*»*»***»***4**»*
»»»*»» *»*»»»*»* »»*»»*»»» »»»»»»*»» *»»»»»»»* »*»»»»»*t »»»*»*»»» *»***»»»

NN( 1 200 360O) 31 NNAR 0&1200-3600&

H C FROH AN AMPLITUDE ANALYSIS

24 DELTA(2450& MIDTH CNEV&

M C 400 ' 250.
M C FROM AN AMPLITUDE ANALYSIS

CLELAND 82 SPEC +- 50 PI P, KS K+-P 8/83»

THIS ENTRY CONTAINS VARIOUS
HIGH NASS, NON-STRANGE STRUCTURES
COUPLED TO THE BARYON-ANTIBARYON
SYSTEM AS MELL AS QUASI-NUCLEAR
BOUND STATES BELOM THRESHOLD.

SEE ALSO S, T, U DATA CARD LISTINGS AND HINIREVIEMS.
EVIDENCE FOR STRUCTURES COUPLED TO THE ANTI-HYPERON
NUCLEON &OR C AC. ) SYSTEM IS LISTED UNDER K{2200).
OMITTED FROM TABLE.

24 DELTA(2450& PARTiAL DECAY NODES 51 NBAR N(1200-3600& NASSES AND MIDTNS CNEV&

DECAY HASSES
P1 DELTA(2450) IMTO K KBAR 498+ 498
»»»»*» »»»*»*»»» »**4*»»»* »*4k»»»k» k»»»»»»»* »»»*»»»»» »»»»*»»»» »»»**»kk

REFERENCES FOR DELTAC24503

CLELAND 82 NP 8 208 228 +DELFOSSE, DORSAZ, GLOOR(OURH+GEVA+LAUS+PITT)

M M G 1210.
M M G (1395.)
M M G 1638.

M M G (1646.)

5 ~ 0

3.0

RICHTER 83 CNTR 0 STOPPED PBARS

PAVLOPOUL 78 CNTR STOPPED PBARS

RICHTER 83 CNTR 0 STOPPED PBARS

PAVLOPOUL 78 CNTR STOPPED PBARS

9/83»

1/78

9/83»

1/78

~(2510) 89 R(2510, JP6~6++) 1~0

SEEN IN PIO PIO.
NEEDS CONFIRMATION. OMITTED FROM TABLE.

»4»»** »»»**»***»*»*»»»** ****»»***»*»»»»»** »»*»***»*»»»»»*»»» »»»j&**»»
»»*»»» »»»»»»»*» **»»»4****»»»»»*»* *»»»»*»j&» ***»»»»*» »*»»»»»*» »»»*»»*j&

M M G

G

G

1771. 1 ~ 0 RICHTER 83 CNTR 0 STOPPED PBARS
OBSERVED MI DTHS CONSISTENT Ml TH EXPERINENTAL RESOLUTION.
THEY LOOKED FOR RADIATIVE TRANSITIONS TO SOUND P PBAR STATES,
HOMO-ENERGETI C GAMMA RAYS DETECTED ~

H M G &1684. ) PAVLOPOUL 78 CMTR STOPPED PBARS
H M G 1694 ~ 2 ~ 0 RICHTER 83 CNTR 0 STOPPED PBARS

1/78
9/83»

9/83»

89 R(2510& NASS CNEV&

2510.0 30 ~ 0 BINON 83 SPEC 0 38 PI-P, N 2PIO

89 R(2510& 'MIDTH CNEV&

240 ' 0 60 ' 0 BINON 83 SPEC 0 23 PI-P, N 2PIO

9/83»

9/83»

M ZD (1794.5) (1.4) GRAY
M ZO (8.) OR LESS CL~. 95 GRAY

0 DECAYS TO FOUR OR MORE PIONS, 1~1.
Z NOT SEEN BY AHSLER 80.

H Z (1897~ ) (1 ~ ) KALOGERO
M Z (25. ) (6-) KALOGERO

Z NOT SEEN BY ALBERE 79, AMSLER 80.
H 8 (1897 0) (17 0) ABASH I AN
M 8 (110~ 0) (82.0) ABASHI AN

8 PRODUCED BACKMARDS.

71 DSC — 0.PBAR D
7'} OBC — O. PBAR O

75 DBC — P BAR M ANNI H

75 DBC — PBAR N AHN I H

76 STRC SP I-P, P 3P I
76 STRC 8P I-P, P 3P I

1/72
1/72

12/75
12/75

12/77
12/77

89 R(2510& PARTIAL DECAY NODES

DECAY NASSES
P1 R(2510) INTO Pl PI 135+ 135
»»***» »»»*»»»»* »»»*»*»»* *»»*»»*»» »**»»*»»» **»*»»»»» »*»»»»»** »»»*»»**

H I 1949. 10.
M I 80 ' 20.

I ISOSPIN ~ 1 FAVORED

DEFOIX 80 HBC 0 0-1.2 PS P, 5 PI 12/79
DEFOIX 80 HBC 0 0-1.2 PB P, 5 PI 12/79

M R (1920.0) APPROX. EVANGELIS 79 OHEG 10, 16 PI-P, PB P 12/79
M (190.0) APPROX' EVANGELIS ?9 OHEG 10,16 PI-P, PB P 12/79

R 1~1,JP~1- FROM A MASS DEPENDENT PARTIAL MAVE ANALYSIS TAKING
R SOLUTION A ~
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8180 particie Data Group: Review of particle properties

Mesons
NN(1200-3600), X(1900-3600)

Data Card Listings

Z 153(2020 ' 0) &3.0) BENKHE IR I 77 OHEG 0 9, 12PI-P, PPPBPI — 12/77
Z 153 &24.0) (12 ~ 0) BENKHE IR I 77 OHEG 0 9, 12P I-P, PPPBP I- 12/77
Z NOT SEEN BY BIONTA 80, CARROLL 80, HAMILTON 80, BANKS 81, CHUNG 8'l,
Z BARNETT 83.

T (2020.0) APPROX' EVANGELIS 79 OMEG 10, 16 PI-P, PB P 12/79
(160 ' 0) APPROX' EVANGELIS 79 OMEG 10,16 PI-P, PB P 12/79

T I=O, JP=2+ FROH A MASS DEPENDENT PARTIAL MAVE ANALYSIS TAKING
T SOLUTION A.

M Z (2022 ' 0) (6 ' 0) AZOOZ 83 HYBR + 6 PBARP, PNBAR3PI 9/83*
M Z (14.0) (13~ 0) AZOOZ 83 HYBR + 6 PBARP, PNBAR3PI 9/83*

M Z (2026 ' 0) (5 ' 0) AZOOZ 83 HYBR — 4 PBARP, PBARN3PI 9/83*
M Z (20 ' 0) (11 ' 0) AZOOZ 83 HYBR — 4 PBARP, PBARN3PI 9/83*

H K 2080. 10 ' KREYMER 80 STRC 0 13 PI-D, PPBN(N) 4/82
M K 110~ 20 ~ KREYHER 80 STRC 0 13 PI-D, PPBN(N) 4/82

K NEUTRON SPECTATOR. SEE ALSO NPPBPI-(P) CHANNEL FOLLOMING.

M L 2090.0 20 ' 0 KREYMER 80 STRC 13 PI-D, NPPBPI-P 1/82
M L 170 ' 0 50 ' 0 KREYHER 80 STRC 13 PI-D, NPPBPI-P 1/82

L PROTON SPECTATOR. SEE ALSO PPBN(N) CHANNEL ABOVE ~,

BOMEN 73 PRL 30 332
DONALD 73 NP 8 61 333
GRAY 73 PRL 30 1091
NICHOLSO 73 PR D 7 2572

HYAMS 74 NP 8 73 202
DONNACHI 75 NC 26 A 317
EISERHAN 75 NP 8 96 109
KALOGERO 75 PRL 34 1047

ABASHIAN 76 PR D 13 5
BRAUN 76 PL 8 60 481
ZEMANY 76 NP 8 103 537

BENKHE IR 77 PL 8 68 483
CARTER 77 PL 67 8 117
EVANGELI 77 PI 8 72 139

BALTAY 78 PR D 17 62
CARTER 78 NP 8 141 467
PAVLOPOU 78 PL ?2 8 415
PENNINGT 78 NP 8 137 77

+EARLES, FAISSLER, BLIEDENt+ (NEAS+STON)
+EDWARDS, GIBB INS, BR IAND, DUBOC, + (L IVP+LPNP )
+PAPADOPOULOU, KARAGEROPOULOS, + (ATEN+SYRA)
NICHOLSON, DELORME, CARROLL, + &CIT+ROCH+BNL)

+JONES, MEILHAHMER, BLUM, + (CERN+MP IM)
A. DONNACHIE, P.R. THOMAS (MANCHESTER)
EISENHANOLER, GIBSON, + (LOQM+LIVP+DARE+RHEL)
KALOGEROPOULOS, TZANAKOS (SYRA)

+MATSON, GEL FAND, BUTTRAH+ ( ILL+ANL+CHI C+ IOWA)
+BRICK, FRIDMAN, GERBER, JUILLOT, MAURER+(STRB)
+MING MA, MOUNTZ, SMITH (MSU&

BENKHEIRI, BOUCROT, + (CERN+CDEF+EPOL+LALO)
+COUPLANO, EISENHANDLER, ASTBURY, +(LOQH+RHEL) JP
EVANGELISTA+ (BARI+BONN+CERN+DARE+GLAS+)

+CAUTIS, COHEN, CSORNA, KALELKAR+ (COLU+BING)
A. A. CARTER (LOQM)
PAVLOPOULOS+ (KARL+BASL+CERN+STOH+STRB)
M. R. PENNINGTON (CERN)

M R (2110~ 0) APPROX. EVANGELIS 79 OMEG 10,16 PI-P, PB P 12/79
W R (330.0) APPROX' EVANGELIS 79 OMEG 10,16 PI-P, PB P 12/79

R I=1,JP=3- FROM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING
R SOLUTION A.

N 2110 ~ 0 10.0 ROZANSKA 80 SPRK 18.PI-P, P PB N

N 190 ~ 0 100 ROZANSKA 80 SPRK 18.PI-P, P PB N

N I=1,JP=3- FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE

12/79
12/79

S (2141 ~ ) DONALD
S (14 ~ ) DONALD
S SEEN IN FINAL STATE (OMEGA PI+ PI-)

73 HBC
73 HBC

0 S CHANNEL PBAR P 1/74
0 S CHANNEL PBAR P 1/74

M M 2180 ~ 0 10 ~ 0 ROZANSKA 80 SPRK 18 ~ PI-P, P PB N 12/79
M M 270. 0 10 ' 0 ROZANSKA 80 SPRK 18.PI-P, P PB N 12/79

M I=O, JP=2+ FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE.

H K
M K

K
K

K

(2190 ~ 0) KALBFLEI S 69
BETWEEN 20 AND 80 MEV KALBFLEIS 69

SEEN IN PBAR P TO RHOO RHOO PIO. IG=1-.
NOT SEEN BY BACON 73, DONALD 73.
NOT SEEN BY ZEMANY 76 IN RHOO RHOO PI —.

HBC 0 S-CHANNEL PBARP 7/69
HBC 0 S-CHANNEL PBARP 7/69

M Z 58(2?04.0) (5.0) BENKHE IR I 77 OHEG — 9, 12P I P g PPPBPI 12/77
M Z 58 (16~ ) OR LESS BENKHE IR I 77 OHEG — 9, 12P I-P, PPPBPI- 12/77

Z NOT SEEN BY BIONTA 80, BANKS 81, CHUNG 81, BARNETT 83.

ALBER I
Al. STON-G
ARMSTRON
BENKHE I R
CARROLL
DELCOURT
EVANGELI
EVANGEL2
GIBBARD
HARTIN

79 PL 83 8 247
79 PRL 43 1901
79 PL 8 85 304
79 PL 81 8 380
79 PR D 19 1950
79 PL 8 86 395
79 NP 8 153 253
79 NP 8 154 381
79 PRL 42 1593
79 PL 8 86 93

+ALVEAR, CASTELL I, POROPAT+ (TRST+CERN+IFRJ)
ALSTON-GARNJOST, HAMILTON+ (LBL+MTHO+BNL)
ARMSTRONG+ (AACH+BARI+BONN+CERN+GLAS+LIVP+)
BENKHE IRI, BOUCROT, + (EPOL+LALO+CDEF+CERN)
+CHIANG, KYCIA, L I, L ITTENBERG, + (BNL+ROCH)
+DERADO, BERTRAND, BISELLO, BIZOT, BUON, +(LALO)
+ (BAR I+BONN+CERN+DARE+GLAS+L IVP+MI LA+MIEN)
+ (BARI+BONN+CERN+DARE+GLAS+LIVP+MILA+WIEN)
+AHRENS, BERKELMAN, CASSEL, DAY, HARDING+(CORN)
A. D. MARTIN, M. R. PENNINGTON (DURH)

AL PER 80
AMSLER 80
8 IONTA 80
BIONTA 2 80
CARROl L 80
CHUNG 80
DEFOIX 80
HAMILTON 80
KREYMER 80
ROZANSKA 80

PL 94 8 422
PRL 44 853
PRL 44 909
PRL 46 970
PRL 44 1572
PRL 45 1611
NP 8 162 12
PRL 44 1179
PR D 22 36
NP 8 162 505

+BECKER, + (AMST+CERN+CRAC+MP IM+OXF+RHEL )
+AUERBACH, MANDE LKERN, + (UNM+TEHP+UCI)
+CARROLL, EDELSTEIN, + (BNL+CARN+FNAL+SMAS)
+CARROLL, EDELSTEIN, + (BNL+CARN+FNAL+SMAS)
+CHIANG, JOHNSON, CESTER, WEBB, + (BNL+PR IN)
+ETKIN, BENSINGER, +(BNL+BRAN+CUNY+SMAS+HASA)
+OOBRZYNSKI, ANGEL INI, 8 I GI, + (CDEF+P ISA)
+PUN, TRIPP, LAZARUS, NICHOLSON (LBL+BNL+MTHO)
+BAGGETT, FIEGUTH, ALAM, +(IND+PURD+SLAC+VAND)
+BLUM, DIETL, GRAYER, LORENZ+ (MPIM+CERN)

BARKS 81 PL 100 8 191 +BOOTH, CAMPBELL, ARMSTRONG, + (L IVP+CERN)
CHUNG 81 PRL 46 395 +BENSINGER, + (BNL+BRAN+CINC+FSU+SHAS)

AJALTOUN 82 NP 8 209 301 AJALTOUNI, BACHMAN+ (CERN+NEUC+EPOL+CDEF)

M A (2207. ) (13~ ) ALLES-BOR 67 HBC 0 5.7 PBAR P
M A (62. ) (52 ' ) ALLES-BOR 67 HBC 0 5.7 PBAR P

A ALLES-BORELLI 67 SEE NEUTRAL MODE ONLY (PI+PI-PIO)

12/66
12/66

AZOOZ 83 PL 122 8 471
BARRETT 83 PR 0 27 493
BENSINGE 83 .PR D 27 1417
RICHTER 83-'PL 126 8 284

+BUTTERMORTH(LOIC+RHEL+SACL+SLAC+TO+O~TUFT)
+BLOCKUS, BURKA, CHIEN, CHRISTIAN+ . 'l)
BENSINGER, CHUNG (BRAN+BNL+CINC+FSU+b.
+AD IELS &BASL+KARL+STOH+STRB+THi . ,2210.0 79.0

(203.0) APPROX'
21.0 EVANGEL2 79 OHEG 10. PI-P, K+ K- N 12/79

EVANGEL2 79 OHEG 10. PI-P, K+ K- N 12/79 aa**aa **aa**aa*aa*a*a***a*****a*a**a****aaa**a**a*a*a**a****aaaaaai*a*aa* aa**a*a** aaa*aaaaa a*a*a*a*a aaaaaaaaa *****a**aa*******aa**aaaaa

2307 ' 0
245. 0

6 ' 0
20 ' 0

ALPER
ALPER

80 CNTR 0 62 PI-P, K+ K- N 1/82
80 CNTR 0 62 PI-P, K+ K- N 1/82

M M 2380.0 10 ' 0 ROZANSKA 80 SPRK 18.PI-P, P PB N 12/79
M H 380.0 20 ' 0 ROZANSKA 80 SPRK 18.PI-P, P PB. N 12/79

H I~O, JP=4+ FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE

H M (2450.0) (10 ' 0) ROZANSKA 80 SPRK 18.PI-P, P PB N

M H (280.0) (20.0) ROZANSKA 80 SPRK 18.PI-P, P PB N

H I=1iJP=5- FROM AHPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE

M J (2480 ' 0) (30.0& CARTER 77 CNTR 0 ~ 7-2.4PB P, PIPI
M J (210.0) &25.0) CARTER 77 CNTR 0 .7-2.4PB P, PIPI

J I=1,JP=5- FROH AHPLITUDE ANALYSIS OF PABAR P INTO PI PI ~

H K (2500 ' 0) APPROX' CARTER 78 CNTR 0 .?-2.4PB P, K-K+
M K (150.0) APPROX. CARTER 78 CNTR 0 .7-2.4PB P, K-K+

K I=O, 1.JP=5- FROM BARRELET ZERO ANALYSIS.

1/80
12/80

12/77
12/77

12/78
12/78

(2710.0)
(1?0.0)

(20 ' 0)
(40.0)

ROZANSKA 80 SPRK 18.P I-P, P PB N

ROZANSKA 80 SPRK 18.PI-P, P PB N

12/79
12/79

H V (2850 ' 0) (5.0& BRAUN 76 DBC — 5.5PBAR D, N NBP+ 12/77
M V (39 ' ) OR LESS BRAUN 76 DBC — 5.5PBAR D, N NBP+ 12/77

V DECAYS TO NBAR N AND NBAR N PI. NOT SEEN BY BARRETT 83.

H R (2260 ' 0) APPROX' EVANGELIS 79 OHEG 10, 16 PI-P, PB P 12/79
M R (440 ' 0) APPROX. EVANGELIS 79 OHEG 10, 16 PI-P, PB P 12/79

R I O, JP=4+ FROM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING
R SOLUTION AD

X(1900—3600) &6,&, 90p 36QO)

THIS ENTRY CONTAINS VARIOUS HIGH-MASS
NON-STRANGE PEAKS. OMITTED FROH TABLE

The high-mass region is covered nearly continuously

by evidence for peaks of various widths and decay
modes. As a satisfactory grouping into particles is not

yet possible, we list all the Y = 0 bumps coupled neither

to NN nor to e+e, and having M ~ 1900 MeV,
together, ordered by increasing mass. Note that
ANTIPOV 72 (~ p ~ pMM at 25 and 40 GeV/c) see

no narrow bumps.

H M (3080. ) (20. ) ALEXANDER 72 HBC 0 6.94 PBAR P
M M (220 ' ) (70 ' ) ALEXANDER 72 HBC 0 6.94 PBAR P

M DECAYS TO 3PI+ 3PI-
M NOT SEEN BY KALELKAR 75 WITH 1.5 TIMES NORE DATA

1/73
1/73

46 X(1900-3600) MASSES ARO MIOTHS &HEV)

100( 1898 ~ ) ( 18 ~ ) THOMPSON 74 HBC + 13 PI+ P, 2RHO100 (108.) (41.) (27. ) THOMPSON 74 HBC + 13 PI+ P, 2RHO
12/75
12/75

ALLES-80 67 NC 50 A 776

KALBFLEI 69 PL 29 8 259

REFERENCES FOR NSAR R($200-3600)

ALLES-BORELLI, FRENCH, FRISK, + (CERN+BONN)G=-

G. KALBFLEISCH, R. STRAND, V ~ VANDERBURG (BNL)

ALEXANOE 70 PRL 25 63 +BAR-NIR, DAGAN, GIDAL, GRUNHAUS+ (TEL-AVIV)
KALBFLEI 70 PHILAD ~ CONF. PE 409 G. KALBFLEISCH AND D ~ MILLER REVUES (BNL)

GRAY 71 PRL 26 1491 +HAGERT, KALOGEROPOULOS (SYRA)

M X (3370.) (10.) ALEXANDER 72 HBC 0 6.94 PBAR P
M X (150 ~ ) (40 ~ ) ALEXANDER 72 HBC 0 6.94 PBAR P

X DECAYS TO 4P I+ 4P I-
H Y (3390.) (20 ' ) ALEXANDER 72 HBC 0 6.94 PBAR P
M Y (220. ) (100.) ALEXANDER 72 HBC 0 6.94 PBAR P

Y DE CAYS TO 3P I+ 3P I-
Y NOT SEEN BY KALELKAR 75 MITH 1 ~ 5 TIMES MORE DATA

z (3600. & &20. ) ALEXANDER 72 HBC 0 6.94 PBAR P
Z (140.) (20 ' ) ALEXANDER 72 HBC 0 6.94 PBAR P
Z DECAYS TO 4PI+ 4PI-

***aaa aaaaaaaaa aa*a*a**a a****a**a*a**a*a**aa*aa*a** ***aa**a**a*a****

1/73
1/73

1/73
1/73

1/73
1/73

M K
M K

K

H A

M AM

M AM

A

A

M

M E
W E

E

100(1900~ ) (40- ) BOESEBECK 68 HBC + 8 PI+ P, PI+ PIO 12/75100 (216.) (105 ~ ) BOESEBECK 68 HBC + 8 PI+ P, PI+ P I 0 12/75
(1970~ )
(1970.)

(10.)
(10 ~ )

CHLIAPNIK 80 HBC 0 32 K+ P, 2KS 2PI
CHLIAPNIK 80 HBC 0 32 K+ P, 2KS 2PI

12/79
12/? 9

50(2070. )
50 (160 ~ )

TAKAHASHI 72 HBC
TAKAHASHI 72 HBC

8. PI-P, N 2PI
8. PI-P, N 2P I

12/75
12/75

24&2145. ) (10.) AJINENKO 80 HBC + 32 K+P, PHI PI+ X10(2100.) (20. ) BARTH 82 BEBC + 70 K+P, PHI PI+ P
24 (25 ~ ) OR LESS AJINENKO 80 HBC + 32 K+P, PHI PI+ X
ASTON 81 SEES NO PEAK, HAS 850 EVENTS IN AJ INENKO+BARTH BINS.
ARESTOV 80 SEES NO PEAK.
COMPATIBLE WITH ESTIMATED EXPERIMENTAL RESOLUTION

3/82
9/83*
3/82

(2157 ~ 0) (10~ 0) KRAMER 70 HBC + 13.1 PI+ P, 2PI 11/70(68 ' 0) (22 ' 0) KRAMER 70 HBC + 13.1 PI+ P, 2PI 11/70
EVIDENCE OF KRAMER 70 DISAPPEARED WITH NORE STATISTICS(THOMPSON 74&

30(1973.0) (15 ~ 0) CASO 70 HBC — 11.2PI-P, RHO 2PI 12/7530 (80.0) CASO 70 HBC — 11.2PI-P, RHO 2PI 12/75
40 (1975.0) (12.0) KRAMER 70 HBC + 13.1 PI+ P, 2PI 11/7040 (52.0) OR LESS CL= ~ 90 KRAMER 70 HBC + 13.1 PI+ P, 2PI 12/752PI PEAK OF KRAMER NOT SEEN IN SANE EXP WITH NORE DATA(THOMPSON 74)

ALEXANOE 72 NP 8 45 29
BOGDANOV 72 PRL 28 1418
BUGG 72 PR D 6 3047
CLAYTON 72 NP 8 47 81

ALEXANDER, BAR-NIR, BEVARY, DAGAN, + (TELA)
BOGDANOVA, DALKAROV, SHAP I RO (ITEP)
+CONDO, HART, COHN, ENDORF, + (TENN+ORNL+CINC)
+MASON, MUIRHEAD, RIGOPOULOS, + (LIVP+PATR) H C

M C

C

(2190 0) (10 0) CLAYTON 67 HBC +- 2. 5PBAR, A2+OMEGA 10/67

5/70
5/70

(2207. 0) (22 ' 0) CASO 70 HBC — 11.2PI — P, NOTE C(130.0) CASO 70 HBC — 11.2PI- P, NOTE C
SEEN IN RHO- PI+ PI- (OMEGA AND ETA ANTI SELECTED IN 4 PI SYSTEM)
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For notation, see A:ey at front of Listings. Me sons
X(1900—3600), C harmonium, r),(2980)

126(2340. ) (20. ) SALTAY 75 HBC + 15 PI+P, P5PI
126 (180.) (60 ~ ) BALTAY 75 HSC + 15 PI+P, P5PI

DOMINANT DECAY INTO RHOO RHOO PI+. BALTAY 78 F INDS CONF IRMATION
IN 2P I+PI-2P IO EVENTS MHICH CONTAIN RHO+ RHOO PIO AND 2RHO+PI-.

12/75
12/75

REFERENCES FOR X&1900-3600&

CLAYTON 67 HE IDBG. CONF. P. 57 +MASON, MUIRHEAD, F IL IPPAS+(L IVERPOOL+ATHENS)

BOESEBEC 68 NP B 4 501 BOESEBECK, OEUTSCHMANN, +(AACHEN+SERL IN+CERN)

(2500.0) (32 ' 0) ANDERSON 69 HHS — 16 PI- P, BACKM9
&87 ' 0) ANDERSON 69 HMS — 16 PI- P, BACKM9

8/69
8/69 ANDERSON 69 PRL 22 1390

BAUD 69 PL 30B 129
+COLL INS, +
CERN BOSON SP EC TROMET ER GROUP

(BNL+CARN)
(CERN)

M C
M C

C

M Y
M Y

Y
Y

M

M

9/69
9/69

5/70
5/70

9/69
9/69

11/71
11/71

9/69
9/69

43(3013.) (5.) YOST
43 (40 ~ ) OR l ESS YOST
4.3 S AD. EFFECT . DECAY TO 7 PIONS
NOT SEEN SY KALELKAR ?5 MITH 5 TIMES MORE DATA

(3025.0) (20.0) BAUD 70 HMS
(25 ' 0) APPROX. BAUD 70 MMS

+ 11.PI+ P, P(8PI)+ 11/?1
+ 11.PI+ P, P(8PI) 5/71

10.5-13 PI- P
10.5-13 PI- P

5/70
5/70

(3075.0) (20.0)
(25 ' 0) APPROX.

(3145 ' 0) (20.0)
(10.0) OR LESS

(3475.0) (20.0)
(30.0) APPROX.

(3535.0) (20.0)
(30.0) APPROX.

BAUD
BAUD

BAUD
BAUD

BAUD
BAUD

BAUD
BAUD

70 MHS
70 MHS

70 MMS
70 MMS

70 MMS
70 HMS

70 MMS
70 MMS

10.5-13 PI- P
10.5-13 PI- P

10 ~ 5-15 PI- P
10 ~ 5-15 PI- P

14-15.5 PI- P
14-15.5 PI- P

14-15.5 P I — P
14-15.5 PI- P

5/70
5/70

5/70
5/70

5/70
5/70

5/70
5/70

550(2620 ' ) &20. ) BAUD 69 MMS — 8.-10. PI- P
550 (85 ' ) &30. ) BAUD 69 MMS — 8.-10. PI- P

(2676 ' 0) (27.0) CASO 70 HSC — 11.2P I- P, NOTE C

(150.0) CASO 70 HSC — 11.2PI- P, NOTE C
SEEN IN RHO- PI+ PI- (OMEGA AND ETA ANTISELECTED IN 4 PI SYSTEH)

640(2800. ) &20 ' ) BAUD 69 MMS — 8.-10. PI- P
640 (46 ~ ) & 10.) BAUD 69 MHS — 8.-10. PI- P

15(2820. ) ( 10.) SABAU 71 HBC + 8. PI+ P
15 (50 ~ ) (10.) SABAU 71 HBC + 8. PI+ P
SEEN IN (K KSAR PI PI)+ MASS DISTRIBUTION

230(2880. ) (20. ) BAUD 69 MMS — 8.-10. PI- P
230 &15.) OR LESS BAUD 69 MMS — 8.-10. PI- P

BAUD 70 PL 31 B 549 CERN BOSON SPECTROMETER GROUP (CERN)
CASO 70 LNC 3 707 +CONTE, TOMAS I NI,

CORDS+�

(GENO+ HAMS+HI LA+SACL )
KR AMER 70 PR L 25 396 +BARTON, GUTAY, LICHTMAN, MILLER, + (PURDUE)

SABAU 71 LNC 1 514 +URETSKY (SUCH+ANL)
YOST 71 PR D 3 642 +MORRIS, ALBRIGHT, BRUCKER, LANNUTTI (FSU)

TAKAHASH 72 PR D 6 1266 TAKAHASHI, SARISH, + (TOHO+PENN+NDAM+ANL)

THOMPSON 74 NP B69 220 +GA I DOS, MC I LMA IN, HI LL ER, HUL ERA, + (PURD)

BALTAY 75 PR L 35 891 +CAUT IS s COHEN /KALELKAR / P I SELLO/+( COLU+8 I NG )
KALELKAR 75 THESIS(NEVIS 207) M. S ~ KALELKAR (COLU)
KEHP 75 NC 27 A 155 +LOTTS, CONTRI, TEODORO+(DURH+GENO+MILA+LPNP)

BALTAY
BLANAR
Cl. I NE

78 PR 0 17 52
79 PR O 20 615
79 PRL 43 17?1

+CAUTIS, COHEN, CSORNA, KALELKAR+ (COLU+BING)
+BOYER, EARLES, FAISSLER, GARELICK+ (NEAS)
+DE BONTE, GAIDOS, LEEDOM, KEY, + (PURD+TNTO)

AJINENKO 80 PL 95 B 451
CHLI APNI 80 ZPHY C 3 285

ASTON 81 NP B 189 205

BARTH 82 PL 117 B 267

+CHL I APNIKOV, + (SERP+BELG+MONS+SACL)
CHLIAPNIKOV, GERDYUKOV, + (SERP+SRUX+MONS)

(BONN+CERN+EPOL+GLAS+LANC+MCHS+ORSA+RHEL++)

+DREVERHANN+(BELG+CERN+GENO+MONS+NIJH+SERP)

ATKINSON 83 CERN-EP/83-106 + (SONN+CERN+GLAS+LANC+MCHS+IPNP+RHEL+SHEF)

0*4440 **4%0**4*40000*000 000000000 400000400 000000*00 404400*44 44*404**
000400 ***0%4*4404000004* 4**0**4**44404404* **0*0**04004*0***040*4***4

NOTE ON THE CHARMONIUM SYSTEM

We group into this system those meson states com-

monly believed to consist of charmed-quark-charmed-

antiquark pairs. Since the discovery of the J/P(3100)
(AUBERT 74, AUGUSTIN 74), this family has

increased to 11, of which we tabulate 10 as well-

established particles. Figure 1 shows the states of char-
monium below the f(3685), interpreted by the char-

monium model, as of January 1984.

(29&0) 26 ETA/C(2980, /P6 0-+) I 0

OSSERVEO IN THE INCLUSIVE GAHMA SPECTRUM GENERATED FROM
PSI(3685) DECAY, THEREFORE C~+. FROM THE 4 PI DECAY
G=+, THEREFORE I~O.
FROM ANGULAR DISTRIBUTION IN J/PSI TO ETA/C, ETA/C TO
PHI PHI, JP~O- (HITLIN 83).

26 ETA/C&2980& MASS (MEV&

M H
M M

M

M

M

M AVG

18 2982.
2980.

(2980 ' )
&2978. )

2981.1

8.
9.

(5 ~ )
(5 ~ )

6.0 AVERAGE

HI ME L 80 SMK2
PARTRIDGE 80 CBAL
EI NSME ILE 83 SMK3
EINSMEILE 83 SMK3

E+ E- 9/81
E+ E- 9/81

PS 13685,ETAC GAH 12/83*
PSI3685, ETAC GAM 12/83*

26 ETA/CC2980& MIDTH (HEY&

M M MASS ADJUSTED BY US TO CORRESPOND TO J/PSI&3100) MASS = 3097.

~(~685)

18 &40. ) OR LESS CL~. 90 HIMEL 80 SMK2
&20. ) OR LESS CL~. 90 PARTRIDGE 80 CBAL
&33. ) OR LESS CL~ ~ 90 EINSMEILE 83 SMK3
(36.) OR LESS CL~.90 EINSMEILE 83 SMK3

E+ E- 9/81
E+ E- 9/81

PSI3685, ETAC GAM 12/83*
12/83*

~,(&59p)

hadrons

X(3555)

adrons

P
P
P11
P12
P13
P14
P15
P16
P17

HADRON IC DECAYS

ETA/C(2980) INTO
ETA/C(2980) INTO
ETA/C(2980) INTO
ETA/C(2980) INTO
ETA/C(2980) INTO
ETA/C(2980) INTO
ETA/C(2980) INTO

2(PI+PI-)
P PBAR
PI+ PI- P PBAR
K KBAR PI
P I+ P I- K+ K-
ETA PI+ PI-
PHI PHI

26 ETA/C&2980& PARTIAL DECAY NODES

140+ 140+
938+ 938
140+ 140+
498+ 498+
'l40+ 140+
549+ 140+

1275+1275

140+ 140

938+ 938
140
494+ 494
140

JPC

~,(zgso)

hadrons

p-+

l( l(

hadronsy *radiative

++ ++
I

26 ETA/C &2980) BRANCHING RATIOS

R1 ETA/CC2980& INTO &2&PI+PI-» /TOTAL CP11&
R1 A 0.013 0.009 0.006 HIMEL 80 SMK2 PSI3685, ETAC GAM

R2 . ETA/C&2980& INTO CPBAR P&/TOTAL &P12&
R2 A 0.002 0.002 0.001 HIMEL 80 SHK2 PSI3685, ETAC GAM

R2 0.018 0.009 EINSMEILE 83 SHK3 PSI3685, ETAC GAM

R2 AVG 0.0024 0.0015 AVERAGE

9/81

9/81
12/83*

Fig. 1. The current state of knowledge of the char-
monium system and transitions, as interpreted by the
charmonium model. Uncertain states and transitions
are indicated by dashed lines. The notation y refers to
decay processes involving intermediate virtual photons,
including decays to e+e and p, +p

R3 ETA/C&2980& INTO &2PI PBAR P&/TOTAI &P15&
R3 (0.012)OR LESS CL~. 90 HIMEL 80 SMK2 PSI3685, ETAC GAM 9/81

R4 ETA/C&2980& INTO CK KBAR PI&/TOTAL
R4 A B 0.14 0.07 0.06 HI MF L

CP14&
80 SHK2 PS I3685, ETAC GAM 9/81

RS ETA/C&2980& INTO &2PI 2K&/TOTAL CP15&
R5 A 0 ~ 009 0.014 0.006 HIMEL 80 SHK2 PSI3685, ETAC GAM 9/81

R7 ETA/C&2980& INTO PHI PHI/TOTAL CP17&
R7 (0.01) (0.004) EINSME ILE 83 SMK3 PS I3685, ETAC GAM 12/83*

R A ESTIMATED USING BR ( PSI(3685) INTO ETA/C(2980) GAMMA) = .0043
R A THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PSI(36&5) DECAY.
R B NOT SEEN BY PARTRIDGE IN K+ K- PIO.
R D SYSTEMATIC ERROR ADDED LINEARLY BY US.

4**004 400000*44 00404*040 40*0*04%0 *440%4*44 4**4*0**40*4044r*40 40044**4
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Me sons
,(2980), J/g(3100)

Data Card Listings

REFERENCES FOR ETA/CC2980&

BLOOH ?9 FERHILAB SYMP. 92 E ~ D ~ BLOON ( C I T+HARV+PR IN+ SLAG+STAN )

HIMEL 80 PRL 45 1146
PARTRIDG 80 PRL 45 1150

+TRILLING, ABRANS, ALAN+ (SLAC+LBL+UCB)
PARTRIDGE, PECK+ (CIT+HARV+PR IN+STAN+SLAC)

EINSWEIL 83 BRIGHTON CONF. K. F.EINSWEILER+HARKII I COLLABORATION (SLAC)
HITLIN 83 CORNELL CONF. D. HITLIN (CIT)«***«**a«*a««a« *««a«****««a««a««« **aa*aaaa «*««a*«*a *a«****«a«a*a««a*
*««a«* ««*««a**a a**a««a«a a«a«*a*a* «a«a«*a*a *a«a**«a* «*a***a«*aaa«a*«a

J/ p(3 i Oo) 70 JIPSI(3100,JPI 1—) I 0

P62
P63
P64
P65
P66
P67
P68
P69
P70
P90
P91
P92
P93
P94

J/PS I (3'f00 &

J/PS I (3100)
J/PS I & 3100&

J/PS I (3100&

J/PS I (3100)
J/PS I (3100)
J/PS I(3100)
J/PS I (3100)
J/PS I (3100)
J/PS I (3100)
J/PS I (3100)
J/PS I (3100)
J/PS I (3100)
J/PS I (3100)

INTO N*(1232)++ N*(1232)--
INTO Y*(1385)- Y*(1385)+
INTO Y*(1385)+ Y*(1385)-
INTO Y*(1385)- SI GNABAR+
INTO Y*(1385)+ S I GMABAR-
INTO PBAR N*(1440-1535)+
INTO N*& 1232)++ PBAR P I-
INTO LAMBDA SIGHABAR+ PI-
INTO LAMBDA SIGMABAR- PI+
INTO PH I S(975)
INTO P PBAR RHO
INTO P K- ANTILAMBDA
INTO P K- ANTI S I GMAO
INTO P K- Y*(1385)0

1232+ 1232
1385+1385
1385+1385
1385+ 135
1385+1197
938+1440

1232+ 938+ 140
1116+ 135+ 140
1116+1197+ 140
1020+ 975
938+ 938+ 769
938+ 494+1116
938+ 494+1192
938+ 494+ 1385

M (3100~ )
N L (3105.)
H 3103 ~

N 0 3095.
N S 3089.5
H 3098.
H 3096.0
H F 3097.0
H 9000(3095.44)
N 502 3096 ' 93

38K 3098.4

H AVG 3096 ' 934
N FIT 3096 ' 93

(3.)
6.
4 ~

31.
6 ~

30 ' 0
I ~

(0.46)
0.09
2.0

0 ' 090
0.09

AVERAGE
FROM FIT

AUBERT
AUGUST IN
BEMPORAD
BOYARSK I
CRIEGEE
PREPOST
SNYDER
BR ANDE L IK
LEMOI GNE
ZHOLEMTZ
LEHOI GNE

74 SPEC
74 SNAG
75 FRAB
75 SMAG
75 PLUT
75 SPEC
?6 SPEC
79 DASP
79 GOL I
80 OLYA
82 GOL I

28. PP(E+E-)
E+ E-
E+E-
E+E-
E+E-

13.-21.GAMMA D

400 P BE,E+E-
E+ E-
150 P I-BE,2NU
E+E- COLL. BEAMS
190 PI-BE, 2HU

70 J/PSEC3100& HASS CHEV&

WE USE INDEPENDENT MEASUREMENTS OF THE J/PSI&3100)
MASS, THE PSI(3685) MASS AMD THE MASS DIFFERENCE TO
PERFORM A CONSTRAINED FIT.

2/75
2/75
I/76
3/75
2/75
I/76
1/77

12/79
12/79
9/81
9/83*

P
P70
P71
P72
P73
P74
P75
P76
P77
P78
P79
PSO
P81
P83
P84
P85
P86
P87

RADIATIVE DECAYS

J/PS I (3100& INTO
J/PS I (3100& INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100& INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I(3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO

GAMHA GAMMA

3 GAMHA
P I 0 GAMMA

ETA GAMMA
ETA PR IHE GAMMA

E TA/ C ( 2980) GAMMA

F GAMMA

F PR IHE GAHMA
D ( 1285) GAMMA

IOTA(1440) GAMMA

P PBAR GAMMA

THETA& 1690) GAMMA

P PBAR PI+ PI- GAMMA
RHO RHO GAMMA

2P I+ 2P I- GAMMA

ET A P I+ P I- GAMMA
ETA PI 0 P IO GAMMA

0+
0+

135+
549+
958+

2981+
1274+
1525+
1283+
'l440+
938+

1690+
938+
769+
140+
549+
549+

0
0+ 0
0
0
0
0
0
0
0
0

938+ 0
0

938+ 140+ 140+
769+ 0
140+ 140+ 140+
140+ 140+ 0
135+ 135+ 0

H E
M F
H F
M

N L
M L
H

M 0
H 0
H

N S
N S

SYSTEMATIC ERROR ADDED LINEARLY BY US
FROM A SIMULTANEOUS FIT TO E+ E-,NU+ MU- AND HADRONIC CHANNELS
ASSUNING G(E+ E-) ~ G(MU+ MU-)

BOYARSKI 75 IS A REEVALUATION OF AUGUSTIN 74 BASED
ON A RECALIBRATION OF THE SPEAR BEAH ENERGY.

MASS ~ WIDTHS PARTIAL 'WIDTHS I AND BRANCHING RATIOS ALL OBTAINED
FROM ONE OVERALL FIT TO DATA OF THIS EXPERIMENT.

ERROR OF ABOUT I PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF
THE BEAH ENERGY.

WI
WI
WI
WI
WI
W1
WI
W1
WI
W1

8

8
F
F
F

AVG

70 J/PSE C3'f00& PARTIAL WIDTHS

E- CKEV& C61&
BOYARSK I 75 SNAG
BALD INI I 75 FRAG
ESPOS I TO 75 FRAM

IAL WIDTHS FOR (E+E-) AND (MU+MU-)
BRANDE L IK 79 DASP E+

FIT TO E+ E-, HU+ MU- AND HADRONIC
G(MU+ MU-)

J/PSE&3SOO& ENTO E+
4 ' 8 0.6

(4 ' 6) ( ~ 8)
4.6 I ~ 0

ASSUNING EQUAL PART
4.4 F 6

FROM A SIMULTANEOUS
ASSUMING G(E+ E-)

4 ' 60 0 ' 39 AVERAGE

E+E-
E+E-
E+E-

E-
CHANNELS

3/75
I /76
1/76

12/79

70 J/PSE (3100& WIDTH CKEV)

W2
W2
W2
W2
W2 AVG 4.85 0.51 AVERAGE

J/PSEC3$00& INTO HU+ HU- CKEV& (62&
4.8 0 ' 6 BOYARSK I 75 SMAG
5.0 1 ~ 0 ESPOSI TO 75 FRAM

E+E-
E+E-

3/75
I /76

W

W

W

W F
W F
W F
W

W AV

69 ~ 15. BOYARSKI 75 SNAG
68 ' 26. BALD INI1 75 FRAG
60. 25 ~ ESPOSITO 75 FRAM
58. 13. BRANDELIK 79 DASP E+

FRON A SIMULlANEOUS FIT TO E+ E-,HU+ MU- AND HADRONIC
ASSUNING G(E+ E-) = G(NU+ MU-)

G 63 ' 0 8 ' 6 AVERAGE

E+E-
E+E-
E+E-

E-
CHANNELS

3/75
I/76
I/76

12/79

W3
W3
W3
W3
W3
W3 AVG

J/PS IC3100)
59.
59 ~

50 '

57.3

ENTG HADRONS CKEV&
14 ~ BOYARSKI
24. BALD INI I
25 ~ ESPOSITO

10.9 AVERAGE

C63&
75 SMAG
75 FRAG
75 FRAM

E+E-
E+E-
E+E-

3/75
I /76
I /76

70 J/PSE(3'l00& PARTEAL DECAY NODES

W4
W4
W4

J/PSIC3100& ENTO 6AHHA ENTO HADRONS CKEV& (64&
C 12 ~ 2. BOYARSKI 75 SNAG
C INCLUDED IN W3

E+E- 1/76

P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43
P44
P45
P46
P47
P48
P49
P50
P51
P52
P53
P54
P55
P56
P57
P58
P59
P60
P61

HADRONIC DECAYS

J/PS I (3100) INTO
J/PS I &3100) INTO
J/PS I &3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I &3100& INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I(3100& INTO
J/PS I (3100) INTO
J/PS I & 3100) INTO
J/PS I (3100& INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PSI(3100) INTO
J/PS I (3100& INTO
J/PS I (3100) INTO
J/PS I & 3100 ) INTO
J/PS I &3100) INTO
J/PS I(3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I(3100& INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I & 3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I (3100) INTO
J/PS I &3'l00) INTO

PI+

PIP-

I++

PI- PI 0
2(PI+ P I-)
2(PI+ PI-) PIO
3(PI+ PI-)
3(PI+ PI-) PIC
4(PI+ P I-)
4(PI+ PI-) PIO
K KBAR
K KBAR PI
P I+ P I- K+ K-
2(PI+ PI-) K+ K-
PI+ PI- PIO K+ K-
RHO PI
RHO PI PI PI
OMEGA PI P I
OMEGA 4PI
OMEGA K KBAR
OMEGA F
OMEGA F PR IHE
PHI PI PI
PHI 2(PI+ PI-)
PHI K KBAR
PHI ETA
PHI ETA PR IHE
PHI F
P HI F PR IME
A2 PI
A2 RHO
K K«BAR(892) + C. C.
K K*BAR(1430) + C. C.
K*&892) K*BAR(892)
K*&1430) K*BAR(1430)
K*(892) K*BAR(1430) + C. C.
P PBAR
P PBAR P IO
P NBAR P I—
P PBAR P I+ P I-
P PBAR PI+ PI- P I 0
P PBAR ETA
P PBAR OMEGA
LAMBDA ANTILAMBDA
LAMBDA ANTIS I GNA
XI ANTIXI
PI 8
P PBAR ETA PR IHE
S I GMAO S I GHABARO
2(K+ K-)
N NBAR
N NBAR PI+ PI-
SIGMA- S I GMABAR-

PI J/PS I (3100& INTO E+ E-
P2 J/PSI&3100) INTO MU+ MU-
P3 J/PS I &3100) INTO HADRONS
P4 J/PSI(3100) INTO VIRTUAL GAMMA INTO HADRONS

DECAY NASSES
~ 511+~ 511

106+ 106

498+ 498
498+ 498+ 140
140+ 140+ 494+ 494

140+
140
140+
140+
140+
498+

1274
1525

140+
140+
498+
549
958

1274
1525

140
769
892

1425
892

1425
1425
938
938+
940+
938+
938+
938+
938+

1116
1192
1315
1234
938+

1192
494+
940
940+

1192

135+ 494+140+
769+
769+
783+
783+
783+
783+
783+

1020+
1020+
1020+
1020+
1020+
1020+
1020+
1318+
1318+
498+
498+
892+

1425+
892+
938+
938+
938+
938+
938+
938+
938+

1116+
1116+
1315+

140+
938+

1192+
494+
940+
940+

1192+

140+ 140
140
140+ 140+
498

140
140+ 140+
498

135
140
14 0+ 140
140+ 140+
549
783

494+ 494

140+ 140

140+ 140
140+ 140+ 135
140+ 140+ 140+ 140
140+ 140+ 14 0+ 140+

W70
W70

J/PSI &3100& INTO 6AINA 6AHNA CEV& (670)
(5.4) OR LESS CL=O ~ 90 BRANDELIK 79 DASP E+ E-

70 J/PSE(3100& BRANCHENG RATIOS

FOR THE BRANCHING RATIOS R1 — R4, SEE ALSO THE PARTIAL
WIDTHS ABOVE, AND &PARTIAL WIDTHS)*RI BELOW.

R1
R1

R2
R2

R3
R3

J/PSEC3100& INTO CE+ E-)/TOTAL
0 ' 069 0.009 BOYARSKI 75

J/PS I C3100& INTO CHU+ NU-) /TOTAL
0 ' 069 0.009 BOYARSKI 75

J/PSIC3100& ENTO CHADRONS&/TOTAL
0.86 0 ' 02 BOYARSK I 75

CP1) /CPI+P2+P3&
SHAG E+E-

CP2)/CPI+P2+P3&
SMAG E+E-

CP3)/CPI+P2+P3&
SNAG E+E-

R4
R4
R4
R4
R4
R4

J/PSEC3100& ENTO CE+ E-&/CNU+ HU-)

&PI�

&/CP2)I.00 0.05 BOYARSKI 75 SMAG E+E-
0 ~ 93 0. 10 FORD 75 SPEC E+E-

~ 91 .15 ESPOSI TO 75 FRAN E+E-

0 ' 980 0 ' 043 AVERAGE

R5
R5
R5

J/PSEC3100& INTO C6AHHA INTO HADRQNS&/TOTAL
C .17 .02 BOYARSK I 75
C INCLUDED IN R3

CP4&
SNAG E+E-

HADRON IC DECAYS

RS
RS
RS
RS
R8

R9
R9

AVG 1 ~ 05 0.48

J/PSIC3100& ENTO &2&PI+
76 .004 .001

AVERAGE

PE-)&/TOTAL CP13)
J EAN-MARI 76 SMAG E+E-

R10
RIO
RIO
RIO
RIO
RIO

R11
RI I

R12
R12
R12

R13
R13

J/PSEC3100& INTO &2(PE+
675 .04 .01

1500 0.0364 0.0052
147 (0.0317) (0.0042)

0.0372 0.0046AVG

J/PSIC3100& SerO C3(PE+
32 ~ 004 .002

J/PS I C3100& ENTO (3&P I+
181 ~ 029 .007

11 (0 ' 028) (0.009)

J/PSE &310(&& INTO (4&PI+
13 .009 ~ 003

PI-) PE0&/TOTAL
JEAN-MARI 76 SMAG
BURMESTER 77 PLUT
FRANKLIN 83 SHK2

CP14&
E+E-
E+E-

E+E-, HADRONS

AVERAGE

PE-)/TOTAL CP15&
JEAN-MARI 76 SMAG E+E-

PI-) PEO)/TOTAL (P16&
JEAN-MARI 76 SNAG E+E-
FRANKLIN 83 SMK2 E+E-, HADRONS

PE-) PIG&/TOTAL CP18&
JEAN-MARI 76 SNAG

J/PSI(3100& ENTO &PI+ PE-&/TOTAL &UNITS 10**-4& CP11&
1 1.6 1.6 VANNUCC I 77 SMAG E+E-
5 1 ~ 0 0 ~ 5 BRANDELIK 78 DASP F+E-

12/79

3/75

3/75

3/75

3/75
2/75
I /76

I /76

1/77
12/78

I /76

I /76
12/77
9/83*

1/76

1/76
9/83*

I /76
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. MeS{&nS
J/y(3 l. oo)

R14
R14

R15
R15

J/PSI {3100& INTO {PI+ PI- K+ K-)/TOTAL
205 0 ' 0072 0.0023 VANNUCCI 77 SMAG

CP21&
E+E-

CP223J/PSX(3100& INTO &2{PI+ PI-) K+ K-)/TOTAL
30 0.0031 0.0013 VANNUCCI 77 SHAG E+E-

1/77

1/?7

R39 J/PSI{3100& INTO {QNE6A PI PI&/TOTAL
R39 215 0 ~ 0078 0.00216 BURHESTER 77 PLUT
R39 348 0.0068 0.0019 VANNUCC I 77 SHAG
R39 ~ ~ 0 ~ ~

R39 AVG 0 ' 0068 0 ' 0019 AVERAGE

CP26&
12/77

1/77

R16
R16

J/PSI (3100) INTO (RHO P I) /(PI+ PI- PIO) (P24) /(P12)
&.7) OR MORE CL=0. 90 JEAN-MARI 76 SMAG E+E- 1/76

R40
R40

J/PSI {3100& INTO 2{K+ K-)/TOTAL CP58&
0.0007 0 ' 0003 VANNUCCI 77 SMAG E+E- 1/77

R17
R17
R17
R17
R17
R17
R17
R17

J/PSIC3100& INTO CRHOO
0.63 0 ' 22
0 ~ 59 0. 17
0.53 0. 15
0.46 0. 14

&0.56) &0.06)

0.534 0.081AVG

PIO)/(RHO+- PI-+)
BARTEL 1 76 CNTR
JEAN-MARI 76 SMAG
ALEXANDER ?8 PLUT
BRANDELIK 78 DASP
SCHARRE 79 SMAG

AVERAGE

E+E-
E+E-

E+ E-
E+E-, PI+PI-GAMMA
E+E-

1/77
1/76
4/78
4/78

12/79

R41
R41

R42
R42
R43
R43

J/PSI C31003 INTO CONE6A K KSAR&/TOTAL
22 0 ~ 0016 0 ~ 0010 FELDMAN 77 SMAG

J/PSI (3100) INTO (PHI K KSAR)/TOTAL
14 0.0018 0 ~ 0008 FELDMAN 77 SHAG

J/PSI{3100& INTO CPHI ETA&/TOTAL
5 0.0010 0 ' 0006 VAMNUCCl 77 SHAG

CP28&

CP33&

CP34&
E+E-

E+E-

12/77

12/77

1/77

R18
R18
R18
R18
R18
R18
R18
R18

J/PSI{3100& INTO CRHO PI&/TOTAL
543 0.010 0 ' 002 BARTEL 1
153 0.013 0 ' 003 JEAN-MARI
183 0.016 0 ' 004 ALEXANDER

0 ' 0133 0 ' 0021 BRANDE L IK
150 (0.013) &0.003) FRANKLIN

AVG 0.0122 0 ' 0012 AVERAGE

(P24)
76 CNTR
76 SMAG
78 PLUT
78 DASP
83 SMK2

E+E-
E+E-

E+ E-
E+E-, P I+P I-GAMMA
E+E-, HADRONS

1/77
1/76
4/78
4/78
9:/83*

R44
R44

J/PSI C3100& XNTO fPNX ETA PRIME&/TOTAL
&0.0013)OR LESS Cl =0.90 VANNUCC I 77 SHAG

(P353

R45 J/PSI (3100) INTO (PHI F PRINE)/TOT (UNITS 10*»-4)CP35)
R458 6 8.0 5.0 VANNUCC I 77 SHAG
R458 46 F 4 1 ' 3 G I DA L 81 SHK2
R458 ASSUMES F PRIHE INTO K KBAR IS 100 PER CENT.
R45 ~ ~ ~ ~ ~ ~ ~ ~ ~

R45 AVG 3.7 1.3 AVERAGE

E+E-

E+E-
E+E-

1/77

1/77
2/84»

R19
R19
R19

J/PSI (3100) INTO CQHE6A PI PI) l(2(PI+ Pl-) PIO) (P26)/(P14)
J ( ~ 2) JEAN-MARI 76 SMAG E+E-
J FINAL STATE 2&PI+Pl-)PIO

1/76 R?O
R70

J/PSI C3100) INTO CPHI SC975&)/TOT CUNITS 10*»-4& (P90&
50 2.6 0 ' 6 G IDAL 81 SMK2 E+E- 2/84»

RZ0
R20
R20

R21
R21

R22
R22
R22
R22
R22 AVG

J/PSI C3100) INTO CK+ K-)/TOTAL CUNITS 10»»-4) CP19&
2 2.0 1.6 VANNUCCl 77 SHAG
7 2.2 0.9 BRANDELIK 79 DASP

2 ' 15 0.78 AVERAGE

E+E-
E+E-

J/PSI(3100) INTO (RHQ PI PI Pl)/(2 {PX+ PI-) PXO}(P25)/(P14)
J & ~ 3) JEAN-MARI ?6 SMAG E+E-
J FINAL STATE 2& P I+P I-)P IO

J/PSX &3100& INTO CPHI PI+ PI-)/TOTAL CP313
23 0.0021 0.0009 FELDMAN 77 SMAG E+E-

1/76

12/77

1/77
12/79

R46 J/PS IC3100&
R46 194 2. 16
R468 204 2 ' 04
R46 32 F 7
R468 5 1 ' 6
R46S 1288 &2.02
R46S 81191 &1.93
R46
R46 AVG 2.06

XNTO &P NSAR
0.29
0.27
F 7
1 ~ 2

) &0.23)
) &0.23)

0. 19

PI-)/TOT fUNXTS
PERUZZI
PERUZZI
BESCH
BESCH
EATON
EATON

AVERAGE

R46S
R468

SYSTEMATIC ERROR ADDED LINEARLY BY US.
FROM ANTI-CHANNEL &PBAR N PI+)

10»»-3) (P47&
78 SMAG E+E-, P PI-
78 SHAG E+E-, P PI+
81 BONA E+E-
81 BONA E+E-
83 SMK2 E+E-, HAORONS GAM
83 SHK2 E+E-, HADRONS GAH

4/78
4/78
1/82
1/82

12/83*
12/83»

RZ3
R23

J(PSX(3100) INTO (KOS KOL}(TOTAL (IINITS 10**-4) (P193
&0.89) OR LESS CL=0. 90 VANNUCCl 77 SHAG E+E-

R24
R24
R24
R24
R24
R24

J/PSI INTO &K+- K»&892&-+&/TOTAL {UNITS 10**-4& (P40&
39 41 ~ 12. BRAUNSCHM 76 DASP
48 32 ' 6 ~ VANNUCC I 77 SHAG
24 &26.4) &5.7) FRANKLIN 83 SMK2

AVG 33.8 5 ' 4 AVERAGE

E+E-
E+E-

E+E-, HADRONS

R25
R25
R25

R26
R26

R27
R27

R28
R28

J/PSI C3100& INTO CKO K»(892&0)/TOTAL
&UNITS 10**-4)

45 27 ' 6. VAMNUCC 1 77 SMAG

J/PSI{3100) INTO {K+- K»(1430-+3/TOTAL
&0.0033)OR LESS CL=0.90 BRAUNSCHM 76 DASP

J/PSI (3100& INTO CKO K*(1430&O&/TOTAL
&0.002) OR LESS CL=0. 90 VANNUCCI 77 SHAG

J/PSI&31003 INTO CK»(892&0 K»{892)0&/TOTAL
&0.0005)OR LESS CL=0. 90 VANNUCCl 77 SMAG

CP40&

CP41)

CP42)

E+E-

E+E-

E+E-

E+E-

R29
R29

R30
R30

J/PS I {3100) INTO (K*(892)0 K»(1430)0) /TOTAL
40 0 ' 0067 0.0026 VANNUCCl 77 SMAG

(P44)
E+E-

R31
R31
R31
R31
R31S
R31
R31

J/PS I {3100& INTO CPSAR
2.0 0 ' 5

A 331 2 ~ 2 0.2
133 2.5 0.4

1420 &2. 16) &0-22)

AVG 2.23 0.1?

P&/TOTAL CUIIITS 10»*-3& CP45)
BESCH 78 BONA
PERUZZI 78 SMAG
BRANDELIK 79 DASP
EATON 83 SMK2

E+E-
E+E-

E+ E-
E+E-, HADRONS GAM

AVERAGE

R31S
R31

SYSTEHATlC ERROR ADDED LINEARLY BY US.
A ASSUMING ANGULAR DISTRIBUTION ( 1.ICOS&THETA)*»2)

J/PSI(3100) INTO (K»(1430)0 K»(1430)0)/TOTAL (P43)
&0.0029)OR LESS CL=0.90 VANNUCCI 77 SMAG E+E-

1/77

1/77
1/77
9/83»

1/77

1/77

1/77

1/77

1/77

1/77

4/78
4/78

12/79
12/83»

R47
R47
R47
R47S
R47S
R47
R47 AVG

R48
R48
R48S
R48S

R49
R49

J/PSIC3100& INTO CKOS K+- PI-+&/TOTAL
1?6 0.0026 0.0007 VANNUCC I 77 SMAG E+E-

R50
R50

R51
R51

J/PS I C3100) INTO (PHI F ) /TOTAL C UNITS 10*'»-4) CP36)
&3.7) OR LESS CL=0. 90 VANNUCCI 77 SHAG E+E-

J/PSX(3100) INTO (PHI ZCPI+PI-) )/TOTAL (P32)
&0.0015)OR LESS CL=0. 90 VANNUCCI 77 SHAG

R52
R52
R52
R52
R52 AVG

{P29)J/PSI(3100) INTO (QHE6A F)/TOTAL
81 0.0019 0.0008 VANNUCCI 77 SMAG E+E-
70 0 ' 0040 0.0016 BURMESTER 77 Pl UT E+E-

0.00232 0.00084 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 1.2)

R53
R53

R54
R54

J/PS I{3100) XNTO (NEGA F PRIME) /TOT(UNTS 10*»-4)(P30)
&1.6) OR LESS CL=0.90 VANNUCCI 77 SHAG E+E-

J/PSI(3100) INTO (PI+ PI- PIO K+ K-)/TOTAL (P23)
309' 0.012 0.003 VAMNUCC I 77 SMAG E+E-

R55
R55

R56
R56

J/PS I (3100& INTO (RHO A2) /TOTAL &P39&
36 0.0084 0.0045 VANNUCCI 77 SHAG

J/PSIC3100& INTO CQNE6A 2PI+ 2PI-)/TOTAL CPZ7}
140 0 ' 0085 0.0034 VANNUCCI 77 SMAG

E+ E-

E+E-

J/PS I (3100) INTO (P PSAR ETA) /TOT (UNITS 10**-3) (P50)
197 2.3 0.4 PERUZZl 78 SHAG E+E-, P PB 0-2Pl

2 ~ 5 1.2 BRANDEL IK 79 DASP E+ E-
826 &2.03) &0.28) EATON 83 SMK2 E+E-, HADRONS GAH

SYSTEMATIC ERROR ADDED LINEARLY BY US.

2 ' 32 0.38 AVERAGE

J/PSIC3100& INTO CP PSAR OHE6A&/TOT(UNITS 10»*-3){P51&
77 1.6 0 ~ 3 PERUZZI 78 SHAG E+E-, P PB 1-2PI

486 & 1.10) &0- 35) EATON 83 SMK2 E+E-, HADRONS GAH
SYSTEMATIC ERROR ADDED LINEARLY BY US ~

4/78
12/79
12/83»

4/78
12/83*

1/77

1/77

1/77

1/77
12/77

1/77

1/77

1/77

1/77

R32
R32
R32

J/PSIC3100) INTO CPBAR P&/CHU+ HU-& CP45&/{P2)
A 20 &.051) & .02) Ml I K 75 PLOT E+E-
A ASSUMING ANGULAR DISTRIBUTION &1.+COS&THETA)*»2)

1/76

R57
R57
RST C
R57S

J/PSI(3100) INTO (XX- ANTIXI-)/TOTAL (10*»-3) (P54)
51 1.4 0 5 PERUZZI 78 SMAG E+E-,XI-X 4/78
71 &3.2) &0.8) PERUZZ? 78 SMAG E+E-,L LBAR 4/78

194 & 1.14) &0.28) EATON 83 SHK2 E+E-,HADRONS GAH 12/83*

J/PSI INTO (LAHBOA ANTILAHSOA)/TOT (UNITS 10*»-3)(P52)
196 1 ~ 1 0.2 PERUZZ I 78 SMAG E+E-, L X, LBAR L

5 2 ~ 6 1 ~ 6 BESCH 81 BONA E+E-
365 &1.58) &0.27) EATON 83 SMK2 E+E-, HADRONS GAH

SYSTEMATIC ERROR ADDED LINEARLY BY US.

1.12 0 ' 20 AVERAGE

R33
R33
R33
R33S
R33S
R33
R33 AVG

R34
R34
R34
R34
R34S
R34S
R34

J/PSI{31003 INTO CP PSAR PIO&/TOT CUNITS
109 1 ~ 00 0. 15 PERUZZ I

1.4 0.4 BRANDELIK
16 &1-0) &0-3) FRANKLIN

685 & 1.13) &0. 18) EATON
SYSTEMATlc ERROR ADDED LINEARLY BY US ~

~ ~ ~ I ~ ~

10»»-3) CP46)
78 SMAG E+E-, P PB
79 DASP E+ E-
83 SMK2 E+E-, HADRONS
83 SMK2 E+E-, HADRONS GAH

R34 AVG 1.05 0. 14 AVERAGE

R35 J/PSI C3100) iNTO CP PBAR PI+PI-&/TOTCUNTS 10»'»-3& CP48&
R35 533 5 ' 5 0 ' 6 PERUZZI 78 SMAG E+E-,P PB 1-2PI
R35 48 3.8 1.6 BESCH 81 BONA E+E-
R35S 1435 &6.46) &0.60) EATON 83 SMK2 E+E-, HADRONS GAH
R35S SYSTEMATIC ERROR ADDED LINEARLY BY US.
R35
R35 AVG 5.29 0.56 AVERAGE

4/78
1/82

12/83»

4/78
12/79
9/83*

12/83*

4/78
1/82

12/83»

R5?S
R57 C

R58
R58

R59
R59

R60
R60

R61
R61
R61S
R61S

R62
R62
R62S
R62S

R63
R63

SYSTEMATIC ERROR ADDED LINEARLY BY US.
INCLUDES CHANNEL &XIO ANTI Xl 0)

J/PSI(3100) INTO (RHO+- PI-+)/(K»(892)+- K-e) (P24)/(P40)
(0.26) (0 F 09) P I ERRE 76 SMAG E+E- 4/77

J/PS I C3100) INTO C8+- PI-+) /TOTAL CP55&
87 0.0029 0 F 0007 BURMESTER 77 PLUT

J/PSI (3100) INTO (N NBAR)/TOTAL (UNITS 10»»-2) (P59)
0. 18 0 ~ 09 BESCH 78 BONA

E+E-

E+E-

12/77

4/78

J/PSI XNTO CN NSAR PI+ PI-&/TOTAL {UNITS 10»*-3& &P603
5 3 ' 8 3 ' 6 BESCH 81 BONA E+E- 1/82

J/PSI XNTO CSI6HAO SIGHASARO)/TOT fUNITS 10*»-3) (P57&
52 1.3 0.4 PERUZZI 78 SHAG E+E-, L LBAR 4/78
90 (1.58) &0.41) EATON 83 SMK2 E+E-, HAORONS GAH 12/83*
SYSTEMATIC ERROR ADDED LINEARLY BY US.

J/PSI INTO CP PBAR ETA PRIME)/TOT CUNITS 10»*-3& CP56&
19 1 ~ 8 06 PERUZZI 78 SHAG E+E-,P PB 1-2PI 4/78
19 (0.68) &0.40) EATON 83 SHK2 E+E-, HADRONS GAM 12/83*
SYSTEMATIC ERROR ADDED LINEARLY BY US.

R36
R36
R36
R36S
R36S

R37
R37

R38
R38

J/PSI(3100) INTO (PI+- A2)/TOTAl
&0-0043)OR LESS CL=0. 90 BRAUNSCHM T6 OASP E+E-

J/PSX XNTQ fP PBAR P I+ PX- PIO) /TOT f UNTS 10»»-3& fP49&
INCLUDING P PBAR PI+PI- GAMMA AMD EXCLUDING OMEGA, ETA, ETA PRIME
39 1.6 0.6 PERUZZI 78 SMAG E+E-, P PB 2PI

364 &3.36) &0.93) EATON 83 SMK2 E+E-, HAORONS
SYSTEMATIC ERROR ADDED LINEARLY BY US ~

J/PSI INTO (LAMBDA ANTISIGHA)/TOT (UNITS 10»»-3) (P53)
&0. 15) OR LESS CL=0. 90- PERUZZI 78 SMAG E+E-, LAMBDA X

4/78
12/83»

4/78

1/77

R64
R64

R65
R65

R66
R66
R66

R67
R67S
R67S

J/PS X XNTO {SI6HA- SX6HASAR-)/TOT (UNITS 10»*-3) CP613
3 24 2 ~ 6 BESCH 81 BONA E+E-

J/PSI(3100) INTO (K+ K- PIO)/TOTAL (UNITS 10**-4)(P20)
25 (9.2) &Z. O) FRANKLIN 83 SMK2 E+E-,HAORONS

J/PSI {3100& INTO f PI+PI-PIO&/TOTAL CP12&
168 (0 ~ 015) (0 ~ 002) FRANKLIN 83 SMK2 E+E-, HADRONS

&0 ~ 0149) (0.0022) EINSME ILE 83 SHK3 E+E-, HADRONS

J/PSI&3100) INTO N*(1232&++N»C1232&--/TOT *10»»-3(P62)
233 & 1.10) (0.37) EATON 83 SMK2 E+E-, HAORONS GAH

SYSTEMATIC ERROR ADDED LINEARLY BY US.

9/83»

9/83»
12/83»

9/83»
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Me sons
S/g(31OO)

Data Card Listings

R68 J/PSI (3100) INTO Y*(1385)- Ya(1385)+ /TOT *10«*-3(P63)
R68S 56 {0.86& {0.40& EATON 83 SMK2 E+E-, HADRONS GAM

R68S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

R69 J/PSI (3100) INTO Y*(1385)+ Y«(1385)- /TOT *10««-3(P64)
R69S 68 {1.03) {0.49& EATON 83 SMK2 E+E-, HADRONS GAM

R69S SYSTEMATIC ERROR ADDED LINEARLY BY US.

9/83*

9/83*

R87
R87 A
R87SB
R87SB
R87 A

R87 8
R87S

J/PS I (3100) INTO (THETA(1690) 6AM) /TOT (10*«-4) (P81){3.8& (1.6) EDWARDS2 82 CBAL E+E-,ETA ETA GAM
{4-8& (1.6& EINSWEILE 83 SMK3 E+E-gK+K- GAMMA{6.0& (3.4) FRAMKLI2 83 SMK2 E+E-gK+K- GAMMA

INCLUDES UNKNOWN BRANCHING FRACTION TO ETA ETA.
INCLUDES UNKNO'WN BRANCHING FRACTION TO K+K-.
SYSTEMATIC ERROR ADDED LINEARLY BY US.

2/84*
12/83*
2/84«

R70 J/PSI (3100) INTO Y«(135)- SI6IIAIAR+ /TOT «10«a-3(P65)
R70S 26 {0.29) {0.21) EATON 83 SMK2 E+E-, HADRONS GAM

R70S SYSTEMATIC ERROR ADDED LINEARLY BY US.

R71 J/PSI(3100) INTO Ya(1385)+ SI6NAIAR+ /TOT «10«a-3(P66)
R71S 28 {0.31& {0.22& EATON 83 SMK2 E+E-, HADRONS GAM

R71S SYSTEMATIC ERROR ADDED LINEARLY BY US.

R72 J/PSI (3100) INTO PBAR N*(1440-1535)+ /TOT *10«a-3(P67)
R72S 189 {0.93) (0.47& EATON 83 SMK2 E+E-, HADRONS GAM

R72S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

R73 J/PSI(3100) INTO M«(1232)++ PBAR PI- /TOT «10**-3(P68)
R73S 332 {1.58) (0.63) EATON 83 SMK2 E+E-, HADRONS GAM

R73S SYSTEMATIC ERROR ADDED LINEARLY BY US.

R74 J/PSI (3100) INTO LIMBOA SI6NABAR+ PI-/TOT *10*«-3(P69)
R74S 135 {1.53& {0.55& EATON 83 SMK2 E+E-, HADRONS GAM

R74S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

9/83«

9/83*

9/83«

9/83*

9/83*

R88
R88SB
R88 8
R88S

J/PSI (3100) INTO (XI (2220) 6AN) /TOT UNITS 10*«-4 (P82){1.6) {0.?2& EIMSWEILE 83 SMK3 E+E-,HADRONS GAM 12/83*
INCLUDES UNKNOWN BRANCHING FRACTION INTO K KBAR.
SYSTEMATIC ERROR ADDED LINEARLY BY US.

R89
R89S
R89S

J/PSI(3100& INTO P PSAR PI+ PI- 6ANNA/TOT *10*«-3(P83&
12 (.79& OR LESS CL=.90 EATON 83 SMK2
SYSTEMATIC ERROR ADDED LINEARLY BY Us.

12/83*

R90 J/PSI(3100& INTO RHOO RHOO 6AN/TOT (UNITS 10«a-3&(P84&
R90S M 1.25 0.75 BURKE 82 SMK2 E+E-, HADRONS GAM 12/83*
R90 M RHO RHO MASS LESS THAN 2.0 GEV.
R90S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

R91 J/PSI(3100) INTO 2PI+ 2PI- 6AN/TOT (UNITS 10««-3)(P85)
R91S M 4.85 1.65 BURKE 82 SMK2 E+E-,HADRONS GAM 12/83*
R91 M 4PI MASS LESS THAN 2. 5 GEV.
R91S SYSTEMATIC ERROR ADDED LINEARLY BY US.

R75 J/PS I (3100) INTO LAMBDA SI6NABAR- PI+/TOT «10«*-3(P70)
R75S 118 {1.38& {0.56& EATON 83 SMK2 E+E-, HADRONS GAM

R75S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

R76 J/PSI(3100) INTO P PBAR RHO /TOT *10«*-3(P91)
R76S 38 {0.31) OR LESS CL~.90 EATON 83 SMK2 E+E-, HADROMS GAM

R76S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

R?7 J/PSI (3100) INTO P K- ANTILAMSDA /TOT *10«a-3(P92&
R77S 307 {0.89) {0.21& EATON 83 SMK2 E+E-, HADRONS GAM

R77S SYSTEMATIC ERROR ADDED LINEARLY BY Us ~

9/83*

9./83*

9/83*

R92 J/PSI (3100) INTO ETA PI+ PI-GAM/TOT(UNITS 10«a-3) (P86)
R92S M 3.9 0.9 EDWARDS2 83 CBAL J/PSI, HADR GAM
R92 M BROAD ENHANCEMENT AT 1700 MEV.
R92S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

R93 J/PSI (3100& INTO ETA 2PIO 6AM/TOT (UNITS 10*«-3)(P87&
R93S M 2.6 1 ~ 2 EDWARDS2 83 CBAL J/Ps I, HADR GAM
R93 M BROAD ENHANCEMENT AT 1700 MEV.
R93S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

70 J/PSI(3100) 6(I)«6(E+E-)/6(TOTAL) (KEY)

12/83*

12/83*

RADIATIVE DECAYS

R71 J/PS I (3100) INTO (2 6ANA) /TOTAL (UNITS 10*«-3) (P70)
R71 {0.5& OR LESS CL=0.90 BARTEL 77 CNTR E+E-

R78 J/PSI(3100) INTO P K- AMTISI6MAO /TOT «10*«-3(P93)
R78S 90 {0.29) {0.11& EATON 83 SMK2 E+E-, HADRONS GAM

R78S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

R79 J/PSI (3100) INTO P K- Y«(1385&0 /TOT «10«a-3(P94)
R79S 89 {0.51& {0.44& EATON 83 SMK2 E+E-, HADRONS GAM

R79S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

9/83*

9/83*

4/77

61
G1 S
G1
G1 S
G$ S
G1
G1
G1 AVG

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH
INTO E+E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED
CROSS-SECTION INTO CHANNEL(I& IN THE E+E- ANNIHILATION.

6(E+E-)«6(E+E-)/6(TOTAL).32 .07.34 .14
~ 34 .09.36 .10

0.35 0.02

E+E-
E+E-
E+E-
E+E-
E+E-

BALD IN I 1 75 FRAG
BEMPORAD 75 FRAB
ESPOSITO 75 FRAM
FORD 75 SPEC
BRANDELIK 79 DASP

0.348 0.018 AVERAGE

1/76
1/76
1/76

12/79

R72 J/PSI(3100) INTO (PIO 6ANNA&/TOTAL (UNITS 10«a-3)(P72)
R72 10 0.073 0.047 BRANDE L IK 79 DASP E+ E-

R73
R73
R73
R73E
R73E
R73
R73 AVG

J/PSI(3100& INTO (ETA IANNA&/TOTAL (UNITS 10«*-3&(P73&
21 1.3 0.4 BARTEL 77 CNTR E+E-,3 GAMMA

0.82 0. 10 BRANDE L IK 79 DASP E+ E-
0.88 0.19 KONIGSMAM 82 CBAL E+ E-,3 GAMMA

SYSTEMATIC ERROR ADDED LINEARLY BY Us.

0.855 0.086 AVERAGE

12/79

1/77
12/79
4/82

R74
R74
R74
R74
R748
R74
R74E
R74E
R74E
R74
R74 AVG

J/PSI (3100&{3.2&
57 {2.4&
6 2.9

3 ' 8
3 ' 4
4 ~ 1

{4.6&
{4.7&

3.55

INTO (ETA
OR LESS

{0.7&
1 ~ 1
1.3
0.7
0.9

{1-0&{1.2&

0.46

PRIME 6AM)/TOT(UNTS 10«*-3)(P74)
CL~. 90 MURTAS 76 FRAG E+E-

BARTEL 1 ?6 CNTR E+E-, 2 GAMMA RHO
BRANDELIK 79 DASP E+E-,3 GAMMA

SCHARRE 79 SMAG E+E-, GAMMA X
SCHARRE 79 SMAG E+E-, 2 PI 2GAMMA
KONIGSMAN 82 CBAL E+ E-
EINSWEILE 83 SMK3 E+E-, HADRONS GAM

E INSWE ILE 83 SMK3 E+E-, HADRONS GAM

AVERAGE

4/77
1/77

12/79
12/79
12/79
4/82

12/83*
12/83*

R748 FROM THE INCLUSIVE GAMMA DECAY SPECTRUM
R74E SYSTEMATIC ERROR ADDED LINEARLY BY Us ~

R78 J/PSI(3100) INTO (3 6AMMA)/TOTAL (UNITS 10««-3) (P71&
R78 (0.055)OR LESS CL=0. 90 PARTRIDGE 80 CNTR E+E-,3 GAMMA

RSO J/PSI(3100) INTO (6AMNA + 2 OR MORE NEUTRALS&/TOTAL (UNITS 10*«-3)
R80 7.0 2.0 BARTEL 77 CNTR E+E-

12/79

1/77

R8'1 J/P SI (3100)
R81 35 2.0
R81 T 30 1.2
R81A 178 1.48
R81A {1.7&
R81
R81 AVG 1.51

INTO (F 6AMMA)/TOTAL (UNITS 10«a-3)
0.7 ALEXANDER 78 PLUT
0.6 BRANDELIK 78 DASP
0.55 EDWARDS1 82 CBAL

{0.3& E I Ns WE I LE 83 SMK3

0.35 AVERAGE

(P76&
0 E+E-

E+E-,P I+P I -GAMMA
E+E-,2 PIO GAMMA
E+E-, HADRONS GAM

4/78
4/78
2/82

12/83*

R81 T RE-STATED BY US TO TAKE ACCOUNT OF SPREAD OF E1,M2, E3 TRANSITIONS.
R81A SYSTEMATIC ERROR ADDED LINEARLY BY US

R82 J/PSI(3100& INTO (F PRIME 6AM&/TOT (UNITS 10«*-3&(P77&
R82 3 (0.23) OR LESS CL~0. 90 ALEXANDE2 78 PLUT E+E-,K+K- GAMMA

R82 S 4 {0.34& OR LESS CL=0.90 BRANDELIK 79 DASP E+E-, PI+PI-GAMMA
R82 (0.16& {0.065& EINSWEILE 83 SMK3 E+E-, HADRONS GAM

R82 S ASSUMING ISOTROPIC PRODUCTION AND DECAY OF THE F PRIME, AND ISOSPIN.

4/78
12/79
12/83*

R85 J/PSI (3100& INTO (D(1285& 6AM&/TOTAL (P78&
R85 D {0.006)OR LESS CL=.90 SCHARRE 80 SMK2 E+E-
R85 D USING BR{D INTO K KBAR PI&=0. 12

2/81

R86 J/PS I (3100) INTO (IOTA(1440) 6AN&/TOTAL
R86C 8 0.0043 0.0017 SCHARRE 80
R86S 8 0.0040 0.001? EDWARDS1 83
R86S 8 {0.0053& {0.0025& EINSWE ILE 83
R86 ~ ~ ~ ~ ~ ~ ~ ~ ~

R86 AVG 0.0042 0.0012 AVERAGE

(P79&
SMK2 E+E- 2/81
CBAL J/PSI, ETA GAM 12/83*
SMK3 E+E-, HADRONS GAM 12/83«

R86 8 INCLUDES UNKNOWN BRANCHING FRACTION IOTA{ 144f» INTO K KBAR P I .
R86C CORRECTED FOR SPIN-ZERO HYPOTHESIS FOR IOTA{1440&.
R86S SYSTEMATIC ERROR ADDED LINEARLY BY US.

R84 J/PSI(3100& INTO (P PSAR 6AN&/TOT (UNITS 10«a-3& (P80&
R84 (0.11) OR LESS CL=0.90 PERUZZI 78 SNAG E+E gP PB SHOWER 4/78
R84S 49 {0.38& {0.14) EATON 83 SMK2 E+E-, HADRONS GAM 12/83*
R84S SYSTEMATIC ERROR ADDED LINEARLY BY Us.

62
G2
G2
G2 S
G2 S
G2
G2 AVG

6(W+%l-)«6(E+E-)/6(TOTAL).31 .09
~ 51 .09.38 .05.46 .10

0.401 0.037 AVERAGE

BEMPORAD 75 FRAB
DASP1 75 DASP
ESPOSITO 75 FRAM
LIBERMAN 75 SPEC

E+E-
E+E-
E+E-
E+E-

63
G3 S
G3 S
G3
G3 AVG

6(HADRONIC)«6(E+E-)/6(TOTAL)
4. .8
3.9 .8

BALD IN I 1 75 FRAG
ESPOSITO 75 FRAM

AVERAGE3.95 0.57

E+E-
E+E-

CHRISTEN 70 PRL 25 1523

REFERENCES FOR J/PSI (3100)
CHRISTENSON, HICKS, LEDERMAN+ {COLU+BNL+CERN)

ABRAMS
ASH
AUBERT
AUGUST IN
BACCI

AL SO
BALD I N I-
BARBIE LL
BRAUNSCH

ANDREWS
AUBERT
BACC I
BALD INI1
BALD INI2
BEMPORAD
BLANAR
BOYARSKI
BRAUNSCH
BUSSER
CAME RINI
CRIEGEE
DAKIN
DASP1
DASP2
ESPOSITO
FORD
GI TTELMA
GRECO
HE INTZE
JACKSON
KNAPP1
KMAPP2
L I BERMAN
MARTIN
PREPOST
SIMPSON
WIIK
YENNIE

ANTIPOV
BACC I
BART EL 1
BRAUMSCH
BUSSER
JEAN-MAR
MURTAS
PIERRE
SNYDER

74 PRL 33 1453
74 NCL 11 705
74 PRL 33 1404
74 PRL 33 1406
74 PRL 33 1408
74 PRL 33 1649
74 NCL 11 711
74 NC L 11 718
?4 PL 538 393

75 PRL 34 231
75 NP 8 89
75 NCL 12 269
75 PL 588 471
75 PL 588 475
75 STANFORD SYMP. 113
75 PRL 35 346
75 PRL 34 1357
75 PL 538 491
75 PL 56 8 482
75 PRL 35 483
75 PL 538 489
75 PL 56 8 405
75 PL 568 491
75 PL 578 297
75 NCL 14 73
75 PRL 34 604
75 PR L 35 1616
75 PL 568 367
75 STANFORD SYMP. 97
75 NIM 128 13
75 PR L 34 1040
75 PR L 34 1044
75 STANFORD SYMP ~ 55
75 PRL 34 288
?5 STAMFORD SYMP. 241
75 PRL 35 699
75 STANFORD SYMP. 69
75 PRL 34 239

76 TB IL IS I CONF .N 8
76 LNF-76/60(P&
76 PL 64 8 483
76 PL 63 8 487
76 NP 8 113 189
76 PRL 36 291
76 TBL IS I CONF . N60
76 TB IL IS I CONF . N46
76 PR L 36 1415

+BR I GGS AUGUST IN ~ BOYARSK I + {LBL+SLAC)
+ZORN, BARTOLI+ (FRAS+UMD+NAPL+PADO+ROMA)
+BECKER, BIGGS, BURGER, CHEN, EVERHART{MIT+BNL&
+BOYARSK I,ABRAMS, BR IGGS+ {SLAC+LBL&
+BARTOL I, BARBAR INO, BARB IE LL INI+ (FRASCAT I &

FOR ERRATA
BALDINI-CEL IO, BACC I+ {FRASCATI+ROMA&
BARBIELLINI, BEMPORAD+ {FRAS+MAPL+PISA+ROMA)
BRAUNSCHWEIG+ {AACHEN+HAMB+MUNICH+TOKYO&

+HARVEY, LOBKOWICZ, MAY, NORDBERG (ROCH+CORN&
+BECKER ~ BIGGS, BURGER, GLENN, + {MIT+BNL&
+PENSO, STELLA, BALDINI-CELIO, + (ROMA+FRAS)
BALD IN I-CEL IO, BOZZO, CAPON, BACC I+(FRAS+ROMA)
BALDINI-CELIO, CAPON, DEL FABBRO+ (FRAS+ROMA)
C. BEMPORAD {P I SA+ FR AS GATI )
+BOYER, FAISSLER, GARELICK, GETTNER, + {NEAS&
+BREIDENBACH, BULOS, FELDMAN, + {SLAC+LBL&JPC
BRAUNSCHWEIG+ {AACHEN+HAMB+MUNICH+TOKYO&
+BLUMENFELD, BANNER, + {CERN+COLU+ROCK+SACL)
+LEARNED, PREPOST, ASH, ANDERSON, + (WISC+SLAC)
+DEHNE, FRANKE, HORLITZ, KRECHLOCK+ {DESY&
+KREISLER, BOLON, HEILE+ (MASA+MIT+SLAC)
BRAUNSCHWEIG, KONIGS, + {AACH+DESY+MPIM+TOKY)
BRAUNSCHWEIG, KONIGS, + (AACH+DESY+MPIM+TOKY&
+BARTOL I,BISELLO, + {F RAS+NAPL+PADO+ROMA &

+BERON, HILGER e HOFSTADTER+ {SLAC+PENN&
GITTELMAN+HANSON+LARSON+LOH+ {CORN&
+PANCHERI-SRIVASTAVA, SRIVASTAVA {FRAS&J.HEINTZE {HEIDELBERG&J.D. JACKSON, D ~ SCHARRE (LBL&
+LEE, BRONSTEIN+ (COLU+HAWA+CORN+ILL+FNAL)
+LEE, BRONSTEIN+ (COLU+HAWA+CORN+ILL+FNAL&
A. D. L I BERMAN {STANFORD&
+BOLON, DAKIN, FELDMAN, HANSON+(MIT+MASA+SLAC&
R. PREPOST (WISCONSIN)
+BERON, FORD, HILGER, HOFSTADTER, + (STAN+PENN)
B.H. WIIK {DESY&
D. R ~ YENNIE {CORNELL)

+BESSUBOV, BUDANOV, BUSHNIN, DENISOV, + {SERP&
+BALDINI-CELIO, CAPON+ {FRAS+ROMA+GENO)
+DUINKER, OLSSON, STEFFEN, HEINTZE+{DESY+HEID)
BRAUNSCHWEIG, + {AACH+DESY+HAMB+MPIM+TOKY&
+BLUMENFELD, BANNER, + {CERN+COLU+ROCK+SACL&
+ABRAMS, BOYARSKI, BREIDENBACH, + {SLAC+LBL&IG
G. P ~ MURTAS {FRAS&
F.PIERRE {SLAC+LBL&
+HOM, LEDERMAN, APPEL, KAPLAN+{COLU+FNAL+STON&

G S DATA REDUNDANT WITH BRANCHING RATIOS OR PARTIAL WIDTHS ABOVE

«*«*a« ««a«««aaa «««**a*«a «*««**a**«aa««a*a* ««*a«*«a« ««*a******aa«****

1/76
1/76
1/76
1/76

1/76
1/76
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For notation, see k.ey at front of Listings. Me sons
Jjg(3100), &&(3415), &&(3510)

SARTEL
SIDDICK
BURMESTE
CORDEN
FELDMAM
VANNUCCI
YAHADA

77 PL 66 8 489
77 PR L 38 1324
77 PL 72 8 135
77 PL 68 8 96
77 PL 33 C 285
77 PR D 15 1814
77 HANS. CONF. P.

+DUINKER, OLSSON, HE I NTZE, + (DESY+HE ID)
+BURNETT+ (UCSD+UMD+PAVI+PRIN+SLAG+STAN)
SURNESTER, CRIEGEE, + (DESY+HAMB+SIEG+MUPP)
+DOMELL, + (BIRM+CERN+NPIM+NEUC+EPOL+RHEL)
+PERL (LBL+SLAC)
+ABRAMS, ALAM, BOYARSKI, + (SLAC+LBL)

69 YANADA &DESY+TOKY) R11 CHK&34'$5& INTO CP PBAR&/TOTAL CUNKTS 10««-2) CP11&
R11T (0.11) OR LESS CL=0. 90 BRANDEL2 79 DASP PS I(3685)TO GAN CHI 3/82

R9 CHK&3415& INTO CRHO0 PK+ PK-&/TOTAL (P9&
R9 T 0.017 0.006 TANENBAUM 78 SMAG PSI&3685)TO GAN CHI 12/78

R10 CHK &3415) INTO CK«(892)0 K+ —PI- +)/TOTAL (P10&
R10T 0.014 0.005 TANENBAUH 78 SMAG PSI(3685)TO GAM CHI 12/78

ALEXANDE 78 PL 72 8 493
BESCH 78 PL 78 8 347
BRANOELI 78 PL 74 8 292
PERUZZI 78 PR D 17 2901

ALEXANDER, CRIEGEE, + (DESY+HAMS+SIEG+MUPP)
+EISERNANN, KOMALSKI, V EYSS+(BONN+DESY+NANZ)
BRANDELIK, CORDS+ (AACH+DESY+HANB+MPIM+TOKY)
+PICCOLO, ALAM, BOYARSKI, GOLDHABER+(SLAC+LSL)

R S SYSTEMATIC ERROR ADDED LINEARLY BY US.
R T CALCULATED USING PSI(3685) TO (GAMMA CHI(3415) &/TOTAL=0. 082
R T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PSI(3685) DECAY ~

3/82

BRANDELI 79 ZPHY C 1 233 BRANDELIK, CORDS, +(AACH+DESY+HAMB+MPIM+TOKY)
KIRK 79 PRL 42 619 +GOODMAN, AL VER SON, + ( F NAL+ HARV+ I L I+OX F+TUFT )
LEMOIGME 79 FERNILAB CONF. 524 +ABOLINS, BARATE, + (SACL+LOIC+SHMP+IND)
SCHARRE 79 SLAG-PUB-2321 D. L ~ SCHARRE (SLAC+LBL)

ALSO 79 LBL 9502 ABRAMS, ALAN, BLOCKER, BOYARSKI, + (SLAC+LBL)

PARTRIDG 80 PRL 44 712 PARTRIDGE, PECK, + (C IT+HARV+PR IH+SI AC+STAN)
SCHARRE 80 PL 97 8 329 +TR IL LING, ABRANS, ALAM, BLOCKER+ (SLAC+LBL)
ZHOLENTZ 80 PL 96 8 214 +KURDAOZE, L ELCHUK, MISHNEV, NIK IT IN+ (NOVO)

ALSO 81 YAD. PHYS ~ 34 1471 ZHOLENTZ ET AL. (NOVO)

BESCH 81 ZPHY C 8 1 +EISERHANN, LOHR, KOMALSKI, + (BONH+DESY+NANZ)
GI DAL 81 PL 107 8 153 +GOLDHABER GUY P Ml LL IKAN J ABRANS+ & SLAC+LBL )

****««**«««««*« ««««««««« ****«««*« ««««««««« ««««««*** «««*«««*« «*****««

REFERENCES FOR CHKC3415&

FELDMAN 75 PRL 35 821 +JEAN-MARIE, SADOULET, VANNUCCI, + (LBL+SLAC)
ALSO 75 PRL 35 1189 (ERRATA)

TANENBAU 75 PRL 35 1323 TANENBAUN, MHI TAKER, ABRANS, + &LBL+SLAC )
MI IK 75 STANFORD SYMP. 69 8 ~ H. MI IK (DESY)

BI DD ICK 77 PRL 38 1324 +BURNETT+ (UCSD+UMD+PAVI+PR IN+SLAC+STAN)
FELOMAN 77 PL 33 C 285 +PERL (LBL+SLAC)
YANADA 77 HAMB. CONF. P. 69 YANADA (DESY+TOKY)

BARATE
EATON
EDMARDS1
EDMARDS2
EINSME IL
FRANKLIN
FRANKL I2

83 PL 121 8 449
83 SLAG-PUB-3122
83 PRL 49 259
83 PR L 51 859
83 BR IGHTOH CONF .
83 SLAG-PUB-3092
83 SLAG-254 THESIS

BURKE 82 PRL 49 632
EDMARDS1 82 PR D 25 3065
EDMARDS2 82 PRL 48 458
KONIGSMA 82 HORIOND CONF.
LEMOIGNE 82 PL 113 8 509

+TRILLING, ABRAMS, ALAM, BLOCKER+ (SLAC+LBL)
+PARTRIDGE, PECK, + (C IT+HARV+PR IN+STAN+SLAG)
+PARTRIDGE, PECK, + (C IT+HARV+PR IN+STAN+SLAC)
KONI GSNANN, + (STAN+CIT+HARV+PR IN+SLAG)
+BARATE, ASTBURY, MCEMEH+(SACL+LOIC+SHNP+IHD)

+BARE YRE J AS TBURY 6 NC EMEN ( SAC L+LO I C+SHMP+ IND )
+GOLDHABER, ABRAMS, ALAM, BOYARSKI+ (LBL+SLAC)
+PARTRIDGE, PECK+ (C IT+HARV+PR IN+STAN+SLAG)
+PARTRIDGE, PECK+ (C IT+HARV+PR IN+STAN+SLAC)
K. F.EIHSMEILER+NARKI I I COLLABORATION (SLAG)
+FRANKLIN, F ELDMAN, ABRAHS, ALAN+ (LBL+SLAC)
M ~ E ~ 8 ~ FRANKLIN (STAN)

BARTEL 78 PL 79 8 492 OI TTMANM, DU I NKER, OLS SON, 0?NE IL L+ (DES Y+HE ID )
TANENBAU 78 PR 0 17 1731 TANENBAUM, ALAM, BOYARSKI, + (SLAC+LBL)

ALSO 82 PRIVATE COMM. G. H. TRILLING (LBL+UCB)

BRANDEL1 . 79 ZPHY C 1 233 BRANDEL IK, CORDS, +(AACH+DESY+HAMB+MPIM+TOKY)
SRAHOEL2 79 NP 8 160 426 BRANDELIK, CORDS, +&AACH+DESY+HAMB+MPIM+TOKY&
HIMEL 79 THESIS SLAG-223 T.N. HIMEL (SLAC)

ALSO 82 PRIVATE COMM ~ G ~ H. TRILLING (LBL+UCB)
KIRK 79 PRL 42 619 +GOODMAN, ALVERSON, +(FNAL+HARV+ILL+OXF+TUFT)

HI ME L 80 PR L 44 920 +ABRANS, ALAM, BLOCKER, + (LBL+SLAC)

OREGLIA 82 PR D 25 2259 +PARTRIDGE, BLOOM, +(SLAC+CIT+HARV+PRIN+STAN)

««««** ««««*«««« ««««««««« «««*««««« «**«««««« **«*««««« *««**«««« **««*«**
«*«««« «*««*«*«« *«**««««« «**««««*« ««*«««««* *«**««*«*«««*««««« **««««*«

&&(34 15) ~ 50 c6113615,JP6 0++1 I 0

OBSERVED IM THE RADIATIVE DECAY OF PSI(3685) INTO
CHI(3415) GAMMA. THEREFORE C=+. THE OBSERVED DECAY INTO PI+ Pl-
OR K+ K- IMPLIES G=+, JP=O+, 2+, . .. . THE ANGULAR DISTRIBUTION
IS CONSISTENT MITH J=O. JP ASNORNAL EXCLUDED BY PI+ Pl- AND
K+ K- DECAYS. JP=O+ PREFERRED (FELDMAN 77)

56 CHK &3415& MASS CNEV&

«*«**« ««««««««« ««*«*«««* «*««*««*« ««*«««*«* «**«*«««* «*««*«*****««****
«««««« «««««**«* *«**««*«* *«««««««« *«**««*«*««««««««« ««««««««« «***««*«

&&(3510) 55 CIIII3510, JP6 1++& I 0

FORMERLY CALLED PC.
OBSERVED IN THE RADIATIVE SEQUENTIAL DECAY
OF THE PSI&3685) INTO CHI(3510) GAMMA, CHI(3510)
INTO J /PS I & 3100) GAHMA. THEREFORE, C=+ .

THE LACK OF DECAYS INTO PI+ PI- OR K+K- IS SUGGESTIVE OF
JP ~ ABHORMAL. THE DECAYS INTO 4PI AHD 6PI IMPLY G=+, THUS I=O.
J=0, 2 EXCLUDED BY ANGULAR DISTRIBUTION IN THE (GAMMA J/PSI)
DECAY. JP=1+ PREFERRED (FELOMAN 77, OREGLIA 82)

M

N D

M D
M D M

N D E
N

M AVG

M D

N D

H E
H M

N N

2(3407.0)
3415.0
3422. 0
3416 ~ 0
3414 ~ 8

3415.0

(8.0)
9 ' 0

10 ~ 0
4 ~ 0
1.1

1.0

MI IK 75 DASP
BI DDICK 77 CNTR
BARTEL 78 CNTR
TANENSAUH 78 SHAG
HINEL 79 SMK2

AVERAGE

E+E-, J/PSI 2 GAM 1/77
E+E-,MONOCHR ~ GAM 3/77
E+E-, J/PSI 2 GAM 4/78
E+ E- 12/78
E+E-, HADRONS 3/82

MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR
PSI(3685) MASS=3686 AND PSI(3100) MASS=3097 ~

SYSTEMATIC ERROR ADDED LINEARLY BY US
FROM A SIMULTANEOUS FIT TO RADIATIVE ANO HADRONIC DECAY CHANNELS

SYSTEHATIC ERROR ADDED LINEARLY BY US

M 40(3500. )
M 7(3507 ' 0
M (3510.0
N 0 367 3513 0
M D 3507.0
M 0 M 3505.0
M 21 3509.0
N 15(3520 ' )
M D F 254 3510.1
M P 91 3507.4
N E F 3510 4
M

M AVG 3509.9

55 CHK (3510& MASS &NEV&

(10~ )
) &7.0&
) (20 ' 0)

7 ' 0
3.0
5 ~ 0

11.0

75 SHAG
75 DASP
76 CNTR
77 CNTR
78 CNTR
78 SMAG
79 DASP
79 GOL I
80 SMK2
82 GOLI
82 CBAL

TANEMBAUM
MIIK
BARTEL
BIDD ICK
BARTEL
TANENBAUN
BRANDEL2
LEMOI GNE
HINEL
LEMO I GNE
OREGLIA

HADRONS GAM
E+E-, J/PSI 2 GAM
E+E-, J/PSI 2 GAH
E+E-,NONOCHR. GAN
E+E-, J/PSI 2 GAM
E+ E-
E+E-, J/PSI 2GAN
150 PI-BE, 2MU
E+E-, J/PSI 2 GAM
190 PI-BE, GAM2MU
E+E-, J/PSI 2 GAN

1.1
1 ~ 7
0.6

5 0.55 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 1.1)

12/77
1/77
1/77
3/7?
4/78

12/78
12/79
12/79
9/81
3/82
9/83*

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11

56 CHK &3415& PARTIAL DECAY NODES

INTO P I+ P I—
INTO K+ K-
INTO 2(PI+ PI-)
INTO 3(PI+ PI-)
INTO PI+ PI — K+ K-
IHTO J/PS I(3100) GAMMA

INTO 2 GAMMA
INTO PI+ PI- P PBAR
INTO RHOO PI+ P I—
INTO K*(892)0 K+/- PI-/+
INTO P PBAR

CH I (3415 &

CHI (3415)
CH I (3415)
CH I (3415)
CH I (3415)
CH I (3415)
CH I (3415)
CHI (3415)
CHI (3415)
CHI (3415)
C HI ( 3415 )

DECAY MASSES
140+ 140
494+ 494
140+ 140+ 140+ 140

140+
3097+

0+
140+
769+
892+
938+

140+ 494+ 494
0
0

140+ 938+ 938
140+ 140
494+ 140
938

56 CHK &3415& BRANCHKN6 RATIOS

R1 CHI &3615& INTO C2 6ANNA&/TOTAL CP7&
R1 T (0 ~ 0017)OR LESS CL=0. 90 YAMADA 77 DASP E+ E-, 3 GANNA 12/77

k2 CHK C3415& INTO 2&PI+ PI-)/TOTAL CP3&
R2 T 0 ' 043 0 F 009 TANENBAUM 78 SHAG PSI(3685)TO GAM CHI 12/78

R3 CHK &3415) INTO &PI+ PK- K+ K-)/TOTAL (P5)
R3 T 0.034 0.009 TANENBAUM 78 SMAG PSI(3685)TO GAM CHI 12/78

R4 CHK&3415& INTO 3&PI+ PK-&/TOTAL CP6&
R4 T 0.017 0 F 006 TANENBAUN 78 SNAG PSI(3685)TO GAM CHI 12/77

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11

55 CNK &3510& PARTIAL DECAY NODES

CHI (3510)
CH I (3510)
CH I (3510)
CH I (3510)
CH I (3510)
CHI (3510)
CHI (3510)
CH I (3510)
CHI (3510)
CHI (3510)
CHI (3510)

INTO J/PS I (3100) GAMMA

I NTO P I+ P I-
INTO K+ K-
INTO GAMNA GAMNA
INTO 2(PI+ PI —)
INTO 3(PI+ PI-)
INTO PI+ P I- K+ K-
INTO PI+ PI- P PSAR
I HTO RHOO P I+ P I—
INTO K*(892)0 K+/- PI-/+
INTO P PBAR

DECAY MASSES
3097+ 0

140+ 140
494+ 494

0+ 0
140+ 140+ 140+ 140

140+ 140+ 494+ 494
140+ 140+ 938+ 938
769+ 140+ 140
892+ 494+ 140
938+ 938

55 CHK &3510& SRANCHI N6 RATIOS

N D MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR
M D PS I (3685 ) MA SS=3686 AND PS I (3100) MA SS=3097
N E ASSUNI NG PS I (3685) MASS=3686 AND PS I (3100) MASS=309? .
M F SYSTEMATIC ERROR ADDED LINEARLY BY US
M M FROM A SIMULTANEOUS FIT TO RADIATIVE AND HADRONIC DECAY CHANNELS
M M SYSTEMATIC ERROR ADDED LINEARLY BY US
M P J/PSI MASS CONSTRAINED TO 3097.

CHK&34'015& INTO CPK+ PI-&/TOTAL
0.009 0.003 TANENBAUM 78
0 F 008 0 ' 003 BRANOEL2 79

0 F 0085 0.0021 AVERAGE

R5
R5 T
R5 T
R5
R5 AVG

CP'1&
SMAG PSI(3685)TO GAM CHI 1$/77
DASP PSI(3685)TO GAN CHI 12/79

R6
R6 T
R6 T
R6
R6 AVG

CHK&3415& INTO CK+ K-. )/TOTAL
0 ' 01 0.004
0.007 0 ' 003

0.0081 0 ' 0024 AVERAGE

CP2&
TANENBAUM 78 SMAG PSI(3685)TO GAM CHI 12/77
BRANDEL2 79 DASP PSI(3685)TO GAM CHI 12/79

R7 CHK&3415& INTO CPK+ PI- P PBAR&/TOTAL CP8&
R7 T 0 ' 006 0.002 TANENBAUH 78 SMAG PSI(3685)TO GAH CHI 12/78

R1 CHK&3510& INTO C J/PSK(3100)
R1 T (0.63) (0 ' 19)
R1 T 0.31 0.05
R1 T 0 ~ 30 0 ~ 10
R1 T 0.21 0.05
R1 T 0 ' 30 0.08
R1 T S 943 0 30 0 06
R1 ~ ~ ~ ~ ~

R1 0 ' 276 0.027

6ANNA&/TOTAL
BIDDICK
BARTEL
TANENBAUM
BRANOEL2
HIMEL
OREGLI A

AVERAGE

R2 CHI &3510& INTO CP K+I I- AND K+K-) /TOTAL
R2 T (0 ' 0019)OR LESS FELDMAM
R2 T (0 ' 0041)OR LESS CL=0. 90 BRANDEL2

77 CNTR
78 CNTR
78 SHAG
79 DASP
80 SMK2
82 CBAL

CP1)
PS I (3685)TO GAM CHI
PS I (3685)TO GAH CH I
PSI(3685)TO GAH CHI
PSI(3685)TO GAM CHI
PSI(3685)TO GAN CHI
PS I (3685)TO GAH CHI

12/77
4/78

12/78
12/79
9/81
2/82

(P2+P3&
77 SMAG PSI(3685) TO GAN PC 12/77
79 DASP PSI(3685)TO GAM CHI 12/79

R8 CHK&3415& INTO CJ/PSK&3100& 6ANNA&/TOTAL
R8 T 0.024 0 ' 024 TANENBAUM 78
R8 T 0.017 0.011 BARTEL 78
R8 T 0 ' 037 0.024 BRANDEL2 79
RS T (0.068)OR LESS CL=0. 90 HI ME L 80
R8 T S 17 0.0072 0.0029 OREGLIA 82

RS AVG 0.0084 0.0028 AVERAGE

CP6&
SMAG PS I (3685)TO GAM CHI
CNTR PS I (3685)TO GAM CHI
DASP PSI(3685)TO GAN CHI
SNK2 PSI(3685)TO GAN CHI
CBAL PSI(3685)TO GAM CHI

12/77
4/78

12/79
9/81
2/82

R3 CNK&3510& INTO C6AWNA 6ANNA&/TOTAL
R3 T (0.0016)OR LESS CL=0.90 YANADA

CP4)
77 DASP E+ E-, 3 GAHMA 12/77

R4 CNI&3510& INTO 2(PK+ PI-&/TOTAL CP5&
R4 T 0.018 0.005 TANENBAUM 78 SMAG PSI(3685) TO GAM PC 12/78

R5 CHK(3510& iNTO &PI+ PK- K+ K-)/TGTAL CP?&
R5 T 0.010 0.004 TANENBAUN 78 SMAG PSI(3685) TO GAN PC 12/78
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S186 Particle Data Group: Review of particle properties

Me sons
x(» l o) x(»») n, (»9o)

Data Card Listings

R S SYSTEMATIC ERROR ADDED LINEARLY BY US.
R T ESTIMATED USING PSI(3685) TO (GAMMA PC)/TOTAL=0. 080
R T THE ERRORS DO NQT CONTAIN THE UNCERTAINTY IM THE PSI(3685) DECAY.

a«a«*a «a«a«**«a ««««a«aaa a«****«a« **«a***a««****a***«a***«aa« «***a*aa

REFERENCES FOR CHI (3510)

3/82

DASP
FELDMAN
HE INTZE
SIMPSON
TANENBAU
WIIK

75 PL 578 407
75 STANFORD SYMP. 39
75 STANFORD SYMP. 97
75 PRL 35 699
75 PRL 35 1323
75 STANFORD SYHP ~ 69

BRAUNSCHWE IG, KQNIGS, + (AACH+DESY+MP IM+TOKY)
G. J.FELDHAN (SLAG)J.HE INTZE (HEIDELBERG)
+BERON, FORD, HILGER, HOFSTADTER, + (STAN+PENN)
TANENBAUM, WHI TAKER, ABRAHS, + & LBL+SLAC)
B.H. WI IK &DESY)

BARTEL 76 TB IL IS I CONF .N75 +DU INKER, OL SSQM, HEI NTZE, + &DESY+HE ID)

8 I DO I CK 77 PR L 38 1324 +BURNETT+ (UCSD+UHD+PAVI+PR IN+SLAG+STAN)
FELDMAN 77 PL 33 C 285 +PERL (LBL+SLAC)
YAMADA 77 HAMB. CONF. P. 69 YAHADA &DESY+TQKY)

R6 CHI(3510} INTO 3CPI+ PI-)/TOTAL (P6)
R6 T 0.024 0.009 TANENBAUH 78 SHAG PSI(3685) TO GAH PC 12/78

R7 CHI C3510} INTO (PI+ PI- P PBAR)/TOTAL (P8)
R7 T 0 ~ 0015 0.0010 TANENBAUH 7S SMAG PSI(3685) TO GAM PC 12/78

RS CHI(3510) INTO CRHOO PI+ PI-)/TOTAL (P9)
RS T 0.0043 0.0038 TANENBAUH 78 SMAG PSI(3685) TQ GAH PC 12/78

R9 CHI {3510) INTO (Ka(892)0 K+ — P I- +) /TOTAL (P10)
R9 T 0.0035 0 ' 0023 TANENBAUM 78 SHAG PSI(3685) TO GAM PC 12/78

R11 CHI (3510) INTO (P PBAR}/TOTAL CP11)
R11T (0.0013)OR LESS CL=0. 90 BRANDEL2 79 DASP PSI&3685)TQ GAH CHI 12/79

R7 CHI(3555) INTO
R7 T (0.30)
R7 T 0. 14
R7 T . 0. 12
R7 T 0 ~ 14
R7 T G. 19
R7 T 0. 15
R7 T S 479 0 ~ 170
R7
R7 AVG 0. 155

CJ/PSI(3100) GAMMA)/TOTAL
(0.14) BIDD ICK

0 ~ 03 BARTEL
0. 14 0 ~ 07 SP ITZER
0.08 TANENBAUM
0.05 BRANDEL2
0 F 04 H I HE L

0.038 OREG L IA

0 ~ 018 AVERAGE

(P6}
77 CNTR PS I (3685)TO
78 CNTR PSI&3685)TO
78 PLUT PSI(3685)TO
78 SMAG PSI&3685)TO
79 DASP PSI(3685)TO
80 SMK2 PS I &3685)TO
82 CBAL PS I (3685)TO

GAH CHI 12/77
GAH C H I 4/78
GAM CH I 12/78
GAM CH I 12/78
GAM CH I 12/79
GAM C H I 9/81
GAH CHI 2/82

RS CHI{3555) INTO (RHOO PI+ PI-)/TOTAL (P9)
R8 T 0.0071 0.0042 TANENBAUM 78 SMAG PSI(3685)TO GAM CHI 12/78

R9 CHI(3555) INTO (Ka(892)0 K+ — PI- +)/TOTAL CP10)
R9 T 0.0050 0.0029 TANENBAUM 78 SMAG PSI(3685)TO GAM CHI 12/78

R10 CHI(3555) INTO (PI+ PI-)/TOTAL (UNITS 10«*-3) (P1)
R10T 4 2.0 1.1 BRANDEL1 79 OASP PSI(3685)TO GAM CHI 12/79

R11 CHI(3555) INTO (K+ K-)/TOTAL (UNITS 10*«-3) (P2)
R11T 2 1 ~ 6 1.2 BRANDEL1 79 DASP PSI(3685)TO GAM CHI 12/79

R12 CHI(3555) INTO CP PBAR)/TOTAL (UNITS 10*«-3) (P11)
R12T (1.0) OR LESS CL=0. 90 BRANOEL2 79 DASP PSI(3685)TO GAM CHI 12/79

R13 CHI(3555) INTO (J/PSI PI+PI-PIO)/TOTAL (P12)
R13 (0.015)OR LESS CL=. 90 BARATE 81 SPEC 190 PI-BE, 2PI2MU 1/82

R5 CHIC3555) INTO (PI+ PI- AND K+ K-)/TOTAL (P1+P2)
R5 T 0 ' 0026 0.0011 TANENBAUM 78 SHAG PSI(3685)TO GAM CHI 12/78

R6 CHIC3555) INTO (PI+ PI- P PBAR)/TOTAL (PS)
R6 T 0.0035 0.0014 TANENBAUM 78 SMAG PSI(3685)TO GAM CHI 12/78

BARTEL 78 PL 79 8 492 +DITTMANN, OUINKER, OLSSOM, ONEILL+(OESY+HEID)
TANENBAU 78 PR D 17 1731 TANENBAUM, ALAM, BQYARSKI, + &SLAC+LBL)

ALSO 82 PRIVATE COMM. G. H. TRILLING (LBL+UCB)

BRANDEL1 79 ZPHY C 1 233 BRANDELIK, CORDS, +(AACH+DESY+HAHB+MPIH+TOKY)
BRAMDEL2 79 NP 8 160 426 BRANDELIK, CORDS, +(AACH+DESY+HAHB+HPIH+TOKY)
KIRK 79 PRL 42 619 +GOODMAN, ALVERSQN, + (FNAL+HARV+ ILL+OXF+ TUFT)
LEMOIGNE 79 FERMILAB CONF. 524 +ABOLINS, BARATE, + (SACL+LOIC+SHMP+IND)

HI ME L 80 PR L 44 920 +ABRAMS, ALAH, BLQCKER, + &LBL+SLAC)
ALSO 82 PRIVATE COMM ~ G. H. TRILLING &LBL+UCB)

LEHOIGNE 82 PL 113 8 509 +BARATE, ASTBURY, MCEWEN+&SACL+LOIC+SHMP+IND)
OREGLIA 82 PR D 25 2259 +PARTRIDGE, BLOOM, +(SLAC+CIT+HARV+PRIN+STAN)

ALSO 82 PRIVATE COMM. M. OREGLIA (EFI)
BARATE 83 PL 121 8 449 +BAREYRE, ASTBURY, HCEWEN(SACL+LOIC+SHHP+IND)

*a«*a« «**«*a***«a***«a«* aa«a**«aa a«a*a*«*a *«**a*«**«««*a**a« «a*a«***
aaaa** *«*a**«*aa******a««****a«****«a«*«*a ****a**a****«a«***a«a***a«

x( 5) 57 Clll&3555, JP6 2++) I 0

OBSERVED IN RADIATIVE DECAY OF PSI(3685) INTO
CHI&3555) GAMMA. THEREFORE C=+. THE OBSERVED DECAY INTO 4PI
AND 6PI IMPLY G=+, THUS I=O.
J=O IS EXCLUDED BY THE ANGULAR DISTRIBUTION IN THE HADRONIC
DECAYS' JP ABNORMAL EXCLUDED BY PI+ PI — AND K+ K- DECAYS.
JP=2+ PREFERRED (FELDHAN 77, OREGLIA 82) ~

8 I DO I CK 77 PR L 38 1324 +BURNETT+
FELDHAN 77 PL 33 C 285 +PERL
YAMADA 77 HAMS. CONF. P. 69 YAMADA

&UCSD+UMD+PAVI+PR IN+SLAC+STAN)
(LBL+SLAC)

(DESY+TOKY)

BARTEL 78 PL 79 8 492 D I TTMANN, DU I NKER, QLSSON, 0?NE I L L+ (DE SY+HE I D)
SPITZER 78 KYOTO SUM. INST. 47 H. SPITZER (HAMB)
TANENBAU 78 PR D 17 1731 TANENBAUH, ALAH, BQYARSKI, + (SLAC+LBL)

ALSO 82 PRIVATE COHH. G. H. TRILLING &LBL+UCB)

BRANDEL1 79 ZPHY C 1 233
BRAMDEL2 79 NP 8 160 426
KIRK 79 PRL 42 619

BRANOE L IK, CORDS, +(AACH+DESY+HAMB+HP IM+ TOKY)
BRANDELIK, CORDS, +(AACH+DESY+HAHB+MPIM+TOKY)
+GOODMAN, ALVERSON, +&FNAL+HARV+ILL+OXF+TUFT)

HIHEL 80 PRL 44 920 +ABRAMS, ALAH, BLOCKER, + (LBL+SLAC)
ALSO 82 PR IVATE COMM. G. H. TRILLING (LBL+UCB)

BARATE 81 PR D 24 2994 +ASTBURY, MCEWEN, + (SACL+LOIC+SHMP+CERN+IND)

R S SYSTEMATIC ERROR ADDED LINEARLY BY US.
R T ESTIMATED USING PSI &3685) TO (GAMMA CHI&3555))/TOTAL=0. 074
R T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PSI &3685) DECAY.

«**«a« ***««a«a« *«««**a****a*****««««*a*«a« a«a««*a*« a«*«*a««* aa«**«aa

REFERENCES FOR CHIC3555)

FELDMAN 75 PRL 35 821 +JEAN-MARIE, SADOULET, VANNUCCI, + &LBL+SLAC)
ALSO 75 PRL 35 1189 (ERRATA)

TANENBAU 75 PRL 35 1323 TANENBAUM, WHITAKER, ABRAHS, + (LBL+SLAC)

TRILLING 76 STANFORD SYMP. 437 G. H. TRILLING (LBL)
WHITAKER 76 PRL 37 1596 +TANENBAUH, ABRAMS, ALAM, BQYARSKI, +(SLAC+LBL)

3/82

57 CHI(3555) MASS (MEV)

H (3550.0)
H 4(3543.0)
M D 360 3563.0
M D 3553.0

D H 3553.0
H 15 3551 ~ 0
M D F 69 3557 '
H P 66 3553 ' 4
H E F 3555.9
H ~ ~ ~

H AVG 3555.82

(10.0)
&10.0)

7.0
4.0
5.0

11.0
1 ~ 5
2..2
0 ~ 7

0.60 AVERAGE

TRILLING
WHITAKER
BIDDICK
BARTEL
TANENBAUH
BRANDEL2
HIMEL
LEHOI GNE
OREGL IA

76 SMAG
76 SMAG
77 CNTR
78 CNTR
78 SHAG
79 DASP
80 SMK2
82 GOL I
82 CBAL

E+E-, HADRONS GAM

E+E-, J/PSI 2 GAM

E+E-,HONOCHR. GAM
E+E-, J/PSI 2 GAH
E+ E-
E+E-, J/PSI 2GAM
E+E-, J/PSI 2 GAH
190 PI-BE, GAH2HU
E+E-, J/PSI 2 GAH

1/77
1/77
3/77
4/78

12/78
12/79
9/81
3/82
9/83*

H D

M D

H E
F

H M

H H

P

P1
P2
P3
P4
P5
P6
P7
PS
P9
P10
P11
P12

CHI(3555)
CHI(3555)
CH I (3555)
CHI(3555)
CH I (3555)
CHI (3555)
CHI (3555)
CH I(3555)
CH I ( 3555 )
CHI (3555)
CHI (3555)
CHI (3555)

57 CHI C3555) PARTIAL DECAY MODES

INTO PI+ PI-
INTO K+ K-
INTO 2(PI+ PI-)
INTO 3(PI+ PI —)
INTO PI+ PI- K+ K-
INTO J/PS I (3100) GAMMA

INTO 2 GAMMA
INTG PI+ PI — P PBAR
INTO RHOO PI+ PI-
INTO K*(892)0 K+/- PI-/+
INTO P PBAR
INTO J/PS I (3100) PI+ PI- PIG

DECAY MASSES
140+ 140
494e 494
140+ 140+ 140+ 140

140+
3097+

0+
140+
769+
892+
938+

3097+

140+ 494+ 494
0
0

140+ 938+ 938
140+ 140
494+ 140
938
140+ 140+ 135

HASS VALUE SHIFTED BY US BY AHOUNT APPROPRIATE FQR
PS I (3685) MASS=3686 AND PS I (3100) MASS=3097.

ASSUMING PSI(3685) MASS=3686 AND PSI&3100) MASS=3097.
SYSTEMATIC ERROR ADDED LINEARLY BY US.
FRQM A SIMULTANEOUS FIT TO RADIATIVE AND HADRONIC DECAY CHANNELS

SYSTEMATIC ERROR ADDED LINEARLY BY US
J/PSI MASS CONSTRAINED TO 3097

LEHOIGNE 82 PL 113 8 509 +BARATE, ASTBURY, MCEWEN+(SACL+LOIC+SHMP+IND)
OREGLIA 82 PR 0 25 2259 +PARTRIDGE, BLOOM, +(SLAC+CIT+HARV+PRIN+STAM)

ALSO 82 PRIVATE COMM. M. OREGLIA (EF I)
BARATE 83 PL 121 8 449 +BAREYRE, ASTBURY, MCEWEN(SACL+LOIC+SHMP+IND)

*«**a*a*a«a««a« ***«a«*a***«««a««* **a****«aa«a«««««a «a«***a**«««**a**
«****aa«a*a«a«a a*a*a«*****«**«**a*«*a«a«** a«a««a«a« a«*a*«a** a«a*****

r),(3590) 59 ETA/C(359o, /PS ) I

Evidence for the g (3590) is based on the observa-

tion of a monochromatic gamma line in the inclusive

photon spectrum for P(3685) decays (EDWARDS 82).
No exclusive decay modes are known at this time. A

signal had been reported for a state at similar mass in

the decay P(3685) ~ yyJ/$(3100) (BARTEL?8), but

this signal was not confirmed in an experiment with

higher statistics (OREGLIA 82).
This particle needs confirmation, and thus is omitted

from the Meson Table.
57 CHIC3555) BRANCHING RATIOS

59 ETA/C(3590) MASS (MEV}
R1 CHI(3555) INTO (2 GAMMA)/TOTAL
R1 T (G.0006)OR LESS CL=0. 90 YAMADA

CP7)
77 DASP E+ E-, 3 GAHHA 12/77 3594.0 5.'0 EDWARDS 82 CBAL E+E-, GAM IN CL 1/82

R2 CHI (3555) INTO 2(PI+ P I-) /TOTAL (P3)
R2 T 0.023 0.005 TANENBAUM 78 SMAG PSI(3685)TO GAH CHI 12/78

R3 CHI(3555) INTO (PI+ PI- K+ K-)/TOTAL (P5}
R3 T 0.020 0.005 TAMENBAUM 78 SMAG PSI&3685)TQ GAH CH I 12/78

R4 CHI(3555) INTO 3(PI+ PI-)/TOTAL (P4)
R4 T G. 012 0.008 TANENBAUH 78 SHAG PS I(3685)TQ GAM CHI 12/78

H A ASSUMING MASS OF PS I(36S5) = 3686 HEV.

59 ETA/C{3590) WIDTH (llEV)

(8.0& OR LESS CL=-. 95 EDWARDS 82 CBAL E+E-, GAM INCL 1/82

Rev. Mod. Phys. , Vol. 56, No. 2, Part Il, April 1984
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For notation, see key at front of Listings. Me sons
t&,(3590), $(3685)

59 ETA/C&3590& PARTIAL DECAY MODES

P1 ETA/C(3590) INTO HADROMS
DECAY HASSES

59 ETA/C C3590& BRANCHIN6 RATIOS

R1 ETA/C(3590& INTO HADRONS (P1)
R1 SEEN EDWARDS 82 CBAL E+E-,GAH INCL

*eeet* **ee*kee* e**kk*eee e*eeeee*e e+eeeeke* **%%*Ac*» «*ee*ee*e k*ee*e**
1/82

P53
P54
P56
P58
P59
P60
P61
P62
P63

PS I (3685 &

PS I (3685)
Ps I (3685)
PS I (3685)
PSI(3685)
PSI(3685&
PS I (3685)
Ps I (3685)
Ps I (3685 )

INTO ETA GAMMA
INTO ETA PR IHE GAMMA
INTO CHI (3415) GAMMA
INTO CH I (35'l0) GAMMA
INTO CHI (3555) GAMMA
INTO CHI (3510) + ANYTHING
INTO ETA/C(2980) GAMHA
I N TO IOTA ( 1440) GAMMA
INTO ETA/C(3590) GAMMA

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

549+ 0
95&+ 0

3415+ 0
3510+ 0
3556+ 0

29&1+ 0
1440+ 0
3594+ 0

REFERENCES FOR ETA/CC3590&

BARTEL 78 PL 79 B 492 +DITTHANN, DUINKER, OLSSON, + &DESY+HEID)

PORTER 81 SLAC SUM ~ CONF. 355 +EDWARDS, + (C IT+HARV+PR IN+STAN+SLAC)

EDWARDS 82 PRL 48 70 +PARTRIDGE, PECK, + (C IT+HARV+PRIM+STAN+SLAG)
OREGLIA 82 PR D 25 2259 +PARTRIDGE, BLOOM, +(SLAC+CIT+HARV+PRIN+STAN)
*eeet* «e*ekeeek *4*4*4**4*ee*eeeee *eee*ee*e ee*eeeeee **%0**4**e***ee*e
*4**4*«*ee**e*k Oee*ee*ee *t*eeeke* **eekeeee *keeek*e* e**ee*ee* **eee*ee

71 PS I (3685 c JP6~1—) K~O

71 PS I (3685) MASS CNEV&

ME USE INDEPENDENT MEASUREMENTS OF THE J/PSI(3100)
MASS, THE PSI(3685) MASS, AND THE MASS DIFFERENCE TO
PERFORM A CONSTRAINED FIT.

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where

1 1 1
6P. = Q&6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-

1 1 1
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listingsi j 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to 1.

J/Q Tf w J/1P TF 11' J/if) Q J/I(+OTHER NQN- J/Q
J/0 &,&, .3260+-.0238J/0» .4579 ~ 1725+-.0176
J/0 n —.0151 -.0069 .0278+-..0037
J/4+oTHER .2147 —.4634 —.0840 .0389+-.024&
Non-J/0 —.8960 —.4103 —.0265 —.5165 ~ 434&+-.0415

71 PSI (3685) PARTIAL WIDTHS

M S
H R

M

H

M F

M

M A

H F

M F
M F
M R

H S
M S

3680.3
(3684. )
3684 '

140(3683.0)
3686 ~

413 3686.00

VG 3686.000
IT 3686 F 00

37.
&5 ' )9.
(6.0)
3.
0. 10

0. 100
0. 10

CRIEGEE
LUTH
PR EPOS T
LEMOIGNE
BRANOEL1
ZHOLENTZ

AVERAGE
FROH F I T,

75 PLUT
75 SHAG
75 SPEC
79 GOLI
79 DASP
80 OLYA

E+E-
E+E-

21. GAMMA D

0 150 PI-BE, 2MU' E+ E-
E+E- COLL ~ BEAHS

71 PSI C3685) — J/PSIC3100) MASS DIFFERENCE CHEV)

FROM A SIHULTANEOUS FIT TO E+ E-,MU+ MU- AND HADRONIC CHANNELS
ASSUMING G(E+ E-) G&MU+ MU-)
REDUNDANT WITH DATA IN MASS DIFFERENCE BELOW
ERROR OF ABOUT 1 PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF
THE BEAM ENERGY.

2/75
'I /76
1/76

12/79
12/79
9/81

M1 PSI(3685) INTO E+ E-
W1 2. 1 .3
M'l F 2. 0.3
W1 F FROM A SIMULTANEOUS
W'l F ASSUMING G(E+ E-)

W1 AVG 2 ' 05 0.21

&KEV& (61&
LUTH 75 SMAG E+E-
BRANDEL1 79 DASP E+ E-

F IT TO E+ E-, MU+ MU- AND HADRONIC CHANNELS
G(MU+ MU-)

AVERAGE

il3
M3

PSI (3685& INTO HADRONS (KEV&
224. 56. LUTH

C63&
75 SMAG E+E-

M51
M51

71 PSI C3685& BRANCHIN6 RATIOS

PSI &3685& INTO 6AHHA 6AHHA CEV& (651)
43. OR LESS CL=0. 90 BRANDEL1 79 DASP E+ E-

1/76
12/79

1/76

12/79

DM

DM R
DM

OM

DM AVG
DM F IT

588.7
(589.07)
589.7

589.01
589.06

.8
(0.13)
1.2
0.67 AVERAGE
0 ~ 13 FROM FIT

LUTH 75 SNAG
ZHOLENTZ 80 OLYA
LEMOIGNE 82 GOL I

DH R REDUNDANT WITH DATA IN MASS ABOVE

E+E-
190 PI-BE, 2HU

1/76
3/82
9/83*

R1
Rl L
R1 L
R1 L
R1 L

PSI(3685& INTO (E+ E-)/TOTAL (P1&.0088 .0013 FELDMAN 77 RVUE E+E-
FROH AN OVERALL FIT ASSUMING EQUAL PARTIAL WIDTHS FOR (E+E-)
AND (HU+MU-). FOR A MEASUREMENT OF THE RATIO SEE THE ENTRY R4 BELOW
INCLUDES LUTH 75, HILGER 75, BURHESTER 77

R2 PSI(3685& INTO CHU+ NU-)/TOTAL (P2)
R2 H .0077 ~ 0017 HILGER 75 SPEC E+E-
R2 H RE-STATED BY US USING (J/PSI(3100&+ANYTHING)/TOTAL ~0.55

12/77

1/76

71 PSI &3685& WIDTH CKEV&

R3 PSK(3685& INTO CHADRONS)/TOTAL (P3&
R3 P .981 .003 LUTH 75 SMAG
R3 P INCLUDES CASCADE DECAY INTO J/PSI(3100)

E+E- 1/76
4/77

W 228 ~ 56 ~ LUTH 75 SNAG
W F 20?. 57. BRANDEL1 79 DASP E+ E-
W F FROM A SIMULTANEOUS FIT TO E+ E-, MU+ MU- AND HADRONIC CHANNELS
W F ASSUMING G(E+ E-) ~ G(MU+ MU-)

W AVG 215 ' 2 39.9 AVERAGE

12/79

R5 PSI&3685& INTO CGAINA INTO HADRONS&/TOTAL CP4)
R5 C .029 .004 LUTH 75 SHAG
R5 C INCLUDED IN R3

E+E-

R4 PSI&3685& INTO (HU+ MU-)/CE+ E-) (P2)/(r 1)
R4 ~ &9 .16 BOYARSKI 75 SMAG E+E- 12/77

1/76

71 PSK(3685) PARTIAL DECAY NODES

P
P
P11
P12
P13
P14
P15
P16
P17
P17

P
P
P21
P22
P23
P24
P25
P26
P27
P?8
P29
P31
P32
P33
P34
P35
P36
P37
P38
P39

DECAYS INTO J/PSI(3100) + ANYTHING

PSI (3685) INTO J/PSI (3100) + ANYTHING
PSI (3685) INTO J/PS I (3100) + NEUTRALS
PS I (3685) INTO J/Ps I (3100) PI+ P I-
PSI(3685) INTO J/PSI(3100) PIO PIO
Ps I (3685) INTO J/Ps I (3100) ETA
PSI (3685) INTO J/PS I (3100) GAMMA GAMMA

PS I (3685) INTO J/PS I (3100) PI 0
SHALL -- NOT USED IN FIT

HADRONIC DECAYS

PSI(36&5) INTO PI+ PI-
PSI(3685) INTO RHO PI
PSI(3685) INTO K+ K-
PSI(3685) INTO 2(PI+ PI-&
PSI(3685) INTO 2&PI+ PI-) PIO
PSI(3685) INTO PI+ PI- K+ K-
PSI(3685) INTO PBAR P
PSI(3685) INTO LAMBDA ANTILAHBDA
PSI(3685) INTO XI AMTIXI
PSI(3685) INTO PI+ PI- P PBAR
PSI (3685) INTO 3(PI+ PI-)
PSI(3685) INTO RHOO PI+ PI-
PSI(3685) INTO K*&892&0 K+- PI-+
PSI(3685) INTO PBAR P PI0
PSI(3685) INTO PI+ PI- PIO
PSI(3685) INTO 3(PI+ PI-) PI0
PSI(3685) INTO K+ K- PIO
PSI(3685) INTO K+- K*&892)-+

P RADIATIVE DECAYS
P
P51 PS I & 3685) INTO GAMMA GAMMA

P52 PS I(3685) INTO PIO GAMMA

P1 PSI(3685) INTO E+ E-
P? PS I (3685) INTO MU+ HU-
P3 PS I (3685) INTO HADRON S
P4 PSI(3685) INTO VIRTUAL GAMMA INTO HADROMS

3097+ 140+ 140
3097+ 135+ 135
3097+ 549
3097+ 0+ 0
3097+ 135

140+
/69+
494+
140+
140+
140+
938+

1116+
1321+

140+

140
140
494
140+
140+
140+
938

1116
1321

140+

140+ 140
140+ 140+
494+ 494

938+ 938

769+ 140+ 140
892+ 494+ 140
938+ 938+ 135
140+ 140+ 135

494+ 494+ 135
494+ 892

0+ 0
135+ 0

DECAY HASSES
.511+~ 511
106+ 106

DECAYS INTO J/Ps I &3100) + ANYTHING

PSK(3685& INTO C J/PSIC3100) + ANYTHIN6&/TOTAL CP11&.57 .08 ABRAMS 75 SHAG
0.51 0. 12 BRANDEL1 79 DASP

0.552 0.067 AVERAGE
0 ~ 565 0.041 FROM F I T

R10
R10
R10
R10
R10 AVG
R10 FIT

E+E-
E+ E-

R11 PS I C3685& INTO (J/PSI+NEU&/C J/PSI+ANYTHIN6& (P12&/(P11)
R11 ~ 41 .02 TANENBAUM 76 SNAG E+E-
R11 ~ ~ ~ ~ ~ ~ ~

R11 FIT 0.409 0.019 FROM FIT

R12 PS I C 3685 & INTO
R12 ~ 32
R12 ~ 36
R12
R12 AVG 0.332
R12 FIT 0.326
R13 PSI &3685& INTO
R13 0 ~ 17
R13 .18
R13
R13 AVG 0 ~ 172
R13 FIT 0 ~ 172

(J/PSI(3100) PK+ PI-)/TOTAL (P13).04 ABRAMS1 75 SHAG
~ 06 MIIK 75 DASP

0.033 AVERAGE
0.024 FROM FIT

C J/PSIC3100& PIO PIO&/TOTAL CP14&
0 ' 029 ABRAMS1 75 SHAG
.06 MIIK 75 DASP

0 ' 026 AVERAGE
0 ' 018 FROM FIT

E+ E-
EeE-

R15 PSI C3685& INTO
R15 S 44 (.043)
R15 164 0.036
R15 S 17 &0 ~ 035&
R15 166 0.025
R15 0 386 0.0218
R15 ~ ~ ~ ~ ~ ~

R15 AVG 0.027&
R15 F IT 0 ' 0278

C J/PSI C3100) ETA&/TOTAL (P15)(.008) TANENBAUM 76 SMAG E+E-
0 ~ 0'05 BARTEL 78 CNTR E+E-

(0 ~ 009) BRANDEL2 79 DASP E+E-,PSI 2GAM
0.006 HIHEL &0 SHK2 E+E-
0.0049 OREGLIA 80 CBAL E+E-,PSI 2GAH

0 ~ 0045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
0 ~ 0037 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
(SEE IDEOGRAM BELOW)

R14 PSI&3685) INTO C J/PSI PIO PIO)/(J/PSI PI+ PI-0 (P14)/(P13)
R14 (.64) (.15) HILGER 75 SPEC E+E-
R14 0.53 0.06 TANENBAUM 76 SNAG E+E-
R14 H IGNORIMG THE (J/PSI ETA) ANO (J/PSI GAMMA GAMMA) DECAYS
R14 ~ ~ ~ ~ ~ ~ ~ ~

R14 FIT 0.529 0 ' 050 FROM FIT

1/76
12/79

2/76

1/76
1/76

1/77
1/76

1/76
1/77

1/76
4/78

12/79
9/81
9/81
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Me sons
y(3685)

Data Card Listings

WEIGHTED AYERAGE = 0.0278 k 0. 0045
ERROR SCALED BY 1.5

R55 PSI (3685& INTO C

R55 A 7.5
R55 A 7.2
R55D A 9.7
R55
R55 AVG 8 ' 2

CNX C3415& 6AN) /TOT CUNITS 10»*-2&CP56&
2.6 WHITAKER 76 SHAG E+E- 1/77
2.3 BIDDICK 77 CNTR E+E-,MONOCHR. GAM 3/77
2. 2 GAISER 82 CBAL E+E-,MONOCHR ~ GAM 3/82

1.4

bove of weighted average, error,
factor are based upon the data in

gram only. They are not neces-
e same as our "best" values,
from a least-squares constrained fit
measurements of other (related)
as additional information.

R58 PSI &3685& INTO (
R58 8 7 ~ 1
R58D G 8.8
R58
R58 AVG 8.0

CHI &3510) 6AN&/TOT CUNKTS 10*»-2)CP58&
1 ~ 9 BIDDICK 77 CNTR E+E-,MONOCHR. GAM 3/77
1.9 GAISER 82 CBAL E+E-,MONOCHR. GAM 3/82

1 ' 3

R59 PS I(3685) INTO (CNI (3555) 6AN) /TOT (UNITS 10»*-2)(P59)
R59 8 7 ' 0 2.0 8 IDD ICK 77 CNTR E+E-,MONOCHR ~ GAM 3/77
R59O F 7.7 1.7 GAISER 82 CBAL E+E-,MONOCHR ~ GAM 3/82
R59
R59 AVG 7.4 1 ' 3 AVERAGE

R16
R16
R16
R16
R16

CH I SQ
80 CBAL 1.5

80 SMK2 0. 2

78 CNTR 2. 7

4. 4
(CONLEY
=0, 110)

GL IA
EL
TEL

PS I C3685) INTO C 4/PS I (3100) P IO) /TOTAL
7 0.0015 0 ~ 0006 HIMEL

0 23 0.0009 0.0003 OREGL I A

AVG 0.00102 0.00027 AVERAGE

CP17)
80 SMK2 E+E- 9/81
80 CBAL PS I3685, PS I 2GAM 9/81

I

0. 01 0. 02 0. 03 0. 04 0. 05 0. 06
PSI(3685) INTO (J/PSI{3100) ETA)/TOTAL

R61 PS IC3685) INTO (IOTA(1440) 6AN&/TOT &UNTS 10*»-3&&P62&
R61 E (0.12) OR LESS CL=.90 SCHARRE 80 SHAG E+E- 2/81

R62
R62

R A

R 8
R G

R C
R D

R E
R F
R G

R U

R R
R S

PSI&3685& INTO (ETA/C&3590) 6AN)/TOT&UNTS 10*»-Z&CP63&
(0.2) TO 1.3 CL=. 95 EDWARDS 82 CBAL E+E-,MONOCHR. GAM 1/82

ANGULAR DISTRIBUTION (1+COS**2) ASSUMED
VALID FOR ISOTROPIC DISTRIBUTION OF THE PHOTON
THE VALUE IS NORMALIZED TO THE BRANCHING RATIO FOR PSI(3685)
INTO ( J/PSI (3100) ETA) /TOTAL ~

SYSTEMATIC ERROR ADDED LINEARLY BY US.
INCLUDES UNKNOWN BRAMCHING FRACTION IOTA(1440) INTO K KBAR PI ~

ANGULAR DISTRIBUTION (1-0.052*COS»»2) ASSUMED
ANGULAR DISTRIBUTION (1-0.189*COS**2) ASSUMED
RE-STATED BY US USING (MU+MU-)/TOTAL = .0077
RE-STATED BY US USING TOTAL DECAY WIDTH 228 KEV.
LOW STATISTICS DATA REMOVED FROM AVERAGE.

R60 PSI (3685& INTO C ETA/C &2980& 6AN&/TOT &UNTS 10«a-2& CP61)
R60 0 0.43 0.26 PARTRIDGE 80 CHAL E+E-,MONOGHR. GAM 9/81

HADRONIC DECAYS

R20
R20
R20

PSI(3685) INTO (PI+ PK-)/TOTAL (UNITS 10»a-4)
(0.5) OR LESS CL=0. 90 FELDMAN 77 SHAG
0 ' 8 0 ' 5 BRANDEL1 79 DASP

(P21 &

E+E-
E+ E-

12/77
12/79

71 PS I (3685) 6CX)*6CE+E-)/6&TOTAL& CKEV)

R22
R22
R22

R23
R23
R23

R24
R24K
R24K

PSI (3685) INTO CZCPI+ PX-& PIO&/TOTAL.0035 ~ 0015 ABRAMS 75 SHAG
42 (0.003) (0.0008) FRANKLIN 83 SMK2

PSI (3685) INTO (K+ K-)/TOTAL (UNITS 10**-4)
(0-5) OR LESS CL=0. 90 FELDMAN 77 SMAG
1.0 0.7 BRANDEL1 79 DASP

PSI&3685& INTO CPI+ PI- K+ K-)/TOTAL
0.0016 0 ' 0004 TANENBAUM 78 SNAG

ASSUMING ENTIRELY STRONG DECAY

(P25&
E+E-

E+E-, HAORONS

(P23)
E+E-

E+ E-

&P26)
E+E-

1/76
9/83*

12/77
12/79

12/78
12/78

63
G3

6CHAORONIC&»GCE+E-)/6CTOTAL)
2. 2 .4 ABRAMS 75 SNAG E+E-

THIS COMBINATIOM OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH
INTO E+E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED
CROSS-SECTION INTO CHAMNEl. ( I) IN THE E+E- ANNIHILATION ~

WE ONLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL
WIDTH G( I ) OR THE BRANCHING RATIO G( I ) /TOTAL ~

1/76

R25
R25
R25
R25
R25 AVG

PSI (3685) INTO (PBAR P) /TOTAL (UNITS 10«*-4)
2 ' 3 0 ' 7 FELOMAN 77 SMAG

4 1.4 0.8 BRANDEL1 79 OASP

1.91 0 ' 53 AVERAGE

(P27&
E+E-

E+ E-
12/77
12/79

»**a»* **»a*»aaa »*a***a*»*******»a*a»»*»**» *a*****a»a*«a*»**» *»**a**«

REFERENCES FOR PSIC3685)

ABRAMS 74 PRL 33 1453 +BR I GGS, AUGUST I N, BOYARSK I+ (LBL+SLAC)

R26
R26
R26
R26
R26

R27
R27

R28
R28

R29
R29

R31
R31S
R31S

R32
R32S

PSIC3685& XNTQ CRIIO PI&/TOTAL CUNITS 10»*-4)
N ( 10.) OR LESS CL=.90 ABRAMS 75 SNAG

( 10.) OR LESS CL=0. 90 BARTEL 1 76 CNTR
1 (0.83) OR LESS CL=0.90 FRANKLIN 83 SMKZ

N FINAL STATE RHOO P I 0

PS I &3685& INTO 2CPI+PI-)/TOTAL
0 ' 00045 0.0001 TANENBAUM 78 SHAG

PSX&3685& INTO CLANBOA ANTXLANBOA&/TOTAL
(0.0004)OR LESS CL=0. 90 FELDMAM 77 SHAG

PSI &3685) INTO &Xl- ANTIXI-&/TOTAL
(0 ' 0002) FELDMAN 77 SHAG

&P22)
E+E-
EeE-

E+E-, HADRONS

&P24)
E+E-

(P28&
E+E-

(P29)
E+E-

PSI(3685) INTO (PI+ PI- P PBAR)/TO (UNITS 10»*-3)(P31)
0 ~ 8 0.2 TANENBAUM 78 SHAG E+ E-

ASSUMING ENTIRELY STRONG DECAY

PSI C3685& INTO 3CPI+ PI-)/TOTAL (UNITS 10»*-3& (P32&
0. 15 0. 1 TANENBAUM 78 SMAG E+ E-

1/76
1/77
9/83*

12/78

12/77

12/77

12/78

12/78

ABRAMS
ABRAMS1
AUBERT
BOYARSKI
GAMER INI
CRIEGEE
OASP3
FELDMAN
GRECO
JACKSON
HI LGER
LIBERMAN
LUTH
PREPOST
SIMPSON
WI IK
BARTEL 1
BARTEL 2
SNYDER
TANENBAU
WHITAKER

75 STANFORD SYMP. 25
75 PRL 34 1181
75 PRL 33 1624
75 PALERMO COMF. 54
75 PRI. 35 483
75 PL 538 489
75 PL 578 407
75 PRL 35 821
75 PL 568 367
75 NIM 128 13
75 PRL 35 625
75 STANFORD SYMP. 55
75 PR L 35 1124
75 STANFORD SYMP. 241
75 PRL 35 699
75 STANFORD SYMP. 69
76 PL 64 8 483
76 TBILISI CONF. N56
76 PR L 36 1415
76 PR L 36 402
76 PRL 37 1596

G. S.ABRAMS (LBL)
+BRIGGS, CHINOWSKY, FRIEDBERG, + (LBL+SLAC)
+BECKER, BIGGS, BURGER, GLENN+ (M I T+BNL)
+BREIDENBACH, BULOS, ABRAMS, BRI GGS+(SLAC+LBL)
+LEARNED, PREPOST, ASH, ANDERSON, + (WISC+SLAC)
+OEHNE, FRANKE, HORLITZ, KRECHLOCK+ (DESY)
BRAUNSCHWE IG, KONIGS, + (AACH+DESY+MP IM+TOKY)
+ JEAN MARI E ~ SADOULET t VANNUCC I Je (LBL+SLAC)
+PANCHERI-SR IVASTAVA, SRI VASTAVA (FRAS)
J AD. JACKSON, D. SCHARRE (LBL)
eBEROM, FORD, HOFSTADTER, HOWELL, e (STAN+PENN)
A. D ~ LIBERMAN (STANFORD)
+BOYARSKI, LYNCH, BRE IDENBACH, + (SLAC+LBL)JPC
R ~ PREPOST (WI SCONS IN)
+BERON, FORD, HILGER, HOFSTADTER, + (STAN+PENN)
B.H. WIIK (DESY)
+DUINKER, OLSSON, STEFFEN, HEINTZE+(DESYeHEID)
+DU INKER, OLSSON, HE I NT ZE, + (DESY+HE I D)
+HOM, LEDERMAN, APPEL, KAPLAN+(COLU+FNAL+STON)
TANENBAUM, ABRAMS, BOYARSK I, BULOS, +(SLAC+LBL) IG
+TANENBAUM, ABRAMS, ALAM, BOYARSKI, +(SLAC+LBL)

R33
R33

R34
R34

R35
R35

R36
R36

PSI(3685) INTO (RHOO PI+ PI-)/TOT (UNITS 10«*-3) (P33)
0.42 0. 15 TANENBAUM 78 SMAG Ee E-

PSIC3685& INTOCK»C892&OK+-PI-+&/TOTCUNTS 10»»-3) &P34&
0.67 0 ' 25 TANENBAUM 78 SMAG E+ E-

PSKC3685) INTO CP PBAR PIO&/TOTAL CUNITS 10»a-4& &P35)
9 (1.4) (0 ~ 5) FRANKLIN 83 SMK2 E+E-, HADRONS

PSI (3685) INTO (PI+PI-P IO) /TOTAL (UNITS 10«»-5) (P36)
4 (8.5) (4.6) FRANKLIN 83 SMK2 E+E-, HADRONS

12/78

12/78

9/83*

BARTEL 78 PL 79 8 492
TANENBAU 78 PR O 17 1731

DITTMANN, DUINKER, OLSSON, O? NE ILL+(DESY+HE IO)
TANENBAUMg ALAN g BOYARSK I g + (SLAG+LBL)

BRANDEL1 79 ZPHY C 1 233 BRANDELIK, CORDS, +(AACH+DESY+HAMB+MPIM+TOKY)
BRANDEL2 79 NP 8 160 426 BRANDELIK, GORDS, +(AACH+DESY+HAMB+MPIM+TOKY)
LEMOIGNE 79 FERMILAB CONF. 524 +ABOLINS, BARATE, + (SACL+LOIC+SHMP+IND)

BIDDICK 77 PRL 38 1324 +BURNETT+ (UCSD+UMD+PAVI+PRIN+SLAC+STAN)
BRAUNSCH 77 PL 67 8 249 BRAUNSCHWE IG, e (AACH+DESY+HAMB+MPIM+TOKY)
BURMESTE 77 PL 66 8 395 BURMESTER, CRIEGEE, e (DESY+HAMB+SIEG+WUPP)
FELOMAN 77 PL 33 C 285 +PERL (LBL+SLAC)
YAMADA 77 HAMS. CONF. P. 69 YAMADA (DESY+TOKY)

R37
R37

R38
R38

PSI(3685) INTO (3&PI+PI-)PIO)/TOTAL (P37)
6 (.0035) (.0016) FRANKLIN 83 SMK2 E+E-, HADRONS

PSI(3685& INTO CK+K-PIO&/TOTAL &UNITS 10»»-5& (P38&
1 (2.96) OR LESS CL=0. 90 FRANKLIN 83 SMKZ EeE-, HAORONS

9/83*

9/83*

HI ME L
OREGL I A

PARTRIDG
SCHARRE
ZHOLENTZ

ALSO

80 PRL 44 920
80 PRL 45 959
80 PRL 45 1150
80 PL 97 8 329
80 PL 96 8 214
81 YAD ~ PHYS. 34

+ABRAMS, ALAM, BLOCKER, + (LBL+SLAC)
+PARTRIDGE+ (SLAC+CIT+HARV+PRIN+STAN)
PARTRIDGE, PECK+ (C IT+HARV+PR IN+STAN+SLAG)
+TRILLING, ABRAMS, ALAM, BLOGKER+ (SLAC+LBL)
+KURDADZE, LEl. CHUK, MI SHNEV, NIK IT IN+ (NOVO)

1471 ZHOLENTZ ET AL. (NOVO)
R39
R39

PSIC3685& INTO (K+-K«C892&-+)/TOTAL (UNTS 10*»-5&&P39)
0 (1 ' 79) OR LESS CL=0.90 FRANKLIN 83 SMK2 E+E-,HADRONS

RADIATIVE DECAYS

9/83* BARATE 81 PR D 24 2994

EDWARDS 8Z PRL 48 70
GA I SER 82 MOR I OND CONF .
LEMOIGNE 82 PL 113 8 509

+ASTBURY, MGEWEN, + (SACL+LOIC+SHMP+CERN+IND)

+PARTRIDGE, PECK, + (C IT+HARV+PRIM+STAN+SLAG)
+EDWARDS, + (C I T+HARV+PR IN+STAN+SLAG )
+BARATE, ASTBURY, MCEWEM+(SACL+LOIC+SHMP+IND)

R42
R42
R42

PSI(3685& INTO CPKO 6ANNA)/TOTAI
U (.0054)R LESS CL=.95 LIBERMAN 75 SPEC

( ~ 01) OR LESS CL=.90 WI IK 75 DASP

(P52)
E+ E-
E+E-

1/76
1/76

BARATE 83 PL 121 8 449
FRANKLIN 83 SLAC-PUB-3092

+BAREYRE, ASTBURY, MCEWEN (SACL+LOI C+SHMP+IND)
+FRANKLIN, FELOMAN, ABRAMS, ALAM+ (LBL+SLAC)

R43
R43

PSIC3685& INTO CETA 6ANNA&/TOTAL CUNXTS 10«»-2&
(0 ' 02)OR LESS CL=O ~ 90 YAMADA 77 DASP

(P53)
E+ E-,3 GAMMA 12/77

a«**a» a»aa»»a»a »**«**a»*a«»a*a»a» «*******»*»*a»****»a**«a**a *»**a**a
»»*»*a «aa«a»a»a «a*a»*»»* *»»»*a*«» «»**»*a*« *»******aa«»*»*a** **»**a»a

R44
R44C
R44

PSI(3685& INTO CETA PRKNE 6AN)/TOT CUNTS 10*»-2)
(0 ' 023)OR LESS CL=0.90 BARTEL 2 76 CNTR

R (0.6) OR LESS CL=0. 90 BRAUNSCHW 77 DASP

CP54)
E+E-
E+E-

12/77
12/77
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For notation, see key at front of Listings. Mesons
$(3770), $(4030), $(4160), f(4415)

53 PSI (3770,JP6~1- ) I~

53 PSI&3770) NASS &MEV&

M E 3772.0 (6.0) RAP ID I S 77 SMAG 0 E+E-
M E 3770. (6.0) BACINO 78 DLCO 0 E+E-
M E 3764.0 (5.0) SCHINDLER 80 SMAG E+ E-

E ERRORS INCLUDE SYSTEMATIC COMMON TO ALL EXPERIMENTS

M MASS 3769.9 2. 5 FROM PSI(3685) MASS AND MASS DIFFERENCE
M BELOM

12/77
4/78

12/79

72 PSI (4030& BRANCH IN6 RATIOS

R1 PSI(4030) INTO (DO DOBAR)/(DO» DOBAR+DO»BAR DO) (P1)/(P2)
R1 P 0.05 0 ' 03 GOLDHABER 77 SMAG 0 E+ E-

R2 PSI(4030) INTO (DO» DO»BAR)/(DO» DOBAR+DO*BAR DO)(P3)/(P2)
R2 P 32 ~ 0 12 ~ 0 GOLDHABER ?7 SHAG 0 E+ E-

R P PHASE-SPACE FACTOR &P**3) EXPLICITLY REMOVED.

12/77

12/77

R3
R3

PSI C4030) INTO J/PSI &3100& HADRONS CP4&
LOOKED FOR BURMESTER 77 PLUT E+E- 4/77

R4 PSI(4030) INTO (E+ E-)/TOTAL (UNITS 10»*-5) (P5)
R4 (1.0} APPROX. FELDMAN 7? SMAG E+ E- 12/77*a**at tat*a***a **a***tat*tata»tat *tata»a»a tat**a*a* *tata*at» t*aa*aaa

DM

DM S
DM S
DM

DM

DM AVG

53 PSI {3770) — PSI (3685) MASS DIFFERENCE {MEV)
SS.O 3.0 RAPIDI 8 77 SHAG E+E-
86.0 2.0 BACINO 78 DLCO E+E-

SPEAR PSI PRIME MASS &3684} SUBTRACTED (SEE SCHINDLER 80}
80.0 2.0 SCHINDLER 80 SNAG E+ E-

83.9 2. 4 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 1.8)

12/77
2/82

12/79

AUGUST IN 75 PRL 34 764
BACCI 75 PL 588 4S1
BOYARSKI 75 PRL 34 762
ESPOSITO 75 PL 588 478

REFERENCES FOR PSI&4030)

+BOYARSKI, ABRAMS, BRIGGS+ &SLAC+i BL}
+8 IDOL I,PENSO, STELLA, + (ROMA+FRAS)
+BREIOENBACH, ABRAMS, BRIGGS, + (SLAC+LBL)
+FELICETTI, PERUZZI, + (FRAS+NAPL+PADO+ROMA)

PERUZZI 76 PRL 37 569 +PICCOLO, FELDMAN, NGUYEN, MISS, + (SLAC+LBL)

M
'M

W

M AVG

53 PSI (3770) WIDTH (NEV)
28 ' 0 5.0 RAP ID I S 77 SMAG
24 ~ 0 5 ~ 0 BAG INO 78 DLCO
24.0 5 ~ 0 SCHINDLER 80 SNAG

25 ' 3 2 ' 9 AVERAGE

53 PSI(3770) PARTIAL DECAY NODES

0 E+E-
0 E+E-

E+ E-

12/77
4/78

12/79

BURMESTE 77 PL 66 8 395
GOLDHABE 77 PL 69 8 503
FELDMAN 77 PL 33 C 285
LUTH 77 PL 70 8 120

BRANOELI 78 PL 76 8 361
ALSO 79 ZPHY C 1 233

+CR IEGEE, DEHNE+ (DESY+HAMB+SIEG+MUPP)
GOLDHABERJMISSPABRAMS, ALAM, LUTHP+(LBL+SLAC}
+PERL (LBL+SLAC)
+PIERRE, ABRAMS, ALAM, BOYARSKI, + (LBL+SLAC)

BRANDELIK, CORDS+ &AACH+DESY+HAMB+MP IM+TOKY}
BR AND E L I K, CORD S, + & A AC H+DE SY+HAMB+MP I M+ TOKY }

KIRKBY 79 FERMILAB SYMP. 107 J. KIRKBY RAPPORTEUR (SLAG}

***a**»tat*a*a* *****a»****at**a****»»*at»* tata»*tat *»*tata»» *»**at**
»tata» »tat'tata» tata*a*»a »tata*tat a»a*a*a*t »tata*»*a ***at»**aa*at»tat

DECAY MASSES
P1 PS I (3770) INTO E+ E- .511+.511
P2 PS I (3770) INTO D DBAR 1869+1869

53 PSI (3770) PARTIAL VIDTHS CKEV)

y(4160) 25 PSI &4160,JP6~1- & I

SEEN CLEARLY SEPARATED FROM THE PSI(4030}
BY DASP ANO CONFIRMED WITH LESS STATISTICS BY PLUTO
MARK I, DELCO AND THE CRYSTAL BALL SEE A PROMINENT
SHOULDER BUT NO SEPARATION (KIRKBY 79}

V1
M1 R
M1
M1
W1 R
M1
W1 AVG

PS I (3770) INTO E+E-
0.37 0.09
0. 18 0 ~ 06
0 ' 276 0 ' 050

SEE ALSO R2 BELOM

0.257 0.046

(61)
RAP I D IS 77 SHAG 0 E+E-
BACINO 78 DLCO 0 E+E-
SCHINDLER 80 SMAG E+ E-

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)

12/77
4/78
1/82

25 PS I &4160& MASS (MEV&

M 4159 ~ 0 20.0 BRANDELIK 78 DASP

25 PS I (4160) WIDTH (NE V &

E+E- 4/78

78.0 20.0 BRANDELIK 78 DASP E+E- 4/78
53 PSI C3770& BRANCHIN6 RATIOS

R1 PSI (3770) INTO (0 DBAR &/TOTAL CP2)
R1 DOMINANT PERUZZI 77 SMAG E+E-, O OBAR

R2 PS I {3770) INTO (E+ E-) /TOTAL (UNITS 10**-5) (P 1)
R2 1 ~ 3 0 ~ 2 RAP IDIS 77 SMAG 0 E+E-

»»***a *a*»at»a» »tata**a» at»at»at» tat»tata» »»*tat*a» *tat»***a **»»*at»

12/77

12/77

25 PS I (4160) PARTIAL DECAY NODES

P1 PS I (4160} INTO E+ E-
DECAY MASSES.511+~ 511

PERUZZ I 77 PRL 39 1301
RAPID IS 77 PRL 39 526

REFERENCES FOR PSI(3770)

+PICCOLO, FELDMAN, PERL, +(SLAG, LBL, NMES+HAWA)
+GOBBI, LUKE, PERL, +(STAN+SLAC+LBL+NMES+HAWA)

BACINO 78 PRL 40 671 +BAUMGARTEN, 8 IRKMOOD, + ( SLAC+STAN+UCLA+UC I )

SCHINDLE 80 PR D 21 2716 SCHINDLER, SIEGRIST, ALAM, BOYARSKI+&SLAC+LBL}

»»a*** *»a**at»a **tat***a»*»**»a*a ******at**»*at»aa* at»a»tata »*»**tat
»**at* *********»****a**atat*at**a *at»»tata a*at*a*at *»a*»a»at **»**tat

25 PSI &4160) PARTIAL VIDTHS &KEV)

V1 PSI C4160) INTO E+ E- C61)
M1 0.77 0.23 BRANDELIK 78 DASP E+ E-

*a*t**at*a*a*»a *»*»tat»* *at**a*at *a*at*a»* ***»*»»a**at*a**a*at****a*
REFERENCES FOR PSI(4160)

BURMESTE 77 PL 66 8 395 +CRIEGEE, DEHNE+ (DESY+HAMB+SIEG+WUPP)

BRANDELI 78 PL 76 8 361 BRANDELIK, CORDS+ (AACH+DESY+HAMB+MPIM+TOKY}

12/78

1P(4030) 72 P61(6030,JPS 1- ) I KIRKBY 79 FERMILAB SYMP. 107 J. KIRKBY RAPPORTEUR (SLAC)

SEEN CLEARLY SEPARATED FROM THE PSI(4160)
BY DASP AND CONFIRMED WITH LESS STATISTICS BY PLUTO
SEEN ALSO BY MARK I, DELCO AND THE CRYSTAL BALL
&K IRKBY 79) .

»**a****»*a»**»at»at»tat »***tata* at»a»tata ******a**tat***a**»*»*a***
*a*a*a *at»a»a»» at»at*at* tata**a** *a*at»at» *tata**a* a»»»*at*a »***tata

f(44 1 5) 73 P61(6615,JPS 1- ) I

72 PS I {4030& MASS CMEV)
73 PSI (4415) MASS C NEV &

M 4028. 0 2. 5 GOLDHABER 77 SNAG E+E-
M 4040. 0 10.0 BRANDELIK 78 DASP E+E-

M AVG 4028. 7 2.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)

72 PS I C 4030 & WIDTH (MEV)

12/77
4/78 M

M

M

M

M AVG

4414. 7 ~

(4400. } APPROX.
4417.0 10.0
4415.0 5.7 AVERAGE

SI EGR I ST 76 SMAG
KN IES 77 PLUT
BRANDELIK 78 DASP

E+ E-
0 E+E-,MU+ MU-

E+E-

2/76
12/77
4/78

52 ' 0 10 ~ 0 BRANDELIK 78 DASP E+E- 4/78 73 PS I &4415) VIDTH CMEV)

P1
P2
P3
P4
P5
P6

PSI(4030}
PS I (4030 }
PSI(4030}
PS I (4030}
PS I (4030 }
PS I (4030 }

72 PS I C4030) PARTIAL DECAY MODES

INTO D DBAR
INTO D* DBAR AND D*BAR D

INTO D* D*BAR
INTO J/PS I (3100} HADRONS
INTO E+ E-
INTO MU+ MU-

DECAY MASSES
1869+1869
2007+ 1865
2007+2007

.511+.511
106+ 106 P1

73 PSI {4415) PARTIAL DECAY NODES

PS I (4415} INTO E+ E-
DECAY MASSES.511+.511

M 33. 10. SI EGR I ST 76 SMAG E+ E-
W 66.0 15.0 BRANDEL IK 78 DASP E+E-

W AVG 43.2 15.2 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 1.8)

2/76
4/78

72 PSI (4030) PARTIAL WIDTHS (KEV) 73 PSI (4415) PARTIAL WIDTHS &KEV)

V5
W5

PSI &4030& INTO E+E-
0 ~ 75 0. 15

C65)
BRANOEL IK 78 DASP E+ E- 12/78

V1
W1

PSI C4415& INTO E+ E-
0.49 0. 13

(6'1)
BRANDEL IK 78 DASP E+ E- 12/78
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Me sons
g(4415), T(9460) [T( 1 S)], X (9&75) [X,(1'&,) ], X,(9895) [X,(1'P, ) ]

Data Card Listings

73 PSI (4415) SRANCNIN6 RATIOS

R1 PSI(4415) INTO CE+ E-)/TOTAL (UNITS 10*«-5)
R1 1.3 .3 SI EGR I ST 76 SHAG

R2 PSI(4415) INTO HADRONS/TOTAL
R2 DOMINANT S I EGR I ST 76 SHAG E+E-

«*»»*a «**ass**» sass«a«a» sass»»«as *a**sass» sess**a»» s******as«*»*****

REFERENCES FOR PSI C4415)

SIEGRIST 76 PRL 36 700 +ABRAMS, BOYARSKI, BREIDENBACH, + (LBL+SLAC)

2/76

1/?7

R3 UPSILON(9460& INTO CTAU+ TAU-)/TOTAL (P3)
R3 D 0.034 0.008 GILES 83 CLEO E+E-, TAU+TAU-

R11 UPSILON(9460) INTO (RHO PI )/TOTAL CP11)
R11 ( ~ 021)OR LESS NICZYPORU 83 LENA E+E-, HADRONS

R12 UPSILONC9460) INTO (J/PSI(3100) ANYTHIN6)/TOTAL CP12)
R12 ( ~ 02) OR LESS N I CZ YPORU 83 LENA E+E g HAD RONS

R D SYSTEHATIC ERRORS ADDED LINEARLY BY US.

as*»*a **»»*a****«**a****«e«asses« *»*»a******as**»*ses»«sas«a *a****as

REFERENCES FOR UPSILON(9460&

9/83*

9/83*

9/83*

BURMESTE 77 PL 66 8 395 eCR IEGEE, DEHNE+ (DESY+HAHB+SI EG+WUPP )
KNIES 77 HAMBURG SYMP ~ 93 G. KNIES HAMBURG TALK ON PLUTO COLLAB. (DESY)
LUTH 77 PL 70 8 120 +PIERRE, ABRANS, ALAH, BOYARSKI, + (LBL+SLAC)

BRANDELI 78 PL 76 8 361 BRANDE L IK, CORDS+ (AACH+DESY+HANB+HP IN+ TOKY )

COBB
HERB
INNES

77 PL 72 8 273
77 PRL 39 252
77 PRL 39 1240

+ IWATA, FAB JAN, GOLDBERG+(BNL+CERN+SYRA+ YALE)
+HOM, LEDERHAN, APPEL, I TO, + (COLU+FNAL+STON)
+APPEL, BROWN, HERB, HOM, F ISK+(COLU+FNAL+STON)

T(9460) 49 UPSILON(9460, JP6~1- ) I~

or T(1S) REFLECTING COLLOQUIAL USAGE, WE GIVE ALSO THE SPECTRO-
SCOPIC NAMES OF THE UPSILON SYSTEH RESONANCES. AS IS
MOST COMMON IN THE LITERATUREs WE GIVE THE RADIAL
QUANTUM NUMBER RATHER THAN THE PRINCIPAL QUANTUM
NUMBER (I.E. THE RADIAL QUANTUH NUMBER PLUS THE

ORBITAL ANGULAR HOHENTUH). THUS, THE LOWEST CHI/O STATES ARE 1 3PJ
RATHER THAN 2 3PJ. NOTE THAT THE SPECTROSCOPIC ASSIGNMENT OF SOME
OF THE PARTICLES IS ONLY TENTATIVE AT THIS TIHE.

49 UPSILONC9460) MASS CNEV)

«*«*as a*a»as»»a a»a»*as** a***a*a**«»a*seas* ******ass«»*«a»saa sass*«a»
a*ease «»»a**a«a sea«a»sea as»a»sass ass»eases see*sess» «sees»*»a see»*as*

BERGER 78
BI ENLE IN 78
DARDEN 78
GARELICK 78
KAPLAN 78
YOH 78

ANGELIS 79
BAD I ER 79
BERGER 79
DARDEN 79

ALBRECHT 80
ANDREWS 80
BERGER 80
BOCK 80
BOHR INGE 80
KOURKOUN 80

PL 76 8 243
PL 78 8 360
PL 76 8 246
PR D 18 945
PRL 40 435
PRL 41 684

PL 87 8 398
PL 86 8 98
ZPHY C 1 343
PL 80 8 419

PL 93 8 500
PRL 44 1108
PL 93 8 497
ZPHY C 6 125
PRL 44 1111
PL 91 8 481

+ALEXANDER, OAUM, +(AACH+DESY+HAMB+SIEG+MUPG)
+GLAWE, BOCK, BLANAR, + (DESY+HAHB+HEIO+MPIN)
+HOFNANN, ALBRECHT, + (DESY+DORT+HEID+LUND)
+GAUTHIER, HICKS, OLIVER, + (NEAS+WASH+TUFT)
+APPEL, HERB, HON, LEDERMAN, + (STON+FNAL+COLU)
+HERB, HOM, LEDERMAN, UENO, + (COLU+FNAL+STON)

+BESCH, BLUMENFELD, + (CERNeCOLU+OXF+ROCK)
+BOUCROT, BURGUN+ (SACL+CERN+CDEF+EPOL+LALO)
+ALEXANDER+ (AACH+DESY+HAHB+S I EG+WUPG )
+HOFHANN, ALBRECHT, + (DESY+DORT+HE ID+LUND)

+CHILOERS, DARDEN+{DESY+DORT+HE ID+LUND+ ITEP )
+ {CORN+HARV+ITHA+LENO+ROCH+RUTG+SYRA+VAND)
+LACKAS, RAUPACH, +(AACH+DESY+HANB+SI EG+WUPP )
+BLANAR, SLUM, BI ENLE IN+(HE I D+NP IM+DESY+HAMB)
BOHR INGER, COSTANTI NI, F INOCCHIARO(COLU+STON)
KOURKOUMELIS+(ATHU+NTUA+BNL+CERN+SYRA+YALE)

M FIXED TARGET EXPERIMENTS
H I (9410.) (13.) INNES ?7 SPEC 0 400 P+A, NU+MU- 12/77

NAGERAS 81 PRL 46 1115
NUELLER 81 PRL 46 1181
NICZYPOR 81 PRL 46 92

+BOHR INGER, F I NOCCHI ARO+ (COL U+STON+LSU+HP IH)
+ (RUTG+SYRA+LEMO+VAND+CORN+ITHA+HARV+ROCH)
NICZYPORUK, CHEN, VOGEL, WEGENER+(LENA COLLAB)

M

M

H D

H

D

H D

H D

M D

N

N

N

M AVG

EeE- EXPER
(9460 ' )
(9456.3)
(9457 ' )
(9433 ' )
(9434.5)
(9461 ~ 6)
(9462 ' 0)
9460 ' 6
9459.9

9460.04

INENTS
(10 ~ )
(11.0)
(10 ~ )
(30 ~ )
(30.0)
(10.6)
(10.6)

0 ~ 4
0.2

0.28

BIENLE IN
BERGER
DAROEN
ANDREWS
BOHR IN GER
NI CZYPORU
ALBRECHT
ARTAMONOV
GITTELMAN

78 CNTR
79 PLUT
79 DASP
80 CLEO
80 CUSB
81 LENA
82 DASP
83 REDE
83 REDE

E+ E-
E+ E-
E+E-
E+E-, HADRONS
E+E-, HADRONS
E+E-, HADRONS
E+E-,NU+MU-
E+E-, HADRONS
E+E-, HADRONS

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6)

4/78
12/?9
12/79
9/81
9/81
9/81
8/83*
8/83*
2/84*

ALBRECHT 82 PL 116 8 383
ARTAHONO 82 PL 118 8 225
NICZYPOR 82 ZPHY 15 C 299

+HOFNANN, SHUBERT+(DESY+DORT+HE ID+LUND+ITEP)
+BARU, BLINOV, BONDAR, BUKIN, GROSHEV+ (NOVO)
NICZYPORUK, FOLGER, BIENLEIN+ (LENA COLLAB)

ALBRECHT
ANDREWS
ARTAMONO
GILES
GI TTELNA
NICZYPOR

83 DESY 83-101
83 PRL 50 807
83 PREPR. 83-84
83 PRL 50 877
83 CORNELL CONF.
83 ZPHY 17 C 197

+DREWS, HASEHANN+ (ARGUS COLLABORATION)
+ ( CORN+ I 7 HA+ HARV+OS U+ ROC H+RU TG+ SY RA+ VAND )
+BARU, BLINOV, BONDAR, BUKIN, GROSHEV+ (NOVO)
+ (HARV+OSU+ROCH+RUTG+SYRA+VAND+CORN+ITHA)
B. GITTELMAN {CORN)
+ (CRAC+ERLA+DESY+NIJM+PITT+SACL+TELA+WURZ)

«eae«« «ea«seas» asses«ass s*e»**»a* «»ass**«* seas****« *see«a»a« as»eases
aa«eea ***assess a»a*«as*a as«essa«» aa««as«** »*«***a***a*a*a»***a»*ass«

H D SYSTEMATIC ERROR ADDED LINEARLY BY US.
M I FROM 2-PEAK F IT

49 UPS ILON C 9460) WIDTH (KEV)

x.(96»)
«x, (

?6 CHI/B(9875, JP6~ ) J~O PREFERRED

OBSERVED IN RADIATIVE DECAY OF THF. UPSILON(10025) .
INTO CHI/O GAMMA, THEREFORE C=+ ~

W 8
M 8
W D 8
M D 8
W

W AVG

45.
38.
30.
48.
44.3

38.
27.
23.
8.
6.6

14. BERGER 80
11. ALBRECHT 82
14. NICZYPORU 82

ANDREWS 83

AVERAGE

PLUT E+E- 9/81
DASP E+E-,NU+HU- 8/83*
LENA E+E-,MU+HU-, HAOR 8/83*
CLEO E+E-,NU+HU- 9/83*

H U 9872.9

76 CHI/S(9875) MASS (MEV)

5.8 KLOPFENST 83 CUSS E+E-, GAMHAS HADR 9/83*
M 8 FROM R1,R2, W2 BELOW AND ASSUHING E-HU-TAU UNIVERSALITY
W D SYSTEHATIC ERRORS ADDED LINEARLY BY US.

H U FROH GAHHA ENERGY BELOW, ASSUMING UPSILON{10025) MASS = 10023.4 NEV

49 UPSILON(9460) PARTIAL DECAY NODES
76 6AHHA ENER6Y IN UPSILON(10025) DECAY (HEV)

P1 UPSILON(9460) INTO NU+ MU-
P2 UPSILON(9460) INTO E+ E-
P3 UPSILON(9460) INTO TAU+ TAU-

P HADRONIC DECAYS
P
P11 UPSILON(9460) INTO RHO PI
P12 UPSILON(9460) INTO J/PS I (3100) ANYTHING

DECAY HASSES
106+ 106.511+.511

1784+1784

769+ 140

DH S 149.4 5.7 KLOPFENST 83 CUSB

76 CHI/S(98'?5) PARTIAL DECAY NODES

P1 CHI/8(9875) INTO UPSILON(9460) GAMMA

DH S SYSTEMATIC ERROR ADDED LINEARLY BY US.

E+E-, GAMMAS HADR 9/83*

DECAY MASSES
9460+ 0

49 UPSILONC9460) PARTIAL WIDTHS (KEV)

M2 UPSILON(9460)
W2 E (1 ~ 33)
W2 1 ~ 08
W2 D 1.07
M2 D (1 ~ 23)
W2 D A 1.13
W2 ~ ~ ~

W2 AVG 1.10

INTO E+
(0.14)
0.25
0.23

(0.20)
0. 17

0 ~ 12 AVERAGE

BERGER
BOCK
MAGERAS
ALBRECHT
NICZYPORU

(62)
79 PLUT E+E- 12/79
80 CNTR E+E-, HADRONS 9/81
81 CUSS E+E-,E+E-PI+PI- 9/81
82 DASP E+E-,HU+HU- 8/83*
82 LENA E+E-,NU+HU-, HADR 8/83*

76 CHI/S(9875) BRANCHIN6 RATIOS

R1 CHI/S(9875) INTO (UPSILON(9460) GAMMA) /TOTAL (P1)
R1 T (0.11) OR LESS CL=. 90 PAUSS 83 CUSS E+E-, GAHMAS LEPT 12/83*
R1 T CALCULATED USING UPSILON(10025) INTO CHI/B(9895)GAM/TOT = 0.035

a»*»a* ease«as«s *a********«*a***a*as*a»**as aa«as»ee« «sees«es« *«»a*«**

REFERENCES FOR CHI/SC9875)

W2 A ASSUMING E-HU-TAU UNIVERSALITY
W2 D SYSTEMATIC ERRORS ADDED LINEARLY BY US.
W2 E ASSUNING HADRONIC PARTIAL MIDTH EQUAL TO TOTAL MIDTH

KLOP F ENS 83 PR L 51 160
PAUSS 83 PL 130 8 439

K LOP F ENSTE IN, HAN+ (STON+ COLU+ CORN+LSU+MP I M)
+DI ETL, EI GEN+ (HP IM+COLU+CORN+LSU+STON)

»as«** **e»esses *»**asses s«esse*as «*******»*«»*«»*»s sess»«s»s »*s*»sa*
«»»**a *a*a**»«» a»»*»**»» as»**sea» «sea***a* ass*«e**e ass»sess» see»sea»

R1 UPSILON(9460)
R1 0.022
R1 A 0 ' 025
R1 0.014
R1 17 0.039
R1 A (0.032)
R1 D A 0.038
R1 D 1652 0 ' 027
R1
R1 AVG 0.0291

INTOCHU+
0 ' 020
0 ~ 021
0 ' 034
0 ' 011

(0 ~ 016)
0.017
0.006

HU-)/TOTAL
BERGER
DARDEN

0 ' 014 BOCK
MUELLER
ALBRECHT
NICZYPORU
ANDREWS

79 PLUT
79 DASP
80 CNTR
81 CLEO
82 DASP
82 LENA
83 CLED

0.0047 AVERAGE

49 UPSILON(9460) BRANCHING RATIOS

CPI)
E+E-
E+E-
E+E-,MU+HU-
E+E-, P I+P I-E+E-
E+E-,HU+HU-
E+E-,MU+HU-, HADR
E+E-,HU+HU-

12/79
12/? 9
9/81
9/81
8/83*
8/83*
8/83*

x,(9695)
or X (1'P,)

77 CHI/S(9895) MASS (NEV)

9894.5 3.5 9/83*

77 CHI/S(9895, JP6~ ) J=1 PREFERRED

OBSERVED IN RADIATIVE DECAY OF THE UPSILON(10025) .
INTO CHI/O GAMMA, THEREFORE C=+.

R1 A ASSUMING E-HU-TAU UNIVERSALITY

R2 UPSILON(9460) INTO CEa E-)/TOTAL
R2 0 ~ 051 0.030 BERGER

(P2)
80 PLUT E+E- 9/81

N U FRON GAHHA ENERGY BELOM ASSUMING UPSILON(10025) MASS = 10023.4 MEV
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Me sons
Xb(9895) [Xb(1 P()] Xb(9915) [Xb(1 P~)], T(10025) [Y(2S)]

77 6ANNA ENER6Y IN UPSILON(10025& DECAY (NEV& 52 UPSILONC10025& VIDTH (KEV&

DM S 128. 1 0.4 KLOPFENST 83 CUSB E+E-, GAMNAS HAOR 9/83*
DN G & 127.5) (5.2) GAISER 83 CBAL E+E-, HADRONS GAM 12/83*
DN S 128 ' 0 1.5 PAUSS 83 CUSB E+E-, GAMNAS LEPT 12/83*

M 8
M M

M 8 D

M

M AVG

31.
31.
27 '

29.6

9 ~

10 ~

8 ~

4 ' 7

7 ~ NAGERAS
7. NI CZYP02

ANDREMS

AVERAGE

81 CUSS
81 LENA
83 CL EO

E+E-, HADRONS
E+E-, L+L-PI+PI-
E+E-,MU+MU-

8/83*
9/81
9/83»

DN AVG 128. 1 3.4 AVERAGE
DM A SYSTEMATIC ERROR OF 3 NEV FROM THE CUSS RESULTS HAS BEEN ADDED
DM LINEARLY BY US TO THE STATISTICAL ERROR ON THE AVERAGE.

DN G SYSTEMATIC ERROR ADDED LINEARLY BY US.
DM S STATISTICAL ERROR ONLY'

P1

77 CNI/B(9895& PARTIAL DECAY NODES

CHI/8(9895) INTO UPSILON(9460) GAMMA

DECAY MASSES
9460+ 0

77 CHI/B(9895& BRANCHIN6 RATIOS

CHI/BC9895) INTO CUPS ILON&9460& 6ANNA&/TOTAL CP1)
0 ~ 47 0 ~ 18 KLOPFENST 83 GUSB E+E-, GAMMAS HAOR 9/83*
0 ~ 41 0. 14 PAUSS 83 CUSB E+E-, GAMMAS LEPT 12/83*

0 ' 43 0. 11 AVERAGE

R1
R1
R1 T
R1
R1 AVG

REFERENCES FOR CHI/8(9895&

R1 T CALCULATED USING UPSILON(10025)TO CHI/8(9915) GAM/TOT=0. 059+-0.014

***»**»****»»4*»»»»**»*» »»*»»»*»» ***»**4»»*»*»»**»*»*****»**»»*»4***

M 8 FROM W2 AND R1 BELOW AND ASSUMING E-MU-TAU UNIVERSALITY
M D SYSTEMATIC ERRORS ADDED LINEARLY BY US
M N FROM M1 AND R1 ABOVE AND ASSUMING A LOG QUARKONIUM POTENTIAL

DM

DM

DM A

DM D

DM D

DM D

DN
DN
DM 8
DM

DM AVG

560 ~ 0
555 ' 0
574. 0
560.7
559.
552.
556.

(562 ' 0)
&562.5)

559 ' 2

10.0
11.0
27 ~ 0
3 ~ 8
4.

11 '
10.
(3 ~ 0)
(0 ~ 6)

8IENLEIN
DARDEN
UENO
ANDREWS
BOHR INGER
NI CZYP01
ALBRECHT
ALBRECHT
BARBER

2. 4 AVERAGE

78 CNTR
78 DASP
79 SPEC
80 CLEO
80 CUSS
81 LENA
82 DASP
83 ARG
83 REDE

E+E-
E+E-
400 P PT, NU+MU-
E+E-, HADRONS
E+E-, HADRONS
E+E-, HADRONS
E+E-,NU+MU-
E+E-, HADRONS
E+E-

4/78
4/78

12/79
9/81
9/81
9/81
8/83*

12/83»
9/83*

DM A FIXING THE UPSILON(9460) MASS AT 9460 NEV
DM 8 USING THE UPSILON(9460) MASS OF ARTAMONOV 82.
DN D SYSTEMATIC ERROR ADDED LINEARLY BY US.

52 UPSILON(10025&-UPSILON(9460& MASS DIFFERENCE (NEV&

OM E 563.3 0.4 2/84*
DN E EVALUATED BY US USING DIRECT MEASUREMENTS OF THE UPSILON(9460) AND
DN E UPSILON(10025) MASSES ABOVE.

GAISER 83 SLAG-PUB-3232
KLOPFENS 83 PRL 51 160
PAUSS 83 PL 130 8 439

J ~ E ~ GA ISER+CRYSTAL BALL COLLABORAT ION(SLAG)
KLOPFENSTEIN, HAM+ (STON+COLU+CORN+LSU+MPIN)
+DIETL, EIGEN+ (MPIN+COLU+CORN+LSU+STON)

52 UPSILON(10025) PARTIAL DECAY NODES

(9915)
or X,(1'P~)

78 CHI/B(9915, JP6~ ) J~2 PREFERRED

OBSERVED IN RADIATIVE DECAY OF THE UPSILON(10025) .
INTO C HI /8 GAMMA, THER E FOR E C=+ ~

»***»» »»*»****»»*»»»*»*» *»*4****»***»****»»»»*»**»* »*»»**»»» 4'***»»»*
»»»»»4 **»*»»»»» »»****»»*»»»»*»*»* ***»»»»»» »»»*»»»»* »»*»**»**»»»»***»

P1
P2
P3
P4
P5
p6

UPS I LON {10025)
UPSILON(10025)
UPS I LON ( 10025)
UPSILON(10025)
UPSILON( 10025)
UPSILON( 10025)

INTO MU+ MU-
INTO E+ E-
INTO UPSILON(9460) PI PI
INTO CHI/8(9915) GAMMA
INTO CHI/8&9895) GAMMA

INTO CHI/8(9875) GAMMA

DECAY MASSES
106+ 106.511+.511

9460+ 140+ 140
9915+ 0
9895+ 0
9873+ 0

52 UPSILON(10025& PARTIAL WIDTHS (KEV&

78 CHI/8(9915& IIASS (NEV&

N U 9914.6 2.4

N U FROM GAMMA ENERGY BELOM ASSUMING UPSILON(10025) MASS = 10023,4 MEV

78 6ANNA ENERGY IN UPS ILONC 10025& DECAY CMEV)

9/83*

V2 UPSILON(10025&
M2 E &0.35)
M2 D S 0.49
M2 E (0.37)
M2 D S 0.43
W2 S 0.56
W2 D S 0 ' 48
W2 ~ ~ ~ ~ ~

W2 AVG 0 ' 507

INTO E+
(0 ~ 14)
0. 11

(0 ~ 16)
0 ~ 13
0.08
0. 13

0.051

0.09

AVERAGE

DARDEN
ANDREWS
SOCK
BOHR INGER
NAGERAS
NICZYP01

C62&
78 DASP E+E-
80 GLEO E+E-, HADRONS
80 CNTR E+E-, HADRONS
80 CUSS E+E-, HADRONS
81 CUSB E+E-, E+E-PI+PI-
81 LENA E+E-, MU+MU-, HADR

4/78
9/81
9/81
9/81
9/81
9/81

DN S 108.2 0.3 KLOPFENST 83 CUSS E+E-, GAMNAS HADR 9/'83*
DM G (108.3) (3.9) GAISER 83 CBAL E+E-, HADROMS GAM 12/83*
DM S 107.0 2.0 2. 5 PAUSS 83 CUSB E+E-, GANNAS LEPT 1'2/83*

M2 D SYSTEMATIC ERROR ADDED LINEARLY BY US.
M2 E ASSUMING HADRONIC PARTIAL 'WIDTH EQUAL TO TOTAL WIDTH
M2 S USING UPSILON(9460) PARTIAL WIDTH TO E+E- = 1.10 KEV

OM AVG 108 ' 2 2.3 AVERAGE
DM A SYSTEMATIC ERROR OF 2 MEV FROM THE CUSS RESULTS HAS BEEN ADDED
DM LINEARLY BY US TO THE STATISTICAL ERROR ON THE AVERAGE.

DN G SYSTEMATIC ERROR ADDED LINEARLY BY US.
DM S STATISTICAL ERROR ONLY'

52 UPSILONC10025& BRANCHING RATIOS

R1 UPSILON(10025) INTO(NU+ lIU-&/TOTAL CP1&
R1 (0.038)OR LESS CL=0. 90 NICZYP01 81 LENA E+E-,MU+MU-
R1 D 176 0.019 0.018 ANDREMS 83 CLEO E+E-,MU+MU-

R2 UPSILON(10025) INTO (E+ IE-)/TOTAL (P2)
R2 SEEN COBB 77 SPEC P P, E+ E- X

9/81
8/83»

12/78

P1

78 CHI/B(9915& PARTIAL DECAY IIODES

CHI/8&9915) INTO UPSILON(9460) GAMMA

78 CHI/8(9915& BRANCHIN6 RATIOS

DECAY MASSES
9460+ 0

R3 UPSILON (10025)
R3 E 23 0.23
R3 E 7 0 ' 24
R3 D 0 ~ 191
R3 D (0 ~ 179)
R3 ~ ~ ~

R3 AVG 0 ~ 195

INTO CUPS ILONC9460) PI PI &/TOTAL
0 F 08 NAGERAS 81 CUSB
0.08 NICZYP02. 81 LENA
0 ~ 018 GREEN 82 CLEO

&0.030) ALBRECHT 83 ARG

0.017 AVERAGE

CP3&
E+E-, E+E-PI+PI-
E+E-, L+L-P I+PI-
E+E-,2PI MM/2MU
E+E-, HADRONS

9/81
9/81
8/83»

12/83»

R1
R1
R1 T
R1
R1 AVG

CllI/B(9915) INTO CUPSILON(9460) 6ANNA&/TOTAL (P1)
0.20 0.05 KLOPFENST 83 CUSB E+E-,GAMMAS HADR
0.20 0.09 PAUSS 83 CUSB E+E-,GAMMAS LEPT

0.200 0.044 AVERAGE

9/83»
12/83*

R4
R4
R4 D

R5
R5
R5 D

UPSILON(10025) INTO (CHI/BC9915) 6ANNA)/TOTAL (P4)
0.061 0.014 KLOPFENST 83 CUSB E+E-, GAMMA HADR

(0.063) (0.027) GA ISER 83 CBAL E+E-, GAMNA HADR

UPSILON(10025) INTO (CHI/BC9895) 6ANNA)/TOTAL (P5).059 .014 KLOPFENST 83 CUSS E+E-, GAMMA HAOR
(0.060) (0.027) GA ISER 83 CBAL E+E-, GAMMA HAOR

9/83»
12/83»

9/83»
12/83»

R1 T CALCULATED USING UPSILON(10025)TO CHI/8(9915) GAM/TOT=0. 061+-0.014
**0»**»*k»****4»**»*******»*»»»*» **»8**»**»»»***»*» ***»**»*0»*****»»

REFERENCES FOR CHI/B&9915)

R6
R6

R D

R E

UPS Il ON(10025& INTO ( CNI /B (9875) 6ANNA) /TOTAL (P6)
~ 035 ~ 014 KLOPFENST 83 CUSB E+E-, GAMMA HADR

SYSTEMATIC ERRORS ADDED LINEARLY BY US
ASSUMING THE BRANCHING RATIO OF UPSILON(9460) TO E+E- TO BE 0.025

9/83»

GAISER 83 SLAG-PUB-3232
KLOPFENS 83 PRL 51 160
PAUSS 83 PL 130 8 439

J ~ E.GAISER+CRYSTAL BALL COLLABORATION(SLAC)
KLOP F E NSTE IN, HAN+ & STON+COLU+CORN+LSU+MP IN)
+DI ETL, E I GEM+ (NP IM+GOLU+CORN+LSU+STON)

»*+»»* **4*»*k»*****»**»**»»»»4»»* »»*******»*»***4»» *****»»»**»»*»*»*

REFERENCES FOR UPSILONC10025&*»**»*»******»***»*»**»*»»*»»»**» *»*»*»»»» ****»»»0» **»»»»»** »*»»****
***»»» **»*»»»»» »*»»»»*»* *****»»»»*»*»*»*****»»***»*»*****»*»***»»»»»

T(10025)
52 UPSILON(10025, JP6=1- ) I~or

COBB
HERB
INNES

77 PL 72 8 273
77 PRL 39 252
77 PRL 39 1240

BIENLEIN 78 PL 78 8 360
DARDEN 78 PL 78 8 364
KAPLAN 78 PRL 40 435
YOH 78 PRL 41 684

+IWATA, FABJAN, GOLDBERG+(BNL+CERN+SYRA+YALE)
+HON, LEDERMAN, APPEL, ITO, + (GOLU+FNAL+STON)
+APPEL, BROMN, HERB, HON, F ISK+(COLU+FNAL+STON)

+GLAME g BOCK f 8 LANAR + ( D ESY+HANB+HE I D+MP I M )
+HOFNANN, ALBRECHT, + (DESY+DORT+HE ID+LUND)
+APPEL, HERS, HOM, LEDERMAN, + (STON+FNAL+COLU)
+HERB, HON, LEDERMAN, UENO, + (COLU+FNAL+STON)

UENO 79 PRL 42 486 +BROWN, HERB, HOM, FISK, ITO, + (FNAL+COLU+STON)

N I
N R

N R
N DR
N

N

M AVG

52 UPSILON(10025$ MASS C6EV)

(10 ' 060) (0 ' 030)
& 10 ~ 020) (0 ~ 020)
&10 ~ 012) (0.020)
& 10.0136) (0.0112)
10.0231 0.0004
10 ' 0238 0.0005

10.02337 0.00034

INNES
BI EMLE IN
DARDEN
NI CZYPO1
BARBER
ARTANONOV

77 SPEC
78 CNTR
78 DASP
81 LENA
83 REDE
83 REDE

400 P+A, NU+NU-
E+E-
E+E-
E+E-, HADRONS
E+E-
E+E-, HADRONS

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

12/77
4/78
4/78
9/81
9/83*

12/83*

ANDREWS 80 PRL 44 1108
ARESTOV 80 IHEP 80-165
BOCK 80 ZPHY C 6 125
BOHR INGE 80 PRL 44 1111
KOURKOUN 80 PL 91 8 481

NAGERAS 81 PRL 46 1115
NUEL LER 81 PR L 46 1181
NICZYP01 81 PL 99 8 169
NICZYP02 81 PL 100 8 95

+ &CORN+HARV+ITHA+LEMO+ROCH+RUTG+SYRA+VAND)
+BOGOL JUBSKI, + (SERP)
+BLANAR, 8LUN, 8 I ENLE IN+ (HE I D+MP IN+DE SY+HAMB )
BOHR INGER, COSTANT IN'I, F INOGCH I ARO(COLU+STON)
KOURKOUMELIS+(ATHU+NTUA+BNL+CERN+SYRA+YALE)

+BOHR INGER, F INOGCHIARO+(COLU+STON+LSU+MP IN)
+ (RUTG+SYRA+LEMO+VAND+CORN+ITHA+HARV+ROCH)
NICZYPORUK, CHEN, VOGEL, MEGENER+&LENA COLLAB)
NI CZYPORUK

GHENT'

FOLGER LURZ + (LENA COLLAB)
M D SYSTEMATIC ERRORS ADDEED LINEARLY BY US
M I FROM 2-PEAK FIT
M R REDUNDANT WITH DATA IN MASS DIFFERENCE BELOW

ALBREGHT 82 PL 116 8 383
GREEN 82 PRL 49 617

ALSO 83 CORNELL CONF.

+HOFNANN, SHUBERT+(DESY+DORT+HEID+LUND+ITEP)
+(RUTG+SYRA+VAMD+CORN+ITHACA+HARV+OSU+ROCH)
+&RUTG+SYRA+VAND+CORN+ITHACA+HARV+OSU+ROGH)
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S192 Particle Data Group: Review of particle properties

Mesons Data Card Listings
x,(»235) [x,(2'P.)l x,(»255) [x,(2'P, )] x.(»2») [x,(2'P, )] T(10355) I:Y(3s)&

ALBRECHT 83 DESY 83-101
ANDREWS 83 PRL 50 807
ARTAMONO 83 PREPR. 83-84

ALSO 83 CORNELL CONF.
BARBER 83 DESY 83-067

ALSO 83 SUB. TO PL
GAISER 83 SLAG-PUB-3232
KLOPFENS 83 PRL 51 160

+DREMS, HASEMANN+ (ARGUS COLLABORATION)
+ (CORN+ITHA+HARV+OSU+ROCH+RUTG+SYRA+VAND)
+BARU, BLINOV, BONDAR, BUKIN, GROSHEV+ &NOVO)
B. GITTTELMAN (CORN)
+(DESY, ARGUS COLLAB+CRYSTAL BALL COLLABOR ~ )
+(DESY, ARGUS COLLAB+CRYSTAL BALL COLLABOR. )J.E.GAISER+CRYSTAL BALL COLLABORATION(SLAC)
KLOPFENSTEIN, HAM+ (STON+COLU+CORN+LSU+MPIM)

x,(102'0)
or Xb(2 P2)

81 CHI/B(10270, JP6~ ) J~2 PREFERREO

OBSERVED IN RADIATIVE DECAY OF THE UPSILON(10355).
INTO CHI/O GAMMA, THEREFORE C=+.

»a******»a*a»a» a*a«a»a»a *****a**ka»k**«kka a*a»a»**» a»R«**a»* a**a*»a»
***«*aa»a»a»a** «a»»aa«ak a«*a»a*a» *a****»a»ak»a****» ***a»*«a» »*»*a*k* 81 CNI/B& 10270) MASS (6EV)

b(10235)
or Xb(2'Po)

79 CHI/B&10235, JP6~ ) J~O PREFERRED

OBSERVED IN RADIATIVE DECAY OF THE UPSILON(10355).
INTO CHI/O GAMMA, THEREFORE C=+.
OMITTED FROM TABLE.

M U 10.2710 .0024

M U FROM GAMMA ENERGY BELOM ASSUMING UPSILON(10355) MASS = 10355.5 MEV.

81 6AMIIA ENERGY IN UPSILON(10355) DECAY (NEV)

9/83»

79 CHI /8 & 10235) MASS &6E V)

M U 10.2328 .0058

M U FROM GAMMA ENERGY BELOW ASSUMING UPSILON(10355) MASS = 10355.5 MEV

79 6ANIIA ENER6Y IN UPSILON&10355) DECAY &MEV)

DM S 119.0 5.0 EIGEN 82 CUSS E+E-, 2 GAM L+L-
DM CD (117' 2) (5.0) HAN 82 CUSB E+E-,GAMMAS HADR
DM S 122.$ 0.7 LEE-FRANZ 83 RVUE E+E-,GAMMAS HADR
DM

9/83*

9/83»
9/83*
9/83*

DM S 84 ' 0 3.0 EIGEN 82 CUSB E+E-, 2 GAM L+L- 9/83*
DM CD (84.4) (2.0) HAN 82 CUSS E+E-, GAMMAS HAOR 9/83*
DM S 84 ~ 2 0.3 LEE-FRANZ 83 RVUE E+E-,GAMMAS HADR 9/83*

DM AVG 84 ' 2 2.3 AVERAGE
OM A SYSTEMATIC ERROR OF 2 MEV FROM THE CUSB RESULTS HAS BEEN ADDED
DM LINEARLY BY US TO THE STATISTICAl. ERROR ON THE AVERAGE.

DM S STATISTICAL ERROR ONLY.
DM D SYSTEMATIC ERROR ADDED LINEARLY BY US.
DM C SUPERSEDED BY LEE—FRANZINI 83 ~

8'1 CNI/B(10270) PARTIAL DECAY IIODES

DM AVG 12?.0 5.7 AVERAGE
DM A SYSTEMATIC ERROR OF 5 MEV FROM THE CUSB RESULTS HAS BEEN ADDED
DM LINEARLY BY US TO THE STATISTICAL ERROR ON THE AVERAGE

P1
P?

CHI/B(10270) INTO UPSILON(9460) GAMMA

CHI/8(10270) INTO UPSILON(10025) GAMMA

DECAY MASSES
9460+ 0
10023+ 0

DM D SYSTEMATIC ERROR ADDED LINEARLY BY US.
OM S STATISTICAL ERROR ONLY.
DM C SUPERSEDED BY LEE-FRANZINI 83.

****»»**a»*k **a»a«a** ******kk*»**a**a»******a*ka»*»*»a**» «»»*»***

REFERENCES FOR CHI/8&10270)

E I GEN 82 PRL 49 1616 +BOHRINGER, HERB+ (MPIM+COLU+CORN+STON+LSU)
HAM 82 PR L 49 1612 +HORS TKOTTE, I MLAY+ ( COL U+STON+ CORN+ LSU+MP I M)

P1
P2

79 CHI /B& 10235) PARTIAL DECAY MODES

CHI /8& 10235) INTO UPSILON(9460) GAMMA

CHI/8(10235) INTO UPSILON(10025) GAMMA

DECAY MASSES
9460+ 0
10023+ 0

LEE-FRAM 83 EMS 83 CONF. LEE-FRANZINI
ALSO 83 CORNELL CONF. 284 P. MICHAEL TUTS

(COLU)
(COLU)

*««**» ***»**»*a»a«*»a**» *»Ra«a«a» »kk*****a *Ra****a»«*»»*»*a* *k»»*«*a
a***»*a**kakkaa **»»*»a»» a»a»»a*a* a»»a»»aaa a»a«a*aaa *a*******»a»Ra«a»

»«*»a» «»**a*****a»»*a»*a a»***a«*a *aa«»»a«* a**a*****«a*a*»a»a aaaaaaaa

REFERENCES FOR CHI/B& 10235)

EIGEN 82 PRL 49 1616 +BOHR INGER, HERB+ (MP IM+COLU+CORN+STON+LSU)
HAN 82 PR L 49 1612 +HORSTKOTTE, IMLAY+(COLU+STON+CORN+LSU+MPIM)

T(10355)
(3S)

66 UPBZLOB&16355 JPB 1 & 1

or

LEE-FRAN 83 EMS 83 CONF. LEE-FRANZINI
ALSO 83 CORNELL CONF. 284 P. MICHAEL TUTS

(COLU)
(COLU)

48 UPSILON&10355) MASS (6EV)

'

X,(10255)
or x,(2'P, )

80 CNI/8&10255, JP6 ) J 1 PREFERRED

OBSERVED IN RADIATIVE DECAY OF THE UPSILON(10355&.
INTO CHI/O GAMMA, THEREFORE C=+.

*»**a*ka*****»a Ra*a»»»a* Rak»a»»ak *a»a»a«»a kakkkk*a* a*a«»a»»k *»******
»Ra«a» a»a*a»*k» **Ra*Ra»a Ra«Ra»Ra» *»**a*k**a»»a»«»»k »R*k*ak»k a»*a»kka M R (10 ~ 351) (0 ~ 004) FROM UPSILON(9460) MASS AND MASS DIFF. BELOM

M 10 ' 3555 0.0005 ARTAMONOV 83 REDE E+E-, HADRONS 12/83*

M R REDUNDANT WITH DATA ON MASS DIFFERENCE BELOM.

48 VPSILON&10355) MIDTH &KEV)

80 CHI/8 & 10255) IIASS & 6EV)
M U 10.2537 ~ 0034

M U FROM GAMMA ENERGY BELOW ASSUMING UPSILON( 10355) MASS = 10355.5 MEV. W 8
W D

W F

MODEL DEPENDENT VALUE
SYSTEMATIC ERROR ADDED LINEARLY BY US.
FROM 'M2 AND R1 BELOW AND ASSUMING E-MU-TAU UNIVERSALITY.

W 8 23.0 9.0 6.0 PETERSON 82 CUSB E+E-,GAMMAS HADR
W F D 13.0 7.0 ANDREWS 83 CLEO E+E-,MU+MU-
W

9/83* W AVG 17.7 5. 1 AVERAGE

8/83*
9/83*

80 6AINIA ENER6Y IN UPSILON& 10355) DECAY (IIEV)

DM S 99.0 2.0 EIGEN 82 CUSB E+E-,? GAM L+L-
DIIII CD (99-5) (3 ' 2) HAN 8? CUSB E+E-, GAMMAS HADR
OM S 101.4 0.3 LEE-FRANZ 83 RVUE E+E-,GAMMAS HADR
DM

9/83*
9/83*
9/83* DM E

DM E
DM E

48 UPSILON&10355)-UPSILON&9460) MASS DIFFERENCE &NEV)

895.5 0 ' 6
EVALUATED BY US USING DIRECT MEASUREMENTS OF THE UPSILON&9460) AND
UPSILON(10355) MASSES ABOVE.

2/84*

DM AVG 101.3 3.3 AVERAGE
DM A SYSTEMATIC. ERROR OF 3 MEV FROM THE CUSB RESULTS HAS BEEN ADDED
DM LINEARLY BY US TO THE STATISTICAL ERROR ON THE AVERAGE.

DM S STATISTICAL ERROR ONLY.
DM D SYSTEMATIC ERROR ADDED LINEARLY BY US.
DM C SUPERSEDED BY LEE-FRANZINI 83.

OM A

DM D

DM D

DM

DM AVG

950.0
891 ~ 1
889.

30 ' 0
5 ' 7
6.

891 ~ 2 4. 1 AVERAGE

UENO 79 SPEC
ANDREWS 80 CLEO
BOHR INGER 80 CUSB

400 P PT P MU+MU
E+E-, HADRONS
E+E-, HADRONS

12/79
9/81
9/81

P1
P2

80 CHI/B(10255) PARTIAL OECAY NODES

CHI/B(10255) INTO UPSILON(9460) GAMMA
CHI/B(10255) INTO UPSILON(10025) GAMMA

DECAY MASSES
9460+ 0
10023+ 0

REFERENCES FOR CNI/B& 10255)

EI GEN 82 PRL 49 1616 +BOHRINGER, HERB+ (MPIM+COLU+CORN+STON+LSU)
HAN 82 PR L 49 1612 .+HORSTKOTTE, IMLAY+(COLU+STON+CORN+LSU+MP IM)

«**»***a»*«»*a» «a»a»a«*a «*»*a»**a a»a«a»a*a »a*a***a« *»a********»***a* P1
P2
P3
P4
P5
P6
P7

48 UPSILON&10355) PARTIAL DECAY NODES

UPSILON(10355) INTO
UPSILON(10355) INTO
UPSILON(10355) INTO
UP S I LON( 10355) I N TO
UPSILON(10355) INTO
UPSILON(10355) INTO
UPSILON(10355) INTO

MU+ MU-
E+ 'E-

PI+PI — UPSILON(9460)
PI+ PI- UPSILON(10025)
CHI/8(10270) GAMMA

CHI/B(10255) GAMMA

CH I/8( 10235) GAMMA

DECAY MASSES
106+ 106

~ 511+~ 511
140+ 140+9460

140+ 140+10023
10271+ 0
10254+ 0
10233+ 0

FIXING THE UPSILON(9460) MASS AT 9460 MEV AND THE
UPSILON(10025)-UPSILON(9460) MASS DIFFERENCE AT 558 MEV.
SYSTEMATIC ERROR ADDED LINEARLY BY US.

LEE-FRAN 83 EMS 83 CONF' LEE-FRANZINI
ALSO 83 CORNELL CONF. 284 P. MICHAEL TUTS

(COLU)
(COLU)

*»**a« a*a*a*a»* *»***a»*a**Ra»»a»a »»*»*a«** *aa****»aa**»*ak»a a»*a«»a»
«»*«a» *a«*«**«*a**a**»****»**»*a»«*»«*a«*a *a**a**»k«*»***»»» a*»a*a**

48 UPS ILON& 10355) PARTIAL llIDTHS &KEV)

bl2 UPSILON&10355) INTO &E+ E-)
M2 D S 0 ' 39 0.09
W2 D S 0 ' 35 0.06

M? AVG 0.362 0.050 AVERAGE

(62)
ANDREWS 80 CLEO E+E-, HADRONS
BOHRINGER 80 CUSB E+E-, HADRONS

W? D SYSTEMATIC ERROR ADDED LINEARLY BY US.
W2 S USING UPSILON(9460) PARTIAL MIDTH TO E+E- = 1.10 KEV

9/81
9/81
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For notation, see key at front of Listings. Meson s
T(10355) [T(3S)], T(10575) [T(4S)], K', K', K (892)

48 UPSILON(10355) BRANCNIN6 RATIOS

R1 UPSILON(10355) INTO (NU+ MU-)/TOTAL (P1)
R1 0 1096 0.033 0.02 ANDREWS 83 CLEO E+E-,MU+MU-

UPSILON(103553 INTOR3
R3
R3 0 1680 4 ' 9 1 ' 4
R3 F 22 5.6 2.0
R3
R3 AVG

(PI+PI- UPSILON(9460&&/TOTAL (P3)
(UN I TS 10**-2)

GREEN 8'2 CLEO E+E-,2PI MM/2MU
MAGERAS 82 CUSS E+E-, HADRONS

AVERAGE

8/83*
8/83*

R4 UPSILON(103553 INTO UPSILON(10025) PI+ PI-/TOTAL (P4)
R4 (UNITS 10**-2)
R4 G 5 3.1 3. 1 MAGERAS 82 CUSS E+E-,HADRONS 8/83*
R5 UPSILON(10355) INTO (CHI/B(10270) GANNA)/TOTAL (P5)
R5 0 ~ 127 0.041 LEE-FRANZ 83 RVUE E+E-,GAMMA HADR 12/83*

R6 UPSILON(10355) INTO (CHI/8(10255) SANNA)/TOTAL (P6)
R6 0. 156 0 ~ 042 LEE-FRANZ 83 RVUE E+E-,GAMMA HADR 12/83*

R? UPSILON(103553 INTO (CNI/B(10235) GANNA)/TOTAL (P7)
R7 0 ' 076 0.035 LEE-FRANZ 83 RVUE E+E-, GAMMA HADR 12/83*

aa*aaa a*a«a*«a« «aa*«**a* «***a«a«a ««a*a****a««a««aaa *«*«a*a«a «a«***«a
«««a«* a«***«a**«««aa««a« «*««««*«« a*««««*a* **a**«a*a*«*««**«*««*a«aaa

S=+1, C=O, B=O MESON STATES
«***a« «**«a**a« *a«***«aa «*««a«**« «**a****a«a«««*a*« a*aaa**aa **«««a«*
«*«***««*«*«««* ««*««««a* ««««*««** «*««a***« a«««««««« a««aa«««a **«««***

11 NEUTRAL K(498, JP 0-) I 1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

«««**« ***««a«a* *a*«*«*«**«***«««« a«««««««« *a*«*«**«a««a««««a «**««««*
«««a«* aa*«*«««* «««**«*a« **«*««««* «««a««««« *«***a«aa **«aa«***«*«««aa*

10 CHARGED K(494, JP~O-) I~1/2

SEE STASLE PARTICLE DATA CARD LISTINGS

**««*a aa««*a«aa aaaa««aaa ««««*«««a a««aa««a« ««««a«a*« «a*««*«a« *a«««aa«
a**«*a a*a««a««« «a«««a**a «a*a««aa* «*««**«*a «a***a«***«**a«a****«aa«aa

COBB
HERB
INNES

77 PL 72 B 273
77 PRL 39 252
77 PRL 39 1240

+ IWATA, FAB JAN, GOLDBERG+(BNL+CERN+SYRA+ YALE )
+HOM, LEDERMAN, APPEL, ITO, + (COLU+FNAL+STON)
+APPEL, BRO'WN, HERB, HOM, F ISK+(COLU+FNAL+STON)

KAPLAM 78 PRL 40 435
YOH 78 PRL 41 684

UENO 79 PRL 42 486

ANDREWS 80 PRL 44 1108
BOHR INGE 80 PRL 44 1111

GREEN 82 PRL 49 617
HAN 82 PRL 49 1612
MAGERAS 82 PL 118 B 453
PETERSON 82 PL 114 B 277

ANDREWS 83 PRL 50 807
ARTAMONO 83 PREPR. 83-84
LEE-FRAN 83 EMS 83 CONF.

+APPEL, HERB, HOM, LEDERMAN, + (STON+FNAL+COLU)
+HERBsHOMtLEDERMANtUENOt+ (COLU+FNAL+STON)

+BROWN, HERB, HOM, FISK, ITO, + (FNAL+COLU+STON)

+ (CORN+HARV+ ITHA+LEMO+ROCH+RUTG+SYRA+VAND)
BOHR INGER, COSTANTINI, F IMOCCHIARO(COLU+STON)

+ (RUTG+SYRA+VAND+CORN+ I THACA+HARV+OSU+ROCH)
+HORSTKOTTE, IMLAY+ (COLU+STON+CORN+LSU+MP IM)
+HERB, IMLAY+ (COLU+CORN+LSU+MPIM+STON)
+GIANNINI, LEE-FRANZINI+(COLU+STON+LSU+MPIM)

+ (CORN+ITHA+HARV+OSU+ROCH+RUTG+SYRA+VANO)
+BARU g BL I NOV J BONOAR BUK IN GROSHEV+ (NOVO)
LF E-FRANZ INI (COLU)

*«a«** a««*««««« «««**«««* a«a«**«aa a**««*««« *«««**««« ***««aa*« ««*«««*«
*a«**a ***a****a««*a«««*a a«**«««*« ««*«*««** a«*««*«a« a**«***«a*aa««*«a

T(10575)
( )

47 UpsILON&10575, Jps 1- & Ior 4

47 UPSILON(105?5) NASS (GEV)

M R (10.573) (0 ~ 004) FROM UPSILON(9460) MASS AND MASS DIFF. BELOW
M R REDUNDANT WITH DATA ON MASS DIFFERENCE BELOW.

R 0 SYSTEMATIC ERRORS ADDED LINEARLY BY US
R E ASSUMING THE BRANCHING RATIO OF UPSILON(9460) TO E+E- TO BE 0.025
R G ASSUMIMG THE BRANCHING RATIO OF UPSILON(10025) TO E+E- TO BE 0.016
««««a« a««*«**«a a**««**«« *****a«***««*a*«a« ***a««**a«**«««*a« «*«*«««a

REFERENCES FOR UPSILON(10355)

K (892)

M CHARGED ONLY. T
M W 1700 891.0
M D 620 891.
M 720 890 '
M 600 889.
M D 540 888 '
M D 341 892.0
M 1000 891.0
M 2886 894.
M 728 892.
M 3229 892 '
M 01027 892 '
M 4404 892. 2
M 0 765 894.2
M W 01150 894.3
M I 9000 (891.9)
M 1800 890.7
M 1225 886.6
M 6706 891 ~ 7
M X 895.3
M X 889.5
M 892 ~ 8
M 380 896 ' 0
M 187 886 ' 0
M 4100 891.0
M W D 800 890 ~ 0

W 03200 896.0
M W D3600 893.0

3700 891 ~ 7

M AVG 892 ' 08

18 Ka(892, JP~1-) I~ 'I/2

18 Ka(8923 NASS (NEV)

HIS IS WHAT APPEARS
1 ~ 2
2 ~ 3
3.0
3.0
2 ' 5
2 ' 6
2.0
1 ~ 0
2.
1.0
1 ~ 6
1.5
2.0
1.5

(0.7)
0 ~ 9
2.4
0 ' 6
4.0
4. 1
1.6
1 ~ 9
2.3
1.0
2 ' 3
1 ~ 1
1.0
2. 1

ON MESON
WO JC ICK I
DE BAERE
BARLOW
BARLOW
OE WIT
SCHWEINGR
CRENNELL
FR IEDMAN
FR I EOMAN
FR IEDMAN
FR IEDMAN
AGUILAR1
CLARK
CLARK
PALER
AGUILAR
BALAND
COOPER
MARTIN
MARTIN
A J INENKO
DELFOSSE
DELFOSSE
TOAFF
CLELAND
CLELAND
CLELAND
BARTH

TABLE
64 HBC
67 HBC
67 HBC
6/ HSC
68 HSC
68 HBC
69 DBC
69 HBC
69 HBC
69 HBC
69 HBC
71 HSC
73 HBC
73 HBC
75 HBC
78 HBC
78 HBC
78 HBC
78 SPEC
78 SPEC
80 HBC
81 SPEC
81 SPEC
81 HBC
82 SPEC
82 SPEC
82 SPEC
83 HBC

0.37 AVERAGE (ERROR INCLUDES S
(SEE IDEOGRAM BELOW)

WEIGHTED AVERAGE = 892. 08 +
ERROR SCALED BY 1.4

1.7 K-P(KO PI-)
3.5 K+P (KO P I+)
1.2 PBARP(KO PI )
1 2 PBARP(K PI )
3 ' 0 K-P
5.5 K-P(KO PI-)
3.9 K-N (KOPI —)
2. 1 K-P(KO PI-)

2.45 K-P(KO PI-)
2.6 K-P(KO PI-)
2.7 K-P(KO Pl-)
3.9,4.6 K- P

3.13 K-P(KO PI —)
3.3 K-P, P PI- KO

K-P, K*- X+.76 PB P, K KS PI
12 PB P, IMCLUSI V

~ 76 PB P, INCLUSV
10 K+-P, KS PI P
10 K+-P KS PI P
32 K+P
K+-P, K+- PIO P
K+-P, K+- PIO P
6.5 K-P, KO PI- P
30 K+P, KS PI+P
50 K+P, KS PI+P
50 K+P, KS PI-P
70 K+P, KO PI+ X

+-
+—
+—

GALE FACTOR OF 1.4)

12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/75
11/71
12/75
12/75
12/75
12/78
4/78
4/78

12/78
12/78
9/81
1/82
1/82
1/82
8/83*
8/83*
8/83*

12/83*

4? UPSILON(10575) WIDTH (NEV)

W D 19.8 10.5 ANDREWS 80 CLEO E+E-, HADRONS
W 12 ~ 6 6 ~ 0 FINOCCHIA 80 CUSS E+E-,HADRONS

W AVG 14.4 5.2 AVERAGE

W 0 SYSTEMATIC ERROR ADDED LINERALY BY US.

4? UPSILON(105?5)-UPSILON(9460) NASS DIFFERENCE (NEV)

DM 1112. 5 ~ ANDREWS 80 CLEO E+E-, HAORONS
OM D 1114. 7. FINOCCHIA 80 CUSS E+E-, HADRONS
DM ~ ~ ~ ~ ~ \ ~ ~

OM AVG 1112.7 4. 1 AVERAGE

DM 0 SYSTEMATIC ERROR ADDED LINERALY BY US.

47 UPSILON(10575) PARTIAL DECAY NODES

DECAY MASSES
P1 UPSILON(10575) INTO MU+ MU- 106+ 106
P2 UPSILON(10575) INTO E+ E- .511+~ 511

9/81
9/81

9/81
9/81

880 885 890 895
K'(892) MASS (MEV)

83
82
82
82
81
81
81
80
78
78
78
78
78
7Q
7$
71
69
69
69
69
69

R 68
68
67
67
67
64

BARTH
. CLELAND

Cl ELAND
CLELAND

-TOAFF
-DELFOSSE
DELFOSSE

- A J I NENKO
. MARTIN
MARTIN
COOPER

. BALAND

. AGUILAR
-CLARK
-CLARK
- AGU I LAR1
. FR IEDMAN
-FRIEDMAN

FR I EDMAN
-FRIEDMAN
-CRENNELL
-SCHWEING
- DE WI T
-BARLOW
-RARLOW
-DE BAERE
. WOjC ICK I

900 905

HBC
SPEC
SPEC
SPEC
HBC
SPEC
SPEC
HBC
SPEC
SPEC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC
HBC
HBC
HBC
HBC
HBC

CH I SQ
0. 00. 812. 70, 81.27. 04. 20. 20, 40. 60. 45. 22. 42. 2

0. 00. 00. 00. 03. 70. 30. 02. 71. 10. 5
00. 8

48. 6
(CONLEV
=0. 005)

C? UPSILON('10575) PARTIAL WIDTHS (KEV)

W2
W2
W2
W2
W2 AVG

UPSILON(10575) INTO (E+ E-)
S 0 ~ 21 0 ~ 07
S 0.28 0.08

0 ' 240 0.053 AVERAGE

(62)
ANDREWS 80 CLEO E+E-,HADRONS
FINOCCHIA 80 CUSS E+E-, HADRONS

AMDREWS 80 PRL 45 219
F I NOCC HI 80 PR L 45 222

+ (CORN+HARV+ ITHA+LEMO+ROCH+RUTG+SYRA+VAND)
F INOCCHIARO, G I ANNI NI, BOHR INGER, + (COLU+STON)

««a«a« ««a***«aa **««a*«a« ««««««««« «*«««**«« aa«««a««a *««**«««a a*««a«**
«««**a a««««««a« ««*«*«*a« ««a«****« **««««««* *«a«****a««***«*«« aaa««a««

W2 S USING UPSILON(9460) PARTIAL WIDTH TO E+E- = 1.10 KEV

«««**« aa*««*«** ««**«««a* «*«**«««a aaa«««*«« aa*«**a«a **«««a«aa «a«««**«

REFERENCES FOR UPSILON(10575)

9/81
9/81

M NEUTRAL ONLY.
M D1040 894.7
M 10K 893 ' 7
M W 4300 895.0
M D2934 897.9
M 05362 898.0
M D1700 898 ' 4
M 3186. 896.0
M C 894.0
M 10K 896.0

896.0
M C 896 '
M 3600 895 ' 5
M I 22K (897.1)
M 897 ' 6
M 1180 898.4
M P (895 7)
M 894 ~ 9
M C (892.8)
M 28K 897 '
M 894.6
M 5900 900 ' 7
M

M AVG 896.45

1 ~ 4
2. 0
1 ~ 0
1 ~ 1
0.7
1.3-
1 ~ 0
1 ~ 3
0 ~ 6
0 ~ 6
2 ~

1 ~ 0
(0.7)
0.9
1 ~ 4

(0.3)
1.6

(1-3)
1..8
1.1

DAUBER
DAVIS
HABER
AGUI LAR1
AGUI LAR1
BUCHNER
LEWIS
L INGL IN
FOX
FOX
MATISON
MCCUBBIN
PALER
BOWLER
AGUILAR
ESTASROOK
WICK LUND
LANG
EVANGELIS
ASTON
BARTH

67 HBC
69 HBC
70 DBC
71 HBC
71 HBC
72 DBC
73 HBC
73 HBC
74 RVUE
74 RVUE
74 HBC
75 HBC
75 HBC
77 OBC
78 HBC
?8 ASPK
78 ASPK
79 RVUE
80 OMEG
81 LASS
83 HBC

02 ' 0 K-P(K-PI+)
0 12. K+P(K+PI-)
0 3. K-N (K-PI+)
0 3.9, 4.6 K- P
0 3.9,4.6 K- P
04.6 K+ M, K+ PI-
02. 1-F 7 K+P
02-13 K+P, K+PI-
0 2 K-P, K-PI+M
0 2 K+N, K+PI-P
012 K+P, K+PI-
0 3 ' 6 K-P, K-PI+N
014.3 K-P, K*0 XO
05.4 K+D, K+PI-P P

0 .76 PS P, K KS PI
013 K+-P, K+-P I+-

0 3, 4, 6 PI+-PM
0
0 10 PI-P
0 11 K-PK- PI+ N

0 70 K+P, K+ PI- X

12/75
12/75
12/75
12/75
12/75
12/72
2/74

12/75
12/75
12/75
12/75
12/75
12/75
12/77
12/78
12/77
4/78
1/82
9/81
1/82

12/83*
0.37 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 6)
(SEE IDEOGRAM BELOW)
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Me sons
K'(692)

Data Card Listings

690 694 696 902
NEUTRAL K'(892) MASS (MEV)

-BARTH
-ASTON
-EVANGELIS
. WICKLUND
- AGU I LAR
-BOWLER
-MCCUBBIN
-MATISON

FOX
-FOX
. L INGL IN
- LEWIS

BUCHNER
. AGUILAR1

AGU I LAR1
HABER
DAV I S
DAUBER

I

906

CH I SQ
83 HBC 14. 9
81 LASS 5. 3
80 OMEG 0. 3
76 ASPK 0. 9
76 HBC 1.9
77 DBC 1, 6
75 HBC 0. 9
74 MBC 0. 1

74 RVUE 0. 6
74 RVUE 0. 6
73 HBC 3. 6
73 HBC 0. 2
72 DBC 2. 2
71 HBC 4.. 9
71 HBC 1.7
70 DBC 2. 1

69 HBC 1.9
67 HBC 1.6

45. 4

(CONLEV
=0. 000)

WEIGHTED AVERAGE = 696. 45 + 0. 37
ERROR SCALED BY 1.6

M NEUTRAL ONLY'
M D1040 44.
M D 10K 53 ?
W M D4300 54.0
M 2934 55.8

D5362 48 ' 5
M D1700 51.4
W D3186 46.0
W C (46 ' 5)
M 10K 47 ~

M 51 ~

W C (47. )
M 3600 48.
M I 22K (50.6)
M 48 ~ 9
M 1180 45.9
M P (52 ' 9)
M 51 ~ 2
M C (40.1)
M 28K 54.
W 49 ~ 8
M 5900 46 ' 5
M ~ ~ ~ ~

M AVG 50 ' 24

5 ' 5
2. 1
3 ' 3
4 ' 2
2 ' 7
5.0
3 ' 3

(1-5)
2 ~

2.
(3 ~ )3.
(2 ~ 5)

2 ' 5
4 ' 8

(0-4)
1 ~ 7

(6 ~ 0)
2 ~

1 ~ 2
4.3

0 ~ 65

3 ' 4

2 ~

DAUBER
DAVIS
HASER
AGUI LAR1
AGUI LAR1
BUCHNER
LEMI S
LINGLIN
FOX
FOX
MAT I SON
MCCUBBIN
PALER
BOWLER
AGUI LAR
ESTABROOK
WI CKLUND
LANG
EVANGEL I S
ASTON
BARTH

67 HBC
69 HBC
70 DBC
71 HBC
71 HBC
72 DBC
73 HBC
73 HBC
74 RVUE
74 RVUE
74 HBC
75 HBC
75 HBC
77 DBC
78 HBC
78 ASPK
78 ASPK
79 RVUE
80 OMEG
81 LASS
83 HBC

020K-P
0 12 ~ K+P(K+PI-)
0 3 ~ K-N (K-PIe)
0 3.9,4 ' 6 K- P
0 3 ' 9,4 ' 6 K- P
04 ' 6 K+ N, K+ PI-P
02 ~ 1-2.7 K+P
02-13 K+P, K+PI-
0 2 K-P, K-PI+N
0 2 K+N, K+PI-P
012 K+P, K+PI-
0 3.6 K-P, K-PI+N
014.3 K-P, K»0 XO
05.4 K+D, K+PI-P P

0 .76 PB P, K KS PI
0'13 K+-P, K+-PI+-

0 3,4, 6 PI+-PN
0
0 10 PI-P
0 11 K-P, K- PI+ N

0 70 K+P, K+ PI- X

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)

M C

M D

M I
M P
M

18 Ka(892& PARTIAL DECAY MODES

FRON POLE EXTRAPOLATION ~

WIDTH ERRORS ENLARGED BY US TO 4*GAMMA/SQRT(N). SEE TYPED NOTE.
INCLUSIVE REACTION. COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS
FROM PHASE SHIFT ANALYSIS OF 155000 EVENTS.
NUMBER OF EVENTS IN PEAK REEVALUATED BY US

12/75
12/75
12/75
11/71
12/75
12/72
12/75

1/74
12/75
12/75
12/75
12/75
12/75
12/77
12/78
12/77
4/78
1/82
9/81
1/82

12/83»

M C F'ROM POLE EXTRAPOLATION.
M D MASS ERRORS ENLARGED BY US TO GAMMA/SQRT(N). SEE TYPED NOTE ~

M I INCLUSIVE REACTION. COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS
M P FROM PHASE SHIFT ANALYSIS OF 155000 EVENTS.
M W NUMBER OF EVENTS IN PEAK REEVALUATED BY US
M X SYSTEMATIC ERROR ADDED

P1
P2
P3

K*(892) INTO K PI
K*(892) INTO K PI PI
K»(892) INTO K GAMMA

18 Ka(892) PARTIAL llIDTHS CKEV)

DECAY MASSES
494+ 140
494+ 140+ 140
494+ 0

NOTE GN K ($92) MASSES AND MASS DIFFER-
ENCES

V3
M3
M3
W3
M3 AVG

Ka(892) INTO CK SAMNA)
48.0 11.0
51.0 5.0

50.5 4.6 AVERAGE

C63)
BERG 83 SPEC — 156 K-A, K PI A 1/82
CHANDLEE 83 SPEC + 200 K+A, K PI A 9/83»

Unrealistically small errors are reported by some

experiments. We use simple "realistic" tests for the

minimum errors on the determination of mass and

width from a sample of N events:

18 K*(892) BRANCHINS RATIOS

R1 K*(892) INTO CK PI PI)/CK PI) cp2)/cp1)
R1 0 (0 ' 002)OR LESS MOJCICKI2 64 HBC — 1.7 K-P
R1 0 (0.0007)R LESS CL=0. 95 JONGEJANS 78 HBC 4 K-P, P KO 2PI 4/78

R2 Ka(892) INTO CK 6AINA)/TOTAL CUNITS 10*»-3) (P3)
R2 (1.6) OR LESS CL=. 95 BEMPORAD 72 CNTR + 10.-16. K+A, COUL '1/73
R2 1.5 0.7 CARITHERS 75 CNTR 0 8-16KOBAR A, COUL 12/75

a»a**a *a**a»a*a »»**a**a*»**»*»a**a»a*a*a** a»a»a»a»a ******a**aaaaaaaa

;„(m)=, 5,„(1')= 4

(For a detailed discussion, see the 1971 edition of this

note. ) We consistently increase unrealistic errors before

averaging.

18 K»CO) — Ka(+-) MASS DIFF. CMEV)

ALSTON 61 PRL 6 300

ALEXANDE 62 PRL 8 447
COLLEY 62 CERN CONF 315

CHADMICK 63 PL 6 309
GOLDHABE 63 ATHENS CONF 92

MOJCICKI 64 PR 135 8 484

ADELMAN 65 ATHENS 527
FERRO-LU 65 NC 36 1101
FERRO-LU 65 NC 39 417
GELSEMA 65 THESIS
MANGLER 65 PR 137 8 414

STANLEY G MOJC ICKI (LRL)

STUART LEE AOELMAN (CAVENDISH)
FERRO-LUZZI, GEORGE, HENRI, JONGEJANS &CERN)
FERRO-LUZZI, GEORGE, GOLDSCHMIDT-CLER+ (CERN)
E.S.GELSEMA (SEE ALSO PL 10 341)(AMSTERDAM)
MANGLER, ERMIN, WALKER (WISCONSIN)

REFERENCES FOR Ka(892)

ALSTON, ALVAREZ, EBERHARD, GOOD, GRAZIANO+(LRL)

ALEXANDER, KALBFLEISCH, MILLER, G SMITH (1.RL)
D COLLEY, N GELFAND + (COLUMBIA+RUTGERS)

CHADMICK, CRENNELL, DAVIES, BETTINI+(OXF+PADO)
SULAMITH GOLDHABER (LRL)

D W 283 6 ~ 3 4 ~ 1
D SD1400 (6 5) (5 0)
D SD 1600 (9 ~ 5) (5 ~ 0)
D 7338 5 ' 7 1 ' 7
D 2980 7 ' 7 1 ' 7

D AVG 6 ' 7 1.2

BARASH 67 HBC
FICENEC1 68 HBC
FICENEC2 68 HBC
AGUILAR1 71 HBC
AGUI LAR 78 HBC

AVERAGE

0 PBAR P
1 ~ 3 K- P
2 ' 7 K- P

-0 3 ' 9,4 ' 6 K- P
+ 76 PB PgK KS PI

18 Ka(892) MIDTN CNEV)

D D MASS ERRORS ENLARGED BY US TO GAMMA/SQRT(N). SEE TYPED NOTE.
D S DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED
D W NUMBER OF EVENTS IN PEAK REEVALUATED BY US

12/75
12/75
12/75
11/71
12/78

BARASH 67
BARLOW 67
BOMSE 67
CONFORTO 67
DAUBER 67
DE BAERE 67
FRENCH 67
GEORGE 67
SALLSTRO 67

PR 156 1399
NC 50 A 701
PR 158 1298
NP 83 469
PR 153 1403
NC 51 A 401
NC 42A 442
NC 49A 9
NC 49A 348

DE W I T 68 THES I S
FICENEC1 68 PR 169 1034
FICENEC2 68 PR 175 1725
KANG 68 PR 176 'l587
SCHMEING 68 PR 166 1317

S. DE WIT
+HULSIZER+SMANSON+TROWER
FICENEC, GORDON, TROMER
Y.M. KANG
SCHME INGRUBER, DERRICK, F I ELDS+

(AMSTERDAM)
(ILL)

( ILL INOI S)
(

IOWA�)

(ANL+NWES)

BARASH, KIRSCH, MILLER, TAN (COLUMBIA)
+MONTANET, D-ANDLAU+ (CERN+CDEF+IRAD+LIVP)
+BORENSTE IN+COLE+GILLESPIE+ ( JOHN HOPKINS)
+MARECHAL, MONTANET+CERN+CDEF+ IPN+L I VERPOOL
+SCHLE IN, SLATER, T ICHO (UCLA)
+GOLDSCHMIDT-CLERMONT, HENRI+ (BRUX+CERN)
+KINSON+MCDONALD+RIDD IFORD+ (CERN+BIRN)
+GOLDSCHMIOT-CLERMONT+HENR I+ (CERN+BRUX)
SALLSTROM+OTTER+EKSPONG (STOCKHOLM)

S WHAT
5 ~ 0
9 ' 0
9 ' 0
9 ' 0
8.0
4 ' 0
7 ' 33.2
6. 1
3 ' 3
6.7
5.7
2 ' 2)
3 ' 6
8.4
2 ' 5
2 ' 3
5.6
3.83.9
2.0
9 ~ 2
4.4
4 ' 0
7 ~ 1

0 ~ 95

M CHARGED ONLY. THIS I
W M O1700 46.0
W D 620 56 ~ 0
M 720 43.
M D 600 53.
W D 540 44 0
M D2886 53.
W D 728 49 '
M D3229 46 '
W D1027 49.
W D4404 54.3
M D 765 46.3
M W D1150 48.2
M I 9000 (52 ~ 1) (
W 1800 45 ' 8
W 1225 43.0
W D6?06 52.0
M 50 ' 9
M 50 ' 5
M 380 62.6
M 187 50 5
M 4100 51 ~ 0
M W D 800 64.0
W M D3200 62.0
M M D3600 55 ' 0
M 3700 42.8

M AVG 51.26

APPEARS ON MESON
WOJCICKI
DE BAERE
BARLOM
BARLOM
DE MI T
FR IEDMAN
FR IEDMAN
FRIEDMAN
FR IEDMAN
AGUI LAR1
CLARK
CLARK
PALER
AGUI LAR
BALAND
COOPER
MARTIN
A J INENKO
DELFOSSE
DELFOSSE
TOAFF
CLELAND
CLELAND
CLELAND
BARTH

TABLE
64 HBC
67 HBC
67 HBC
67 HBC
68 DBC
69 HBC
69 HBC
69 HBC
69 HBC
71 HBC
73 HBC
73 HBC
75 HBC
78 HBC
78 HBC
78 HBC
78 SPEC
80 HBC
81 SPEC
81 SPEC
81 HBC
82 SPEC
82 SPEC
82 SPEC
83 HBC

1.7 K-P(KO PI-)
3.5 K+P(KO PI+)

1.2 .PBARP(KO PI)
1 ' 2 PBARP(K PI)
3 ~ K- D

2. 1 K-P(KO PI-)
2.45K-P(KO PI-)
2.6 K-P&KO PI-)
2.7 K-P(KO PI-)
3.9,4.6 K- P

3.13K-P, P P I- KO
3.3 K-P, P PI- KO
14.3 K-P, K»- X+.76 PB P, K KS PI
12 PB P, INCLUS IV
~ 76 PB P, INCLUSV
10 K+-P, KS P I P
32 K+P
K+-P, K+- PIO P
K+-P, K+- PIO P
6.5 K-P, KO PI — P
30 K+P, KS PI+P
50 K+P, KS PI+P
50 K+P, KS PI-P
70 K+P, KO PI+ X

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)

12/75
12/75
12/75
12/75
12/75
12/? 5
12/75
12/75
12/75
12/75
12/75
12/75
12/75
12/78
4/78
4/78

12/78
9/81
1/82
1/82
1/82
8/83»
8/83»
8/83»

12/83»

CRENNELL 69
DAV I S 69
DE BAERE 69
FRIEDNAN 69
JUHALA 69
L I NO 69

PRL 22 487
PRL 23 1071
NC 61 A 397

UCRL-18860
PR 184 1461
NP 8 14 1

AGUI LAR 71
AGUI LAR'I 71
BARNHAM 71
BUCHNER 71
CORDS 71
MERCER 71
YUTA 71

PRL 26 466
PR D 4 2583
NP 8 28 171
NP 8 29 381
PR D 4 1974
NP 832 381
PRL 26 1502

ABRAMOVI 72 NP
8 I NG HAM 72 NP
BEMPORAD 72 NP
BRUNET 72 NP
BUCHNER 72 NP
CRENNELL 72 PR
DEUTSCHM 72 NP
ENGELMAN 72 PR
ROUGE 72 NP
TI ECKE 72 NP

8 39 189
8 41 1
8 51 1
8 37 114
8 45 333
D 6 1220
8 36 373
D 5 2162
8 46 29
8 39 596

ATHERTON 70 NP 8 16 416
HABER 70 NP 8 17 289

+KARSHON, LA I,ONEALL, SCARR (BNL)
+DERENZO, FLATTE, ALSTON, LYNCH, SOLMITZ (LRL)
+GOLDSCHMIDT-CLERNONT, HENRI, + &BELG+CERN)
J.FRIEDMAN, PH. D ~ THESIS (LRL)
+LEACOCK, RHODE, KOPELMAN, LIBBY,+ ( ISU+COLO)
+ALEXANDER, FIRESTONE, FU, GOLDHABER (LRL) JP

FFRANEK g FRENCHY FRISKY BEDNAR+ (CERN+PRAG )
+SHAPIRA, ALEXANDER+ (REHO+SACL+BGNA+EPOL)

+BARNES, BAS SANO, E I SNER, K I NSON, SAMIOS (BNL )
+E I SNER, K IN SON (BNL )
+COLLEY, JOBES,GRI FF ITHS, HUGHES, +(8 IRM+GLAS)
+DEHM, GOEBEL, GOLDSCHMIDT, + (MPIM+CERN+BELG)
+CARMONY, ERMIN, ME IERE, + &PURD+UCD+IUPU)
eANTI CH, GAL LAHAN, CHIEN, COX, + ( JOHN HOPK INS)
+DERRICK, ENGELMANN, MUSGRAVE (ANL+EFI)

ABRAMOVICH, CHALOUPKA, CHUNG, HILPERT, + (CERN)
+ ( INTERNATIONAL K+ COLLABORATION)
+BEUSCH, FREUDENRE ICH, + (CERN+ETH+LOIC)
+DANYSZ, GOLDSACK, + (COEF+SACL+LOIC+LOMC)
+OEHM, CHARRIERE, CORNET, + (MPIM+CERN+BRUX)
eGOROON, KMAN-MU LA I, SCARR (BNL)
DEUTSCHMANN, + (ABCLV COLLABORATION)
ENGELMANN, MUSGRAVE, FORNAN, + (ANL+EF I )
+VIDEAU VOLTE gDE BRIONg+ (EPOL+SACL)
+GRI JNS, HEINEN, DE GROOT, + (NI JM+AMST)

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



Particle Data Group: Review of particle properties 8195

For notation, see key at front of Listings. MeSOns
K (892), Q(1280) [Q,]

BERTHOH 73
CHARR I ER 73
CLARK 73
LEWI S 73
L I NGL IN 73
MALUCH 73

NP 8 63 54
NP 8 51 317
NP 8 54 432
NP 8 60 283
NP 8 55 408
PR D 8 2837

+MONTANET, PAUL, BERTRANET, + (CERN+SACL)
CHARRIERE, DRIJARO, DE BAERE, + &CERN+BELG)
+LYONS, RADOJICIC &OXFORD)
+ALLEN, JACOBS, DANYSZ, BORG, +(LOWC+LOIC+CDEF)
D. LINGL IN (CERN)
+FLATTE, FRIEDMAN (LBL)

FOX 74 NP 880 403
MATISON 74 PR D9 1872

BRANDENB 75 PL 59 8 405
CAR I THER 75 PR L 35 349
MCCUBBIN 75 NP 886 13
PALER 75 HP 896 1

G. C. FOX, MAL. GRISS (CIT)
+GALT IER I, GARN JOST, FLATTE, FR IEDMAN, + (LBL)

BRAHDENBURG, CARNEGIE, CASHMORE, DAVIER+(SLAG)
CARI THERS, MUHLEMANN, UNDERWOOD, + (ROCH+MCGI )
N ~ A. MCCUBB IN, L ~ LYONS (OXF)
+TOVEYg SHAH SPIRO CHAURAND+(RHEL+SACL+EPOL)

KIRK 76 NP 8 116 99 +KLEIN, COUNIHAN, +(AACH+BERL+CERH+LOIC+WIEN)

BOWLER 77 NP 8 126 31 +DAINTON, DRAKE, MILL IAMS (OXFORD)

PRODUCED BY K-, BACKWARDS SCATTERING, HYPERON EXCHANGE
700 1275.0 10 ' 0 GAY I LLET 78 HBC +

PRODUCED BY K BEAMS
(1260. )
(1234. ) (12. )
& 1300.) APPROX.

E ( 1289.0) (25 ' 0)
(1270.0) APPROX'
(1300.0) APPROX'
1270. 10 '

T (1276 ' 0) APPROX

DAVIS
FIRESTONE
BRANDENB
CARNEGIE
OTTER
VERGEEST
DAUM
TORNQVIST

72 HBC +
72 DBC +
76 ASPK +-
77 ASPK +-
76 HBC
79 HBC +-
81 CNTR
82 RVUE

E FROM A MODEL DEPENDENT FIT WITH GAUSSIAN BACKGROUND
E BRANDENBURG 76 DATA'
T FROM A UNITAR IZED QUARK MODEL CALCULATION

12. K+ P
12. K+ D

13 K+-P, (KPIPI)P
13 K+-P, P KPIPI
10-14-16K-P
4.2 K-P, K PI PI
63 K-P, K 2P I P

TO

12/72
2/73

12/75
12/77
12/77
12/79

1/82
9/83»

4. 2 K-P, XI-KP IP I 4/78

AGUI LAR 78
BALAND 78
BALD I 78
COOPER 78
ENGELEN 78
ESTABROO 78

ALSO 78
JONGEJAN 78
MART IN 78
WICKLUND 78
LANG 79

NP 8 141 101
NP 8 140 220
NP 8 134 365
NP 8 136 365
NP 8 134 14
NP 8 133 490
PR D 17 658
NP 8 139 383
NP 8 134 392
PRD 17 1197
PR D 19 956

+FERNANOEZ, COOPER, + (MAOR+TIFR+CERN+CDEF)
+GRARD, JOHNSON, + (MONS+BELG+CERN+LOIC+LALO)
+BOHRINGER, DORSAZ, HUNGERBUHLER+ &GEVA)
+GURTU, DOBRZYNSKI, + (TIFR+CERN+CDEF+MADR)
+JONGEJANS, HEMINGWAY, + (NIJM+ZEEM+CERN+OXF)
ESTABROOKS, CARNEGIE, + (MONT+CARL+DURH+SLAC)
ESTABROOKS, CARNEGIE+ (MONT+CARL+DURH+SLAC)
JONGEJANS, CERRADA, + (ZEEM+CERN+HIJM+OXF)
+SHIMADA, BALDI, BOHRIHGER, DORSAZ+(DURH+GEVA)
+AYRES, DIEBOLD, GREENE, KRAMER, PAMLICKI (ANL)
C. B.LANG, A. MAS-PARAREDA (GRAZ)

28 QC 1280& WIDTH CIIEY&

PRODUCED BY BEAMS OTHER THAN K MESONS
127 ' 0 7.0 25 ' 0 ASTIER 69 HBC 0 PBAR P 9/69

45 (60. ) CRENNELL 67 HBC 0 6 PI — P 7/67
40 (60. ) CRENNELL 72 HBC 0 4.5PI-P, LK2PI 12/72

310 (66. ) (15.) RODEBACK 81 HBC 4 PI-P, LAM K 2P I 1/82
PRODUCED BY K-, BACKWARDS SCATTERING, HYPERON EXCHANGE

700 75.0 15.0 GAVILLET 78 HBC + 4 ~ 2 K-P, XI-KPIPI 4/78

AJINENKO 80 ZPHY 5 177
EVANGELI 80 NP 8 165 383

ASTON 81 PL 106 8 235
BERG 81 PL 98 8 119
DELFOSSE 81 NP 8 183 349
TOAFF 81 PR D 23 1500

+BART H, DU JARD IN, + (SERP+L I BH+MONS+SACL )
+ (BAR I+BONN+CERN+DARE+GLAS+LI VP+MILA+MIEN)

+CARNEGIE, DUNWOODIE, DURKIN+(SLAC+CARL+OTTA) JP
+CHANDLEE, SIEL, HEPPELMAHN, +(ROCH+FNAL+MINN)
+GUI SAN, MARTI N, MUHLEMANN, WE ILL, +(GEVA+LAUS )
+MUSGRAVE, AMMAR, DAVIS, ECKLUND, + (ANL+KANS)

PRODUCED BY K BEAMS
(120.)
(188.) (21.)
(200. ) APPROX.

E (150.00} (71.0)
( 150 ' 0) APPROX.

90 ' 8.
M E SEE NOTE E ABOVE.

DAVIS
FIRESTONE
BRANDENB
CARNEGIE
VERGEEST
DAUM

72 HBC
72 DBC
76 ASPK
77 ASPK
79 HBC
81 CNTR

+ 12. K+ P
+ 12. K+ D
+- 13 K+-P, (KPIPI )P
+- 13 K+-P, P KP IP I
+- 4.2 K-P, K PI PI

63 K-P K 2P I P

12/72
12/75
12/75
12/77
12/79

1/82

CLELAND 82 NP 8 208 189 +DELFOSSE, DORSAZ, GLOOR(DURHaGEVA+LAUS+PITT)

BARTH 83 NP 8 223 296 +DREVERMAHN+&BRUX+CERN+GENO+MONS+NIJM+SERP)
SERG 83 THESIS D ~ BERG (ROCH)
CHANDLEE 83 COO 3065 354 +BERG, CIHANGIR, COLLICK+ (ROCH+FNAL+MINN)

aaaaaa aaa*aaaaa «a«a*a*a* «aaa*aa** *a«a*a*a* aaa«*«*a« **aaaaaa* a«*a«a*a
*«*a«* a«a«*a«*a a«*a«****«a«a*a»«a ***«a«*a***««a****«*a***«a« a**«a«a*

Q(1280) z8 QC128o, JP 1+) I 1/2

Ol' Qi

P1
P2
P3
P4
P5
P6
P7
P8

Q(1280)
Q(1280)
Q(1280)
Q(1280)
Q( 1280)
Q(1280)
Q ( 1280)
Q( 1280)

28 QC 1280) PARTIAL DECAY NODES

INTO K*(892) PI
INTO K RHO
INTO K P I
INTO K ETA
INTO K OMEGA
INTO K PI PI
INTO KAPPA(1350) PI
INTO K EPSILON&1300)

DECAY MASSES
892+ 140
498+ 769
498+ 140
498+ 549
498+ 783
498+ 140+ 140

1350+ 140
498+ 1300

NOTE ON THK Q(1280) AND Q(1400)

We no longer use the subscripts 1 and 2 on the Q
states.

Since all the recent high-statistics experiments inves-

tigating the partial-wave contents of the Kxm system dif-

fractively produced on protons (BRANDENBURG 76,
OTTER 76, VERGEEST 79, DAUM 81) give consistent

evidence for the existence of two strangeness-one axial

vector mesons, we have split the "Q region" entry into

two entries: one for the Q(1280) resonance, with a mass

around 1280 MeV, a width of the order of 100 MeV,
and coupled mainly to the Kp channel; and another one

for the Q(1400) resonance, with a mass around 1400
MeV, a width of the order of 180 MeV, and coupled

mainly to the K (892)~ channel.
Notice that, whereas both Q(1280) and Q(1400) are

produced in diffractive processes, the nondiffractive

reactions (ARMENTEROS 64, CRENNELL 67,72,
ASTIER 69, GAVILLET 78, ETKIN 80, RODEBACK
81, BAUBILLIER 82) select preferentially the produc-

tion of one of the two states.

28 Q(1280& PARTIAL WIDTHS (HEY&

M1
W1
M1
M1
W1

Q(1280& INTO Ka(892& PI
2 ~ 0 2. 0

14.0 11.0
AVG 2 ' 4 2 ' 0 AVERAGE

(61)
CARNEGIE1 77 ASPK +- 13 K+-P, (KPIPI )P 12/78
MAZZUCATO 79 HBC + 4. 2 K-P, XI-KPIPI 12/79

M2
M2
M2
M2
M2

Q(1280& INTO K RHO
75 ' 0 6.0
57.0 5.0

AVG 64.4 8.9

(62)
CARNEGIE1 77 ASPK +- 13 K+-P, (KPIPI )P 12/78
MAZZUCATO 79 HBC + 4.2 K-P, XI-KPIPI 12/79

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3)

M5
W5
M5
W5
M5

QC1280& INTO K OME6A
24. 0 3.0
4.0 4.00

AVG 16 ~ 8 9.6

(65&
CARNEGIE1 77 ASPK +- 13 K+-P, (KPIPI )P 12/78
MAZZUCATO 79 HBC + 4. 2 K-P, XI-KPIPI 12/79

AVERAGE &ERROR INCLUDES SCALE FACTOR OF 4.0)

W8
W8

QC 1280& INTO KAPPAC 1350& PI (67&
26.0 6.0 CARNEGIE1 77 ASPK +- 13 K+-P, (KPIPI)P

QC 1280& INTO EPSILON(1300) K (68)
22 ' 0 5.0 CARNEGIE1 77 ASPK +- 13 K+-P, (KPIPI )P

12/78

12/78

R1
R1

R2
R2
R2

R3
R3

R5
R5

R6
R6

28 Q( 1280& BRANCHIN6 RATIOS

Q(1280& INTO Ka(892) PI (P1&
F 0 ~ 16 0.05 DAUM 81 CNTR 63 K-P, K 2PI P

QC 1280& INTO K RHO (P2&
F 0.42 0 ' 06 DAUM 81 CNTR 63 K-P, K 2PI P

DOMINANT RODEBACK 81 HBC 4 PI-P, LAM K 2P I

QC1280& INTO K OMEGA (P5)
F 0 ~ 11 0.02 DAUM 81 CNTR 63 K-P, K 2PI P

QC 1280& INTO KAPPAC 1350& PI CP7)
F 0.28 0.04 DAUM 81 CNTR 63 K-P, K 2PI P

QC1280) INTO K EPSILONC1300& (P8&
F 0.03 0.02 DAUM 81 CNTR 63 K-P, K 2P I P

QC1280& INTO CK OMEGA)/(K RHO& (P5)/CP2)
(0.30) OR LESS CL=.95 RODEBACK 81 HBC 4 PI-P, LAM K 2PI

1/82

1/82
1/82

1/82

1/82

1/82

1/82

R9
R9

D/S RATIO FOR QC1280& INTG K*(892& PI
F 1 ~ 0 0.7 OAUM

F AVERAGE FROM LOW AND HIGH T DATA.

81 CNTR 63 K-P, K 2PI P 1/82

a«**a« a*a*«a**a *a«a«**a« a**a«a«a* aaaaaaa*a «a*****a« a«a«a«a»a a«a«a**a

REFERENCES FOR QC1280)

28 QC 1280) MASS (MEY&

CRENNELL
CRENNELL
RODEBACK

PRODUCED BY BEAMS OTHER THAN K MESONS
M A 1242.0 9 ~ 0 10.0 ASTIER
M A THIS IS THE C MESON.
M 45 (1300~ )
M 40(1300.)
M 310(1294.) (10.)

69 HBC

67 HBC
72 HBC
81 HBC

0 PBAR P 9/69

0 6 PI- P, LK2PI 7/67
0 4. 5P I-P, LK2P I 12/72

4 PI-P, LAM K 2PI 1/82

ARMEHTER 64 DUBNA CONF 1 577
ALSO 64 DUBNA CONF 1 617

ARMENTER 64 PL 9 207
ALSO 66 PR 145 1095

ALME IDA 65 PL 16 184

SHEN 66 PRL 17 726
ALSO 66 PRIVATE COMM.

ARMENTEROS, EDWARDS, D-ANDLAU + &CERN+CDEF)
R ARMENTEROS (RAPPORTEUR)
ARMENTEROS, EDWARDS, D-ANDLAU, + (CERN+CDEF)
BARASH, K IRSCH, MILLER, TAN (COLUMBIA)

ALMEIDA, ATHERTON, BYER, DORNAN, FORSON+ (CAVE)

+SUTTERMORTH, FU, GOLDHABERS, TRILLING (LRL)
GERSON GOLDHABER (LRL)
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Me sons
Q(1280) [Q,], L(1350)

Data Card Listings

BASSOMPI 67 PL 268 30 BASSOMP I ERRE, GOLDS CHMI DT+ (CERN+BRUX+8 I RM ) I JP
BERLINGH 67 PRL 18 1087 BERLINGHIERI+FARBER+FERBEL+FORMAN (ROCH) I JP
CRENNELL 67 PRL 19 44 +KALB FLE I SCH 2 LA I SCARR / SCHUMANN (BNL)I
DE BAERE 67 NC 49A 374 +DEBAIS IEUX+FAST+F ILIPPAS+ (CERN+BRUX)

ALSO PRIVATE COMMUNICATION BY B. JONGE JANS
GOLDHABE 67 PRL 19 976 G ~ GOLDHABER (l BL)

BARTSCH 68 NP 88 9
BOMSE 68 PRL 20 1519
DENEGR I 68 PRL 20 1194

+COCCON I, + (AACH+BERL+CERN+LOIC+VI EN)
+BORENSTE IN, CALLAHAN, COLE, COX, + ( JOHNHOPK) 1+
+CALLAHAN+ETTL INGER+GILLESPIE+ ( JOHNHOPK) 1+

ALEXANDE
ANDREMS
ASTIER
BARBARO
BETT IN I
BISHOP
CHIEN
CHUNG
COLLEY
ERWIN
FRIEDMAN
WERNER

69 NP 8 13 503
69 PRL 22 731
69 NP 8 10 65
69 PRL 22 1207
69 NC 62 A 1038
69 NP 8 9 403
69 PL 298 433
69 PR 182 1443
69 NC A 59 519
69 NP 8 9 364
69 UCRL-18860
69 PR 188 2023

G. ALEXANDER, FIRESTONE, GOLDHABER, + (LRL)
+l ACH LUDLAMP SANDWE ISS / BERGER + (YALE+LRL)
+MARECHAL, MONTANET, + (CDEF+CERN+IPNP+LIVP) I JP
BARBARO-GALTIERI, DAVIS, FLATTE, + (LRL)
+CREST I L IMENTANI / BERTAUZA 8 I G I+ (PADO+P I SA ) I
eGOSHAW, ERWIN, WALKER (MISC)
+MALAMUD, MELLEMA, RUDNICK, SCHLEIN+ (UCLA)
+E I SNER+BAL I+LUERS (8NL )
+EASTWOOD, + (8 IRM+Gl. AS+ LOI C+MP I M+OX F+RHEL )
+WALKER, GOSHAW, WEINBERG (WISC+PRIN+VAND)
J.FRIEDMAN, PH. D. THESIS (LRL)
+AMMAR, DAVIS, KROPAC, YARGER, CHO, + (NWES+ANL) 1+

BARNHAM 71 NP 825 49
DENEGRI 71 NP 8 28 13
FORMAN 71 PR D 3 2610
GAR F I NKE 71 PR L 26 1505

+COLLEY, GRIFF ITHS, ALPER, + (8IRM+GLAS+OXF)
+ANTI CH, CALLAHAN, CARSON, CHIEN, COX, + ( JHU) 1+
eGELFAND 2 LEARY/ MOSER/ SE IDL / WOLF SON (EF I )
GARF INKEL, HOLLAND, CARMONY, LANDER+(PURD+UCD) 1+

ANDERSON 72
BINGHAM 72
BRANDENB 72
BRANDENB 72
CRENNELL 72
DAVIS 72
F IRESTON 72
F IRESTON172
FRAT I 72
HAATUFT 72

PR D 6 1823
NP 8 48 589
NP 8 45 397
PRL 28 932
PR D 6 1220
PR D 5 2688
PR D 5 505
NP 8 47 348
PR D 6 2361
NP 8 48 78

+FRANKL IN, GODDEN, KOPELMAN, L IBBY,TAN & COLO)
+EISENSTEIN, GRARD, HERQUET, + (CERN+BRUX)
BRANDENBURG, BRODY, JOHNSON, LEITH, LOGS+(SLAC)
BRANDENBURG, JOHNSON, LEITH, LOOS, LUSTE+(SLAG)
eGORDONPKWAN-WU LAI, SCARR (BNL)
+ALSTON, BARBARO, FLATTE, FRIEDMAN, LYNCH+(LBL)
FIRESTONE, GOLDHABER, LISSAUER, TRILLING (LBL)
A. F IRESTONE (CIT)
+HALPERN, HARGIS, SNAPE, CARNAHAN, +(PENN+CINC)
+ARNOLD, HAGUENAUER, + (BERG+STRB+EPOL+MADR)

BARLOUTA
BING HAM

DE JONGH
JONES
LEMI S
WERNER

73 NP 8 59 374
73 NP 8 52 31
73 NP 8 58 110
73 NP 8 52 383
73 NP 8 60 283
73 PR D 7 1275

+DREV ILLON, SHAH, + (SACL+EPOL+RHEL) JP
+FARWEL, + &LBL+ORSAY+BNL+SACLAY+MILAN) JP
+CORNET, CHARRIERE, + (BRUX+MONS+CERN+MPIM)
G. T. JONES (CERN) JP
+ALLEN, JACOBS, DANYSZ, BORG, +(LOMC+LOIC+CDEF)
+SLATTERY, FERBEL (ROCHESTER)

ANGELOPO 74 NC 20A 49
BOMLER 74 NP 874 493
DAVIDSON 74 PR D9 77
DEUTSCHM 74 PL 498 388

ANGELOPOULOS, F ILIPPAS+(ATHU+ATEN+LIVP+VIEN) JP
+DA IN TON, KADDOURA, A ITCH I SON (OXF )
+CHAPMAN, GREEN, LYS, ROE (MICH)
DEUTSCHMANN, + (AACH+BERL+CERN+LOIC+VIEN) JP

ANTI POV 75
BOWLER 75
DORE 75
DREVILLO 75
DUNWOODI 75
OTTER1 75
OTTER2 75
OTTER3 75
TOVEY 75

NP 886 381
NP 897 227
LNC 13 265
PL 55 8 245
NP 891 189
NP 884 333
NP 893 365
NP 896 29
NP 895 109

+ASCOL I,BUSNELLO, KI ENZLE+ (SERP+CERN+ ILL) JP
+GAME, A ITCH I SON, DA I NTON (OXF+DARE)
+GU I DON I, LAAKSO, MAR IN I, CONFORTO+ (ROMA+RHEL )
DREVILLON, BORENSTEIN+ (EPOL+BOHR+CDEF) JP
DUNMOODIE, GRANT+ (CERN+BELG+MONS+MPIM) JP
+ (AACH+BERL+CERN+LOIC+VIEN+ATHU+ATEN+LIVP) JP
+RUDOLPH, RUMPF+ (AACH+BERL+CERN+LOIC+VIEN) JP
eRUDOLPH, SEYFERT+(AACH+BERL+CERN+LOIC+VIEN) I, JP
+HANSEN, BORENSTEIN, BORG+ (RHEL+EPOL+SACL) I, JP

ABRAMS 70 PR D 1 2433 +EISENSTEIN, K IM, MARSHALL, O-HALLORAN, + (ILL)
ANTI CH 70 NP 8 20 201 +CARSON, CHIEN, COX, DENEGRI, ETTLINGER, + ( JHU) 1+
BOWLER 70 PL 31 8 318 M. G. BOWLER (OXFORD)
FARBER 70 PR D 1 78 +FERBEL, SLATTERY, YUTA (ROCH) 1+.

tion in the region of the K (892) has been ruled out con-

clu»vely (MATISON 72,74, GALTIERI 73, BOWLER
77, ESTABROOKS 78).

The first inelastic two-body threshold is Kg, which,

however, is very weakly coupled to the «(1350), in
accordance with the SU(3) prediction for the «(1350)K21

coupling.
In the energy range 1350-1450 MeV, the phase shift

exhibits rapid motion (BOWLER 77, ESTABROOKS
78, MARTIN 78), which has been taken as an indica-

tion of a «resonance at 1500 MeV (ESTABROOKS 79).
However, the phase-shift behavior can also be under-

stood as a cusp effect due to the nearby Kg' threshold at
145S MeV (TORNQVIST 82). Above this energy the

inelasticity due to Kg' is important. The phase shift can

be fitted up to about 1500 MeV in a unitary coupled-

channel analysis with proper analytic structure with one

resonance, the «(1350), without background

(TORNQVIST 82). This supports earlier interpretations

(FIRESTONE 71,72, FRATI 72, ROUGE 72, CORDS
73, LAUSCHER 75, MORGAN 75, ENGELEN 78,
ASTON 81) that this «mass is indeed where 60 passes

through 90 .
At still higher energies some evidence for a second

scalar resonance exists (ASTON 81).
BASDEVAN
BOAL
BOWLER
BRANDENB
OTTER
VERGEEST

76 PRL 37 977
76 PR D 14 2998
76 JPG 3 775
76 PRL 26 703
76 NP 8 106 77
76 PL 62 8 471

CARNEGIE 77 NP 8 127 509
CARNEGIE177 PL 8 68 287

BASDEVANT, BERGER (FNAL+ANL)
eEDWARDS, KAMAL, TORGESON (ALBERTA)
MUG. BOMLER (OXFORD)
BRANDENBURG, CARNEGIE, CASHMORE, DAVIER+(SLAG)
+ (AACH+BERL+CERN+LOIC+VIEN+LPNP+RHEL+SACL)
+ENGELEN, JONGEJANS, + (AMST+CERN+NIJM+OXF)

+CASHMORE, DAY IER, DUNWOODIE, LASINSKIe (SLAC)
+CASHMORE, DUNWOOD I E, LAS INSK I, + (SLAC)

JP
JP
JP

M C

M

M P
M

M T

(1425. )
&1450.0)
(1278.)
(1400 ~ )
(1350~ )

APPROX'
APPROX.

(50. )
APPROX.

ESTABROOK
MARTIN
LANG
ASTON
TORNQV I ST

19 KAPPAC1350) MASS CNEV)

78 ASPK 13 K+- P
78 SPEC 10 K+-P, KS PI P
79 RVUE 0
81 LASS 0 11 K-P, K- PI+ N

82 RVUE 13 K+- P

12/77
12/? 8

1/82
1/82
1/82

BEUSCH 78 PL 74 8 282
GAVILLET 78 PL 76 8 517
WOHL 78 NP 8 132 401

BASDEVAN 79 PR D 19 246
MAZZUCAT 79 NP 8 156 532
VERGEEST 79 NP 8 158 265

+BIRMAN, KONIGS, OTTER, + (CERN+AACH+ETH) JP
+DIAZ, DIONI SI,+ (AMST+CERN+NI JM+OXF) JP
+PALER, CHAURAND, + (LPNP+RHEL+SACLAY)

BASDEVANT, BERGER (ANL)
MAZZUCATO, PENN INGTON+ (CERN+ZEEM+NI JM+OXF)
+ JONGE JANS, DIONIS I, + (NI JM+AMST+CERN+OXF)

M C FROM ELASTIC K PI PARTIAL WAVE ANAL. &SEE KAPPA(1350) MINI-REVIEW)
M P POLE EXTRAPOLATION USING FIRESTONE 72 AND MATISON 74 DATA.
M T FROM A UNITARIZED QUARK MODEL CALCULATION

19 KAPPA(1350) WIDTH CMEV)

BACON 80 NP 8 162 189
DION IS I 80 NP 8 169 1
ETKIN 80 PR D 22 42
IRVING 80 JPG 6 153
RADFORD 80 NP 8 167 181

DAUM 81 NP 8 187 1
OTTER 81 NP 8 181 1
RODEBACK 81 ZPHY C 9 9

eBARREY, BUTTERWORTH, ANSORGE, + (LOI C+CAVE)
+GAY I L LET, ARMENTE ROS+

(GERN+MADR+�CD�E�F+�STOH�)

+FOLEY, L I NDENBAUM, KRAMER, + (BNL+CUNY) JP
A. C. IRVING (LIVP)
RADFORD, BRANDENBURG (MIT)

+HE RTZBER GER+ (AMST+CERN+CRAC+MP IM+OXF+RHEL )
(AAC H+BERL+LOI C+V I EN+8 I RM+BE LG+CERN+MONS )

+SJOGREN, ARMENTEROS, + (CERN+CDEF+MADR+STOH)

W C

W P
W

W T

W C

W P
W T

200-300 APPROX'
(540 ~ ) (106 ~ )
(250 ' ) APPROX'
(430 ' ) OR MORE

ESTABROOK 78 ASPK 13 K+- P 12/77
LANG 79 RVUE 0 1/82
ASTON 81 LASS 0 11 K-P, K- PI+ N 1/82
TORNQVIST 82 RVUE 13 K+- P 1/82

FROM ELASTIC K PI PARTIAL WAVE ANAL. &SEE KAPPA(1550) MINI-REVIEW)
POLE EXTRAPOLATION USING FIRESTONE 72 AND MATISON 74 DATA ~

FROM A UNITARIZED QUARK MODEL CALCULATION

BAUBILLI 82 NP 8 202 21
FERNANDE 82 ZPHY C 16 95
GAVILLET 82 ZPHY C 16 119
TORNQV IS 82 NP 8 203 268

BAUBILLIER+ (BIRM+CERN+GLAS+MSU+LPNP)
FERNANDEZ, AGUILAR+ (MADR+CERN+CDEF+STOH) JP
+ARMENTEROS, AGUILAR+ (CERN+CDEF+PADO+ROMA)
TORNQV I ST (HELS)

*aaaaa *aaaaaaaa aaaaa*aaa aaaaaaa*a *aaaa*aa* aaaaaaaaa *a**a*a*aaaaaaaaa
aaa*a* aa*a***a*aaaaaaaaa *aaaaaaaa aaaaaaaaa aaaaaaaaa aaaaaaa** *aa**a*a

/c ( 1 Q 5 0 ) 19 KAPPA&1330, JP 0+& 1 1/2

P1
P2
P3

19 KAPPA (1350& PART IAL DECAY NODES

KAPPA(1350) INTO K PI
KAPPA(1350) INTO K ETA
KAPPA(1350) INTO K ETA PRIME

19 KAPPAC1350& BRANCHING RATIOS

DECAY MASSES
498+ 135
498+ 549
498+ 958

The isodoublet S-wave Km phase shift 50 is compati-
ble with elastic unitarity up to the Kg' threshold. It
gro~s monotonically, reaching 90 at about 1350 MeV
(MERCER 71, BINGHAM 72, FIRESTONE 71,72,
MATISON 72,74, GALTIERI 73, YUTA 73, FOX 74,
BAKER 7S, LAUSCHER 7S, BOWLER 77, ESTA-
BROOKS 78, ASTON 81). The ambiguous "up" solu-

TRIPPE 68 PL 28 8 203

REFERENCES FOR KAPPAC1350)

+CHIEN, MALAMUD, MELLEMA, SCHLEIN, + (UCLA)

CRENNELL 69 PRL 22 487 +KARSHON, LAI, O. NEALL, SCARR (BNL)
DODD 69 PR 177 1994 +JOLDERSMA, PALMER, SAMIOS (BNL)
GOLDBERG 69 PL 30 8 434 SABRE COLLABOR. (SACL+AMST+BGNA+REHO+EPOL)
SCHLEIN 69 ARGONNE CONF. 446 P. SCHLEIN (UCl. A)

FIRESTON 71 PRL 26 1460
MERCER 71 NP 832 381
YUTA 71 PRL 26 1502

A ~ FIRESTONE, 6 ~ GOLDHABER, D. LISSAUER (LRL)
+ANTI CH, CALLAHAN, CHIEN, COX, + ( JOHN HOPKINS)
+D ERR I CK, EN GE LMANN, MUSG RAVE &ANL+EF I )

R1 KAPPA (1350) INTO CK PI &/TOTAL CP1)
R1 &0.85) APPROX. ASTON 81 LASS 0 11 K-P, K- PI+ N 1/82
R1 T (0.93) APPROX. TORNQVIST 82 RVUE 13 K+-P 1/82

R1 T FROM A UNITAR IZED QUARK MODEL CALCULATION

*aaaa* a*aaaaa*a a*a*aaaaa aaaaaaaaa ****aaaaa a**aaa*a* **a***a**aaaaaaaa
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For notation, see key at front of Listings. Mesons
K (1350) Q(1400) [QR1

AGUI LAR 72
8 INGHAM 72
BUCHNER 72
CHUNG 72
CRENNELL 72
D I EBOLD 72
ENGELMAN 72
F I RE STON 72
FRAT I 72
MAT I SON 72
ROUGE 72

PR D 6 11 AGUILAR-BENITEZ, CHUNG, E I SNER (BNL)
NP 8 41 1 + (INTERNATIONAL K+ COLLABORATION)
NP 8 45 333 +DEHM, CHARRIERE, CORNET, + (MPIM+CERN+BRUX)
PRL 29 1570 +E I SNER, AGU I LAR-BENI TEZ (BHL )
PR D 6 1220 +GORDON, KMAN-MU LAI, SCARR (BNL)
BATAV ~ CONF. VS 3 17R.OIEBOLD RAPPORTEUR TALK (ANL )
PR D 5 2162 ENGELMANN, MUSGRAVE, FORMAN, + (ANL+EF I)
PR D 5 2188 +GOLDHABER, LISSAUER, TRILLING (LBL)PMA
PR D 6 ?361 +HALPERN, HARGIS, SNAPE, CARNAHAN, e(PENN+CINC)
LBL 1537 (THESIS) REVISED VERSION MILL GO TO PHYS. REV. LBL
NP 8 46 29 +VIOEAU, VOLTE, DE SRION, + (EPOL+SACL)

R3 Q{1400) INTO K ONE6A
R3 F 0.01 0 ~ 01

R4 Q&1400& INTO KAPPAC1350& PI
R4 F (0 F 00) APPROX.

DAUM

DAUM

R5 Q&1400) INTO K EPSILON&1300) PI
R5 F 0 ' 02 0 ' 02 DAUM

R9 D/S RATIO FOR Q INTO K»{892) PI
R9 F 0.04 0.01 DAUM

{P5)
81 CNTR 63 K-P, K 2PI P

CP7)
81 CNTR 63 K P K ZP I P

{P8)
81 CNTR 63 K-P K 2PI P

81 CNTR 63 K-P, K ZPI P

1/82

1/82

1/82

1/8Z

CORDS 73 NP 8 54 109
GALT IER I 73 LBL 1772
LINGLIN 73 NP 8 55 408
YUTA 73 NP 8 52 70

+CARMONY, LANDER, ME I ERE, + (PURD+UCD+IUPU)
+MATI SON, GARN JOST, FLATTE, FR IEDMAN+ (LBl)
D. LINGL IN (CERN)
+ENGELMANN, MUSGRAVE, FORMAN, + (ANL+EF I)

R F AVERAGE FROM LOM AND HIGH T DATA.

*a*a»a a»a«*«a»* a«*a»a*a* a***»a»a* «a«a»a*** a«*»ac*a* a*a»«**a* *«*a**a«

REFERENCES FOR Q{1400)
FOX 74 NP 880 403
MATISON 74 PR D9 1872
MORGAN 74 PL 518 71

G. C. FOX, M. L. GR ISS (CIT)
+GALTIERI, GARNJOST, FLATTE, FRIEDMAN, + (LBL)
D. MORGAN (RHEL)

BAKER 75 NP 899 211 +BANERJEE, CAMPBELL, AlLEN, MARCH+ (LOIC+LOWC)
LAUSCHER 75 NP 886 189 +OTTER, MIECZOREK, + (ABCLV COLLABORATION)
MORGAN 75 ARGONNE CONF. 45 D. MORGAN (RHEL)

ARMENTER
ALSO

ARMENTER
ALSO

ALME IOA

64
64
64
66

65

DUBNA CONF 1 577
DUBNA CONF 1 617
PL 9 207
PR 145 1095

PL 16 184

ARMENTEROS r EDWARDS r D ANDLAU + (CERN+CDEF )
R ARMENTEROS (RAPPORTEUR)
ARMENTEROS, EDWARDS, D-ANDLAU, + (CERN+CDEF)
BARASH, KIRSCH, MILLER, TAN (COLUMBIA)

ALME IOAr ATHERTON r BYER ~ DORNAN FORSON+ (CAVE)

BALD I 78 NP 8 134 365
ENGELEN 78 NP 8 134 14
ESTASROO 78 NP 8 133 490
MARTIN 78 NP 8 134 392

+BOHR INGER, DORSAZ, HUNGERBUHLER+ (GEVA)
+JONGEJANS, HEMINGWAY, + (NIJM+ZEEM+CERN+OXF)
ESTABROOKS, CARNEGIE, + (MONT+CARL+OURH+SLAC)
+SHIMAOA, BALDI, BOHRINGER, DORSAZ+(DURH+GEVA)

CHIEN 76 NP S 106 355 eFEIOCK, LUCAS, PEVSNER, ZOANIS (BALTIMORE)

BOMLER 77 NP 8 126 31 +DAINTON, DRAKE, MILlIAMS (OXFORD)
SP IRO 77 NP 8 125 1&2 +SARI OUTAUD, COMBER, PALER, + (SACL+RHEL+EPOL)

SHEN
ALSO

BASSOMPI
BERL INGH
CRENNELL
DE BAERE

ALSO
GOLDHABE

66
66

67
67
67
67

PL 268 30
PRL 18 1087
PRL 19 44
NC 49A 374

BASSOMP IERRE, GOLOSCHMI DT+ (CERN+SRUX+8 I RM) I JP
BERL INGHIERI+FARBER+FERBEL+FORMAN (ROCH) I JP
+KALSFLEISCH, LAI, SCARR, SCHUMANH (BNL)I
+DE BA IS IEUX+FAST+F ILI PPAS+ (CERN+BRUX)

PRIVATE COMMUNI CAT ION BY 8. JONGE JANS
67 PRL 19 976 G. GOLDHABER (LBL)

PRL 17 726 +BUTTERMORTH, FU, GOLDHABERS, TRILLING (LRL)
PRIVATE COMM. GERSON GOLDHABER (LRL)

ESTABROO 79 PR D 19 2678
LANG 79 PR D 19 956

P. ESTABROOKS
C. B.LANG, AROMAS-PARAREDA

(CARL)
(GRAZ)

ASTON 81 PL 106 8 235 +CARNEGIE, DUNWOODIE, DURKIN+(SLAC+CARL+OTTA) JP
TOAFF 81 PR D 23 1500 +MUSGRAVE, AMMAR, DAVIS, ECKLUND, + (ANL+KANS)

TORNQVIS 82 PRL 49 624 N ~ A. TORNQVI ST (HELS)

«*»«a« **«a«**a« *»»«a*»a« a*a«*«a»a »*»«*a**a *a»*a»a«* *a«**a«a* »»**«a«*
«a»ca* ace«**a«a a»***a«a« *a«a*a»a* a»a**a«** a»*a»*»a* a***a»*a» a»*a«a«*

Q ( 1400 ) d4 4&14oo, JP 1+) I 1/2

OP Q SEE MINI-REVIEM UNDER Q(1280)~2

BARTSCH
BOMSE
DENEGRI

AL EXANDE
ANDREWS
ASTI ER
BARBARO
BETT INI
BISHOP
CHIEN
CHUNG
COlLEY
ERMI N

FR IEDMAN
ME RNER

68
68
68

69
69
69
69
69
69
69
69
69
69
69
69

NP 88 9
PRL 20 1519
PRL 20 1194

NP 8 13 503
PRL 22 731
NP 8 10 65
PR L 22 1207
NC 62 A 1038
NP 8 9 403
PL 298 433
PR 182 1443
NC A 59 519
NP 8 9 364

UCR L-18860
PR 188 2023

+ COG CON I, + (AACH+BERL+CERN+LOIC+VI EN)
+BORENSTEIN, CALLAHAN, COLE, COX, + (JOHNHOPK)
+CALLAHAN+ETTLINGER+GILLESPIE+ (JOHNHOPK)

1+
1+

BARBARO GALT IER I r DAY I S F LATTE r + (LRL)
+CREST I r L IMENTANI r BERTAUZA BI GI+ (PADO+PI SA) I
+GOSHAM, ERWIN, WALKER (MISC)
+MALAMUD, MELLEMA, RUDNICK, SCHLEIN+ (UCLA)
+El SNER+BALI+LUERS (BNL)
+EASTMOOO, + (8 IRM+GLAS+LOI C+MP IM+OXF+RHEI. )
+WALKER, GOSHAM, WEINBERG (MISC+PRIN+VAND)J.FRIEOMAN, PH. D. THESIS (LRL)
+AMMAR, DAVIS, KROPAC, YARGER, CHO, + (NMES+ANL) 1+

G. ALEXANDER, F IRESTONE, GOLDHABER, + (LRL )
+LACH, LUDLAM, SANDME ISS,BERGER, + (YALE+LRL)
+MARECHAL r MONTANET r + ( COE F+CERN+ IPNP+ L I VP ) I JP

64 Q {1400) MASS {NEV)

ABRAMS
ANTI CH
BOWLER
FARBER

70
70
70
70

PR D 1 2433
NP 8 20 201
PL 31 8 318
PR D 1 78

+E I SENSTE IN, K IM, MARSHALL, O-HALLORAN, + ( ILL)
eCARSON r CHI EN, COX, DENEGR I, ETTL INGER, e ( JHU)
M. G. BOWLER (OXFORD)
+FERBEL,SLATTERY, YUTA (ROCH)

1 +

1+

M

M

M

M E
M

M

M

M

M T
M

M AVG

(1420. )
(1368.)
(1400.)
(1404.0)
(1400.0)
1415 ~

1410 ~

1392.
(1350.)
1406.3

(18.)
APPROX.
(10.0)

APPROX ~

15.
25 ~

18 ~

APPROX

10.5

DAVIS
F I RE STONE
BRANDENB
CARNEGIE
VERGEEST
ETKIN
DAUM

BAUB ILL I E
TORNQVIST

AVERAGE

72 HBC
72 DBC
76 ASPK
77 AS PK
79 HBC
80 MPS
81 CNTR
82 HBC
82 RVUE

+ 12 ~ K+ P
+ 12 ~ K+ D

+- 13 K+-P, (KPIPI )P
+- 13 K+-P, P KPIPI
+- 4. 2 K-P, K PI Pl

0 6 K-P, KO PI+ Pl-
63 K-P K 2P I P

0 8.25 K-P, KS 2PIN

M E FROM A MODEL DEPENDEHT FIT WITH GAUSSIAN BACKGROUND TO
M E SRANDENBURG 76 DATA.
M T FROM A UNITARIZED QUARK MODEL CALCULATION

12/72
12/77
12/75
12/? 7
12/79

1/82
1/82
9/83*
9/83*

BARNHAM
DEME GRI
FORMAN
GARF INKE

ANDERSON
BINGHAM
SRANOENB
BRAHDENS
CRENNELL
DAVIS
F IRESTON

72
72
72
72
72
72
72

F I RESTON 172
FRAT I 72
HAATUFT 72

PR D 6 1823
NP S 48 589
NP 8 45 397
PRL 28 932
PR D 6 1220
PR D 5 2688
PR D 5 505
NP 8 47 348
PR D 6 2361
NP 8 48 78

71 NP 825 49
71 NP 8 28 13
71 PR D 3 2610
71 PR L 26 1505

+COLlEY, GR IF F ITHS, ALPER, + (8 IRM+GLAS+OXF )
+AHT I CH, CALLAHAN, CARSON, CHI EN, COX, + ( JHU)
+GELFAND, LEARY, MOSER, SEIOL, WOLFSON (EFI)
GARF INKEL, HOLlAND, CARMONY, LANDER+(PURD+UCD)

+FRANKLIN, GODDEN, KOPELMAN, L IBBYrTAN (COL'0)
+EISENSTEIN, GRARD, HERQUET, + (CERN+BRUX)
BRANDENBURG, BROOY, JOHNSON, LEITH, LOOS+(SLAG)
BRANOENBURG r JOHNSON r LE ITH LOGS LUSTE+(Sl AC)
eGOROON, KWAN-WU LAI, SCARR (BNL)
+ALSTON r BARBARO r FLATTE r FR IEDMAN r

LYNCH+�

(LBL )
FIRESTONE, GOLDHABER, LISSAUER, TRILLING (LBL)
A. FIRESTONE (CIT)
+HALPERN, HARGIS, SNAPE, CARNAHAN, +(PENN+CINC)
+ARNOLD, HAGUENAUER, + (BERG+STRB+EPOL+MAOR)

1+

1+

64 Q C 1400) MIDTH & ME V)

W

W

M

M E
M

M

M

W

M

W AVG

(80 ' )
(241 ~ )
(160 ~ )
(142.0)
(200 ' 0)
180.
195 ~

276 '

183~ 9

(30 ' )
APPROX.
(16.0)

APPROX.
10.
25.
65.
9 ' 2

DAVIS
F I RE STONE
BRANDENB
CARNEGIE
VERGEEST
ETKIN
DAUM
BAUB ILL IE

AVERAGE

72 HBC
72 OBC
76 ASPK
77 ASPK
79 HBC
80 MPS
81 CNTR
82 HBC

M E SEE NOTE E ABOVE.

P1
P2
P3
P4
P5
P6
P7
P8

Q(1400) INTO K*(892) PI
Q(1400) INTO K RHO
Q(1400) INTO K PI
Q(1400) INTO K ETA
Q( 1400) INTO K OMEGA
Q(1400) INTO K PI PI
Q(1400) INTO KAPPA(1350) Pl
Q(1400) INTO K EPSILON(1300)

64 Q&1400) PARTIAL DECAY NODES

0

DECAY MASSES
892+ 140
498+ 769
498+ 140
498+ 549
498+ 783
498+ 140+ 140

1350+ 140
498+ 1300

12 ~ K+ P
12 ~ K+ D

13 K+-P, (KPIPI )P
13 K+-P, P KPIPI
4 ~ 2 K-P, K PI PI
6 K-P, KO PI+ P I-
63 K-P, K 2PI P
8.25 K-P, KS 2PIN

12/72
12/75
12/75
12/77
12/79

1/82
1/82
9/83*

SARLOUTA
SI NGHAM
DE JONGH
JONES
LEWIS
WERNER

73
73
73
73
73
73

NP 8 59 374
NP 8 52 31
NP 8 58 110
NP 8 52 383
NP 8 60 283
PR D 7 1275

ANGELOPO
BOWLER
DAVIDSON
OEUTSCHM

ANT IPOV
BOWLER
DORE
DREVILLO
OUNMOODI
OTTER1
OTTERZ
OTTER3
TOVEY

BASDFVAN
BOAL
BOWLER
BRANDENS
OTTER
VERGEEST

74
74
74
74

75
75
75
75
75
75
75
75
75

76
76
76
76
76
76

NC 20A 49
NP 874 493
PR 09 77
PL 498 388

CARNEGIE 77
CARNEG IE 177

NP 8 127 509
PL 8 68 287

NP 886 381
NP 897 227
LNC 13 265
PL 55 8 245
NP 891 189
NP 884 333
NP 893 365
NP 896 29
NP 895 109

PRL 37 977
PR D 14 2998
JPG 3 775
PRL 26 703
NP 8 106 77
PL 62 8 471

+DREVILLON, SHAH, + (SACI +EPOL+RHEL)
+FARWEL, + (I BL+ORSAY+BNL+SAClAY+MI LAN)
+CORNET, CHARRIERE, + (BRUX+MONS+CERN+MPIM)
G. T. JONES (CERN)
+ALLEN, JACOBS, DANYSZ, BORG, +(LOWC+LOIC+CDEF)
+SLATTERY, FERBEL (ROCHESTER)

ANGE LOPOULOS, F I L IPPAS+(ATHU+ATEN+L I VP+VI EN)
+DAINTON, KAODOURA, A ITCH I SON (OXF)
+CHAPMAN r GREEN LYS ~ ROE (MICH)
DEUT SCHMANN r + (AAC H+BERL+'CERN+LOI C+V I EN)

+ASCOLI, BUSNELLO, KI ENZLE+ (SERP+CERN+ ILL)
+GAME, A ITCH I SON, DAI NTON (OXF+OARE)
+GUIDONI, I.AAKSO, MAR INI, CONFORTO+(ROMA+RHEL)
DREVILLON, BORENSTE IN+ (EPOL+BOHR+CDFF)
DUNMOODIE, GRANT+ (CERN+BELG+MONS+MPIM)
+ (AACH+SERL+CERN+LOIC+VIEN+ATHU+ATEN+LIVP)
+RUDOLPH, RUMPF+ (AACH+BERL+CERN+LOIC+VIEN)

JP
JP

JP

JP

JP

JP

JP
JP
JP
JP

BASDEVANT, BERGER (FNAL+ANL)
+EDWARDS, KAMAL, TORGESON (ALBERTA)
M. G. BOWLER (OXFORD)
BRANDENBURG r CARNEGIE r CASHMORE r DAVIER+ (SLAG)
+ (AACH+BERL+CERN+LOI C+VI EN+LPNP+RHEL+SACL)
+ENGELEN, JONGE JANS, + (AMST+CERN+NI JM+OXF)

+CASHMORE, DAVIER, DUNMOODIE, LASINSKIe (SLAC)
eCASHMORE r DUNWOOD IE r LAS INSKI, e (SLAC)

JP
JP
JP

+RUDOLPH, SEYFERT+(AACH+BERL+CERN+LOIC+VIEN)I, JP
+HANSEN, SORENSTEIN, BORG+ (RHEL+EPOL+SACL)I, JP

M1
M1

M2
M2

MS
M5

64 QC 1400& PARTIAL MIDTHS CNEV)

QC1400& INTO K*&892) PI
117.0 10.0

Q&1400) INTO K RNO
2.0 1 ~ 0

Q&1400) INTO K OIIEGA
23 ~ 0 12 ~ 0

&61)
CARNEGIE1 77 ASPK +- 13 K+-P, (KPIPI )P 12/78

&62)
CARNEGIE1 77 ASPK +- 13 K+-P, (KPIPI )P 12/78

&65&
CARNEGIE1 77 ASPK +- 13 K+-P, (KPIPI )P 12/78

BEUSCH
GAVILLET
MOHL

BASDEVAH
MAZZUCAT
VERGEEST

BACON
D ION IS I
ETKIN
IRVING
RADFORD

78
78
78

79
79
79

80
80
80
80
80

PL 74 8 282
PL 76 8 517
NP 8 132 401

PR D 19 246
NP 8 156 532
NP 8 158 Z65

NP 8 162 189
NP 8 169 1
PR D 22 42
JPG 6 153
NP 8 167 181

+8IRMAN, KONI GS, OTTER, + (CERN+AACH+ETH)
+DIAZ, D IGNI SI,+ (AMST+CERN+NI JM+OXF )
+PALER, CHAURANDr+ (LPNP+RHEL+SACLAY)

BASDEVANT, BERGER (ANL )
MAZZUCATO, PENNINGTON+ (CERN+ZEEM+NIJ'M+OXF)
+JONGE JANS, D IGNIS I,+ (N I JM+AMST+CERN+OXF )

+BARR EY BUT TERWOR TH r ANSOR GE r + ( LO I C+CAVE )
+GAVILLET, ARMENTEROS+ (CERN+MAOR+CDEF+STOH)
+FOLEY, LINOENBAUM, KRAMER, + (BNL+CUNY)
A. C. IRVING (LIVP)
RADFORD, BRANDENBURG (MIT)

JP
JP

JP

R1
R1 F

R2
R2 F

Q{1400& INTO K«&892) PI
0.94 0 ' 06

Q&1400) INTO K RNO
0.03 0.03

DAUM

DAUM

64 QC 'l400& BRANCNIN6 RATIOS

CP1)
81 CNTR 63 K-P, K ZPI P 1/82

CP2)
81 CNTR 63 K-P K 2PI P 1/82

DAUM
OTTER
RODEBACK

BAUB ILL I
FERNANDE
TORNQV IS

81
81
81

82
82
82

NP 8
NP 8
ZPHY

NP 8
ZPHY
NP 8

187 1
181
C 9 9

202 21
C 16 95
203 268

+HERTZBERGER+(AMST+CERN+CRAC+MPIM+OXF+RHEL)
(AACH+BERL+LOI C+VI EN+BIRM+BELG+CERN+MONS)

+SJOGREN, ARMENTEROS, + (CERN+COEF+MADR+STOH)

BAUBILLIER+ (BIRM+CERN+GLAS+MSU+LPNP)
FERNANOEZ, AGUILAR+ (MADR+CERN+CDEF+STOH)
TORHQV IST (HELS)

a*a*a« *«»**a»*a *a»****a»*»a*»*«ee *ee»»»eaa a»*»a***a »aa»eeaaa *»a**»a»
a«a»a* »»**»a*«a *****a**»»ace»*«aa eee»aea»e *eaaea*»a »ace*»*aa *»a***a»
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S198 Particle Data Group: Review of particle properties

Me sons
K(1400) [K ], K (1430)

Data Card Listillgs

K(14oo) ~ ., -..... , . ..
I

FORMERLY CALLED K PRIME.
OBSERVED IN K PI PI PARTIAL-WAVE ANALYSIS.
NOT SEEN BY VERGEEST 79 '
WAIT CONF IRMAT ION. OMITTED FROM TABLE.

M A

M

21 KC 1400& IIASS CMEV&

(1400.) APPROX. BRANDENBU 76 ASPK e- 13 K+-P, KPIPI 12/77
(1460 ~ ) APPROX ~ DAUM 81 CNTR — 63 K-P, K 2PI P 1/82

CHARGED ONLY,
1400 94 ' 7

96 ' 5
97 ' 7

D 579 118.9
O 292 96.0

935 85.0
W D 400 109 ~

W D1500 124.
W D1200 113~

AVG 98.8

WI TH FINAL
15.1
3.8
4.0

20 ' 0
22 ' 5
16 ~ 0
22.
12.8
12.8

~ ~ ~

2 ~ 5

STATE K PI
12.5 AGUI LAR1 ?1

MARTIN 78
MART I M 78
OELFOSSE 81
DELFOSSE 81
TOAF F 81
CLELANO 82
CLELAND 82
Cl ELAND 82

AVERAGE

22 Ke(1430& VEDTH CHEV&

HBC — 3 ' 9,4.6 K- P
SPEC + 10 K+-P, KS PI P
SPEC — 10 K+-P, KS PI P
SPEC + K+-P, K+- PIO P
SPEC — K+-P, K+- PIO P
HBC — 6.5 K-P, KO PI- P
SPEC + 30 K+P, KS PI+P
SPEC e 50 K+P, KS PI+P
SPEC — 50 K+P, KS PI-P

11/71
12/78
12/78

1/82
1/82
1/82
8/83*
8/83*
8/83*

M A COUPLED MAINLY TO K EPSILON(1300) . DECAY INTO K*&892) PI SEEN.

21 KC1400& MEDTH CMEV&

(250 ' ) APPROX' BRANOEMBU 76 ASPK +- 13 K+-P, KPIPI 12/77
(260. ) APPROX. DAUM 81 CNTR — 63 K-P, K 2PI P 1/82

COUPLED MAINLY TO K EPSILON(1300) ~ DECAY INTO K*(892) PI SEEN.

W

W

W

W

W

W

W

W

W

W

W

W

W

NEUTRAL ONLY
2200 101.
1800 116~ 6

D1100 109.
C (61 ~ 0)

800 116.
P (170.0)

P (98.0)
P 140.

98.
P (143.)

105.3

10 ~

10.3
14 ~ 0

&14.0&
18 ~

{20.0)
(5 ' 0)
30 '
8.

(34. )
~ ~ ~ ~ ~

4 ' 9 AVERAGE

DAVIS 69
15.5 AGUI LAR1 71

SUCHNER 72
LINGL IN 73
MC CUBS I N 75
BOWL ER 77
ESTABROOK 78
ETKIN 80
ASTON 81
BAUBILLIE 82

HBC 0 12 ~ K+ P (K PI)
HBC 0 3 9 4 6 K- P
DBC 0 4.6 K+ N, K+ PI-P
HSC 0 2-13 K+P, K+PI-
HBC 0 3 6 K PtK PI+M
DBC 0 5 ~ 5 K+D, K PI P P
ASPK 0 13K+-P, P K P I
SPEC 0 6.K-P, KO PI+PI-N
LASS 0 11 K-P, K- PI+ N

HBC 0 e.25 K-P, KS 2P IN

9/69
11/71
12/? 5

'l /74
12/75
12/77
12/77
3/82
1/82
9/83»

Pi
P2
P3

21 K(1400& PARTIAL DECAY NODES

K(1400) INTO K*(892) PI
K(1400) INTO K RHO
K(1400) INTO KAPPA(1350) PI

DECAY MASSES
892+ 140
494+ 769

1350+ 140

C
D

P

FROM POLE EXTRAPOLATION, USING WORLD K+P OST
ERRORS ENLARGED BY US TO 4*GAMMA/SQRT(N). SEE K*(892) TYPED NOTE.
FROM PHASE SHIFT OR PARTIAL WAVE ANALYSIS.
NUMBER OF EVENTS IN PEAK REEAVALUATED BY US

22 K+(1430& PARTIAL DECAY MODES

BARNES 82 PL 116 B 365
TANIMOTO 82 PL 116 B 198

T ~ BARNES AND F.ENCLOSE
M. TANIMOTO

(RHEL)
(BIEL)

sie4ee* 4*444***4 044004*04 0*004R444 044**40esi ekee****4 +si**e*e*% 44000*44
«*Ace* e000*4k4* 4**4*440* 04**0044* 404004404 *sike40404 *4404**04 0040400*

K (1430) 22 K-&1430,JP ~+) I I/2

WE CONSIDER THAT PHASE-SHIFT ANALYSES PROVIDE MORE
RELIABLE DETERMINATIONS OF THE MASS AND WIDTH.
SEE RHO(770) MINI-REVIEW.

21 K(1400& PARTIAL WIDTHS CHEV&

W1 KC 1400& INTO Ke(892& PE C61&
W1 (109.) APPROX. DAUM 8i CNTR 63 K-P, K 2PI P 1/82

W2 KC1400& ENTO K RHO C62&
W2 (34. & APPROX. DAUM 81 CNTR 63 K-P, K 2PI P 1/82

W3 K(1400& ENTO KAPPA(1350& PE C63&
W3 (117.) APPROX ~ DAUM 81 CNTR 63 K-P, K 2PI P 1/82

4**40* 44***0440 *440%4*44 *44%4*040 *444**0ee 00*044*44 4*400***40**44000

REFERENCES FOR KC1400)

BRANDENB 76 PRL 36 1239 BRANDENBURG, CARNEGIE, CASHMORE, DAVIER+(SLAC) JP

VERGEEST 79 NP B 158 265 +JONGEJANS, DIOMISI, + (NIJM+AMST+CERN+OXF)

DAUM 81 NP B 187 1 +HERTZBERGERe&AMST+CERN+CRAC+MPIM+OXF+RHEL)

P1
P2
P3
P4
PS
P6
P7
Pe

K*(1430)
K*(1430)
K*&1430)
K*(1430)
K*(1430)
K*(1430)
K*(1430)
K*(1430)

INTO K PI
INTO Ks'(892) PI
INTO K RHO
INTO K OMEGA
INTO K ETA
INTO K+(892) Pl
INTO K OMEGA PI
INTO K GAMMA

Pl

DECAY MASSES
494+ 140
892+ 140
494+ 769
494+ 783
494+ 549
892+ 140+ 140
494+ 783+ 140
494+ 0

P 1 P 2 P 4
1 .4479+-.0225
2 .0734 .2455+- .0198
3 .0193 .5320 ~ 0883+-.0099
4 —.1591 - ~ 2417 —.1909 .0415+- ~ 0152
5 —.4419 - ~ 4449 —.3453 —~ 0922 .0470+- ~ 0265
6 —.3919 —.4399 —.3434 —.0991 —.1164 .1298+-.0255

P 5 P 6

22 K*C1430& PARTIAL WIDTHS

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where1 1 i
6P. = Q i'6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-i i i
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listings1 J 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to 1.

22 K*C 1430& MASS CNEV& Ks(1430& ENTO K GANJA CKEV&
240. 45.

C68&
CIHAMGIR 82 SPEC + 200 PI+Z, Z A2 9/83*

M CHARGED ONLY,
O 39 1423.

M D 63 1427.0
M 220 1416.0
M D 60 1414.
M 1400 1420.0
M W D 225 1425.

B 1428.0
M B 1423 8
M D 579(1448.5
M D 292(1431.8
M 935 1423.0
M W D 400 1436.
M W D1 500 1430.
M W O1200 1430.
M ~ ~ ~

M AVG 1426 3

WITH FINAL
11 ~ 0
12.0
10.0
13.0
3 ~ 1
8.0
4 ' 6
4 ' 6

) (5 ' 0)
) (5 ' 6)

5 ' 0
5.5
3.2
3.2

~ ~ ~

1.5

2 ' 6
3.7
6.
3.
4.3
4.2

&3 ' 0&
7 ' 0

10 ~ 0
(2 ' 0)
30 '
3.

(12.)
~ ~ ~ ~

1.5

M NEUTRAL ONLY
M 2200 1421.1
M 1800 1419.1
M 600 14 16.
M 1100 1427.
M C 1420. 1
M 800 1421 ~ 6
M E (1423.0)
M 300 1420.0
M P 1440.0
M P (1434 ~ 0)
M 1450 ~

M 14 28.
M P (1471 ~ )
M ~ 0 ~

M AVG 1423.2

STATE K PI
BASSANO
SCHWE I NGR
CRENNELL
L IND
AGUI LAR1
BARNHAM
MARTIN
MART IM
DELFOSSE
DELFOSSE
TOAFF
CLELAND
CLELAND
CLELAND

67 HBC
68 HBC
69 DBC
69 HBC +
71 HBC
71 HBC +
78 SPEC + 1
78 SPEC — i
81 SPEC +
81 SPEC
81 HBC
82 SPEC +
82 SPEC +
82 SPEC

4.6-5.0K-P, KOPI—
5.5 K- P (K PI)
3.9 K-N (KOPI-)
9. Ke P(KO PI+)
3 ~ 9,4.6 K- P

K+ P, KO Pl+ P
0 K+-P, KS PI P H

0 K+-P, KS PI P H

K+-P, K+- PI 0 P
K+-P, K+- P I 0 P
6.5 K-P, KO PI- P
30 K+P, KS P I+P
50 K+P, KS PI+P
50 K+P, KS P I-P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)

69 HBC
71 HBC
71 DBC
72 DBC
73 HBC
75 HBC
76 SPEC
76 DBC
77 DBC
78 ASPK
80 SPEC
Si LASS
82 HBC

DAVIS
AGUILAR1
CORDS
BUCHNER
LINGLIN
MCCUBB IM
ETKIN
HENDRICKX
BOWLER
ESTABROOK
ETKIN
ASTON
BAUB ILL I E

0 12. K+ P(K+PI —)
0 F 9,4.6 K- P

0 9 ~ K+ N, K+ PI- P
0 4.6 K+ N, K+ PI-P
0 2-13 K+P, K+PI-

0 3.6 K-P, K-PI+M
06.K-P, KO PI+PI-
8 ~ 25 K+N, K+PI

0 5 ' 5 KeD, K l I P P
0 13K+-P, P K PI
0 6.K-P, KO PI+Pl-N
0 11 K-P, K- PI+ N

0 8 ~ 25 K-P, KS 2P IN

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)

12/75
12/77
7/69

12/77
11/71
12/75

1/82
1/82
1/82
8/83*
8/83+
8/83*

9/69
11/71
2/72

12/72
12/? 5
12/75
7/77
7/77

12/77
12/77
3/82
1/82
9/83*

R1
Ri
R1
R1
R1
R1
R1

R2
R2
R2

R3
R3
R3

R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4

22 K~C1430& SRANCHIN6 RATIOS

Ks'C1430& ENTO CK PI&/TOTAL
0 ' 49 0.02
0.43 0.01

FROM PHASE SHIFTS ANALYSIS ~

~ ~ ~ ~ ~ ~ ~ P

0.442 0.024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.7)0.44e 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.7)

CP1)
ESTABROOK 78 ASPK +- 13K+-P, P K PI 12/77
ASTON 81 LASS 0 11 K-P, K- Pl+ N 1/82

P
P
P

AVG
FIT

K*C1430) ENTO CKs C892& PE&/CK PE + K PI PI) (P2)/CP1+P2+P3)
QR (0 ' 45) (0.13) BADIER 65 HSC — 3.0 K-P
Q (0.47) (0 ' 10) BASSANO 67 HBC -0 4.6, 5.0 K- P

K+C1430& INTO
0.65

Q (0.63)
0 ' 52

Q 84 (0 ' 93)
0.47

AQ 150 (0.65)
0 ' 54
0 ' 62

A K*(892& PI SI

AVG 0.517
FIT 0.54e

CKe(892& PI& / CK PE& CP2&/CP1&
0 ' 20 SHEN 66 HBC 0 N* PRODUCED

(0.20) SHEN 66 HBC + NO N* PRODUCED
0 ~ 12 SCHWEINGR 68 HBC 0 4. 1+5.5 K- P

(0.11) BISHOP 69 HBC 3.5 K+ P
0 F 08 AGUILAR1 71 HBC 3.9, 4 ~ 6 K- P

(0 ' 25) ANT IPOV 75 ASPK — 40 K-P, K*- P
0 ~ 16 DEHM 74 DBC 0 4.6 K+ N

0. 19 LAUSCHER 75 HBC 010, 16 K-P, K-PI+M
GNAL FROM PARTIAL WAVE ANALYSIS OF (K-PI+PI-) SYSTEM

0 ' 056 AVERAGE
0.050 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

1/78
10/67

1/78
10/67

10/66
10/66
10/67
9/69

11/71
12/75
12I75
12/75

K~C1430& INTO CK RHO&/CK PI e K PE PE& CP3)/CP1+P2+P3&
QR (0 ~ 14) (0 ~ 07) BADIER 65 HBC — 3.0 K-P
Q (0.14) (0 ~ 10) BASSANO 67 HBC 0 4 6t 5 0 K P

M B
M C
M D

M E
M P
M W

SYSTEMATIC ERROR ADDED BY US.
FROM POLE EXTRAPOLATION, USING WORLD K+P DST
ERRORS ENLARGED BY US TO GAMMA/SQRT&N). SEE TYPED NOTE ON K*(892)
SEE MORE RECENT PARTIAL WAVE ANALYSIS (ETKIN 80)
FROM PHASE SHIFT OR PARTIAL WAVE ANALYSIS.
NUMBER OF EVENTS IN PEAK REEAVALUATED BY US

R5
R5
R5
R5
R5
R5
R5
R5
R5
R5

AVG
FIT

Ke(1430& ENTO CK OHE6A& / K PE
R 0.19 0 ~ 16 BADIER 65 HBC

(0.08) OR LESS SHEN 66 HBC
(0.2) OR l.ESS SASSOMPI E 69 HBC
0. 13 0 ~ 07 BASSOMPIE 69 HBC
0.05 0 ' 04 AGUILAR1 71 HBC

(0.2) OR LESS CL~.95 CHUNG 74 HBC

0.075 0 ' 034 AVERAGE
0.093 0.035 FROM FIT (ERROR INCLUDES

CP4&/CP1&
3 ' 0 K-P
4 ' 6 K+P

+ 5 K+ P
0 5 K+ P

3 ' 9-4 ' 6 K- P
7.3 K-P, K~- P

SCALE FACTOR OF 1.1)

1/78
8/66
9/69
9/69

11/71
12/75
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Particle Data Group: Review of particle properties S199

For notation, see key at front of Listings. Mes ons
K (1430), L(1580)

R6 K«C
R6
R6
R6
R6
R6 Q 15
R6
R6
R6
R6 AVG
R6 F I T

R6 S
R6 S
R6 S

WEIGHTED AVERAGE = 0. 11 1 + 0, 054
ERROR SCALED BY 1, 4

1430& INTO CK 'RHO& / CK PI & CP3&/CP1&
(0 ' 09) OR LESS CHUNG 65 HBC + 0 3 ' 9-4 ' 2 PI- P
0.26 0. 16 SCHWEI NGR 68 HBC 0 4. 1+5.5 K- P

(0.2) OR LESS BASSOMPIE 69 HBC + 5 K+ P
(0.3) OR LESS BASSOMPIE 69 HBC 0 5 K+ P
(0.11) (0.06) BISHOP 69 HBC 3 ' 5 K+ P
0. 16 0.05 AGUILAR1 71 HBC 3.9,4.6 K- P
0 ~ 02 0. 10 0 ~ 02 DEHM 74 DBC 0 4.6 K+ N

0. 111 0.054 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
0. 197 0.024 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)

(SEE IDEOGRAM BELOW&
USES RESULTS OF OTTER 75 &SEE R7 BELOW). WE DO NOT AVERAGE THIS
STATISTICALLY REDUNDANT RATIO, BUT KEEP THE LAUSCHER 75 RESULT
FOR R4 ABOVE'

8/66
10/67
9/69
9/69
9/69

11/71
12/75

R13 K*c1430& INTO CK ONE6A P I &/TOTAL &UNITS 10«a-3) (P7&
R13 0 (0.72) OR LESS CL=0. 95 JONGEJANS 78 HBC 4 K-P, P KO 4PI 4/78

R Q
R Q
R Q
R R
R T
R T

FOLLOWING SUGGESTION BY AGUILAR 70, WE DO NOT HAKE USE OF MEASURE-
MENTS WHERE THE (K PI PI) BACKGROUND SUBTRACTION IS DIFFICULT DUE
TO THE NEARBY Q REGION.
RESTATED BY US.
ASSUMING PI PI SYSTEM HAS ISO-SPIN 1, WHICH IS SUPPORTED BY
THE DATA

***«*a**««*a**a«*a««**a« «a«*»a»»a «*«a«a*** a*a««*«** «a*a«*a«* ««*a«***

REFERENCES FOR K*C1430&

R12 K«&1430& INTO CK«C89?) PI PI &/CK PI & CP6&/CP1)
R12T R 0.21 0.08 JONGEJANS 78 HBC — 4K-P, P KOOPIPIP I 4/78
R12
R12 FIT 0.290 0.064 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

BAD I ER
CHUNG
FOCARD I

65 PL 19 612
65 PRL 15 325
65 PL 16 351

BAD IER, DEMOUL IN, GOLDBERG+ (EPOL+SACL+AMST)
+DAHL, HARDY, HESS, JACOBS, KIRZ, MILLER (LRL)
FOCARD I, MINGUZZI RANZI, SERRA+(BOLOGNA+SACL)

eighted average, error,
based upon the data in

They are not neces-
s our "best" values,
t-squares constrained fit
ents of other (related)
nal information.

SHEN
ALSO

BASSANO
BASSOHPI
CRENNELL
DAHL

ALSO
DE BAERE
FIELD
GGLDHABE

67 PRL 19 968
67 PL 268 30
67 PRL 19 44
67 PR 163 1377
65 PRL 14 401
67 NC 51 A 401
67 PL 248 638
67 .PRL 19 972

+GOLDBERG, GOZ, BAR MES, LE ITNER+ (8NL+SYRACUSE)
BASSOMPI ERRE, GOLDSCHMI DT+ (CERN+BRUX+BIRM) I JP
+KALBFLEI SCH, LA I, SCARR, SCHUMANN (BNL)
+HARDY+HESS+KIRZ+MILLER (LRL)
HARDY, CHUHG, DAHL, HESS, KIRZ, MILLER (LRL)
+GOLDSCHMIDT-CLERMONT, HENRI+ (BRUX+CERN)
+HENDRI CKS+P I CC IGNI+ YAGER (LAJOLLA)
G. GOLDHABER, FIRESTONE, SHEN (LRL)

66 PRL 17 726 +BUTTERWORTH, FU, GOLDHABERS, TR IL LING (LRL)
66 PRIVATE COMM. GERSGN GOLDHABER (LRL)

—0. 2 0. 0 0. 2 0. 4 0. 6

K~(1430) INTO (K RHO) / (K PI)

74 DBC
R1 71 HBC
NGR 68 HBC

CHI SQ
2, 3
'I, 0
0. 9
4, 1

(CONLEV
=0. 127)

ADERHOLZ
ALSG

ANTI CH
DUBAL
KANG
SCHWEING

ALSO

BASSOMPI
BISHOP
CRENNELL
DAVIS
DE BAERE
FRIEDMAN
L IND

68 NP 8 5 567
66 PL 22 357
68 PRL 21 1842
68 THESIS 1456
68 PR 176 1587
68 PR 166 1317
67 THESIS

69 NP 813 189
69 NP 8 9 403
69 PRL 22 487
69 PRL 23 1071
69 NC 61 A 397
69 UCRL-18860
69 NP 8 14 1

+DEUTSCHMANN+ (AACH+BERL+CERN+LOI C+VIENNA)
BARTSCH, DEUTSCHMANN, HORRISON+ (ABCL( IC)V)

+CALLAHAN, CARSON, COX, DENEGRIg+ (JHU)
L. DUBAL (GENEVE)
Y.W. KANG ( IOWA)
SCHWEINGRUBER, DERRICK, FIELDS+ (AHL+NWES)
F. L. SCHWEINGRUBER (NORTHWESTERN, EVANSTON)

BASSOMPIERE, GOLDSCHMIDT-CLERM. + (CERN+BRUX)
+GOSHAW, ERWIH, WALKER (WISC)
+KARSHOH LAI gONEALL g SCARR (BNL)
+DERENZO, FLATTE, ALSTON, LYNCH, SOLMITZ (LRL)
+GOLDSCHMIDT-CLERMONT, HENRI, + (BELG+CERN)J.FR IEDHAN, PH. D. THESIS (LRL)
+ALEXANDER, FIRESTONE, FU, GOLDHABER (LRL)

JP

JP

R7 K*&
R7
R7
R7 P 130
R7 AN

R7 P
R7 P
R7
R7
R7
R7
R7 AVG
R7 FIT

R7 N

R7 A

R7 P

1430& INTO CK RNO& / CK«CB9?& PI& CP3&/CP?&
(0 ' 39) OR LESS BASSOHPIE 67 HBC + 5. K+ P
(0.40) OR LESS CL~. 90 FIELD 67 HBC — 3.8 K- P
0. 13 0.09 OTTER 75 HBC 08, 10, 16 K-P, K*

(0 ' 03) (0.03& ANT IPOV 75 ASPK — 40 K-P, K*- P
0 ~ 36 0. 10 VERGEEST 76 HBC 0 4.2 K-P, P KOPIPI

(0.33) APPROX' ETKIN 80 SPEC 0 6.K-P, KO PI+PI-N
0.39 0.03 DAUH 81 CNTR 63 K-P, K 2PI P
0 ' 38 0.09 BAUBILLIE 82 HBC 0 8.25 K-P, KS ?PIN

(0.20) APPROX' FERNANDEZ 82 HBC -4 PI-P, LAM K 2P I

0 ' 365 0.042 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 6)
0 ' 360 0.035 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1.4)

(SEE IDEOGRAM BELOW)
K RHO MODE NOT OBSERVED
FROM PARTIAL WAVE ANALYSIS OF (K-PI+PI-) SYSTEM
FROM PARTIAL WAVE ANALYSIS OF (KO PI+ PI-) SYSTEH

9/67
6/67

12/75
12/75
12/77
3/82
1/82
9/83»
9/83*

ABRAHS
AGUILAR

AGUI LAR1
BARNHAM
CORDS

BUCHHER
CRENNELL
DEUTSCHM
ENGELMAN
FRAT I
ROUGE
TIECKE

CHARRIER
ALSO

CLARK
OE JONGH
L INGLIN
WALUCH

70 PR O 1 2433
70 PRL 25 1362

71 PR 0 4 2583
71 NP 8 28 171
71 PR 0 4 1974

72
72
72
72
72
72
72

NP 8 45 333
PR D 6 1220
NP 8 36 373
PR D 5 2162
PR D 6 2361
NP 8 46 29
NP 8 39 596

73 NP 8 51 317
75 PR I VAT E COMH.
73 HP 8 54 432
73 HP S 58 110
73 NP 8 55 408
73 PR D 8 2837

CHARR I ERE, DR I JARD, DE
GOLDSCHMIDT-CLERMONT
+LYONS, RADOJICIC
+CORNET, CHARRIERE, +
D. LINGL IN
+FLATTE, FRIEDMAN

BAERE, + (CERN+BELG)
(CERN)

(OXFORD)
(BRUX+MONS+CERH+MPIM)

(CERN)
(LBL)

+EISENSTEIN, KIH, MARSHALL, O. HALLORAN, + (ILL)
AGUI LAR-BENI TEZ, BASSANO, EI SNER, + (BNL+PURD)

+E I SNER, K INSOH (SNL)
+COLLEY g JOBES g GRI FF ITHS g

HUGHES@�+�

(8 IRM+GLAS )
+CARHONY, ERWIN, ME IERE, + (PURD+UCD+IUPU)

+DEHM, CHARRIERE, CORNET, + (MPIM+CERN+BRUX)
+GORDON, KWAN-WU LA I, SCARR (BNL )
DEUTSCHMANN, + &ABC LV COLLABORATION)
ENGELMANN, MUSGRAVE, FORHAN, + (ANL+EF I )
+HALPERN, HARGIS, SNAPE, CARNAHAN, +(PENN+C

INC�)

+VIDEAU, VOLTE, DE BRIGHT+ (EPOL+SACL)
+GRI JNS, HEINEN, DE GROOT, + (NI JM+AMST )

WEIGHTED AVERAGE = 0. 365 + 0. 042
ERROR SCALED BY 1.6

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our "best" values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

CHUNG
DEHM

ANT IPOV
LAUSCHER
MCCUBB IN
OTTER

ETKIN
GOLDBERG
HENDRICK
KIRK
VERGEEST

BOWLER

75 HP 886 381
75 NP 886 189
75 NP 886 13
75 NP 884 333

76 PRL 36 1482
76 LNC 17 253
76 NP 8 112 189
76 NP 8 116 99
76 PL 62 8 471

+ASCOLI, BUSNELLO, KIENZLE+ (SERP+CERN+ILL)
+OTTER, WI ECZOREK, + (ABCLV COLLABORATION)
NBA. MCCUBBIN, L. LYONS (OXF)
+ (AACH+BERL+CERN+LOIC+VIEN+ATHU+ATEN+LIVP)

+FOLEY, GOLDMAN, LINDENBAUM, KIM, + (BNL+CUNY)J.GOLDBERG &HAIFA)
+VIGNAUD, BURLAUD, + (MGNS+SACL+LPNP+BELG)
+KLEIN, COUNIHAN, +(AACH+BERL+CERN+LOIC+WIEN)
+EHGELEN, JONGEJANS, + (AMST+CERN+NIJM+OXF)

77 NP 8 126 31 +DAINTOM, DRAKE, WILLIAMS (OXFORD)

74 PL 518 413 +EI SNER, PROTOPOPESCU, SAHIOS, STRAND (BNL)
74 NP 875 47 +GOEBEL, WITTEK, WOLF, + &MPIM+BRUX+MONS+CERN)

JP

- BAUB ILL IE 62 HBC
-DAUM 81 CNTR
-VERGEEST 76 HBC

TER 75 HBC

I

—0. 1 0. 1 0. 3 0. 5 0. 7

K4(1430) INTO (K RHO) / (K4(892) PI)

CHI SQ
0. 0
0. 7

0. 0
6, 8
7. 5

(CONI EV
=0. 056)

SALDI
BOHM
ENGELEN
ESTABROO

ALSO
JONGEJAN
MARTIN

ETKIN

ASTON
DAUM
DELFOSSE
TOAFF

BAUB ILL I
CI HANG IR
CLELAND
FERNANDE

78 NP 8 134 365
78 PR L 41 1761
78 NP 8 134 14
78 NP 8 133 490
78 PR D 17 658
78 NP 8 139 383
78 NP 8 134 392

+BOHRINGER, DORSAZ, HUNGERBUHLER+ &GEVA)
+YAM DALEN, + (AACH, UCR+CERN+HARV+MUNI+NWES)
+JOHGEJANS, HEMINGWAY, + (NIJM+ZEEM+CERN+OXF)
ESTABROOKS, CARNEGIE, + (MONT+CARL+DURH+SLAC&
ESTABROOKS, CARNEGIE+ (MOHT+CARL+OURH+SLAC)
JONGEJANS, CERRADA, + (ZEEM+CERN+NIJM+OXF)
+SHIHADA, BALD I, BOHR INGER, DORSAZ+(DURH+GEVA)

81 PL 106 8 235
81 NP 8 187 1
81 NP 8 183 349
81 PR D 23 1500

+CARNEG IE, DUNWOOD IE, DURK

IN+�

(SLAC+CARL+OTTA)
+ HE RTZ8 ER GER+ ( AMST+CE RH+ CR AC+MP I M+OX F+RHE L &

+GUI SAN, MARTI N, MUHLEMANN, WE I L L, +(GEVA+LAUS)
+HUSGRAVE, AMMAR, DAVIS, ECKLUND, + (ANL+KANS)

82 NP 8
82 PL 1
82 NP 8
82 ZPHY

202 21
17 8 123
208 189
C 16 95

BAUB ILL IER+ (BIRM+CERN+GLAS+MSU+LPNP)
+BERG, BIEL, CHANDLEE, FERBEL+(FNAL+MINN+ROCH&
+DELFOSSE, OORSAZ, GLOOR(DURH+GEVA+LAUS+PITT)
FERNANDEZ, AGUILAR+ (MADR+CERH+CDEF+STOH&

80 PR O 22 42 +FOLEY, LINDENBAUM, KRAMER, + (BNL+CUHY) JP

JP

R8 K«C 1430& INTO CK OHE6A& / CK«&892& PI&
R8 Q (0 ' 10) (0 ' 04) FIELD 67 HBC

R9 K«&1430& INTO CK ETA& / &K«&892& PI &

R9 Q (0.07) (0 ' 04& FIELD 67 HBC

CP4&/CP?&
3.8 K- P

CP5&/CP2&
3.8 K- P

6/67

6/67 L(1580) 39 L&1580.JP-?-) I-1/2

a*«**a «««**a*a« »a*«»*«*a *««*«**a**aa««««*a a*a««a**a a«*a»a»a* «*«a«**a
»a«a«* **a****a«*a«a*a*a« ««aaa««a» ««*«a***a «aaa««aaa «a**«aa»* **«**a«a

R10 K*C 1430& INTO CK ETA&
R10 R 0.05 0 ~ 06
R10 R (0 ' 065)OR LESS
R10 (0 ~ 02) OR LESS
R10 (0-04) OR LESS
R10 ~ ~ ~ ~ ~ ~ ~ ~

R10 FIT 0. 105 0 ~ 062

CK PI&
BAD I ER 65 HBC
BASSOMPIE 69 HBC
BISHOP 69 HBC

CL=. 95 AGUILAR1 71 HBC

CP5&/CP1&
3.0 K-P
5.0 K+P
3.5 K+ P
3 ' 9-4.6 K- P

FROM FIT (ERRGR INCLUDES SCALE FACTOR OF 1.2)

1/78
1/78
9/69

11/71

SEEN IN PARTIAL WAVE ANALYSIS OF THE K-PI+PI- SYSTEH
(OTTER 78) . SEE L ( 1770) MINI REVI EW.
NEED CONF IRMATION OMITTED FROM TABLE ~

39 LC 1580& MASS CHEV&

R11 K*&1430) INTO CK«&892& PI PI)/TOTAL
R11T 0. 12 0 ~ 04 GOLDBERG 76 HBC
R11
R11 FIT 0. 130 0.026 FROH FIT (ERRGR INCLUDES

CP6&
3 K-P, P KOPIP IP I 12/77

SCALE FACTOR OF 1.1)

(1580 ~ ) APPROX. OTTER 79 — 10,14, 16 K- P 12/79
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S200 Particle Data Group: Review of particle properties

Me sons
L(1580), K (1650), L(1770)

Data Card Listings

39 L ( 1580) WIDTH (MEV)

( 110 ' ) APPROX' OTTER 79

39 L& 1580) PARTIAL DECAY MODES

10,14, 16 K- P 12/79
existence of at least one L meson, but there are indica-

tions suggesting the presence of a second state in this

mass region.
DECAY MASSES

P1 L(1580) INTO K*(892) PI 892+ 140
P2 L(1580) INTO K*(1430) PI 1425+ 140

39 L & 1580) BRANCHING RATIOS

W1 LC1580) INTO K«C892) PI CP1)
W1 SEEN OTTER 79 HBC — 10,14, 16 K- P 12/79

W2 LC1580) INTO K«&1430) PI CP2)
W2 POSSIBLY SEEN OTTER 79 HBC — 10,14, 16 K- P 12/79

«*a«** ***a***a**««*a«**a «*«***«*«******«*a**«*a*a«« a«aa«a««a ««*«a***

REFERENCES FOR L&1580)

OTTER 79 NP B 147 1 +RUDOLPH, + (AACH+BERL+CERN+LOI C+WI EN) JP

1745 ~ 0
M 1780.0
M (1760.0)
M X 1765.0
M (1740.0)
M 1767.
M P 306 1730.
M 60 1710~

M (1820. )
M (1730 ~ )
M

M AVG 1758.9

23 L& 1770) MASS (MEV)

20 ' 0
15.0

(15.0)
40 ' 0

6 ~

20.
15.

APPROX ~

APPROX'

AGUI LAR
BARTSCH
LUDLAM
COLLEY
DENEGR I
BL IEDEN
FIRESTONE
CHUNG
DAUM
ARMSTRONG

70 HBC
70 HBC
70 HBC
71 HBC +
71 DBC
72 MMS
72 DBC +
74 HBC
81 CNTR
83 OMEG

4 ' 6 K- P
10.1 K- P
12.6 K- P

10 ~ K+P, K 2PI
12 ~ 6 K-D, K 2PI D

11 ~ —16 ~ K- P
12. K+ D

7.3K-P, K-OMEGA P
63 K-P, K 2PI P
18 ' 5 K-P, 3K P

10.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2. 1)
(SEE IDEOGRAM BELOW)

6/70
1/71
1/73
1/73
5/71

12/72
1/73

12/75
1/82
9/83*

a««a«a ««««*«a** *a****a«******a*«a*a*a««a«a aa«««««a« «aaaaaa*a a«a««a«a
***a**«***a*****a«a«a«a« aa*«a«a«a *««a**a*a «**«****a*«*«a**«a ««aa«a««

«

K (1650) 29 2-(1050, /9 1-) ) 1/2

THIS ENTRY CONTAINS VARIOUS PEAKS OBSERVED IN THE
1- WAVE OF THE K PI ANO K PI PI SYSTEMS.
WAIT CONFIRMATION ~ OMITTED FROM TABLE.

M P PRODUCED IN CONJUNCTION WITH EXCITED DEUTERON.
M X SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS.

WEIGHTED AVERAGE = 1758, 9 + 10, 0
ERROR SCALED BY 2. 1

29 K«(1650) MASS (MEV)

(1660 ~

(1650 ~

1500.
1800.

(1700.
'l474 ~

)
) APPROX

30.
70.

) APPROX
25 '

CHARRI ERE
ESTABROOK
ETKIN
ETKIN
ASTON
BAUB ILL I E

73 HBC
78 ASPK
80 MPS
80 MPS
81 LASS
82 HBC

0 5. Ke P, K P 3PI
0 13 K+-P, K+-PI+-N
0 6 K-P, KO PI+ PI-
0 6 K-P, KO PI+ PI-
0 11 K-P, K- PI+ N

0 8 ' 25 K-P, KS 2PIN

1/73
12/78

1/82
1/82
1/82
9/83*

29 K«&1650) WIDTH (MEV)

(60. )
250-300 APPROX'
170 ~ 30.
500. 100.

(200 ' ) APPROX.
2?5. 65.

~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE

CHARRI ERE
ESTABROOK
ETKIN
ETKIN
ASTON
BAUB ILL I E

FACTOR = 2.4)

AVERAGE MEANINGLESS (SCALE FACTOR = 3.1)

73 HBC
78 ASPK
80 MPS
80 MPS
81 LASS
82 HBC

0 5. K+ P, K P 3PI
0 13 K+-P, K+-PI+-N
0 6 K-P, KO PI+ PI-
0 6 K-P, KO PI+ PI-
0 11 K-P, K- PI+ N

0 8 25 K P/KS 2PIN

1/73
12/78

1/82
1/82
1/82
9/83*

UNG

RESTONE
IEDEN
LLEY
RTSCH
U I LAR

74 HBC
72 DBC
72 MMS

71 HBC
70 HBC
70 HBC

I

19001650 1700 1750 1600 1650
L(1770) MASS (MEV)

CH I SQ
10. 6
2. 1

1

2. 0
0. 5

17.0
(CONLEV
=0. 002)

P1
P2

29 K«C 1650) PARTIAL DECAY MODES

K*(1650) INTO K P I
K*(1650) INTO K ETA

DECAY MASSES
498+ 135
498+ 549 23 L(1770) WIDTH &MEV)

CHARRIER 73 NP B 51 317

ESTABROO 78 NP B 133 490

ETKIN 80 PR D 22 42

ASTON 81 PL 106 B 235

BAUBILLI 82 NP B 202 21

CHARRIERE, DRI JARD, DE BAERE, + (CERN+BELG)

ESTABROOKS, CARNEGIE, + (MONT+CARL+DURH+SLAC)

+FOLEY, LINDENBAUM, KRAMER, e (BNL+CUNY) JP

+CARNEGIE, DUNWOODIE, DURKIN+(SLAC+CARL+OTTA) JP

BAUB ILL I ER+ (BIRM+CERN+GLAS+MSUeLPNP)

***««*«««*«*a*« ****a***a*********«***««««« ««««*«*** *«*«*«**aa**«a«**
a«a«*a «««*a«*a« ««*««*««a a«««a«a«a *««a«*«a* **a«***a««**«««««a a*«a««a«

L ( 1 770) 23 L&12?OJP 2-) I , 1/2

29 K«&1650) BRANCHING RATIOS

R1 K«&1650) INTO &K PI)/TOTAL (P1)
R1 (0 ' 35) APPROX' ASTON 81 LASS 0 11 K-P, K- PI e N 1/82

a*****««a***«aa *aa«a*«aa a********««**a***a«a««««««a a«a««a«*a ««aa««aa

REFERENCES FOR K*(1650)

W

W

W X
W

W

W P
W

W

W

W

W AVG

100.0
138.0
(50.0)
90.

(130.0)
100.

306 210.
60 110.

(200. )
(220. )

135.1

50.0
40.0

(40 ' 0)
70.
26 ~

30.
50.

APPROX'
APPROX'

AGUI LAR 70
BARTSCH 70

(20.0) LUDLAM 70
COLL EY 71
DENEGR I 71
BL IEDEN 72
FIRESTONE 72
CHUNG 74
DAUM 81
ARMSTRONG 83

HBC
HBC
HBC
HBC +
DBC
MMS
OBC +
HBC
CNTR
OMEG

4 ' 6 K- P
10.1 K- P
12.6 K- P

10 ~ K+P, K 2P I
12 ~ 6 K-D, K 2PI D

11 ~ —16. K- P
12 ~ K+ D

7.3K-P, K-OMEGA P
63 KP K 2P I P
18.5 K-P 2 3K P

20.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
(SEE IDEOGRAM BELOW)

WEIGHTED AVERAGE = 135, & + 20. 9
ERROR SCALED BY 1.4

W P PRODUCED IN CONJUNCTION WITH EXCITED DEUTERON
W X SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS.

6/70
1/71
1/73
1/73
5/71

12/72
12/72
12/75

1/82
9/83*

The L(1770) is seen as a bump at a mass -1.8 GeV
in the diffractive-like processes KN ~ (K2r9r)N. The
eAect is largely dominated by the JP=2 partial waves.

The long-standing questions concerning the resonant

nature of the enhancement as well as its possible decay
modes have been largely clarified. A detailed partial-

wave analysis based on 200,000 diffractive K p ~
K 2r 5r p events (DAUM 81) establishes resonance-

like phase variations and isolates several decay modes.
The behavior of the extracted 2 waves requires the

0 100 200
L(1770) WIDTH (MEV)

300
I

400

. CHUNG

-FIRESTONE
- BL IEDEN
-COLLEY
-BARTSCH
- AGU I LAR

74 HBC
72 DBC
72 MMS

7t HBC
70 HBC
70 HBC

CH I SQ
0. 3
6. 2

1.8
0. 4

0. 0
0. 5
9. 2

(CONLE'V
=O. tol)
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Me sons
L(1770), K (1780)

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10

L(1770)
L(1770)
L(1770)
L ( 1770)
L ( 1770)
L&1770&
L(1770)
L(1770)
L & 1770)
L(1770)

23 L&1770& PARTIAL DECAY MODES

INTO K PI PI
INTO K*(1430& PI
INTO K PI PI PI
INTO K*(892) PI
INTO K*(892) RHQ
INTO K*(892) OMEGA
INTO K*(892) PI PI
INTO K OMEGA
INTO K F
INTO K PHI

DECAY MASSES
498+ 135+ 135
135+1425
498+ 135+ 135+ 135
892+ 135
892+ 769
892+ 783
892+ 135+ 135
498+ 783
498+ 1274
494+ 0

23 L&1770& BRANCIIIN6 RATIOS

R1 L&1770& 1NTO CKaC1630& PI& / &K PI PI (P2&I CP1&
R1 (K*(1430) INTO K PI )
R1 (1.0) BARBARO 69 HBC + 12.0 K+ P

R1 0 ~ 2 0.2 AGUILAR 70 HBC — 4.6 K- P
R1 (1 ~ 0) OR LESS BARTSCH 70 HBC — 10 ~ 1 K- P
R1 (1 ~ 0) OR LESS COLLEY 71 HBC 10 ' K+ P
R1 P (1.0) APPROX' FIRESTONE 72 DBC + 12 ' K+ D

R1 (0.6) APPROX' DAUM 81 CNTR 63 K-P, K 2PI
R1 P PRODUCED IM CONJUNCTION WITH EXCITED DEUTERON
R1 R FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON OTHER DECAY
R1 R MODES SEE HUGHES 71,SLATTERY 71,EISNER 74 ~

1/71
1/71
1/71

11/71
12/72

1/82

natural to consider them as alternative decay modes of a
single resonance.

There appears to be some disagreement in the values

of the width obtained using the K~ channel. The meas-

ured values tend to become larger when the number of
angular moments included in the fit increases. For the

time being the observed discrepancies seem to originate

from the explicit parametrization of the experimental

distributions rather than from the data themselves.

60 1(*&1780& MASS CMEV&

R2 L(1770& INTO CK OME6A&/TOTAL &P8&
R2 SEEN CHUNG 74 HBC — 7.3K-P, K-OMEGAP 1/82
R2 SEEN OTTER 81 HBC +- 8.25, 10, 16 K+-P 1/82

R3 i&1770& INTO &Ka&892& PX&/&K PI PE& CP6&/(P1}
R3 (0.24) APPROX. DAUM 81 CNTR 63 K-P, K 2PI P 1/82

R6 L&1770& INTO (K F&/CK PI PI& CP9&/CP&&
R4 (F INTO PI PI)
R4 (0.16) APPROX' DAUM 81 CNTR 63 K-P, K 2PI P 1/82

R5 LC1770) INTO &K PNI)/TQTAL CP10&
R5 SEEN ARMSTRONG 83 QMEG — 18.5 K-P, K-PHI 9/83*

**aa**«a**a**aa a***a*aaa ******aaaa**aa*aaa *a***aaaa ***aaa***aaaaa**a

REFERENCES FOR L(1770&

BARTSCH 66 PL 22 357 +DEUTSCHMANN, + (AACH+BERL+CERN+LOIC+VIEN)

M M

M A

M

M

J
M K
M

M

M

M

M AV

1779.0
1776.
1812.0
1786.0
1850.
1786.
1753.

190 1762.0
1790.0

2060 1784.0

G 1779.8

11 ~ 0
26 ~

28.0
8.0

50.
15.
25 ~

9 ~ 0
15 ~ 0
9 ' 0

4 ~ 1

18.

AVERAGE

BALD I
BRANDENB
BEUSCH
CHUNG
ETKIN
ASTON 1
ASTON 2
TOAFF
BAUB ILL IE
CLELAND

76 SPEC
76 ASPK
78 OMEG
78 MPS
80 MPS
81 SPEC
81 LASS
81 HBC
82 HBC
82 SPEC

+ 10 K+P, KO PI+P
013 K+-P, K+-PI-+

10K-P, KO PI+PI-N
G K-P, K-PI+N 6 GEV
0 6 K-P, KO PI+ PI-
011.K-P, K- PI+ N

0 11 K-P, K- PI+ N

6.5 K-P, KO PI- P
0 8.25 K-P, KS2PIN

+- 50 K+P, KS PI+-P

M A CONFIRMED BY PHASE SHIFT ANALYSIS OF ESTABROOKS 7?,YIELDS JP=3-
M J FROM A FIT TO Y(6, 0) MOMENT.
M K FROM ENERGY INDEPENDENT PWA.
M M FROM A FIT TO Y(6, 2) MOMENT. JP=3- FOUND.

12/? 7
12/75
4/78
1/78
1/82
2/81
1/82
1/82
9/83*
8/83*

BERL IMGH 67 PRL 18 1087
CARMONY 67 PRL 18 615
JOBES 67 PL 26B 49

BARTSCH 68 NP B8 9
DENEGRI 68 PRL 20 1194

ANDREWS 69 PRL 22 731
BARBARO 69 PRL 22 1207
COLLEY 69 NC A 59 519

AGUE LAR 70 PRL 25 54
BARTSCH 70 PL 33 B 186
LUDLAM 70 PR 0 2 1234

COLlEY 71 NP B 26 ?1
DENEGRI 71 NP B 28 13

ANDERSON 72 PR D 6 1823
BLIEDEN 72 PL 39 B 668
FIRESTON 72 PR D 5 505

BARLOUTA 73 NP B 59 374
BINGHAM 73 NP B 52 31
CHARRI ER 73 NP B 51 31?

CHUNG 74 PL 51B 412
DEUTSCHM 74 PL 49B 388
EISMER 74 BOSTON CONF-

ANT IPOV 75 NP B86 381
OTTER 75 MP B93 365

BERL INGHIERI+FARBER+FERBEL+FORMAM+ (ROCH) I
D. CARMQMY, T.HENDRI CKS, L. LANDER (LA JOLLA)
+BASSOMPIERRE, DE BAERE + (BIRM+CERN+BRUX)

+COC CON I,+ (AACH+BERL+CERN+LOEC+VIEN&
+CALLAHAM+ETTL INGER+GILLESPIE+ ( JHU)

+LACH, LUOLAM, SANDWEISS, BERGER, .+ (YALE+LRL)
BARBARO GALTIERI LOAVES FLATTE + (LRL)
+EASTWQOD, + (BIRM+GLAS+LQIC+MP IM+OXF+RHEL)

AGUI LAR-BENI TEZ, BARNES, BASSANO, CHUNG, +(BNL )
+DEUTSCHMANN, + (AACH+BERL+CERN+LOIC+VIEN)
+SANDWEISS, SLAUGHTER (YALE)

+JOBES, KENYON, PATHAK, HUGHES, + (BIRM+GLAS)
+ANTICH, CALLAHAN, CARSON, CHIEM, COX, + (JHU) JP

+FRANKL IM, GODDEN, KOPELMAN, LIBBY,TAN (COLO)
+F INOCCHIARO, BOWEN, EARLES, + (STON+NEAS)
F I RESTONE, GOLDHABER, LI SSAUER, TRILL ING (LBL)

+DREV ILLON, SHAH, + (SACL+EPOL+RHEL)
+FARWEL, + (LBL+ORSAY+BNL+SACLAY+MILAN)
CHARR I ERE, DR I JARD, DE BAERE, + (CERN+BE LG)

+E I SNER, PROTOPOPESCU, SAMIOS, STRAND (BNL)
DEUTSCHMANN, + (AACH+BERL+CERN+LOIC+VIEN) JP
R. L. EISNER REVIEW TALK &BML)

+ASCOLI, BUSNELLO, KIENZLE+ (SERP+CERM+ILL) JP
+RUOOLPHrRUMPF+ (AACH+BERL+CERM+LOIC+VIEN& JP

M 135.0
E (270. )

181.0
96.0

240.
J 225.
K 300.

190 (80. )
(130.0

2060 191.0
AVG 160.9

60 Ka& 1780& WIDTH C MEV)

22. 0
(?0.)
44 ' 0
31 ~ 0
50.
60 '

17G.
APPROX'

) APPROX
24. 0

80 '

BAlD I
BRANDENB
BEUSCH
CHUNG
ETKIN
ASTON 1
ASTON 2
TOAFF
BAUB ILL I E
CLELAND

76 SPEC
76 ASPK
?8 QMEG
78 MPS
80 MPS
81 SPEC
81 LASS
81 HBC
82 HBC
82 SPEC

+ 10 K+P, KO PI+P
013 K+-P, K+-PI-+

10K-P, KO PI+PI-N
0 K-P, K-P I+M 6 GEV
0 6 K-P, KO PI+ PI-
011.K-P, K- P I+ N

0 11 K-P, K- PI+ N

6 ~ 5 K-P, KO PI — P
0 8.25 K-P, KS2P IN

+ 50 K+P, KS PI+ P

19.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
(SEE IDEOGRAM BELOW)

WEIGHTED AVERAGE = 1 60 . 9 * 19 . 2

ERROR SCALED BY 1.5

D ERRORS ENLARGED BY US TO 4aGAMMA/SQRT(N). SEE K*(892) TYPED NOTE ~

E ESTABRQOKS ?? FIND THAT BRAMDEMBURG ?6 DATA ARE CONSISTENT
E WITH 175 MEV WIDTH. MQT AVERAGED.

J FROM A FIT TQ Y(6, 0} MOMENT.
K FROM ENERGY INDEPENDENT PWA.
M FROM A FIT TO Y(6, 2) MOMENT. JP=3- FOUND.

12/77
12/75
4/?8
1/78
1/82
2/81
1/82
1/82
9/83*
8/83*

OTTER 79 NP B 147 1 +RUDOLPH, + (AACH+BERL+CERN+LOIC+WIEN) JP

OAUM 81 MP B 187 +HERTZBERGER+(AMST+CERN+CRAC+MPIM+OXF+RHEL)
OTTER 81 NP B 181 (AACH+BERL+LQ IC+VI EN+BI RM+BELG+CERM+MQMS)

ARMSTRON 83 NP B 221 1 ARMSTRONG+ (BAR I+BI RM+ CE RN+MI LA+LPNP+PA V I )

**aa**aaaa*a*aa aaaa*aa*a aaaaa*a*a a*a**a*aa a**a****aaa**a****aa*aa*aa
**aaa» a*a**aaa* aaaaaaaa* a*a*a*aaa *aaaa**a* a*a**aaaa aa*a*aaaa aa**aaaa

( 1 78()) 60 K~C1780, JP 3-) I 112

All the recent high-statistics experiments studying the

K~ system in KN ~ K~N interactions have shown

clear evidence for the existence of a resonant effect at
-1800 MeV in the J =3 partial wave (BALDI 76,
BRANDENBURG 76, CHUNG 78, CLELAND 80,
ASTON 81). The intensity of the 3 partial wave of the

Kx~ system produced in the charge-exchange process
K p ~ K x+m n also shows resonance-like behavior

at -1800 MeV (BEUSCH 78, ETKIN 80, BAUBIL-
LIER 82). Since the mass values quoted for the Km. and
Kx~ modes are not significantly different, it seems

P1
P2
P3
P4
P5
P6

-CLELAND
-ASTON 2
-ASTON 1

- ETK IN

NG

SCH
DI

I

—100 'l 00 300
K~(1780) WIDTH (MEV)

500

K*(1780)
K*(1780)
K*(1780)
K*(1780)
K*(1780&
K*(1780)

INTO K PI
INTO K*(892) PI
INTO K RHO
INTO K*(1430) PI
INTO K PI PI
ENTO K*(892) RHQ

60 Ka C 1780& PARTIAL DECAY MODES

1

2. 5
4 4

0. 2

1.4
11

(CONLEV
=0. 048)

DECAY MASSES
494+ 140
892+ 140
494+ 769

1425+ 140
494+ 140+ 140

1275+ 769

CH I SQ
82 SPEC 1

81 LASS
81 SPEC
80 MPS
78 MPS

78 OMEG

76 SPEC
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8202 Particle Data Group: Review of particle properties

Mesons
K (1780), K(1830), K (2060), K(2250), K(2320)

Data Card Listings

60 K«{1780& BRANCNING RATIOS

CP1)
ESTABROO 78 ASPK 0 13 K+-P, K PI 12/77
ASTON 2 81 LASS 0 11 K-P, K- PI+ N 1/82

R4
R4
R4
R4
R4 AVG

K«C1780& INTO CK PI &/TOTAL
0. 19 G ~ 02
0. 16 0.01

0. 166 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)

CARMONY 71 PRL 27 1160
FIRESTON 71 PL 36 8 513

AGUILAR 73 PRL 30 672
WALUCH 73 PR D 8 2837

BALDI 76 PL 63 8 344
BRANDENB 76 PL 60 8 478
SPIRO 76 PL 60 8 389

BOWLER 77 NP 8 126 31
CARMONY 77 PRD 16 1251
GRASSLER 77 NP 8 125 189

BEUSCH 78 PL 74 8 282
CHUNG 78 PRL 40 355
ESTABROO 78 NP 8 133 490

ALSO 78 PR D 17 658

CLELAND 80 PL 978 465
ENGELEN 80 NP 8 167 61
ETKIN 80 PR D 22 42

REFERENCES FOR K«{1780)

+CORDS, CLOPP, ERWIN, ME I ERE, + (PURD+UCD+IUPU)
FIRESTONE, GOLDHABER, LISSAUER, TRILLING (LBL)

+CHUNG, EISNER, PROTOPOPESCU, SAMIOS, + (BNL)
+FLATTE, FRIEDMAN (LBL)

+BOEHRINGER, DORSAZ, HUNGERBUHLER, + (GENEVA) JP
BRANDENBURG, CARNEGIE, CASHMORE, DAVIER+(SLAG) JP
+BARLOUTAUD, PALER, CHAURAND+(SACL+RHEL+EPOL) JP

+DAINTON, DRAKE, WILL IAMS (OXFORD) JP
+CLOPP, LANDER, MEIERE, YEN, + (PURD+UCD+IUPU)
+KLUGOW, + (AACHEN+BERLIN+CERN+LOIC+VIENNA)

+BIRMAN, KONIGS, OTTER, + (CERN+AACH+ETH) JP
+ETKIN, FLAMING+ (BNL+BRAN+CUNY+MASA+PENN) JP
ESTABROOKS, CARNEGIE, + (MONT+CARl. +OURH+SLAC) JP
ESTABROOKS, CARNEGIE+ (MONT+CARL+DURH+SLAC)

+DORSAZ, MARTIN, NEF, + (P ITT+GEVA+LAUS+DURH) JP
+ JONGE JANS, DION IS I+ (N I JM+AMST+CERN+OXF ) JP

+FOLEY�/

L I NDENBAUM / KRAMER + (BNL+CUNY) JP

*****a«««*a«**» «*a«*a«a» »a»a«a«a« **«**«a«**«*«*ac***ea*aa*a* »aa»««a«

BROMBERG 80 PR O 22 1513
CLE LAND 80 PL 978 465

ASTON 1 81 PL 99 8 502
ASTON 2 81 PL 106 8 235
BAUBILLI 82 PL 118 8 447
CLELAND 82 NP 8 208 189

+HAGGERTY, ABRAMS, DZ IERBA(CIT+FNAL+ILLC+IND)
+DORSAZ, MARTIN, NEF, + (PITT+GEVA+LAUS+DURH)JP

+DUNWOODIE, DURKIN, FIEGUTH+ (SLAC+CARL+OTTA)JP
+CARNEGIE, DUNWOODIE, DURKIN+(SLAC+CARL+OTTA) JP
BAUBILLIER, BURNSe (BIRM+CERN+GLAS+MSU+LPNP)
+DELFOSSE, DORSAZ, GLOOR(DURH+GEVA+LAUS+PITT)

a«a»*a **a***a***««*a*a****a««**a**a«*a«a*a ***«**«a«a*«a«a«a« ***««*a*
*»**a*«a»»a«*aa a«a«a*a«a «a«a*a**a «aa«*a*** **«a«a*a« «»a*«**a« aa«aaaa»

35 K«{2060& BRANCHKN6 RATIOS

R I K*{2060& INTO CK PI &/TOTAL CP1&
R1 0 F 07 0.01 ASTON 2 81 LASS 0 11 K-P, K- PI+ N 1/82

R2 K*C2060& INTO CK*(892& PI PI&/TOTAL CP2&
R2 SEEN BAUBILLIE 82 HBC — 8.25K-P, KS 3PI P 8/83»

R3 K«{2060& INTO CRHO K PI&/TOTAL CP3&
R3 SEEN BAUBILLIE 82 HBC — 8.25K-P, KS 3PI P 8/83*

R4 K«C2060& INTO {OMEGA K PI &/TOTAL CP4&
R4 SEEN BAUBILLIE 82 HBC — 8.25K-P, KS 3PI P 8/83*

R5 K«C2060& INTO CK»(892& 3 PI&/TOTAL CP5&
R5 POSSIBLY SEEN BAUBILLIE 82 HBC — 8.25K-P, KS 3PI P 8/83*
a««a«a «aa»*«*** **«**a*a*«a*a«»«aa «a«a«a«*a »a*«*««a» a««a««a** «*»*a»«a

REFERENCES FOR K«{2060)

CARMONY 71 PRL 27 1160 +CORDS, CLOPP, ERWIN, ME I ERE, + (PURD+UCD+ IND)

CARMONY 77 PRD 16 1251 +CLOPP, LANDER, MEIERE, YEN, + (PURD+UCD+IUPU)

ASTON 1 81 PL 99 8 502
ASTON 2 81 PL 106 8 235
TOAF F 81 PR D 23 1500

+DUNWOODIE, DURKIN, F IEGUTH+ (SLAC+CARL+OTTA)JP
eCARNEGIE, DUNWOODIE, DURKINe(SLACeCARLeOTTA) JP
+MUSGRAVE, AMMAR, DAVIS, ECKLUNO, + (ANL+KANS) 40 K{2250,JP~Z-) I~1/2

BAUBILLI 82 NP 8 ?02 21
CLELANO 82 NP 8 208 189

BAUB ILL IER+ (BIRM+CERN+GLAS+MSU+LPNP)
+DELFOSSE, DORSAZ, GLOOR(DURH+GEVA+LAUS+PITT)

K(1830)

»«*»»a *a«««**a« *»*a**»«» «*«*a«*a« a»*««****«**a****aa»»«»a««a «**»*a«*
*«*a*a ««*«a«a** ***«««a**«*****»***a*a«a««a ««««**a** *»***a*a««a«a«a»«

FORMERLY CALLED K*.
THIS ENTRY CONTAINS VARIOUS PEAKS IN STRANGE MESON
SYSTEMS REPORTED IN THE 2100-2300 MEV REGION AS WELL AS
ENHANCEMENTS SEEN IN ANTIHYPERON NUCLEON SYSTEM, EITHER
IN THE MASS SPECTRA OR IN THE JP=2- WAVE.
OMITTED FROM TABLE.

88 KC 1830& MASS CMEV&

(1830.0) APPROX ARMSTRONG 83 OMEG — 18.5 K-P, 3K P

SEEN IN PARTIAL WAVE ANALYSIS OF K- PHI SYSTEM.
NEEDS CONFIRMATION. OMITTED FROM TABLE.

9/83*

M C

M Q

M Q

M Q
M

M AVG

20(2240. )
(2200. )

37(2147. )
2235 ~

2260.
2200.0

2246. 5

(20 ' )
APPROX.

(4 ' )
50 '
20 '
40 ' 0

16.8 AVERAGE

LISSAUER
SLATTERY
CHL I APNIK
BAUB ILL I E
CL ELAND
ARMSTRONG

40 KC2250) MASS CMEV&

70 HBC
71 RVUE
79 HBC
81 HBC
81 SPEC
83 OMEG

9. K+ P
8-13 K+ P
K+P TO LAM-BAR P
8. K-P, LAM PBAR
50 K+P, LAM PBAR
18 K-P, LAM PBAR

11/71
11/71

1/80
1/82
1/82

12/83*

88 KC 1830) WIDTH CNEV&

M C COMPILATION OF (ANTIHYP. -NUCLEON) MASS IN K+ P 8.-13. GEV/C
M Q JP~?- FROM MOMENTS ANALYSIS.

(250.0) APPROX ARMSTRONG 83 OMEG — 18.5 K-P, 3K P 9/83*
40 K{2250) WIDTH (MEV&

88 Kc 1830& PARTIAL DECAY MODES

DECAY MASSES
P1 K(1830) INTO K PHI 4 94+1020

««a*»a aaa»**«*a a«**a«a«a «aa»a«aaa a»«a»a*«a »««»a««a« «a*a«a*a* ****«a*a

ARMSTRON 83 NP 8 221 1

REFERENCES FOR KC 1830&
ARMSTRONG+ (BAR I+BIRM+CERN+MILA+LPNP+PAVI ) JP

35 K«CZ060& MASS (MEV&

«a«a«a »a*a*a*a« «a»a*a«*a *aaaaaeaa *«***»*a*«*«a«*««« «»*aa«*a* »****a*«
**a«*****a«a«a« *«»*a«***«**a***a«a*«a«a««a *aa«*«a** ***a«*«a« »a«a*a»*

(2060) 35 6~&2060, JP 6+) I 1/2

W

W C

W

W Q

W Q
W Q

W

W AVG

20 (80. )
(200 ' )

37 (40. )
(200. )
210 ~

150.0

(20. )
APPROX'
APPROX.
APPROX.

30.
30 ' 0

180.0 30 ' 0

LISSAUER 70 HBC 9. K+ P
SLATTERY 71 RVUE 8-13 K+ P
CHLIAPNIK 79 HBC + K+P TO LAM-BAR P
BAUB ILL IE 81 HBC — 8. K-P, LAM PBAR
CLELAND 81 SPEC +- 50 K+P, LAM PBAR
ARMSTRONG 83 OMEG — 18 K-P, LAM PBAR

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)

W C COMPILATION OF (ANTIHYP. -NUCLEON) MASS IN K+ P 8.-13. GEV/C
W Q JP~?- FROM MOMENTS ANALYSIS.

40 KC2250& PARTIAL DECAY MODES

DECAY MASSES
P1 K(2250) INTO K PI PI 498+ 135+ 135
P2 K(2250) INTO LAMBDA PBAR 1116+ 938
«»a«a« aaa**«aa* *a«a*a«»* «»aa*«**» «««a«*aa» a«a«a»a*a »**a**a**aa«««a«*

11/71
11/71

1/80
1/82
1/82

12/83*

M 488 2115 ~ 46.
M C (2092. ) (21.)
M D 2070. 100 ' 40.
M 650 2G88. 20.
M W 8 400 2039. 10.
M AVERAGE MEANINGLESS (SCALE FACTOR

CARMONY
ASTON 1
ASTON 2
BAUB ILL IE
CLELAND

1.8)

77 HBC 0 9 K+D, K+ PIONS 12/78
81 LASS 011.K-P, K- PI+ N 1/82
81 LASS 011.K-P, K- PI+ N 1/82
82 HBC — 8.25 K-P, KS PI-P 8/83*
82 SPEC +- 50 K+P, KS PI+-P 8/83*

35 K*{2060) WIDTH CMEV&

W 300 ' 200.
W C (205. ) (70. )
W D 240 ' 500.
W 650 170. 100.
W W 8 400 189. 35.
W AVERAGE MEANINGLESS

(55. )
100.
50.

CARMONY 77 HBC 0 9 K+D, K+ P IONS 12/78
ASTON 1 81 LASS 011.K —P, K- PI+ N 1/82
ASTON 2 81 LASS 011.K-P, K- PI+ N 1/82
BAUBILLIE 82 HBC — 8 ~ 25 K-P, KS PI-P 8/83*
CLELAND 82 SPEC +- 50 K+PKS PI+P 8/83*

W 8
W W

W C
W D

FROM A FIT TO 8 MOMENTS.
NUMBER OF EVENTS EVALUATED BY US.
FROM A FIT TO Y(5,0), Y(7,0) AND Y(8 0) MOMENTS.
FROM ENERGY INDEPENDENT PWA ~

M 8 FROM A FIT TO 8 MOMENTS.
M W NUMBER OF EVENTS EVALUATED BY US.
M C FROM A FIT TO Y(5, 0), Y(7,0) AND Y(8, 0) MOMENTS.
M D FROM ENERGY INDEPENDENT PWA.

REFERENCES FOR KC2250&

ALEXANDE 68 PRL 20 755 ALEXANDER, FIRESTONE, GOLD HABER, SHEN (LRL )

LISSAUER 70 NP 8 18 491 +ALEXANDER, F I RE STONE, GOLDHABER (LBL)

SLATTERY 71 UR-875-332(PREP) P. SLATTERY, A REVIEW OF STRANGE MESONS(ROCH)

CHLIAPNI 79 NP 8 158 253 CHLIAPNIKOV, GERDYUKOV+ (CERN+BELG+MONS)

BAUBILLI 81 NP 8 183 1
CLELANO 81 NP 8 184 1

BAUB ILL I ER, +
+NE F, MART IN, +

(BIRM+CERN+GLAS+MSU+LPNP) JP
(PITT+GEVA+LAUS+DURH) JP

90 K{2320& MASS CMEV&

ARMSTRON 83 NP 8 227 365 ARMSTRONG+ (BARI+BIRM+CERN+MILA+LPNP+PAVI)

«*a*«* ***««a«**«*«**a***«a«a«a«a* «**a»*a»a ««*a««**« *«aa*«a** «a**a*a«
a»a«a« a«a«a«a*« a«**a*«»a a*a*a«*a« a»a«a«a«* **aaae**» *«*******«a«a«a«a

K(2320) 60 K(2320, /P 3+& 11/2
THIS ENTRY CONTAINS ENHANCEMENTS SEEN IN THE
JP 3+ WAVE OF THE ANTIHYPERON NUCLEON SYSTEM
OMITTED FROM TABLE.

P1
P2
P3
P4
P5

35 K«C2060& PARTIAL DECAY M{)OES

K*(2060) INTO K PI
K*(2060) INTO K*(892) PI PI
K*(2060) INTO RHO K PI
K*(2060) INTO OMEGA K PI
K*(2060) INTO K*(892) PI PI PI

DECAY MASSES
494+ 140
892+ 140+ 14G
769+ 498+ 140
783+ 498+ 140
892+ 140e 140+ 135

M P 2320.0 30.0 CLELAND 81 SPEC +- 50 K+P, LAM PBAR 12/83*
2330 ~ 0 40.0 ARMSTRONG 83 OMEG — 18 K-P, LAM PBAR 12/83*

M AVG 2323.6 24. 0 AVERAGE

M P JP=3+ FROM MOMENTS ANALYSIS

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



Particle Data Group: Review of particle properties S203

For notation, see key at front of Listings. Me sons
K(2320), K(2500), D, D, D (2010), D (2010)

90 KC2320& WIDTH (MEV&

M P (250 ' 0) APPROX' CLELAND 81 SPEC +- 50 K+P, LAM PBAR 12/83* M

W P 150.0 30.0 ARMSTRONG 83 OMEG — 18 K-P, LAM PBAR 12/83* M

W P JP=3+ FROM MOMENTS ANALYS IS

62 CHARGED Dt(2010& WIDTH CMEV)

30 (2.0& OR LESS CL=.90 FELDMAN 77 SHAG D*e TO DO PI+ 12/77
(2.2) OR LESS YELTON 82 SMK2 29 E+E-,K-PI+PI — 8/83*

62 CHARGED D»C2010& PARTIAL DECAY MODES

P1

90 K(2320& PARTIAL DECAY NODES

K(2320) INTO LAMBDA PBAR
DECAY MASSES

1116+ 938

DECAY MASSES
P 1 O*e (2010& INTO DO P I+ 1865+ 140
P2 D*e(2010) INTO 0+ GAMMA 1869+ 0
P3 D*e &2010& INTO 0+ P I 0 1869+ 135

P D*-&2010& MODES ARE CHARGE CONJUGATES OF ABOVE MODESa*»aaa »*»**a***»a»a»a»»a »**»*a*a» »**a»»»a* »*a»***»a tea*ate*a *a**a»a*

CLELANO 81 NP 8 184 1

REFERENCES FOR K(2320)
+NEF, MART IN, + (PITT+GEVA+LAUS+DURH) 62 CHARGED Dt(2010) BRANCHING RATIOS

ARMSTRON 83 NP 8 227 365 ARMSTRONGe (BARI+BIRM+CERN+MILA+LPNP+PAVI )

a»»at» »a*a*a***a»at»a»a» »**»a»*a* »*»et***a ate**tea» aaat**a** ***a*eat
at»*** **tata*at a****a***a*tat»a** tata»*»*a tea»a»tat *******at*a*aa**»

K(250Q) 01 6&2000, JP 4-) 11/0
THIS ENTRY CONTAINS ENHANCEMENTS SEEN IN THE
JP~4- WAVE OF THE ANTIHYPERON NUCLEON SYSTEM
OMITTFD FROM TABLE ~

R1 Da+(2010) INTO (DO PI+) /TOTAL (P1)
R1 G 0.6 0 ~ 15 GOLOHABE 77 SMAG + E+E-
R1 6 ASSUMING THAT ISOSPIN IS CONSERVED IN THE DECAY

R2 D*+(2010& INTO CD+ GAMMA&/TOTAL CP2&
RZ 0.08 0 F 07 K IRK BY 79 RVUE E+ E-

R3 D*+(2010) INTO (D+ PIO)/TOTAL (P3)
R3 G 0.28 0 ~ 09 K IRKBY 79 RVUE Ee E-

at*»** **»*at*a*a*a»*ate» a»ate»*at »a****»*aet*ate«** **tea*tet et*a*at»

REFERENCES FOR CHARGED D*(2010)

12/77

12/79

12/79

91 K(2500& MASS (MEV& PERUZZI 76 PRL 37 569 +PICCOLO, FELDMAN. , NGUYEN, MISS, + &SLAC+LBL)

M R 2490. 0 20.0

M R JP~4- FROM MOMENTS ANALYSIS

CL'ELAND 81 SPEC +- 50 K+P, LAM PBAR 12/83* FELDMAN 77 PRL 38 1313
PERUZZI 77 PRL 39 1301
GOLDHABE 77 PL 69 8 503

+PERUZZI, PICCOLO, ABRAMS, ALAM+ (SLAC+LBL&
+PICCOLO, FELDMAN, PERL, +(SLAG, LBL, NMES+HAWA)
+MISS, ABRAMS, ALAM, BOYARSKI, + (LBL+SLAC)

91 K C2500& WIDTH (MEV&

BLIETSCH 79 PL 86 8 108 BL IETSCHAU, +
KIRKBY 79 BATAVIA CONF. 107 J. KIRKBY

(AACH+BONN+CERN+MPIM+OXF&
(SLAC&

AVERY 80 PRL 44 1309 +MI SS,8 INKLEY, AT I YA, + & ILL+ FNAL+COLU)

&250.0) APPROX'

M R JP~4- FROM MOMENTS ANALYSIS

CLELAND 81 SPEC +- 50 K+P, LAM PBAR 12/83»
FITCH 81 PRL 46 761
TRILLING 81 PRPL 75 57

eOEVAUX, CAVAGLIA, MAY, + &PRIN+SACI eTORI+BNL)
G ~ H ~ TRILLING &LBL+UCB&

*»ate* *a»*»aa»a *a»ate»** at*a»at»a *ate»a»at *a»**a»a» at»a»tata a»a*a»at
BEBEK 82 PRL 49 610 +(HARV+OSU+ROCH+RUTG+SYRA+VAND+CORN+ ITHACA)
YELTON 82 PRL 49 430 +FELDMAN, GOLDHABER, + (SLAC+LBL+UCB+HARV)

CLELAND 81 NP 8 184 1

REFERENCES FOR K(2500&

+NE F, MART IN, + &PITT+GEVA+LAUS+DURH&

AHLEN 83 PRL 51 1147
ALTHOFF 83 PL 126 8 493
BAILEY 83 PL 132 8 230

+AKERLOF+ (ANL+ I ND+LBL+MI CH+PURD+SLAC)
+F I SCHER, BURKHAROT+ &TASSO COLLABORATION)
+BARDSLEY+ (AMST+BRIS+CERN+CRAC+MPIM+RHEL)

at»a»* a*******aa»at»tata **»*a*»*a*«*a***a**»a»*»tat *a**at»»a a**a»»at
a»*at* e*****»ata»a»at»»a a»tata»a* aaa»»*»*a ate»*»ate *ate»*eat *»et»**a

C=+1 MESON STATES
»et**a a*a*a»a** a**a»a»a» *»*a»***aa*a»ate*t et**ate»» »»**et*a* *»*a****
****a*»«*a»»*a» «*»*a****»»etta*a* a»a»*a*at e»»**tat» *»**a*ate «*tata»*

a**a******a«a»a »»**a*at» *»*at*t*t a»a*at»a* *et*»a****tata*tea **»*tata
*ate** at*at»at» a»*a*»a*t tat*tea»* a»*a**ate ate»a**at eat»eat»a e*»*»*aa

to/
D (2Q 10) 61 DDUTD*L 0-&2010,JP 1—

& & 1/2

J CONSISTENT WITH 1, VALUE 0 RULED OUT &NGUYEN 77) .

31 CHARGED D(1869,JP~O-) 1~1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

*»*«*a a»a*a»at* ***»»**a*a»a»a*a»* **a»ate»a a*tata»** *tat»tat* »t»t»»»»
a»ate» a»a»*a*** ate»**a** a**a»tea» »***a**»a ta»aa»**a »aa»»*ate a»at»a**

0
32 NEUTRAL D(18650JP~O-) I~1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

61 NEUTRAL D*(2010) MASS (NEV)

6 (2006. ) (1 ' 5) GOLDHABE 77 SHAG E+E-
G FROM SIMULTANEUS FIT TO D*e, D*0, D+, AND DO.

MASS 2007. 2 Z. 1 FROM DO MASS (TRILLING 81 RVUE& AND
MASS DIFFERENCE BELOW

61 (D»0) — CD0) MASS DIFFERENCE CIIEV&

12/77

a»*a*a a»****at*et***»a«a »***a***aa»a»a*at» e»a»ate»a ate»*at*a ate»at*t
*»»*a* a»*a»a*et a»*teat»a a»*a»a»*a *»**a**a*a»at»a*a» tata»»a»a *at***a»

D '(2010)
62 CHARGED D»(2010, JP 1-) I 1/2

DM G

DM

DM G

OM

DM AVG 142 ~ 5 1 ~ 3 AVERAGE

142.7 1.7 GOLDHABE 77 SNAG 0 E+E-
142.2 2.0 SADROZIN 80 CBAL 0 O*0 TO DO PIO

FROM SIMULTANEOUS FIT TO D*e, D*OJ O+, AND DO.

3/82
3/82

M G

M P
M

M MASS
M

62 CHARGED D»C2010& MASS CMEV&

(2008 ' ) (3.) GOLDHABE 77 SHAG +- E+E-
(2008.6) (1.0& PERUZZI 77 SNAG +- E+E-

~ ~ ~ ~ ~ ~ ~ ~ ~

2010.1 0.7 FROM DO MASS (TRILLING 81 RVUE) ANO
MASS DIFFERENCE BELOM

12/?7
12/77

61 NEUTRAL D*(2010& WIDTH CMEV)

(5.) OR LESS GOLDHAB2 76 SNAG E+E- TO D*D*

61 NEUTRAL D*(2010& PARTIAL DECAY MODES

3/77

M G FROM SIMULTANEUS FIT TO D*e,D*0,De /AND DO, NOT INDEPENDENT OF
M 6 FELOMAN 77 MASS DIFFERENCE BELOW.
M P PERUZZI 77 MASS NOT INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE
M P BELOW AND PERUZZI 77 OO MASS VALUE.

DECAY MASSES
P1 D*0& 2010& INTO DO PIO 1865+ 135
P2 D*0(2010& INTO DO GAMMA 1865+ 0

P D*0(2010&BAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES

62 CD»+) — (DO& MASS DIFFERENCE (MEV& 61 NEUTRAL D*(2010) BRANCHING RATIOS

DM 30 145.
DM 2 145 ~

DM (145 ~

DM 60 145.
DM 14 145.
DM 16 145.
DM 12 145.
OM 28 145.
DM 14 145.
DM

DM AVG 145.

3 0.5
2 0.6
5) APPROX.
5 0.3
5 0.5
8 1.5
1 1.8
5 0.3
1 0.5

F E LDMAN
BL IETSCHA
AVERY
F ITCH
YE LTON
AHLEN
BAILEY
BAILEY
BAILEY

4'l 0.16 AVERAGE

77 SMAG
79 BEBC
80 SPEC
81 SPEC
82 SMK2
83 HRS
83 SPEC
83 SPEC
83 SPEC

D*e TO DO P I+
NEUTRINO P
GAMMA A

PI — A

29 E+E-,K-PI+
D*e TO DO PI+
O*e- TO DO P I+-
D*e- TO DO P I+-
D*e- TO DO P I+-

12/77
12/79

1/82
1/82
8/83*

12/83*
9/83*

12/83»
12/83*

R1
R1
R1
R1
R1

D*0(2010& INTO CDO GAMMA&/(DO PIO + DO GAMMA) CP2&/CP1+P2)
G 0 ~ 45 0. 15 GOLDHABE 77 SHAG E+E-
G ME QUOTE THE NORMAL FIT VALUE FROM TABLE 1. THE ISO-SPIN
G CONSTRAINED FIT IS NOW KNOMN TO GIVE A DO GAMMA FRACTION WHICH IS
6 TOO LARGE. SEE DETAILS IN FOOTNOTE 21 OF FELDMAN 77 REVIEW.

R2 D»0(2010) INTO (DO PIO)/TOTAL (P1)
R2 6 0.55 0.15 K I RKBY 79 RVUE E+ E-

at»a*a »»*a*»aaa »*a***te*ate»eat** a»»»*tete ate»***»a *»aata*t* etta**at

12/77

12/79

62 (D»+) — (D*0) MASS DIFFERENCE (NEV)

GOLDHA81 76 PRL 37 255
GOLDHAB2 76 SLAC CONF' 379

REFERENCES FOR NEUTRAL Dt(2010)

GOLDHABER, PIERRE, ABRAMS, ALAM, + (LBL+SLAC)
G. GOLDHABER (AVAIL. AS LBL-5534) (LBL+SLAC)

EM P
EM P N

EM P D

EM
EM DMASS
EM

2.6 1 ~ 8 PERUZZI 77 SHAG +- E+E-
OT INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE ABOVE, PERUZZI 77
0 MASS, AND GOLDHABER 77 O*0 MASS.

~ ~ ~ ~ ~ ~ ~ ~

2.9 1.3 FROM &O*e)—(DO) AND &D*0&—&DO)
MASS DIFFERENCES

12/77
(LBL+SLAC)

(SLAG)
(LBL+SLAC) J

KIRKBY 79 BATAVI A CONF .107 J ~ KIRKBY

SADROZIN 80 MADISON CONF. 681 SADROZINSKI, +

(SLAG)

(PRIN+CIT+HARV+SLAC+STAN)

GOLDHABE 77 PL 69 8 503 GOLDHABER, ABRAMS, ALAM+
ALSO 77 BANFF SUM. INST 75 G. J.FELDMAN

NGUYEN 77 PRL 39 262 . eWISS, ABRAMS, ALAM, BOYARSKI, e
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Mesons
D (2010), F', F (2140), B', B, Exotic Mesops

Data Card Listings

TRILLING 81 PRPL 75 57 G. H ~ TR ILL ING (LBL+UCB)

»*«a»* *»*a»*»¹» aaa««a»aa *«»a«**¹» a««a«**«a «***a«aa» a«aa«¹¹aa a«a*a*a»
«*«*a« «a«a»a»a« a«a«**a«a aa»a*«*«* «a«»a»a«a *a«**««a* ««¹a«t««« a*«tata«

«»*a** a»*a«a*«a *a*a«a«a* ta«aa»a«a *a«*«a»*a «a«a«a«a» at«a»a*a« a«a«a»*a
«a»*a« ««*a**a«* »«**a»*aa »*«*a***aa*a«*»at« «a««a»**a **«¹«*«a» *«*a«*a«

EXOTIC MESON STATES
34 F+-(1970,JP~O-) I~0

SEE STABLE PARTICLE DATA CARD LISTINGS

««««a« aa«****a« «**a«*««a a«a*a»a«« «*at«*a«a a«a«a«*a* «***a*at« a*«**«a«
««**a« *tata«ta» «a»¹**«** tat«a*at« a«a«*a«** «*a«a»a*a «ata«aaaa «**a«a«a

F (2 I 4 0 ) 74 F*&214o,JP6 & I

OMITTED FROH TABLE.

a*a*a«******«a««a* a**a«a««a ««»*a«aa¹ a*¹***«a**a«a««aa« a«*a**»a
«a«a«a «*at««at« *a«*aa«a* a»at««a«¹ «a***a*a» **at«**a« **«a*a«aa a«a««aaa

EXOTICS M EXDTZCS

THE PURPOSE OF THIS ENTRY IS TO PROVIDE A LIST OF
REFERENCES FOR EXOTIC MESON SEARCHES (SEE THE SECTION
ON THE NONRELATIVISTIC QUARK MODEL IN THE HISCELLANEOUS
SECTION OF THIS REVIEM), AS MELL AS THEORETICALLY BASED
SUGGESTIONS FOR EXPERIHEHTS. NOTE THAT LIPKIN 73
PROPOSES EXPERIMENTS MHICH ARE CONCLUSIVE EVEN IF
NEGATIVE RESULTS ARE OSTAINEO.

«a«*a« *«at«*«a« a«*«a«*a* a*a«at««a «*a«**«a* ¹«*««ata« a«aa«aa«a ««**«**t

2140.0

74 F* MASS CHEV)

60 ~ SRANOELIK 77 DASP +- E+E-,PI 3 GAMHA 12/77

REFERENCES FOR EXOTICS

REPORTS ON SEARCHES

ROSEHFEL 68 PHILA ~ CONF ~ P ~ 455 A ~ H ~ ROSENFELD (LRL)

74 (Fa+) — CFO) MASS DIFFERENCE (MEV) DODD 69 PR 177 1991 +JOLDERSMA, PALMER, SAMIOS (BNL)

DM 110~ 46 ~ BRANDEL IK 79 DASP +- E+E-, F GAMMA 12/79 CHO 70 PL 32 8 409 +DERRICK, JOHNSON, MUSGRAVE, + (ANL+NMES+KAHS)
GIACOMEL 70 PL 33 8 373 G. GIACOMELLI + (BGHA+SACL+AMST+REHO+EPOL)
t.YS 70 PR O 2 2525 J ~ LYS+ (MICH)
ROSNER 70 EXP ~ MESON SPECTROSCOPY, ED' C ~ BALTAY AND A. H ~ ROSENFELD, P. 499

74 Fa PARTIAL DECAY NODES

DECAY MASSES
P1 F* INTO F GAHMA 1971+ 0

BUHL

COHEN 73 NP 8 53 1
OURUSOY 73 PL 45 8 517

+FERBEL, SLATTERY, MERNER &ROCHESTER)
+BAUS ILL IER, GEORGE, ARMENI SE, + &LPNP+BARI )

72 NP 8 37 42'l +CL INE, TERRELL (MISCOHS IN)

R1
R1

74 Fa BRANCHING RATIOS

F» INTO CF 6AMIIA)/TOTAL
PROBABLY SEEN

CP1)
BRANDELIK 77 DASP E+E- 12/77

ALAN
COHEN
OREN
BALTAY
DAVIS

74 PL 538 207
74 BOSTON
74 NP 871 189
75 PL 578 293
75 NP 896 426

+BRABSON, GALLOMAY, + (INO+PURD+SLAC+VAND)
D. COHEN REVIEM TALK (COLU)
+COOPER, F IELDS, RH INES, MHITMORE, + (ANL+OXF )
+CAUTIS, COHEN, KALELKAR, PISELLO, +&COLU+BING)
+AMMAR, KROPAC, YARGER, + (KANS+CCAC+ANL)

a*t«a* ***a»*t«a **«««aa«t «a«««a«a« *tata*««a a**«aaa«* *«*«a*«¹a aa«***a*
SRUNDIER 76 PL 64 8 107 BRUNOIERS g BRUN FLURI g+ (FRE IBURG+SACL+ETH)

BRANDELI 77 PL 70 8 132

BRANDELI 78 PL 76 8 361

BRANDELI 79 PL 80 8 412

REFERENCES FOR F*(2140)

BRANDELIK, CORDS, +(AACH+DESY+HAMB+MPIH+TOKY)

BRANOELIK, CORDS, +(AACH+DESY+HAHB+MPIM+TOKY)

BRANDELIK, CORDS, +(AACH+DESY+HAMB+HPIM+TOKY)

BOUCROT 77 NP 8 121 251
HOOGLAND 77 NP 8 126 109
HOOGLANO 77 HP 8 126 109
HOSER 77 NP 8 129 28

ALAM 78 PRL 40 1685
ARMSTRON ?8 PL 77 8 447

+NAVACH, R I YET, + (LALO+CERN+CDEF+EPOL)
+GRAYER, HYAMS, SLUM, DITL, + (AMST+CERN+MPIH)
+GRAYER, HYAMS, BLUM, DITL, + (AMST+CERN+HPIM)
F ~ L.HOSER (EFI)
+BAGG ETT, BAGL IN, SON AMY+ ( I ND+PURO+SLAC+VAND )
ARMSTRONG, FRAME, HUGHES, BIENLEIN+(GLAS+DESY)

L EMO I GNE 79 BATA V I A CONF ~ 524 +ABOL IN S,BARATE+ (SACL+LOIC+SHMP+ INO)

KOOI JMAN 80 PRL 45 316 +AREHTONIAYRESs DIEBOLDr MAY+ (ANL+EFI)«a**** ta»»«**a« «»a«*tata «»*aa«a»¹ ««*a**«a* «»««*¹»»« *a»«a»«a* ««at«a»a
t«**a» t«a«»aa«* «*at*a«*« ****a*«a«*aa«*a**« a»*a«**«« *t««at««* a*a«a»at

B=+ I MESON STATES
**«*ta a«»a*a«** a«****«a*aa«¹*¹a** «*a««*«a« *«a««aa»a aa«aa««*a **«a**a«
a«a*a« *tat«*at* a»**«a««« **«»«**a« **at«a*a* **«»*a*«a «a«a*a«a* a«a«*a«a

AGUI LAR 81
APEL 81
BIONTA 81
EVANGEL I 81
FRAME 81
IRVING 81

ZPHY C 6 109
HP 8 193 269
PRL 46 970
NP 8 178 197
PL 107 8 301
NP 8 193 1

+ALBAJAR, SJOGREN, + (CERN+CDEF+MADR+STOH)
eAUGENSTE IN, BERTOLUCCI, OONSKOV, +(SERP+CERN)
+CARROLL, EDELSTEIN, + (BNL+CARN+FNAL+SMAS)
EVANGELISTA+(BARI+BONN+CERN+OARE+LIVP+MILA)
+HUGHES, COLLEY, ARMSTRONG, + (GLAS+BIRM+CERN)
+LOVERRE, AGUILAR ~ + (CERN+CDEF+MADR+STOH)

SUGGESTIONS FOR SEARCHES

41 CHAR6ED B(5271,JP~ ) I~

SEE STABLE PARTICLE DATA CARD LISTINGS

ROSNER 68 PRL 21 950, 1468 JUL. ROSNER (TEL-AVIV)

ROSNER 70 EXP

ACHESON

SPECTROSCOPY, ED' C ~ BALTAY AND A. H ~ ROSENFELD, P. 499

aa«t*a «««a«¹¹«a ¹¹««*a**« **««*a«a« «¹«¹*«««* ¹»a¹«¹a«t «»««tata» ««««»««»
a«*a«¹ «*«a*«*¹a a¹¹«*««a* a«a«a«*a« a*a««**a« a»«»**a«a **»««¹**« «*»a**¹'a

0
42 NEUTRAL B(5274 ' JP~ ) I~

SEE STABLE PARTICLE DATA CARO LISTINGS

FAIHAN 73 PL 43 8 30?
LIPKIN 73 PR D 7 2262

HOLHGREN 78 PL 77 8 304

ARENTON 82 PR D 25 2241

+PENNINGTON (STOH+CERN)

+AYRES, DIEBOLD, MAY, SMALLOM+ (AHL+ IL L )

D. FAIMAN, G.GOLDHABER, Y.ZARMI &CERN)
H ~ J.LIPK IN (ARGONNE+FNAL)

«***a« aa«a**a»a a¹*«««*a* t**t¹aaa¹ **»a**«a* ¹*¹aa***««*a¹'*a¹¹* ***at»*«
«a*a«* a«*a«a*«» ««**a«**¹ «««***a*a »*a¹«a*t« *««tat¹*a «¹a«»a*«a a*«a*a«*

a«a«a« *a«*«a«** «*a«**««a «a«a«*at» ««*a***«a *aa«*a«a* «***at»«a «a»**»aa
««aa*« *a«a««a«a a**a«a«a« a«a«a**«a *«a**«a*a «a*«»**a» aa«***a«a *»*a*«aa
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For notation, see key at front of Listings. Baryons
N's and 6's

NOTE ON N AND Lk RESONANCES

I. Introduction

The excited states of the nucleon have been studied
in a large number of formation and production experi-
ments. Production experiments are not suitable for an
accurate determination of resonance parameters, but

they are of interest in searching for the many predicted
nucleon resonances that decouple from the xN chan-

nel. .'
The masses, widths, and elasticities of the N and 6

resonances in the main Baryon Table have been deter-
mined almost entirely from partial-wave analyses of xN
elastic and charge-exchange scattering data (Sec. II).
Similar methods of analysis have been used to get the
branching fractions for decay into Ng, A.K, and XK.
The remaining branching fractions are from analyses of
xN ~ Nx~ data, which so far have only taken into
account the contributions from quasi-2-body intermedi-

ate states (Sec. III).
In addition to the usual Breit-Wigner parameters, the

Data Card Listings give the locations and the residues of
the poles of the resonant partial waves on the second
sheet of the complex energy plane as obtained from ~N
partial-wave analyses and from the isobar model ana-

lyses of ~N ~ Nx~. The Listings also give yN decay
amplitudes of the resonances (Sec. IV), and there are
brief remarks on electroproduction of nucleon reso-
nances (Sec. V) and on nucleon resonances as seen in

production experiments (Sec. VI).
Table 1 lists all the entries in the Listings and gives

our evaluation of the status of each, both overall and
channel by channel. We have made a number of
changes since the 1982 edition. Four N and three 5
resonances have been removed from the main Baryon
Table: the N(1990), N(2080), N(2200), and A(1600)
have been reduced from 3-star to 2-star status, and the

N(3030), 6(2850), and 6(3230) have been killed alto-

gether [see the notes in the Listings for the N(-3000)
and the b,(-3000) for the reasons for this]. A resonance

is considered to be well established only if it has been

seen in at least two independent analyses and if its par-

tial wave does not behave erratically or have large

errors. Good reason for a cautious attitude is the fact
that some recent data~ differ appreciably from earlier

data and from predictions of the analyses. Only the

established resonances (overall status 3 or 4 stars)

appear in the main Baryon Table.

Table 1. The status of the N and b, resonances. Only those with an overall status
of see or +~ed are included in the main Baryon Table.

Particle L2I 2J

N(939) P& ]
N(1440) P11
N(1520) D13
N(1535) S11
N(1540) PI 3
N( 1650) S1 I
N(1675) D I 5
N(1680) F,S
N(1700) D13
N(1710) P11
N(1720) P13
N(1990) F17
N(2000) Fls
N(2080) D13
N(2090) SI I
N(2100) P11
N(2190) G17
N(2200) D i 5
N(2220) H19
N(2250) G19
N(2600) I& i I
N(2700) K I I 3(- )"

Overall
status Nm Ny

Status as seen in—

A(1232) P33
b(1550) P31
b,(1600) P33
A(1620) S31
A(1700) D33
k{1900) S3)
A(1905) F35
h(1910) P31
b,(1920) P33
A(1930) D3g
b,(1940) D33
A(1950) F37
b,(2 1 50) S
6(2200) Cxg7
h(2300) H39
A(2350) D35,
a(2390) F37
b,(2400) G39
6(2420) H3 & &

h(2750) I 13
6(2950) K3)5
6(-3000)

b
1

d
d

e
n

d
d

e
n

~see Good, clear, and unmistakable.
Good, but in need of clarification or not absolutely certain.
Not established; needs confirmation.
Evidence weak; could disappear.

References for section I

1. R. Koniuk and N. Isgur, Phys. Rev. D21, 1868
(1980).

The Data Card Listings in this edition have been

much shortened by the omission of many now-obsolete

results. Nearly all of the omitted results were published

before 1975. There also used to be separate entries for

bumps seen in production experiments —bumps with

masses in the 1440-MeV region, the 1520-MeV region,

etc. —but these have been removed. All the omitted
material may be found in our 1982 edition. 3

There are two recent extensive reviews of nucleon

resonances. 4 5
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Baryons
N's and 6's

Data Card Listings

2.

3.
4

5.

«N Newsletter No. 1 (1984), eds. G. Hohler and
B.M.K. NeAcens.

Particle Data Group, Phys. Lett. 111B(1982).
G. Hohler, Pion-Nucleon Scattering, Landolt-
Bbrnstein Vol. I/9b (1983),ed. H. Schopper,
Springer Verlag.

A.J.G. Hey and R.L. Kelly, Phys. Reports 96, 71
(1983).

II. Two-body yartial-wave analyses and determination

of resonance parameters

(by G. Hohler, University of Karlsruhe)

«N partial-wave analysis: Even if all measurable' «N
~ ~N scattering data were measured with infinite accu-

racy, it would not be possible in the inelastic region to
determine a unique set of partial waves from the data
alone. It is essential to add theoretical constraints, and
unitarity, analyticity, and isospin invariance are chosen
in order to avoid using a specific model or parametriza-
tion that might bias the solution.

Atkinson et al. , in a continuation of earlier work,
have recently investigated how much the amplitudes are
restricted by unitarity if the do/dQ and P angular distri-
butions for m+p elastic scattering are given at a certain
energy with very high precision. They found a variety
of solutions, which differ from one another substantially
in some of the lower partial waves and strongly in the
tail of high partial waves. They concluded that cutting
off the partial-wave expansion sharply (which was done
in many early and some recent analyses2 3 ) is not jus-
tified.

In QCD, isospin is not exactly conserved in strong
interactions because the masses of the up and down

quarks are different. At present, the only experimental
evidence for a violation is in the Lg 1232) region, where

one expects an eAect because of the splitting of the 5++
and 6 masses. Other cases reported in the literature
turned out to be caused by errors in the data or the
analysis.

The uniqueness problem remains serious even if one
includes data for all three reactions and isospin invari-
ance. Therefore it is necessary to add analyticity con-
straints. Many analyses used as input predictions for
the forward amplitudes, which follow from total-cross-
section data, the optical theorem, and forward disper-
sion relations, but this is still not nearly enough.

Constraints based on Mandelstam's 2-variable

analyticity have so far been used successfully only in the

analyses of the CMU-LBL and Karlsruhe-Helsinki

groups. In both, long tails of high partial waves were

admitted, but only some global effects of these waves

should be taken seriously, not the value of a single high

partial wave. The resonance masses, widths, and elasti-
cities in the Baryon Table are mainly determined by
these two analyses, whose partial-wave amplitudes are
shown in Fig. 1.

Results from other recent analyses are suspect due to
sharp cutoff of the partial waves and for other reasons
(see Sec. 2. 1 in Ref. 7). It is necessary to check if
Hendry's solution is compatible with analyticity.

Substantial progress in partial-wave analysis may be
expected in 1984/85 when the final results of several

experiments will become available. Furthermore, the
analysis will be simplified and improved if predictions
for the tail of high partial waves, based on new evalua-

tions of the nearby parts of the Mandelstam double
spectral function and of the left-hand cut singularities
of the partial-wave dispersion relation, are used. A

good test of predictions for the highest resonances
(masses o 2.2 GeV) is not yet possible because the data
are still too poor. Evidence for resonances in this range
has been reported by Koch6 and by Hendry. s

Deteimination of resonance parameters: Since a
dynamical theory of xN scattering does not yet exist, the
"resonance parameters" are not defined in a unique

way. One can fit the partial-wave amplitudes to a
phenomenological ansatz consisting of a generalized
Breit-Wigner form combined with a background term,
and most of the earlier analyses, including the first
CMU-LBL analysis and the KH 78 analysis, used a
prescription of this type. A more sophisticated mul-

tichannel coupled resonance scheme was applied in the
recent work of the CMU-LBL group. 5 The parameters
listed in the Baryon Table have been derived by these
methods.

This approach has a difficulty which becomes more
and more important as the energy increases: some
"background terms" such as diffraction and p-exchange

give contributions to the partial waves which resemble

highly inelastic resonances (see Sec. 2.4.1.1 in Ref. 7). It
is true that the energy dependence is different, but at
high energies the speed with which an amplitude
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Fig. 1(a). The L2 .& - S& &, P, P, and D&3 partial-wave amplitudes for e.N elastic scattering. The upper plot
for each amplitu e is from H . EH R 79 and the lower one is from CUTKOSKY 80. In the Argand plots, the
ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nominal positions.
The real and imaginary parts of the amplitudes as functions of energy are shown projected in alignment with the
Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are results of energy-
independent fits, and the curves are from an energy-dependent fit to join them).
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Fig. 1(c). The L I. ——Gl, H 9, and Hl I I partial-wave amplitudes for ~N elastic scattering. The upper plot for
each amplitude is kom HBEHi' ER 79 and the lower one is from CUTKOSKY 80. In the Argand plots, the ticks
are at integral multiples of 50 MeV, and the established resonances are shown at their nominal positions. The
real and imaginary parts of the amplitudes as functions of energy are shown projected in alignment with the
Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are results of energy-
independent fits, and the curves are from an energy-dependent fit to join them).
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Fig. 1(f). The L~&. - G, H 9, and H3l partial-wave amplitudes for n.N elastic scattering. The upper plot for
each amplitude ~s om E ER 79 an the lour one is from CUTKOSKY 80. In the Argand plots, the ticks
are at integral multiples of 50 MeV, and the established resonances are shown at their nominal positions. The
real and imaginary parts of the amplitudes as functions of energy are shown projected in alignment with the
Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are results of energy-
independent fits, and the curves are from an energy-dependent fit to join them).
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traverses the complex plane cannot be accurately deter-

mined due to insuAicient data. Furthermore, it is a
dynamical question whether this background is part of
the resonance mechanism.

If the resonances are ordered according to the shapes

of their Argand plots, one finds a continuous transition
from textbook-type resonances to tiny wiggles superim-

posed on a huge background. The Baryon Table lists all

objects which have a "resonance-like" shape of the

Argand diagram and a maximum of the speed. %'e

have to leave it to the reader to decide which of these

objects are "resonances" in the framework of his or her
model.

The above discussion shows that a comparison of
the resonance masses listed in the Baryon Table with

predictions from quark-shell or -bag models or from lat-

tice calculations has appreciable uncertainties, in partic-
ular where small mass splittings are concerned, since the

models cannot yet treat the scattering process including

the background.
The Data Card Listings contain a second set of reso-

nance parameters: the locations and residues of the
resonance poles on the second sheet of the s-plane.
These numbers can be determined in a (more or less)
model-independent way. However, it is a warning that
Fonda et al. were able to fit the resonant P33 ampli-

tude without a pole. One needs a theoretical assumption
that excludes parametrizations of this type.

Et is remarkable that there exist families of reso-
nances in each of which the splittings of the pole posi-
tions are comparable with the errors; i.e., a degeneracy
is not excluded. 7 For example, all six isospin-1/2 partial
waves from S& &

to F&5 have a well-established reso-
nance with a pole near Vs = (1665-60i) MeV, and at
least six of the seven possible isospin-3/2 resonances
from S31 to F37 have a pole near (1880-120i) MeV.

Inelastic 2 body reactions: -Partial-wave analyses of
the inelastic 2-body reactions mN ~ Nq, A.K, and ZK
may be carried out in a way similar to the analysis of
~N ~ xN. However, since the data are less complete
and accurate, energy-dependent parametrizations must
be used.

The most accurate results, which include informa-
tion on the resonance masses and widths, follow from
the x p ~ AK data of the Rutherford group. ~ In an
energy-dependent analysis, the nonresonant and high
~aves were represented by a reggeized K exchange

term. Another analysis used a Lagrangian model

for the long range forces. In general, agreement with

the mN ~ xN analyses is good, but there are discrepan-
cies for the widths of the P11 N(1710) and the D15
N(1675) and for the mass of the D15 N(2200).

In the analysis of the less accurate m p ~ ng data,
the partial waves were parametrized as Breit-signer
resonances without background. The resonance spec-

trum was assumed and the data were used to determine

the couplings to the ng channel. In some cases of rela-

tively large couplings, the masses and widths were

varied in a second step.
The results derived from the bubble chamber data

for m+p ~ X+K+ have larger uncertainties. Values

of the resonance masses were assumed and Breit-Wigner

formulas and an empirical ansatz for the background
were used for partial waves up to F waves (the G waves

are probably not negligible at 1.7 GeV/c). The recent

addition of precise data from 1820 to 2350 MeV 8 has

allowed an improved analysis. 9 The solution found is

unique. Above 2 GeV, all the resonances with two or
more stars are seen, but none of the 1-star states is sup-

ported.
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III. The aN ~ N~~ channel

(by R.L. Crawford, University of Glasgow)

The ~N ~ Num reaction has been analyzed using
isobar models, which are prompted by the observation
that almost all ~N ~ Nmx events in the resonance
region lie in quasi-2-body bands in the Dalitz plot.
Thus it is assumed that any purely 3-body interaction is
negligible and that the reaction proceeds entirely

through quasi-2-body intermediate states.
The resulting parametrization contains the couplings

of a number of the N and 6 resonances to these quasi-
2-body states, and it is these which are given in the List-
ings. A more complete description of the analyses and
of the definition of the couplings may be found in our
1982 edition.

The Listings give the results from four analyses,
none new to this edition.

LONGACRE 75 (LBL-SLAC) is based on an
analysis of 200,000 m p ~ p~ ~, m p ~ n~ x+,
and ~+p ~ pm. +x events with the c.m. energy between
1300 and 2000 MeV. It includes the intermediate states
6(1232)~, Np, and Ne (where e is the isospin-0 S-wave
~~ enhancement). The couplings and the T-matrix
poles of 14 resonances are given.

LONGACRE 77 (Saclay) is a similar analysis that
fits 100K data points between 1380 and 1740 MeV. The
couplings and pole positions of 16 resonances are given,

including a P13 N(1540) and a P31 b,(1550) suggested for

the first time by this analysis.
NOVOSELLER 78 (Cal Tech) is an analysis of n. p

~pm m, x p~n~ m, and+ p~pm. m events0 + + + 0

from 1650 to 1970 MeV and is based on the earlier

LBL-SLAC energy-independent analysis. 5 Two solu-

tions are given, with the second including the effects of
single-pion exchange. They are noted in the Listings as

being fits to Longacre 75 and NovoseBer 78.
BARNHAM 80 (Imperial College) is an analysis of

44,000 m+p ~ pm+~o and x p ~ nx x events+ + +

between 1440 and 1700 MeV. It thus gives information

o»y about 4 resonances. Decays into b(1232)~, Np,
and N(1440)s are considered. It again finds evidence
for the P31 h(1550), but since it uses data also used by
Longacre 77 it is not clear that it confirms this reso-

nance.
It is di%cult to assess the systematic uncertainties of

the results from these analyses. Again, the reader is
referred to our 1982 edition for more details.

References for section III

1. Particle Data Group, Phys. Lett. 1118(1982).
2. R.S. Longacre et al. , Phys. Lett. 558, 415 (1975);

and Phys. Rev. D17, 1795 (1978).
3. R.S. Longacre and J. Dolbeau, Nucl. Phys. $122,

493 (1977).
4. D.E. Novoseiier, Nucl. Phys. 813'7, 509 (1978).
S. D.J. Herndon et aL, Phys. Rev. D11, 3183 (1975).
6. K.%'.J. Barnham et al. , Nucl. Phys. B168, 243

(1980).

IV. Photoprodnction and Compton Scattering

(by R.L. Crawford, University of Glasgow)

Most of the information about the yN couplings of
the N and 6 resonances is obtained from partial-wave
analyses of single-pion photoproduction. There is now
a large amount of data, including many measurements
from single and double polarization experiments giving

up to six independent-experimental observables in some
energy ranges. Recently, some couplings have also been
obtained from proton Compton scattering. All pho-
toproduction analyses rely heavily on mN ~ mN ana-
lyses for knowledge about the existence, masses, and
widths of the resonances; there are few photoproduction
analyses that treat the masses and widths as free param-
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For notation, see key at front of Listings. Baryon s
N's and I' s

eters, although the results obtained are of some interest
since they give access to the charge +1 states. The
results may be found in the appropriate sections of the
Data Card Listings. We refer to an earlier edition of
this Review for more about the formalism of single-

pion photoproduction.
There are three main methods for the partial-wave

analysis of single-pion photoproduction.

(a) The simple isobar ntod(af: This is the simplest
form of energy-dependent partial-wave analysis

(DPWA): the partial waves are parametrized as Breit-

Wigner resonances plus smooth background. The
method is suf5ciently flexible to give good Gts to data,
but there are possible problems concerned with the
uniqueness of the solutions. This is overcome by the
form of the parametrization, but it is not clear how this

may introduce bias into the solution.
The Listings contain the couplings from isobar ana-

lyses of photoproduction from METCALF 74,
TAKEDA 80, and BRATASHEVSKIJ 80. ISHII 80 is
an isobar analysis of proton Compton scattering in the
second resonance region.

(b) Fixed tdisper-sion relations (E71)JI): In this

method, the real parts of the production amplitudes are
not parametrized directly but are calculated from the
imaginary parts using 6xed-t dispersion relations. The
latter can be assumed to be resonance dominated and
thus can be given a relatively simple parametrization in
terms of Breit-Wigner resonances with a little back-
ground in the low-angular-momentum partial waves.
A1ternative1y, a K-matrix formalism can be used. Com-
pared to the isobar model, there are fear parameters
and the results may be less sensitive to the details of the
parametrization. The method gives fewer problems in
obtaining a unique solution than does the isobar model,
but it is less flexible and tends to give poorer fits.

The Listings contain the results &om the P I DR ana-
lyses of AZNAURYAN 77, BARBOUR 78, ARAI 80,
CRAWFORD 80, FUJII 81, and AWAJI 81. NOELLE
78 is a hybrid analysis using e I DR in a coupled-
channel isobar calculation.

(c))(ass)()si~ aaaljasa (T)'WA) These
evaluate the partial ~aves by fitting at a set of essen-
tially single energies and should be the least biased of all
the forms of analysis. At low energies, %'atson's
theorem is used to Gx the complex phases of many of

' the partial waves in order to get a single solution. This

becomes more dif5cult as ihe energy increases due to
the onset of inelasticity, and only BERENDS 77 uses

this method up to the second resonance region. CRAW-

FORD 83 is an energy-independent analysis for energies

below 1750 MeV, based on the CRAWFORD 80 t L DR
analysis. It is described below.

¹w analyses in the Listings: The most recent

t t'DR analysis, AWAJI 81 (Nagoya), is a revision of the

1979 Tokyo analysis (ARAI 80), and uses new data and

more recent resonance parameters from mN elastic
partial-wave analyses. It treats the production ampli-

tudes differently depending on the energy. Below 2200
MeV a 3-channel K-matrix formalism is used, and

above 2200 MeV a Regge parametrization is used for
the dispersion integrals. Pseudo-resonances are used to
describe the imaginary background, The couplings for
resonances up to the F17 N(1990) are determined for
both proton and neutron targets.

CRAWFORD 83 is an energy-independent analysis

using only proton data for energies between 1200 and
1920 MeV. A unique solution is obtained at each

energy by requiring that it not dier radically from the
I t'DR analysis of CRAWFORD 80. Although the con-
straints thus applied were the loosest possible that still

gave stability of the energy-independent solutions, the
two analyses are therefore not totally independent.
Ho~ever, CRAWFORD 83 gives a useful extension of
the e I DR solution and achieves a significant improve-
ment in the quality of the fits at all the single energies.

The two analyses agree well and again there is weak evi-

dence for the P31 h(1550).

Resonance couplings in the Listings: The Listings in
this edition omit a number of analyses that are now

obsolete due to later analyses that used improved data
sets. The omitted analyses are RQSSI 73, HEMMI1 73,
HEMMI2 73, BENEVENTANO 74, KRIVETS 75 (iso-
bar model), MOORHOUSE 73, DEVENISH 73, KNIES
74, MOORHOUSE 74, DEVEMSH2 74, CRAWFORD
75, and BARBOUR 76 (t' i'DR). They may all be found

in our 1982 edition.
The errors for the couplings given in the Listings

vary very widely for the diFerent analyses since they

have been obtained in different ways and are not com-
parable. METCALF 74, FELLER 76, AZNAURYAN

77, and ARAI 80 quote errors obtained from the sensi-
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N's and 6's

Data Card Listings

Refereaces for section IV

3.

7.

Particle Data Group, Rev. Mod. Phys. 48, S157
(1976).
K.M. Watson, Phys. Rev. 95, 228 (1954).
Particle Data Group, Phys. Lett. 111B(1982).
T. Kubota and K. Ohta, Phys. Lett. 658, 374
(1976).
I.M. Barbour and D.K. Ponting, Zeit. Physik C4,
119(1980).
R. Koniuk and N. Isgur, Phys. Rev. 021, 1868
(1980).
C.P. Forsyth, Carnegie-Mellon University report
COO-3066-168 (1981).

tivity of the "best possible" x to the value of each cou-

pling and thus give only statistical errors based on the

data. In BARBOUR 78, CRAWFORD 80, and CRAW-

FORD 83, it is considered that systematic errors that

depend on different forms of parametrization, including

that for the background, are more important, and the

errors given are an estimate of these. The errors given

in AWAJI 81 also include a contribution &om the

uncertainty in the ~N elasticity used to calculate the

couplings from the partial waves.

Table 2 gives a compilation of the couplings
obtained from BARBOUR 78, A~I 80, CRAWFORD
80, FUJII 81, AWAJI 81, and CRAWFORD 83. The
errors quoted are a combination of the statistical errors

from the analyses and of the systematic differences

between them. They are compared with the range of
predictions from recent quark models. There is qual-

itative agreement in that (1) any coupling whose sign is

the same in all the quark models also has the same sign

in the analyses, and (2) those couplings which are

predicted to be zero or small do seem to be small.

Resonance Heli- Partial-wave
city analyses

Status Quark-model
predictions

N{1440) P»
N(1520) D»

N(1535) S11
N( 1 650) S

& 1

N(1675) D, s

N(1680) F,s

N(1700) D13

N(1710) P11
N( 1720) P

1 3

N(1990) F17

6(1232) P33

5(1550) P31
A(1600) P33

A(1620) S31
b,(1700) D33

6(1900) S3
&

A(1905) F35

5(1910)P31
6(1920) P33

A(1930) D35

A(1950) F37

1/2

1/2
3/2

1/2

1/2

1/2
3/2

1/2
3/2

1/2
3/2

1/2

1/2
3/2

1/2
3/2

1/2
3/2

1/2

1/2
3/2

1/2

1/2
3/2

1/2

1/2
3/2

1/2

1/2
3/2

1/2
3/2

1/2
3/2

—22
+167
+73
+48
+19
+19
—17

+127
—22

0
+5

+52—35

+24
31

—141
-258 +

—20
+1

+116 +
+77 +'

+10 ~

+27 +
—47 +

+40 +
+23 +'

—73
—90 +

10
10

16

12
12

10
12

13
19

16

39
24

30
55

16

29
22

16

17
28

13
19

30

40
35

14
13

good

good
good

good

fair

good, 40
good, WO

good, WO

good

good, =O
fair, =0

—50 to —5

—41 to +6
+95 to+174
+97 to+147
—9 to +95

0 to +12
0 to +16

—7 to +24
+47 to+154
—7 to +9

—12 to +33
fair, =O —47 to —7

poor
fair

poor
bad

good
good

—133 to +74
—65 to +46
—10 to —8—13 to —10

—127 to —94
—220 to —162

poor, =0 —61 to +2
fair, =O —107 to +4

fair

fair
fair

+43 to +86
+78 to+106
+79 to+105

good
fair

—10 to +44
—41 to +15

poor —16 to +15

Poor
poor

good
good

—17
—24

—50 to —25
—69 to —32

{b)Neutron target couplings

Couplings (GeV ' x 10 )

Resonance Heli- Partial-wave
city analyses

Status Quark-model
predictions

Table 2. A compilation of measured yN decay couplings
and predictions of the quark model. Sources are given in
the text.

{a)Proton target couplings

Couplings (GeV ' 2x10 )

V. Klectroproduction

The excitation of the N and 6 resonances by virtual

photons has been investigated using pion and g elec-

troproduction data. For example, a recent measurement
of m+ electroproduction~ gives additional information
about the switching in importance of the helicity 3/2
and 1/2 amplitudes for the D13 N(1520) and F15
N(1680) resonances. Such information provides tests of
the single-quark transition model. However, there is
not much new information for the present Revie~ of
Particle Properties, so we refer to our last edition for a

N(1440) P11
N(1520) D13

N(1535) S11
N(1650) S»
N(1675) D15

N(1680) F15

N(1700) D13

N(1710) P11
N(1720) P13

N(1990) F17

1/2

1/2
3/2

1/2

1/2

1/2
3/2

1/2
3/2

1/2
3/2

1/2

1/2
3/2

1/2
3/2

—65
—144
—76
—17
—47
—69

+31
—30

0—2

—2—43
—49

—122

19

13
14

32

23
19

13
14

56
44

23

26
94

45
55

good
good

fair

poor

fair
fair

good
good

bad
bad

fair
bad

poor
POO1

+4 to +38
—52 to —23

—144 to —102
—119 to —83
—45 to +4
—55 to —31
—78 to —44
—32 to +27
—25 to +2
—15 to +23
—76 to —17
—21 to +29
—23 to +57
—61 to +12
—19 to —18
—25 to —23
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For notation, see A, ey at front of Listings. Bary()ns
N's and 6's, p, n, N(1440)

brief review3 and to a recent article for an extensive
review4 of electroproduction.

References for section V

180. OR
&279.0)
(200.0)
(331.0)
(113.0)
(370.0)
135.0

(334.0)
340 ' 0

200.

(80.0)
10 ~ 0

70 ' 0

LONGACRE
BEREMDS
LONGACRE
BARBOUR
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY

61 NC 1440) WIDTH &NEV)

75 IPMA
77 IPMA
77 IPMA
78 DPMA
79 DPMA
79 IPMA
79 IPMA
80 DPMA
80 IPMA

PI N TO 2PI N

PI-N PHOTOPROD.
PI N TO 2PI N

PI-N PHOTOPROD.
0 PI — P TO ETA N

PI N TO PI N

PI N TO P I N

PI N PHOTOPROD ~

PI N TO PI N

11/75
1/78

11/77
3/79

12/79
12/79
12/79
12/81

1/82

H. Breuker et al. , Zeit. Physik C13, 113 (1982).
F. Foster and G. Hughes, Zeit. Physik C14, 123
(1982).
Particle Data Group, Phys. Lett. 111B(1982).
F. Foster and G. Hughes, Rep. Frog. Phys. 46,
1445 (1983).

RE
RE
RE
RE

IM
IM
IM
IM

61 N&1440) REAL PART OF POLE POSITION CMEV)

(1381.0)
1360. OR 1333 '

(1369~ 0)
1375 ' 0 30.0

LONGACRE 75 IPMA
LONGACRE 77 IPWA
CUTKOSKY 79 IPMA.
CUTKOSKY 80 IPMA

PI N TO 2PI N

PI N TO 2PI N

PI N TO P I N

PI N TO PI N

11/75
11/77
12/79

1/82

(209.0)
167 ' OR 234 '

( 178 ' 0)
180.0 40.0

LONGACRE 75 IPWA
LOMGACRE 77 IPWA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

Pi M TO 2PI N 11/75
PI N TO 2PI N 11/77
PI N TO PI N 12/79
PI N TO PI N 1/82

61 N& 1440) -2aINA6 PART OF POLE POSITION (MEV)

VI. Producbon experiments

Reference for section VX

1. Particle Data Group, Phys. Wtt. 111B(1982).
*a*a*a aa*aaa*aa aa*aaaaaa aa*aa*aaa aaa*aa*aa aaaaaaaaa aaa*aaaa* aa*aaaaa
*aaaa* aaaaaaaaa aaaaaa*aa ***a***aaa*aaa*aaa aaaa**a** aaaaaa*aa a*aaaaaa

S=0 1=-= 1/2 NUCLEON STATES (N)
*aaaa* a*aaaaaa* *aaaaaaaa aaaaaaaaa a*a*aaa*a aaaaaa*a* **a*a**aaaaaaaa*a
*aa**a *aaaa**aa aaaa%aaaa aa*aaaaa* aaa*aaa*a aaaaaa*aa a***aaaaa a*aaa*aa

16 PROTON(938, JP~1/2+) 1~1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

aaaa*a *aa****aa*aaaa**a* aaaaaaaaa aa*aaa**a *aaa**a*a a**aa**a*aaaaaaa*
*aaaa* a*aaa*aaj a*aaa*a** aaaaaaaaa aaaaa*a** a*aa**aa* a*aaa*aa* a*aaaa*a

17 NEUTRON (939, JP~1/2+ ) I~1/2

SEE STABLE PARTICLE DATA CARO LISTINGS

*aa*aa**a aa*aaaaaa aaaaa*aa* aaaa*aaa* a*aa*aa** *aa*a*aaa *a*aaa*a
aa**aa aaaaaaaa* *aaaaaaaa aaaa**aaa *aa**a*aa aaaaaaaaa aaa*a*aaa aa*a**a*

Partial-wave analyses of course separate partial

waves, whereas a ~ak in a cross section or an invariant

mass distribution usually cannot be disentangled from

background and analyzed for its quantum numbers; and

more than one resonance may be contributing to the

peak. We used to have separate entries in the Listings

for bumps seen in production experiments in the 1440-
MeU region, the 1520-MeU region, etc., but these have

been removed from this edition. They may be found in

the 1982 edition. I

RER
RER

IMR
IMR

ABS

PH

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12

R1
R1
R1
R1

R2
R2
R2
R2
R2
R2

R3
R3
R3
R3

61 M&1440) REAL PART OF ELASTIC POLE RESIDUE &MEV)

(-9.0)-9.0 31 ~ 0
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

61 N&1440) IMAG PART OF ELASTIC POLE RESIDUE CNEV)

(-48.0)-51.0 7.0
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TQ P I N

61 NC1440) ABSOLUTE VALUE OF POLE RESIDUE CMEV)

52.0 5.0 CUTKOSKY 80 IPMA PI N TO PI N

61 N&1440) PHASE OF POLE RESIDUE CRAOIANS)

-1 ~ 75 0 ~ 61 CUTKOSKY 80 IPMA PI N TO PI N

N(1440)
N(1440)
N( 1440)
N( 1440)
N( 1440)
N( 1440)
M(1440)
N(1440)
N( 1440)
N(1440)
N(1440)
N( 1440)

61 N&1440) PARTIAL DECAY MODES

INTO N PI
INTO N EPSILON
INTO DELTA(1232) PI
INTO N PI PI
INTO N GAMMA

INTO N RHO
INTO P GAMMA, HELICITY~1/2
INTO N GAMMA, HELICITY=1/2
INTO N ETA
INTO LAMBDA K
INTO N RHO, S~1/2, P-MAVE
INTO N RHO, S~3/2, P-WAVE

DECAY MASSES
938+ 140
938+1300

1232+ 140
938+ 'l40+ 140
938+ 0
938+ 769
938+ 0
940+ 0
940+ 549

1116+ 498
938+ 769
938+ 769

61 NC 1440) SRANCHINS RATIOS

N&1440) INTO &N PI)/TOTAl. CP1)
(0 ' 65) (0.05) CUTKOSKY 79 1PWA PI N TO PI N

0.51 0.05 HOEHLER 79 IPMA PI N TO PI N

0.68 0 ' 04 CUTKOSKY 80 IPWA PI N TO PI N

NC1440) FROM N PI INTO N ETA SQRT (P1*P9)
D (+0.328) FELTESSE 75 DPMA 0 1488 TO 1745 MEV

D AN ALTERNATIVE MHICH CAN NOT BE DISTINGUISHED FROM THIS IS TO HAVE

D A P13 RESOMANCE WITH M '1530, M=79, AND. COUPLING=+. 271
C BAKER 79 FINDS A COUPLING OF THE N(1440) TO THE N ETA CHANNEL
C NEAR (SUT SLIGHTLY BELOW) THRESHOLD.

NC1440) FROM N PI TO DELTAC1232) PI SQRT(P1aP3)
A -0.30 OR -0.37 LONGACRE 75 IPMA PI N TO 2PI N

8 (-0.41) LONGACRE 77 IPWA PI N TO 2PI N

8 LONGACRE 77 CONSiDER THIS COUPLING TO BE MELL DETERMINED.

12/79
1/82

12/79
1/82

1/82

1/82

12/79
12/79

1/82

11/75
11/75
11/75
12/79
12/79

11/75
11/77

N(1440) P„ Status: R4
R4
R4

NC1440) FROM N PI TO N RHO, $~1/2, P-WAVE SQRT(P1*P11)
A 0.0 OR -0.23 LONGACRE 75 IPMA PI N TO 2PI M

8 (+0.11) LONGACRE 77 IPWA PI M TO 2PI N

11/75
11/77

61 N& 1440, JP~1/2+) 1~1/2 P ' 11

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM

OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED ~

*

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS,
WHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN
ENTIRELY REMOVED ~

61 N(1440) MASS CMEV)

R5
R5
R5

R6
R6
R6

N&1440) FROM N PI TO N RHOe S~3/2, P-MAVE SQRTCP1aP12)
8 (-0.18) LOMGACRE 7? IPMA PI N TO 2P I N

8 LONGACRE 77 CONSIDER THIS COUPLING TO BE MELL DETERMINED.

N&1440) FROM N PI TO N EPSILON SQRTCP1aP2)
A 0. 18 OR +0.23 LONGACRE 75 IPMA PI N TO 2PI N

8 (+0.18) LONGACRE 77 IPMA PI N TO 2PI N

61 NC1440) PHOTON DEICAY AMPLITUDES CGEV*a-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

11/77

11/75
11/77

M A

M A

M

M 8
M 8
M 8
M

M C
M

M

M

M

1415. OR 1390 ~

THE 2 SETS OF PARAMETERS ARE
(1460 ' 0)
(1380.0)

ALL LONGACRE77 PARAMETERS AR
POSITION MHICH IS FROM SOLUT

(1417.0)
(1472.0)
(1450.0) (30.0)
1410.0 12.0

(1411.0)
1440.0 30.0

LONGACRE 75 IPMA
FROM METHODS 1 AMD

BERENDS 77 IPWA
LONGACRE 77 IPMA

E FROM SOLUTION S2,
IONS S1 AND C1.

BARBOUR 78 DPMA
BAKER 79 DPMA
CUTKOSKY 79 IPWA
HOEHLER 79 IPMA
CRAWFORD 80 DPMA
CUTKOSKY 80 IPWA

Pi N TO 2P I N

2 OF LONGACRE 75 '
PI-N PHOTOPROD.
PI N TO 2PI N

EXCEPT FOR THE POLE

PI-M PHOTOPROD.
0 PI- P TO ETA N

PI N TO PI N

P I N TO P I N

PI M PHOTOPROD.
PI N TO PI N

11/75
11/75

1/78
11/77
11/77
11/77
3/79

12/79
12/79
12/79
12/81

1/82

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

N&1440) INTO P SANA, HELICITY~1/2 (GEV*a-1/2)
-0.070 0.023 METCALF 74 DPMA
-0.087 0 ' 006 FE LL ER 76 DPWA
-0.038 0.013 AZNAURYAN 77 DPMA
-0.019 0 ' 011 AZNAURYAN 77 DPWA

(-0 ' 076) BEREMDS 77 IPWA
-0 ' 075 0.015 BARBOUR 78 DPMA

N (-0.125) NOELLE 78
N CONVERTED TO OUR CONVENTIONS USING M-1.486, M-. 613

-0.069 0 ' 004 ARAI 80 DPMA
-0.066 0.004 ARAI 80 DPWA
-0 ' 079 0.009 BRATASHEV 80 DPMA
-0.068 0.015 CRAMFORD 80 DPMA
-0.0584 0.0148 I SHI I 80 DPMA

PI N PHOTOPROD.
PI N PHOTOPROD.
PI0 PHTPROiSOL 1
PIO PHTPRO, SOL
PI-N PHOTOPROD ~

PI-N PHOTOPROD.
PI-N PHOTOPROD ~

FROM NOELLE 78.
PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPROD.
P COMPTON SCAT

2/74
2/77

12/79
12/79

1/78
3/79
1/80
1/80

12/81
12/81
12/81
12/81
12/81
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Baryons
N(1440), Nr 1520)

Data Card Listings

A1
A1

-0 ' 063-0.069
0.008
0 ~ 018

AWAJ I 81 DPWA
CRAMFORD 83 IPWA

PI N PHOTOPROD ~

PI N PHOTOPROD ~

1/84*
1/84»

1519~ 0
(1504 ~ 0)

1525 ~ 0

4 ~ 0

10 ~ 0

HOEHLER
CRAWFORD
CUTKOSKY

79 IPWA
80 DPWA
80 IPWA

PI N TOPI N

PI N PHOTOPROO.
P I N TO PI N

12/79
12/81

1/82
A2
A2
A2
A2 N

A2
A2
A2
A2
A2
A2

N&1440$ INTO N
0.043

+0.059
(0.062)
0.023
0 ~ 019
0.056-0.029
0 ' 037
0 ' 030

SAHNA,
0.035
0.016

0.009
0 ~ 012
0 ~ 015
0 ' 035
0 ~ 010
0.003

HEL IC ITY~1/2 (6EVa*-1/2)
METCALF 74 OPWA
BARBOUR 78 DPWA
NOELLE 78
ARAI 80 DPWA
ARAI 80 DPWA
CRAWFORD 80 DPWA
TAKEDA 80 DPWA
AWAJ I 81 OPWA
FU JI I 81 DPMA

PI N PHOTOPROD.
PI-N PHOTOPROD.
PI-N PHOTOPROD.
PI N PHOTO FIT
PI N PHOTO FIT 2
PI N PHOTOPROO ~

PI N PHOTOPROD.
PI N PHOTOPROD.
PI N PHOTOPROD.

aaaa** **a**aa*a ***aa*a*aaa*aaaaa* **aaaa*aa *aaaaa**a *aa*a*aaa *aaaaaaa

REFERENCES FOR NC1440)

2/74
3/79
1/80

12/81
12/81
12/81
12/81

1/84*
12/81

120. OR
(105 ~ 0)
&110~ 0)
(135.0)
(183.0)
& 125 ~ 0)

114~ 0
&124.0)
120.0

150.

(25 ' 0)
7.0

'l5. 0

LONGACRE
BERENDS
LONGACRE
BARBOUR
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY

62 N& 1520) MID TH (

HEY�)

75 IPMA
77 IPWA
77 IPMA
78 OPWA
79 DPWA
79 IPMA
79 IPMA
80 DPMA
80 I PWA

PI N TO 2P I N

PI-N PHOTOPROD.
PI N TO ?PI N

PI-N PHOTOPROD.
0 PI — P TO ETA N

P I N TO PI N

PI N TO PI N

PI N PHOTOPROO ~

PI N TO PI N

11/75
1/78

11/77
3/79

12/79
12/79
12/79
12/81

1/82

BAREYRE
BAREYRE
BRANDSEN
DALITZ
ROPER
THURNAUE
NAHYSLOW
JOHNSON
ROSENFEL

64 PL 8 137
65 PL 18 342
65 PR 139 81566
65 PL 14 159
65 PR 138 8190
65 PRL 14 985
66 PR 157 1328
67 UCRL-17683 THESIS
67 IRV I NE CONF

+BRICMAN, VALLADAS, VILLET, + (SACL+CAEN) I J
eBR ICMAN, STIRLING, VILLET (SACL) I JP
+ODONNELL, MOORHOUSE (DURH+RHEL)IJP
R H DALITZ, R G HOORHOUSE (OXF+RHEL)
L D ROPER, R M WRIGHT, B T FELD (LLL+MIT)l JP
P G THURNAUER (ROCH)
NAHYSLOWSK I, RAZMI, ROBERTS (STAN+ED IN+LOI C)
C H JOHNSON (LRL)
A H ROSENFELD, P SODING (LRL)

RE
RE
RE
RE

(1514.0)
1508 ' OR 1505.

(1510~ 0)
1510.0 5.0

LONGACRE 75 IPWA PI N TO 2PI N

LONGACRE 77 IPWA PI N TO 2PI N

CUTKOSKY 79 IPWA PI N TO PI N

CUTKOSKY 80 IPWA PI N TO PI N

62 N(1520) REAl PART OF POLE POSITION (HEV)

11/75
11/77
12/79

1/82

BAREYRE 68 PR 165 1731
DONNACH1 68 PL 268 161

ALSO 68 VIENNA 139
ALSO 68 THESIS

MORGAN 68 PR 166 1731
DONNACHI 69 NP 108 433
WALKER 69 PR 182 1729

P BAREYRE, C BR ICHAN, G VILI ET (SACL) I JP
A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) IJP
DONNAC HIE RAPPORTEUR .S TALK (GLAS)
R G K I RSOPP (ED IN)
D HORGAN (RHEL)
A DONNACHIE, R Kl RSOPP (GLAS+ED IN)
R L MALKER (CIT) I JP

IM
IM
IM
IM

(146 ~ 0)
109. OR 107 ~

{114 ~ 0)
114.0 'l0. 0

LONGACRE 75 IPWA
LONGACRE 77 IPWA
CUTKOSKY 79 IPWA
CUTKOSKY 80 IPWA

PI N TO 2PI N

PI N TO 2PI N

PI N TO PI N

PI N TO PI N

62 N(1520) -2aIHAS PART OF POLE PQSITIQN CHEV)

11/75
11/77
12/79

1/82

AYED
AYED2
BERAROO
DAVI ES
DI EM
SAXON
HAKAROV
HI CKENS
ALMEHED
AYED

DEVENI SH
HEMHI 1
HEMMI 2
LEE
LEMOIGNE
MOORHOUS
ROSSI

ALSO
BENEVENT
DEVENISH
DEVENIS2
KNIES
ME TCAL F
MOORHOUS

CRAWFORD
FELTESSE
KR IVETS

ALSO
LONGACRE

ALSO
AYED
BARBOUR
FELLER
AZNAURYA
BERENDS
LONGACRE

ALSO

70 KIEV CONF
70 PL 318 598
70 PRL 24 419
70 NP 821 359
70 KIEV CONF .
70 PR D2 1790
71 S JNP 13 510
71 LNC 1 ?07
72 NP 840 157
72 BATAVIA CONF

73 PL 478 53
73 PL 438 79
73 NP 855 333
73 PRL 31 1029
73 PURDUE CONF' 93
73 PL 438 44
73 NC 13A 59
71 LNC 2 1183
74 NC 19A 529
74 NP 881 330
74 PL 528 227
74 PR D9 2680
74 NP 876 253
74 PR D9 1

75 NP 897 125
75 NP 893 242
75 SJNP 20 430
74 SJNP 19 112
75 PL 558 415
78 PR D17 1795
76 CEA-N-1921
76 NP 81 11 358
76 NP 8104 219
77 EFI-264(57)-77
77 NP 8136 317
77 NP 8122 493
76 NP 8108 365

BARBOUR 78 NP 8141 253
NOELLE 78 PTP 60 778
BAKER 79 NP 8156 93
CUTKOSKY 79 PR D20 2839
HOEHLER 79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3

R AYED, P BAREYRE, G VILLET (SACL) I JP
+BAREYRE, VILLET (SAC L)
+HADDOCK, NE FKENS, , PARSONS+ . ~ (UCLA+LR L )
A DAVIES (GLAS)
+ SMADJAg CHAVANON OELERg DOLBEAU+ (SA'CL)
SAXON, MULVEY, CHINOWSKY (OXF+LRL)
+GASILOVA, NELYUBIN, ++ ( IOF F) I JP
R E MI CKENS (F ISK)
+LOVELACE (LUND+RUTG& IJP
R AYED, P BAREYRE, Y LEMOIGNE &SACL)

DEVENI SH, RANKIN, LYTH (LOUC+BONN+ LANG) I JP
HEHMI, INAGAKI+ (KYOT+SAGA+KEK+TOKY)IJP
+INAGAKI ~ KIKUCHI g HAKI ~HIYAKE+ (KYOT+TOKY) I JP
LEE, SHAW (UC I+ROYAL HOLLOWAY COLLEGE) I JP
+GRANET, MARTY, AYE D, BARE YRE, BORGEAUD, +(SAC L) I JP
MOORHOUSE, OBERLACK (GLAS+LBL)'I JP
+PIAZZA, SUSINNO, + &ROHA+FRAS+NAPL+PAVI ) I JP
CARBONARA, F IORE, + (NAPL+FRAS+PAVI+ROHA) I JP
BENEVENTANO, DANGELO, NOTARISTEFANI, + (ROMA) I JP
DEVENISH, FROGGATT, MARTIN (DESY+NORD+LOUC)
DEVENI SH, LYTH, RANK IN (DESY+LANC+BONN) I JP
KN I ES g HOORHOUSE g OBERLACK (LBL+GLAS)IJP
W J METCALF, R L WALKER (CIT) I JP
MOORHOUSE, OBERLACK, ROSENFELD (GLAS+LBL& I JP

R L CRAWFORD (GLAS) I JP
+AYEO g BAREYRE BORGEAUD DAVI D ~ ERNWEI N+( SAC L ) I JP
+HI ROSHNI CHENKO, NIK I FOROV, SAN IN+ (KIEV) IJP
KRIVETS, NIKIFOROV, SANIN, SHALATSKI I (KIEV) I JP
+ROSENF ELD, LASI NSK I, SMAD JA+ (LBL+SLAC) I JP
LONGACRE g LASINSKI ROSENFELD+ (LBL+SLAC)
AYED (THESIS) (SACL) I JP
I H BARBOUR, R L CRAWFORD (GLAS&IJP
+FUKUSH IMA, HOR I KAWA, KA J IKAWA+ (NAGO+OSAK ) I JP
+AKOPOV, BAGDASARYAN (VERE) I JP
F A BERENDS, A DONNACHIE {LEID+MCHS) I JP
LONGACRE, DOLBEAU (SAC L) I JP
DOLBEAU, TR IANTIS, NEVEU, CAD I ET (SACL)IJP

BARBOUR, CRAWFORD, PARSONS (GLAS)
P NOELLE (NAGO)
+BROWN, CLARK, OAVIES, DEPAGTER, EVANS+ (RHEL) IJP
+FORSYTH, HENDRICK, KELLY (CARN+LBL) IJP

SCATTERING, PHYSIK DATEN VOL. 12-1
+KAISER, KOCH, PIETAR INEN (KARL) I JP
R KOCH (KARL) I JP

RER
RER

IMR
I MR

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16

R1
R1
R1
R1

R2
R2
R2

62 N(1520$ REAL PART QF ELASTIC POLE RESIDUE CHEV)

(34.0&
34 ' 0 2 ' 0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

62 1C1520) INAS PART QF ELASTIC POLK RESIDUE CHEV)

(-8 ' 0)-?.0 3.0
CUTKOSKY 79 IPWA PI N TO PI N

CUTKOSKY 80 IPMA PI N TO PI N

62 NC 1520$ PARTIAL DECAY NODES

N(1520)
N(1520)
N(1520)
N(1520)+
N(1520)+
N(1520)
N( 1520)
N( 1520)
N(1520)
N(1520)
N(1520)
N(1520)
N(1520)
N(1520)
N(1520)
N(1520)

INTO N P I
INTO DELTA(1232) PI
INTO N PI PI

INTO NEUTRON PI+
INTO P PI+ P I—

INTO N ETA
INTO N EPSILON
INTO N RHO
INTO P GAMMA, HELI CITY~1/2
INTO P GAMMA, HELICITY~3/2
INTO N GAMMA, HELI CITY~1/2
INTO N GAHHA, HELICITY~3/2
INTO LAMBDA K
INTO DELTA(1232) PI, S-WAVE
INTO DELTA(1232) PI, O-WAVE
INTO N RHO, S~3/2, S-WAVE

DECAY MASSES
938+ 140

1232+ 140
938+ 140+ 140
940+ 140
938+ 140+ 140
940+ 549
938+1300
938+ 769
938+ 0
938+ 0
940+ 0
940+ 0

1116+ 498
1232+ 140
1232+ 140
938+ 769

62 N&1520) BRANCNINS RATIOS

1C 1520) INTO C N PI ) /TQTAL CP1)
(0 ' 56) (0.06& CUTKOSKY 79 IPMA PI N TO PI N

0.54 0.03 HOEHLER 79 IPWA PI N TO PI N

0 ' 58 0 ' 03 CUTKOSKY 80 IPWA PI N TO PI N

N C 1520) FRQH N PI TQ N ETA SQRT C P 1aP6)
+0 ~ 011 OR +0 ~ 058 FELTESSE 75 DPWA 0 1488 TO 1745 MEV
&0.02) BAKER 79 OPMA 0 PI- P TO ETA N

12/79
1/82

12/79
1/82

12/79
12/79

1/82

1/76
12/79

80 TORONTO CONF 93
82 NP 8194 251
80 NP 8166 525
80 TORONTO CONF 107
80 TORONTO CONF 19
80 NP 8165 189
80 NP 8168 17
81 BONN CONF 352
82 NP 8197 365
81 NP 8187 53
83 NP 8211 1

ARAI
ALSO

BRATASHE
CRAWFORD
CUTKOSKY
ISHI I
TAKEDA
AWA JI

ALSO
FUJI I
CRAWFORD

I ARAI &TOKY&
I ARAI, H FU J I I (TOKY)
BRATASHEVSKIJ, GORBENKO, DEREBCHINSKIJ+(KHAR)
R L CRAWFORD (GLAS)
+FORSYTH J BABCOCK' KELLY' HENDR I CK (CARN+LBL) I JP
ISHI I, EGAWA, KATO, MIYACHI+ (KYOT+TOKY)
TAKEDA, ARAI, FUJII, IKEDA, IMASAKI+ (TOKY)
R KAJIKAMA (TALK) (NAGO)
F U J I I, HAYASH I I, I WATA, KA J IKAMA+ (NAGO)
FU J I I, HAYASHI I, I WATA, KA J IKAMA+ (TOKY)
R L CRAMFORD, W T MORTON {GLAS)

62 NC1520, JP 3/2-) I 1/2 D'13

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM

OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1'l18). HO'MEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

aa***a aa***aaa* aaaaa*aaa aaaaaaaaa a*aaaa*aa a*a*aaaa* aaaaaaaaa *aaa*aa*
a**aaa *aaaaa*** a**aa**a*a»aaaaa** aaaaaaaaa **aa*a*a*aa**aa*aa **aaaaaa

N(1520) D,3 Status:

R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5
R5

R6
R6
R6

N(1520) FRQH N PI TQ DELTAC1232) PI, S-WAVE SQRT(PIaP14)
A +0 ~ 27 OR +0 ~ 24 LONGACRE 75 IPWA Pl N TO 2PI
8 (+0.26) LONGACRE 77 IPWA PI N TO 2PI N

8 LONGACRE ?7 CONSIDER THIS COUPLING TO BE WELL DETERMINED.

N(1520) FRQH N PI TQ DELTA(1232) PI, D-WAVE SQRT(P1aP15)
A +0 ~ 24 OR +0 ~ 30 LONGACRE 75 IPWA PI N TO 2PI N

8 (+0 ~ 21) LONGACRE 77 IPMA PI N TO 2PI N

8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED.

NC1520) FRQN N PI TQ N RHQ, S~3/2, S-WAVE SQRT&P1aP16&
A +0.32 OR +0.24 LONGACRE 75 IPWA PI N TO 2PI N

8 (+0.35) LONGACRE 77 IPWA PI N TO 2PI N

8 LONGACRE 77 CONSIDFR THIS COUPLING TO BE MELL DETERMINED.

NC1520) FRQH N PI INTO N EPSILQN SQRT C P 1»'P?)
A 0.0 OR +0. 17 LONGACRE 75 IPWA PI N TO 2PI N

8 (+0.13) LONGACRE 77 IPWA PI N TO 2PI N

62 1C 1520) PHOTON DECAY AHPL ITUDES C6EVaa-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEW PRECEO ING THE BARYON LISTINGS.

11/75
11/77

11/75
11/77

11/75
11/77

11/75
11/77

M A

H A

H

M 8
M 8
M 8
M

M

62 NC 1520) HASS CHEV)

1524. OR .1520 ' LONGACRE 75 IPMA
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND

(1510~ 0) BERENDS 77 IPWA
(1510.0) LONGACRE 77 IPWA

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION WHICH IS FROM SOLUTIONS S1 AND C1.

&1503~ 0) BARBOUR 78 DPWA
(1525.0) (15 ~ 0) CUTKOSKY 79 IPWA

PI N TO 2PI N

2 OF LONGACRE 75.
PI-N PHOTOPROD.
PI N TO 2PI N

EXCEPT FOR THE POLE

PI-N PHOTOPROO ~

P I N TO PI N

IN ADDITION g RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS
WHICH USED TO Bg LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN
ENTIRELY REHOVEh.

11/75
11/75
1/?8

11/77
11/77
11/77
3/79

12/79

a1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

NC1520& INTO P SANHA, NELI CITY~1/2 CSEV*a-1/2)
-0.006 0.006 METCALF 74 DPWA
-0 F 005 0.005 FELLER 76 DPWA
-0.003 0 ' 003 AZNAURYAN 77 DPMA
-0 ' 030 0.002 AZNAURYAN 77 DPMA

&-0 ' 021& BERENDS 77 IPWA
-0.016 0 ~ 008 BARBOUR 78 DPMA

&-0 F 008& NOELLE 78
N CONVERTED TO OUR CONVENTIONS USING M=1. 528, M=. 187

-0 ' 032 0.005 ARAI 80 DPMA
-0 ' 032 0 ' 004 ARAI 80 DPWA
-0.031 0.009 BRATASHEV 80 DPWA
-0.019 0.007 CRAMFORD 80 DPWA-0.0430 0 ' 0063 ISHI I 80 DPMA
-0 ' 007 0 ' 004 AMA J I 81 DPMA
-0.028 0.004 CRAWFORD 83 IPWA

PI N PHOTOPROD ~

PI N PHOTOPROD.
PIO PHTPRO, SOL
PIO PHTPRD, SOL 2
PI-N PHOTOPROD.
PI-N PHOTOPROD ~

PI-N PHOTOPROD.
FROM NOELLE 78 '
PI N PHOTO FIT 1
PI N PHOTO F IT 2
PI N PHOTOPROD ~

PI N PHOTOPROD.
P COHPTON SCAT
Pl N PHOTOPROD.
PI N PHOTOPROD.

2/74
2/77

12/79
12/79

1/78
3/79
1/80
1/80

12/81
12/81
12/81
12/81
12/81
1/84*
1/84*
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For notation, see key at front of Listings. Earyons
N(1520), N(1535)

A2
A2
A2
A2
A2
A2
A2
A2 N

A2
A2
A2
A2
A2
A2
A2

A3
A3
A3
A3 N

A3
A3
A3
A3
A3
A3

A4
A4
A4
A4 N

A4
A4
A4
A4
A4
A4

NC1520& INTO P
+0 ~ 165
+0. 164
+0. 182
+0.133

(+0.075)
+0. 15?
(0 ' 206)
0. 178
0. 162
0 ~ 166
0 ~ 167
0.1695
0. 168
0.156

NC 1520) INTO N-0.066-0.055
(-0 ' 060)-0.076
-0 ~ 071
-0 ' 056
-0 ~ 050-
-0 ' 066-0.067

1&1520& INTO N-0.118-0.141
(-0.127)
-0 ~ 147
-0 ~ 148
-0 ~ 144-0. 'I18
-0.124-0.158

6ANIA,
0.010
0 ~ 014

0.006
0 ~ 011
0 ~ 011
0.014
0 ~ 013
0.004

6AWIA,
0.013
0.015

0.008
0.009
0 ~ 015
0.011
0.009
0.003

HEL ICITY~1/2 &6EV~~-1/2&
HETCALF 74 DPWA
BARBOUR 78 OPMA
MOELLE 78
ARA I 80 OPMA
ARAI 80 DPMA
CRAWFORD 80 DPWA
TAKEDA 80 DPWA
AMA J I 81 DPMA
FUJI I 81 DPMA

HEL ICITY~3/2 &6EV*+-1/2&
METCALF 74 DPMA
BARBOUR 78 OPMA
NOELLE 78
ARA I 80 DPMA
ARAI 80 DPMA
CRAWFORD 80 DPMA
TAKEOA 80 OPWA
AMA J I 81 DPMA
FU JI I 81 DPWA

6AHNA~ NELI C ITY~3/2 &6EV*~-1/2&
0.011 HETCALF 74 DPWA
0.008 FEI.LER 76 DPWA
0.006 AZNAURYAN 77 OPWA
0 ' 002 AZNAURYAN 77 DPMA

BERENDS 77 IPMA
0.007 BARBOUR ?S DPMA

NOELLE 78
0 ' 003 ARAI 80 DPWA
0 ' 003 ARAI 80 DPWA
0.005 SRATASHEV 80 DPWA
0.010 CRAWFORD 80 DPWA
0.0014 ISHI I 80 DPWA
0.013 AWAJI 81 DPWA
0.022 CRAWFORD 83 IPWA

PI N PHOTOPROD.
PI N PHOTOPROO ~

PIO PHTPRO, SOL
PIO PHTPRO, SOL 2
PI-N PHOTOPROO.
PI-M PHOTOPROD.
PI-N PHOTOPROD ~

PI M PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPROO.
P COHPTON SCAT
PI k PHOTOPROO.
PI N PHOTOPROO.

PI M PHOTOPROD.
PI-N PHOTOPROD.
PI-N PHOTOPROD.
PI N PHOTO FIT
PI N PHOTO FIT 2
PI N PHOTOPROD ~

Pl N PHOTOPROO.
Pl N PHOTOPROD ~

PI N PHOTOPROD.

Pl N PHOTQPROD ~

Pl-N PHOTOPROD.
PI-N PHOTOPROD.
P I N PHOTO F I T 1
Pl N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTQPROD.
PI N PHOTOPROD.
PI N PHOTOPROD ~

2/74
2/77

12/79
12/79

1/78
3/79'
1/80

12/81
12/81
12/81
12/81
12/81
1/84*
1/84*

2/74
3/79
1/80

12/81
12/81
12/81
12/S1
1/84*

12/81

2/74
3/79
1/80

12/81
12/81
12/81
12/81

1/84*
12/81

63 1&1535, JP 1/2-) I 1/2 S' 11

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM
OBSOLETE AND HAVE SEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER,
NEARLY ALL THE REFERENCES HAVE BEEN RETAINED.

H A

M A

H
H

8
H 8
H 8
M

H
M

M

63 N&1535& NASS CHEV&

1520. OR 1510. LONGACRE 75 IPMA
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND

(1500~ 0) SERENDS 77 IPMA
1547 ' 0 6 ' 0 SHANDARI 77 DPMA

&1520.0) LOMGACRE 77 IPWA
ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION WHICH IS FROM SOLUTIONS S1 AND C1.

(1511.0) BARBOUR 78 OPMA
(1540.0) (20 ' 0) CUTKOSKY 79 IPMA
1526.0 7 ' 0 HOEHLER 79 IPMA

(1513.0) CRAWFORD 80 DPMA
1550.0 40.0 CUTKOSKY 80 IPMA

PI N T02PI N

2 OF LONGACRE 75.
PI-N PHOTOPROD ~

0 USES ETA N CUSP
PI N TO 2PI N

EXCEPT FOR THE POLE

PI-N PHOTOPROD ~

PI N TO PI N

PI N TO PI N

PI N PHOTOPRQD.
P I M TQ PI N

63 NC 1535& WIDTH CHEV&

AMAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO)
ALSO 82 NP 8197 365 FU J I I r HAYASHI I r IltATA r KA J IKAMA+ (NAGO)

FUJI I 8'I NP 8187 53 FU J I I, HAYASHI I, IMATA, KA J IKAMA+ (TOKY)
CRAWFORD 83 NP 8211 1 R L CRAWFORD, M T MORTON (GLAS)

400400 40*4040*0 004*00*0* 4*0**044% *0**44*0440*000*k* 0404**0****0*0004
404400 4*0444440 00*044444 404***444 44*4%**4k 4+4*4*404 4444k+*44

N(1535) S«Status:

11/75
11/75
1/78
1/78

11/77
11/77
11I77
3/79

12/79
12/79
12/81

1/82

DAVIES
JOHNSON
ROBERTS
ROSENFEL
SAREYRE
DOMNACH1

ALSO
ALSO

MORGAN

67
67
67
67
68
68
68
68
68

NC 52A 1'112
UCRL-17683 THESIS
PREPRINT
IR VI NE CONF
PR 165 1731
PL 268 161
V I FNNA 139
THESIS
PR 166 1731

A T OAVIES, R G HOORHOUSE (GLAS+RHEL)
C H JOHNSON (LRL)
R G ROBERTS (DURH)
A H ROSENF ELD, P SQO IMG (LRL)
P BAREYRE, C BRICMAN, G VILLET (SACL) I JP
A DQNNACHIE, R G KIRSOPP, C LOVELACE (CERN) I JP
DONNACHI E RAPPORTEUR .S TALK (GLAS)
R G K I RSOPP (EDIN)
D MORGAN (RHEL)

SQTKE
DEANS
OEANS2
DONNACHI
WALKER
AYED
AYED2
CARRERAS
DAVI ES
DIEM
ALMEHED

69
69
69
69
69
70
70
?0
70
70
72

PR 180 1417
PR 185 1797
PR 177 2623
NP 108 433
PR 182 1729
KIEV CONF
PL 318 598
NP 168 35
NP 821 359
KIEV CONF ~

NP 840 157

J C SOTKE
S DEAN S, J MQQT EN
S R DEANS
A DONNACHI E, R K IRSOPP
R L MALKER
R AYED, P BAREYRE, G VILLET
+SAREYRE, Vll. LET
8 CARRERAS, A DONNACHIE
A DAVIES
+ SMAD JA r CHAVANON r OELER
+LOVELACE

(UCSS)
(SFLA)
(SFLA)

(G LAS+EO IN)
(CIT) I JP

(SAC L) I JP
(SACL)

(OARE+MCHS)
(GLAS)

DOLSEAU+ &SACL)
(LUND+RUTG)IJP

0*4**0 t*0**400*0400*040* 40*44000* 0**4*0040 40044*4*0 *40*40000 00000440

REFERENCES FOR NC1520)

FOR VERY EARLY REFERENCESr SEE RMP 37, 633 (1965).
K IRZ 63 PR 130 2481 J KIRZ, J SCHWARTZ, R D TRIPP (LRL)
BAREYRE 65 PL 18 342 + BR I CHANr STIRLING r VILLET (SACL) I JP
SRANOSEN 65 PR 139 81566 +OOONMELL, HOORHOUSE (OUR H+RHEL ) I JP
CROUCH 65 OESY CONF I I 21 + (BRQM+CEA+HARV+HI T+PAOO+REHO)
DERADO 65 ATHENS CONF 244 +KENNEY r LAMSA r + (MDAH+KNTY)
ROPER 65 PR 138 8190 L D ROPER, R H WRIGHT, 8 T FELD &LLL+HIT) I JP
THURNAUE 65 PRL 14 985 P G THURNAUER (ROC H)
KIRZ 66 PRIVATE COMM J KIRZ (LRL)

NUMBER EXTRACTED FROM DATA DISCUSSED IN KIRZ 63.
MERLO 66 P ROY SOC 289 489 J P MERLO, G VALLAOAS (SACL)
NAMYSLOM 66 PR 157 132S NAHYSLOMSK I, RAZMI, ROBERTS (STAN+ED IN+LOIC)
QLSSON 66 PR 145 1309 G QLSSON, G 8 YQOH (M ISC+UMO)

M A
M

M

M 8
'M

W

M

M

M

M

RE
RE
RE 8
RE
RE

IM
IH
IH 8
IH
IM

RER
RER
RER

75 ' OR
&57.0)
139~ 0

(135.0)
(132.0)
(180 ~ 0)
(270.0)

120 ~ 0
&136.0)
240 ' 0

100 ~

33.0

(50.0)
20.0

80.0

LONGACRE
BEREMDS
BHANDARI
LONGACRE
BARBOUR
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY

75 IPWA
77 IPMA
77 DPMA
77 IPWA
7S DPMA
79 DPMA
79 IPMA
79 IPMA
80 OP MA

80 IPMA

PI N TO 2PI N

Pi-H PHOTOPROO ~

0 USES ETA M CUSP
PI M TO 2PI N

PI-N PHOTOPROD.
0 PI- P TO ETA N

PI N TO PI N

PI M TO PI N

PI M PHOTOPROD.
PI N TO PI N

63 NC 1535& REAL PART OF POLE POSITION CHEV&

&1496 ~ 0)
1519.0 4 ~ 0
1525. QR 1527.

(1465.0)
1510.0 50.0

LONGACRE 75 IPWA
BHANDARI 77 DPMA
LONGACRE 77 IPWA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

PI N TO 2PI N

0 USES ETA N CUSP
PI NT02PI N

PI N TO PI N

Pl, N TO Pl N

63 N&1535& -2~IHA6 PART OF POLE POSITION &NEV&

(103~ 0)
140.0 32.0
135. OR 123.

(256.0)
260. 0

LONGACRE
BHANOARI
LQNGACRE
CUTKOSKY
CUTKQSKY

75 IPWA PI N TO 2PI N

77 DPMA 0 USES ETA N CUSP
77 IPWA Pl N TO 2PI N

79' IPltA PI N TO PI N

80 IPWA PI N TO PI N

20.0
(48.0)
116' 0

21.0
46 ~ 0

BHANOARI ?7 OPMA 0 USES ETA N CUSP
CUTKOSKY 79 IPWA PI N TO PI N

CUTKOSKY 80 IPWA PI N TO Pl N

63 N&1535& REAL PART OF ELASTlC POLE RESIDUE &HEV&

11/75
1/78
1/78

11/77
3/79

12/79
12/?9
12/79
12/81

1/82

11/75
1/78

11/77
12/79

1/82

11/75
1/78

11/77
12/79

1/82

1/78
12/79

1/82

DEVENISH
HEMH I 1
HEMH I2
LEMOIGNE
HOORHOUS
ROSSI

ALSO
BENEVENT
DEVENISH
DEVEHI S2
KNIES
METCALF
MOORHOUS

CRAWFORD
FELTESSE
KRIVETS

ALSO
LONGACRE

ALSO
AYEO
BARBOUR
FELLER

73
73
73
73
73
73
71
74
74
74
74
74
74

75
75
75
74
75
78
76
76
76

NP 897 125
NP 893 242
SJNP 20 430
SJNP 19 112
PL 558 415
PR D17 1795
CEA-N-1921
NP 8111 358
NP 8104 219

PL 478 53
PL 438 79
NP 855 333
PURDUE CONF. 93
PL 438 44
NC 13A 59
LNC 2 1183
NC 19A 529
NP 881 330
PL 528 227
PR D9 2680
MP 876 253
PR O9 1

OEVENI SHr RANKIN r LYTH (LQUC+BONN+LANC)IJP
HEMMI, INAGAK I+ (KYOT+SAGA+KEK+TOKY)IJP
+INAGAK I, KIKUCHI, MAK I,MI YAKE+ (K YOT+TQK Y) I JP
+GRANET, MARTY, AYED, BAREYRE, BORGEAUD, +(SACL) IJP
MOORHQUSE, OSERLACK (GLAS+LSL) I JP
+PIAZZA r SUS INNO r + (ROMA+FRAS+NAPL+PAVI ) I JP
CARBONARA, F IORE, + (NAPL+FRAS+PAVI+ROHA) I JP
BEMEVENTANO, DANGELO, NOTARISTEFANI, + (ROHA) I JP
DE YEN I SH, F ROGG ATT, MART I M (DES Y+NORD+LOUC )
OEVEHISHr LYTHr RANK IN (DESY+LANC+SOMN)IJP
KNIES, MOORHOUSE, QBERLACK (LBL+GLAS) I JP
W J HETCALF, R L WALKER (CIT) I JP
MOORHOUSE, OBERLACK, ROSENFELD (GLAS+LSL) IJP

R L CRAMFORD (GLAS) I JP
+AYED, BAREYRE, BORGEAUD, DAVID, ERNWE IN+(SACL) I JP
+HI ROSHNI CHENKO, NIK IFQROV, SAHIH+ (K IEV) I JP
KR IVETS, NIKIFOROV, SANIN, SHALATSK I I (KIEV) I JP
+ROSENFELD, LASINSKI, SMAOJA+ (LBL+SLAC) I JP
LONGACRE, LASINSKI, ROSENFELD+ (LBL+SLAC)
AYED (THESIS) (SACL) I JP

M BARBOUR, R L CRAWFORD (GLAS) I JP
+FUKUSHIMA, HORIKAMA, KA J IKAWA+ (NAGO+OSAK) I JP

IHR
IMR
IHR

P1
P2
P3
P4
P5
P6
P?
PS
P9
P10

13.0
(-67 ~ 0)

31.0 92.0
SHANDARI 77 DPMA 0 USES ETA N CUSP
CUTKOSKY 79 IPMA PI M TO PI N

CUTKOSKY 80 IPWA PI N TO PI N

N(1535)
N(1535)
H(1535)
N(1535)
M& 1535)
H(1535)
N(1535)
N(1535)
N(1535)
N(1535)

63 N&1535& PARTIAL DECAY N&&DES

INTO N PI
INTO N ETA
INTO N Pl PI
INTO N EPSILON
INTO DELTA& 1232) Pi
INTO M RHO
INTO P GAMHA, HELI CITY~1/2
INTO N GAMMA, HELICITY~1/2
INTO I.AMBDA K
INTO N RHO, S~1/2r S-MAVE

DECAY MASSES
938+ 140
940+ 549
938+ 140+ 140
938+1300

1232+ 140
938+ 769
938+ 0
940+ 0

1116+ 498
938+ 769

63 NC1535& IHA6 PART DF ELASTIC POLE RESIDUE &HEY&

1/78
12/79

1/82

77
77
77
76
78
78
79'
79
79

ALSO 80

AZNAURYA
BERENDS
LONGACRE

ALSO
BARBOUR
MOELLE
BAKER
CUTKOSKY
HQEHLER

E F 1-264 (57)-77
NP 8136 317
NP 8122 493
NP 8108 365
MP 8141 253
PTP 60 778
NP 8156 93
PR D20 2839
HANDBOOK OF PI-N

TORONTO CONF 3

+AKOPQV, BAGDASARYAN (YERE) I JP
F A BERENDS, A OOMNACHIE &LEIO+HCHS)IJP
LONGACRErDOLBEAU (SACL) I JP
DOLBEAUr TRIANTISrNEVEU CAOIET (SACL) I JP
BARBOUR, CRAWFORD, PARSONS (GLAS)
P NOELLE (NAGO)
+BROMH, CLARK, DAVIES, DEPAGTER, EVANS+ (RHEL) IJP
+FORSYTH, HENDRICK, KELLY &CARN+LBL) IJP

SCATTERING, PHYSIK DATEN VOL. 12-1
+KAISER, KOCH, PIETAR INEM (KARL) IJP
R KOCH (KARL) I JP

R1
R1
R1
Rl
R1

R2
R2
R2

63 N C 1535& BRANCH IN6 RATIOS

NC1535& INTO CN PI&/TOTAL
0.297 0.026 .

(0.45) (0 ' 06)
0.38 0.04
0 ~ 50 0. 10

CP1&
BHANDARI 77 DPWA 0 USES ETA N CUSP
CUTKOSKY 79 IPMA PI N TO PI N

HQEHLER 79 IPMA PI N TO Pl N

CUTKOSKY 80 IPMA PI N TO PI N

1/ 78
12/79
12/79

1/82

NC1535& FROH N PI INTO N ETA SQRTCP1~P2&
(+0 ~ 48) FELTESSE 75 DPMA 0 1488 TO 1745 MEV 11/75
(+0.33) BAKER 79 DPWA 0 PI- P TQ ETA N 12/79

ARA I
ALSO

BRATASHE
CRAWFORD
CUTKOSKY
ISHI I
TAKE DA

80
82
80
80
80
80
80

TORONTO CONF 93 I ARAI (TOK Y)
HP 8194 25 1 I ARAI ~ H FU J I I &TOKY)
NP 8166 525 BRATASHEVSK I J,GORBEHKO, DEREBCH INSK I J+& KHAR)

TORONTO CONF 107 R I CRAWFORD (GLAS)
TORONTO CONF 19 +FORSYTHrBASCOCK, KELLY, HENDRICK (CARN+LSL) IJP

NP 8165 '189 ISHI I r EGAWA, KATOr HIYACHI+ (KYOT+TOKY)
NP 8168 17 TAKEDA, ARAI, FUJII, IKEDA, IWASAK I+ &TOKY)

R3 N&1535& FROM N Pi TO DELTAC1232& PI SQRTCP1~P5&
R3 A 0.0 OR -0.06 LONGACRE 75 IPMA PI H TO 2PI N

R3 8 (0.00) LONGACRE 77 IPMA PI H TO 2PI N

R4 N&1535& FRON N PI TO N RHO, S~1/2, S-WAVE SQRTCP1~P10&
R4 A +0. 12 OR +0.09 LONGACRE 75 IPltA PI N TO 2PI N

R4 8 (+0.10) LONGACRE 77 IPMA PI N TO 2PI N

11/75
11/77

11/75
11/7?
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S220 Particle Data Group: Review of particle properties

Baryons
N(1535), N(1540), N(1650)

Data Card Listings

R5 N&15353 FRCN N PI TO N EPSILON SQRT&P'1*P4)
R5 A 0. 1 OR -0.09 LONGACRE 75 IPWA PI N TO 2P I N

R5 8 (-0.08) LONGACRE 77 IPWA PI N TO 2PI N

R6 N&1535) INTO (P SAIIMA&/TOTAL &P?&
R6 C 0 ' 0042 0 ' 0014 DEANS 72 MPWA P ETA PHOTOPROD.
R6 C BR~(DEANS?2 RADIATIVE WIDTH)/(NOMINAL FULL WIDTH=100 MEY)
R6 C THE HICKS73 ENTRY UNDER R7 IS A MORE RECENT RESULT BY SAME GROUP.

R? NC1535& FROM P SAMIIA TO P ETA SQRT(P2«P?&
R7 (0.0366) HICKS 73 MPWA GAM P-ETA P

63 N(1535) PHOTON OECAY AMPLITUDES (6EV«*-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS.

11/75
11/77

9/73
9/73
9/73

9/73

SEE HERE IN THE 1982 EDITION (PHYSICS LETTERS 1118) FOR ADDITIONAL
EARLY REFERENCES &NONE AFTER 1973) ON THE N ETA THRESHOLD.

««««a» «a»a*a**a «a****a«a «*a***««a «a«**a«a* aa*a****a*«***a*«a***«a*a«
««*«*a a**a«a«** «a**a*a«* *«*««a**» ««**a*a«a ****«a«*a*a«****a«*a*a«a«a

N(1540) P,~ Status:
109 N(1540, JP 3/2+) I 1/2 P'13
THIS RESONANCE HAS NOT BEEN SEEN IN PI N --) PI N

ANALYSES, ANO ITS EXISTENCE IS THUS DOUBTFUL ~

109 NC1540& IIASS &MEV&

A1
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

N& 1535) INTO P SAMIIA, IIELI CITY~1/2 (6EV**-1
+0.063 0.013 METCALF ?4
+0.070 0.004 FELLER 76
+0 ~ 046 0.007 AZNAURYAM 77
+0 ~ 101 0.012 AZNAURYAN 77

(+0.034} BERENDS 77
+0.082 0.019 BARBOUR 78

N (0 ' 046) NOELLE 78
N COMVERTEO TO OUR CONVENTIONS USING M=1. 548

0.083 0.007 ARA I 80
0 ~ 080 0.007 ARA I 80
0 ' 029 0 ' 007 BRATASHEV 80
0.065 0.016 CRAWFORD 80
0.0704 0.0091 I 8H I I 80
0 ~ 077 0.021 AWAJI 81
0.053 0.015 CRAWFORD 83

/2&
DP WA

DPWA
DPWA
DPWA
I PWA
DPWA

W=. 073
DPWA
DPWA
DP'WA

DPWA
DPWA
DPWA
LPWA

PI N PHOTOPROD.
Pl N PHOTOPROD.
PIO PHTPRO, SOL 1
PIO PHTPRDgSOL 2
PI-N PHOTOPROD ~

Pl-N PHOTOPROD ~

PI-N PHOTOPROD ~

FROM NOLLLE 78.
PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPROD.
P COMPTON SCAT
PI N PHOTOPROD ~

Pl N PHOTOPROD.

2/74
2/77

12/79
12/79
1/78
3/79
1/80
1/80

12/81
12/81
12/81
12/81
12/81

1/84*
1/84*

M A

M A

M A

RE A

(200.0)

109 N C 1540& NIOTH & MEV &

LONGACRE ?7 LPWA Pl N TO 2PI N 11/??

109 N(1540) REAL PART OF POLE POSITION &IIEV&

1535. OR 1482. LONGACRE 77 IPWA PI N TO 2PI N ll/77

(1540.0) LONGACRE 77 LPWA PI N TO 2PI N 11/77
ALL LONGACRE?7 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 11/77
POSITION WHICH IS FROM SOLUTIONS Sl AND Cl. 11/77

A2
A2
A2
A2 N

A2
A?
A2
A2
A2
A2

NC1535) INTO N

-0 ~ 051-0.112
(-0.048)-0.075-0.0?5-0.098-0.011

0 ' 035-0.062

6ANNA,
0.021
0.034

0.019
0.018
0.026
0.017
0.014
0.003

HELI CITY~1/2 &6EV«a-1/2)
METCALF 74 DPWA
BARBOUR 78 DPWA
NOELLE 78
ARAI 80 DPWA
ARAI 80 DPWA
CRAWFORD 80 DPWA
TAKEDA 80 DPWA
AWAJI 81 DPWA
FUJII 81 DPWA

PI N PHOTOPROD.
PI-N PHOTOPROD.
PI-N PHOTOPROO.
PI N PHOTO F IT 1
PI N PHOTO F I T 2
PI N PHOTOPROD.
PI N PHOTOPROD.
PI N PHOTOPROD.
PI N PHOTOPROD ~

«**a«* a«a«a*a«a a*a«a«*a« a**a««a«a *a«a«a«a« a««***«a« *a«a«**«a «a«*a«»*

REFERENCES FOR M&1535&

2/74
3/79
1/80

12/81
12/81
12/81
12/81

1/84*
12/81

IM A

Pl
P2
P3
P4
P5

207. OR 314. LONGACRE 77 IPWA Pl N TO 2PI N 11/77

109 N&1540) PARTIAL DECAY MODES

N(1540) INTO N PI
N( 1540) INTO N RHO, S=l/2, P-WAVE
N(1540) INTO N RHO, S=3/2, P-WAVE
N(1540) INTO DELTA(1232) PI, P-WAVE
N(1540) INTO N EPSILON

DECAY MASSES
938+ 140
938+ 769
938+ 769

1232+ 140
938+1300

'109 NC1540& -2«IMA6 PART OF POLE POSITION (MEV&

BAREYRE
BRANDSEN
HENDRY
MICHAEL
UC HI YAMA
DAVIES
JOHNSON
LOVELACE

BAREYRE
DONNACH'i

ALSO
ALSO

DEANS
DELCOURT
DONNACHI
AYED
AYEO2
CARRERAS
DAYIES
DIEM

65 PL 18 342
65 PR 139 81566
65 PL 18 171
66 PL 21 93
66 PR 149 1220
67 NC 52A 1112
67 UCRL-17683 THESIS
67 HE IDELBERG C. 79

68 PR 165 1731
68 Pt. 268 161
68 V I ENNA 139
68 THESIS
69 PR 185 1797
69 PL 298 75
69 NP 108 433
?0 KIEV CONF.
70 PL 318 598
70 NP 168 35
70 NP 821 359
70 KI EY CONF ~

+ BR ICMAN, STIRLING, VILLET
+ODONNELL, MOORHOUSE
A W HENDRY, R G MOORHOUSE
C MI CHAEL
F UC HI YAMA-CAMP BEL L, R K LOGAN
A T DAVIES, R G MOORHOUSE
C H JOHNSON
C LOVELACE

(SACL) I JP
(DURH+RHEL)IJP

(RHEL)
(OXF)
(ILL&I JP

(GLAS+RHEL&
(LRL)

(CERN& I JP

P BAREYRE, C BRICMAM, G VILLET (SACL & I JP
A OONNACHI E, R G K I RSOPP, C LOVELACE (CERN) I JP
DONNACHI E RAPPORTEUR ~ S TALK (GLAS)
R G K IRSOPP (EOIN)
S DEANS, J WOOTEN (SFLA)
DELCOURT, LEFRANCOIS, PEREZ-Y-JORBA, + (ORSA)
A DONNAC HI E, R K I R SOP P (GLAS+EDIN)
R AYED, P BAREYRE, G VILLET (SACL) I JP
+BAREYRE, VILLET (SACL)
8 CARRERAS, A DONNACHIE (OARE+MCHS)
A DAVIES (GLAS)
+ SMADJA, CHAVANON, DELER, DOLBEAU+ (SACL)

109 NC 1540& BRANCH IN6 RATIOS

R1 N&1540& FROM N PI TO N RHO, S~1/2, P-'WAVE SQRTCP1«P2)
Rl A (—0 08) LONGACRE 77 IPWA PI N TO 2PI N 11/77

R2 N& 1540& FRY N PI TO N RHO, S 3/2, P-WAVE SQRT C P 1*P3 )
R2 A (0 F 00& LONGACRE 77 IPWA PI N TO 2PI N 11/77

R3 N&15403 FROM N PI TO DELTA(1232& PI, P-WAVE SQRT&P1«P4&
R3 A (+0.11 ) LONGACRE 77 IPWA PI N TO 2PI N 11/77

R4 NC1540) FRQN N PI TO N EPSILON SQRT(P1«P5)
R4 A (0.00) LONGACRE 77 IPWA PI N TO 2PI N 11/77

109 N(1540) PHOTON DECAY AMPLITUDES (6EV*a-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS.

ALMEHED
DEANS
DEVENISH
HEMMI 1
HICKS
LEMOIGNE
MOORHOUS
ROSSI

ALSO
BEMEYENT
DEVENISH
DEVENIS2
KNIE8
METCALF
MOORHOUS

CRAWFORD
FELTESSE
KRIVETS

ALSO
LONGACRE

ALSO

72 NP 840 157
72 PN 3 217
73 PL 478 53
73 PL 438 79
73 PR D7 2614
73 PURDUE CONF.
73 PL 438 44
73 NC 13A 59
71 LNC 2 1183
74 k C 19A 529
74 NP 881 330
74 PL 528 227
74 PR D9 2680
74 MP 876 253
74 PR D9 1

75 NP 897 125
75 NP 893 242
75 SJNP 20 430
?4 SJNP 19 112
75 PL 558 415
78 PR D17 1795

+LOVELACE (LUND+RUTG)IJP
+JACOBS, LYONS, HICKS (SFLA+CARN)
DEVENI SH, RANKIN, lYTH (LOUC+BOMN+l. ANC)IJP
HEMMI, INAGAKI+ (KYOT+SAGA+KEK+ TOKY) I JP
+DEANS, JACOBS, LYONS+ (CARN+ORNL+SFLA) IJP

93 +GRANET, MARTY, AYEO, BAREYRE, BORGEAUD, +(SACl) I JP
MOORHOUSE, OBER LACK (GLAS+LBL) I JP
+PIAZZA, SUSINNO, + (ROMA+FRAS+NAPL+PAVI) I JP
CARBONARA, F IORE, + {NAPL+FRAS+PAYI+ROMA) I JP
BENEVENTANO, DANGELO, NOTARI STEFANI, + (ROMA) I JP
DEVENISH, FROGGATT, MARTIN (DESY+NORD+LOUC)
DEVENLSH, LYTH, RANKIN (DESY+LANC+BONN)IJP
KNIES, MOORHOUSE, OBERLACK (LBL+GLAS) I JP
W J METCALF, R L WALKER (CIT)IJP
MOORHOUSE, OBERLACK, ROSENFELD (GLAS+LBL)IJP

R L CRAWFORD (GLAS) I JP
+AYED, BAR EYRE, BORGEAUD, DAVID, ERNWE I N+(SAC L) I J P
+MIROSHNICHENKO, NIKIFOROY, SANIN+ (KIEV) I JP
KRIVETS, NIKIFOROV, SANIN, SHALATSKII (KIEV) IJP
+ROSENFELD, LASIMSKI, SMADJA+ (LBL+SLAC)I JP
LONGACRE, LASINSKI, ROSENFELD+ (LBL+SLAC)

LONGACRE 7? NP 8122 493
ALSO 76 NP 8108 365

CRAWFORD 83 NP 8211 1

LONGACRE, DOLBEAU
OOLBEAU, TR IANT IS,NEVEU, GADGET
R L CRAWFORD, W T MORTON

(SACL) I JP
(SACL) I JP
{GLAS)

*«*«a« a*a«a«a«a aaaa***a« a«a«a*«*a a«*****a*aaaaaa*«a a«*«a««a* ***«*a**
a*a*«a **««*«a*a a«**a«a«a *«*a«*a«a aaaaa**»a a*a*«a*a» *«a«a**«a **a*a««a

W(1650) S„ Status: eeet

A1 N& 1540& INTO P SAIIMA, HELICITY~1/2 C6EV«*-1/2&
Al -0 ~ 014 0.028 CRAWFORD 83 IPWA PI N PHOTOPROO. 1/84*

A2 N&1540) INTO P SANA, HELICITY~3/2 CSEV**-1/2)
A2 0.009 0.027 CRAWFORD 83 IPWA PI N PHOTOPROD. 1/84*
«***a***a*a«a«a a«a«a«**a a«*a«a«** ******a«aa«*a««a*a aaaaaa«aa a*a«*a«a

REFERENCES FOR NC1540)

AYED
BARBOUR
FELLER
AZNAURYA
BERENDS
BHANDARI
LONGACRE

ALSO

76 CEA-N-1921
76 NP 8111 358
76 NP 8104 219
77 EF I-264(57)-77
77 NP 8136 317
77 PR D15 192
77 NP 8122 493
76 NP 8108 365

AYEO (THESIS)
I M BARBOUR, R L CRAWFORD
+FUKUSH I MA, HOR IKA'WA, KA J IKAWA+
+AKOPOV, BAGDASARYAN
F A BERENDS, A DONNACHIE
R BHANDARI, Y-A CHAO
LONGACRE, DOLBEAU
DOLBEAU, TR I ANT IS,MEVEU, CAD I ET

(SACL) I JP
(GLAS) I JP

(NAGO+OSAK)IJP
(YERE) I JP

(LEID+MCHS)IJP
(CARN& I JP
(SACL) I JP
(SACL) I JP

66 NC'$650, JP~1/2-) L~l/2 S' '1l
MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW
OBSOLETE AND HAVE BEEN OMITTED. THEY MAY 8'E FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

BARBOUR 78 NP 8141 253
NOELLE 78 PTP 60 778
BAKER 79 NP 8156 93
CUTKOSKY 79 PR D20 2839
HOEHLER 79 HANDBOOK OF P I-N

ALSO 80 TORONTO CONF 3

80 TORONTO CONF 93
82 NP 8194 251
80 NP 8166 525
80 TOROMTO CONF 107
80 TORONTO CONF 19
80 NP 8 165 189
80 NP 8168 17

ARAI
AL SO

BRATASHE
CRAWFORD
CUTKOSKY
ISHI I
TAKEDA

AWAJI 81 BONN CONF 352
ALSO 82 NP 8197 365

FUJI I 81 NP 8187 53
CRAWFORD 83 NP 8211 1

BARBOUR, CRAWFORD, PARSONS (GLAS}
P NOELLE (NAGO)
+BROWN, CLARK, DAVIES, DEPAGTER, EVANS+ (RHEL) IJP
+FORSYTH, HENDRICK, KELLY (CARN+LBL) IJP

SCATTERING, PHYSIK DATEN VOL. 12-1
+KAISER, KOCH, P IETAR INEN (KARL) IJP
R KOCH (KARL) I JP

I ARAI (TOKY}
I ARAI, H FUJII (TOKY)
BRATASHEVSKI J, GORBENKO, DEREBCHINSKI J+(KHAR)
R L CRAWFORD (GLAS)
+FORSYTH, BABCOCK, KELlY, HENDRLCK (CARN+LBL) IJP
ISHI I, EGAWA, KATO, MIYACHI+ (KYOT+TOKY)
TAKEDA ~ ARAI FU J I I IK

EDAM'

IWASAK I + (TOKY)

R KAJIKAWA (TALK)
FUJII, HAYASHII, IWATA, KAJIKAWA+
FU J I I,HAYASHI I, I WATA, KA J IKAWA+
R L CRAWFORD, W T MORTON

(N AGO)
(NAGO)
(TOKY)
(GLAS)

M

M A

M A

M 8
M 8
M 8
M 8
M C
M C

M C

M

M

M

M

M

M

M

M

66 NC 1650& MASS CMEV)

(1675 ~ 0) KNASEL 75 DPWA
1675 ' OR 1660. LONGACRE 75 IPWA

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND
(1700.0) (5.0& BAKER ?7 IPWA
(1680.0) BAKER 77 DPWA

THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IPWA US
ZERO METHOD AND A CONVENTIONAL ENERGY-DEPEMOENT

(1700.0& LONGACRE 77 IPWA
ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION WHICH IS FROM SOLUTIONS Sl AND Cl.

{1680.0& BAKER 78 OP'WA

(1694 ~ 0) BARBOUR 78 DPWA
(1640.0) (30.0) CUTKOSKY 79 IPWA
1670.0 8 ' 0 HOEHLER 79 IPWA

(1688~ 0) CRAWFORD 80 DPWA
1650 ' 0 30.0 CUTKOSKY 80 IPWA

(1672.0& MUSETTE 80 IPWA
{1680.0& SAXON 80 D WA

0 P I — P TO KO LAM
PI N TO 2P I M

2 OF LONGACRE 75 '
0 Pl- P TO K LAM.
0 PI- P TO K LAM.

ING THE BARRELET
ANALYSIS.

PI N TO 2PI N

EXCEPT FOR THE POLE

0 PI- P TO K LAM
PI-N PHOTOPROD ~

P I N TO P I N

PI N TO PI N

PI N PHOTOPROD.
PI N TO P I N

0 PI P TO K LAM
0 P I- P TO K LAM

l 1 /75
11/75
11/75

1/78
1/78
1/78
1/78

11/77
11/77
11/77
3/79
3/79

12/79
12/79
12/81

1/82
1/82

12/79
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For notation, see key at front of Listings. Be.ryons
N(1650), N(1675)

& 170.0)
150 ~ OR

( 130 ~ 0)
(90.0)

& 170.0)
(90.0)

&193.0)
(140 ~ 0)
180.0

(183.0)
150.0

(179~ 0)
&120 ~ 0)

130 ~

(10~ 0)

(40 ' 0)
20.0

40 ' 0

KNASEL
LONGACRE
BAKER
BAKER
LONGACRE
BAKER
BARBOUR
CUTKOSKY
HGEHLER
CRAWFORD
CUTKOSKY
MUSETTE
SAXON

66 N&1650& WIDTH &MEV&

75 DPMA
75 IPWA
77 IPMA
77 DPWA
77 IP II/A

78 DPMA
78 DPMA
79 IPWA
79 IP WA

80 DPMA
80 I PMA
80 IPMA
80 DPMA

0 PI- P TO KO LAM
PI N TO 2PI N

0 PI- P TO K LAM ~

0 PI- P TG K LAM.
PI N TG 2P I N

0 P I — P TG K LAM
PI-M PHGTOPROD.
PI N TO PI N

Pi N TO PI N

PI N PHOTOPROD ~

P I N TO P I N

0 PI- P TO K LAM

0 PI- P TO K LAM

11/75
11/75

1/78
1/78

11/77
3/79
3/79

12/79
12/79
12/81

1/82
1/82

12/79

A1
A1
A1
Ai
A1
Ai
A1
A1
A1
A1
A1

N& 1650& INTO
+0.012
+0.068
+0.004
+0.003
+0 ~ 048

0 ' 065
0.061
0.031
0.050
0.033

P 6ANIA,
0 ~ 015
0 ' 009
0.004
0.004
0.017
0.005
0 ' 005
0.017
0.010
0.015

HELI C ITY~1/2 &6EV»*-1/2&
METCAL F 74 DPMA
FELLER 76 DPMA
AZNAURYAN 7? DPWA
AZNAURYAN 7? DPWA
BARBOUR 78 DPWA
ARA I 80 DP WA

ARAI 80 DPMA
CRAWFORD 80 DPMA
AMA J I 81 DPMA
CRAWFORD 83 IPMA

PI N PHOTOPROD.
PI N PHOTOPROD.
PIO PHTPRD, SGL 1
PIO PHTPRD, SOL 2
Pi-N PHOTOPROD.
PI N PHOTO FIT
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPRGO.
PI N PHOTGPROD.

66 N&1650& PHOTON DECAY AMPLITUDES &6EV*a-1/2&

FOR DEF IMITIOM OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVI EM PRECEDING THE BARYON LISTINGS ~

2/74
2/77

12/79
12/79
3/79

12/81
12/81
12/81
1/84*
1/84*

RE
RE
RE
RE

66 N&1650& REAL PART OF POLE POSITION (MEV&

(1648.0)
1699 ' OR 1698 ' 0

(1639.0)
1640 ~ 0 20 ~ 0

LONGACRE 75 IPWA
LGNGACRE 77 IPMA
CUTKGSKY 79 IPMA
CUTKOSKY' 80 IPWA

PI N TO 2PI N

PI N TO 2PI N

Pi N TO PI N

PI N TO P I N

66 N&16503 -2»IMA6 PART OF POLE POSITION &NEV&

11/75
11/77
12/79

1/82

A2
A2
A2
A2
A2
AZ
A2
A2
A2

N(1650& INTO
-0 ~ 019-0.045

0 ~ 010
0.008-0.068

-0 ' 011
-0 ~ 008

0 ' 004

N 6AISIA,
0 ~ 022
0.024
0.020
0.019
0.040
0.011
0.004
0.004

HELI CITY~1/2 &6EV*a-1/2&
METCALF 74 DPMA
BARBOUR 78 DPMA
ARAI 80 DPMA
ARA I 80 DP WA

CRAWFORD 80 DPMA
TAKEDA 80 DPMA
AMAJ I 81 DPMA
FUJII 81 DPMA

PI M PHOTOPROD.
PI-N PHOTOPROD.
PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTGPRGD.
PI N PHOTOPROD ~

PI N PHOTOPROO ~

PI N PHOTOPROD.

2/74
3/79

12/81
12/81
12/81
12/81

1/84*
12/81

IM
IM
IM
IM

RER
RER

(117~ 0)
174 ~ OR 173~

(140 ~ 0)
150.0 30 ' 0

LONGACRE 75 IPMA
LONGACRE 77 IPMA
CUTKGSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO 2PI N

PI N TO 2PI N

PI N TO PI N

PI N TO P I N

(3 ' 0)
16.0 25 ' 0

CUTKGSKY 79 IPMA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

66 N&1650& REAL PART OF ELASTIC POLE RESIDUE &MEV&

11/75
11/77
12/79
1/82

12/79
1/82

BAREYRE
BRANOSEN
MICHAEL
JOHNSON
BAREYRE
DONNACH1

ALSO
ALSO

RUSH

65 PL 18 342
65 PL 19 420
66 PL 21 93
6? UCRL-17683 THES I S
68 PR 165 1731
68 PL 268 161
68 V I ENNA 139
68 THESIS
68 PR 173 1776

+ BRICMAN, STIRLING, VILLET (SAC L & I JP
+OOONNELL, MOORHOUSE (DURH+RHEL)IJP
C MICHAEL (OXF)
C H JOHNSON {LRL}
P BAREYRE, C BRICMAN, G VILLET (SACl )IJP
A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) IJP
DONNACHIE RAPPORTEUR. S TALK (GLAS)
R G KIRSGPP (EDIN)
J E RUSH (ALAH)

a»*a»a a*a*a»»a» a*a»»»a»a a»a****a****a**a*»**a»a»**a a»*a»a»*a a»a»»a»a

REFERENCES FOR N&1650&

IMR
IMR

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12

&-58.0)
-58.0 12.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

N(1650)
N& 1650)
N(1650)
N& 1650)
N& 1650)
N(1650)
N(1650 &

N(1650)
N(1650)
H& 1650 &

N& 1650)
N& 1650}

66 N&1650& PARTIAL DECAY NODES

INTO N PI
INTO N ETA
INTO LAMBDA K

INTO P GAMMA, HELI CI TY=1/2
IHTO N GAMMA, HELI CI TV=1/2
INTO N PI PI
INTO N EPSILON
INTO N RHO
INTO SIGMA K

INTO N RHO, S=i/2, S-WAVE
INTO N RHO, S 3/2, 0-WAVE
INTO DELTA(1232) Pi

DECAY MASSES
938+ 140
94 0+ 549

11 16+ 498
938+ 0
940+ 0
938+ 140+ 140
938+1300
938+ 769

1189+ 494
938+ 769
938+ 769

1232+ 140

66 N(1650& IMA6 PART OF ELASTIC POLE RESIDUE (MEV&

12/79
1/82

BOTKE
DEANS
DEANS2
DONNACHI
OR I TO
OR IT02
AYED
AYED2
CARRERAS
DAV I ES
SCHORSCH

'WAGNER 71
ALMEHED 72
DEANS 72
DEVENISH 73
HICKS 73
LANG BE I N 73
MOORHOUS 73
DEVENISH 74
DEVENIS2 74
KHIES 74
METCALF 74
MOORHOUS 74

NP 825 411
NP 840 157
PR D6 1906
PL 478 53
PR D7 2614
MP 853 251
PL 438 44
MP 881 330
PL 528 227
PR D9 Z680
NP 876 253
PR D9 1

69 PR 180 1417
69 PR 185 1797
69 PR 177 2623
69 NP 108 433
69 LNC 1 936
69 INS J 113
70 KIEV CONF
70 PL 318 598
70 MP 168 35
70 NP 821 359
70 NP 825 .179

J C BOTKE
S DEANS, J MOOTEN
S R DEANS
A DONNACHI E, R K IRSOPP
S OR ITO, S SASAKI
S ORITO (THESIS)
R AYED, P BAREYRE, G VILLET
+BAREYRE, V!LLET
8 CARRERAS, A DGNNACHIE
A DAVIES
+TIETGE, WEILNSOECK

F WAGNER, C LOVELACE
+LOVELACE
DEANS, JACOBS, LYONS, MOMTGOM
DEVENISH, RANKIN, LYTH
+DEANS, JACOBS, LYONS+
LANGBE IN, WAGNER
MGORHOUSE, OBERLACK
DEVENISH, FRGGGATT, MARTIN
DEVENI SH, LYTH, RANK IM
KNIES, MOORHGUSE, GBERLACK
M J METCALF, R L WALKER
MOORHOUSE, GBERLACK, ROSENFEL

(UCSB)
(SFLA)
(SFLA)

(GLAS+EOIN)
(TOKY+OSAK)

(TGKY&
(SACL) I JP
(SACL&

(DARE+MCHS)
(GLAS)
(MP IM)

(GERM)
(LUND+RUTG)IJP

ERY (SFLA& I JP
(LOUC+BONN+LANC)IJP
(CARN+ORNL+SFLA&IJP

(MUNI ) I JP
(GLAS+LSL) I JP

(DESY+NORD+LGMC)
(OESY+LANC+BGNN)IJP

&LBL+GLAS)IJP
(CIT)I JP

D (GLAS+LBL) I JP

R1
R1
R1
R1

R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3
R3

66 N&1650& BRANCHIN6 RATIOS

N&1650& INTO &N PI&/TOTAL
(0.60) (0.05)
0.61 0.04
0.65 O. 10

&P1&
CUTKOSKY 79 IPWA PI N TO PI N

HGEHLER 79 IPWA PI N TO PI N

CUTKOSKY 80 IPWA PI N TO PI N

N(1650& FROM N PI TO LAMBDA
(0.12)

(-0.23) (0.01)
&-O. 25)
&-0.25)

THE (UNDETERMINED) OVERALL
CHANGED TO AGREE MITH PREVI

(-0.22)
(-0.22)

K SQRT&P1
KNASEL 75 DPMA 0 P I—
BAKER 77 IPWA 0 P I—
BAKER 77 DPWA 0 P I—
BAKER 78 DPMA 0 P I—

PHASE OF ALL COUPLIHGS HAS 8
OUS CONVENTIONS. SUPERSEDED

SAXON 80 DPMA 0 Pi-
BELL 83 DPWA 0 PI—

ap3&
P TO KO LAM
P TO K LAM.
P TO K LAM.
P TO K LAM
EEN
BY SAXON 80 '
P TO K LAM
P TO LAM KO

N(1650& FROM N PI TO N ETA SQRT& P 1»P2&
(-0.09) BAKER 79 OPMA 0 PI — P TO ETA N

THIS COUPLING MAS FIXED DURING FITTING, BUT THE NEGATIVE SIGN
RELATIVE TO N(1535) IS MELL DETERMINED.

12/79
12/79

1/82

12/79
12/79
12/79

11/75
1/78
1/78
3/79
3/79
3/79

12/79
2/84»,

CRAWFORD 75
DEANS 75
KNASEL 75
LONGACRE 75

ALSO 78
AYED 76
BARBOUR 76
FELLER 76

NP 897 125
NP 896 90
PR D11 1
PL 558 415
PR D17 1795
CEA-N-1921
NP 8111 358
NP 8104 219

AZNAURYA
BAKER
LONGACRE

ALSO
'MI NN I K
BAKER
BARBOUR
BAKER
CUTKOSKY
HOEHLER

77 EF I-264(57&-77
77 NP 8126 365
77 MP 812Z 493
76 NP 8108 365
77 NP 8128 66
78 NP 8141 29
78 NP 8141 253
79 NP 8156 93
79 PR D20 2839
79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3

R L CRAMFGRD (GLAS) I JP
+MI TCHELL gMOMTGOMERY + (SFLA+ALAH)IJP
+L I NDQU I ST, NELSON+ (CHI C+MUSL+OSU+ANL) I JP
+ROSENF ELD, LASINSK I, SMAD JA+ (LBL+SLAC) I JP
LONGACRE, LASINSK I, RGSENF ELD+ (LBL+SLAC)
AYED (THESIS) (SACL) I JP
I M BARBOUR, R L CRAWFORD &GLAS) I JP
+FUKUSHIMA, HGRIKAMA, KA J IKAMA+ (NAGG+GSAK) I JP

+AKOPGV, SAGDASARYAN &YERE) I JP
+BLISSET,SLOGDMGRTH, BROGME, HART+ &RHEL) IJP
LONGACRE, DOLBEAU & SACL) I JP
DOLBEAU, TR IANT I S,NEVEU, CAD I ET (SACL) I JP
+TOAFF, REVEL, GOLDBERG, BERNY (HAIF) I
+BLISSET,BLOGDWORTH, BRGOME+ (RL+CAMB)IJP
BARBOUR, CRAMFORD, PARSONS (GLAS)
+BROMH, CLARK, DAVIES, DEPAGTER, EVANS+ &RHEL) IJP
+FORSYTH, HENDRICK, KELLY (CARH+LBL) IJP

SCATTERING, PHYSIK DATEN VGA 12-1
+KAISER, KOCH, P I ETARINEN (KARL) I JP
R KOCH (KARL) I JP

R4
R4
R4
R4
R4

R5
R5
R5
R5

R6
R6
R6

N&1650& FROM N PI TO SIGMA K SQRT&P1»P93
O. 066 TG 0. 137 DEANS 75 OPMA PI N TG K SIGMA

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS.
&0.20& KNASEL 75 DPMA 0

(-0.254& LIVANOS 80 DPMA PI P TO K SIGMA

N(1650& FROM N PI TO DELTA&1232& PI SQRT (P 1*P12&
-0. 16 OR -0. 15 LONGACRE 75 IPMA PI N TO 2PI M

&-0 ' 29& LGNGACRE 77 IPMA PI N TO 2PI N

LONGACRE 77 CONSIDER THIS CGUPLIHG TO BE WELL DETERMINED.

N(1650& FROM N PI TO N RHO, S~1/2, S-WAVE SQRT &P 1*P10&
O. 23 OR +0. 16 LGNGACRE 75 IPMA PI N TO 2P I N

(-0.17) LONGACRE 77 IPWA PI N TO 2PI N

11/75
11/75
11/75

1/82

11/75
11/77

11/75
11/77

ARA I
ALSO

CRAWFORD
CUTKOSKY
L IVANOS
MUSETTE
SAXON
TAKEDA

80 TORONTO CONF
82 NP 8194 251
80 TORONTO CONF
80 TORONTO CONF
80 TORONTO CONF
80 NC 57A 37
80 NP 8162 522
80 MP 8168 17

AMA J I 81 BONN CONF 352
ALSO 82 NP 8197 365

FU J I I 81 NP 8187 53
BELl, 83 NP 8222 389
CRAWFORD 83 NP 8211 1

93 I ARA I (TOKY)
I ARAI, H FUJI I {TOKY)

107 R L CRAWFORD (GLAS)
19 +FGRSYTH, BABCOCK, KELLY, HENDRICK (CARN+LSL) IJP
35 +BATON, COUTURES, KOCHOMSKI, NEVEU (SACL) IJP

MUSETTE (BRUX) I JP
+BAKER, BELL, SLI SSETT, BLOODWORTH+&RHEL+SR IS) I JP
TAKEDA, ARAI, FUJII, IKEDA, IMASAKI+ (TOKY)

R KA J IKAMA (TALK) (NAGO)
FU J I I ~ HAYASH I I f I MATA ~ KA J IKAMA+ (NAGG)
FU J I I, HAYASHI I, I WATA, KA J IKAMA+ (TOKY)
+BL ISSET,BROGME, DALEY, HART, L INTERN, + (RL) I JP
R L CRAWFORD, W T MORTON (GLAS)

R?
R7
R7

R8
R8
R8

N&1650& FROM N PI TO N EPSILON
-0.23 OR -0.25 LONGACRE
(0.00) LONGACRE

SQRT&P1»P7&
75 IPMA PI N TO 2P I N

77 IPMA PI N TO 2PI N

M&1650& FROM N PI TO N RHOs S~3/Zs D-WAVE SQRT&P1»P%1&
(-0.29) LONGACRE 77 IPWA PI N TO 2PI N

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED.
11/77

11/75
11/77

aaaaaa a»»a*a*** a*a*a»a»a *»a»»a*a» a»a»a»»a» a»***a**»»a»»a»a*a ***»a**a
*»a»a* a»»a*a»a» a»»*a»a»a a*a»»a»a» a»**»*aa» a»*»a*»aa a»a»aa»»»

N(1675) D, ~ Status:
64 N& 1675, JP~S/2-) I 1/2 0 ' 15

R9
R9
R10
R10
R10
R10

N(1650& FROM P GAMMA

(0.0101)
N&1650& FROM P 6AMMA

(0.002)OR LESS
&0.0072)
(0.0060)

TO P ETA
HICKS

TO LAMSDA K
ORITG2
SCHORSCH
DEANS

SQRT&P2*P4&
73 MPWA GAM P-ETA P

SQRT&P3»P4&
69 CNTR K LAM PHOTOPRO
70 DPWA K LAM PHOTOPRO.
72 MPMA GAM P-K LM, SOL D

9/73

10/71
10/71
9/73

MGST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM

OBSOLETE AND HAVE SEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSI CS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS,
WHICH USED TO BE LISTED SEPARATELY IN AN EHTRY FOLLOWING THE
N( 1700), HAVE BEEN ENTIRELY REMOVEO.
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Earyons
N(1675)

Data Card Listings

PI N TO 2PI N

2 OF LONGACRE 75.
PI N TO 2PI N

EXCEPT FOR THE POLE

PI-N PHOTOPROD.
PE N TO PI N

PI N TO PI N

PI N PHOTOPROD ~

PI N TO PI N

0 PE- P TO K LAM

64 N& 1675& III OTH (MEV)

145. OR
(130.0)
(192.0)
(88.0)

(180.Q)
120.0

(191~ 0)
160.0
(40.0)

150.

(30 ' 0)
15 ~ 0

20 ~ 0

LONGACRE
LONGACRE
BARBOUR
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY
SAXON

75 IPMA
77 IPWA
78 DPWA
79 DPMA
79 IPMA
79 IPMA
80 DPMA
80 IPWA
80 DPWA

Pi N T02PI N

Pi N TO 2PI k
PI-N PHOTOPROD.

0 P I — P TO ETA N

PI N TO PI N

PI N TO PI N

PI N PHOTOPROD ~

PI N TO PI N

0 PI- P TO K LAM

64 N& 1675& REAL PART Of POLE POSITION CNEV)

64 N&1675) MASS CNEV&

1660. OR 1660. LONGACRE 75 IPMA
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND

&1650.0& LONGACRE 77 EPMA
ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION WHICH IS FROM SOLUTIONS S1 AND C1.

(1680.0) BARBOUR 78 DPWA
(1680.0) (15 ~ 0) CUTKOSKY 79 IPWA
1679.0 8.0 HOEHLER 79 IPWA

&1685 ~ 0) CRAWFORD 80 DPWA
1675.0 10.0 CUTKOSKY 80 IPMA

(1670~ 0) SAXON 80 DPMA

11/75
11/75
11/77
11/77
11/77
3/79

12/79
12/79
12/81

1/82
12/79

11/?5
1 1/7?
3/79

12/79
12/79
12/79
12/81

1/82
12/?9

A1
A1
A1
A1
A1
A1
A1
A1

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

A3
A3
A3
A3
A3
A3
A3
A3
A3

+0 ~ 034
+0.071
+0.022
0.006
0.006
0.023
0 ' 034
0.021

N C 1675& INTO
+0.042
+0.019
+0 ~ 010
+0.002
+0.015
0.030
0.029
0.003
0.024
0 ~ 015

NC 1675& INTO
0 ' 004-0.066-0.039-0.025-0.059-0.021-0.057

-0 ' 033

0.003
0 ' 002
0 ~ 010
0.005
0 F 004
0 ~ 015
0 ' 005
0.011

P 6AMNA,
0 ' 024
0.009
0.010
0.021
0.006
0.004
0.004
Q. 012
0.008
0.009

N 6ANNA,
0.015
0.020
0.017
0.027
0.015
0 ~ 011
0 ~ 024
0 F 004

AZNAURYAN
AZNAURYAN
BARBOUR
ARAI
ARAI
CRAWFORD
AWAJ I
CRAWFORD

?7 OPWA
77 DPWA
78 DPWA
80 DPWA
80 DPWA
80 OPWA
81 DPWA
83 I PMA

NEL I C ITY~3/2 &6EV++-1/2&
METCAL F 74 DPMA
FELLER 76 DPMA
AZNAURYAN 77 DPWA
AZNAURYAN 77 DPMA
BARBOUR 78 DPWA
ARA I 80 DP WA

ARA I 80 DP WA

CRAWFORD 80 DPMA
AWA J I 81 DPMA
CRAWFORD 83 IPMA

HELE CITY~1/2 &6EV~~-1/2)
METCALF 74 DPWA
BARBOUR 78 DPWA
ARAI 80 DPMA
ARAI 80 DPMA
CRAWFORD 80 DPMA
TAKEDA 80 OPMA
AWA J I 81 DPWA
FU J I I 81 DPMA

P I 0 PHTPRD, SOL 1
PIO PHTPRD, SOL 2
PI-N PHOTOPROD.
Pl N PHOTO FIT 1
PI N PHOTO FIT 2
Pl N PHOTOPROD ~

PI N PHOTOPROD ~

PI N PHOTOPROD.

PI N PHOTOPROD.
PI N PHOTOPROD.
PIO PHTPRD, SOL 1
PIO PHTPRD, SOL 2
PI-N PHOTOPROD.
PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPROD.
PI N PHOTOPROD.

PI N PHOTOPROD ~

PI-N PHOTOPROD.
PI N PHOTO FIT 1
Pl N PHOTO FIT 2
PI N PHOTOPROD ~

PI N PHOTOPROD ~

PI N PHOTOPROD.
PI N PHOTOPROD.

12/79
12/79
3/79

12/81
12/81
12/81
1/84*
1/84*

2/74
2/77

12/79
12/79
3/79

12/81
12/81
12/81
1/84*
1/84*

2/74
3/79

12/81
12/81
12/81
12/8 'l

1/84*
12/81

RE
RE
RE
RE

IM
IM
IM
IM

(1663.0)
1649 ' OR 1650.

(1663~ 0)
1660.0 10.0

LGNGACRE 75 EPMA
LONGACRE 77 IPWA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

Pi N TO 2PI N

PI N TO 2PI N

PI N TO PI N

P I N TO PI N

(146.0)
127 ' OR 127.

& 150.0)
140 ~ 0 10.0

LONG AC R E 75 EP WA

LONGACRE 77 IPWA
CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

PI N TO 2PI N

PI N TO 2P I N

PI N TO P I N

PI N TO PI N

64 NC1675& -2~IMA6 PART Of POLE POSITION CMEV&

11/75
11/77
12/79

1/82

11/75
11/77
12/79
1/82

A4
A4
A4
A4
A4
A4
A4
A4
A4

N& 1675& INTO-0.009-0.073-0.066-0.071-0.059-0.030-0.077-0.069

N 6Al00A,
0 ' 029
0 ~ 014
0.026
0.022
0.020
0.012
0.018
0.004

HELICETY~3/2 &GEV*+-1/2&
METCALF 74 DPMA
BARBOUR 78 DPWA
ARAI 80 DPMA
ARAI 80 DPMA
CRAMFORD 80 DPWA
TAKEDA 80 DPMA
AWA J I 81 DPWA
FU J I I 81 DPWA

PI N PHOTOPROO.
PI-N PHOTOPROD.
PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
Pl N PHOTOPROO.
PI N PHOTOPROD.
PI N PHOTOPROO ~

000000 4**144040 04*0**0**444404404 4**4404+Or 4040******40*4%*%*40*00***

REFERENCES FOR N(1675&

2/74
3/79

12/81
12/81
12/81
12/81

1/84+
12/81

RER
RER

(33.0)
27 ~ 0 5 ' 0

CUTKOSKY 79 IPMA PI N TO PI N

CUTKOSKY 80 IPWA PI N TO PI N

64 N(1675& REAL PART OF ELASTIC POLE RESEOUE CMEV&

12/79
1/82

BAREYRE
BRANDSEN
DUKE
JOHNSON
TRIPP

65
65
65
67
67

PL 18 342
PL 19 420
PRL 15 468
UCRL-17683 THESIS
NP 83 10

+ BRICMAN, STIRLING, VILLET (SACL) I JP
+ODONNELL, MOORHOUSE (DURH+RHEL) IJP
+JONES, KEMP, MURPHY, PRENTICE, + (RHEL+OXF) IJP
C H JOHNSON (LRL)
+ LEITH, + (LRL+SLAC+CERN+HE ID+SACL)

IMR
IMR

(-11.0)
-16 ~ 0 5 ~ 0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

64 N&1675& INA6 PART OF ELASTIC POLE RESIDUE &NEV)

12/?9
1/82

BAREYRE
DONNACH1

ALSO
ALSO

DUKE

P SAREYRE ~ C BR ICMANt G VI LLET (SAC L) I JP
A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN)I JP
DONNACHIE RAPPORTEUR. S TALK ' (GLAS)
R G K IRSOPP (EDIN)
+JONES, KEMP, MURPHY, THRESHER, + (RHEL+OXF) IJP

PR 165 1731
PL 268 161
VIENNA 139
THESIS
PR 166 1448

68
68
68
68
68

INSIGHTFUL QUALITATIVE ARGUMENTS CONCERNING EXISTENCE AND IJP.
RUSH 68 PR 173 1776 J E RUSH (ALAH)

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13

N(1675)
N(1675)
N(1675)
N(1675)
N(1675)
N(1675)
N(1675)
N( 1675)
N( 1675)
N( 1675)
N{ 1675)
N & 1675)
N(1675)

64 NC 1675& PARTIAL DECAY NODES

INTO N Pl
INTO N ETA
INTO LAMBDA K
INTO DELTA(1232) PI
INTO N PE PI
INTO P GAMMA, HELICITY~1/2
INTO P GAMMA, HELECITY~3/2
INTO N GAMMA, HELICITY~1/2
INTO N GAMMA, HELICETY~3/2
INTO SIGMA K
INTO DELTA(1232) PI, D-MAVE
INTO N RHO, S=3/2, D-WAVE
INTO N EPSILON

64 NC 1675& BRANCHING RATIOS

DECAY MASSES
938+ 140
940+ 549

11 16+ 498
1232+ 140
938+ 140+ 140
938+ 0
938+ 0
940+ 0
940+ 0

1189+ 494
1232+ 140
938+ 769
938+1300

BOTKE
DEANS
DEANS2
DONNACHI

AYED
AYED2
CARRERAS
DA VI ES
BROD Y
MAGNER

ALME HEO
OEVENISH
HEMMI 1
MOOR HOUS
DEVENISH
DEVENIS2
KNEES
METCALF
MOORHOUS

69
69
69
69

70
70
70
70
71
71

72
73
73
73
74
74
74
74
74

PR 180 1417
PR 185 1797
PR 177 2623
NP 108 433

KIEV CONF
PL 318 598
NP 168 35
NP 821 359
PL 348 665
NP 825 411

NP 840 15'7
PL 478 53
PL 438 79
PL 438 44
NP 881 330
PL 528 227
PR D9 2680
NP 876 253
PR D9 1

J C BOTKE
S DEANS, J WOOTEN
S R DEANS
A DONNACHI E, R K I RSOPP

R AYED, P BAREYRE, G VILLET
+BAREYRE, VILLET
8 CARRERASt A DONNACHIE
A DAVIES
+CASHMORE+. ~ +HERNDON+. .
F MAGNER, C LOVELACE

(UCSB)
(SFLA)
(SFLA)

(GLAS+ED IN)

(SACL) I JP
(SACL)

(DARE+MCHS)
(GLAS)

(SLAC+LRL)
(CERN)

+LOVELACE (LUND+RUTG)IJP
DEVENISH, RANKIN, LYTH (LOUC+BONN+LANC)IJP
HEMMI, INAGAK I+ (KYGT+SAGA+KEK+TOKY)IJP
MOORHOUSE, OBERLACK (GLAS+LBL) IJP
DEVENISH, FROGGATT, MARTIN (DESY+NORD+LOUC)
DEVENISH, LYTH, RANKIN (DESY+LANC+SONN)IJP
KNIES, MOORHOUSE, OBERLACK (LBL+GLAS)IJP
W J METCALF, R L WALKER &CIT) I JP
MOGRHOUSE, OBERLACK, ROSENFELD (GLAS+LBL) I JP

R1
R1
R1
R1

R2
R2
R2

R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5
R5
R5
R5

R6
R6
R6

R7
R7

Al
A1
A1

N(1675& INTO CN PI)/TOTAL &P1)
(0 ' 35) (0.06) CUTKOSKY 79 IPWA PI N TO Pi N0.38 0.03 HOEHLER 79 EPMA PI N TO Pl N0.38 0.05 CUTKOSKY 80 EPWA PI N TO PI N

NC1675& FROM N PI TO N ETA SQRTCP$+P2)0.0 OR +0 ~ 009 FELTESSE 75 DPWA 0 1488 TO 1745 MEV(-0.07) BAKER 79 DPMA 0 PI- P TO ETA N

N&1675) FROM N PI TO LAMBDA K SQRT&P1~P3&-0.034 0.006 DEVENI SH 74 0 FIXED T DI SP REL
COUPLING TO LAMBDA K NOT REQUIRED IN THE ANALYSES OF BAKER 77 AND
BAKER 78

(+0 ~ 036) SAXON 80 DPWA 0 PI — P TO K LAM
SUPERSEDES BAKER 78 ~ COUPLING PHASE IS NEAR 90 DEGREES.(-0.01) BELL 83 DPWA 0 PI- P TO LAM KO

N&1675& FROM N PI TO SIGMA K SQRT & &I~P 10&
D LE SS THAN 0.003 DEANS 75 DPWA Pi N TO K SEGMA
D RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. DEANS 75 DISAGREES
0 WITH PI+ P TO K+ SIGMA+ DATA OF WINNIK 77 AROUND 1920 MEV.

N&1675& FROM N PI TO DELTAC1232& PI, D-MAVE SQRTCP1~P11&
A -0 ' 45 OR -0 ~ 5Q LONGACRE 75 IPWA PI N TO 2PI N
8 (-0.46) LGNGACRE 77 IPWA PI N TG 2PI N
8 LONGACRE 77 CONSIDER THIS COUPLING TO BE MELL DETERMINED.
E (-0.5) NOVOSELLE 78 IPWA PI N TO 2PI N
E BW FIT TO LONGACRE 75 IPWA.

N(1675& FROM N PI INTO N RHO, S~3/2, O-WAVE SQRTCP1~P12&
8 (+0.15) LONGACRE 77 IPWA PI N TG 2PI N
8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WEI L DETERMINED.

NC1675& FROll N PI INTO N EPSILON SQRT & P 1*P13)
8 &-0.03) LONGACRE 77 IPMA PI N TG 2PI N

64 NC1675& PHOTON DECAY AMPLITUDES &6EV*~-1/2&

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI—
REVIEW PRECEDING THE BARYON I. EST INGS.

N& 1675& INTO P 6AIINA, HELICITY~1/2 CGEV~~-1/2)
+0.010 0 ~ 013 METCALF 74 DPMA PI N PHOTOPROD.
+0.034 0.004 FELLER 76 DPMA PI N PHOTOPROD.

12/79
12/79

1/82

11/75
12/79

4/75
3/79
3/79

12/79
12/79
2/84*

11/75
11/75
1/78

11/75
11/77

3/79
3/79

11/77

11/77

2/74
2/77

CRAWFORD
DEANS
FELTESSE
KRIVETS

ALSO
LONGACRE

ALSO

75
75
75
75
74
75
78

NP 897 125
NP 896 90
NP 893 242
SJNP 20 430
SJNP 19 112
PL 558 415
PR 017 1795

R L CRAMFGRD (GLAS) I JP
+MITCHELL, MONTGOMERY, + (SFLA+ALAH)IJP
+AYED, BAREYRE, BORGEAUD, DAVID, ERNMEIN+(SACL) EJP
+MIROSHNICHENKO, NIKIFOROV, SANIN+ (KIEV) I JP
KRIVETS, NEKIFOROV, SANIN, SHALATSKII (KIEV) I JP
+ROSENFELD, LASINSKI, SMAOJA+ (LBL+SLAC) I JP
LONGACRE, LASINSKI, ROSENFELD+ (LBL+SLAC)

AYEO
BARBOUR
FELLER
AZNAURYA
BAKER
LONGACRE

ALSO
MINN IK
BAKER
BARBOUR
NOVOSELL

ALSO

76
76
76
77
77
77
76
77
78
78
78
78

CEA-N-1921
NP 8111 358
NP 8104 219
EFI-264(57)-77

NP 8126 365
NP 8122 493
NP 8108 365
NP 8128 66
NP 8141 29
NP 8141 253
NP 8137 509
NP 8137 445

AYEO (THESI S) &SACL) I JP
I M BARBOUR, R L CRAMFORD (GLAS) I JP
+FUKUSHIMA, HOR IKAWA, KA J IKAMA+ (NAGO+OSAK ) I JP
+AKOPOV, BAGDASARYAN (YERE) I JP
+BL ISSET, BLOOD'MORTH, BROOME, HART+ (RHEL) I JP
LONGACRE, DOLSEAU (SACL) I JP
OOLBEAU, TR IANT IS,NEVEU, CAD I ET (SACL) I JP
+TOAFF, REVEL, GOLDBERG, BERNY (HAIF) I
+BLISSET,BLGODWORTH, BROMME+ (RL+CAMB)IJP
BARBOURtCRAWFORD, PARSONS (GLAS)
D E NOVOSELLER (CET) I JP
0 E NOVOSELLER (CIT) I JP

BAKER
CUTKOSKY
HOEHLER

ALSO

79
79
79

80

NP 8156 93 +BROMN, CLARK, DAVEES, DEPAGTER, EVANS+ (RHEL) IJP
PR D20 2839

+FORSYTHIA

HENDRI CK g KELLY (CARN+LBL) I JP
HANDBOOK OF PI-N SCATTERING, PHYS IK DATEN VOL. 12-1

+KAISER, KOCH, P IETAR INEN (KARL) I JP
TORONTO CONF 3 R KOCH &KARL) I JP

ARAI
ALSO

CRAWFORD
CUTKOSKY
SAXON
TAKEDA

AWA J I
ALSO

FUJI I
BELL
CRAWFORD

80
82
80
80
80
80

81
82
81
83
83

TORONTO CONF 93
NP 8194 251

TORONTO CONF 1Q7
TORONTO CONF 19

NP 8162 522
NP 8168 17

BONN CONF 352
NP 8197 365
NP 8187 53
NP 8222 389
NP 8211 1

I ARAI (TOKY)
I ARAI, H FU J I I (TOKY)
R L CRAWFORD (GLAS)
+FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL) IJP
+BAKER, BELL, BLISSETT,BLOODMORTH+(RHEL+BRIS)IJP
TAKEOA, ARAE, FUJI I, IKEDA, EWASAKI+ (TOKY)

R KAJEKAWA (TALK) (NAGO)
F U J I I, HAYASH I I, I WATA, KA J IKAMA+ (NAGO)
FU J I I, HAYASHI I, EMATA, KA J IKAMA+ {TOKY)
+BL ISSET,BROOME, DALEY, HART, L INTERN, + (RL) I JP
R L CRAWFORD, W T MORTON (GLAS)

444*40 4444*40** 44040*400 *0400+0*0 440444404 ****4*40k*0****4%04*4**0*044**4* **4*4000**4*0kk000 0*0004000 0*44*04kk 4044*4*4* 444000040 44400004.
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Particle Data Group: Review of particle properties S223

For notation, see key at front of Listings. Baryons
N(16BO)

N(1680) F,5 Status: ewe*

65 N&1680, JP~5/2+3 I~1/2 F '15

R?
R7
R7
R7
R7
R7

N&1680& FROM N PI TO DELTAC1232) PI ~ P-WAVE SQRTCP1+P123
A +0.26 OR +0 ~ 25 LONGACRE 75 IPMA PI N TO 2PI N

8 (+0.27) LONGACRE 77 IPMA PI N TO 2PI N

8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED.
E (+0.38) NOVOSELLE 78 IPMA PI N TO 2PI N

E BM FET TO LONGACRE 75 IPWA.

11/75
11/77

3/79
3/79

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM

OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118)~ HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

R8 N& 1680& FROM N PI TO DELTA& 12323 PI, F-MAVE SQRTCP1~P13)
R8 A 0. OR -0 F 08 LONGACRE 75 IPMA PI N TO 2PI N

R8 8 (-0.07) LONGACRE 77 IPMA PI N TO 2PI N

Re E (-0.05) NOVOSELLE 78 IPWA PI N TO 2PI N

11/75
11/77
3/?9

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS/
WHICH USED TO BE LISTED SEPARATELY IN AN ENTRY FOLLOWING THE
N(1700), HAVE BEEN ENTIRELY REMOVED.

R9
R9
R9
R9
R9

N&160& FROII N PI TO N RHO, S~3/2, P-WAVE SQRT &P 10P14)
A +0.27 OR +0.30 LONGACRE 75 IPMA PI N TO 2PI N

8 (+0.23) LONGACRE 77 IPMA PI N TO 2PI N

8 LONGACRE 77 CONSIDER THIS COUPLING TO BE MELL DETERMINED.
E (+0.34) NOVOSELLE 78 IPMA PI N TO 2PI N

11/75
11/77

3/79
65 NC1680& MASS CMEV&

(1685 ' 0) KNASEL 75 DPMA
1680. OR 1670. LONGACRE 75 IPMA

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND
(1660~ 0) LONGACRE 77 IPWA

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION WHICH IS FROM SOLUTIONS Sl ANO Cl.

(1680.0) BARBOUR 78 OPMA
&1680.0} (15.0& CUTKOSKY T9 EPMA
1684.0 3.0 HOEHLER 79 IPWA

(1682.0) CRAMFORD 80 DPMA
1680.0 10.0 CUTKOSKY 80 IPMA

65 N& 16803 MIDTH CMEV&

0 PI- P TO KO LAM
PI N TO 2PI N

2 OF LONGACRE 75.
PI N TO 2PI N

EXCEPT FOR THE POLE

Pi-N PHOTOPROD ~

Pi N TO Pi N

PI N TO PI N

PI N PHOTOPROD.
PI N TO PI N

11/75
11/75
11/75
11/77
11/77
11/77
3/79

12/79
12/79
12/81

1/82

R10 N&1680& FRON N PI TO N RHO, 8~3/2, F-WAVE SQRT & P14P 15)
R10 8 (+0.15) LONGACRE 77 IPMA PI N TO 2PI N

R10 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE MELL DETERMINED.

R11 NC1680& FRON N PI TO N EPSILON SQRT&P1~P103
Rl1 A -0 ' 28 OR -0 ' 30 LONGACRE T5 IPMA PI N TO 2PI N

Rl 1 8 (-0.3'l ) LONGACRE 77 IPMA PI N TO 2PI N

Rl1 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE MELL DETERMINED.
Rl 1 E (-0.4? ) NOVOSELLE 78 IPMA Pi N TO 2PE N

65 N&1680& PHOTON DECAY ANPLITUDES &6EV~~-1/23

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

11/77

11/75
11/77

(155.0)
125. OR

(150.0)
(119.0 &

(120 ~ 0)
128 ~ 0

(121 ~ 0)
120.0

130 ~

(25.0)
8.0

10.0

KNASEL
LONGACRE
LONGACRE
BARBOUR
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY

75 DPMA
75 IPMA
77 EPWA
78 DPMA
79 EPMA
79 IPWA
80 DPMA
80 IP WA

0 PI- P TO KO LAM
PI N TO 2PI N

PI N T02PI N

PI-N PHOTOPROD.
PI N TO PI N

PI N TO PI N

PI N PHOTOPROD ~

PI N TO PI N

V&65 N&1680& REAL PART OF POLE POSITION CIIE

11/75
11/75
11/77
3/79

12/79
12/79
12/81

1/82

A1
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

N C 16803 INTO-0.008-0.009
-0 F 007
+0 ~ 010
-0 ' 005-0.028-0.026-0.018-0.009-0.017

P GAISIA,
0.011
0.002
0.002
0 ~ 001
0 ~ 015
0.003
0 ' 003
0 ~ 014
0.006
0 ~ 018

NELI C ITY~1/2 &6EV+*-1/2)
METCALF 74 DP'WA

FELLER 76 DPWA
AZNAURYAN 77 DPMA
AZNAURYAN 77 DPMA
BARBOUR 78 DPMA
ARAI 80 DPMA
ARAI 80 DPMA
CRAWFORD 80 DPMA
AWA J I 81 DPMA
CRAWFORD 83 IPMA

Pi N PHOTOPROD.
PI N PHOTOPROO.
PIO PHTPRD, SOL 1
PIO PHTPRD, SOL 2
PI-N PHOTOPROD.
PI N PHOTO FIT
PI N PHOTO FIT 2
PI N PHOTOPROO.
PI N PHOTOPROO.
PI N PHOTOPROD.

2/74
2/?7

12/79
12/79
3/79

12/81
12/81
12/81

1/84*
1/84*

RE
RE
RE
RE

IM
IM
IM
IM

RER
RER

IMR
I MR

{1688.0)
1656. OR 1653.

(1666.0)
1667.0 5.0

LONGACRE 75 IPMA PI N TO 2P I N

LONGACRE 77 EPMA PI N TO 2PI N

CUTKOSKY 79 EPMA Pi N TO PI N

CUTKOSKY 80 IPWA PI N TO PI N

65 NC1680& -2~IMA6 PART OF POLE POSITION CNEV)

(132.0)
145 ~ OR 143.

(112.0)
110.0 10 ~ 0

LONGACRE 75 IPMA PI N TO 2PI N

LONGACRE 77 IPMA PI N TO 2PI N

CUTKOSKY 79 IPWA . PI N TO PI N

CUTKOSKY 80 EPMA Pi N TO Pi N

(31.0)
31.0 2.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

P I N TO PI N

65 N&16803 IMA6 PART Of ELASTIC POLE RESIDUE CNEV&

(-15 ~ 0)
-14 ~ 0 3.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

65 N C 16803 PARTIAL DECAY NODIES

65 NC16803 REAL PART OF ELASTIC POLE RESIDUE CNEV&

11/75
11/77
12/79

1/82

11/75
11/77
12/79

1/82

12/79
1/82

12/79
1/82

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

A3
A3
A3
A3
A3
A3
A3
A3
A3

A4
A4
A4
A4
A4
A4
A4
A4
A4

N C 1680& INTO
0.129

+0 ~ 121
+0. 112
+0 ~ 114
+0. 138
0.115
0 ~ 122
0. 141
0. 115
0 ~ 132

N&1680& INTO
0.008

+0.037
0.026
0.028
0.044
0.025
0.017
0.032

N&1680& INTO
0.00-0.038

-0 ' 024
-0 ' 029-0.033-0.035-0.033-0.023

P GAMMA,
0 ~ 016
0 ~ 010
0 ' 002
0 ' 002
0 ~ 021
0 ' 003
0.003
0.014
0.008
0.010

N GAMMA,
O. ole
0.010
0.005
0.014
0 ~ 012
0.010
0 ~ 014
0.003

N 6AINA,
0 ' 030
0 ~ 018
0 ' 009
0 ~ 017
0 ~ 015
0.012
0 ~ 013
0.005

HELICITY~3/2 &6EV*'+-1/23
METCALF 74 DPMA
FELLER 76 DPMA
AZNAURYAN 77 DPMA
AZNAURYAN 77 DPMA
BARBOUR 78 DPWA
ARAI 80 DPWA
ARAI 80 DpwA
CRAWFORD 80 DPMA
AWA J I 81 OP MA

CRAWFORD 83 IPWA

HEL I C ITY~1/2 &6EV*+-1/2)
METCALF 74 DPWA
BARBOUR 78 DPWA
ARAI 80 DPMA
ARAI 80 DPMA
CRAMFORO 80 DPWA
TAKEDA 80 DPMA
AWA J I 81 DPMA
FU JI I 81 DPMA

NELI CITY~3/2 &6EV~*-1/2&
METCALF 74 DPWA
BARBOUR 78 DPMA
ARAI 80 DPMA
AR A I 80 DP WA

CRAWFORD 80 OPMA
TAKEDA 80 DPWA
AMAJ I 81 DPWA
FUJIE 81 DPMA

PI N PHOTOPROD.
PI N PHOTOPROO ~

PIO PHTPRD, SOL 1
PIO PHTPRD, SOL 2
PI-N PHOTOPROD.
PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPROD.
PI N PHOTOPROO.

PI N PHOTOPROD.
P I-N PHOTORROD.
PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROO.
PI N PHOTOPROD.
PI N PHOTOPROD ~

PI N PHOTOPROD ~

PI N PHOTOPROD ~

PI-N PHOTOPROD ~

PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPROD.
PI N PHOTOPROD.
PI N PHOTOPROD.

2/74
2/77

12/79
12/79
3/79

12/81
12/81
12/81

1/84*
1/84*

2/74
3/79

12/81
12/81
12/81
12/81
1/84*

12/81

2/74
3/79

12/81
12/81
12/el
12/81
1/84*

12/81

Pl
P2
P3
P4
P5
P6
P7
pe
P9
P10
Pll
P12
P13
P14
P15
P16

N{1680}
N(1680)
N(1680)
N&1680)
N( 1680)
N( 1680)
N &1680)
N( 1680)
N(1680)
N( 1680)
N(1680)
N ( 1680)
N(1680)
N(1680)
N(1680)
N(1680)

INTO N PI
INTO N ETA
INTO LAMBDA K

INTO DELTA(1232) PI
INTO N Pi PI
INTO P GAMMA, HELECITY~1/2
INTO P GAMMA, HELICETY~3/2
INTO N GAMMA, HELICITY 1/2
INTO N GAMMA, HELICITY=3/2
INTO N EPSILON
INTO N RHO
ENTO DELTA(1232) PI, P-WAVE
INTO DELTA(1232) PI, F-MAVE
INTO N RHO, S~3/2, P-WAVE
INTO N RHO, S~3/2, F-MAVE
INTO SIGMA K

DECAY MASSES
938+ 140
940+ 549

1116+ 498
1232+ 140
938+ 140+ 140
938+ 0
938+ 0
940+ 0
940+ 0
938+1300
938+ 769

1232+ 140
1232+ 140
938+ 769
938+ 769

1189+ 494

FOR VERY EARLY REFERENCES, SEE RMP 37, 633 (1965) .
BARE YRE
BRANDSEN
CROUCH
OERADO
DUKE
HEUSCH
MERLO
ROBERTS
TRIPP

65 PL 18 342
65 PL 19 420
65 DESY CONF I I 21
65 ATHENS CONF 244
65 PRL 15 468
66 PRL 17 1019
66 P ROY SOC 289 489
67 PREPR I NT
67 NP 83 10

+ BRICMAN, STIRLING, VILLET (SACL) I JP
+ODONNELL, MOORHOUSE (DURH+RHEL)IJP
+ (BROM+CEA+HARV+MIT+PADO+REHO&
+KENNEY, LAMSA, + (NDAM+KNTY}
+JONES, KEMP, MURPHY, PRENTICE, + (RHEL+OXF)EJP
C A HEUSCH, C Y PRESCOTT, R F DASHEN (CIT}
J P MERLO, G VALLADAS (SACL)
R G ROBERTS (DURH)
+ LEITH, + (LRL+SLAC+CERN+HEID+SACL)

em**a+ aaaae*sea eaaaaaa*a eea*aeaa* aa*e*aaa* a*ea*aaea aaa******em**we*a

REFERENCES FOR NC 16803

R1
Rl
Rl
Rl

R2
R2

65 NC1680& BRANCNIN6 RATIOS

N&16803 INTO CN PI &/TOTAL
&0 ' 62) (0 ' 06)

0 ' 65 0.02
0.62 0 ' 05

NC1680& FROM N PI TO N ETA
NOT SEEN BAKER

SQRTCP1~P23
79 DPMA 0 PI- P TO ETA N

CP1&
CUTKOSKY 79 IPMA PI N TO PI' N

HOEHLER 79 IPMA PI N TO PI N

CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79

1/82

12/79

BANNER
BAREYRE
DONNACH1

ALSO
ALSO

DUKE
RUSH
BOTKE
DEANS
DEANS2
DONNACHI

68 PR 166 1347
68 PR 165 1731
68 PL 268 161
68 V I ENNA 139
68 THESIS
68 PR 166 1448
68 PR 173 1776
69 PR 180 1417
69 PR 185 1797
69 PR 177 2623
69 NP 108 433

+OETOEUF, FAYOUX, HAMEL, + (SACL+CAEN)
P BAREYRE, C BRECMAN, G VILLET (SACL) I JP
A DONNACHEE, R G KIRSOPP, C LOVELACE (CERN) I JP
DONNACHIE RAPPORTEUR. S TALK (GLAS)
R G KERSOPP (EDIN)
+JONES, KEMP, MURPHY, THRESHER, + (RHEL+OXF) IJP
J E RUSH (ALAH)
J C BOTKE (UCSB)
S DEANS, J MOOTEN (SFLA)
S R DEANS (SFLA)
A DONNACHI E, R K IRSOPP (GLAS+EDEN)

R3
R3
R3
R3
R3

R4
R4

R5
R5
R5
R5
R5

NC16803 INTO &N ETA&/TOTAL CP23
(0 ' 0004) BOTKE 69 MPWA T POLE + RESON.
(0.003) &0.002) DEANS 69 MPMA T POLE + RESON.
0.0005 OR 0.001 CARRERAS 70 MPWA T P01 E + RESON.

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING

N&1680& INTO CN ETA&/CN PI &

(0.027)OR LESS
CP23/CP1)

HEUSCH 66 RVUE + PIO, ETA PHOTO

NC16803 FROll N PI TO LAMBDA K SQRT(P1~P3&-0.009 0.009 DEVENI SH 74 0 FIXED T DISP REL
(0.01) KNASEL 75 DPMA 0 PI- P TO KO LAM

COUPLING TO LAMBDA K NOT REQUIRED IN THE ANALYSES OF BAKER 77,
SAXON 80, OR BELL 83 '

10/69
5/70
5/70

9/66

4/75
11/75
2/84*
2/84*

AYED
AYED2
CARRERAS
DAVEES
BRODY
WAGNER
ALMEHED
DEVENI SH
HEMM I 1
MOORHOUS
DEVENI SH
DEVENI S2
KNIES
METCALF
MOORHOUS

70 KIEV CONF
70 PL 318 598
70 NP 168 35
70 NP 821 359
71 PL 348 253
71 NP 825 411
72 NP 840 157
73 PL 478 53
73 PL 438 79
73 PL 438 44
74 NP 881 330
74 PL 528 227
74 PR D9 2680
74 Nr 876 253
74 PR D9 1

R AYED, P BAREYRE, G VIL
+BAREYRE, VILLET
8 CARRERAS, A DONNACHIE
A DAVI ES
+CASHMORE+ ~ .+HERNDON+. .
F WAGNER, C LOVELACE
+LOVELACE
DEVENISH, RANKIN, LYTH
HEMMI, INAGAKI+
MOORHOUSE, OBERLACK
DEVENISH, FROGGATT, MARTI
DEVENI SH, LYTH, RANK IN
KNIES, MOORHOUSE, OBERLAC
W J METCALF, R L WALKER
MOORHOUSE, OBERLACK, ROSE

LET (SACL) I JP
(SACL)

(DARE+MCHS)
(GLAS&

(SLAC+LRL)
(CERN)

(LUNO+RUTG)IJP
(LOUC+BONN+LANC)IJP

(KYOT+SAGA+KEK+TOKY)IJP
(GLAS+LBL) I JP

N (OESY+NORD+LOUC)
(DESY+LANC+BONN)IJP

K (LBL+GLAS)IJP
(CIT) I JP

NFELD (GLAS+LBL&IJP
R6
R6
R6
R6
R6

N&1680& FROM N PI To SIGNA K SQRT & P 1~P16&
LESS THAN 0 ~ 001 DEANS 75 OPWA PI N TO K SIGMA

RANGE GIVEN IS FROM 3 OF 4 BEST SOLUTIONS, NOT PRESENT IN SLTN ~ 1 ~

DEANS75 DISAGREES MITH PI+ P TO K+ SIGMA+ DATA OF MINNIK77
AROUND 1920 MEV.

11/75
11/75

1/78
1/78
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Baryon s
N(16BO), N(1700)

Data Card Listings

CRAWFORD 75
DEANS 75
KNASEL 75
KR I VETS 75

ALSO 74
LONGACRE 75

ALSO 78

NP 897 125
NP 896 90
PR D11
S JNP 20 430
S JNP 19 112
PL 558 415
PR 017 1795

R L CRAWFORD (GLAS) I JP
+MITCHELL, MONTGOMERY, + (SFLA+ALAH)IJP
+LINDQUIST, NELSON+ (CHI C+WUSL+OSU+ANL) I JP
+MIRGSHNICHENKO, NIKIFGROV, SANIN+ (KIEV) I JP
KRIVETS, NIKI FOROV, SANIN, SHALATSK I I (K IEV) I JP
+ROSENFELD, LASINSKI, SHAD JA+ (LBL+SLAC) I JP
LONGACRE, LAS INSKI, ROSENFELD+ (LBL+SLAC)

IHR
IHR

(-0.3)
0.0 5.0

CUTKOSKY 79 IPWA PI N TO PI N

CUTKOSKY 80 IPMA PI N TG PI N

18 NC1710& IHAG PART OF ELASTIC POLE RESIDUE CHEV)

12/79
1/82

AYED
BARBOUR
FELLER
AZNAURYA
BAKER
LONGACRE

ALSO
MINN IK
BARBOUR
NOVOSELL

ALSO

BAKER
CUTKOSKY
HOEHLER

ALSO
ARAI

ALSO
CRAWFORD
CUTKOSKY
SAXON
TAKEDA

76 CEA-N-1921
76 NP 8111 358
76 NP 8104 219
77 EF I-264(57)-77
77 NP 8126 365
77 NP 8122 493
76 NP 8108 365
77 NP 8128 66
78 NP 8141 253
78 NP 8137 509
78 NP 8137 445

AYED (THESIS) (SACL) I JP
I M BARBOUR, R L CRAWFORD (GLAS) I JP
+FUKUSHIMA, HORIKAWA, KAJ IKAWA+ (NAGO+OSAK) I JP
+AKOPOV, BAGDASARYAN (YERE) I JP
+BLISSET,BLGODWORTH, BROOHE, HART+ (RHEL) IJP
LONGACRE, DOLBEAU (SACL) I JP
DOLBEAU, TR IANT IS, NEVEU, CAD IET (SACL) I JP
+TOAFF ~ REVEL GOLDBERG g BERNY (HAIF) I
BARBOUR, CRAWFORD, PARSONS (GLAS)
D E NOVOSELLER (CIT)IJP
D E NOVOSELLER (CIT) I JP

79 NP 8156 93 +BROMN, CLARK, DAVIES, DEPAGTER, EVANS+ (RHEL) IJP
79 PR D20 2839 +FORSYTH, HENDRICK, KELLY (CARN+LBL) IJP
79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL. 12-1

+KA ISER, KOCH, P I ETAR INEN (KAR L) I JP
80 TORONTO CONF 3 R KOCH (KARL) I JP
80 TORONTO CONF 93 I ARAI (TOKY)
82 NP 8194 25 1 I ARAI, H FU J I I (TOKY)
80 TORONTO CONF 107 R L CRAMFORD (GLAS)
80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL) IJP
80 NP 8162 522 +BAKER, BELL,BLOODMORTH+ (RHEL+BR IS) I JP
80 NP 8168 17 TAKEOA, ARAI, FUJII, IKEDA, IMASAKI+ (TOKY)

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12

R1
R1
R1
R1

N( 1700)
N(1700)
N(1700)
N( 1700)
N(1700)
N(1700)
N(1700)
N( 1700)
N(1700)
N(1700)
N(1700)
N(1700)

18 NC 1710& PARTIAL DECAY NODES

INTO N PI
INTO I AHBOA K
INTO P GAMMA, HEL I C I TY=3/2
INTO P GAMMA, HEL I CI TY=1/2
INTO N GAMMA, HEL I CI TY=3/2
INTO N GAMMA, HEL I CI TY=1/2
INTO SIGMA K

INTO N EPSILON
INTO DELTA(1232) PI, S-WAVE
INTO DELTA(1232) PI, D-WAVE
INTO N RHO, S=3/2, S-MAVE
INTO N ETA

DE
938+

1116+
938+
938+
940+
940+

. 1189+
938+ 1

1232+
1232+
938+
940+

CAY MASSES
140
498

0
0
0
0

494
300
140
140
769
549

18 N&1711& BRANCHIN6 RATIOS

NC 1701& INTO CN P I &/TOTAL (P1)
(0.10) (0.02) CUTKOSKY 79 IPMA PI N TO PI N

0.08 0.03 HOEHLER 79 IPWA PI N TO PI N

0. 11 0 ~ 05 CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79

1/82
AMA J I 81 BONN CONF 352

ALSO 82 NP 8197 365
FU J I I 81 NP 8187 53
BELL 83 NP. 8222 389
CRAWFORD 83. NP 8211 1

R KAJIKAWA (TALK) (NAGO)
FU J I I, HAYASHI I, IWATA, KA J IKAWA+ (NAGO)
FU J I I, HAYASHI I, I WATA, KA J IKAWA+ (TOKY)
+BL ISSET,BROOHE, DALEY, HART, L INTERN, + (RL & I JP
R L CRAWFORD, W T HORTON (GLAS&

18 NC 1700, JP~3/2-) I~1/2 D ' ' 13

HOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW
OBSOLETE AND HAVE BEEN OMITTED. THEY HAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS,
MHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN
ENTIRELY REMOVED.

THE VARIOUS PARTIAL-WAVE ANALYSES DO NOT AGREE VERY MELL.

18 NC 1700) MASS (HEV&

*a**a*aaaa**aa* a*a**a*aa aaa*a**a* aaaaa*aaa *aa****a*aaaa*a*** a*a*aaaa
****a*aaaaaaaaa aa*aaaaaa aa*aa*aa* ***aaaaaa aaaaa**** aaaaa*aaa aaa***aa

N(1700) D, 3 Status:

R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5

Rb
R6
R6

R7
R7
R7

N(1701& FROH N PI TO N ETA SQRT (P 1*P 12&
(0 ' 065) BAKER 79 DPMA 0 PI- P TO ETA N

1&1700& FRON N PI TO LAHBOA
+0.026 0 ' 019

8 (-0.03) (0.004)
C (-0.03&
F (-0.04)
F THE (UNDETERMINED) OVERALL
F CHANGED TO AGREE WITH PREVI

(-0 ~ 012)(-0.01?)

K SQRT (P1*P2)
DEVENI SH 74 0 FIXED T DISP REL
BAKER 77 IPMA 0 PI- P TO K LAM.
BAKER 77 DPWA 0 PI- P TO K LAM.
BAKER 78 DPWA 0 PI- P TO K LAM

PHASE OF ALL COUPLINGS HAS BEEN
OUS CONVENTIONS. SUPERSEDED BY SAXON 80.

SAXON 80 DPWA 0 PI- P TO K LAM
BELL 83 DPWA 0 PI- P TG LAM KO

NC1701& FROM N PI TO SIGMA K SQRT(P1aP7)
G LESS THAN 0.017 DEANS 75 DPWA PI N TO K SIGMA
G RANGE GIVEN IS FROM FOUR BEST SOLUTIONS.

NOT SEEN LIVANOS 80 DPMA PI P TO K SIGMA

NC1711& FROM N PI TQ DELTA('1232& PI, S-WAVE SQRT(P1aP9&
A +0. 15 GR +0. 16 LGNGACRE 75 IPMA PI N TO 2PI N

0 (0.00) LONGACRE 77 IPWA PI N TO 2PI N

NCI?00) FROM N PI TO DELTAC1232& PI, D-WAVE SQRT(P1*P10)
A -0.10 OR -0. 14 LONGACRE 75 IPWA PI N TG 2PI N

D (+0. 12) LONGACRE 77 IPWA PI N TO 2PI N

NC1711) FROM N PI TO N RHO, 8~3/2, S-WAVE SQRT(P1aP11)
A 0. OR -0.07 LONGACRE 75 IPWA PI N TO 2PI N

D (+0.0?) LONGACRE 77 IPMA PI N TO 2PI N

12/79

4/75
1/78
1/78
3/79
3/79
3/79

12/79
2/84*

11/75
11/75
2/84*

11/75
11/77

11/75
11/77

11/75
11/77

M A

M A

M 8
M C

M 8
M C

M D

M D

M D

M

M

M E
M E
H

M

M

M

M

M A

M 8
M C
'M 0
M

M

'W E
W

-W

M

M

M

18 N C 1701) MI DTH C HEY)

100. GR
(90 ' 0)

(100.0)
(600 ' 0)

70. TO
(126 ~ 0)
(87 ' 0)
(80.0)
110' 0

(166.0)
90.0

(70.0)

300 '
(25 ' 0)

100.

(40. 0&
30.0
40.0

LGNGACRE
BAKER
BAKER
LONGACRE
BAKER
BARBOUR
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY
SAXON

75 I PMA
77 I PMA
77 DPMA
77 I PMA
78 DPMA
78 DPMA
79 DPMA
79 IPWA
79 IPWA
80 DPWA
80 IPWA
80 DPMA

PI N TG 2PI N

0 PI- P TO K LAM.
0 PI- P TO K LAH.

PI N TG 2PI N

0 P I- P TO K LAM
PI-N PHOTOPROD.

0 P I- P TO ETA N

PI N TO PI N

P I N TO PI N

PI N PHOTOPRGD.
P I N TO P I N

0 PI- P TO K LAM

18 N&1701& REAL PART OF POLE POSITION (HEV)

1710. OR 1710 ~ LONGACRE 75 IPWA PI N TO 2PI N

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75.
(1670.0) (10.0) BAKER 77 IPWA 0 PI — P TO K LAM.
(1690.0) BAKER 77 DPWA 0 PI — P TO K LAM.

THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IPMA USING THE BARRELET
ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS.

(1660.0) LONGACRE 77 IPMA PI N TG 2PI N

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE
POSITION WHICH IS FROM SOLUTIONS S1 AND C1.

1690 ~ TO 1710. BAKER 78 DPWA 0 PI- P TO K LAM
(1719~ 0) BARBOUR 78 DPMA PI-N PHOTOPROD.
(1880.0) BAKER 79 DPWA 0 PI- P TO ETA N

THE HIGH MASS FOUND BY BAKER 79 MAY BE INFLUENCED BY THE N(2080) .
(1670 ' 0) (25 ' 0) CUTKOSKY 79 IPWA PI N TG PI N

1731 ~ 0 15.0 HOEHLER 79 IPWA PI N TO PI N

(1709.0) CRAWFORD 80 OPMA PI N PHOTOPROD.
1675 ' 0 25.0 CUTKOSKY 80 IPMA PI N TO PI N

(1650 ~ 0) SAXON 80 DPMA 0 PI- P TO K LAM

11/75
11/75

1/78
1/78
1/78
1/?8

11/77
11/77
11/77
3/79
3/79

12/79
12/79
12/79
12/79
12/81

1/82
12/79

11/75
1/78
1/78

11/77
3/79
3/79

12/79
12/79
12/79
12/81

1/82
12/79

RS
R8
R8

R9
R9

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

A2
A2
AZ
A2
AZ
AZ
A2
A2
A2
AZ
AZ

18 N& 1701& PHOTON DECAY AHPLITUOES (GEV**-1/2&

FOR DEFINITION OF GAMHA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS.

1( 1701& INTO
0.0

-0 ~ 014
+0.078
+0.038-0.033-0.028-0.029-0.024-0.002
-0.016

P 6ANHA,
0.034
0.025
0.008
0.005
0.021
0.007
0 ' 006
0.019
0 ~ 013
0.014

HELI CITY~1/2 (6EVaa-1/2)
METCALF 74 DPMA
FELLER 76 DPWA
AZNAURYAN 77 DPMA
AZNAURYAN 77 DPMA
BARBOUR 78 DPWA
ARAI 80 DPWA
ARAI 80 DPWA
CRAWFORD 80 DPMA
AWAJ I 81 DPWA
CRAWFORD 83 IPMA

PI N

PI N

PIO P
PIO P
PI-N
PI N

PI N

PI N

PI N

PI N

PHOTOPROD ~

PHOTOPROD.
HTPRD, SOL 1
HTPRD, SOL 2
PHOTOPROD.
PHOTO F IT 1
PHOTO F IT 2
PHOTOPROD.
PHOTOPRGD.
PHOTOPRGD.

N & 1711& INTO
0.0
0.0-0.066-0.048

—0.014-0.002
0.014-0.017
0.029-0.009

P GANHA,
0.029
0.014
0 F 007
0.007
0 ' 025
0 F 005
0 ' 005
0.014
0.014
0 ~ 012

NE L I C ITY~3/2 (6EV**-1/2&
METCALF 74 OPWA
FELLER 76 OPMA
AZNAURYAN 77 OPWA
AZNAURYAN 77 OPWA
BARBOUR 78 DP'WA

ARAI 80 DPMA
ARAI 80 DPWA
CRAMFORD 80 DPWA
AWA J I 81 DP'WA

CRAMFORO 83 IPMA

PI N

PI N

P IO P
PIG P
PI-N
PI N

PI N

PI N

PI N

PI N

PHOTOPROD.
PHOTOPROD ~

HTPRD, SGL 1
HTPRD, SOL 2
PHOTGPROD.
PHOTO FIT 1
PHOTO FIT 2
PHOTOPROD.
PHOTOPROD.
PHOTOPROD.

NC1711) FROH N PI TO N EPSILON SQRT(r 1aI 8&
A -0 ~ 2 OR -0.2 LONGACRE 75 IPWA PI N TO 2PI N

D (0.00) LONGACRE 77 IPWA PI N TO 2PI N

N&1710& FRON P 6ANIA TO LAMBDA K SQRT((P3+P4)*P2)
(0.0077& DEANS 72 MPMA GAM P-K LM, SOL D

11/75
11/77

9/73

2/74
2/77

12/79
12/79
3/79

12/81
12/81
12/81
1/84*
1/84*

2/74
2/77

12/79
12/79
3/79

12/81
12/81
12/81

1/84*
1/84*

RE
RE D

RE
RE

(1710.0)
1616~ OR 1613.

(1660.0)
1660 ' 0 30.0

LONGACRE 75 IPMA
LGNGACRE 77 IPWA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TG 2P I N

PI N TO 2PI N

PI N TO PI N

PI N TO PI N

'18 NC1710& -2*IHA6 PART OF POLE POSITION CNEV&

11/75
11/77
12/79

1/82

A3
A3
A3
A3
A3
A3
A3
A3

N C 1711) I NTO
0.0

+0.050-0.052-0.055
0.052
0.006-0.002

N 6AHHA, IIEL I C ITY~1/2 (6EVa*-1/2)
0.034 HETCALF 74 DPWA
0 ' 042 BARBOUR 78 DPWA
0 ' 030 ARAI 80 DPMA
0.030 ARAI 80 DPMA
0.035 CRAWFORD 80 DPWA
0 ' 024 AWA J I 81 DPMA
0.013 FU JI I 81 DPWA

PI N

PI-N
PI N

PI N

PI N

PI N

PI N

PHOTOPROD ~

PHOTOPROD.
PHOTO FIT 1
PHOTO FIT 2
PHOTOPRGD.
PHOTOPROD.
PHOTOPROD.

2/74
3/79

12/81
12/81
12/81

1/84*
12/81

IH
IM D

IM
IM

(607 ~ 0)
577. OR 575.
(76.0)
90 ' 0 40.0

LONGACRE 75 IPMA
LONGACRE 77 IPWA
CUTKOSKY 79 I PMA
CUTKOSKY 80 IPWA

PI N TO ZPI N

P I N TO 2P I N

PI N TO PI N

P I N TO P I N

18 NC1701& REAL PART OF ELASTIC POLE RESIDUE CHEV&

11/75
11/77
12/79

1/82

A4
A4
A4
A4
A4
A4
A4
A4

N(1710) INTO
0.0

+0.035
-0 ' 037-0.035
0.041

-0 ' 033
0.018

N GAMMA, HELI CITY 3/2 (6EVa*-1/2)
0 ' 044 METCALF 74 DPWA
0.030 BARBOUR 78 DPMA
0.036 ARAI 80 DPWA
0.024 A RA I 80 DP WA

0 ~ 030 CRAWFORD 80 DPWA
0.017 AWAJ I 81 DPWA
0 ~ 018 FU JI I 81 DPWA

PI N PHOTGPROO.
PI-N PHOTOPROD.
P I N PHOTO F I T 1
PI N PHOTO F IT 2
PI N PHOTOPROD ~

PI N PHOTOPROD.
PI N PHOTGPROD.

2/74
3/79

12/81
12/81
12/81

1/84*
12/81

RER
RER

(4 ' 0&
6.0 3.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

12/79
1/8Z

a*****aaa************a**aaaaaaaaa a**a**a****aa**aa*a********aaaaaaaa
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Particle Data Group: Review of particle properties 8225

For notation, see key at front of Listings. Baryons
N(1700), N(1710)

DONNACH2 68 VIENNA 139
KIRSOPP 68 THESIS
WAGNER 71 NP 825 411
DEANS 72 PR D6 1906
HERNDON 72 LSL 1065
DEVENISH 73 PL 478 53
LANGSEIN 73 NP 853 251
DEVENISH 74 NP 881 330
DEVENIS2 74 PL 528 227
KNIES 74 PR D9 2680
METCALF 74 NP 876 253
MOORHOUS 74 PR D9 1

REFERENCES FOR N&1700&

DONNACHI E RAPPORTEUR ~ 8 TALK (GLAS)
R G K I RSOPP (EGIN)
F WAGNER, C LOVELACE (CERN)
DEANS g JACOBS LYONS J MONTGOMERY (SFLA) I JP
+. ~ .ROSENFELD ~ . .+CASHMORE+ ~ ~ ~ (LSL+SLAC)
DEVENI SH, RANKIN, LYTH (LOUC+BONN+LANC)IJP
LANGBEIN, WAGNER (MUNI) I JP
DEVENISH, FROGGATT, MARTIN (DESY+NORD+LOUC)
DEVENISH, LYTH, RANK IN (DESY+LANC+BONN) IJP
KNIES, MOORHOUSE, OBERLACK (LBL+GLAS) IJP
W J METCALF, R L WALKER (CIT) I JP
MOORHOUSE, OBERLACK, ROSENFELD (GLAS+LBL) IJP

RER
RER

IMR
IMR

(-9.0)-8.0 2.0
CUTKOSKY 79 IPWA
CUTKOSKY 80 IPWA

P I N TO P I N

PI N TO PI N

14 N(1710) INA6 PART OF ELASTIC POLE RESIDUE &NEV&

(0 ~ 1)
1.0 5.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

14 N&1710& REAL PART OF ELASTIC POLE RESIOUE &MEV&

12/79
1/82

12/79
1/82

CRAWFORD
DEANS
LONGACRE

ALSO
AYED
BARBOUR
FELLER
AZNAURYA
BAKER
LONGACRE

ALSO
MINN IK

75 NP 897 125
75 NP 896 90
75 PL 558 415
78 PR 017 1795
76 CEA-N-1921
76 NP 8111 358
76 NP 8104 219
77 EF I-264(57)-77
77 NP 8126 365
77 NP 8122 493
76 NP 8108 365
77 NP 8128 66

R L CRAWFORD
+MITCHELL, MONTGOMERY, +
+ROSENFELD, LASINSKI, SMADJA+
LONGACRE, LAS INSK I, ROSENF ELD+
AYED (THESIS)
I M BARBOUR, R L CRAWFORD
+FUKUSHIMA, HOR IKAMA, KA J IKAWA+
+AKOPOV, BAGDASARYAN
+BLISSET,BLOODMORTH, SROOME, HART+
LONGACRE, DOLBEAU
DOLBEAU, TR I ANT IS g NEVEU, CAD I ET
+TOAFF, REVEL, GOLDBERG, BERNY

(GLAS) I JP
(SFLA+ALAH)IJP

(LBL+SLAC)IJP
(LBL+SLAC)

(SACL) I JP
(GLAS) I JP

(NAGO+OSAK)IJP
(YERE) I JP
(RHEL) I JP
(SACL) I JP
(SACL) I JP
(HAIF) I

BAKER 78 NP 8141 29
BARBOUR 78 NP 8141 253
BAKER 79 NP 8156 93
CUTKOSKY 79 PR D20 2839
HOEHLER 79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF

+BLISSET,BLOODMORTH, BROOME+ (RL+CAMB) I JP
BARBOUR, CRAWFORD, PARSONS (GLAS)
+BROWN g CLARK J DAV I ES DEPAG TER g EVANS+ (R HE L ) I J P
+FORSYTH, HENDRICK, KELLY (CARN+LBL) I JP

SCATTERING, PHYS IK DATEN VOL ~ 12-1
+KA I SER, KOC H, P I ETAR INEN
R KOCH

(KARL) I JP
(KARL) I JP

ARAI
ALSO

CRAWFORD
CUTKOSKY
LIVANOS
SAXON

80 TORONTO CONF 93 I ARAI (TOKY)
82 NP 8194 251 I ARAI, H FUJII (TOKY)
80 TORONTO CONF 107 R L CRAWFORD (GLAS)
80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL&IJP
80 TORONTO CONF 35 +BATON, COUTURES, KOCHOMSKI, NEVEU (SACL)IJP
80 NP 8162 522 +BAKER, BELL,BL I SSETT, BLOODMORTH+(RHEL+BR IS) I JP

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12

R1
R1
R1
R1

R2
R2

N(1710)
N( 1710)
N(171G)
N(171G)
N(1710)
N(1710)
N(1710)
N(1710)
N(1710)
N(1710)
N(1710&
N( 1710)

14 N&1710& PARTIAL DECAY IIGDES

INTO N PI
INTO LAMBDA K

INTO N ET A

INTO P GAMMA, HEI I C I TY= 1/2
INTO N GAMMA, HELI CITY=1/2
INTO N PI PI
INTO N EPSILON
INTO N RHO
INTO SIGMA K

INTO DELTA(1232) PI
INTO N RHO, S 1/2, P-MAVE
INTO N RHO, S=3/2, P-MAVE

DECAY MASSES
938+ 140

1116+ 498
940+ 549
938+ 0
940+ 0
938+ 140+ 140
938+1300
938+ 769

1189+ 494
1232+ 140
938+ 769
938+ 769

14 N&1710& SRANCHIN6 RATIOS

N&1710& INTO &N PI)/TOTAL
(0 ~ 19) (0.05)
G. 12 0.04
0.20 0 ' 04

N&1710& FROM N PI TO N ETA
(0.22) BAKER

SQRT&P1«P3&
79 DPWA 0 PI- P TO ETA N

&P1&
CUTKOSKY 79 IPMA PI N TO PI N

HOEHLER 79 IPWA PI N TO PI N

CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79

1/82

12/79

AWAJI 81 BONN CONF 352
ALSO 82 NP 8197 365

FU J I I 81 NP 8187 53
SELL 83 NP S222 389
CR AMFORO 83 NP 82 11 1

R KAJIKAMA (TALK) (NAGO)
FUJII, HAYASHII, IMATA, KAJ IKAWA+ (NAGO)
FUJII, HAYASHII, IMATA, KAJ IKAMA+ (TOKY)
+BL ISSET,BROOME, DALEY, HART, L INTERN, + (RL) I JP
R L CRAWFORD, M T MORTON (GLAS)
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N(1 /10) P „Status: s ~ e

14 N& 1710, JP~1/2+& I~1/2 P ' ' 11

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW
OBSOLETE AND HAVE BEEN OMITTED' THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118&. HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

THE VARIOUS PARTIAL-WAVE ANALYSES DO NOT AGREE VERY MELL.

R3
R3
R3 8
R3 C

R3 E
R3 E
R3 E
R3 E
R3
R3

1&1710& FRON N PI TO LANSDA K
(0 ~ 10) KNASEL

(-0 ' 05) (0 ' 03) BAKER
(-0 ~ 10) BAKER
(-0 ~ 12) BAKER

THE (UNDETERMINED) OVERALL PHASE OF ALL
HAS BEEN CHANGED TO AGREE MITH PREVIOUS
SY SAXON 80.

(+0.14) SAXON
(+0. 'l6) BELL

SQRT(P1«P2&
75 OPMA 0 PI — P TO KO LAM
77 IPMA 0 PI- P TO K LAM.
77 DPMA 0 PI- P TO K I AM.
78 DPWA 0 PI- P TO K LAM
COUPLINGS FROM BAKER 78
CONVENTIONS' SUPERSEDED

80 DPMA 0 PI- P TO K LAM
83 DPMA 0 PI — P TO LAM KO

R4 N& 1710& FROM N PI TO SI6NA K SQRT& P 1*P9)
R4 F 0 ' 075 TO 0.203 DEANS 75 DPMA PI N TO K SIGMA
R4 F RANGE GIVEN IS FROM FOUR BEST SOLUTIONS'
R4 (-0 ' 034) LIVANOS 80 DPMA PI P TO K SIGMA

R5 N& 1710& FROM N PI TO DELTA&1232& PI SQRT&l 1«P10&
R5 A 0 ~ 13 OR -0 ~ 20 LONGACRE 75 IPMA PI N TO 2PI N

R5 D (+0.17) LONGACRE 7? IPMA PI N TO 2PI N

Rb N&1710& FROM N PI TO N RIIO, S~1/2, P-WAVE SQRT&P1*P11&
R6 A +0.32 OR +0.20 LONGACRE 75 IPMA PI N TO 2PI N

R6 D (-0 ~ 19) LONGACRE 77 IPMA PI N TO 2PI N

11/75
1/78
1/78
3/79
3/79
3/79
3/79

12/79
2/84*

11/75
11/75

1/82

11/75
11/77

11/75
11/77

M

M A

M A

M 8
M C

M 8
M C

M D

M D

M D

M

M

M

M

M

M

M

M

14 M&1710& NASS &NEV&

(1670.0) KNASEL 75 DPMA
1730 ~ OR 1710 ~ LONGACRE 75 IPMA

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND
(1625.0) (10 ~ 0) BAKER 77 IPMA
(1650.0) BAKER 77 OPMA

THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IPMA US
ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT

( 1720.0) LONGACRE 77 IPMA
ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION WHICH IS FROM SOLUTIONS S1 ANO C1.

165G ~ TO 1680. BAKER ?8 DPMA
(1721 ~ 0) BARBOUR 78 DPWA
(1690~ 0) BAKER 79 DPMA
(1710.0) (60.0) CUTKOSKY 79 IPWA
1723.0 9.0 HOE HL E R 79 I PMA

(1692 ~ 0) CRAWFORD 80 DPMA
1700.0 50.0 CUTKOSKY 80 IPMA

(1730' 0) SAXON 80 DPMA

0 PI- . P TO KO LAM
PI N TO 2PI N

2 OF LONGACRE 75 '
0 PI- P TO K LAM.
0 PI- P TO K LAM.

ING THE BARRELET
ANALYSIS.

PI N TO 2PI N

EXCEPT FOR THE POLE

0 P I- P TO K LAM
PI-N PHOTOPROD ~

0 P I — P TO ETA N

PI N TO PI N

PI N TO PI N

PI N PHOTOPROD ~

P I N TO PI N

0 P I- P TO K LAM

11/75
11/75
11/75

1/78
1/78
1/78
1/78

11/77
11/77
11/77
3/79
3/79

12/79
12/79
12/79
12/81

1/82
12/79

R7 N&1710& FRON N PI TO N RIIO, S~3/2 ~ P-WAVE SQRT&P1*P12&
R7 D (-0.31) LONGACRE 77 IPMA PI N TO 2PI N

RI N&1710& FROM N PI TO N EPSILON SQRT & P 1«P7&
R8 A +0. 18 OR +0.28 LONGACRE 75 IPMA PI N TO 2PI N

R8 D (+0 ~ 26) LONGACRE 77 IPMA PI N TO 2PI N

11/77

11/75
11/77

R9
R9

N&1710& FROM P 6AINIA TO P ETA SQRT&P3«P4&
(0.0075) HICKS 73 MPMA GAM P-ETA P 9/73

R10
R10
R10
R10

14 N& 1710) PHOTON DECAY AMPLITUDES (6EV«a-1/2&

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVI EM PRECEDING THE BARYON LISTINGS.

N&1710& FROM P 6AINIA TO LANSDA K SQRT&P2*P4&
(0 ' 0027) ORIT02 69 CNTR K LAM PHOTOPRO 10/71
(0.0088) SCHORSCH 70 DPMA K LAM PHOTOPRO. 10/71
(0 ~ 0104) DEANS 72 MPWA GAM P-K LM, SOL D 9/73

M

M A

W 8
M C

M D

M

M

M

M

M

W

M

M

M

(174.0)
165. OR

(160.0)
(95.0&

(120 ' 0)
90 ~ TO

(167 ~ 0)
(97.0)

(100 ' 0)
120.0

(200 ' 0)
90 ' 0

(550.0&
(540 ' 0&

75.
(6.0)

150.

(50.0&
15 ~ 0

30.0

KNASEL
LONGACRE
BAKER
BAKER
LONGACRE
BAKER
BARBOUR
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY
SAXON
BELL

14 N & 1710& WIDTH (MEV&

75 DPMA 0
75 IPMA
77 IPMA 0
77 DPMA 0
77 IPMA
78 DPWA 0
78 DPMA
79 DPMA 0
79 IPMA
79 IPMA
80 DPMA
80 IPWA
80 DPMA 0
83 DPMA 0

P I- P TO KG LAM
PI N TO 2PI N

PI — P TO K LAM.
PI- P TO K LAM.
PI N TO 2PI N

PI- P TO K LAM
PI-N PHOTOPROD ~

PI- P TO ETA N

PI N TO PI N

PI N TO PI N

PI N PHOTOPROD.
PI N TO PI N

P I- P TO K LAM
PI- P TO LAM KO

11/75
11/75

1/78
1/78

11/77
3/79
3/79

12/79
12/79
12/79
12/81

1/82
12/79
2/84*

A1
A1
A1
A1
A1
A1
A1
A'l
A1

A2
A2
A2
A2
A2
A2
A2
A2

N& 1710& INTO-0.068
+0.053
+0.001-0.009
-0 ~ 012
0.015
0 ' 028
0 ' 006

N& 1710& INTO
0 ~ 048

-0 ' 028
0 ' 005
0 ' 011

-0 ~ 017
0.000-0.001

P 6AMNA,
0 ' 024
0 ~ 019
0.039
0.006
0.005
0.025
0.009
0.018

N 6AINIA,
0.045
0.045
0.013
0.021
0 ' 020
0.018
0 ' 003

NELI CITY~1/2 (6EV«a-1/2)
METCALF 74 DPMA
FELLER ?6 DPMA
BARBOUR 78 DPMA
ARAI 80 DPWA
ARAI 80 DPMA
CRAWFORD 80 DPMA
AMAJ I 81 DPMA
CRAWFORD 83 IPMA

HEL ICI TY~1/2 (6EV«a-1/2)
METCALF 74 OPWA
BARBOUR 78 DPMA
ARAI 80 DPMA
ARAI 80 DPMA
CRAWFORD 80 DPWA
AMAJ I 81 DPWA
FU J I I 81 DPMA

PI N

PI N

PI-N
PI N

PI N

PI N

PI N

PI N

PI N

PI-N
PI N

PI N

PI N

PI N

PI N

PHOTOPROD ~

PHOTOPROD.
PHOTOPROD ~

PHOTO FIT 1
PHOTO FIT 2
PHOTOPROD ~

PHOTOPROO ~

PHOTOPROD ~

PHOTOPROD.
PHOTOPROD.
PHOTO FIT 1
PHOTO FIT 2
PHOTOPROD.
PHOTOPROD.
PHOTOPROD.

2/74
2/77
3/79

12/81
12/81
12/81

1/84*
1/84*

2/74
3/79

12/81
12/81
12/81

1/84«
12/81

14 1&1710& REAL PART OF POLE POSITION &IIEV&
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REFERENCES FOR N&1710)
RE
RE D

RE
RE

IM
IM D

IM
IM

(1708~ 0&
1720. OR 1711.

(1692~ 0)
1690.0 20 ' 0

LONGACRE 75 IPMA
LONGACRE 77 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO 2P I N

PI N TO 2P I N

PI N TO PI N

PI N TO PI N

(17.0&
123. OR 115.
(88.0&
80.0 20 ' 0

LONGACRE 75 IPMA
LONGACRE 77 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

P I N TO 2P I N

PI N TO 2PI N

PI N TO PI N

PI N TO PI N

14 N&1710& -2«IMA6 PART OF POLE POSITION &MEV&

11/75
11/77
12/79

1/82

11/75
11/77
12/79

1/82

DONNACH1
AL SO
ALSO

RUSH
BOTKE
DEANS
DEANS2
DONNACHI
OR I TO
OR I T02

68 PL 268 161
68 VIENNA 139
68 THESIS
68 PR 173 1776
69 PR 180 1417
69 PR 185 1797
69 PR 177 2623
69 NP 108 433
69 LNC 1 936
69 I NS J 113

AYED 70 KIEV CONF
AYED2 70 PL 318 598
CARR ERAS 70 NP 168 35
DAV I ES 70 NP 821 359

A DONNACHIE, R G KIRSOPP, C LOVE
DONNACHI E RAPPORTEUR. S TALK
R G K I RSOPP
J E RUSH
J C BOTKE
S DEANS, J MOOTEN
S R DEANS
A DONNACHI E, R K IRSOPP
S OR I TO, S SASAK I
S OR ITO (THESIS&

R AYED, P BAREYRE, G VILLET
+BAREYRE, VILLET
8 CARRERAS, A DONNACHIE
A OAVIES

LACE (CERN) I JP
(GLAS)
(EDIN)
(ALAH)
(UCSB)
(SFLA)
(SFLA)

(G L AS+ ED IN )
(TOKY+OSAK)

(TOKY)

(SAC L) I JP
(SACL)

(DARE+MCHS&
(GLAS)
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S226 Particle Data Group: Review of particle properties

Earyons
N(1710), N(1720)

Data Card Listings

SCHORSCH 70 NP 825 179
MAGNER 71 NP 825 411
ALMEHED 72 NP 840 157
DEANS 72 PR D6 1906

+TIETGE, MEILNBOECK (MP IM)
F WAGNER' C LOVELACE (CERN)
+LOVELACE (LUND+RUTG) IJP
DEANS, JACOBS, LYONS, MONTGOMERY (SFLA)IJP

IMR
IMR

&-8.0)-3.0 4.0
CUTKOSKY 79 IPWA PI N TO PI N

CUTKOSKY 80 IPMA PI H TO PI N

15 NC1720& INA6 PART OF ELASTIC POLE RESIOIjf (NEV&

12/79
1/82

ARAI
AL So

CRAWFORD
CUTKOSKY
LIVANOS
SAXON

80 TORONTO CONF 93
82 NP 8194 251
80 TORONTO CONF 107
80 TORONTO CONF 19
80 TORONTO CONF 35
80 NP 8162 522

DEVENISH 73 PL 478 53
HICKS 73 PR D7 2614
LANGSEIN 73 NP 853 251
MOOR HOUS 73 PL 438 44

D EVE NI SH 74 NP 881 330
DEVENIS2 74 PL 528 227
KNIES 74 PR D9 2680
METCALF 74 HP 876 253
MOORHOUS 74 PR D9 1

CRAWFORD 75 NP 897 125
DEANS 75 NP 896 90
FELTESSE 75 MP 893 242
KNASEL 75 PR D11 1
LOHGACRE 75 PL 558 415

ALSO 78 PR D17 1795
AYED 76 CEA-N-1921
BARBOUR 76 NP 8111 358
FELLER 76 NP 8104 219
BAKER 77 NP 8126 365
LONGACRE 77 NP 8122 493

ALSO 76 HP 8108 365
MINNIK 77 NP 8128 66

BAKER 78 NP 8141 29
BARBOUR 78 NP 8141 253
BAKER 79 NP 8156 93
CUTKOSKY 79 PR D20 2839
HOEHLER 79 HANDBOOK OF Pl-N

ALSO 80 TORONTO COMF 3

DEVENI SH, RANKIN, LYTH
+DEANS, JACOBS, LYONS+
LANGBE IH, WAGNER
MOORHOUSE, OSERLACK

(LOUC+BONN+LANC)IJP
&CARM+ORNL+SFLA)IJP

(MUNI) I JP
(GLAS+LBL) I JP

(DESY+NORD+LOUC)
(DESY+LANC+BONN)IJP

(LBL+GLAS)IJP
{CIT)I JP

(GLAS+LBL) I JP

OEVENISH, FROGGATT, MARTIN
DEVENISH, LYTH, RANKIN
KNIES, MOORHOUSE, OBERLACK
M J METCALF, R L MALKER
MOORHOUSE, OBERLACK, ROSENFELD

R L CRAWFORD (GLA6) I JP
+MITCHELL, MONTGOMERY/+ &SFLA+ALAH) I JP
+AY ED r BAREYRE e SORGEAUD n DAVID i ER MME IN+(SACL) I J P
+LIMDQUIST, NELSON+ (CHI C+WUSL+OSU+ANL) I JP
+ROSEMFELD, LASINSKI, SMAOJA+ {LBL+SLAC)IJP
LONGACRE, LASINSKI, ROSENFELD+ (LBL+SLAC)
AYED (THESIS) (SACL) I JP
I M BARBOUR, R L CRAWFORD (GLAS) I JP
+FUKUSH IMA, HOR IKAWA, KA J IKAMA+ (NAGO+OSAK) I JP
+BLISSET,BLOODWORTH, BROOME, HART+ (RHEL) I JP
LONGACRE, DOLBEAU (SACL) I JP
DOLBEAU, TR IANT IS,NEVEU, CAD I ET (SACL)EJP
+TOAFF, REVEL, GOLDBERG, BERHY (HAIF) I

I ARAI (TOKY)
I ARAI, H FUJI I (TOKY)
R L CRAWFORD (GLAS)
+FORSYTH, BABCOCK, KELLY, HENDR1CK &CARN+l BL)EJP
+BATON, COUTURES, KOCHOWSKI, NEVEU &SACL) IJP
+BAKER, BELL, BLISSETT,BLOODMORTH+(RHEL+BRIS)IJP

+BLISSET,BLOODMORTH, BROOME+ (RL+CAMB)IJP
BARBOUR g CRAMFORD g PARSONS (GLAS)
+BROMN, CLARK, DAVEES, DEPAGTER, EVANS+ (RHEL) IJP
+FORSYTH, HENDRICK, KELLY (CARN+LBL) IJP

SCATTERING, PHYSIK OATEN VOL. 12-1
+KAISER, KOCH, PI ETAR INEN (KARL) I JP
R KOCH (KARL) I JP

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13

R1
R1
R1
R1

R2
R2

R3
R3
R3
R3
R3
R3
R3
R3

N( 1720)
N( 1720)
N( 1720)
N(1720)
H(1720)
H(1720)
N(1720)
N(1720)
N(1720)
N(1720)
N( 1720)
N( 1720)
N& 1720)

15 NC 1720& PARTIAL DECAY MODES

INTO N P I
INTO LAMBDA K
INTO N ETA
INTO N PE PI
INTO P GAMMA, HE L I C I TY~3/2
INTO P GAMMA, HELICITY~1/2
INTO N GAMMA, HELICITY~3/2
INTO N GAMMA, HELICITY=1/2
INTO SIGMA K
INTO N RHO, 6~1/2, P-MAVE
INTO N RHO, S~3/2, P-MAVE
INTO DELTA(1232) PI, P-WAVE
INTO N EPSILON

DE CAY MASSES
938+ 140

1116+ 498
940+ 549
938+ 140+ 140
938+ 0
938+ 0
940+ 0
94G+ 0

1189+ 494
938+ 769
938+ 769

1232+ 140
938+1300

15 NC 1720& BRANCHEN6 RATIOS

N (1720& INTO CN PI &/TOTAL CP1)
(0 ' 19) (0.05) CUTKOSKY 79 IPMA PI N TO PI N

0 ~ 14 0.03 HOEHLER 79 EPMA PI N TO PI N

0 ~ 10 0.04 CUTKOSKY 80 IPMA PI N To PI N

NC1720) FRON N PI TO N ETA SQRT(P1*P3&{-0.08) BAKER ?9 DPMA 0 PI- P TO ETA N

N(17203 FRON N PE TO LAMBDA K SQRT C P 1«P2&
8 &-0.06) (0.02) BAKER 77 IPMA 0 PI- P TO K LAM.
C (-0.09) BAKER 77 DPMA 0 PI- P TO K LAM.
E (-0 ' 09) BAKER 78 DPMA 0 PI- P TO K LAM
E THE (UNDETERMINED) OVERALL PHASE OF ALL COUPLINGS FROM HAS BEEN
E CHANGED TO AGREE MITH PREVEOUS CONVENTIONS- SUPERSEDED BY SAXON 80.(-0.11) SAXON 80 DPWA 0 PI- P To K LAM(-0.09) SELL 83 DPMA 0 PI- P TO LAM KO

12/79
12/79

1/82

12/?9

1/78
1/78
3/79
3/79

-3/79
12/79
2/84*

AMAJI 81 BONN CONF 352
ALSO 82 NP 8197 365

FUJII 81 NP 8187 53
BELL 83 NP 8222 389
CRAWFORD 83 NP 8211 1

R KAJIKAMA (TALK) (NAGO)
FU JI I, HAYASHI I, IMATA, KAJIKAMA+ (NAGO)
FU JI I, HAYASHI I, IMATA, KAJ IKAMA+ (TOKY)
+BLISSET,BROOME, DALEY, HART, LINTERN, + (RL) I JP
R L CRAWFORD, W T MORTON (GLAS)

15 NC1720g JP 3/2+) I 1/2 P' '13
MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM
OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED'

***aaa a««a»a«a* **a»a«a«* aa»«**«a« aa*«aaaa* «a*«a»a«» «***a«a«a «««a«**a
a»*»*a ««*»a*««a «a»*****a«a**«a»a* «a««a«a«a ««*a***a*»«a***a»* a«a«a«»a

N(1720) P,3 Status:

R4
R4
R4
R4

R6
R6
R6

R7
R7

RS
R8

R9
R9

NC1720& FRON N PI TO SIGNA K SQRTCP1*P9)
F 0 ~ 051 To 0.087 DEANS 75 DPMA PI N TO K SIGMA
F RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. DEANS 75 DISAGREES WITH
F PI+ P TO K+ SIGMAe DATA OF WIMNIK 77 AROUND 1920 MEV.

N(1720& FRON N PI TO DELTA(1232&PE, P-WAVE SQRT( P 1«P 12)
D &+0. 17) LONGACRE 77 IPMA PI N To 2PI N

NC1720& FRON N PE TO N RHO, S~1/2, P-WAVE SQRT(P1«P10)
A -0.35 OR -0.40 LONGACRE 75 IPWA PI N To 2PI N
D (+G. 26) LONGACRE ?7 IPMA PI N To 2PI H

N(1720& FROM N PI TO N RHO, S~3/2, P-WAVE SQRT( P1«P1 1 &
O &-0. 15) LONGACRE 77 IPMA PI N TO 2PI N

NC1720& FRON N PI TO N EPSILON SQRT(P1»P13&
D (+0.19) LONGACRE 77 IPWA PI N TO 2PI

NC1720& FRON P 6ANNA TO P ETA SQRT(CP5+P6&»P3&
(G.G052) HICKS 73 MPMA GAM P-ETA P

11/75
11/75
1/78

11/77

11/75
11/77

11/7?

11/77

9/73

M

M A

M A

M 8
M C
M 8
M D
M D
M D

M

M

M

M

M

M

M

15 N(1720& NASS CNEV&

(1850.0) KNASEL 75 DPWA
1695. OR 1720. LONGACRE 75 IPMA

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND
(1640.0) (10.0) BAKER 77 IPWA
(1710.0) BAKER 77 DPMA

BAKER 77 IS BASED ON AN IPMA USING THE BARRELET
(1750.0) LONGACRE ?7 IPMA

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION WHICH IS FROM SOLUTIONS S1 AMO C1.

1710. TO 1790. BAKER 78 DPWA
(1809~ 0) BARBOUR 78 DPMA
( 1740 ' 0) (80.0) CUTKOSKY 79 IPMA
1710.0 20.0 HOEHLER 79 IPMA

& 1785.0) CRAWFORD 80 DPMA
1700.0 50.0 CUTKOSKY 80 IPMA

(1690 ~ 0) SAXON 80 DPMA

0 PI- P To KG LAM
PI N TO 2P I N

2 OF LONGACRE 75 '
0 PI- P TO K LAM ~

0 PI- P To K LAM.
ZERO METHOD.

Pl N To 2P I N

EXCEPT FOR THE POLE

0 PI- P TO K LAM
PI-N PHOTOPROD.
PI N To PI N

Pl N TO PI M

Pl N PHOTOPROD ~

PI N TO PI N

0 PI- P TO K LAM

11/7$
11/75
'11/75

1/78
.1/78
1/78

11/77
11/77
11/77
3/79
3/79

12/79
12/79
12/e1

1/82
12/79

R10
R10

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

15 N(1720& PHOTON DECAY AMPLITUDES (6EV»«-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPL ETUDES, SEE MINI-
REVI EW PRECEDING THE BARYON LISTINGS.

N(17203 ENTO
0.0

+0 ~ 122
+0.054
+0 ~ 111

0 ~ 051
0.071
G. 038

-0 ' 004
0 ' 044

P 6ANNA,
0.025
G. o1e
0.012
0 ~ 047
0.009
0.010
0.050
0 ~ 007
0.066

HELECETY~1/2 (6EV»a-1/2)
METCALF 74 OPWA
AZNAURYAN 77 DPMA
AZNAURYAN 77 DPWA
BARBOUR 78 DPWA
ARAI 80 DPWA
ARAI 80 DPMA
CRAWFORD 80 DPWA
AMA J I 81 DPMA
CRAWFORD 83 IPWA

PI N PHOTOPROD.
PIO PHTPRD, SOL 1
PEG PHTPRD, soL 2
PI-N PHOTOPROD ~

PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPROD ~

PI N PHOTOPROO.

N(1720) FRON P 6AINIA TO LAMBDA K SQRT(CP5+P6&*P23
(0 ' 0082) DEANS 72 MPMA GAM P-K LM, SOL D 9/73

2/74
12/79
12/79
3/79

12/81
12/81
12/81
1/84*
1/84*

W

M A
W 8
M C
M D

W

W

M

M

M

M

W

M

(327 ' 0)
115. OR

(200.0)
(500.0)
&130.0)
300. To

(285 ' 0)
(447.0)
(210 ~ 0)

190 ~ 0
(308.0)
125.0

(120.0)

150 ~

(50.0)

400.

(80 ' 0)
30.0
70.0

KHASEL
LONGACRE
BAKER
BAKER
LONGACRE
BAKER
BARBOUR
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY
SAXON

15 N(17203 WIDTH CNEV&

75 OPMA
75 IPWA
77 IPWA
77 DPMA
77 IPMA
78 DPWA
78 DPMA
79 DPMA
79 IPMA
79 IPMA
80 DPMA
80 I P MA

80 DPWA

0 PI- P TO KO LAM
Pl H To 2PI N

0 PI- P TO K LAM.
0 PI- P TO K LAM ~

P I M TO 2P I N

0 PI- P To K LAM
PI-N PHOTOPROO.

0 PI — P To ETA N

P I N To P I N

PI N TO PI N

PI N PHOTOPROD.
PI N To PI N

0 PI- P TO K LAM

11/75
11/75
1/78
1/78

11/.77
3/79
3/79

12/79
12/79
12/79
12/81

1/82
12/79

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

A3
A3
A3
A3
A3
A3
A3

NC 1720& INTO
0.0

+0.034
0 ~ 000-0.063

-0 ' 058-0.011
-0 ~ 014
-0 ' 040-0.024

N(1720& INTO
0 ~ 0

+0 ~ 007
-0 ~ 019

0 ~ 001-0.003
0.002

P 6AINIA,
0 ~ 022
0 ~ 015
0 ~ 016
0 ~ 032
0.01G
0.011
0.040
0.016
0.006

N 6AINIA,
0.050
0.02G
0.033
0.038
0.034
0 ' 005

HELECITY~3/2 (6EV«a-1/2)
METCALF 74 DP'MA

AZNAURYAN 77 DP'MA

AZNAURYAN 77 DPMA
BARBOUR 78 DPWA
ARAI 80 DPMA
ARAI 80 DPMA
CRAWFORD 80 DPMA
AWA J I 81 DPMA
CRAWFORD 83 IPMA

HEL ICE TY~1/2 (6EV»a-1/2)
METCALF 74 DPWA
BARBOUR 78 OPMA
ARAI 80 DPMA
ARAI 80 DPWA
CRAWFORD 80 DPMA
AMA J I 81 DPWA

PI N PHOTOPROD.
PIG PHTPRD, SOL 1
PIG PHTPRD, SOL 2
PI-N PHOTOPROD ~

PI N PHOTO FIT 1
PI N PHOTO FIT 2
PI N PHOTOPROD.
PI N PHOTOPROD.
Pl N PHOTOPROD.

PI N PHOTOPROD ~

PI-N PHOTOPROD ~

PI N PHOTO FIT 1
PI N PHOTO F IT 2
PI N PHOTOPROD.
PI N PHOTOPROO ~

2/74
12/79
12/79
3/79

12/81
12/81
12/81
1/84*
1/84*

2/74
3/79

12/81
12/81
12/81
1/84*

RE
RE D

RE
RE

(1716~ 0)
1745. OR 1748.0

(1702 ' 0)
1680.0 30.0

LONGACRE 75 IPMA
LONGACRE 77 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO 2PI N

PI N To 2PI N

P I N TO PI N

PI M TO PI N

15 N(1720& REAL PART OF POLE POSITION (NEV&

11/75
11/77
12/79
1/82

A4
A4
A4
A4
A4
A4
A4

NC 1720& ENTO
0 ~ 0

+0.051
-0 ~ 139-0.134
0.018-0.015

N 6AINIA~
0 ~ 044
0.051
0 ' 039
0.044
0.028
0 ~ 019

HELECETYa3/2 (6KV«»-1/2&
METCALF 74 DPWA
BARBOUR 78 DPWA
ARAI 80 DPWA
ARAI 80 DPMA
CRAWFORD 80 DPWA
AWA J I 81 OPWA

PI N PHOTOPROD.
PI-H PHOTOPROD.
PI N PHOTO FIT
PE H PHOTO FIT 2
PI N PHOTOPROD ~

PI N PHOTOPROD ~

2/74
3/79

12/81
12/81
12/81

1/84*

15 NC1720& -2«INAG PART OF POLE POSITION CNFV& «a*a«* «*«*»a«*a «a******aa««»««««a aa«a»»«a* *»a««a«a« *a»**a»a« »«**a*«a
IM
IM 0

- IM
IM

( 124.0)
135 ~ OR 123 ~

(158 ~ 0)
120.0 40.0

LONGACRE 75 IPMA
lONGACRE 77 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI H T02PI N

PI N To 2PI N

PI N TO PI N

P I N TO P I N

11/75
11/77
12/79

1/82
DONNACH1 68 PL 268 161

ALSO 68 VIENNA 139
ALSO 68 THESIS

RUSH 68 PR 173 1776

REFERENCES FOR N(1?20&

A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) I JP
OONNACHI E RAPPORTEUR. S TALK (GLAS)
R G K I RSOPP (EDIN)
J E RUSH (ALAH)

RER
RER

(-6.0)
-8 ' 0 2.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

P I N TO PI N

P I N To PI M

15 N(1720& REAL PART OF ELASTIC POLE RESIDUE CNEV&

12/79
1/82

BOTKE 69 PR 180 1417
DEANS 69 PR 185 1797
DEANS2 69 PR 177 2623
DONNACHI 69 NP 108 433
LEA 69 PL 298 584

J C BOTKE
S DEANS, J MOOTEN
6 R DEANS
A DONNACHI E, R K IRSOPP
LEA, OAOES, WARD, COMAN, +

(UCSB)
(SFLA)
(SFLA)

(GLAS+ED IN)
(RHEL+BR IS+DARE )

Rev. Mod. Phys. , Vol. 56, No. 2, Part ll, April 1984
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For notation, see k.ey at front of Listings. Baryons
N(1720), N(1990), N(2000)

AYEO
' 70 KIEV CONF

AYE02 ?0 PL 318 598
CARRERAS 70 NP 168 35
DAVIES 70 NP 821 359

R AYEOJP BAREYREg G VILLET
+BAREYRE, VILLET
8 CARRERAS, A DONNACHIE
A OAVIES

(SAC L) I JP
(SACL)

(DARE+MCHS)
(GLAS)

APLIN 71 NP 832 253 +COMAN, G I BSON, G I LMORE++ (RHE I+BR

IS�

)
MAGNER 71 NP 825 411 F WAGNER, C LOVELACE (GERM)

. P4
P5
P6
P7
P8
P9

N( 1990) INTO
N(1990) INTO
N(1990) INTO
N(1990) INTO
N(1990) INTO
N(1990) INTO

LAMBDA K
P GAMMA, HEL I C I TY~3/2
P GAMMA, HEL I CI TY~1/2
N GAMMA, HELI CI TY~3/2
N GAMMA, HE L I C I TY~ 1/2
SIGMA K

1116+ 498
938+ 0
938+ 0
940+ 0
940+ 0

1189+ 494

ALMEHED 72 NP 84G 157
DEANS 72 PR 06 1906
DEVENISH 73 PL 478 53
HICKS 73 PR 07 2614

DEVENISH 74 NP 881 330
DEVENIS2 74 PL 528 227
KNIES 74 PR 09 2680
METCALF 74 NP 876 253

+LOVELACE (LUND+RUTG)IJP
DEANSgJACOBSg LYOHSgMONTGOMERY (SFLA) I JP
OEVENI SH gRANK IMg LYTH (LOUC+BONN+LANC)IJP
+DEANS, JACOBS, LYONS+ (CARN+ORNL+SFLA) I JP

DEVENI SH, FROGGATT, MARTIN (DESY+NORD+LOUC&
OEVEN I SH g MYTH ~ RANK IH (DESY+LANC+BONN&I JP
KNIES, MOORHOUSE, OBERLACK (LBL+GLAS&IJP
M J METCALF, R L WALKER (CIT) I JP

R1
R1
R1
R1
R2
R2

17 NC 1990& BRANCHING RATIOS

NC1990) INTO (N PI)/TOTAL
(0.06) (0.02)
0.04 0.02
0.06 0.02

N&1990& FRON N PK TO N ETA(-0.043)

CUTKOSKY
HOEHLER
CUTKOSKY

BAKER

CP1&
79 IPMA PI N TO PI N

79 IPMA PI N TO PI N

80 IPMA PI N TO PI N

SQRTCP1+P3&
79 DPWA 0 PI- P TO ETA N

12/79
12/79

1/82

12/79
CRAMFORD 75 NP 897 125
DEANS 75 NP 896 90
KMASEt. 75 PR 011 1
LOMGACRE 75 PL 558 415

ALSO 78 PR 017 1795

R L CRAWFORD &GLAS) I JP
+MI TCHE LL, MONTGOMERY/+ (SFLA+ALAH)IJP
+LINDQUIST, NELSON+ (CHIC+MUSL+OSU+ANL) I JP
+ROSENFELD, LASINSKI, SMADJA+ (LBI +SLAC)IJP
LONGACRE, LASINSKI, ROSENFELD+ (LBL+SLAC)

R3 N&1990& FRON N PK TD LANBDA K SQRT &P1~P4&
R3 -0.021 0 ' 033 DEVENISH 74 0 FIXED T DISP REL 4/75
R3 NOT SEEM SAXON 80 DPMA 0 PI- P TO K LAM 12/79
R3 (+0.01) BELL 83 OPMA 0 PI- P TO LAM Ko 2/84*

AYED 76 CEA-N-1921
BARBOUR 76 NP 8111 358
MA 76 PR D13 3027

AZNAURYA 77 EF I-264(57)-77
BAKER 77 NP 8126 365
LONGACRE 77 NP 8122 493

ALSO 76 NP 8108 365
WINNIK 77 NP 8128 66

BAKER 78 NP 8141 29
BARBOUR 78 NP 8141 253

AYED (THESIS)
I M BARBOURgR L CRAWFORD
E MA, G L SHAM

+AKOPOV, BAGDASARYAM
+BLISSET,BLOODMORTH, BROOME, HART+
LONGACRE, DOLSEAU
DOL8 EAU ~ TR I ANT I S g NEV EU g CAO I ET
+TOAFF, REVEL, GOLDBERG, BERNY

+BL ISSET, BLOODWORTH, BROOME+
BARBOUR, CRAWFORD, PARSONS

(SACL) I JP
(GLAS) I JP

(OREG+UC I ) I JP

(YERE) I JP
(RHEL) I JP
(SACL) I JP
(SACL) I JP
(HAI F) I

(RL+CAMS) IJP
(GLAS)

R5 M&1990& FRON P 6ANNA TO P ETA SQRT(&P5+P6)~P3&
R5 (0.0045) HICKS 73 MPMA GAM P-ETA P 9/73

R6 N&1990) FRON P GANNA TI& LANSDA K SQRT&CP5+P6&*P4&
R6 (0 ~ 0034) DEANS 72 MPMA GAM P-K LM, SOL 0 9/73

R4 N&1990& FRON N PK TO SK6NA K SQRT&P14'P9&
R4 (0 F 06) LANGBEIN 73 IPMA Pl N-K SIG, SOL 1 9/73
R4 A O. 010 TO 0.023 DEANS 75 DPMA PI N TO K SIGMA 11/75
R4 A RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 11/75

BAKER 79 NP 8156 93 +BROWN, CLARK, DAVI ES, DEPAGTER, EVANS+ (RHEL) I JP
CUTKOSKY 79 PR D20 2839 '+FORSYTH, HENDRICK ~ KELLY &CARN+LBL) I JP
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYS IK DATEN VOL. 12-1

+KA I SER, KOCH, PI ETAR INEN
ALSO 80 TORONTO CONF 3 R KOCH

(KARL) I JP
(KARL) I JP

AMAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (MAGO)
ALSO 82 NP 8197 365 FU J I I, HAYASHI I, IMATA, KA J IKAMA+ (NAGO)

SELL 83 NP 8222 389 +BL ISSET, BROOME, DALEY, HART, L INTERN, + (RL) I JP
CRAWFORD 83 NP 8211 1 R L CRAWFORD, M T MORTON (GLAS)

004000 00*0044*0 **4*00404 040000044 444004*0* *40%0**00 **040%40* *0*400*k
0***00*0%0**0*00000*4040 40440040* 4*4044P*4 **0**044004*0***400400**0*

N(1990) F,7 Status:
17 N & 1990, JP~7/2+ ) K~1/2 F 17

ARAI 80 TORONTO CONF 93 I ARAI (TOKY)
ALSO 8? NP 8194 251 I ARAI, H FU J I I (TOKY)

CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (GLAS)
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENORICK (CARN+LBL) IJP
SAXON 80 NP 8162 522 +BAKER, BELL,SL I SSETT, BLOODMORTH+ (R HEL+BR IS) I JP

17 NC 1990& PHOTON DECAY ANPLITUDES &GEV+~-1/2&

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYOM LISTINGS.

A1 M&1990& INTO P 6ANNA, HELKCKTY~1/2 &6EV~~-1/2&
A1 (0.040) BARBOUR 78 OPMA PI-N PHOTOPROD. 3/79
A1 0.001 0 ' 040 CRAWFORD 80 DPWA PI N PHOTOPROO. 12/81
A1 0.030 0.029 AMAJI 81 DPMA PI N PHOTOPROD. 1/84*

A2 N&1990& INTO P 6ANNA, HELICKTY~3/2 &6EV~~-1/2&
A2 (+0.004) BARBOUR 78 OPWA PI-N PHOTOPROD. 3/79
A2 0.004 0.025 CRAWFORD 80 DPMA PI N PHOTOPROD. 12/81
A2 O. O86 O. O6O AMAJI 81 DPWA PI N PHOTOPROD. 1/84*

A3 M&1990& INTO N 6ANNA, HELKCKTY~1/2 &6EV++-1/2)
A3 (-0 ' 069) BARBOUR 78 DPMA Pl-N PHOTOPROD. 3/79
A3 -0 ~ 078 0 ~ 030 CRAWFORD 80 DPMA . PI N PHOTOPROD. 12/81
A3 (-0 F 001) AWAJ I 81 DPWA PI N PHOTOPROD. 1/84*

A4 N&1990) INTO N 6ANNA, HELKCKTY 3/2 &6EV~*-1/2)
A4 (-0.072) BARBOUR 78 OPMA PI-N PHOTOPROD. 3/79
A4 -0.116 0.045 CRAWFORD 80 OPMA PI N PHOTOPROD. 12/81
A4 (-0.178) AWAJI 81 OPWA PI N PHOTOPROO ~ 1/84*
00*000 0*400044'0 *04%04*44 4440444*0 **0440+0* 04004*0*0 **0%0*040 0100*0**

REFERENCES FOR N(1990&

17 N(1990& MASS CNEV&

{1999.0)
(1970.0)
2005 ' 0

(2018.0)
1970 ~ 0

(80.0)
150 ~ 0

50.0

BARBOUR 78 DPMA
CUTKOSKY 79 IPWA
HOEHLER 79 IPMA
CRAMFORD 80 OPMA
CUTKOSKY 80 IPMA

PI-N PHOTOPROD.
PI N TO Pl N

PI N TO PI N

PI N PHOTOPROD.
PI N TO PI N

17 NC 1990& WIDTH CNEV&

(216.0)
(325.0)
350.0

(295.0)
350.0

(150.0)
100.0

120.0

BARBOUR 78 DPMA
CUTKOSKY 79 IPWA
HOEHLER 79 IPMA
CRAWFORD 80 DPMA
CUTKOSKY 80 IPWA

PI-N PHOTOPROD ~

P I N TO PI N

PI N TO PI N

PI N PHOTOPROO ~

PI N TO PI N

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW
OBSOLETE AHD HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 198? EDITION (PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

THE VARIOUS ANALYSES 00 NOT AGREE VERY MELL WITH ONE ANOTHER.

3/79
12/79
12/79
12/81

1/82

3/79
12/79
12/79
12/81

1/82

DONNACH1
KIRSOPP
DEANS
DEAN S2
LEA
AYED
APLIN
ALMEHEO
DEANS
HICKS
LANGBEIH
DEVENISH
DEANS

AYED
BARBOUR
MA

WINNIK
BARBOUR
BAKER
CUTKOSKY
HOEHLER

68 PL 268 161
68 THESIS
69 PR 185 1797
69 PR 177 2623
69 PL 298 584
70 PL 318 598
71 NP 832 253
72 NP 840 157
72 PR D6 1906
73 PR D7 2614
73 NP 853 251
74 NP 881 330
75 NP 896 90

76 CEA-N-1921
76 NP 8111 358
76 PR 013 3027
77 NP 8128 66
78 NP 8141 253
79 NP 8156 93
79 PR D20 2839
79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3

A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) I JP
R G K I RSOPP (EDIN)
S DEANS, J MOOTEN (SFLA)
S R DEANS (SFLA)
LEA, OAOES, WARD, COMAN, + (RHEL+BRIS+OARE)
+BAREYRE, VILLET (SACL)
+COMAN, GI BSON, G ILMORE++ (R HE I+BR I S )
+LOVELACE (RUTG) I JP
bEANS, JACOBS, LYONS, MONTGOMERY (SFLA) I JP
+DEANS, JACOBS, LYONS+ (CARH+ORNL+SFLA)IJP
LANGBE IN, WAGNER (MUNI ) I JP
OEVENISH, FROGGATT, MARTIN (DESY+NORD+LOUC)
+MITCHELL, MONTGOMERY/+ (SFLA+ALAH)IJP

(KARL) I JP
(KARL) I JP

AYED (THESIS& (SACL) I JP
I M BARBOUR, R L CRAWFORD (GLAS) I JP
E MA, G L SHAM (ORE G+UC I ) I JP
+TOAF F g REVEL GOLDBERG g 8ERNY (HAI F) I
BARBOUR, CRAWFORD, PARSONS (GLAS)
+BROWN, CLARK, DAVIES, DEPAGTER, EVANS+ (RHEL) IJP
+FORSYTH, HENDRICK, KELLY (CARN+LBL) IJP

SCATTERING, PHYSIK DATEN VOL. 12-1
+KAISER, KOCH, PIETARINEN
R KOCH

RE
RE

(1899.0)
190G.0 30 ' 0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

17 N&1990) REAL PART OF POLE POSITION CNEV&

12/79
1/82

CRAWFORD
CUTKOSKY
SAXON
AMAJ I

ALSO
BELL
CRAWFORD

80 TORONTO CONF 107 R L CRAMFORO (GLAS)
80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL) IJP
80 NP 8162 522 +BAKER, SELL, BL I SSETT, BLOOOMORTH+ (RHEL+BR IS) I JP
81 BONN CONF 352 R KA JIKAMA (TALK) (NAGO)
82 NP 8197 365 FU J I I,HAYASHI I, IMATA, KA J IKAMA+ (NAGO)
83 NP 8222 389 +BL ISSET,BROOME, DALEY, HART, L INTERN, + (RL) I JP
83 NP 8211 1 R L CRAWFORD, M T MORTOM (GLAS)

17 N&1990) -?~KNA6 PART OF POLE POSITION &NEV)

0***00*00000%00 0040000*0 **00%0*00 000**4040 *044%00** 0*4004404 000004*0
44t4*0 000000*00 *0*0**0%4*0**444*040400*040 40044**44 4000000** 04*0*044

IM
IM

(208.0)
260 ' 0 60.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

Pl N TO PI N

Pl N TO PI N

17 N&1990) REAL PART OF ELASTIC POLE RESIDUE (NEV)

12/79
1/82

N(2000) F„Status:
06 1&2000, JP~5/2+) K~1/2 F ' '15
OLDER RESULTS HAVE BEEN RETAINED SIMPLY BECAUSE
THERE IS LITTLE INFORMATION AT ALL ABOUT THIS STATE.

RER
RER

(3.0)
5.0 4.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPWA

P I N TO PI N

P I N TO PI N

12/79
1/82

N&1990) INA6 PART OF EI.ASTKC POLE RESIDUE &NEV&
06 N&2000& NABS CNEV&

IMR
IMR

{-6.0)
-8 ' 0 4.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

12/? 9
1/82

M

M

M A
M A
M

M

(2175.0)
(1930~ 0)
( 1970.0)

NOT SEEN IN SOLUTION
&2025.0)

1882 ' 0 10.0

ALMEHED
DEANS
LANGSE IN

1 OF LANGBEIN 73.
AYEO
HOEHLER

72 IPMA
72 MPMA
73 IPMA

76 IPMA
79 IPMA

GAM P-K LM, SOL D

PI N-K S I 6, SOL 2

P I N TO P I N

2/72
9/73
9/73
9/73

11/77
12/79

P1
P2
P3

17 N& 1990& PARTIAL DECAY NODES

N(1990) INTO N PI
N(1990) INTO N PI PI
N(1990) INTO M ETA

DECAY MASSES
938+ 140
938+ 140+ 140
940+ 549
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Sary ons
N(2OOO), N(2OBO)

Data Card Listings

06 NC2000& WIDTH &HEY& 16 M&2080& REAL PART OF ELASTIC POLE RESIDUE CMEV)

&150.0)
&112.0)
(170.0)
(157.0)

95.0 20.0

ALMEHED
DEANS
LANGBEIN
AYED
HOEHLER

72 IPWA
72 MPMA
73 IPMA
76 IPMA
79 IPMA

2/72
GAM P-K LM, SOL D 9/73
PI N-K SIG, SOL 2 9/73

11/77
PI N TO PI N 12/79

RER A

RER 8
RER C
RER D

(3.0&
(24.0)-2.0 14.0
30.0 20.0

CUTKOSKY 79 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA
CUTKOSKY 80 IPWA

P I N TO P I N

P I N TO P I N

PI N TO P I N

PI N TO P I N

12/79
12/79
1/82
1/82

16 N&2080& IHA6 PART QF ELASTIC POLE RESIDUE &IIEV)
06 N&2000& PARTIAL DECAY NODES

P1
P2
P3
P4
P5
P6
P7
P8

N(2000) INTO N PI
N(2000) INTO LAMBDA K

N(2000) INTO P GAHMA,
N(2000) INTO P GAMMA,
N(2000) INTO N GAMMA,
N(2000) INTO N GAMMA,
N(2000) INTO SIGMA K
N(2000) INTO N ETA

HEL I CI TY=3/2
HEL I CI TY=1/2
HE L I C I TY=3/2
HEL ICI TY=1/2

DECAY HASSES
938+ 140

1116+ 498
938+ 0
938+ 0
940+ 0
940+ 0

1189+ 494
940+ 549

06 NC2000) BRANCHING RATIOS

R1 NC2000& INTO &N PI&/TOTAL (P1)
R1 (0.25) ALMEHED 72 IPMA
R1 &0.08& AY ED 76 IPMA
R1 0.04 0.02 HOEHLER 79 IPMA PI N TO PI N

2/72
11/77
12/79

IMR A

IHR 8
IMR C

IMR D

P1
P2
P3
P4
P5
P6
P7
P8
P9

&-3.0)
(-10.0)

10.0
0.0

N(2080) INTO
N(2080) INTO
N(2080) INTO
N(2080) INTO
N(2080) INTO
N(2080) INTO
N(2080) INTO
N(2080) INTO
N(2080) INTO

5.0
52.0

CUTKOSKY 79 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA
CUTKOSKY 80 IPMA

N PI
M PI PI
M ETA
LAMBDA K

P GAMMA,
P GAMHA,
N GAMMA,
N GAMMA,
SIGMA K

HELI CI TY=3/2
HELICITY=1/2
HELICITY=3/2
HELI CI TY=1/2

16 M&2080& PARTIAL DECAY NODES

PI N TO PI N

PI N TO PI N

P I N TO P I N

P I N TO P I N

DECAY MASSES
938+ 140
938+ 140+ 140
940+ 549

1116+ 498
938+ 0
938+ 0
940+ 0
940+ 0

1189+ 494

12/79
12/79

1/82
1/82

R2 NC2000& FROM N PI TO N ETA SQRTCP1»P8&
R2 (+0.03& BAKER 79 DPWA 0 PI — P TO ETA N 12/79

16 N(2080) SRANCNIN6 RATIOS
R3 NC2000& FROM N P I TQ LAHBDA K SQRT(P1*P2)
R3 NOT SEEN SAXON 80 DPMA 0 P I- P TO K LAM 12/79

R4 N(2000) FR&II N PI TO SIGNA K SQRT(P1*P7&
R4 A (0.05) LANGBE IN 73 IPMA PI N-K SIG, SOL 2 9/73
R4 8 (0.022) DEANS 75 DPWA PI N TO K SIGMA 11/75
R4 8 VALUE GIVEN IS FROM SOLUTION 1, NOT PRESENT IN SOLUTIONS 234 ~ 11/75

R1
R1
R1
R1
R1
R1

NC2080& INTO
A (0.06)
8 (0.13)

0.06
C 0 ~ 10
D 0. 14

CN PI&/TOTAL
(0.03)
(0.05)
0.02
0.04
0.07

CUTKOSKY
CUTKOSKY
HOEHLER
CUTKOSKY
CUTKOSKY

&P1)
79 IPWA PI N TO PI N

79 IPWA PI N TO PI N

79 IPMA PI N TO PI N

80 IPMA PI N TO PI N

80 IPWA PI N TO PI N

12/79
12/79
12/79

1/82
1/82

ALMEHED
DEANS
LANGBE IN
DEANS
AYED
MA

72 NP 840 157
72 PR D6 1906
73 NP 853 251
75 NP 896 90
76 CEA-N-1921
76 PR D13 3027

+LOVELACE
DEANS, JACOBS, LYONS, MONTGOMERY
LANG BE IN, WAGNER
+MITCHELL, MONTGOMERY, +
AYED (THESIS)
E HA, G L SHAM

(RUTG) I JP
(SFLA) I JP
(MUNI) I JP

(SFLA+ALAH)IJP
(SACL) I JP

(OREG+UC I) I JP

BAKER 79 NP 8156 93 +BROWN, CLARK, DAVIES, DEPAGTER, EVANS+ (RHEL) IJP
HOEHLFR 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL. 12-1

+KAISER, KOCH, PI ETAR I MEN (KARL) I JP
ALSO 80 TORONTO CONF 3 R KOCH (KARL) I JP

SAXON 80 NP 8162 522 +SAKER, BELL, BL I SSETT, BLOODMORTH+ (RHEL+BR IS) I JP

R5 N&2000& FROM P 6ANHA TQ LAMBDA K SQRT«P3+P4&*P2&
R5 (0.0022& DEANS 72 MPWA GAH P-K LM, SOL D 9/73
»»»»a» *»**»»»a» »**»**»**»»»»a»**a *»»»»»aa* *»»»*a»»* »a»a»»»»» *a»a»»aa

REFERENCES FOR N&2000)

R5 NC2080& FRQH P 6ANNA TO P ETA SQRTC(P5+P6)»P3)
R5 (0 ' 0037) HICKS 73 HPWA GAM P-ETA P

R6 N&2080) FROM P 6ANNA TO LANBDA K SQRT((PS+P6)»P4)
R6 (0.0070) DEANS 72 MPMA GAM P-K LM, SOL D

9/73

9/73

R2 NC2080) FRQH N PI TO N ETA SQRTCP1»P3)
R2 NOT SEEN BAKER 79 DPMA 0 PI- P TO ETA N 12/79

R3 M&2080& FRQH N PI TQ LAMBDA K SQRTCP1»P4&
R3 (+0 ~ 03) SAXON 80 DPMA 0 PI- P TO K LAM 12/79
R3 &+0 ~ 04& BELL '83 DPMA 0 PI- P TO LAM KO 2/84*

R4 NC2080& FRQH N PI TO SI6IIA K SQRT&P1*P9&
R4 E 0.014 TO 0.037 DEANS 75 DPMA PI N TO K SIGMA 11/75
R4 E RANGE GIVEN IS FROH FOUR BEST SOLUTIONS. DISAGREES WITH PI+ P TO 11/75
R4 E K+ SIGMA+ DATA OF MINNIK 77 AROUND 1920 MEV. 1/78

N(20B0) D,3 Status:
16 N(2080' JP~3/2 ) I~1/2 D 13

THERE IS SOME EVIDENCE THAT TWO RESONANCES EXIST IN
THIS MAVE BETWEEN 1800 AND 2200 MEV (SEE CUTKOSKY 80) .
THE SOLUTION OF HOEHLER 79 IS QUITE DIFFERENT.

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW OBSOLETE AND HAVE
BEEN OMITTED. THEY HAY BE FOUND IN OUR 1982 EDITION (PHYSICS LETTERS1118). HOWEVER, ALL THE REFEREMCES HAVE BEEN RETAINED.

16 N&2080& MASS CHEV)

»»»»a» »**»a**a*»»**»*»»a »»a»**»a* aaa»a»»a» **»*»*a»a **a»»a»a» *»»»»»»a
»a»a»* *a»»a»a*a a*a»a»a»* *a»a»aaaa »»****a*aa»a»a»a»* »»»»a»**» ***a»a»a

16 N(2080) PHOTON DECAY AMPLITUDES «GEV**-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AHPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

A1 N&2080) INTO P 6AHHA, HEL ICI TV~1/2 (6EV»a-1/2)
A1 0.026 0.052 DEVENIS2 74 DPMA PI N PHOTOPROD.
A1 -0.020 0.008 AMAJI 81 DPMA PI N PHOTOPROD.

A2 N&2080) INTO P 6AINA, HELICITY~3/2 &6EV**-1/2)
A2 0. 128 0.057 DEVENIS2 74 DPMA PI N PHOTOPROD.
A2 0.017 0.011 AWAJI 81 DPMA PI N PHOTOPROD.

A3 N&2080& INTO N 6AISIA, IIELI CITY 1/2 C6EV»a-1/2&
A3 0.053 0.083 DEVENIS2 74 DPWA PI N PHOTOPROD.
A3 0.007 0.013 AMAJ I 81 DPMA PI N PHOTOPROD.

A4 NC2080& INTO N 6ANHA, IIEL ICITY~3/2 (GEV»»-1/2)
A4 0. 100 0. 141 DEVENIS2 74 DPMA PI N PHOTOPROD.
A4 -0.053 0.034 AMAJ I 81 DPMA PI N PHOTOPROD.

4/75
1/84*

4/75
1/84*

4/75
1/84*

4/75
1/84*

M A

M 8
AB

M AB
M

M C
M D

M CD
M CD
M

M

M A

M 8
W

W C
W D

M

M

RE A

RE 8
RE C
RE D

16 N&2080& WIDTII CNEV)

(125.0)
(300.0)
265 ' 0
180.0
300.0

&240. 0)
(320.0)

(50.0)
(100.0)

40.0
60.0

100.0

CUTKOSKY
CUTKOSKY
HOEHLER
CUTKOSKY
CUTKOSKY
SAXON
BELL

79 IPMA
79 IPWA
79 I PMA
80 IPMA
80 IPWA
80 DPWA 0
83 DPMA 0

PI N TO PI N

P I N TO PI N

PI N TO PI N

PI N TO PI N

PI N TO PI N

PI- P TO K LAH
PI- P TO LAM KO

16 N&2080& REAL PART OF POLE POSITION CHEV&

(1818.0) CUTKOSKY 79 IPMA
(2053.0& CUTKOSKY 79 IPMA
1880.0 100.0 CUTKOSKY 80 IPWA
2050. 0 70.0 CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

PI N TO PI N

PI N TO PI N

16 NC2080) -2»IHA6 PART QF POLE POSITION «MEV)

(1830.0& (50.0) CUTKOSKY 79 IPMA PI N TO PI N

(2100.0) (80.0) CUTKOSKY 79 IPMA PI N TO PI N

CUTKOSKY 79 F IND A LOWER MASS D13 RESONANCE, AS MELL AS ONE IN THIS
MASS REGION. BOTH ARE LISTED HERE, AND LABELED A AND B.

2081.0 20.0 HOEHLER 79 IPMA PI N TO PI N

1880.0 100.0 CUTKOSKY 80 IPWA PI N TO PI N

2060 ' 0 80.0 CUTKOSKY 80 IPWA PI N TO PI N

CUTKOSKY 80 AGAIN F INDS A LOMER MASS D13 RESONANCE, AS WELL AS ONE
IN THIS MASS REGION. BOTH ARE LISTED HERE, LABELED C AND D.

& 1900.0) SAXON 80 DPMA 0 PI- P TO K LAH
(1920.0) BELL 83 DPMA 0 PI- P TO LAM KO

12/79
12/79
12/79
12/79
12/79

1/82
1/82
1/82
1/82

12/79
2/84*

12/79
12/79
12/79

1/82
1/82

12/79
2/84*

12/79
12/79

1/82
1/82

aaa*aa a*a»***a*a»a*a*»»a a»a*a*a** »*»»»a»** *a»a*»a*a *»**a*a**a»a*a»*a

DONNACH1
DONNACH2
K IRSOPP
LEA
DONNACHI
AYED
CARRERAS
APL IN
ALMEHED
DEANS
HICKS
DEVENIS2
DEANS
AYED
MA

WI NNIK
BAKER
CUTKOSKY
HOEHLER

68 PL 268 161
68 VI ENNA 139
68 THESIS
69 PL 298 584
69 NP 108 433
70 PL 318 598
70 NP 168 35
71 NP 832 253
72 NP 840 157
72 PR D6 1906
73 PR D7 2614
74 PL 528 227
75 NP 896 90
76 CEA-N-1921
76 PR D13 3027
77 NP 8128 66
79 NP 8156 93
79 PR D20 2839
79 HA ND BOOK OF P I —N

ALSO 80 TORONTO CONF 3

REFERENCES FOR N(2080)

A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) IJP
DONNACHIE RAPPORTEUR. S TALK (GLAS)
R G K I RSOPP (EDIN)
LEAg OADES ~ WARD COMAN ~+ (RHEL+SR IS+DARE )
A DONNACHIE, R KIRSOPP (G L AS+ ED I M )
+BAREYRE, VILLET (SACL)
8 CARRERAS, A DOMNACHIE &DARE+MCHS)
+COWAN, GIBSON, GILMORE++ (RHEL+BR IS)
+LOVELACE (LUND+RUTG)IJP
DEANS, JACOBS, LYONS, MONTGOMERY (SFLA) I JP
+DEANS, JACOBS, LYONS+ (CARN+ORNL+SFLA)IJP
DEVEMISH, LYTH, RANKIN &DESY+LANC+BONN) IJP
+MITCHELL, MONTGOMERY, + (SFLA+ALAH)IJP
AYED (THESIS) (SAC L) I JP
E MA, G L SHAM (ORE G+UC I ) I JP
+TOAFF, REVEL, GOLDBERG, BERNY (HAIF) I
+BROWNE CLARK DAVIES gDEPAGTER EVANS+ (RHEL) I JP
+FORSYTH, HENDRICK, KELLY (CARN+LBL& I JP

SCATTERING, PHYS IK DATEN VOL. 12-1
+KAISER, KOCH, PI ETAR INEN
R KOCH

(KARL) I JP
(KARL) I JP

CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK &CARN+LSL) IJP
SAXON 80 NP 8162 522 +BAKER, BELL,BLISSETT,BLOODMORTH+(RHEL+BRIS)IJP
AMAJI 81 BONN CONF 352 R KAJIKAMA (TALK) (NAGO)

ALSO 82 NP 8197 365 FU J I I, HAYASHI I, IMATA, KA J IKAWA+ (NAGO)
BELL 83 NP 8222 389 +BL ISSET, BROOME, DALEY, HART, I INTERN, + (RL) I JP
»*»»»» a»»a*»a** »a»»a»a»» **********»***a******a»***aa»a»a»a*a a»a»a»a»
»*a»a» ***a»a»a» a»a»a»a»a »a»a»a*»a a»*****a»*****»aaaaa»**»»aa a»a»a»a»

IM A

IM 8
IH C
IM D

&122.0)
(308.0)
160.0
200. 0

80.0
80.0

CUTKOSKY 79 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA
CU TKOS K Y 80 I PMA

P I N TO P I N

PI N TO PI N

P I N TO PI N

P I N TO PI N

12/79
12/79

1/82
1/82
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For notation, see key at front of Listings. Baryans
N(2090), N(2100), N(2190)

N(2090) S„ Status:
IMR 8.0 CUTKOSKY 80 IPWA PI N TO PI N

132 NC2100& INA6 PART OF ELASTIC POLE RESIDUE (NEV&

1/82

04 N(2090, JP~1/2-) I~1/2 S' ' '11
ANY STRUCTURE IN THIS WAVE ABOVE 1800 MEV IS LISTED
HERE. A FEM EARLY RESULTS THAT ARE NOM OBSOLETE HAVE
BEEN OMITTED ~

P1

132 N(2100) PARTIAL DECAY NODES

N(2100) INTO N PI
DECAY MASSES

938+ 140

1880.0
2180 ~ 0

04 N(2090& NASS (NEV&

20.0
80 ' 0

HOEHLER 79 I PMA
CUTKOSKY 80 IPMA

04 NC2090& VIDTH CNEV&

PI N TO PI N

PI N TO PI N

12/79
1/82

132 N(2100) BRANCHING RATIOS

R1 N(2100) INTO (N PI &/TOTAL (P1)
R1 0.10 0.04 HOEHLER 79 IPMA PI N TO PI N

R1 0. 12 0 ~ 03 CUTKOSKY 80 IPWA PI N TO Pl N

444000 400*00*04 440*44040 ***4**4*40400**044 40*0**4***40*44*44 4**44440

REFERENCES FOR N(2100)

1/82
1/82

95.0
350 ' 0

30.0
100 ~ 0

HOEHLER 79 IPWA
CUTKOSKY 80 IPMA

PI N TO PI N

P I N TO P I N

12/79
1/82

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL. 12-1
+KAISER, KOCH, PIETAR INEN &KARL) I JP

KOCH 80 TORONTO CONF 3 R KOCH (KARL) I JP
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENORICK (CARN+LBL) I JP

04 N(2090) REAL PART OF POLE POSITION (NEV)

RE 2150.0 70.0 CUTKOSKY 80 IPMA PI N TO PI N

04 N(2090) -?~INA6 PART OF POLE POSITION CNEV)

IM 350 ' 0 100.0 CUTKOSKY 80 IPMA PI N TO PI N

04 NC?090& REAL PART OF ELASTIC POLE RESIDUE CNEV&

1/82

4*0**4 004044*04 4400**400 4*44*0040 0*0004*00 *****4%4444*4*4404 4404*04*
****4**0*444440*** **4*4*444 4444kk0k0 4*4400%44 *0***0404*0*4***4

N(2190) G,~ Status:
71 N(2190, JP~7/2-) I~1/2 617

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW

OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 111B}. HOMEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

RER 40.0 20 ' 0 CUTKOSKY 80 IPMA PI N TO PI N 1/82
71 N(2190) NASS (NEV)

IMR 0.0 60 ' 0 CUTKOSKY 80 IPMA PI N TO PI N

04 N(2090& PARTIAL DECAY NODES

04 NC2090) INA6 PART OF ELASTIC POLE RESIDUE CNEV&

1/82

M

M

M

M

M

M

M

M

(2117.0}
2140., 0

(2140.0)
(2150.0}
2140.0

(2098.0}
2200 ' 0

(2180.0}

40.0

& 100.0)
12.0
70.0

BARBOUR
HENORY
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY
SAXON

78 DPWA
78 MPMA

79 DPMA
79 IPWA
79 IPWA
80 OP WA

80 IPWA
80 DPWA

PI-N PHOTOPROO ~

P I N TO P I N

0 P I — P TO ETA N

P I N TO P I N

PI N TO PI N

PI N PHOTOPROD ~

PI N TO PI N

0 PI- P TO K LAM

3/79
12/79
12/79
12/79
12/79
12/81

1/82
12/79

P1
P2

N(2090) INTO N PI
N& 2090) INTO LAMBDA K

DECAY MASSES
938+ 140

1116+ 498
71 N (2190& VIDTH CNEV&

04 NC2090& BRANCHING RATIOS

R1 N(2090& INTO (N PI &/TOTAL CP1)
R1 0 ' 09 0 ' 05 HOEHLER 79 IPMA PI N TO PI N
R1 0 ~ 18 0.08 CUTKOSKY 80 IPWA PI N TO PI N

12/79
1/82

ROYCHOUD 71 NP B27 125
ALMEHED 72 NP B40 157
AYED 76 CEA-N-1921
MA 76 PR D13 3027
HOE HLE R 79 HANDBOOK OF P I -N

ALSO 80 TORONTO CONF 3
CUTKOSKY 80 TORONTO CONF 19
SAXON 80 NP B 162 522

R K ROYC HOUDHURY, B H BRANSDEN (DURH) I JP
+LOVELACE & LUND+RUTG ) I JP
AYED (THESIS) (SACL) I JP
E MA, G L SHAM &OREG+UCI ) I JP

SCATTERING, PHYS IK DATEN VOL. 12-1
+KAISER, KOCH, P IETARINEN (KARL) I JP
R KOCH (KARL) I JP
+FORSYTH, BABCOCK, KELLY, HENORI CK (CARN+LBL) I JP
+BAKER g BE LL g BL I SSETT g Bl OODMORTH+ (RHE L+BR I S ) I JP

44404* 40440**00 40**00044 40000*4** *00%0*000 *k0*k0444 404*0*400 *00004%4
044440 **00*4440 000000000 *0***0*444000*4*04 040***04*0**0**40*000000*0

R2 NC2090) FROM N PI TO LANBDA K SORT(P1~P?&
R2 NOT SEEN SAXON 80 DPMA 0 PI- P TO K LAM 12/79
04*00* *40*04440 000**0404 *40440$r40 4*00*0*0***04000%4 444**40*4 0*004004

REFERENCES FOR N(2090)

IM
IM

(220.0}
270. 0

(319.0}
(300.0}
390.0

(238.0}
500 ' 0
(80.0}

50.0

&100.0}
30.0

150.0

BARBOUR
HENDRY
BAKER
CUTKOSKY
HOEHLER
CRAWFORD
CUTKOSKY
SAXON

78 DPMA
78 MPMA
79 DPMA
79 IPMA
79 IPWA
80 DPMA
80 IPWA
80 DPMA

PI-N PHOTOPROD.
PI N TO PI N

0 P I- P TO ETA N

PI N TO PI N

P I N TO PI N

PI N PHOTOPROD.
PI N TO PI N

0 PI- P TO K LAM

71 NC2190) REAL PART OF POLE POSITION (NEV&

(2111.0}
2100.0 50.0

CUTKQSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

71 N(2190& -2~INA6 PART OF POLE POSITION CNEV&

(308.0}
400 ' 0 160 ' 0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

71 N(2190) REAL PART OF ELASTIC POLE RESIDUE (NEV)

3/79
12/79
12/79
12/79
12/79
12/81

1/82
12/79

12/79
1/82

12/79
1/82

N(2100) P„ Status: RER
RER

(24.0}
22 ~ 0 14 ~ 0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO P I N

12/79
1/82

132 N(2100 ~ JP~1/2+) I~1/2 P ' ' ' 11
71 N(2190) INA6 PART OF ELASTIC POLE RESIDUE (NEV)

132 N(2100& NABS CNEV&

I MR

IMR
& —12.0)

—13.0 20.0
CUTKOSKY 79 I PMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

12/79
1/82

M

M

2050.0
2125.0

20.0
75 ' 0

HOEHLER 79 IPMA PI N TO PI N

CUTKOSKY 80 IPMA PI N TO PI N

1/82
1/82 71 N(2190& PARTIAL DECAY NODES

132 NC2100& WIDTH CNEV&

200 ' 0 30.0 HOEHLER 79 IPMA PI N TO PI N

?60.0 100.0 CUTKOSKY 80 IPMA PI N TO PI N

132 NC2100& REAL PART OF POLE POSITION CNEV&

1/82
1/82

P1
P2
P3
P4
P5
P6
P7
P8
P9

N(2190)
N( 2190)
N(2190)
N& 2190)
N(2190)
N& 2190)
N & 2190)
N( 2190)
N(2190)

INTO N PI
INTO LAMBDA K
INTO N PI PI
INTO P GAMMA, HE L I C I TY=3/2
INTO P GAMMA, HELI CITY=1/2
INTO N GAMMA, HELICITY=3/2
INTO N GAMMA, HELI CITY=1/2
INTO N ET A

INTO S I GMA K

DECAY MASSES
938+ 140

1116+ 494
938+ 140+ 140
938+ 0
938+ 0
940+ 0
940+ 0
940+ 549

1189+ 494

RE 2120 ~ 0 40 ' 0 CUTKOSKY 80 IPMA PI N TO PI N 1/82
71 N(2190& BRANCHING RATIOS

IM 240. 0 80.0 CUTKOSKY 80 IPMA PI N TO PI N

132 N(2100) -2~INA6 PART OF POLE POSITION (NEV&

1/82

R1
R1
R1
R1
R1

NC2190& INTO
0. 16

&0.16)
0. 14
0. 12

(N PI)/TOTAL
0 ~ 04

(0 F 07)
0 ' 02
0 F 06

CP1&
HENDRY 78 MPMA PI N TO PI N

CUTKOSKY 79 IPWA PI N TO PI N

HOEHI ER 79 IPMA PI N TO PI N

CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79
12/79

1/82

132 N(2100) REAL PART OF ELASTIC POLE RESIDUE CNEV& R2
R2

N(2190& FRON N Pl TO N ETA
(+0.052} BAKER

SORT(P1~PS&
79 DPWA 0 PI- P TO ETA N 12/79

RER 11 ~ 0 7.0 CUTKOSKY 80 IPWA P I N TO P I N 1/82
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S230 Particle Data Group: Review of particle properties

Bary&&nS
N(2190), N(2200), N(2220)

Data Card Listings

R3 N&2190& FRON N PI TO LANSDA K SQRT C P 1*P2 &

R3 (-0.52) SAXON 80 DPMA 0 PI- P TO K LAM 12/79
R3 (-0 ~ 02) BELL 83 DPWA 0 PI- P TO LAM KO 2/84*

R4 1&2190& FRON I PI TO SIGNA K SQRTC P1«P9&
R4 A 0.014 TO 0.019 DEANS 75 DPWA PI N TO K SIGMA 11/75
R4 A RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. DISAGREES WITH Pi+ P TO 11/75
R4 A K+ SIGMA+ DATA OF MINNIK 77 AROUND 1920 MEV. 1/78 IM

05 N(2200) REAL PART OF POLE POSITION (NEV&

2100.0 60.0 CUTKOSKY 80 IPWA PI N TO PI N

05 N&22003 -2*INAS PART OF POLE POSITION (NEV&
360.0 80.0 CUTKOSKY 80 IPMA PI N TO Pi N

1/82

1/82
R5 NC2190) FRON P SANNA TO P ETA SQRT(CP4+P5&»PS)
R5 (0.0094) HICKS 73 HPWA GAH P-ETA P 9/73

Rb N&2190& FRON P SANNA TO LANSDA K SQRT(CP4+P5&»PZ)
R6 (0.0161) DEANS 72 MPMA GAM P-K LH, SOL D 9/73 0.0

05 M&2200& REAL PART OF ELASTIC POLE RESIDUE (NEV&

CUTKOSKY 80 IPMA Pi N To Pl N 1/82

71 N(2190& PHOTON DECAY AMPLITUDES (SEV**-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVI EW PRECEDING THE BARYON LISTINGS.

A1 N&2190& INTO P SANNA, HELICITY~1/2 &6EV»a-1/2)
A1 (-0.030) BARBOUR 78 DPWA PI-N PHOTOPROD. 3/79
A1 (-0.055) CRAWFORD 80 DPMA PI N PHOTOPROD. 12/81

IHR -20.0 10.0 CUTKOSKY 80 IPWA Pl N TO PI N

05 N&2200& PARTIAL DECAY IIOOES

05 N(2200& INAG PART OF ELASTIC POLE RESIDUE (NEV&

'}I82

A2 N(2'190& IIITO P 6ANNA, HELICITY~3/2 CGEV*a-1/2&
AZ (+0.180) BARBOUR 78 DPMA Pl-N PHOTOPROD. 3/79
A2 (0.081) CRAWFORD 80 DPMA PI N PHOTOPROD. 12/81

A3 NC2190& INTO N SANNA, HELICITY~1/2 CGEV*a-1/2)
A3 (-0.085) BARBOUR 78 DPMA PI-N PHOTOPROD ~ 3/79
A3 (-0.042) CRAWFORD 80 DPWA PI N PHOTOPROD. 12/81

P1
P2
P3

N(2200) INTO N PI
N(2200) INTO N ETA
N(2200) INTO LAMBDA K

05 N(2200& SRANCHING RATIOS

DECAY MASSES
938+ 140
940+ 549

11 16+ 498

A4 N(2190) INTO 1 6ANNA, HEL IC ITY~3/2 (6EV»a-1/2)
A4 (+0.007) BARBOUR 78 DPMA PI-N PHOTOPROD. 3/79
A4 (-0.126) CRAWFORD 80 DPMA PI N PHOTOPROD. 12/81

R1 M&2200& INTO CN PI&/TOTAL &P1)
R1 0.07 0.02 HOEHLER 79 IPMA PI N TO Pl N

R1 0. 10 0.03 CUTKOSKY 80 IPMA Pl k TO Pl N

12/79
1/82

*»»*a* *»a»**a**a*a»a*«a« a»a*«a«a» «a«a»*a»* *aaeaeaae **a»»a*a* a»a»a«»a

REFERENCES FOR NC2190)

R2 M&2200) FROM N PI TO N ETA SQRT(P1»P2)
R2 (O. O66) BAKER 79 DPMA 0 Pl- P TO ETA N 12/79

DIDDENS 63
HOEHLER 64
BARGER 66
CARROLL 66
CARROLL 66

ERRATUM
KORMANYO 66
YOKOSAMA 66
BUSZA 67

PRL 10 262
PL 12 149
PRL 16 913
PRL 16 288
PRL 17 1274
CHANGING THE
PRL 16 709
PRL 16 714
NC 52A 331

DONNACH1
ALSO
ALSO

LEA
ANDERSON
AYED
AYED2
HULL

68 PL 268 161
68 V I ENNA 139
68 THESIS
69 PL 298 584
70 PRL 25 699
70 KIEV CONF
70 PL 318 598
70 PR DZ 1783

+ JENK INS, KYCIA, RILEY
G HOEHLER, J GIESECKE
V BARGER, D CL INE
+CORBETT, DAHERELL, MIDDLEMAS, +
+CORBETT, DAMERELL, MIDDLEMAS, +

RATHER MEAK DETERMINATION OF J-L TO
KORMANYOS, KRISCH, OFALLON, +
+SUWA H ILL g ESTERL ING g BOOTH
+DAVIS@ DUFF g HEYMANN +

(BNL) I
(KARL) I
(MISC) P

(RHEL+OXF)J-L
(RHEL+OXF)J-L

+1 (2. )
(HICH+ANL) P
(ANL+CHIC) JP

(LOUC+LOMC)

A DONNACHIE, R G KIRSOPP, C LGVELACE (CERN) IJP
DONNACHIE RAPPORTEUR. S TALK {GLAS)
R G K I R SOP P (EOIN)
LEA ~ OADES, WARD, COMAN, + (RHEL+BRIS+DARE)
+BLESER,BLIEDEN, COLLINS, + (BNL+CARN)
R AYED, P BAREYRE, G VILLET (SAC L) I JP
+BAREYRE, VILLET (SACL)
J HULL, R LEACOCK (ISU)

ALMEHED
AYEO
MA

BAKER
BAKER
HOEHLER

72 NP 840 15?
76 CEA-N-1921
76 PR D13 3027
77 NP 8126 365
79 NP 8156 93
79 HANDBOOK OF P I-N

ALSO 80 TORONTO CONF 3
CUTKOSKY 80 TORONTO CONF 19
SAXON 80 NP 8162 522
SELL 83 NP 8222 389

+LOVELACE (LUND+RUTG) I JP
AYED {THESIS) (SACL) I JP
E HANG L SHAM (OREG+UCI) I JP
+BLISSETs BLOODMORTH, BROOHE, HART+ (RHEL) I JP
+BROWN, CLARK, DAVI ES, DEPAGTER, EVANS+ (RHEL) I JP

SCATTERING, PHYSIK DATEN VOL. 12-1
+KAISER JKOCHgPIETARINEN (KARL) I JP
R KOCH (KARL) I JP
+FORSYTH, BABCOCK, KELLY, HENDRI CK (CARN+LBL) I JP
+BAKER, BELL, BL I SSETT, BLOODMORTH+ {RHEL+BRIS) I JP
+BL ISSET,BROOHE, DALEY, HART, L INTERN, + (RL) I JP

R3 NC2200& FROII N PI TO LANSOA K SQRT& P 1»P3&
R3 (-O. 05) SAXON 80 DPMA 0 PI- P TO K LAM 12/79
R3 (-0.03) BELL 83 DPWA 0 PI — P TO LAH KO 2/84*
»**ace **«*»a»*a a»ac***a» *»*ca»**a a«***a»»a ***a»*a»a »»*»*»a*» »»eaaaee

REFERENCES FOR NC2200)

AMALDI
SRANSOEN

ALSO
ROYCHOUD
ALMEHED
DEANS
OTT

ALSO
HI CKS

71 PL 348 435
71 NP 826 511
70 NP 816 461
71 NP 827 125
72 NP 840 157
72 PR D6 1906
72 PL 428 133
72 MCGILL THESIS
73 PR D7 2614

+8 I ANCASTELL I, SOS IO, + (SAN I+CERN)
+OGDEN (OURH) I JP
ROYCHOUDHURY, PERRIN, BRANSDEN (OURH) I JP
R K ROYCHOUDHURY, B H BRANSDEN (DURH) I JP
+LOVELACE (LUND+RUTG) I JP
DEANS, JACOBS, LYONS, MONTGOMERY (SFLA) I JP
+ TR ISCHUK, VAVRA, R I CHARDS, + {MCG I+STLO+ IO'MA) I JP
J VAVRA (MCGI) JP
+DEANS, JACOBS, LYONS+ (CARN+ORNL+SFLA) I JP

«a«»a» a*»a*a«a» *a»»ca»*a a»a*a»a»a «***a**a*a»a»»a»a» eaaeae*»a a»a*a«a****«**aaaeaa«*a e'»»*«*a** a**a»»a** »»»**»»a* **»*a»a*e a*a*a»a** *»»»a*»a

N(2220) H, 9 Status:
90 N(2220' JP~9/2+) I~1/2 H19

ABE
DEANS
AYED
HA

MINN IK
BARBOUR
HENDRY

BAKER
CUTKOSKY
HOEHLER

74 PL 538 114
75 NP 896 90
76 CEA-N-1921
76 PR D13 3027
77 NP 8128 66
78 NP 8141 253
78 PRL 41 222

THE ANALYSIS AND
79 NP 8156 93
79 PR D20 2839
79 HANDBOOK OF Pl-N

Al. SO 80 TORONTO CONF 3

+ALSPECTOR, BOMBEROMITZ+ (RUTG+UPNJ+FSU)
+MITCHELL, MONTGOHERY, + (SFLA+ALAH)IJP
AYED (THESIS) (SAC L) I JP
E MA, G L SHAW (OREG+UC I ) I JP
+TOAFE, REVEL, GOLDBERG, BERNY (HAI F) I
BARBOUR, CRAWFORD, PARSONS (GLAS)
A M HENDRY (IND+LBl ) I JP

RESULTS ARE DISCUSSED MORE FULLY IN HENORY 81.
+BROWN, CLARK, DAVIES, DEPAGTER, EVANS+ (RHEL) IJP
+FORSYTH, HENDRICK, KELLY (CARN+LBL) IJP

SCATTERING, PHYS IK DATEN VOL. 12-1
+KAISER, KOCH, PIETARINEN (KARL) I JP
R KOCH (KARL) I JP

2300 ' 0
(2050.0)
(2250.0)
2205.0
2230.0

90 N&2220& NASS CNEV)

100.0

10.0
8O. O

HENDRY
BAKER
CUTKOSKY
HOEHLER
CUTKOSKY

78 MPWA

79 DPMA
79 IPMA
79 IPMA
80 IPMA

PI N TO PI N

0 PI- P TO ETA N

PI N TO PI N

PI N TO PI N

PI N TO PI N

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM
OBSOLETE AND HAVE BEEN OHITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED'

12/79
12/79
12/79
12/79

1/82
CRAMFORD 80
CUTKOSKY 80
SAXON 80
HENDRY 81
BELL 83
CRAWFORD 83

TORONTO CONF
TORONTO CONF

NP 8162 522
ANP 136 1
NP 8222 389
NP 8211 1

107 R L CRAWFORD (GLAS)
19 +FORSYTH, BABCOCK, KELLY, HENORICK {CARN+LBL) IJP

+BAKER, BELL,BLISSETT,BLOODWORTH+(RHEL+BRIS)IJP
A M HENDRY ( IND)
+BL ISSET BROOME DALEY g HART' L INTERN~+ (RL) I JP
R L CRAMFORD, M T MORTON {GLAS)

«*»**a «*«a»***a *«**«»a«a a»a«a«a*a ca»a**a»a *a*a*»a»a *a»a**«a» »a*a»a»a
***«a« ««***a*»a a«**a»a»» »»»»a*»a« *«»*a»**a *»»*a*»a» **a«a»a*a »a«a»a»»

450 ' 0
(450.0)
365.0
500.0

150.0

30.0
150.0

HENDRY 78 MPMA
CUTKOSKY 79 IPMA
HOEHLER 79 IPMA
CUTKOSKY 80 IPMA

90 N C 2220) WIDTH (IIEV &

PI N TO PI N

Pi N TO Pl N

P I N TO PI N

P I N TO P I N

12/79
12/79
12/79

1/82

N(2200) Status: 90 IC2220) REAL PART OF POLE POSITION (NEV&

05 NC2200, JP~5/2-) I~1/2 0' '15
THE HASS IS NOT MELL DETERMINED. A FEM EARLY
RESULTS HAVE BEEN OHITTED.

RE
RE

(2180.0)
2160.0 80.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

Pl N TO PI N

PI N TO PI N

12/79
1/82

90 N(22203 -2»INA6 PART OF POLE POSITION (NEV)

05 NC2200& NASS CNEV&

IH
IM

(400.0)
480. 0 100.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO Pl N

12/79
1/82

2228 ' 0
2180 ~ 0

{1920.0)
(1900.0)

30.0
80.0

HOEHLER
CUTKOSKY
SAXON
BELL

79 IPWA PI N TO PI N

80 IPMA PI N TO PI N

80 DPWA 0 PI- P TO K LAH
83 DPMA 0 PI- P TO LAM KO

12/?9
1/82

12/79
2/84* RER

RER
(37.0)
32.0 20.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

Pi N TO PI N

Pl N TO Pi N

90 1&22203 REAL PART OF ELASTIC POLE RESIDUE (NEV&

12/79
1/82

05 N C 2200& VI DTH (NE V &

310.0 50.0
400. 0 100.0

&220.0)
(130.0)

HOEHLER
CUTKOSKY
SAXON
BELL

79 IPWA Pi N TO PI N

80 IPMA Pl N TO PI N

80 DPMA 0 Pl- P TO K l.AH
83 DPWA 0 Pl- P TO LAH Ko

12/79
1/82

12/79
2/84*

IHR
IMR

(-21.0)
-32.0 20.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

Pl N TO PI N

PI N TO Pl N

90 N(2220& INA6 PART OF ELASTIC POLE RESIDUE CNEV&

12/79
1/82
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Pal5cle Data Gt'oup: Review of pal'tlcle propeltles

For notation, see key at front of Listings. Baryons
N(2220), N(2250), N(2600), N(2700)

P1
P2
P3

90 N(2220& PARTIAL DECAY NODES

N(2220) INTO N PI
N(2220) INTO N ETA
N(2220) INTO LAHSDA K

DECAY MASSES
938+ 140
940+ 549

1116+ 498

R3 NC2250& FROII N PI TO LAHBOA K SQRT C P 1*P2&

:R3 NOT SEEN SAXON 80 DPMA 0 P I- P T'0 K LAM 12/79
R3 (-0.02) BELL 83 DPMA 0 PI- P TO LAM KO ?/84*
40440* 444*4k0%k *0**0**04444**tk*4 4444k*44* 4****404+04****4044*04400*

REFERENCES FOR N(2250)

90 NC2220& BRANCHING RATIOS

R1
R1
R1
R1
R1
R2
R2

N(2220& INTO CN PI&/TOTAL
0.12 0.04

&0 ' 20)
0. 18 0.015
0. 15 0 ~ 03

NC2220& FRON N PI TO N ETA
(0.034)

HENDRY
CUTKOSKY
HOEHLER
CUTKOSKY

BAKER

(P1)
78 MPMA PI N TO PI N

79 IPWA PI N TO PI N

79 IPWA PI N TO PI N

80 IPMA PI N TO PI N

SQRTCP1~P?&
79 DPMA 0 PI- P TO ETA N

12/?9
12/79
12/79

1/82

12/79

R3 NC2220) FROM N PI TO LANBBA K SQRT(P1~P3&
R3 NOT. SEEN SAXON 80 DPMA 0 PI- P TO K LAM 12/79
R3 NOT REQUIRED BELL 83 DPMA 0 PI- P TO LAM KO ?/84*
*00*4* **44*4****0*4444*4 *****4**4*440%04** 4*4k*0S0k 44*0*00*0 4*40*0**

REFERENCES FOR NC2220&

AYED 76
HENDRY 78

BAKER 79
CUTKOSKY 79
HOEHLER 79

CEA-N-1921
PRL 41 222
THE ANALYSIS AND
NP 8156 93
PR D20 2839
HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3
CUTKOSKY 80 TORONTO CONF 19
SAXON 80 NP 8162 522
HENDRY 81 ANP 136 1
SELL 83 NP 8222 389

AYED (THESIS) (SACL)IJP
A W HENDRY ( I ND+ LB L ) I J P

RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81 ~

+BROWN, CLARK, DAVIES, DEPAGTER, EVANS+ (RHEL) IJP
+FORSYTH, HENDRICK, KELLY (CARN+LBL) IJP

SCATTERING, PHYS IK DATEN VOL. 12-1
+KAISER, KOCH, PIETAR INEN (KARL) I JP
R KOCH (KARL) I JP
+FORSYTH, BABCOCK, KELLY, HENDRI CK (CARN+LBL) I JP
+BAKER, BELL, 8L I SSETT, BLOODMORTH+(RHEL+BR I S) I JP
A M HENDRY ( IND)
+BLISSET,BROOME, DALEY, HART, LINTERN, + (RL) I JP

04*00* *****40%440*044044 *4****0*****444%04 04*440404 0444404*0 0**0****
4*44*4 *40***0+0****4**400kk4*04*k 44*404004 4*40*104* ***44**00404*0444

N(2600) I Status:
SUSZA
AYED
AYED2
HULL
AYED
HA

HENDRY

67 NC 52A 331
70 K I EV CONF
70 PL 318 598
70 PR D2 1783
76 CEA-N-1921
76 PR D13 3027
78 PR L 41 222

THE ANALYSIS AND

+OAVI S,DUF F, HEYMANN, NIHMON +
R AYED, P BAREYRE, G VILL ET
+BAREYRE, VILL ET
J HULL, R LEACOCK
AYED (THESIS)
E MA, G L SHAW
A M HENDRY

RESULTS ARE DISCUSSED MORE FULLY

(LOUC+LOMC)
(SACL) I JP
(SACL)
(ISU)

(SACL)IJP
(OREG+UC I ) I JP

( IND+LBL) I JP
IN HENDRY 81. 2700 ' 0

2577.0

120 N(2600& NASS CIIEV&

100.0
50 ' 0

HENDRY 78 MPMA
HOEHLER 79 IPMA

120 N(2600, JP~11/2 ) I 1/2 I1 11

P I N TO P I N

PI N TO PI N

12/79
12/79

BAKER 79 NP 8156 93 +BROWN ~ CLARKE DAVI ES g DEPAGTER ~ EVANS+ (RHEL) I JP
CUTKOSKY 79 PR D20 2839 +FORSYTH, HENDRI CK, KELLY (CARN+LBL) I JP
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYS IK DATEN VOL. 12-1

+KAISER, KOCH, PI ETAR INEN
ALSO 80 TORONTO CONF 3 R KOCH

(KARL) I JP
&KARL) I JP

4004*0 0**4*4*04*004*4****0*4*4404 000*0*440 4*40040*0 0***40440 *0%0**00
4***04 004*4**4**4*4k4444 0******4*00000********4%0*+04*4**400 4444040*

N(2250) G,9 Status:
113 N(2250~ JP~9/2-) I~1/2 6'19

113 N(2250& IIASS CNEV)

CUTKOSKY 80 TORONTO CONF 19 +FORSYTH~ BABCOCK' KELLY HENORI CK (CARN+LBL) I JP
SAXON 80 NP 8162 522 +BAKER, BELL,BLI SSETT, BLOODMORTH+(RHEL+BR IS) I JP
HENDRY 81 ANP 136 1 A M HENDRY ( IND)
BE LL 83 NP 8222 389 +BLISSET,BROOME, DALEY, HART, LINTERN, + (RL) I JP

120 N(2600& MIDTH CNEV&

900.0
400. 0

100 ~ 0
100 ~ 0

HENDRY 78 MPWA
HOEHLER 79 IPMA

PI N TO PI N

PI N TO PI N

120 NC2600& PARTIAL OECAY IOOES

DECAY MASSES
P1 N(2600) INTO N PI 938+ 140

120 N C 2600) BRANCN IN6 RATIOS

R1 N(2600) INTO (N PI)/TOTAL CP1&
R1 0.08 0 ' 02 HENDRY 78 MPMA PI N TO PI N

R1 0.05 0.01 HOEHLER 79 IPMA PI N TO PI N

4004** *0*****0440044*40* *0%44*004 0440404*0 **40*4*00*k*044444 0*440400

12/79
12/79

12/79
12/? 9

2200. 0
(2200 ' 0)
2268 ' 0
2250 ' 0

100.0
15 ~ 0
80.0

HENDRY
CUTKOSKY
HOEHLER
CUTKOSKY

113 N(2250& MIOTII CHEV&

78 HPMA
79 IPMA
79 IPMA
80 IPWA

PI N TO PI N

PI N TO PI N

PI N TO PI N

PI N TO PI N

12/79
12/79
12/79

1/82

REFERENCES FOR NC2600)

HENORY 78 PRL 41 222 A W HENDRY (IND+LBL) I JP
THE ANALYSIS ANO RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81 ~

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYS IK DATEN VOL. 12-1
+KAISER, KOCH, P I ETAR INEN

ALSO 80 TORONTO CONF 3 R KOCH
HE NDRY 81 ANP 136 A M HENORY

350.0 100.0
(330 ~ 0)
300.0 40.0
480 ' 0 120 ' 0

HENDRY
CUTKOSKY
HOEHLER
CUTKOSKY

78 MPMA
79 IPWA
79 IPWA
80 IPMA

PI N TO PI N

PI N TO PI N

PI N TO PI N

PI N TO PI N

1'I3 N(2250) REAL PART OF POLE POSITION (NEV)

12/79
12/79
12/79

1/82 N(2700) K»~ Status:
121 N(2700, JP~13/2+) I~1/2 K1 13

04**0* 400000000 0kk440404 0000000*4 **0*00040 404%440*0 4**0%4444 040*0400
400000 0040000** 040***44****00*00*044000*00 4044*00** 0*044004* *00004%0

(2169.0)
2150.0 50.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

12/79
1/82

121 NC2700& IIASS (IIEV&

113 NC2250& -2'+IHA6 PART OF POLE POSITION (NEV& 3000.0
2612.0

100.0
45 ' 0

HENDRY 78 HPMA
HOEHLER 79 IPMA

P I N TO PI N

PI N TO PI N

12/79
12/79

IH
IM

(290 ' 0)
360.0 100.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

P I N TO P I N

PI N TO PI N

12/79
1/8?

113 N(2250) REAL PART OF ELASTIC POLE RESIDUE (NEV)

121 NC2700& WIDTH (NEV&

900.0 150.0 HENDRY 78 MPMA

350.0 50 ' 0 HOEHLER 79 IPWA
P I N TO PI N

PI N TO PI N

12/79
12/79

RER
RER

&15 ~ 0)
13.0 7 ~ 0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

12/79
1/82

121 N(2700& PARTIAL DECAY NODES

113 N(2250) IHA6 PART OF ELASTIC POLE RESIDUE (HEV) N(?700) INTO N PI
DECAY MASSES

938+ 140

IMR
IMR

&-7 ' 0)
-15 ~ 0 6.0

CUTKOSKY 79 IP'WA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

12/79
1/82

121 NC2700& BRANCIIIN6 RATIOS

P1
P2
P3

113 NC2250& PARTIAL DECAY NODES

N(2250) INTO N PI
N(2250) INTO LAMBDA K
N(2250) INTO N ETA

OE CAY MASSES
938+ 140

1116+ 498
940+ 549

R1
R1
R1

N(2700& INTO CN PI&/TOTAL
0 F 07 0.02
0.04 0.01

CP1&
HENDRY 78 MPMA PI N TO PI N

HOEHLER 79 IPMA PI N TO PI N

400000 004004444 004440440 000440044 444444444 40400*404 040440*40 *4*****0

REFERENCES FOR NC2700)

12/79
12/79

R1
R1
R1
R1
R1

N(2250& INTO CN PI&/TOTAL
0 ' 09 0 ' 02

(0 ~ 10)
0. 10 0.02
0. 10 0.02

HENDRY
CUTKOSKY
HOEHLER
CUTKOSKY

CP1&
78 HPMA PI N TO PI N

79 IPMA PI N TO PI N

79 IPMA PI N TO PI N

80 IPWA PI N TO PI N

113 NC2250& BRANCHIN6 RATIOS

12/79
12/79
12/79

1/82

HENDRY

HOEHLE

AL
HENDRY

78 PR L 41 22? A M HENDRY ( INO+LBL) I JP
THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81 '

R 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VGA 12-1
+KAISER, KOCH, P IETAR INEN

SO 80 TORONTO CONF 3 R KOCH
81 ANP 136 1 A W HENDRY

***4%0 **0**4*0400*44*00* 400444044 044040040 4044*4004 4404404*4 0404*440
40*000 *0400%0** 44*44*0*4 000444**4 ****4*0*04000*4004 404044444 0*44444*

R2
R?

N(2250& FRCN N PI TO N ETA
&-0.043} BAKER

SORT(P1~P3&
79 DPWA 0 PI- P TO ETA N 12/79
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S232 Particle Data Group: Review of particle properties

Baryons
N( 3000), h(1232)

Data Card Listings

3000 MEV REGION — FORMATION EXPERIMENTS
128 N& 3000) I 1/2

WE LIST HERE MISCELLANEOUS HIGH-MASS CAND IDATES FOR
ISOSPIN-1/2 RESONANCES FOUND IN PARTIAL-WAVE ANALYSES.
So FAR, NO ANALYSIS OF THIS REGION HAS USED ALL THE
AVAILABLE DATA OR INCORPORATED ANALYTICITY CONSTRAINTS.

OUR 1982 EDITION ALSO HAO AN N(3030), AN N(3245), AN N(3690), AND
AN N(3755) ~ NOTHING HAS BEEN HEARD FROM THEM SINCE THE 1960'S,
AND UNDER THE AUTHORITY GRANTED UNTO US BY THE STATUTE OF LIMITATIONS
ME DECLARE THEM TO BE DEAD. THE LAST THREE MERE NARROW PEAKS SEEN
IN PRODUCTION EXPERIMENTS' THE N(3030) MAS DEDUCED FROM TOTAL-CROSS-
SECTION AND 180-DEG-ELASTIC-CROSS-SECTION MEASUREMENTS; PLACED
IN THE MA IN BARYON TABLE I N THE ANYTHING GOES 1960 S ~ IT REMAINED
THERE DUE TO INATTENTION UNTIL THIS EDITION.

D A

D A

.D A

D A

WO A

WD A

RE

33 CDELTAO) — (DELTA++& 'WlOTH DIFFERENCE CHEV&

(6.6) ('I.O) PEDRONI 78 DPMA PI N 70-370 HEV
REDUNDANT WITH DATA IN MASS LISTING.

33 DELTA(1232& REAL PART OF POLE POSITION (NEV&

1210 ~ 0 1 ~ 0 CUTKOSKY 80 IPMA PI N TO PI N

33 (OELTAO) — (DELTA++) MASS DIFFERENCE &HEV)

(2.7) (0 ' 3) PEDRONI 78 DPMA PI N 70-370 MEV
REDUNDANT WITH DATA IN MASS LISTING.
USING P I+-D AS WELL, PEDRONI 78 DETERMINE (M- — M++)+(Mo — M+)/3
4.6+-0 ' 2 MEV ~

3/82

3/82
3/82

3/82
2/84*

1/82

128 N&~3000) MASS CHEV&

200. 0
200 ' 0
200 ' 0

3500 ' 0
3800 ' 0
4100 ~ 0

(2600 ' 0)
(3100 ~ 0)
(3500 ' 0)
3500 ' 0 TO 4000 ' 0

HENDRY
HENDRY
HENDRY
KOCH
KOCH
KOCH
KOCH

128 N(~3000) WIDTH CHEV)

78 MPWA

78 MPMA
78 MPMA
80 Ir wa
80 IPwa
80 I PWA
80 Ir wa

PI N L115
PI N H117
PI N N119
PI N 0'l3
PI N L115
PI N M117
PI N N119

12/79
12/79
12/79
2/84*
2/84*
2/e4*
2/84*

R++ 8
R++ 8
R++ C
R++ C

R++ C
R++ D

R++ D

R++ D

R++ E
R++ E
R++ E
R++ E

RE+
RE+

1209 ' 6 0.5 VASAN 76 ++ FIT CARTER 73
FROM FITS TO COULOMB-BARRIER-CORRECTED CARTER 73 PHASE SHIFT.

1210 ~ 5 TO 1210.8 VASAN 76 ++ FIT CARTER 73
FROM FITS TO CARTER 73 NUCLEAR PHASE SHIFT WITHOUT COULOMB BARRIER
CORRECTIONS.

(1210.4) (0.17) ZIDELL 78 ++ FIT ZIDELL 78
FIT To ZIDELL 78 NUCLEAR PHASE SHIFT WITHOUT COULOMB
BARR IER CORRECTIONS.

1210.70 0.16 ZIDELL 80 DPMA ++ PI N 0-350 HEV
FIT TO ZIDELL 80 NUCLEAR PHASE SHIFTS. THE ACCURACY CLAIMED ON THE
REAL PART IS CONSIDERABLY BETTER THAN IS ALLOWED BY UNCERTAINTIES
IN THE BEAM MOHENTUM.

1208.0 2.0 CAMPBELL 76 + F IT PHOTOPROD ~

1206.9+-0.9 TO 1210.5+-1.8 MIROSHNI C 79 + F IT PHOTOPROO.

1/76
3/79
1/76
3/79
3/79
3/79
3/79
3/79
1/82
2/84«
2/84*
2/84*

2/77
12/79

1300.0
1600.0
1900.0

200. 0
200. 0
300 ' 0

HENDRY
HENORY
HENDRY

78 MPMA
78 MPWA
78 MPMA

PI N L115
PI N H117
PI N N119

12/79
12/79
12/79

REO 8
REO C
REO D

REO E

1210 ~ 75 0.6 VASAN
(1210~ 2) VASAN
(1209 ~ 5) (0.41) ZIDELL
1210.30 0 ~ 36 ZI DELL

76 0 F IT CARTER 73
76 0 F IT CARTER 73
78 0 F IT ZI DEI.L 78
80 DPMA 0 PI N 0-350 HEV

1/76
1/76
3/79
1/82

128 N(~3000) PARTIAL DECAY NODES

N(-3000) INTO N Pi
DEGAY MassEB

938+ 140
IM 50 ' 0 1 ~ 0 CUTKOSKY 80 IPWA P I N To P I N

33 DELTA(1232) -INA6 PART OF POLE POSITION (HEY)

1/82

128 N &~3000) BRANCH IN6 RATIOS

R1 NC 3000) INTO CN Pl)/TOTAL &P1)
R1 0 ' 055 0 ' 02 HENDRY 78 MPWA PI N L115
R1 0 ' 040 0.015 HENDRY 78 MPMA PI N M117
R1 0.030 0.015 HENDRY 78 MPWA PI N N119

12/79
12/79
12/79

I++ 8
I++ C
I++ O

I++ E

IM+
IM+

50 ~ 4
49.9 TO

(49 ' 745)
49 ~ 61

0 ' 5
50 ' 0
(0.14)
0.12

53.0 2 ' 0
55.6+-1 ~ 0 TO 58 ~ 3+-1 ~ 1

VASAN
VASAN
ZIOELL
ZIDELL

CAMPBELL 76 +
MIROSHNI C 79 +

FIT PHOTOPROO ~

FIT PHOTOPROD.

76 ++ F IT CARTER 73
76 ++ F I T CARTER 73
78 ++ F IT ZI DELL 78
80 DPMA ++ PI N 0-350 MEV

1/76
1/76
3/79
1/82

2/77
12/79

«**«a« «**«a*a**«««««a«** aaa««**a« a««***«a« *«««*«*a* ««««a*«a« *a«**a««

REFERENCES FOR N(™3OOO)

IHO 8
IHO C

IMO 0
IHO E

52.8
52 ' 9 TO

(52 ' 45)
54.0

0.6
53.1
(0.2)
0.26

VASAN
VASAN
ZIDELL
ZIDELL

76 0 F I T CARTER 73
76 0 FIT CARTER 73
78 0 FIT ZIDELL 78
80 DPMA 0 Pi N 0-350 MEV

'I/76
1/76
3/79
1/82

HENDRY 78 PRL 4'I 222 A M HENDRY (IND+LBL) I JP
THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENORY 81 ~

KOCH 80 TORONTO CONF 3 R KOCH f KARL) I JP
HENDRY 81 ANP 136 1 A M HENDRY ( INO) I.JP 33 DELTA(1232). ABSOLUTE VALUE OF ELASTIC

POLE RESIDUE (MEV)
****««aa«***««« *a«««««a« «a«****a« a«*aa«aaa «a««**««a aa*«aa«aa «««a««*a
aaa«a* *««««**a* «««a«*«a« «**««**a*««a«**««« aa««*«*** *aa««««a« «*«*«*««

S=O 1=3/2 NUCLEON STATES (5)
««a««* a«a««a«*« «aa«*««*a «a*«*«a«* «««a«*«*a «a«*a«««a «««a««aaa «a«*«a«a
«*«««« ««««««««a a«**««««« **«««***««a*a*«««« «*««««««a aa«««*««« «««««a«*

A++ 8
A++ C

ABO 8
ABO C

53.0 2.0

52.4 TO 53.2
52 F 1 TO 52.4

54.8 TO 55 ' 0
55.2 To 55 ' 3

VASAN
VASAN

76 ++ FIT CARTER 73
76 ++ FIT CARTER 73

CUTKOSKY 80 IPWA PI N TO PI N

VASAN 76 ++ FIT CARTER 73
VASAN 76 ++ FIT CARTER 73

1/82

1/76
1/76

1/76
1/76

6(1232) P» Status:
33 DELTA(1232& PHASE OF ELASTlC POLE RESIDUE CRAOIANS&

33 DELTA(1232, JP 3/2+) l 3/2 P'33 -0 ' 82 0.02 CUTKOSKY 80 IPMA PI N TO PI N 1/82

MOST OF THE RESULTS PUBLISHED BEFORE 1977 ARE NOM

OBSOLETE AND HAVE BEEN OHITTED. THEY HAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). Ho'MEVER,
ALI. THE REFERENCES HAVE BEEN RETAINED.

P++ 8
P++ C

PHO 8
PHO C

-0 ' 822 TO -0 ' 833-0.823 To -0.830

-0.840 TO -0 ' 847-0.848 TO -0 ' 856

VASAN
VASAN

VASAN
VASAN

76 ++ F I T CARTER 73
76 ++ F IT CARTER 73

76 ++ F I T CARTER 73
76 ++ F IT CARTER 73

1/76
1/76

1/76
1/76

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS,
WHICH USED To BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN
ENTIRELY REMOVED.

33 DELTA&1232& PHASE OF II1«(3/2) PHOTOPRODUCTION
MULTIPOLE AHPLITUDE POLE RESIDUE

1233.0
1232.0

2 ~ 0
3.0

HOEHLER ?9 IPMA
CUTKOSKY 80 IPMA

33 DELTA(1232) MASS CIIEV)

PI N TO PI N

PI N TO PI N

12/79
1/82

H1P
M1P
M1P
H1P

INFORMATION ON THE PHASE (AND MAGNITUDE) OF THE M1+(3/2) HULTIPOLE 12/79
AHPLITUDE POLE RESIDUE IS CONTAINED IMPLICITLY IN THE PAPER OF 12/79
MIROSHNICHENKO 79. THEY FIND THAT THE PHASE IS CONSISTENT WITH 12/79
BEING EQUAL TO THAT OF THE ELASTIC POLE RESIUDE ~ 12/79

M++
H+e
M++

1231.1
1230.9
1230.6

0.2
0.3
0.2

PEDRONI 78 DPMA ++ PI N 70-370 HEV
KOCH 80 IPWA ++ PI N TO PI N

ZIDELL 80 OPMA ++ PI N 0-350 HEV

3/82
1/82
1/82 33 DELTA(1232) HA6NETIC MOMENT CNUCLEAR HA6NETONS&

M+
M+
M+
M+

(1231.8)
f 1231.2)

1234 ~ 9
(1231 ~ 6)

1.4
BERENOS 75 IPWA + GAM P TO PI NUC
BARBOUR 78 Dr wa r I-N PHoTor RoD.
MIROSHNIC 79 + FIT PHOTOPROD.
CRA'MFORD 80 DPMA PI N PHOTOPROD ~

4/75
3/79

12/79
12/81

+4.7 TO +6.7 NEFKENS 78

33 DELTAC 1232& PARTIAL DECAY MODES

PI P To Pl P GAM 12/79

HO
HD
MO

1233.8
1233.6
1232.5

0.2
0.5
0.3

33 DELTA(1232& WIDTH CNEV&

PEDRONI 78 DPMA 0 PI N 70-370 MEV
KOCH 80 IPMA 0 PI N TO PI N

ZIDELL 80 DPWA 0 PI N 0-350 MEV

3/82
1/82
1/82 P1

P2
P3
P4
P5

DELTA(1232) INTO N PI
DELTA(1232) INTO N GAMMA
DELTA(1232) INTO N PI PI
DELTA(1232) INTO NUCLEON GAMMA, HELICITY=1/2
DELTA(1252) INTO NUCLEON GAMMA, HIELI CITY 3/2

DECAY MASSES
938+ 140
938+ 0
938+ 140+ 140
938+ 0
938+ 0

116.0
120.0

5.0
5.0

HOEHLER 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N To PI N

12/79
1/82

33 DELTA& 1232& BRANCHING RAT lOS
M++
W++
M++

M+
M+
'W+

MO
'Mo

WO

111~ 3
111~ 0
113~ 2

(111.0)
131.1

(111.2)

117~ 9
113~ 0
121 ~ 3

0.5
1.0
0.3

2 ' 4

0 ~ 9
1.5
0.4

PEDRONI 78 DPMA ++ PI N 70-370 MEV
KOCH 80 IPMA ++ PI N TO Pl N

ZIOELL 80 DPMA ++ PI N 0-350 MEV

BARBOUR 78 DPMA PI-N PHOTOPROD ~

MIROSHNIC 79 + FIT PHOTOPROD ~

CRAMFORD 80 DPWA PI N PHOTOPROD.

PEDRONI 78 DPMA 0 PI N 70-370 MEV
KOCH 80 IPMA 0 PI N To PI N

ZIDELL 80 DPMA 0 PI N 0-350 HEV

3/82
1/e2
1/82

3/79
12/79
12/81

3/82
1/82
1/82

R1
R1
R1

DELTA(1232)0 INTO CN Pl ) /TOTAL (P1)
(1 ~ 0) HOEHLER 79 IP'WA PI N TO PI N

(1 ~ 0) CUTKOSKY 80 IPMA PI N TO PI N

12/79
1/82
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Particle Data Group: Review of particle properties

For notation, see key at front of I &'zt&'ngz. Baryons
A(1232), b, (1550), b, (1600)

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

OELTAC1232) INTO NUCLEON SANNA, NELI CITY~1/2 CSEV*~-1/2)
-0.140 0 ~ 006 METCALF 74 DPWA PI N

-0.141 0.004 FELLER 76 DPMA PI N

-0.136 0.002 AZNAURYAN 77 DPMA PIO
-0.139 0 ~ 002 AZNAURYAN 77 DPMA PIO
-0.142 0 ~ 007 BARBOUR 78 DPMA PI-N

&-0. 140) NOELLE 78 PI-N
N CONVERTED TO OUR CONVENTIONS USING M=1. 232, M=. 110 FROM

-0.147 0 ~ 001 ARAI 80 DPWA PI N

-0.145 0.001 ARAI 80 DPWA PI N

-0 ~ 136 0.006 CRAWFORD 80 DPWA PI N

-0 ~ 138 0 ~ 004 AMA J I 81 OP MA P I N

-0 ~ 145 0.015 CRAWFORD 83 IPMA PI N

PHOTOPROD ~

PHOTOPROD ~

PHTPRD, SOL
PHTPRD, SOL 2

PHOTOPROD ~

PHOTOPROD ~

NOELLE 78 '
PHOTO FIT 1
PHOTO FIT 2
PHOTOPROD.
PHOTOPROD.
PHOTOPROD.

33 DELTA(1232) PHOTON DECAY ANPLITUDES (SEV~*-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS ~

2/74
2/77

12/79
12/79
3/79
1/80
1/80

12/81
12/81
12/81
1/84*
1/84*

M A

N A

M A
M

M

&110.0)
(40 ' 0)

(137.0)

110 DELTAC1550) llIDTH (MEV)

LONGACRE 77 IPMA PI N TO 2PI N

BARNHAM 80 IPWA ++ PI N TO 2PI N

CRAMFORD 80 OPMA PI N PHOTOPROO.

110 DELTA(1550) MASS (NEV)

(1550 ' 0) LONGACRE 77 IPMA PI N TO 2PI N

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE
POSITION WHICH IS FROM SOLUTIONS S1 AND C1.

(1525 ' 0) BARNHAM 80 IPWA ++ PI H TO 2PI N

(1506 ' 0) CRAWFORD 80 DPWA PI N PHOTOPROD.

11/77
11/77
11/77
12/79
1Z/81

11/77
12/79
12/81

A2
A2
A2
A2
AZ
A2
A2 N

A2
A2
A2
A2
A2

DELTA( 1232)
-0 ' 254
-0 ' 256
-0 ' 255
-0 ~ 256-0.271

(-0 ' 247
-0.264
-0 ~ 261-0.24?
-0 ' 259
-0 ' 263

INTO NUCLEON
0 F 007
0.003
0 F 002
0.002
0.010

)
0.002
0 F 002
0.010
0.006
0.026

SANNA, HEL ICITY~3/2 CSEV~~-1/2)
METCALF 74 DPWA PI N PHOTOPROD.
FELLER 76 DPWA PI N PHOTOPROD.
AZNAURYAN 77 OPWA PIO PHTPRO, SOL 1
AZNAURYAH 77 DPMA PIO PHTPRD/SOL 2
BARBOUR 78 DPWA PI-N PHOTOPROD.
NOELLE 78 PI-N PHOTOPROD.
ARAI 80 DPWA PI N PHOTO FIT 1
ARAI 80 DPMA PI N PHOTO FIT 2
CRAMFORD 80 DPWA Pl N PHOTOPROD.
AWAJ I 81 DPWA PI N PHOTOPROD.
CRAWFORD 83 IPMA PI N PHOTOPROD.

2/74
2/77

12/79
12/79
3/79
1/80

12/81
12/81
12/81

1/84*
1/84*

RE A

IM A

110 DELTA(1550) REAL PART OF POLE POSITION (NEV)

1554. OR 1553. LONGACRE 77 IPWA P I N TO 2P I N

105. OR 104. LONGACRE 77 IPWA PI N TO 2PI N

110 OELTAC 1550) PARTIAL DECAY NODES

110 DELTA(1550& -2~IMAS PART OF POLE POSITION CNEV)

11/77

11/77

400400 440004444 **04*0**0Or00444040 *k0444*44 **44*0**40440404** 40**0*04

REFERENCES FOR DELTAC1232)

P1 DELTA(1550) INTO N PI
PZ DELTA(1550) INTO DELTA(1232) PI
P3 DELTA(1550) INTO N RHO, S=3/2

DECAY MASSES
938+ 140

1232+ 140
938+ 769

OLSSON
ROPER
DALITZ
MICHAEL
DONNACHI
BERENDS
CARTER

65 PR L 14 118
65 PR 138 8190
66 PR 146 1180
67 PR 156 1677
68 PL 268 161
71 NP 830 575
71 HP 826 445

M G OLSSON (MISC)
L D ROPER, R M WRIGHT, 8 T FELD (LRI +MI T) I JP
DALI TZ, SUTHERLAND (OXF)
MICHAEL &RHEL) I JP
DONNACHIE, LOVELACE, KIRSOPP (CERN)
+WEAVER (CEA+NIT+TUFT)
+WILLIAMS, BUGG, BUSSEY, DANCE (CAVE+RHEL)

R1
R1 A

R1

110 DELTA(1550) BRANCHINS RATIOS

OELTAC1550) FROM N PI TO DELTA(1232) PI SQRT CP1*P2)
{+0.11) LONGACRE 77 IPMA PI N TO ZP I N 11/77

0 ~ 13 0.05 BARNHAM 80 IPMA ++ PI N TO 2P I N 12/79

ALNEHED
BALL
PDG
SALL
CARTER
CHEHG
DEVENI SH
FONDA
MOORHOUS
NOGOVA

ALSO
ALSO

TSCHANG

HENYEY
KNIES
METCALF
MOORHOUS
OLSSON
PFEIL
SPEARMAN
SUZUKI

74 PR D9 302
74 PR D9 2680
74 NP 876 253
74 PR D9 1
74 LNC 10 333
74 NP 873 166
74 PR D10 1660
74 NP 868 413

BALL
BERENDS
CRAWFORD
GANENKO
KRIVETS

ALSO
LICHTENB
NIGRO

75
75
75
75
75
74
75
75

PR D11 1171
NP 884 342
NP 897 125
SJNP 22 522
SJNP 20 430
SJNP 19 112
LNC 12 616
NP 884 201

72 NP 840 157
72 PRL 28 1143
72 PL 398 103
73 PR D7 2789
73 NP 858 378
73 PR D7 2249
73 PL 478 53
73 PR D8 353
73 PL 438 44
73 NP 861 445
73 NP 861 438
?3 NP 865 544
?3 NP 859 445

HENYEY, KANE
KNIES, MOORHOUSE, OSERLACK
M J METCALF, R L WALKER
MOORHOUSE, OSERLACK, ROSENFELD
OLSSON
PF E I L ~ ROLLN I K ~ STANKOMSK I
T D SPEARNAN
SUZUKI, KUROKAMA, KONDO

(MICH) I JP
(LBL+GLAS)IJP

(CIT) I JP
(GLAS+LSL) IJP

(CERN) I JP
(BONN)
(TRIN)
(TOKY)

(UTAH) 1 JP
(LEID+NCHS)

(GLAS) I JP
+ (KIEV) I JP

(KIEV) I JP
I I (KIEV) I JP

{IND) I JP
(PAOO+FRAS)

J S SALL, R L GOSLE
BERENDS, DONNACHIE
R L CRAMFORD
+KR IVETS, NI ROSHNI CHENKO, NIK IFOROV
+MIROSHNI CHENKO, NIK IFOROV, SAN IN+
KR I VETS, NIKI FOROV, SANI N, SHALATSK
D 8 LICHTENBERG
NI GROs SP ILLANT INI r VALENTE

+LOVELACE (LUND+RUTG) IJP
+CAMPBELL, LEE, SHAM (UTAH+80 I S+UC I )
SODING, SARTELS, + (DESY+LBL+BRAN+CERH+HELS) I JP
BALL, LEE, SHAW (UTAH+UCI) I JP
CARTER, BUGG, CARTER (CAVE+LOQM)IJP
CHENG, LICHTENBERG ( I ND) I JP
DEVENI SH, RANKIN, LYTH &LOUC+BONN+LANC)IJP
FONDA, GHIRARDI, SHAW & ICTP-TRIESTE+TRST) I JP
MOORHOUSE, OBERLACK (GLAS+LSL) IJP
NOGOVA, P ISUT( IP SLOVAK ACAD SC I+COMENIUS U) I JP
NOGOVA, P ISUT+(IP SLOVK ACAD SC I+COMENIUS U) I JP
NOGOVA, P ISUT+ ( IP SLOVK ACAD SC I+CONENI US U) I JP
TSCHANG, PARKINSON (FLOR+GAINESVILLE) I JP

R2
R2 A

RZ

OELTAC1550) FROM N PI TO N RHO, S~3/2 SQRT(P1~P3)
{+0.08) LONGACRE 77 IPMA PI N TO 2PI N 11/77

0.17 0.05 BARNHAN 80 IPWA ++ PI N TO 2PI N 12/79

LONGACRE 77 NP 8122 493
ALSO ?6 NP 8108 365

BARNHAM 80 NP 8168 243
CRAWFORD 80 TORONTO CONF
CRAWFORD 83 NP 8211 1

LONGACRE, DOLBEAU
DOLBEAU, TR IANT IS,NEVEU, CAD IET
BARNHAM, GLICKMAN, MIER- JEDRZE JOWI CZ+

107 R L CRAMFORD
R L CRAWFORD, W T MORTON

(SACL) I JP
(SACL) I JP
(LOIC)
(GLAS)
(GLAS)

00*4** ****444%440440**0* 040440440 4*40*444lr 4*004444* **4**44*0*4*40*04
4444*4 *44%*4**444*444k*4 440440444 444444444 *4*444k44 4444*4*44 444*444*

h(1600)
I ~

Status:

110 DELTA(1550) PHOTON DECAY AMPLITUDES (SEV**-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

A1 OELTAC 1550) INTO NUCLEON SAUNA, HELICITY 1/2 CSEV~~-1/2)
A1 (0.013) CRAWFORD 80 DPWA PI N PHOTOPROO. 12/81
A1 0 ~ 016 0.016 CRAWFORD 83 IPMA PI N PHOTOPROD. 1/84*

44*****00*44404 *4*44**44 04004444* ****44%40*404k4444 *44%4***4***4****

REFERENCES FOR OELTAC1550)

AYED
BARBOUR
CAMPBELL
FELLER
GANENK01
GANENKOZ
VASAN

ALSO
ZABEV

76 CEA-N-1921
76 NP 8111 358
76 PR D14 2431
76 NP 8104 219
76 SJNP 24 284
76 SJNP 24 594
76 NP 8106 535
76 NP 8106 526
76 S JNP 24 70

AYED (THESIS) (SACL) I JP
I N BARBOUR, R L CRAWFORD (GLAS) I JP
CAMPBE LL ~ SHAW ~ BALL (BOI S+UC I+UTAH) I JP
+FUKUSHINA, HORIKAWA, KAJIKAWA+ (NAGO+OSAK) I JP
+KRIVETS, MIROSHNI CHENKO, NIK IFOROV+ (KIEV) I JP
+GORBENKO, KR I VETS, KOLESNIKOV+ (KIEV) I JP
S S VASAN (CARN) I JP
S S VASAN (CARN) I JP
ZABEV, KUZNETSOV, STUKOV (TMSK) I JP

19 DELTA(1600, JP~3/2+) I~3/2 P ' '33

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM

OBSOLETE ANO HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER/
ALL THE REFERENCES HAVE BEEN RETAINED.

THE AGREEMENT AMONG THE VARIOUS ANALYSES IS NOT VERY GOOD.

AZNAURYA
BARBOUR
HEFKEHS
NOELLE
PEDRON I
ZIDELL
HOEHLER

77 EF I-264(57)-77
78 NP 8141 253
78 PR D18 3911
78 PTP 60 778
78 NP A300 321
78 LN C 21 140
79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3
NIROSHNI 79 SJNP 29 94

+AKOPOV, BAGDASARYAN (YERE) I JP
BARBOUR, CRAWFORD, PARSONS (GLAS)
+ARNAN, BALLAGH, GLODIS, HADDOCK+ (UCLA+CATH) IJP
P NOELLE (NAGO)
+GASATHULER, DOMINGO, HIRT+ (S IN+GREN+KARL++) I JP
V S ZI DELL, R A ARNDT, L D ROPER (VPI ) I JP

SCATTERING, PHYS IK OATEN VOL. 12-1
+KAISER, KOCH, P I ETAR INEN (KARL) I JP
R KOCH (KARL) I JP
MIROSHNICHENKO, NIKIFOROV, SAHIH+ (KHAR) I JP

ARAI
ALSO

CRAWFORD
CUTKOSKY
KOCH
ZIDELL

AMA J I
ALSO

CRAWFORD

80 TORONTO CONF 93 I ARAI
82 HP 8194 251 I ARAI, H FU J I I
80 TORONTO CONF 107 R L CRAWFORD

80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK

80 NP A336 331 R KOCH, E P I ETAR INEN
80 PR D21 1255 V S ZIDELL, R A ARNOT, L D ROPER

81 BONN CONF 352 R KAJIKAMA (TALK)
82 NP 8197 365 FU JI I g HAYASHI I ~ IWATA ~KAJ IKAWA+

83 NP 8211 1 R L CRAWFORD, 'M T MORTON

(TOKY)
&TOKY)
(GLAS)

(CARH+LBL) I JP
(KARL) I JP

(VPI ) I JP

(NAGO)
(NAGO)
(GLAS)

04444* *0004%4*0 %**4+4*44 0444**4*4 004444444 0404*0440 44440***0 *000*004
000000 ***4000%0 *000%4*4rk 444**00*0 k**044004 40*4**Mr% 4*4*44*00 **000%44

M A

M A

M 8
M 8
M 8

M

M

M

M A

M 8
M

M

M

W

19 DELTA(1600) NABS CNEV)

PI N TO 2PI N

2 OF LONGACRE 75.
PI N TO 2PI N

EXCEPT FOR THE POLE

PI N TO PI N

PI N TO PI N

++ PI N TO 2PI N

P I N TO Pl N

19 DELTA(1600) WIDTH CNEV)

205. OR
(180.0)
(3?0.0)
220. 0

(250.0)
300.0

300 '

(70 ' 0)
40.0

100 ~ 0

LONGACRE
LONGACRE
CUTKOSKY
HOEHLER
BARNHAM
CUTKOSKY

75 IPMA PI H TO 2PI N

77 IPMA PI N TO 2PI N

79 IPMA PI N TO PI N

79 IPWA PI N TO PI N

80 IPMA ++ PI N TO 2PI N

80 IPMA PI N TO Pl N

1900. OR 1640. LONGACRE 75 IPWA

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND

(1560.0) LONGACRE 77 IPWA

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION WHICH IS FROM SOLUTIONS S1 AND C1.

(1640.0) &50.0) CUTKOSKY 79 IPWA
1522.0 13 ' 0 HOEHLER 79 IPMA

(1690~ 0) BARNHAM 80 IPWA
1600.0 50 ' 0 CUTKOSKY 80 IPMA

11/75
11/75
11/77
11/77
11/77
12/79
12/79
12/79

1/82

11/75
11/77
12/79
12/79
12/79

1/82

6(1550) P~, Status:
110 DELTA(1550 ~ JP~1/2+) I~3/2 P'31
THIS RESOHANCE HAS NOT BEEN SEEN IH PI N --) PI N

ANALYSES' AND ITS EXISTENCE IS THUS DOUBTFUL'

RE
RE 8
RE
RE

{1609.0)
1541 ' OR 1542.

(1547 ' 0)
1550.0 40.0

LONGACRE 75 IPWA PI N TO 2PI N

LONGACRE 77 IPWA PI N TO 2PI N

CUTKOSKY 79 IPWA PI H TO PI N

CUTKOSKY 80 IPMA PI N TO PI N

19 DELTA(1600) REAL PART OF POLE POSITION (NEV)

11/75
11/77
12/79

1/82
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Baryc) ns
h(1600), h(1620)

Data Card Listings

IM
IM 8
IM
IM

(323.0)
178 ' OR 178 ' 0

(230.0)
200 ' 0 60.0

LONGACRE 75 IPMA
LONGACRE 77 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TG 2PI N 11/75
PI N TO 2PI N 11/77
PI N TO PI N 12/79
PI N TO PI N 1/82

19 DELTAC1600& -2«INA6 PART OF POLE PQSITIQH CNEV& CUTKOSKY
HOEHLER

ALSO
BARNHAM
CRAWFORD
CUTKOSKY

79 PR 020 2839 +FORSYTH, HENDRI CK, KELLY {CARN+LBL) IJP
79 HANDBOOK OF PI N SCATTERINGt PHYSIK OATEN VOL 12 1

+KAISER, KOCH, PI ETAR INEN (KARL) I JP
80 TORONTO CONF 3 R KOCH (KARL) I JP
80 NP 8168 243 BARNHAM, GL ICKMAN, MI ER- JEDRZE JOMI CZ+ (LOI C)
80 TORONTO CONF 107 R L CRAWFORD (GLAS)
80 TORONTO CONF 19 +FORSYTHsBABCOCKtKELLYtHEHDRICK {CARH+LBL) IJP

RER
RER

( —18 ~ 0) CUTKOSKY 79 IPMA
-15.0 6.0 CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

19 DELTA&1600& REAL PART OF ELASTIC POLE RESIDUE CNEV&

12/79
1/82

AMAJI 81 BONN CONF 352 R KAJIKAMA (TALK) (NAGO)
AL SO 82 NP 8197 365 FUJI I, HAYASHII, IWATA, KAJIKAMA+ (NAGO)

CRAWFORD 83 NP 8211 1 R L CRAWFORD, M T MORTON (GLAS)

a«*a«« a«***a«a* a«*a«a«a* a*«««*a«* ««*«*a«aa «**a«***«**«*a««*a *a«««**a
*a«a«a **a***a**«****««a« aaa«a«a«a a«a«a«a«a ««*a*«*a* *«*aa«**a «*a«a«a*

IMR
IMR

(-11.0) CUTKOSKY 79 IPMA
8 ' 0 8.0 CUTKOSKY 80 IPMA

P I N TO P I N

P I N TO P I N

19 DELTA(1600) INA6 PART GF ELASTIC POLE RESIDUE CNEV&

12/79
1/82

h(1620) S3i Status: eI'ee

82 DELTA(&620, JP~1/2-) 1~3/2 S'31

P1
P2
P3
P4
P5
P6
P7

DELTA(1600)
DELTA(1600)
DELTA('1600)
DELTA(1600)
DE LTA(1600)
DELTA(1600)
DE LTA( 1600)

19 DELTA(1600& PARTIAL DECAY NODES

INTO N P I
INTO SIGMA K

INTO DELTA(1232) PI, P-WAVE
INTO DELTA( 1232) PI, F-WAVE
INTO N RHOs S~1/2~ P-WAVE
INTO N RHO, S~3/2, P-WAVE
INTO N( 1440) P I

DECAY MASSES
938+ 140

1189+ 494
1232+ 14 0
1232+ 14 0
938+ 769
938+ 769

1440+ 140

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

DELTAC1600) FRQN H PI TQ DELTA(1232& PI, P-WAVE SORTCP1«P3&
A -0.36 OR -0.30 LGNGACRE 75 IPMA PI N TO 2PI N

8 (-0 ' 34) LONGACRE 77 IPMA PI N TO 2PI N

8 LONGACRE 77 CONSIDER THIS COUPLING TO BE MELL DETERMINED-
D &0.3& NOVOSELLE ?8 IPWA PI N TG ZPI N

0 BW FIT TO LONGACRE 75 IPMA, PHASE IS NEAR -90 DEGREES ~

E (0.27) NOVOSELLE 78 IPMA PI N TO 2PI N

E BM FIT TO NOVOSELLER 78 IPMA, PHASE IS NEAR -90 DEGREES. THIS FIT
E ASSUMES THE MASS IS NEAR 1900 MEV.
F -0.24 0.05 BARNHAM 80 IPWA ++ PI N TO 2PI N

F THE COUPLING SIGNS (WHERE DETERMINED) OF BARHHAM 79 HAVE BEEN
F CHANGED TO AGREE WITH THE CONVENTION OF LONGACRE 77.

R4 DELTAC1600& FRQN H PI TQ DELTA(1232& PI, F-WAVE SQRTCP1«P4)
R4 8 &+0.07) LOHGACRE 77 IPMA PI N TO 2PI N

R5 DELTA(1600& FRQN N PI TO I RIIQ, S~1/2, P-WAVE SQRTCP1«P5&
R5 8 (-0.10) LONGACRE 77 IPMA PI N TO 2PI N

R6 DELTAC16DQ& FRQN N PI TQ H RHQ, S~3/2~ P-WAVE SORT(P1«P6&
R6 8 (-0.10) LONGACRE 7? IPMA PI N TO 2PI H

R7 DELTA(1600& FRQN H PI TQ N(144& PI SORTCP1«P?&
R7 F -0 ' 23 0 ' 04 BARNHAM 80 IPWA ++ PI N TO 2PI

19 DELTAC1600& BRANCHIH6 RATIQS

R1 DELTA(16003 INTO CH PI&/TOTAL CP1)
R1 (0 ' 20) (0.04) CUTKOSKY 79 IPMA PI N TO PI N

R1 0.21 0 ~ 06 HOEHLER 79 IPWA PI N TG PI N

R1 0.18 0.04 CUTKOSKY 80 IPMA PI N TO PI N

R2 DELTA(1600& FRQN N PI TQ SI6NA K SORT (P1«P2)
R2 C 0 ' 006 TO 0.042 DEANS 75 DPMA PI N TO K SIGMA
R2 C RANGE GIVEN IS FROM FOUR BEST SOLUTIONS.
R2 C DEANS75 DISAGREES MITH PI+ P TO K+ SIGMA+ DATA OF MINNIK77
R2 C AROUND 1920 ME V ~

12/79
12/79

'l /82

11/75
11/75

1/78
1/78

11/75
11/77

3/79
3/79
3/79

12/79
12/79
12/79
12/79
12/79

11/77

11/77

f1/77

12/79

M A

M A

M S
M 8
M 8
M

M

M

M

M C

M D

M CD
M CD
M CD
M

M

M A

M 8
M

W

M

W

M C

W 0
M

M

RE
RE 8
RE
RE

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM
OBSOLETE AND HAVE BEEN ONITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION &PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

82 DELTAC1620& MASS CNEV&

82 DELTA( 1620& WIDTH CNEV&

'160. OR
(120.0)
(180.0)
(140.0)
139.0

(120.0 &

(228.3&
{30.0)

&161.0)
140 ~ 0

150 ~

(20 ' 0)
18.0

(18~ 0)
(6.4)

20.0

LONGACRE
LONGACRE
BARBOUR
CUTKOSKY
HOEHLER
SARNHAM
CHEW
CHEM
CRAWFORD
CUTKOSKY

?5 IPMA
77 IPMA
78 DPMA
79 IPWA
79 IPWA
80 IPWA ++
80 BPWA ++
80 BPMA ++
80 OPWA
80 I PMA

PI N TO 2P I N

PI N TO 2PI N

PI-N PHOTOPROD ~

PI N TO PI N

PI N TO PI N

PI N TO 2PI N

PI+P TO PI+P
P I+P TO P I+P
PI N PHGTOPROO.
P I N TO P I N

82 DELTAC1620& REAl. PART OF POLE POSITION CNEV&

(1583~ 0)
1575. OR 157Z.

(1597.0)
1600 ' 0 15.0

LONGACRE 75 IPMA
LONGACRE 77 IPMA
CUTKGSKY 79 IPWA
CUTKOSKY 80 IPMA

PI H TO 2PI N

PI N TO ZP I N

PI N TO PI N

PI N TO PI N

1625 ' OR 1600. LONGACRE 75 IPWA PI N TO 2PI N

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 ANO 2 OF LONGACRE 75.
(1580.0) LONGACRE 77 IPWA PI N TO 2PI N

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE
POSITION WHICH IS FROM SOLUTIONS S1 AND C1.

(1662.0) BARBOUR 78 DPMA PI-N PHOTOPROD ~

( 1620.0) (20 ' 0) CUTKGSKY 79 IPMA PI N TG PI N

1610 ~ 0 7 ~ 0 HOEHLER 79 IPMA PI N TO PI N

(1620.0& BARNHAM 80 IPWA ++ PI N TO 2PI N

(1712.8& (6 ~ 0) CHEM 80 BPMA ++ PI+P TO PI+P
( 1786 F 7& (2 ' 0) CHEW 80 BPWA ++ PI+P TO PI+P

CHEM 80 REPORTS TMO S31 RESONANCES AT SOMEWHAT HIGHER MASSES THAN
OTHER ANALYSES. THEY ARE LISTED HERE, AS C AND D. PROBLEMS WITH
THIS ANALYSIS ARE DISCUSSED IN SEC.2. 1.11 OF HOEHLER 83.

(1657~ 0) CRAWFORD 80 OPMA PI N PHOTOPROD.
1620.0 CUTKOSKY 80 IPWA PI N TO PI N

11/75
11/75
11/77
11/77
11/77
3/79

12/79'
12/79
12/79

1/82
1/82
2/84*
2/84*
2/e4*

12/81
1/82

11/75
11/77
3/79

12/79
12/79
12/79

1/82
1/82

12/81
1/82

11/75
11/77
12/79

1/82

A1
A1
A1
A1
A1
A1
A1
A1
A1

DELTAC 1600&
0 ~ 0
0 ~ 0

+0.006
-0 ~ 119

0 ~ 000
0.005-0.046-0.039

INTO HUCLEQN
0.038
0 ' 020
0.018
0.014
0.030
0.020
0 ~ 013
0 ' 030

6ANNA, HEL ICITY~1/2 CGEV««-1/2)
METCALF ?4 OPWA PI N PHOTOPROD.
FELLER 76 OPWA PI N PHOTOPROO.
AZNAURYAN ?7 DPMA PIO PHTPRO, SOL 1
AZHAURYAN 77 DPMA PIO PHTPRD, SOL 2
BARBOUR 78 DPMA PI-N PHOTOPROD.
CRAWFORD 80 DPWA PI N PHOTOPROD.
AMAJI 81 DPMA PI H PHOTOPROD.
CRAWFORD 83 IPWA PI N PHOTOPROD.

'l9 DELTA(1600) PHOTON DECAY ANPLITUDES CGEV«a-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECED ING THE BARYON LI STINGS.

2/74.
2/77

12/79
12/79
3/79

12/81
1/84«
1/84*

IM
IM 8
IM
IM

RER
RER

82 DELTAC'1620& -2«INA6 PART OF POLE POSITION (NEV&

(143.0)
119' OR 128 ' 0

(120.0)
120 ' 0 20 ' 0

LGNGACRE 75 IPMA
LGNGACRE 77 IP'MA

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO 2PI N

PI N TO 2P I N

PI N TO PI N

P I N TO P I N

(-6.0)-5.0 5.0
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

P I N TO P I N

82 DELTA(1620& REAL PART OF ELASTIC POLE RESIDUE CNEV3

11/75
11/77
12/79

1/82

12/79
1/82

A2
A2
A2
A2
A2
A2
A2
A2
A2

DELTA( 1600&
0.0
0.0-0.133-0.088
0 ~ 000

-0 ' 009
0 ' 025-0.013

INTO NUCLEON
0.033
0.015
0 ~ 042
0 ~ 037
0.045
0.020
0 ~ 031
0.014

6ANNA, HEL ICI TV~3/2 (GEV«a-1/2)
METCALF 74 DPMA PI N PHOTOPROD.
FELLER 76 DPWA PI N PHOTOPROO.
AZNAURYAN 77 DPMA PIO PHTPRD, SOL 1
AZNAURYAN 77 DPMA PIO PHTPRDiSOL 2
BARBGUR 78 OPWA PI-N PHOTOPROD.
CRAWFORD 80 DPWA PI N PHOTOPROD.
AMAJ I 81 DPMA PI N PHOTOPROD-
CRAWFORO 83 IPMA PI H PHOTOPROD.

2/74
2/77

12/79
12/79
3/79

'l2/81
1/e4*
1/84*

IMR
IMR

(-15 ~ 0) CUTKOSKY 79 IPMA
-14 ~ 0 3 ~ 0 CUTKOSKY 80 IPMA

P I N TO P I N

P I N TO P I N

82 DEI.TA(1620) PARTIAL DECAY NODES

82 DELTA(1620& INAG PART OF ELASTIC POLE RESIDUE (NEV&

12/79
1/82

68 VI ENNA 139
68 THESIS
70 KI EV CONF
70 PL 318 598
70 NP 178 331
70 NP 168 85
72 NP 840 157
73 PL 478 53
74 PL 528 227
74 PR 09 2680
74 NP 876 Z53

DONNACH2
K IRSOPP
AYEO
AYE02
BOWLER
FEUERBAC
ALMEHED
DEVENISH
DEVENIS2
KNIES
METCAL F

DGNNACHIE RAPPORTEUR 'S TAL
R G K I RSOPP
R AYED, P BAREYRE, G VILLET
+BAREYRE, VILl. ET
+CASHMORE
FEUERBACHER+HOLLAOAY
+LOVELACE
DEVENI SH, RANKIN, LYTH
DEVENISH, LYTH, RANKIN
KNIES, MOORHOUSE, OBERLACK
W J METCALF, R j WALKER

K (GLAS)
(EDIN)
(SACL) I JP
(SACL)

(OXF )
(VAND)

(LUHO+RUTG)IJP
(LOUC+BONN+LANC)IJP
(DESY+LAHC+SONN)IJP

(LBL+GLAS) I JP
(C IT) I JP

75 NP 896 90
75 PL 558 415
78 PR 017 1795
76 CEA-N-1921
76 NP 8104 219
77 EF 1-264(57)-77
77 NP 8122 493
76 NP 8108 365
77 NP 8128 66
78 NP 8141 253
78 NP 8137 509
78 NP 8137 445

DEANS
LONGACRE

ALSO
AYED
FELLER
AZHAURYA
LGNGACRE

ALSO
MINNIK
BARBOUR
NOVOSELL

ALSO

+MITCHELL, MONTGOMERY, +
+ROSENFELD, LASINSKI, SMAOJAe
LONGACRE, LASINSKI, ROSENFELD+
AYED (THESIS)
+FUKUSHIMA, HORIKAWA, KAJ IKAMA+
+AKOPOV, BAGOASARYAN
LONGACRE, DOLBEAU
DOLSEAU, TR I ANTIS, NEVEU, CAD I ET
+TOAFF, REVEL, GOLDBERG, BERNY
BARBOUReCRAWFOROePARSONS
0 E NOVOSELLER
D E NOVOSELLER

(SFLA+ALAH) I JP
(LBL+SLAC)IJP
(LBL+SLAC)

(SACL) I JP
(NAGO+OSAK) I JP

(YERE) I JP
(SACL) I JP
&SACL) I JP
&HAIF) I
(GLAS)
(CIT) I JP
&CIT) I JP

*a«a«a *a«*a«a«a a***a«a«a *a«a««a«* a******«*a«a*a«a«a «aaaaaaa« **«*a««a

REFERENCES FQR DELTA(1600&

P1
P2
P3
P4
P5
P6
P7
Pe

R'1
Rl
R1
R1 C

R1 D

R1

RZ
R2 A
R2 8
R2 8
RZ E
R2 E
R2 E

DELTA('1620)
DE LTA( 1620)
DELTA(1620)
DELTA(1620)
DELTA(1620)
DELTA(1620)
DE l. TA ( 1620)
DELTA(1620)

INTO N PI
INTO N PI PI
INTO NUCLEON GAMMA, HELI CITY=1/2
INTO DELTA(1232) PI
INTO N RHO
INTO N RHO, S 1/2, S-WAVE
INTO H RHO, S~3/2, D-MA VE
INTO N(1440) PI

DECAY MASSES
938+ 140
938+ 140+ 140
938+ 0

1232+ 140
938+ 769
938+ 769
938+ ?69

1440+ 140

82 DELTA(1620) BRANCHING RATIOS

DELTA(1620& XNTQ CN PI&/TQTAL
(0.25) (0.04)
0.35 0.06

(0 ' 60)
(0.36)
0 ~ 25 0 ' 03

(Pl&
CUTKOSKY 79 IPMA PI N TO PI N

HOEHLER ' 79 IPMA PI N TO PI N

CHE'W 80 BPMA ++ PI+P TO PI+P
CHEM 80 BPMA ++ P I+P TO PI+P
CUTKOSKY 80 IPWA PI N TO PI N

DELTAC 1620& FRQN I PI TQ DELTA( 1232& PI SaRTCP1«P4&
+0.40 OR +0.40 LONGACRE 75 IPMA PI N TO 2PI N

(+0 ~ 39& LONGACRE 77 IPMA Pl N TG 2PI N

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED.
+0.33 0.06 BARNHAM 80 IPMA ++ PI N TO ZPI N

THE COUPLING SIGNS (WHERE OETERMIHEO) OF BARNHAM 80 HAVE BEEN
CHANGED TO AGREE WITH THE CONVENTION OF LONGACRE 77.

12/79
12/79

1/82
1/82
1/82

11/75
11/77

12/79
12/79
12/79
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For notation, see key at front of Listings. garyons
h(1620), b (1700)

R3 DELTA&1626) FROM N PI TO N RRO, S 1/2 ~ S-MAVE SQRT(11«P6)
R3 A 0. 18 QR -0 ~ 28 LONGACRE 75 IPMA PI N TO 2PI N

R3 8 (-0.08) LONGACRE 77 IPMA PI N TO 2PI N
R3 E -0 ~ 40 0. 10 BARNHAM 80 IPMA ++ PI N TO ZPI N

R4 DELTA&1626) FROII N PI TO N RRO, S 3/2, D-WAVE SQRT(P1«P7)
R4 8 (+0.13) LONGACRE 77 IPMA PI N TO 2PI N

R5 DELTA(1626) FRON N PI TO N(1446) PI SQRT(P1«PS)
R5 E 0 ~ 11 0.05 BARNHAM 80 IPMA ++ PI N TO 2PI N

»/?5
11/77
12/79

11/77

12/79

A

8

C

190. QR
(200.0)
(216.0)
(300.0&
230.0

&160.0)
(193' 3)
(209.0)
280. 0

240 '

(100.0 &

80.0

(Z6. 0)

80.0

LONGACRE
LONGACRE
BARBOUR
CUTKOSKY
HOEHLER
BARNHAM
CHEM
CRAWFORD
CUTKOSKY

16 DELTA(1760) WIDTH (NEV)

75 IPWA PI N

77 IPMA P I N

78 DPWA PI-N
79 IPMA P I N

79 IPMA PI N

80 IPMA ++ PI N

80 BPWA ++ P I+P
80 DPMA P I N

80 IPWA PI N

TQ 2P I N

TO 2PI N

PHOTOPROD.
TO PI N

TQ PI N

TO ZP I N

TO P I+P
PHOTOPROD.
TO PI N

11/75
11/77
3/79

12/79
12/79
12/79

1/82
12/81

1/82

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

DELTA& 1626)
0.105

-0 ' 005-0.014
0.000

+0 ~ 034-0.022
-0 ' 026
0.021
0 ~ 126
0.010
0.035

INTO NUCLEON
0.038
0 ~ 016
0.030
0.014
0.028
0.007
0.008
0.020
0.021
0.015
0.010

GANIIA, REL ICITY~1/2 (GEV«*-1/2)
METCALF 74 DPMA PI N PHOTOPROD.
FELLER 76 DPMA PI H PHOTOPROD.
AZNAURYAN 77 DPMA PIG PHTPRD, SOL 1
AZNAURYAN 77 DPWA PIO PHTPRD, SOL 2
BARBOUR 78 DPMA PI-N PHOTOPROD.
ARAI 80 DPMA PI N PHOTO FIT "i

ARAI 80 DPMA PI N PHOTO FIT 2
CRAWFORD 80 DPMA PI N PHOTOPROD.
TAKEDA 80 DPMA PI N PHOTOPROD.
AMAJ I 81 DPMA PI N PHOTOPROD.
CRAWFORD 83 IPMA PI N PHOTOPROD ~

82 DELTA(1626) PROTON DECAY AMPLITUDES (6EV««-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

2/74
2/77

12/79
12/79
3/79

12/81
12/81
12/81
12/81
1/84*
1/84*

RE
RE
RE
RE

IM
IM
IM
IM

10 DELTA(1760) REAL PART OF POLE POSITION (MEV)

(1681.0)
16GG. OR 1594.

(1691~ G)
1675.0 25.0

LONGACRE 75 IPMA
LONGACRE 77 IPMA
CUTKOSKY 79 IPWA
CUTKQSKY 80 IPMA

PI N TQ 2P I N

PI N TQ 2P I N

PI N TO PI N

PI N TQ PI N

11/?5
11/77
12/79

1/82

&245.0)
208. OR 201.0

{292.0)
220. 0 40.0

LQHGACRE 75 IPWA
LONGACRE 77 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO 2PI N 11/75
PI N TQ 2PI N 11/77
PI N TO PI N 1Z/79
PI N TO PI N 1/82

10 DELTA(1706) -2*IMA6 PART OF POLE POSITION (MEV)

*«a«*a **a***«a««**a«*a«* ***a«a««a «a«a*a«a« a«a*«aaaa ««aa*aaa* aaaaaa*a 16 DELTA(1706) REAL PART OF ELASTIC POLE RESIDUE (IIEV)

CARRUTHE 60 PRL 4 303
DEVLIN 62 PR 125 690
BAREYRE 65 PL 18 342
DEVL IN 65 PRL 14 1031

REFERENCES FOR DELTA&1626)

P CARRUTHERS (CORN) I
T J DEVLIN, 8 J MOYER, V PEREZ-MENDEZ (LRL) I
+ BRICMAN, STIRLING, VILLET (SACL) I JP
T J DEVLIN, J SOLOMON, G BERTSCH (PR IN) I

RER
RER

(24.0)
12.0 3.0

CUTKQSKY 79 IP'WA
CUTKOSKY 80 I PWA

PI N TO P I N

PI N TO PI N

16 DELTA(1706) IMA6 PART OF ELASTIC POLE RESIDUE (MEV)

12/79
1/82

JOHNSON
BAREYRE
DONNACH1

ALSO
AL SO

67 UCRL-17683 THESIS C H JOHNSON (LRL}
68 PR 165 1731 P BAREYRE, C BRICMAN, G VILLET (SACL) I JP
68 PL 268 161 A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) I JP
68 VIENNA 139 DONNAC HIE RAPPORTEUR ' S TALK (GLAS)
68 THESIS R G K I RSOPP (EDIN)

IMR
IMR

(-2.0) CUTKOSKY 79 IPWA-4.0 5.0 CUTKOSKY 80 IPMA
PI N TQ P I N

P I N TO P I N

12/79
1/82

DONNACHI
AYED
AYEO2
BOWLER
DAVIES
ALMEHED
DEVENISH
HEMMI 1
HOOR HOLI S

69 NP 108 433
?0 K I EV CONF
70 PL 318 598
70 NP 178 331
70 NP 821 359
72 NP 840 157
73 PL 478 53
73 PL 438 79
73 PL 438 44

A DONNAC HI E, R K I RSOPP
R AYED, P BAREYRE, G VIL
+BAREYRE, VILLET
+CASHMORE
A DAVIES
+LOVELACE
DEVENISH, RANKIN, LYTH
HEMMI, INAGAK I+
MQORHQUSE, OBERLACK

(G LAS+ED IN)
LET (SACL) I JP

(SACL)
(OXF)

(GLAS)
(LUND+RUTG)IJP

(LOUC+BONN+LANC)IJP
(KYOT+SAGA+KEK+TOKY)IJP

(GLAS+LBL) IJP
DEVENI S2
KHIES
METCALF
MOORHOUS
CRAMFORD
DEANS
KRIVETS

ALSO
LONGACRE

ALSO

74 PL 528 227
74 PR D9 2680
74 NP 876 253
74 PR D9 1
75 NP 897 125
75 HP 896 90
75 SJNP 20 430
74 SJNP 19 112
75 PL 558 415
78 PR D17 1795

DEVENISH, LYTH, RANKIN &DESY+LANC+BONN)IJP
KN I E S,MOOR HOUS E, OBER LACK (LBL+GLAS)IJP
M J METCALF, R L WALKER (C IT) I JP
MOORHOUSE, OBERLACK, ROSENFELD (GLAS+LBL) I JP
R L CRAMFORD (GLAS) I JP
+MITCHELL, MONTGOMERY, + ' (SFLA+ALAH) I JP
+MI ROSHNI CHENKO, N IK IF OROV, SAN IN+ (K I EV) I J P
KR IVETS, NIKIFOROV, SANIN, SHALATSKI I (KIEV) I JP
+ROSENF ELD, LASINSKI, SMAD JA+ (LBL+SLAC) I JP
LONGACRE, LASINSKI, ROSENFELD+ (LBL+SLAC)

AYED
BARBOUR
FELLER
AZNAURYA
I ONGACRE

ALSO
BARBOUR
CUTKOSKY
HOEHLER

76 CEA-N-1921
?6 NP 8111 358
76 NP 8104 219
77 EF I-264(57)-77
77 NP 8122 493
76 NP 8108 365
78 NP 8141 253
79 PR D20 2839
79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3

AYED (THESIS) (SACL) I JP
I M BARBOUR, R L CRAWFORD (GLAS) I JP
+FUKUSHIMA, HQR IKAMA, KA J IKAWA+ (NAGO+OSAK) I JP
+AKOPOV, BAGDASARYAN (YERE) I JP
LONGACRE, DOLBEAU (SACL) I JP
DOLBEAU, TR I ANT I S,NEVEU, CAD I E T (SACL) I JP
BARBOUR, CRAWFORD, PARSONS (GLAS)
+FORSYTH, HENDRICK, KELLY (CARN+LBL& IJP

SCATTERING, PHYSIK DATEH VOL. 12-1
+KAISER, KOCH, P I ETAR INEN (KARL & I JP
R KOCH (KARL&IJP

ARAI
ALSO

BARNHAM
CHEW
CRAMFORD
CUTKOSKY
TAKEDA
AMA J I

ALSO
CRAMFORD
HOEHLER

80 TORONTO CONF 93
82 NP 8194 251
80 NP 8168 243
80 TORONTO CONF 123
80 TORONTO CONF 107
80 TORONTO CONF 19
80 NP 8168 17
81 BONN CONF 352
82 NP 8197 365
83 NP 8211 1
83 LAHDOLT-BQRNSTEIN

I ARAI (TOKY&
I ARAI, H FUJII (TOKY)
BARNHAM, GL I CKMAN, MIER- JEDRZE JOWI CZ+ (LOI C)
D M CHEM (LBL)I JP
R L CRAMFORD &GLAS)
+FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL)IJP
TAKEDA, ARAI, FUJII, IKEDA, IMASAKI+ &TQKY)
R KAJIKAWA &TALK) &NAGO&
FUJII, HAYASHII, IWATA, KAJ IKAMA+ &NAGO)
R L CRAMFORD, M T MORTON &GLAS&
VOL I 9BZ G HOEHLER &KARL)

h(1700) D,~ S i,Bt,lls:
16

DELTA�

(1766, JP~3/2-) I~3/2 O ' 33

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM

OBSOLETE AND HAVE BEEH OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

«*a««a aa*aaaaa* a«aa«a«aa ««**a«*a« *«a«a«a*a «**«*a***««a««a«a« «**a«*a*
aaaaaa i*a«a«**a *«i***««a **««*a«aa a««i***«* a*a«a«*a* a*****a**a«a*a«i*

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11

R1
R1
R1
R1
R1

R2
R2
R2
R2
R2
RZ

R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5

A

8
8

E
E
E

A

8
E

DELTA(1700)
DELTA(1700)
DELTA(1700)
DELTA(1700)
DELTA(1700)
DELTA(1700)
DE LTA ( 1700)
DE LTA ( 1700)
DE LTA ( 1700)
DEi.TA(17GG)
DELTA(1700)

16 DELTA(1706) PARTIAL DECAY NODES

INTO N PI
INTO N PI PI
INTO S I GMA K

INTO NUCLEON GAMMA, HELI CI TY=1/2
INTO NUCLEON GAMMA, HE L I C I TY=3/2
INTO DELTA(123Z) PI
INTO DELTA(1232) PI, S-WAVE
INTO DELTA( 1232) PI, D-WAVE
INTO N RHO, S=3/2, S-WAVE
INTO N RHO, S=1/2, D-WAVE
INTO N RHO, S=3/2, D-WAVE

DECAY MASSES
938+ 140
938+ 140+ 140

1189+ 494
938+ 0
938+ 0

1232+ 140
1232+ 140
1232+ 140
938+ 769
938+ 769
938+ 769

16 DELTA(1706) BRANCRING RATIOS

DELTA(1760) INTO (N PI)/TOTAL
&0. 12) (0.04)
0.20 0.03

(0. 16&
G. 12 0.03

(P1)
CUTKQSKY 79 IPWA PI N TQ PI N

HQEHLER 79 IPMA PI N TQ PI N

CHEW 80 BPWA ++ PI+P TQ PI+P
CUTKOSKY 80 IPMA PI N TO PI N

16 DELTA(1760) PROTON DECAY AIIPLITUDES (GEV*«-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

DELTA(1700& FROII N PI TO SIGNA K SQRT (P 1*P3)
0.001 TO 0.011 DEANS 75 DPWA PI H TO K SIGMA

RANGE GIVEH IS FROM FOUR BEST SOLUTIONS.
DEANS75 DISAGREES ialI TH PI+ P TO K+ SI GMA+ DATA OF WI NNIK?7
AROUND 1920 MEV.(.002)

DELTA(1766) FROII N PI TO DELTA(1232) PI, S-MAVE SQRT(P1*P7)-0.25 OR -0.24 LONGACRE 75 IPWA PI N TO 2PI N(-0.30& LONGACRE 77 IPMA PI N TO 2PI N

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED.
-0 ~ 18 0.04 BARNHAM 80 IPWA ++ PI N TO 2PI N

THE COUPLING SIGNS (WHERE DETERMINED& OF BARNHAM 80 HAVE BEEN
CHANGED TQ AGREE WITH THE CONVENTION OF LONGACRE 77.

DELTA(1766) FRlÃI N PI TO DELTA(1232) PI, O-MAVE SQRT(P1«PS)
G. OR -0 10 LONGACRE 75 IPMA PI N TO 2PI N(-0.05) LONGACRE 77 IPWA PI N TO 2PI N

0. 14 G. 04 BARNHAM 80 IPWA ++ PI N TO 2PI N

DELTA(1766) FROW N PI TO N RRO, S~3/2, S-WAVE SQRT(P1«P9)
O. ZG OR +0.30 LQNGACRE 75 IPMA PI N TO 2PI N(-0.04) LQNGACRE 77 IPMA PI N TO 2PI N

DELTA&1766) FROM N PI TO N RRO, S~1/2, D-WAVE SQRT(P1«P10)-0. 17 0.05 BARNHAM 80 IPWA ++ PI H TO ZPI N

DELTA&1766) FROM N PI TO N RRO, S~3/2, O-WAVE SQRT(P1«P11)
0. 18 0.07 BARNHAM 80 IPMA ++ PI N TO 2PI N

12/79
12/79

1/82
1/82

11/75
11/75
1/78
1/78
1/82

11/75
11/77

12/79
12/79
12/79

11/75
11/77
12/79

11/75
11/77

12/79

12/79

M A

M A

M 8
M 8
M 8
M

M

M

M

M C

M C
M C

M

M

16 DELTA&1766) IIASS (MEV)

1725. OR 1680 ~ LONGACRE 75 IPMA
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND

(1600.0) LONGACRE 77 IPMA
ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2,
POSITION MHICH IS FROM SOLUTIONS S1 AND C1.

(1629.0) BARBOUR 78 DPMA
{1?30.0) (30.0) CUTKOSKY ?9 IPMA
1680.0 70.0 HOEHLER 79 IPMA

(1650 ~ 0) BARNHAM 80 IPWA
(1718.4) (13.1) (13.0) CHEM 80 BPWA

PROBLEMS WITH THIS ANALYSIS ARE DISCUSSED IN SE
HOEHLER 83.

(1622 ~ 0) CRAWFORD 80 DPMA
1?10.0 CUTKOSKY 80 IPWA

PI N TO 2PI H

2 OF LONGACRE 75.
PI N TO 2P I N

EXCEPT FOR THE POLE

PI-N PHOTOPROD-
P I N TO P I N

PI N TO PI N

++ PI N TO 2PI N

++ P I +P TQ P I+P
C. 2. 1.11 OF

PI N PHOTQPROD.
PI N TQ PI N

11/75
11/75
11/77
11/77
11/77
3/79

12/79
12/79
12/79

1/82
2/84*
2/84*

12/81
1/82

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

A2
A2
A2
A2
A2
A2
A2

DELTA(1766) INTO NUCLEON
0.0 0.048

+0.072 0.033
+0. 147 G. 013
+0. 136 0.013
+0. 130 0.037

G. 112 0.006
0. 130 G. 006
0. 123 G. 022
0.089 0.033
0. 111 0.017

DELTA(1706) INTO NUCLEON
0.0 0.041

+0.087 0 ' 023
+0.053 0.003
+0.022 0.003
+0.098 0.036
0.047 0.007

GAMMA, HEL ICI TY~1/2 (GEV**-1/2)
METCALF 74 DPWA PI N

FELLER ?6 DPMA PI N

AZ NAUR YAH 77 DPMA P I 0 P
AZNAURYAN 77 DPMA PIO P
BARBOUR 78 DPWA PI-N
ARA I 80 DPMA P I N

ARAI 80 DPMA P I N

CRAWFORD 80 DPWA PI N

AWA J I 81 DPMA P I N

CRAMFORD 83 IPMA P I N

PHOTOPROD.
PHQTOPRQD.
HTPRD, SOL
HTPRD, SOL 2
PHOTOPROD.
PHOTO F I T 1
PHOTO F I T 2
PHOTOPROD.
PHOTOPRQD.
P)OTOPROD.

GAMMA, REL I C I TY~3/2 (6EV**-1/2)
METCALF 74 DPWA PI N PHOTOPROD.
FELLER 76 DPWA PI N PHOTOPROD.
AZNAURYAN 77 DPWA PIG PHTPRD, SOL 1
AZNAURYAN 77 DPMA PIG PHTPRD, SQL 2
BARBOUR 78 DPMA PI-N PHQTOPRQD.
ARAI 80 DPWA PI N PHOTO FIT

2/74
2/77

12/79
12/79
3/79

12/81
12/81
12/81
1/84*
1/84*

2/74
2/77

12/79
12/79
3/79

12/81
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S236 Particle Data Group: Review of particle properties

Sary ons
l(1700), h(1900), b (1905)

Data Card Listings

A2
A2
A2
A2

O. 050
O. 102
0 ~ 060
0. 107

0.007
0.0'f5
O. 015
0 ~ 015

ARAI 80 OPWA
CRAMFORD 80 DPMA
AWA J I 81 DPMA
CRAWFORD 83 IPMA

PI N PHOTO FIT 2 12/81
P I N PHOTOPROD ~ 12/81
PI N PHOTOPROO ~ 1/84*
PI N PHOTOPROD. 1/84* P1

P2

30 OELTAC1900) PARTIAL DECAY NODES

DELTA(1900) INTO N PI
DELTA(19'00) INTO SIGMA K

DECAY MASSES
938+ 140

1189+ 494
4*4440 44*4*44** 0440*044* *000444%4 *0%4**00*44***004*044040400 044*1000

REFERENCES FOR OELTA(1700)
30 OELTA(1900) SRANCHIN6 RATIOS

DONNACH1 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THESIS

DONNACHI 69 NP 108 433

AYED 70 KIEV CONF
AYED2 70 PL 318 598
BOWLER 70 NP 178 331
DAVIES 70 NP 821 359
FEUERBAC 70 NP 168 85

ALMEHED 72 NP 840 157
DEVENISH 73 PL 478 53
NOORHOUS 73 PL 438 44

DEVENISZ 74 PL 528 227
KNIES 74 PR D9 2680
NETCALF '74 NP 876 253
NOORHOUS 74 PR D9 1

R AYED, P BAREYRE, G VILLET
+BAREYRE, VILLET
+CASHHORE
A DAVIES
FEUERSACHER+HOLLADAY

+LOVELACE
DEVENISH, RANKIN, LYTH
MOORHOUSE, OBERLACK

(SACL) I JP
(SACL)

(OXF)
(GLAS)
('VAND)

(LUNO+RUTG)IJP
(LOUC+BONN+LANC) IJP

& G

LAB+

LB�L�)
I JP

DEVENI SH, LYTH, RANK IN (DESY+LAMC+SONN) IJP
KNIES, MOORHOUSE, OBERLACK (LSL+GLAS)IJP
W J METCALF, R L WALKER (C IT) I JP
MOORHOUSE, OBER LACK, ROSENFE LD (GLAS+LSL) I JP

A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) I JP
DONNACHI E RAPPORTEUR 'S TALK (GLAS)
R G K I RSOPP (EDIN)
A DONNACHI E, R K I RSOPP (GLAS+EO IN)

R1
R1
R1
R1
R1

RZ
R2
R2
R2 A

R2 A

DELTA(19003 INTO CN PI)/TOTAL
(0.08) (0.03)
o.oe o.o4

(0.28)
0. 10 0.03

CP13
CUTKOSKY 79 IPMA Pl N TO Pl N

HOEHLER 79 IPMA PI N TO PI M

CHEM 80 SPMA ++ PI+P TO PI+P
CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79

1/82
1/82

30 DELTA(19003 PHOTON DECAY ANPLITUOES (GEV*~-1/23

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE NINI-
REVIEW PRECEDING THE BARYON LISTINGS.

OELTAC19003 FRON N PI TO SIGNA K SORT C P 1*PZ)
(O. 11) LANGSEIN 73 IPMA PI N-K SIG, SOL 1 9/73(0.12) LANGBE IN 73 IPMA Pl N-K Sl G, SOL 2 9/73(0.076) DEANS 75 OPMA PI N TO K SIGMA 11/75

VALUE GIVEN IS FROM SOLUTION 1, NOT PRESENT IN SOLUTIONS 2,3,4. 11/75

CRAWFORD 75 NP 897 125
DEANS 75 NP 896 90
GAIDOS 75 PR D12 Z565
LONGACRE 75 PL 558 415

ALSO 78 PR 017 1795

R L CRAWFORD
+MITCHELL, MONTGOMERY, +
GAIDOS, MILLER
+ROSEMFELD, LASINSKI, SNADJA+
LONGACRE, LAS INSKI, ROSENFELD+

(GLAS) I JP
(SFLA+AI, AH)IJP

(PURD) I J P
(LSL+SLAC ) I JP
(LBL+SLAC)

A1 OELTAC 1900) INTO NUCLEON GANNA~ HEL IC ITV~1/2 (6)V*~-1/2)
A1 -0.006 TO -0.025 CRAWFORD 80 DPMA PI M PHOTOPROD.
A1 0.029 0.008 AMAJI 81 DPMA PI N PHOTOPROD.
A1 -0.004 0.016 CRAMFORO 83 IPMA PI N PHOTOPROD.

A1 AVG 0.022 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8)

12/81
1/84*
1/84+

AYED 76 CEA-N-1921
BARBOUR 76 NP 8111 358
FELLER 76 NP 8104 219

AYED (THESIS) (SACL) I JP
N BARBOUR, R L CRAWFORD (GLAS) I JP

+FUKUSHIMA, HORIKAMA, KAJ IKAWA+ (NAGO+OSAK) I JP
40000* 4*0400000 4*40000** 44***4*000***4***04**444*40 0*4***044 44%*0040

REFERENCES FOR DELTA(1900)
AZNAURYA 77 EF I-264(57)-77 +AKOPOV, BAGDASARYAN (YERE)IJP
LONGACRE 77 NP 8122 493 LONGACRE, DOLBEAU (SACL) I JP

ALSO 76 NP 8108 365 DOLBEAU, TR I ANT IS,NEVEU, CAO IET (SACL) I JP
MINN IK 77 NP 8128 66 +TOAFF, REVEL, GOLDBERG, BERNY (HAIF) I

BARBOUR 78 NP 8'f41 253 BARBOUR, CRAWFORD, PARSONS (GLAS)
CUTKOSKY 79 PR D20 ?839 +FORSYTH t HE NOR I CK r KELLY (CARM+LBL)IJP
HOEHLER 79 HANDBOOK OF Pl-M SCATTERING, PHYSIK OATEN VOL. 12-1

+KAISER, KOCH, P IETAR INEN
ALSO 80 TORONTO CONF 3 R KOCH

LANGBE IN
DEANS
AYED
MINN IK
CUTKOSKY
HOEHLER

73 NP 853 251
75 NP 896 90
76 CEA-N-1921
77 MP 812e 66
79 PR D20 2839
79 HANDBOOK OF Pl-N

ALSO 80 TORONTO CONF 3
&KARL) I JP
(KARL) I JP

LANGBE IN, MAGNER (MUM I ) I JP
+NI TCHELI, HONTGOMERY, + (SFLA+ALAH)IJP
AYEO (THESIS) (SACL) I JP
+TOAF F, REVEL, GOLDBERG, BERNY (HAIF) I
+FORSYTH, HEMDRICK, KELLY (CARN+LBL) I JP

SCATTERING, PHYSIK OATEN VOL. 12-1
+KAISER, KOCH, PIETAR INEN
R KOCH

80 TORONTO CONF 93
82 NP 8194 251
80 NP 8168 243
80 TORONTO CONF 123
80 TORONTO CONF 107
80 TORONTO CONF 19
80 TORONTO CONF 35

ARAI
ALSO

BARNHAM
CHEW
CRAWFORD
CUTKOSKY
LIVANOS

I ARAI
I ARAI, H FUJII
BARNHAM, GL ICKMAN, MIER- JEDRZE JOWIC
O M CHEIll
R L CRAWFORD
+FORSYTH, BABCOCK, KELLY, HENDRICK
+BATONsCOUTURES, KOCHOWSKI, NEVEU

AWAJ I 81 BONN CONF 352 R KAJIKAWA (TALK)
ALSO 82 MP 8197 365 FU J I I t HAYASHI I s I WATA r KA J IKAMA+

CRAWFORD 83 NP 8211 1 R L CRAWFORD, M T NORTOM
HOEHLER 83 LANOOLT-BORNSTEIN VOL I 982 G HOEHLER

(TOKY)
(TOKY)

Z+ (LOI C)
(LBL) I JP

(GLAS)
(CARN+LSL) I JP

(SACL) I JP

(NAGO)
(NAGO)
(GLAS)
(KARL)

CHEW 80 TORONTO CONF 123 D M CHEM (LBL)IJP
CRAWFORD 80 TORONTO CONF 107 R L CRAWFORD (GLAS)
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL) IJP

AMAJI 81 BONN CONF 352 R KAJIKAMA (TALK) &NAGO)
ALSO 82 NP 8197 365 FUJII, HAYASHII, IMATA, KAJIKAMA+ &NAGO)

CRAWFORD 83 NP 8211 1 R L CRAWFORD, W T MORTON (GLAS)

0*000* 0000*000* **00+40**00**000*4 0**40000* 0004&0*444 04004*044 4400004*
040*04 *000*040* 044*40440 000*004*0 04*0*404* 400**040* 04444*0*0 00000**0

h(1905) F3~ Status:
**40%0 4**400044 040044*** jr00004*00 4*40044** 40*004400 004**4044 0004*004
440044 4*OL004%0 04400*144 *0440t404 *4404%4*4 40j*44000 44**4*040 4*404040 OELTA(1905, JP~S/2+) I 3/2 F35

h(1900) S, Status: HOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM

OBSOLETE AND HAVE BEEN OHITTED. THEY HAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOMEVER,
AI. L THE REFERENCES HAVE SEEN RETAINKO.

30 DELTA(1900 ~ JP~1/2-) Ia3/2 S' '31
CUTKOSKY 80 ALSO FINDS WEAK EVIDENCE FOR A HIGHER MASS F35 RESONANCE
IN ADDITION TO THIS STATE. BOTH RESONANCES ARE LISTED HERE FOR NOM.

(1850.0)
1908 ~ 0

(1918.5)
(1803.0)
1890.0

30 DELTA(19003 NASS CNEV)

(35.0)
30.0

(23 ' 0)

50.0

CUTKOSKY
HOEHLER
CHEM
CRAWFORD
CUTKOSKY

30 DELTA C 19003 MIOTH CNEV3

79 IPMA PI N TO PI N

79 IPMA PI N TO Pl N

80 BPWA ++ Pl+P TO PI+P
80 OPMA PI N PHOTOPROD.
80 IPWA PI N TO PI N

12/79
12/79

1/82
12/81

1/82

M A

M A

N

M

M

H

M 8
M C

BC
N SC

11 OELTA(19053 MASS CNEV)

1870. OR 1830. LONGACRE 75 IPWA PI
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF

(1892 ~ 0) BARBOUR 78 DPMA PI
(1920.0) (30.0) CUTKOSKY 79 IPMA PI
1905.0 20.0 HOEHLER 79 IPWA PI

(1787.0) (6.0) (5.7) CHEM 80 BPMA ++ PI
(1880.0) CRAMFORD 80 OPMA P I
1910.0 30.0 CUTKOSKY 80 IPMA P I
2200. 0 125.0 CUTKOSKY 80 IPMA Pl

CUTKOSKY 80 FINDS A HIGHER MASS F35 RESONANCE AS 'WELL
THIS MASS REGION. THEY ARE LISTED HERE AS 8 AND C.

M TO 2PI N

LONGACRE 75.
-M PHOTOPROD.

N TO PI M

M TO PI N

+P TO PI+P
N PHOTOPROD.
N TO PI N

N TO PI N

AS THE ONE IN

11/75
11/75
3/79

12/79
12/79

1/82
12/81

1/82
1/82
1/82
1/82

RE
RE

(130.0)
140.0
(93.5)

(137.0)
170.0

& 1844.0)
1870.0

(40.0)
40.0

(54.0)

50.0

CUTKOSKY
HOEHLER
CHEM
CRAWFORD
CUTKOSKY

79 IPWA Pl N TO PI N

79 IPMA PI N TO PI N

80 BPMA ++ PI+P TO PI+P
80 DPMA PI N PHOTOPROD ~

80 IPMA PI N TO PI N

40.0
CUTKOSKY ?9 IPWA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

30 DELTAC1900) REAL PART OF POLE POSITION CNEV)

12/79
12/79

1/82
12/81

1/82

12/?9
1/82

M A

M

W

W

M

W

M 8
M C

255 ' OR
(159.0)
(340.0)
260. 0
(66.0)

(193.0)
400.0
400.0

11 DELTA(19053 WIDTH CNEV)

220.

(80.0)
20.0

(24.0)

100.0
125.0

LOMGACRE 75 IPMA PI M TO 2PI N

BARBOUR 78 OPMA PI-N PHOTOPROD.
CUTKOSKY 79 IPWA PI N TO PI N

HOEHLER 79 IPMA PI N TO PI N

(16.0) CHEM 80 BPMA ++ PI+P TO PI+P
CRAWFORD 80 DPMA PI N PHOTOPROD ~

CUTKOSKY 80 IPWA PI N TO PI N

CUTKOSKY 80 IPMA Pl N TO Pl N

11/75
3/79

12/79
12/79
1/82

12/81
1/82
1/82

IH
IN

(142.0 )
180.0

30 DELTA(19003 -2*INA6 PART OF POLE POSITION (NEV3

50.0
CUTKOSKY 79 IPWA
CUTKOSKY 80 IPWA

PI N TO PI N

PI M TO PI M

30 DELTA(19003 REAL PART OF ELASTIC POLE RESIDUE CNEV)

12/79
1/SZ

RE
RE
RE 8
RE C

(1813.0)
(1865.0)
1830.0
2150.0

40.0
100.0

LONGACRE 75 IPMA
CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA
CUTKOSKY 80 IPMA

PI N TO 2PI N

P I M TO P I N

PI M TO PI M

P I N TO P I M

11 OELTAC1905) REAL PART OF POLE POSITION CNEV)

11/75
12/79
1/82
1/82

RER
RER

&7.0)9.0 4.0
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

12/79
1/82 DELTA(1905) -Z~INAG PART OF POLE POSITION (NEV)

IHR
IMR

(-1.0)
3.0 7.0

CUTKOSKY 79 1PWA
CUTKOSKY 80 IPWA

PI N TO PI N

PI M TO PI M

30 DELTA(19003 INA6 PART OF ELASTIC POLE RESlOUE CIIEV)

12/79
1/82

IM
IN
IN 8
IM C

(193~ 0 )
(266.0)
280. 0 60.0
350.0 100.0

LONGACRE
CUTKOSKY
CUTKOSKY
CUTKOSKY

75 IPWA
79 IPMA
80 IPMA
80 I P MA

PI M TO 2PI N

PI M TO PI N

PI N TO PI N

P I N TO P I N

11/75
12/79
1/82
1/82
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Particle Data Group: Review of particle properties S237

For notation, see key at front of Listings. Baryons
h(1905), 5(1910)

RER
RER 8
RER C

INR
INR 8
INR C

(20 ' 0)
16.0

—14 ~ 0
8 ~ 0

13 ~ 0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO Pl N

PI N TO PI N

11 DELTA&1905& INA6 PART OF ELASTIC PGl. E RESIDUE &NEV&

(-5 ' 0) CUTKOSKY 79 IPWA
-19.0 8.0 CUTKOSKY 80 IPWA

8 ~ 0 22. 0 CUTKOSKY 80 IPMA

PI N TO Pl N

P I N TO P I N

PI M TO PI N

11 DELTA&1905& PARTIAL DECAY NODES

'l1 DELTA&1905& REAL PART OF ELASTIC POlE RESIDUE &MEV&

12/79
1/82
1/82

12/79
1/82
1/82

ARAI
ALSO

CHEM
CRAWFORD
CUTKOSKY
L I VANOS

80 TORONTO CONF 93
82 MP 8194 251
80 TORONTO CONF 123
80 TORONTO CONF 107
eo TORONTO CONF 19
80 TORONTO CONF 35

I ARAI
I ARAI, H FUJII
D N CHEM
R L CRAMFORD
+FORSYTH, BABCOCK, KELLY, HENDRICK
+BATON, COUTURES, KGCHOMSKI, NEVEU

(TGKY)
(TOKY)

(LBL) I JP
(GLAS)

(CARN+LBL) I JP
(SACL) I JP

AWAJI 81 BONN CONF 352 R KAJIKAMA (TALK) (NAGO)
ALSO 82 NP 8197 365 FU J I I p HAYASHI I g IWATA gKA J IKAWA+ (NAGO)

CRAMFORO 83 MP 8211 1 R L CRAMFORD, M T MORTON (GLAS)

00*004 ***4***04*0*4****4**0400%00 *400+0*44 4*440**4***4*040*00404*440
4*0**0 4**404004 04444*0*4 0000**400 **4******404000*40 0*4004404 00044400

CUTKOSKY 79 PR DZO ZS39 +FORSYTH, HENOR I CK, KELLY (CARN+LBL) I JP
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYS IK DATEM VOL. 12-1

+KAISER, KOCH, P I ETARINEN (KARL) I JP
ALSO 80 TORONTO CONF 3 R KOCH (KARL) I JP

P1
P2
P3
P4
P5
P6
P7
PS
P9
P10

DE LTA( 1905 )
DELTA(9905)
DE LTA( 1905 )
DE LTA( 1905 )
DELTA(1905 )
DE LTA( 1905 )
DE LTA( 1905 )
DELTA(1905)
DELTA(1905)
DELTA( 1905 )

INTO N P I
INTO N P I PI
INTO SIGNA K
INTO DELTA(1232) P I
INTO NUCLEON GAMMA, HELI CI TY=1/2
INTO NUCLEON GAMMA, HELICITY=3/2
INTO N RHO
INTO DELTA(1232) PI, P-WAVE
INTO DELTA(1232) PI, F-MAVE
INTO N RHO, S~3/2, P-WAVE

DECAY MASSES
938+ 14Q
938+ 140+ 140

1189+ 494
1232+ 140
938+ 0
938+ 0
938+ 769

1232+ 140
1232+ 140
938+ 769

h(1910) P„Status:
12 DELTA&1910, JP~1/2+& I~*/2 P' '31
MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM
OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 11'IB&. HOMEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

11 DELTA(1905& BRANCHIN6 RATIOS

R1
R1
R1
R1
R1 8
R1 C

DELTA& 1905&
(0.15)

0 ~ 15
(0.11)
0.08
0.07

INTO &N PI&/TOTAL
(0.02)
0.02

0 ' 03
0.04

CUTKOSKY
HOEHLER
CHEM
CUTKOSKY
CUTKOSKY

&P1&
79 IPMA PI N TO PI M

79 IPMA PI N TO PI N

80 BPMA ++ PI+P TO PI+P
80 IPMA PI N TG PI N

80 IPMA PI N TO PI N

12/79
12/79

1/82
1/82
1/82

R3
R3
R3
R3
R3
R3

DELTA&1905& FROM N PI TO DELTA&1232& PI,
A -0. 12 OR -0.20 LONGACRE
E (-0.17) NOVOSELLE
E BW FIT TO LONGACRE 75 IPWA.
F (-0.06) NOVOSELLE
F BM FIT TO NOVOSELLER 78 IPMA.

F-WAVE SQRT&P1~P9&
?5 IPWA PI M TO ZPI N

78 IPMA PI N TO 2PI N

78 IPMA PI N TO 2PI N

11/75
3/79
3/79
3/79
3/79

R2 DELTA&1905& FROM N PI TO SIGMA K SQRT&P1~P3&
R2 D 0.021 TO 0.054 DEANS 75 DPMA PI N TO K SIGMA 11/75
R2 D RANGE GIVEN IS FROM FOUR BEST SOLUTIOMS. 11/75
R2 (-0.013) LIVANGS 80 DPMA PI P TO K SIGMA 1/82

M A

M A

M A

N

N

N

M 8
N C
N D

M E
M BC
N OE
N DE
N

N

12 OELTA&1910i MASS (MEVi

(1790.0& LONGACRE 77 IPWA PI N TG 2PI N

ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE
POSITION WHICH IS FROM SOLUTIONS S1 AND C1.

(1899.0) BARBOUR 78 DPMA PI-N PHOTOPROD.
( 1920.0) &50.0) CUTKOSKY 79 IPMA PI N TO PI N

1888.0 20 ' 0 HGEHLER 79 IPMA PI N TO PI N

(1715.2) (21.0) CHEM 80 BPMA ++ PI+P TO PI+P
(1778.4& (9.0) CHEW 80 BPWA ++ PI+P TO PI+P
(1960.1& &21.0& CHEM 80 BPWA ++ PI+P TO PI+P
(2121.4) (13~ 0) (14.3) CHEM 80 BPMA ++ PI+P TO PI+P

CHEW 80 REPORTS FOUR RESONANCES IN THE P31 WAVE. ALL ARE LISTED
HERE LABELED 8-E. PROBLEMS WITH THIS ANALYSIS ARE DISCUSSED IN
SEC.2. 1.11 OF HGEHLER 83.

(1921.Q& CRAMFGRD 80 DPWA PI N PHOTOPROD.
1910.0 40.0 CUTKOSKY 80 IPMA PI N TO PI k

12 DELTA&1910& WIDTH &MEV&

11/77
11/77
11/77
3/79

12/79
12/79
1/82
1/82
1/82
1/82
2/84*
2/84*
2/84*

12/81
1/82

R4
R4
R4
R4
R4

DELTA(19053 FROM N PI
A -0.28 OR -0.33
E &-0.26&
G -0. 11 TO -0.33
G BM FIT TO NOVOSELLER

T&) N RHO ~ S~3/2, P-WAVE SQRT&P1~P10&
LONGACRE 75 IPMA PI N TO 2P I N

NOVOSELLE 78 IPWA PI N TO 2PI N

NOVOSELLE 78 IPMA PI N TO ZPI N

78 IPWA, PHASE IS NEAR 90 DEGREES.

11 DELTA(1905& PHOTON DECAY AMPLITUDES &6EV~*-1/2&

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

11/75
3/79
3/79

12/79

M A

M

W

W

M 8
M C

M D

M E
M

M

(170.0)
{230.0&
(300.0)
280. 0
(93 ' 3)
(23.0)

(152.9)
(17?.2)
(351 ~ 0)
225 ~ 0

(100.0)
50.0

(55.0)
(29 ' 0)
(60.0)
{37.0)

50.0

LONGACRE
BARBOUR
CUTKOSKY
HOEHLER
CHEM
CHEW
CHEW
CHEW
CRAWFORD
CUTKOSKY

77 IPMA P I M

78 DPWA P I-N
79 IPMA PI N

79 IPMA P I N

80 BPMA ++ PI+P
80 BPWA ++ PI+P
80 BPWA ++ PI+P
80 BPMA ++ PI+P
80 DPWA P I N

80 IPMA P I N

TO 2PI N

PHOTOPROD.
TO PI N

TO PI N

TO P I+P
TO PI+P
TO P I+P
TO PI+P
PHOTOPROD.
TO PI N

11/77
3/79

12/79
12/79

1/82
1/82
1/82
1/82

12/81
1/82

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

INTO NUCLEON
0.067
0.012
0 ~ 018
0.018
0.010
0 ' 009
0.014
0.020
0 ~ 010

DELTA(1905&
+0.047
-0 F 001
+0.063
+0 ~ 033

0 ' 022
0.031
0.024
0 ' 043
0.021

6ANA, HEL ICITY~1/2 &6EV~~-1/2&
NETCALF 74 DPWA PI N PHOTOPROD.
AZNAURYAN 77 DPWA PIO PHTPRDsSGL 1
AZNAURYAN 77 DPMA PIO PHTPRD, SOL 2
BARBOUR 78 DPWA Pl-N PHOTOPRGD.
ARAI 80 DPWA PI N PHOTO FIT 1
ARAI 80 DPMA PI N PHOTO FIT 2
CRAWFORD 80 DPMA PI N PHOTOPROD.
AMAJ I 81 DPMA PI N PHOTOPROD ~

CRAWFORD 83 IPWA Pl N PHOTOPROD.

2/74
12/?9
12/79
3/79

12/81
12/81
12/81
1/e4*
1/84*

RE A

RE
RE

12 DELTA(1910) REAL PART OF POLE POSITION (MEV&

1792. OR 1801 ~ 0
&1S71~ 0)

1880 ' 0 30 ' 0

LONGACRE 77 IPMA
CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

PI N TO 2P I N

PI N TO PI N

PI N TO PI N

12 DELTA&1910& -Z~IMAG PART OF POLE POSITION &MEV&

11/77
12/79

1/82

A2
A2
A2
A2
A2
AZ
A2
A2
A2
A2

DELTA& 1905&
-0 ' 028
-0 ' 094
-0 ~ 101-0.055
-0 ' 029
-0 ' 045-0.072-0.025
-0 ' 056

INTO NUCLEON
0.066
0.027
0.018
0.019
O. 007
0.006
0.035
0.023
0.028

6AMNA, HEL IC ITY~3/2 (GEV~*-1/2 &

NETCALF 74 DPMA PI N PHOTOPROD.
AZNAURYAN 77 DPMA PIO PHTPRO, SGL 1
AZNAURYAN 77 DPWA PIO PHTPRD, SOL 2
BARBOUR 78 DPWA PI-N PHGTOPROD.
ARAI 80 DPMA PI N PHOTO FIT 1
ARAI 80 DPWA PI N PHOTO FIT 2
CRAWFORD 80 DPMA PI N PHOTOPROD.
AMAJ I 81 DPMA PI N PHOTOPROD ~

CRAWFORD 83 IPMA PI N PHGTGPROD.

2/74
12/79
12/79
3/79

12/81
12/81
12/81

1/84*
1/84*

IM A

IN
IM

RER
RER

172. OR 165.
(200.0)
200. 0 40 ~ 0

LONGACRE 77 IPMA
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

PI N TO 2PI N

P I N TO P I N

P I N TO P I N

(-0.6) CUTKOSKY 79 IPMA
0 ~ 0 10 ~ 0 CU TKOSK Y 80 IP WA

P I N TO P I N

PI N TO PI N

12 DELTA&1910& REAL PART OF EI.ASTIC POLE RESIDUE &NEV&

11/?7
12/79

1/82

12/79
1/82

0******4*00********44444 *44**0040 *00**0*0000*44k04* *40*04*00 0*000000

REFERENCES FOR DELTA&1905) 12 DELTA($910) IMA6 PART OF ELASTIC POLE RESIDUE &MEV&

DONNACH1 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THESIS

A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) I JP
DONNACHI E RAPPORTEUR ' S TALK (GLAS)
R G K IRSOPP (EDIM)

IMR
INR

(-18.0) CUTKOSKY 79 IPMA
-20.0 4.0 CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

12/79
1/82

ALNEHED
NEHTANI
LANGBE IN
DEVENI S2
KNIES
METCALF

72 NP 840 157
72 PRL 29 1634
73 NP 853 251
74 PL 528 227
74 PR D9 2680
74 NP 876 253

AYED 70 KIEV CONF
AYED2 70 Pt. 318 598
DAV I ES 70 NP 821 359
FEUERBAC 70 NP 168 85
KALMUS 70 PR D2 1824

(SACL) I JP
(SACL)
(GLAS)
(VAND)

(LRL)

+LOVELACE
+FUNG, KERNAN, SCHALK, +
LANGBE IN, WAGNER
DEVENISH, LYTH, RANKIN
KNIES, MOORHOUSE, OBERLACK
M J NETCALF, R L WALKER

(LUND+RUTG) I JP
&UCR +LBL)

(MUNI) I JP
(DESY+LANC+BONN) I JP

&LBL+GLAS) I JP
(CIT) I JP

R AYED, P BAREYRE, G VILLET
+BAREYRE, VILLET
A DAVIES
FEUERBACHER+HOLLADAY
G KALMUS, G BORREAMI, J LOUIE

P1
P2
P3
P4
P5
P6

DELTA(1910)
DELTA(191Q)
DELTA(1910)
DELTA( 1910)
DELTA( 1910&
DELTA( 1910&

12 OEl.TA&1910& PARTIAl. DECAY NODES

INTO N PI
INTO N PI PI
INTO SIGNA K

INTO DELTA(1232) PI
INTO NUCLEON GAMMA, HELICITY=1/2
INTO N RHO, S=*/2

DECAY MASSES
938+ 140
938+ 140+ 140

1189+ 494
1232+ 140
938+ 0
938+ 769

AYED
BARBOUR
CUTKGSKY

ALSO
AZNAURYA
MINN IK

76 CEA-N-1921
76 NP 8111 358
76 PRL 37 645
76 OXFORD CONF. 49
77 EF I-264( 57)-77
77 NP 8128 66

CRAWFORD 75 NP 897 125
DEANS 75 NP 896 90
LONGACRE 75 PL 558 415

ALSO 78 PR D17 1795

AYED (THESIS)
I N BARBOUR, R L CRAWFORD
CUTKOSKY, HENDRICK, KELLY
CUTKOSKY, HENDRICK, CHAO+
+AKOPOV, BAGDASARYAN
+TOAFF, REVEL, GOLDBERG, BERNY

(SACL) I JP
(GLAS) I JP

(CARN+LBL) I JP
(CARN+LBL+BR IS) I JP

(YERE) I JP
(HAIF) I

R L CRAWFORD (GLAS) I JP
+NI TCHELL, MONTGOMERY, + (SFLA+ALAH)IJP
+ROSENFELD, LASINSKI, SNADJA+ (LBL+SLAC) IJP
LONGACRE, LASINSKI, ROSENFELD+ (LBL+SLAC) R'1

R1
R1
R1 8
R1 C

R1 D

R1 E
R1

DELTA& 1910& INTO &N P I &/TOTAL
(0.19) (0 ~ 04)
0 ' 24 0.06

(0 ~ 18)
(0.20)
(0.17)
(0.40)
0.19

CUTKOSKY
HOEHLER
CHEM
CHEW
CHEM
CHEM
CUTKOSKY

79 IPMA
79 IPMA
80 BPMA
80 BPWA
80 BPWA
80 BPWA
80 IPWA

12 DELTA&1910& BRANCHING RATIOS

&P1)
PI N TO
P I N TO

++ P I+P TO
++ P I+P TG
++ P I+P TO
++ P I+P TO

P I N TO

PI N

PI N

P I+P
P I+P
P I+P
P I+P
PI N

12/79
12/79

1/82
1/82
1/82
1/82
1/82

BARBOUR 78 NP 8141 253
NOVOSELL 78 NP 8137 509

ALSO 78 NP 8137 445

BARBOUR, CRAWFORD, PARSONS
D E NOVOSELLER
D E NOVOSELLER

(GLAS)
(CIT)IJP
(CIT) I JP

R2
R2 F
R2 F
R2

DELTA&1910& FROM N PI TO SIGNA K
0 ~ 082 TO 0 ~ 184 DEANS 75 DPWA

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS.(-0.019) L I VANOS 80 DPWA

SQRT (P 1+P3)
P I N TO

PI P TO

K SI GMA 11/75
11/75

K S I GNA 1/82
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S238 Particle Data Group: Review of particle properties

Baryons
h(1910), h(1920), h(1930)

Data Card Listings

R3 DELTA&1910& FROM N PI TO DELTAC 1232& PI
R3 A (-0.06) LONGACRE

SQRT & P1«P4)
77 IPMA PI N TO 2PI N 11/77

11/?7
3/?9

12/79
12/79

R4 DELTAC 1910& FROM N PI TO N RHO, S~3/2 SQRT CP1«P6&
R4 A (-0 ' 29) LONGACRE 77 IPMA PI N TO 2PI N
R4 G (-0.17) NOVOSELLE 78 IPMA PI N TO 2PI N
R4 G EVIDENCE FOR THIS COUPLING IS MEAK, SEE NOVOSELLER 78. THIS
R4 G COUPLING ASSUMES THE MASS IS NEAR 1820 MEV.

RER
RER

(-10.0) CUTKOSKY ?9 IPWA
-21 ~ 0 7.0 CUTKOSKY 80 IPWA

PI M TO PI M

PI N TO Pl N

117 DELTA&1920& INA6 PART OF ELASTIC POLE RESIDUE &MEV&

117 DELTA&1920& REAL PART OF ELASTIC POLE RESIDUE CNEV&

12/79
1/82

12 DELTAC 1910& PHOTON DECAY AMPLITUDES &6EV*a-1/2&

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MIMI-
REVIEW PRECEDING THE BARYON LISTINGS.

IMR
IMR

(-27.0) CUTKOSKY 79 IPMA
-12 ~ 0 11.0 CUTKOSKY 80 IPMA

117 OELTAC1920& PARTIAL DECAY NODES

Pl N TO PI
PI N TO PI N

12/79
1/82

A1
A1
A1
A1
A1
A1
A1
A1
A1
A1

DELTAC1910& INTO NUCLEON
-0 ' 032 0.065
+0.040 0.013
+0.039 0.012-0.035 0 ' 021-0.012 0 ' 005
-0 ~ 031 0.004
-0 ' 005 0.030
0.025 0.011
0.014 0.030

6ANMA, HEL ICITY~1/2 (6EV**-1/2)
METCALF 74 DPMA PI N PHOTOPROO.
AZNAURYAN 77 DPWA PIO PHTPRD, SOL 1
AZMAURYAN 77 OPWA PIG PHTPRO, SOt. 2
BARBOUR 78 DPMA PI-N PHOTOPROD.
ARAI 80 DPWA PI N PHOTO FIT 1
ARAI 80 OPWA PI N PHOTO FIT 2
CRAWFORD 80 DPWA PI N PHOTOPROD.
AMAJI 81 DPMA Pl M PHOTOPROD.
CRAWFORD 83 IPMA PI N PHOTOPROO.

«a«a** «aa««a«aa ««*«a**«a *««*a**a« a««aa«aaa aa*«a*«aa aaaa«a*a« a«*a««aa

REF ERENCES FOR DELTA C 1910)

2/74
12/79
12/79
3/79

12/81
12/81
12/81
1/84*
1/84*

P1
P2

R1
R1
R1
R1 A
R1 8
R1

DELTA(1920) INTO N PI
DELTA(1920) INTO SIGMA K

DECAY MASSES
938+ 140

1189+ 494

117 DELTA C 1920& BRANCH IN6 RATIOS

DELTA&1920& INTO (N PI &/TOTAL
(0 ' 17) (0 F 04)
0. 14 0 ~ 04

(0 ' 24)
(0.18&
0.20 0.05

(P1&
CUTKOSKY 79 IPMA PI M TO PI M

HOEHLER 79 IPMA PI N TO PI N

CHEM 80 BPMA ++ PI+P TO PI+P
CHEM 80 BPWA ++ PI+P TO PI+P
CUTKOSKY 80 IPMA PI N TO PI M

12/79
12/79

1/82
1/82
1/82

CARYANN
DONNACH1

ALSO
ALSO

AYED
AYED2
DAVIES
FEUERSAC
ALMEHED
LANGBE IM

65 PR 138 8433
68 PL 268 161
68 VIENNA 139
68 THESIS
?0 KIEV CONF
70 PL 318 598
70 NP 821 359
70 MP 168 85
72 NP 840 157
73 NP 853 251

CARAYANNOPOULOS, TAUTFEST, MILLMANN (PURD)
A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) IJP
DOMNACHIE RAPPORTEUR'S TALK (GLAS)
R G K IRSOPP (EDIN)
R AYED, P BARE YRE, G Vl I LET (SACL) I JP
+BAREYRE, VILLET (SACL)
A DAVIES (GLAS)
FEUERBACHER+HOLLADAY (VAND)
+LOVELACE (LUMO+RUTG))JP
LANGBEIN, WAGNER (MUNI) I JP

R2 DELTA&1920& FROM N PI TO SI6MA K SQRT&P1«P2&
R2 C 0.048 TO 0. 120 DEANS 75 OPMA PI N TO K SIGMA 11/75
R2 C RANGE GIVEN IS FROM FOUR BEST SOLUTIONS ~ 11/75
R2 (-0 ' 049) LIVANOS 80 OPMA PI P TO K SIGMA 1/82

117 DELTA&1920& PHOTON DECAY AIIPLITUDES &6EV*a-1/2&

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

DEVENIS2
KNIES
METCALF
CRAWFORD
DEANS
AYEO
BARBOUR
CUTKOSKY

ALSO

74 PL 528 227
74 PR D9 2680
74 NP 876 253
75 NP 897 125
75 MP 896 90
76 CEA-N-1921
76 NP 81 11 358
76 PR L 37 645
76 OXFORD CONF'

OEVENISH, LYTH, RANKIN
KNIES, MOORHOUSE, OBERLACK
M J METCALF, R L WALKER
R L CRAMFORO
+MITCHELL, MONTGOMERY, +
AYED {THESIS)
I M BARBOUR, R L CRAWFORD
CUTKOSKY, HENDRICK, KELLY

49 CUTKOSKY, HENDRICK, CHAO+

(OESY+LANC+BONN)IJP
(LBL+GLAS&IJP

(C IT) I JP
(GLAS) I JP

(SFLA+ALAH)IJP
{SACL&I JP
(GLAS) I JP

(CARN+LBL) I JP
{CARN+LBL+BR IS) I JP

A1 DELTA&1920& INTO NUCLEON GAMMA, HELI CITY~1/2 (6EV««-1/2&
A1 0.040 0.014 AMAJI 81 DPMA PI N PHOTOPROD. 1/84«

A2 DELTA(1920) INTO NUCLEON 6AISIA ~ HELI CITY~3/2 &6EV«a-1/2)
A2 0.023 0.01? AWAJI 81 DPMA PI N PHOTOPROD. 1/84«
*aa«a* a««aaaa«« aa«*a««aa «*a«a**«a a***«*aa« aaa«a«*a« «aaaa*«aa «a«aa«*«

REFERENCES FOR DELTAC'1920&

AZMAURYA
LONGACRE

ALSO
MINN IK
BARBOUR
NOVOSEiLL

ALSO
CUTKOSKY
HOEHLER

77 EFI-264(57)-77
77 NP 8122 493
76 NP 8108 365
77 NP 8128 66
78 NP 8141 253
78 NP 813? 509
78 NP 8137 445
79 PR D20 2839
79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3

+AKOPOV, BAGDASARYAM
LOMGACRE, OOLBEAU
OOLB EAU, TR IANT I S,NEVEU, CAD I ET
+TOAFF, REVEL, GOLDBERG, BERNY
BARBOUR, CRAWFORD, PARSONS
D E NOVOSELLER
0 E NOVOSELLER
+FORSYTH, HENORICK, KELLY

SCATTERING, PHYSIK DATEM VOL. 12-1
+KAISER ~KOCH J PI ETAR I MEN
R KOCH

ARAI
ALSO

CHEM
CRAWFORD
CUTKOSKY
LIVANOS

80 TORONTO CONF
82 NP 8194 251
80 TORONTO CONF
80 TORONTO CONF
80 TORONTO CONF
80 TORONTO CONF

93 I ARA I
I ARAI, H FU J I I

123 D M CHEM
107 R L CRAWFORD

+FORSYTH, BABCOCKsKELLYsHEMORICK
35 +BATON, COUTURES, KOCHOWSKI, NEVEU

AMAJ I 81 BONN CONF 352 R KAJIKAWA (TALK)
AI. SO 82 NP 8197 365 FU J I I, HAYASHI I, IMATA, KA J IKAMA+

CRAWFORD 83 NP 8211 1 R L CRAWFORD, M T MORTON
HOEHLER 83 LANDOLT-BORNSTEIM VOL I 982 G HOEHLER

{YERE)I JP
(SACL) I JP
(SACL) I JP
(HAIF) I
(GLAS)
(CIT)IJP
{CIT)I JP

(CARN+LBL) IJP

(KARL) I JP
{KARL & I'JP

(TOKY)
(TOKY)

(LBL) I JP
(GLAS)

(CARN+LSL) I JP
(SACL) I JP

(NAGO)
(NAGO)
(GLAS)
(KARL&

K I R SOP P
ROYCHOUD
ALMEHED
LANGSE IN
DEANS
CUTKOSKY
HOEHLER

68 THES I S
71 NP 827 125
72 MP 840 157
73 NP 853 251
75 NP 896 90
?9 PR O20 2839
79 HANDBOOK OF PI-N

ALSO 80 TORONTO. CONF 3

R G K IRSOPP (EOIN)
R K ROYCHOUOHURY, B H BRANSDEM (DURH) I JP
+LOVELACE (LUMD+RUTG) IJP
LANGBE IN, WAGNER (MUNI) I JP
+MITCHELL, MONTGOMERY, + (SFLA+ALAH)IJP
+FORSYTHtHENDRICKFKELLY (CARN+LSL) IJP

SCATTERING, PHYS IK OATEN VOL. 12-1
+KAISER r KOCH s P I ETAR I MEN
R KOCH

(KARL) I JP
(KARL) I JP

CHEM
CUTKOSKY
LIVANOS
AWAJ I

ALSO
HOEHLER

80 TORONTO CONF 123
80 TORONTO CONF 19
80 TORONTO COMF 35
81 BONN CONF 352
82 NP 8197 365
83 LANDOLT-BORNSTEIN

D M CHEM
+FORSYTH, BABCOCK, KELLY, HENDRICK
+BATON, COUTURES, KOCHOMSKI, NEVEU
R KAJIKAWA (TALK)
FU J I I, HAYASHI I, IMATA, KA J IKAMA+
VOL I 982 G HOEHLER

(LBL)I JP
(CARN+LBL) IJP

(SAC L) I JP
(NAGO)
(MAGO)
(KARL)

5( 1930) D3~ Status:

a«*a«« *«a«a««*« aaaa«aaaa «**a******a«a«aa«a **a**«a*«a«a*«aaa« «**«a*«*.
«a««a« «aa«««*«a ««*a«a«** a«a«*a«** «*a*a*a«a *«««*a««a a««a*«a*a *«a««aa*

«*«aa* a«***«*****«a«aaaa **«a«*a«« **a«*«aaa a*a«a«a«* a**«a«a*« **a«*a«a
**«aa« **«*«*«a« «*a««a«*a *a«a«a*a* ««*«a«*aa *««*a***aaaaaaaaa* *a«a«a«*

a(1920) P Stat, us:

117 DELTA(1920, JP~3/2+) I~3/2 P'''33

13 DELTAC1930, JP~5/2-) I~3/2 D'35

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOM
OBSOLETE ANO HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOWEVER,
ALL THE REFERENCES HAVE BEEN RETAINED'

THE AGREEMENT AMONG THE VARIOUS ANALYSES IS NOT VERY GOO'

M

M

M A
M 8
M AB
M AB
M AB
M

MOST OF THE RESULTS PUBLISHED BEFORE 19?5 ARE NOW
OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 EDITION (PHYSICS LETTERS 1118). HOMEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

117 DELTA& 1920& MASS CMEV)

( 1960.0) (80.0) CUTKOSKY 79 IPWA PI N TO PI N

1868.0 10.0 HOEHLER 79 IPWA PI N TO PI N

(1955-0) (13.0) CHEW 80 SPMA ++ Pl+P TO Pl+P
(2065.0) (13.6) {12.9) CHEM 80 BPMA ++ PI+P TO PleP

CHEW 80 REPORTS TMO P33 RESONANCES IN THIS MASS REGION. BOTH ARE
LISTED HERE, LABELED A AND B. PROBLEMS WITH THIS ANALYSIS ARE
DISCUSSEO IN SEC.2. 1.11 OF HOEHLER 83.

1920.0 80.0 CUTKOSKY 80 IPMA PI N TO PI N

117 DELTAC1920& WIDTH CIIEV)

12/79
12/79
1/82
1/82
2/84*
2/84*
2/84*
1/82

M

W

lal

M

W

M

(2024. 0)
(1930.0}

1901 ~ 0
(1910.0&
(2000 ' 0)
1940.0

(462 ' 0)
(280.0)

195 ~ 0
(?4.8)

(442.0)
320.0

13 DELTA(19303 MASS CNEV&

(20.0}
15 ~ 0

(15.0)

30.0
(17.2)

BARBOUR
CUTKOSKY
HOEHLER
CHEW
CRAWFORD
CUTKOSKY

(90.0&
60 ' 0

(17.0)

60 ' 0

(16~ 0)

BARBOUR
CUTKOSKY
HOEHLER
CHEM
CRAWFORD
CUTKOSKY

13 DELTAC 1930& ilIDTH CMEV&

78 DPMA
79 IPMA
79 IPMA
80 BPMA
80 DPMA
80 IPMA

78 DPWA
79 I PMA
?9 IPWA
80 BPMA ++
80 DPWA
80 IPWA

PI-N PHOTOPROO.
PI N TO PI N

PI N TO PI M

PI+P TO PI+P
PI N PHOTOPROD.
PI N TO Pl N

PI-N PHOTOPROD.
Pl N TOPI N

P I M TO P I N

++ PI+P TO P I+P
PI N PHOTOPROO ~

PI N TO PI N

3/79
12/79
12/?9
1/82

12/81
1/82

3/79
12/79
12/79

1/82
12/81

1/82
M

M

M A
W 8
M

(300.0&
220. 0
(88.3)
(62 ' 0)
300.0

(100.0)
80.0

(35.0)
(44 ' 0)
100.0

CUTKOSKY 79 IPMA Pl N TO PI M

HOEHLER 79 IPMA PI N TO PI N

CHEM 80 BPMA ++ Pl+P TO PI+P
CHEM 80 SPMA ++ PI+P TO PI+P
CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79

1/82
1/82
1/82 RE

RE
(1908~ 0}
1890.0 50.0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

13 DELTAC1930& REAL PART OF POLE POSITION CNEV)

12/79
1/82

117 DELTAC 1920& REAL PART OF POLE POSITION CMEV&

RE
RE

(1933~ 0)
1900.0 80.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

P I N TO P I N

PI N TO PI M

12/79
1/82 IM

IM
(226. 0&
260 ' 0 60.0

CUTKOSKY ?9 IPMA
CUTKOSKY 80 IPMA

PI N TO Pl k
PI N TO PI M

13 DELTAC 1930& -2«llIA6 PART OF POLE POSITION CNEV&

12/79
1/82

117 DELTAC1920& -2*IMAG PART OF POLE POSITION CMEV&

IM
IM

(280.0&
300 ' 0 100.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

PI M TO PI M

P I N TO PI N

12/?9
1/82 RER

RER
{13.0)
17.0 7.0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

13 DELTAC 1930& REAL PART OF ELASTIC POLE RESIDUE CMEV&

12/79
1/82
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For notation, see key at front of Listings. Baryons
5(1930), h(1940), h(1950)

13 DELTA&1930& IMA6 PART OF ELASTIC POLE RESIDUE &NEV& 136 DELTA&1940& IMAS PART OF ELASTIC POLE RESIDUE &MEV&

I MR

IMR
(2 ' 0) CUTKOSKY 79 IPMA PI N TO PI N

-6 ' 0 12.0 CUTKOSKY 80 IPWA PI N TO PI N

12/79
1/82

IMR 6 ' 0 5.0 CUTKOSKY 80 IPMA PI N TO PI N 1/82

13 DELTA&1930& PARTIAL DECAY MODES

DECAY MASSES
P1 DELTA(1930) INTO N PI 938+ 140
P2 DELTA(1930) INTO SIGMA K 1189+ 494

P1

136 DELTA&1940& PARTIAL DECAY MODES

DELTA(1940) INTO N PI

136 DELTA&1940) BRANCNINS RATIOS

DECAY MASSES
938+ 140

R1
R1
R1
R1
R1

13 DELTA& 1930) BRANCNINS RATIOS

DELTA& 1930) INTO &N P I ) /TOTAL &P1)
&0. 12) &0.03) CUTKOSKY 79 IPMA PI N TO PI N

0.04 0.03 HOEHLER 79 IPMA PI N TO PI N

(0 ~ 11) CHEM 80 BPWA ++ PI+I TO Pl+P
0 ~ 14 0.04 CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79

1/82
1/82

R1
R1
R1

DELTA&1940& INTO &N PI &/TOTAL
0.05 0.02

(0 ' 18)

&P1&
CUTKOSKY 80 IPMA PI N TO PI N

CHEM 80 BPWA ++ PI+P TO PI+P

136 DELTA&1940& PHOTON DECAY AMPLITUDES &SEVaa-1/2)

1/82
1/82

R2 DELTA&1930) FROII N PI TO SIGMA K SQRT&P1aP2&
R2 A 0.018 TO 0.035 DEANS 75 DPWA PI N TO K SIGMA 11/75
R2 A RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 11/75
R2 (-0.031) LIVANOS 80 DPMA PI P TO K SIGMA 1/82

13 DELTA& 1930) PHOTON DECAY AMPLITUDES (6EV**-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

A1 DELTA(1930) INTO NUCLEON SANA, HEL ICITY~1/2 (SEV*a-1/2)
A1 -0 ' 062 0.064 BARBOUR 78 DPMA PI-N PHOTOPROD. 3/79
A1 -0 ' 038 0.047 CRAWFORD 80 DPMA PI N PHOTOPROD ~ 12/81
A1 0.009 0 ' 009 AMAJ I 81 DPWA PI N PHOTOPROD. 1/84a

A2 DELTA(1930) INTO NUCLEON 6AMMA, HELICITY~3/2 &6EVa*-1/2)
A2 +0 ~ 019 0 ~ 054 BARBOUR 78 DPMA PI-N PHOTOPROD ~ 3/79
A2 -0.023 0.080 CRAMFORD 80 DPWA PI N PHOTOPROD ~ 12/e1
A2 -0.025 0.011 AMAJI 81 DPWA PI N PHOTOPROD. 1/84*
**aa*a aa**aaaaa *aaaaaaa* aaa**a**a aaa*aaa** *aaaa*aaa a***aaa*a *a***aa*

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS.

A1 DELTA&1940) INTO NUCLEON GAMMA, HELI CITY~1/2 (SEV*a-1/2)
R1 -0 ' 036 0.058 AWAJI 81 DPMA PI N PHOTOPROD. 1/84*

A2 DELTA&1940) INTO NUCLEON GAMMA, HELICITY~3/2 &SEVa*-1/2)
A2 -0 ~ 031 0 ~ 012 AMAJ I 81 DP'WA PI N PHOTOPROD. 1/84*
*aaa*a **aaa**aa **aa*a**aa***aa**a aaaaaaaa* aa**a*aaa *aa*aaaaa a*aa*a*a

REFERENCES FOR DELTA(1940&

CHEM 80 TORONTO CONF 123 D M CHEM (LBL)IJP
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL) IJP
AMAJI 81 BONN CONF 352 R KAJIKAWA (TALK) (NAGO)

ALSO 82 NP 8197 365 F U J I I, HAYA 8H I I, I MAT A, K A J I KAMA+ (NAGO)

aaa*** aaa*aaaaa aaaaaaaaa ***aa*a*****aaaaa* **a****aa***aaa*aa ***a*aaa
aa*aaa **a**a**aaaaa*aa** **aa**a**aa*a**aaa aaaaaa**a a***aaaaa **aa*a*a

6(1950) F» Status: ws*s

DONNACHI
LEA
AYED
FEUERBAC
APLIN
ALMEHED
LANGBEIN

69 NP 108 433
69 PL 298 584
70 PL 318 598
70 NP 168 85
7'1 NP 832 253
72 NP 840 157
73 NP 853 251

DONNACH1 68 PL 268 161
KIRSOPP 6S THESIS

A DONNACHIE, R K I RSOPP
L'EA

g OADES t WARD ~ COMAN I +
+BAREYRE, VILLET
FEUERBACHER+HOLLADAY
+COWAN, GIBSON, G ILMORE++
+LOVELACE
LANGBE IN, WAGNER

{GLAS+EDIN)
(R HE I+BR

IS+DARE�

)
(SACL)
(VAND)

(RHEL+BR IS)
(LUND+RUTG) I JP

(MUNI)IJP

REFERENCES FOR DELTA& 1930)

A DONNACHIE, R G K IRSOPP, C LOVELACE (CERN) I JP
R G K I RSOPP (EDIN)

83 DELTA(1950, JP~?/2+) I~3/2 F'37

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW

OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 1982 ED IT ION (PHYSI CS LETTERS 1 1 18) HOWEVERS
ALL THE REFERENCES HAVE BEEN RETAINED.

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS,
WHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN
ENTIRELY REMOVED'

CRAWFORD 75 NP 897 125
DEANS 75 NP 896 90

R L CRAMFORD
+MITCHELL, MONTGOMERY, +

(GLAS) I JP
(SFLA+ALAH)IJP 83 DELTA&1950) MASS &MEV)

AYED
BARBOUR
CUTKOSKY

ALSO
W INN IK
BARBOUR
CUTKOSKY
HOEHLER

AL SO
CHEM
CRAWFORD
CUTKOSKY
L I VANOS

76 CEA-N-1921 AYED (THESIS) (SACL) I JP
76 NP 8111 358 I M BARBOUR, R L CRAWFORD (GLAS) I JP
76 PRL 37 645 CUTKOSKY, HENDRICK, KELLY (CARN+LBL) I JP
76 OXFORD CONF ~ 49 CUTKOSKY, HENDR ICK, CHAO+ (CARN+LBL+BR IS) I JP
77 NP 8128 66 +TOAFFgREVELgGOLDBERGgBERNY (HAIF) I
78 NP 8141 253 BARBOUR, CRAWFORD, PARSONS (GLAS)
79 PR D20 2839 +FORSYTH, HENDRICK, KELLY & CARN+l BL) I JP
79 HANDBOOK OF PI-N SCATTERING, PHYS IK DATEN VOL. 12-1

+KAISER, KOCH, PIETARINEN (KARL) I JP
80 TORONTO CONF 3 R KOCH (KARL) I JP
80 TORONTO CONF 123 D M CHEM &LBL) I JP
80 TORONTO CONF 107 R L CRAMFORD (GLAS)
80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL) IJP
80 TORONTO CONF 35 +BATON, COUTURES, KOCHOMSKI, NEVEU (SACL) IJP

AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK& {NAGO)
ALSO 82 NP 8197 365 FUJI I g HAYASHI I t IWATA~KA J IKAMA+ (NAGO)

CRAWFORD 83 NP 8211 1 R L CRAWFORD, W T MORTON (GLAS)

aaaa*a aaaaaa*a* aaa***aaa **aaaaaaa a**a*aaa* *aaaaaaa* a*a***aa**aaaaaa*
aaaa** aaaa**a*a a***aaaaa a*aa***aa ***aaa*a*aaa****aa a*aaaaaa* aaa****a

M A

M A

M

M

M

M

M

M

'W A

W

M

M

W
'M

LONGACRE 75 IPMA
FROM METHODS 1 AND

BARBOUR 78 DPMA
CUTKOSKY 79 IPWA
HOEHLER 79 IPMA
CHEW 80 BPWA
CRAWFORD 80 DPMA
CUTKOSKY 80 IPMA

PI N TO 2PI N

2 OF LONGACRE 75.
PI-N PHOTOPROD.
PI N TO PI N

P I N TO PI N

++ P I+P TO PI+P
PI N PHOTOPROD.
P I N TO PI N

83 DELTA & 1950& WIDTH & MEV &

235 ~ OR
(198 ' 0)
(340 ' 0)
224 ' 0

(157 ' 2)
&225. 0&
340.0

240 ~

(60.0&
10.0

(22.0)

50.0
&19.0)

LONGACRE
BARBOUR
CUTKOSKY
HOEHLER
CHEM
CRAWFORD
CUTKOSKY

75 IPWA P I N

78 DPWA P I-N
79 IPWA PI N

79 IPMA P I N

80 BPWA ++ PI+P
80 DPWA P I N

80 IPWA P I N

TO 2PI N

PHOTOPROD ~

TO PI N

TO PI N

TO P I+P
PHOTOPROD.
TO P I N

1930 ' OR 1925.
THE 2 SETS OF PARAMETERS ARE

&1912.0)
( 1950 ' 0) (20 ' 0)

1913~ 0 8.0
(1855.0) (11.0& & 10.0)
(1902 ~ 0)
1950.0 15 ' 0

11/75
11/75
3/79

12/79
12/79

1/82
12/81

1/82

11/75
3/79

12/79
12/79
1/82

12/81
1/82

a(1940) D„Status:
136 DELTA& 1940, JP~3/2-) I~3/2 D' '33

RE
RE
RE

(1924 ~ 0)
(1892 ~ 0)
1890.0 15.0

LONGACRE 75 IPWA
CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

PI N TO 2PI N

PI N TO PI N

PI N TO PI N

83 DELTA&1950& REAL PART OF POLE POSITION &NEV&

11/75
12/79

1/82

136 DELTA(1940& MASS &MEV) 83 DELTA&1950) -2aIMAS PART OF POLE POSITION &MEV&

1940.0 100.0 CUTKOSKY 80 IPWA PI N TO PI N

(2058 ' 1) (34 ' 5) CHEW 80 BPMA ++ PI+P TO PI+P
1/82
1/82

IM
IM
IM

(258 ' 0)
&24e.o)
260. 0 40 ' 0

LONGACRE 75 IPMA
CUTKOSKY 79 IPWA
CUTKOSKY 80 IPWA

PI N TO 2PI N

PI N TO PI N

PI N TO PI N

11/75
12/79
1/82

136 DELTA& 1940& WIDTH &IIEV)

200 ' 0 100.0
(198 ' 4) (45.5)

CUTKOSKY 80 IPWA PI. N TO PI N

CHEM 80 BPMA ++ PI+P TO PI+P
1/82
1/82 RER

RER
(43.0)
42 ' 0 7 ' 0

CUTKOSKY 79 IPWA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI N

83 DELTA&1950& REAL PART OF ELASTIC POLE RESIDUE &MEV&

12/79
1/82

136 DELTA&1940& REAL PART OF POLE POSITION &MEV&

RE 1900 ' 0 100 ' 0 CUTKOSKY 80 IPMA PI N TO PI N 1/82
IMR
IMR

&-24.0&
-27.0 7 ~ 0

CUTKOSKY 79 IPMA
CUTKOSKY 80 IPMA

PI N TO PI N

P I N TO PI N

83 DELTA&1950) IMA6 PART OF ELASTIC POLE RIESIDUE &MEV&

12/79
1/82

136 DELTA& 1940& -2*IMAS PART OF POLE POSITION (MEV&

IM 200 ~ 0 60.0 CUTKOSKY 80 IPWA PI N TO PI N 1/82 83 DELTA&1950) PARTIAL DECAY MODES

RER -6 ' 0 5.0 CUTKOSKY 80 IPMA PI N TO PI N

136 DELTA&1940) REAL PART OF ELASTIC POLE RESIDUE &MEV&

1/82

P1
P2
P3
P4
P5
P6
P?
PS
P9

DE LTA( 1950)
DELTA(1950)
DELTA(1950)
DELTA(1950)
DELTA(1950)
DELTA(1950)
DELTA(1950)
DE LTA ( 1950 )
DE LTA( 1950 )

INTO N P I
INTO SIGMA K
INTO DELTA(1232) PI
INTO SIGMA(1385& K

INTO DELTA(1232) RHO
INTO NEUTRON PI+ PI+
INTO DELTA(1232) PI PI (NOT RHO)
INTO NUCLEON GAMMA, HELICITY=1/2
INTO NUCLEON GAMMA, HELICITY=3/2

DECAY MASSES
938+ 140

1189+ 494
1232+ 140
1385+ 494
1232+ 769
940+ 140+ 140

1232+ 140+ 140
938+ 0
938+ 0
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8240 particie Data Group: Review of particle properties

Bary&&ns
h(1950), h, (2150), b, (2200)

Data Card Listings

P10 DELTA(1950) INTO H RHO 938+ 769
P11 DELTA(1950) INTO DELTA(1232) PI, F-WAVE 1232+ 140
P12 DELTA(1950) INTO DELTA(1232) PI, H-MAVE 1232+ 140
P13 DELTA(1950) INTO N RHO, S=3/2, F-WAVE 938+ 769

h(2150) S~, Status:
137 DELTA&2150, JP~1/2-& I~3/2 S ' ' '31

R1
R1
R1
R1
R1

83 DELTA&1950) BRANCHING RATIOS

0ELTA & 1950& INTO & N P I & /TOTAL (P1&(0.40) (0.02) CUTKQSKY 79 IPWA PI N TO PI N0.38 0.02 HOEHLER 79 IPWA PI N TQ PI N(0.44) CHEM 80 BPMA ++ Pl+I TO PI+P0.39 0.04 CUTKOSKY 80 IPWA PI N TO PI N

12/79
12/79

1/82
1/82

R2 DELTA&1950& FRON N PI TO SIGNA K SQRT(P1aP2&
R2 B 0.022 TO 0 ' 040 DEANS 75 DPWA PI N TO K SIGNA 11/75
R2 B RANGE GIVEN IS FRON FOUR BEST SOLUTIONS. 11/75
R2 B DEAMS75 AND LANGBEIN73 DISAGREE WITH PI+ P TQ K+ SIGMA+ DATA OF 1/78
R2 B WINMIK77 AROUND 1920 NEV. 1/78

N

N A

M B
H AB
M AB
N AB

137 DELTA&2150& NASS &NEV&

2150 ~ 0 100.0
&2047. 4) (2?.0)
&2203. 2) (8.4)

CHEM 80 REPORTS TWQ S31
A AND B. PROBLENS WITH
HOEHLER 83.

137 DELTA&2156& WIDTH &NKV&

CUTKOSKY 80 IPWA PI N TO PI N

CHEW 80 BPWA ++ PI+P TO Pl+P
CHEW 80 BP'WA ++ PI+P TO PI+P

RESONANCES IN THIS MASS REGION LABELED
THIS ANALYSIS ARE DISCUSSED IN SEC.2. 1 ~ 11

1/82
1/82
1/82
1/82
2/84*
2/84*

R3
R3
R3
R3
R3
R3

DELTA&1950& FRON N PI TO DELTA&1232) PI, F-WAVE SQRT&P1aP11)
A -0.25 OR -0.32 LONGACRE 75 IPMA PI N TO 2PI N
C (0.21) NOVOSELLE 7S IPMA PI N TO 2PI N
C BM FIT TO LQNGACRE 75 IPMA, PHASE IS NEAR -60 DEGREES.
D (0.38) NQVQSELLE 78 IPWA PI N TQ ZPI M

D BM FIT TO NOVOSELLER 78 IPMA, PHASE IS NEAR -60 DEGREES.

11/75
3/79
3/79
3/79
3/79

W

W A

M B

200 ' 0 100 ' 0
& 121.6& (62.0)
(1?0.5) (45.0)

CUTKOSKY 80 IPMA PI N TO PI N

CHEM 80 BPMA ++ PI+P TO PI+P
CHEM 80 BPMA ++ Pl+I TQ PI+I

1/82
1/82
1/82

R4
R4
R4
R4
R4
R4

DELTA(1950& FRON N PI TO N RHO, S 3/2, F-WAVE SQRT&PlaP13&
A 0. 18 OR -0 ~ 24 LOHGACRE 75 IPWA PI N TQ ZPI N
E (0 ' 24) NOVQSELLE 78 IPWA Pl N TO 2PI N
K BM FIT TO LOHGACRE 75 IPWA, PHASE IS NEAR 120 DEGREES.
F (0.43) NOVOSELLE 78 IPMA PI M TO 2PI N

F BM FIT TO NOVOSELLER 78 IPWA, PHASE IS NEAR 120 DEGREES.

11/75
3/79
3/79
3/79
3/79

RE

137 DELTA&2150& REAL PART OF POLE POSITION &NKV)

2140 ' 0 80.0 CUTKOSKY 80 IPWA PI N TO PI N

137 DELTA&2150& -2aINAG PART OF POLE POSITION &NEV)

1/82

83 DELTA&'$950) PHOTON DECAY ANPLITUDES &6EV*a-1/2&
IM 200 ' 0 80.0 CUTKOSKY 80 IPMA PI N TO PI N 1/82

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE NINI-
REVIEM PRECEDING THE BARYON LISTINGS. 137 DELTA&2150& REAL PART OF ELASTIC POLE RESIDUE &NEV&

A1
A1
A1
A1
A1
A1
A1
A1
A1

INTO NUCLEON
0 ' 029
0 F 008
0.015
0.013
0.005
0.005
0.014
0.007

DELTA& 1950&-0.059
-0 ' 078
-0 ~ 132-0.058
-0 ~ 091
-0 ' 083-0.067
-0 ' 068

GANNA, HEL I C ITY~1/2 & 6EV**-1/2 &

METCALF 74 DPWA Pl N PHOTOPROD.
AZNAURYAH 77 DPMA PIO PHTPRD, SOL 1
AZNAURYAN 77 DPMA PIO PHTPRD, SOL 2
BARBOUR 78 DPWA PI-N PHOTOPROD.
ARAI 80 DPMA Pl N PHOTO FIT 1
ARAI 80 DPMA Pl N PHOTO FIT 2
CRAMFORD 80 DPMA Pl N PHOTOPROD.
AMAJ I 81 DPMA PI N PHOTOPROD.

2/74
12/79
12/79
3/79

12/81
12/81
1?/81

1/84*

RER

I MR

4 ~ 0 10.0 CUTKOSKY 80 IPMA PI H TO PI N

-6.0 6.0 CUTKOSKY 80 IPMA PI N TQ PI N

137 DELTA&2150& INA6 PART OF ELASTIC POLE RESIDUE &NEV&

1/82

1/82

A?
A?
A2
A2
A2
A2
A2
A2
A2

DE LTA & 1950&-0.093-0. 160
-0 ~ 169
-0 ' 075-0.101-0. 100-0.082
-0 ' 094

INTO NUCLEON
0.024
0 ~ 016
0.015
0.020
0.005
0.005
0.017
0 ~ 016

GANNA, HE L IC ITY~3/2 & GEVaa-1/2)
METCALF 74 DPWA PI M PHOTOPRQO.
AZMAURYAN 77 DPMA PIO PHTPRD, SOL 1
AZNAURYAN 77 DPMA PIO PHTPRD, SOL 2
BARBOUR 78 DPMA PI-N PHOTOPROD.
ARAI 80 DPMA Pl N PHOTO FIT 1
ARAI 80 DPWA PI N PHOTO FIT 2
CRAWFORD 80 DPWA PI N PHQTQPROD.
AWAJI 81 DPMA PI N PHOTQPROD.

2/74
12/79
12/79
3/79

12/81
12/81
12/S1
1/84*

137 DELTA&?150& PARTIAL DECAY NODES

P1 DELTA(2150) INTO N PI

137 DELTA&2150& BRANCHING RATIOS

DECAY MASSES
938+ 140

*aa*aa **aa*aa*a a**aaa*aa a*aa*aa*a aaaa*a*a* a*aa****a*aaa*aa*a a*a**aaa

REFERENCES fOR DELTA(1950&

R1 DELTA&2150) INTO &N PI &/TOTAL &P1&
R1 0 ' 08 0.02 CUTKOSKY 80 IPMA PI N TQ Pl N
R1 A (0.41) CHEW 80 BPWA ++ PI+P TO PI+P
R1 B (0 ~ 37) CHEM 80 BPWA ++ PI+P TO PI+P

1/82
1/82
1/82

HOEHLER
LAYSON
AUVIL
HELLAND
HOEHLER
DUKE
HOLLADAY
YQKOSAMA
JOHNSON
BAREYRE
BORREANI
DQNHACH1

ALSO
ALSO

DOMNACHI

AYED 70
AYED2 70
DAVIES 70
FEUERBAC 70
KALMUS 70
ROYCHOUD 71
ALMEHED 72
NEHTAHI ?Z
LAMGBE IN 73
DEVENIS2 74
AYED 74

ALSQ 73
KNI ES 74
NETCAI F 74
MOORHOUS 74

K I EV CONF
PL 31B 598
NP B21 359
HP 16B 85
PR D2 1824
NP B27 125
NP B40 157
PRL 29 1634
NP B53 251
PL 52B 227
PRIVATE COMM.
AIX CONFERENCE
PR D9 2680
NP B76 253
PR D9 1

63 NP 48 470
63 NC 27 724
64 NC 33 473
64 PR 134 B 1062
64 PL 12 149
65 PRL 15 468
65 PR 139 B1348
66 PR L 16 714
67 UCRL-17683 THESIS
68 PR 165 1731
68 UCRL 18350
68 PL 26B 161
68 VIENNA 139
68 THES IS
69 HP 1OB 433

R AYED, P BAREYRE, G VILL ET
+BAREYRE, V'ILLET
A DAVIES
FEUERBACHER+HOLLADAY
G KALMUS, G BORREANI, J LQU
R A ROYCHOUDHURY, B H BRANSD
+LOVELACE
+FUMG, KERHAN, SCHALK, +
LANGBE Ik, WAGNER
DEVENI SH, LYTH, RANK IN
AYED, BAREYRE
AYED, BAREYRE
KNIES, MOORHOUSE, QBERLACK
W J NETCALF, R L WALKER
MOORHOUSE, OBERLACK, ROSENFEL

(SACL) I JP
(SACL)
(GLAS)
(VAND)

IE (LRL)
EN (DURH) I JP

&LUND+RUTG)IJP
&UCR +LBL)

(MUM I ) I JP
(DESY+LANC+BQNN) IJP

(SACI ) I JP
(SACL) I JP

(LBL+GLAS)IJP
(CIT) I JP

D (GLAS+LBL) I JP

G HOEHLER, G EBEL (KARL) I
M M LAYSON (CERN) IJ
P AUVI L, C I OVE LACE & LOI C& I JP
+DEVLIN, HAGGE, LQNGQ, FOYER, MOOD (LRL& IJ
G HOEHLER, J GIESECKE (KARL)
+JONES, KENP, MURPHY, PRENTICE, + (RHCL+OXF) IJP

G HOLLADAY (VAND)
+SUMA, HILL, ESTERLING, BOOTH (ANL+CHIC)IJP
C H JOHNSON (LRL)
P BAREYRE, C BRICMAN, G VILLET &SAC L) I JP

BQRREANI, KALMUS (LRL)
A DQNNACHIE, R G KIRSQPP, C LQVELACE (CERN) IJP
DONNACHIE RAPPORTEUR'S TALK (GLAS)
R G K I RSQPP (EDIN)
A DQHNACHI E, R K I RSQPP (GI AS+ED IM)

****aaaaaaa*aa* *aa*aaaaa aaaaaaaaa aa***a*aa aaaa*aaa* a**aa*aa* **aaaaaa

REFERENCES FOR DELTA&2150)

CHEW 80 TORONTO CONF 123 D M CHEW
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK
HOEHLER 83 LANDOLT-BORNSTEIN VOL I 9B2 G HOEHLER

(LBL) IJP
(CARN+LBL) I JP

(KARL)

h(2200) G» Status:
135 DELTA&2200, JP~?/2-) I 3/2 637

THE AGREEMENT AMONG THE VARIOUS ANALYSES IS NOT VERY GOOD.

135 DELTA&2200) NASS &NEV)

2280. 0
(2200. 0)
2215.0
2200. 0

80.0
60 ~ 0
80.0

HENDRY 78 liilPWA

CUTKOSKY 79 IPWA
HOEHLER 79 IPMA
CUTKOSKY 80 IPWA

Pl H TO PI M

PI N TO PI M

P I N TO P I N

P I N TO P I N

135 DELTA&2200) WIDTH (NEV&

aaaaaa aaaaaaaaa aa*a*a**a *aa**aaaa **aa*aaa* aaa*a*aaa aaaaaaaaa *a*a**aa
aaaaaa aaaa*aaaa *aaaaaa*a a*aaaa*aa aaaaaa**a aaa***a**a*aaaaaa* a**aa*a*

1/82
1/82
1/82
1/82

CRAWFORD
DEANS
LONGACRE

ALSO
AYED
BARBOUR
CUTKOSKY

ALSO
VASAHZ
AZNAURYA
WINMIK
BARBOUR
NOVOSELL

ALSO

75 NP B97 125
75 NP B96 90
75 PL 55B 415
78 PR D17 1795
76 CEA-H-1921
76 NP B1 11 358
76 PRL 37 645
76 OXFORD CONF. 49
76 HP B 106 526
77 EF I-264& 57) -77
?7 HP B1?S 66
78 NP B 141 253
78 NP B137 509
78 NP B137 445

R L CRAWFORD
+NITCHELL, MONTGOMERY, +
+ROSENFELD, LASINSKI, SMADJA+
LONGACRE, LASINSKI, ROSENFELD+
AYED (THESIS)
I M BARBOUR, R L CRAWFORD
CUTKOSKY, HENDRICK, KELLY
CUTKOSKY, HEHDR ICK, CHAO+
S S VASAN
+AKQPQV, BAGDASARYAN
+TOAFF, REVEL, GOLDBERG, BKRNY
BARBOUR, CRAWFORD, PARSONS
D E NOVOSELLER
D E NOVOSELLER

(GLAS) I JP
(SFLA+ALAH) I JP

(LBL+SLAC) I JP
(LBL+SLAC)

(SACL) I JP
(GLAS) I JP

(CARN+LBL) I JP
(CARN+LBL+BR IS) I JP

(CARN) I JP
(YERK) I JP
(HAIF) I
(GLAS)
(CIT) I JP
(C IT) I JP

RE
RE

400. 0
(350 ' 0)
400. 0
450. 0

150.0

100.0
']00.0

HENDRY 78 MPMA
CUTKOSKY 79 IPWA
HOEHLER 79 IPMA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI M

PI N TO PI N

PI M TO Pl N

135 DELTA(2200& REAL PART OF POLE POSITION (NEY&

&2094.0) CUTKOSKY ?9 IPWA
2100.0 50.0 CUTKOSKY 80 IPMA

P I N TO Pl N

P I N TO P I N

135 DELTA(2200& -2aINA6 PART OF POLE POSITION &NEV&

1/82
1/82
1/82
1/82

1/82
1/82

CUTKOSKY
HOEHLER

ALSO
ARAI

ALSO
CHEW
CRAMFORD
CUTKOSKY

79 PR D20 2839 +FORSYTH, HENDRICK, KELLY (CAR
79 HANDBOOK OF Pl-N SCATTERING, PHYSIK OATEN VQL. 12-1

+KAISER, KOCH, P I ETHER INEN
80 TORONTO CONF 3 R KOCH
80 TORONTO CONF 93 I ARAI
82 MP B194 251 I ARAI, H FU J I I
80 TORONTO CONF 123 D M CHEW
80 TORONTO CONF 107 R L CRAWFORD
80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK (CAR

N+LBL) I JP

(KARL) I JP
(KARL & I JP
(TQKY)
(TOKY)
(LBL)IJP

(GLAS)
H+ L B L & I J P

AWAJI 81 BONN CONF 352 R KAJIKAWA (TALK)
ALSO 82 NP B197 365 F U J I I, HAYA SH I I, I WATA, KA J IKAMA+

CRAWFORD 83 NP B211 1 R L CRAMFORD, M T MORTON

&NAGO&
(NAGO)
(GLAS)

*aaaaa a*a***a***aaaaa*aa aaaaaaaaa aaaaaaaaa «*aaaa*a* **aa*aa**aaa*aaa*
aaaaaa aaaaaaaaa *a*aa**aa aaaaaaa*a aa*aaaa*a aaaaaaa*a a*aaaaaaa a*aa**aa

IN
IM

RER
RER

(294.0) CUTKOSKY 79 IPWA
340.0 80.0 CUTKOSKY 80 IPMA

PI N TO PI N

PI H TQ PI N

&2.0) CUTKOSKY 79 IPMA
3.0 5.0 CUTKOSKY 80 IPWA

PI N TO Pl N

PI N TQ PI N

135 DELTA&2200& REAL PART OF ELASTIC POLE RESIDUE &NEV)

1/82
1/82

1/82
1/82
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Particle Data Group: Review of particle properties S241

+or notation, see key at front of I.istings. Baryons
d(2200), d(2300), d(2350), d(2390}

IMR
IMR

(-7-0)-8.0 3.0
CUTKOSKY 79 IPMA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

135 DELTA(2200) INA6 PART OF ELASTIC POLE RESIDUE CNEV&

1/82
1/82

,
d(235O) D» Status:

134 DELTA(2350 JP 5/2-) I 3/2 D''35

135 DELTAC2200& PARTIAL DECAY NODES

DELTA(2200) INTO N PI
DECAY MASSES

938+ 140 134 DELTA(2350) NASS (NEV)

135 DELTAC2200& BRANCIIIN6 RATIOS

2305.D
2400. 0

26.0
125.0

HOEHLER 79 IPMA
CUTKOSKY 80 IPMA

P I N TO P I N

PI N TO P I N

1/82
1/82

R1
R1
R1
R1
R1

DELTAC2200) INTO (N PI&/TOTAL (P1)
0.09 0.02 HENDRY 78 MPMA PI N TO PI N

(0.05) CUTKOSKY 79 IPMA PI N TO PI N0.05 0 ' 02 HOEHLER 79 IPMA PI N TO PI N

0.06 0 ' 02 CUTKOSKY 80 IPWA PI N TO PI N

1/82
1/82
1/82
1/82

300.0
400. 0

70.0
150.0

HOE HLER 79 IPWA
CUTKOSKY 80 IPWA

134 DELTAC2350) WIDTH (NEV&

PI N TO PI N

PI N TO P I N

1/82
1/82

*0*400 400%*0*44 44*0*****0**04*0**44*4*4044 044*4*040 4*04044*4 *40**0*4

REFERENCES FOR DELTAC2200)
134 DELTA(2350& REAL PART OF POLE POSITION (NEV&

HENDRY

CUTKOSKY
HOEHLER

78 PRL 41 222
THE ANALYSIS ANO

79 PR 020 2839
79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3
CUTKOSKY 80 TORONTO CONF 19
HENDRY 81 ANP 136 1

A M HENDRY ( I NO+LBL) I JP
RESULTS ARE DISCUSSED MORE FULLY IN HENORY 81.

+FORSYTH, HENORI CK, KELLY (CARN+LBL) I JP
SCATTERING, PHYS IK OATEN VOL. 12-1

+KAISER, KOCH, PI ETARINEN (KARL) I JP
R KOCH (KARL) I JP
+FORSYTH s BABCOCK i KELLY' HENORICK (CARN+LBL) I JP
A M HENDRY (I NO)

IM

2400.0 125.0 CUTKOSKY 80 IPWA PI N TO PI N

400. 0 150.0 CUTKOSKY 80 IPMA PI N TO PI N

134 DELTA(2350& -?~INA6 PART OF POLE POSITION CNEV)

1/82

1/82

*44*40 **4%00**0*0*440t04 44*40**0k 4040400** 0**4**44*44404004* 000*44**
*40Srk* 040400*** %**0%4*04 44k00%k*0 40*%004*0 04***004*4**44*004 0400%*00 134 DELTA(2350) REAL PART OF ELASTIC POLE RESIDUE (NEV)

d(23oo) H» Status:
123 DELTA(2300, JP~9/2+) I~3/2 H39

5.D 17 ~ 0 CUTKOSKY 80 IPWA PI N TO PI N

134 DELTA(2350) INA6 PART OF ELASTIC POLE RESIDUE (NEV)

1/82

IMR —14.0 10.0 CUTKOSKY 80 IPWA PI N TO PI N 1/8?

123 DELTAC2300& NASS (NEV) 134 DELTAC2350& PARTIAL DECAY NODES

2450.0
2217.0

(2204 ' 5)
2400.0

100.0
80.D

(3.4)
125.0

HENORY 78 MPMA PI N TO PI N

HOEHLER 79 IPWA PI N TO PI N

CHEM 80 BPMA ++ PI+P TO PI+P
CUTKOSKY 80 IPMA PI N TO PI N

1?/79
12/79

1/82
1/82

P1 DELTA(2350) INTO N PI

134 DELTA(2350& BRANCHING RATIOS

DECAY MASSES
938+ 140

123 DELTA(2300& llIDTH CNEV)

500.0 200 ' 0
300.0 100 ' 0
{32.3) (1.0)
425.0 150.0

HENORY 78 MPMA PI N TO PI N

HOEHLER 79 IPMA PI N TO PI N

CHEM 80 BP'MA ++ PI+P TO PI+I
CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79
1/82
1/82

R1 DELTAC2350& INTO CN PI&/TOTAL CP1&
R1 0.04 0.02 HQEHLER 79 IPMA PI N TO PI N

R1 0.20 0. 10 CUTKOSKY 80 IPWA PI N TO PI N

04*04* 044*444k* 4%40*4404 *40k*444* 4%%4**4*4 *44***4*4%4***000*****4k*4

REFERENCES FOR DELTA(2350)

1/82
1/82

RE 2370.0

123 DELTA(2300& REAL PART OF POLE POSITION CNEV&

80.0 CUTKOSKY 80 IPMA PI N TO PI N

123 DELTA(2300& -2~INA6 PART OF POLE POSITION (NEV)

1/82

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK OATEN VOL. 12-1
+KAISER, KOCH, P I ETAR INEN (KARL) I JP

ALSO 80 TORONTO CONF 3 R KOCH (KARL) I JP
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENORICK. (CARN+LBL) I JP

44*44040* 04**4040* **4%4*44* 4*04*0*4***40*4**%4*40*440% **4*%4**
%0*00* 440*04044 0**44*k****%****44***400%44 **4*44*4k 44&*0**04* *4*04*04

IM 420. 0 160.0 CUTKOSKY 80 IPWA PI N TO PI N 1/82 d(239O} Status:

123 OELTAC2300) REAL PART OF ELASTIC POLE RESIDUE (NEV)
133 DELTA(2390( JP~7/2+) I~3/2 F''37

RER 9.0 4 ' 0 CUTKOSKY 80 IPMA PI N TO PI N 1/82

133 DELTA(2390& MASS (NEV&

IMR -3.0 5.0 CUTKOSKY 80 IPMA PI N TO PI N

123 DELTA(2300& INA6 PART OF ELASTIC POLE RESIDUE CNEV&

1/82

2425. 0
2350.0

60.0
100.0

HOEHLER 79 IPWA
CUTKOSKY 80 IPMA

PI N TO P I N

PI N TO PI N

1/82
1/82

123 DELTAC2300& PARTIAL DECAY NODES
133 OELTAC2390& WIDTH (NEV)

P1 DEI TA(2300) INTO N PI
DECAY MASSES

938+ 140

300.0
300.0

80 ~ 0
100.0

HOEHLER 79 IPMA
CUTKOSKY 80 IPWA

PI N TO PI N

PI N TO PI N

1/82
1/82

R1
R1
R1
R1
R1

123 DELTA(2300$ BRANCIIIN6 RATIOS

DELTA(2300& INTO CN PI&/TOTAL CP1&
0.08 0.02 HENORY 78 MPMA PI N TO PI N

0 ' 03 0 F 02 HOEHLER 79 IPMA PI N TO PI N

(0.05) CHEM 80 BPWA ++ PI+P TO P!+P
0.06 0.02 CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79

1/82
1/82

RE

133 DELTA(2390) REAL PART OF POLE POSITION (MEV)

2350.0 100.0 CUTKOSKY 80 IPMA PI N TO PI N

133 DELTA(2390& -2*INA6 PART OF POLE POSITION CNEV&

1/82

*04*40 404004%** 04**44044 *04**0**0***0%***4*40*0**jr%4*40**04*4*400*44

REFERENCES FOR DELTA{2300&

IM 260. 0 100.0 CUTKOSKY 80 IPWA PI N TO PI N 1/82

HENORY

HOEHLER

ALSO
CHEM
CUTKOSKY
HENORY

(KARL) I JP
(KARL) I JP
(LBL)IJP

(CARN+LBL) I JP
( I NO)

78 PR L 41 222 A W HEND RY (INO+LBL) I JP
THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENORY 81.

79 HANDBOOK OF PI-N SCATTERING, PHYS IK OATEN VOL. 12-1
+KAISER, KOCH, P I ETAR INEN

80 TORONTO CONF 3 R KOCH
80 TORONTO CONF 123 D M CHEM
80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENORICK
81 ANP 136 1 A M HENDRY

RER

IMR

0.0

-12.0

13.0 CUTKOSKY 80 IPMA PI N TO PI N

133 DELTA(2390) INA6 PART OF ELASTIC POLE RESIDUE (NEV&

6.0 CUTKOSKY 80 IPMA PI N TD PI N

133 DELTA(2390) REAL PART OF ELASTIC POLE RESIDUE CNEV&

1/82

1/82

440**0 0%***%%04 00*44*4*4 4*40*04***44%4**40 *44*4*****40**4**004*4%*00
040444 44444444* 44*4444+4 4444*4**4 4%*4444k4 444444**4 *44*4*444 44*44440

P1

133 DELTAC2390& PARTIAL DECAY MODES

DELTA(2390) INTO N PI
DECAY MASSES

938+ 140
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Baryons
d(2390), d(2400), d(2420), d(2 "/50)

Data Card Listings

133 DELTA(2390& BRANCHIN6 RATIOS 84 DELTAC2420& WIDTH &NEV)

R1 DELTA&2390& INTO &N PI &/TOTAL CP1&
R1 0 F 07 0 ' 04 HOEHLER 79 IP'MA PI N TO PI N

R1 0 F 08 0 ' 04 CUTKOSKY 80 IPWA PI N TO PI N

11*«*««**«««a**«*ca***a« ««a«e**** «**«*«a«* a«*aa*1*a a«***«**a«1«1**«*

REFERENCES FOR DELTA(2390)

1/82
1/82

460.0 100.0
340.0 28.0

(202.2) (45.0)
450. 0 150.0

HENDRY 78 MPWA PI N TO PI N

HOEHLER 79 IPMA PI N TO PI N

CHEW 80 BPWA ++ PI+P TO PI+P
CUTKOSKY 80 IPWA PI N TO PI N

12/79
12/79

1/82
1/82

84 DELTA(2420& REAL PART OF POLE POSITION CNEV&
HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL. 12-1

+KAISER, KOCH, P I ETAR INEN (KARL) I JP
ALSO 80 TORONTO CONF 3 R KOCH (KARL) I JP

CUTKOSKY 80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDR I CK (CARN+LBL) I JP

RE 2360.0 100 ' 0 CUTKOSKY 80 IPWA PI N TO PI N 1/82

««a«** ««***a«aa ««««a«««a *a«a«*1«* ««1**«««««aa*«a«** 1*1*11«a***«a***a
aa«aaa 1««***«a« ««a«««aae **a««««a« 1««aa«*aa ««*««*«a* a«1***«*«1**«««**

84 DELTA&2420& -2«INA6 PART OF POLE POSITION CNEV&

IM 420 ' 0 100.0 CUTKOSKY 80 IPWA PI N TO PI N 1/82

d(24oo) G» Status:
124 DELTAC2400, JP~9/2-) I~3/2 639

RER 16.0 8 ~ 0 CUTKOSKY 80 IPWA PI N TO PI N

84 DELTA&2420& REAL PART OF ELASTIC POLE RESIDUE CNEV&

1/82

124 DELTAC2400) NASS (NEV& B4 OELTAC2420& INA6 PART OF ELASTIC POLE RESIDUE (NEV&

2200. 0
2468 ' 0
2300 ' 0

100.0
50.0

100.0

HENDRY 78 MPWA

HOEHLER 79 IPWA
CUTKOSKY 80 IPMA

PI N TO PI N

PI N TO PI M

PI N TO PI N

12/79
12/79
1/82

IMR -9 ' 0 11.0 CUTKOSKY 80 IPWA PI N TO PI N 1/82

450 ' 0
480 ' 0
330 ' 0

200. 0
100.0
100.0

HENDRY 78 MPWA

HOEHLER 79 IPMA
CUTKOSKY 80 IPMA

124 DELTA(2400) WIDTH (NEV)

PI N TO PI N

P I N TO P I N

PI N TO PI N

12/79
12/79

1/82

P1
P2

84 DELTA(2420& PARTIAL DECAY NODES

DELTA(2420) INTO N PI
DELTA(2420) INTO SIGMA K

84 DELTA(2420& BRANCHIN6 RATIOS

DECAY MASSES
938+ 140

1197+ 494

RE 2260 ' 0 60.0 CUTKOSKY 80 IPMA P I N TO PI N

124 DELTA&2400& REAL PART OF POLE POSITION (NEV&

1/82

R1
R1
R1
R1
R1

DELTA&2420& INTO CN PI&/TOTAL (P1)
0. 11 0 ~ 02 HENDRY 78 MPMA PI N TO PI N

0 ~ 08 0 ~ 015 HOEHLER 79 IPMA PI N TO PI N

(0 ' 22) CHEW 80 BPMA ++ PI+P TO PI+P
0 ' 08 0 ' 03 CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79

1/82
1/82

124 DELTA(2400) -2«INA6 PART OF POLE POSITION (NEV) ««a«*« a«*1**««« «*1*1*«*1a«*a«*««* 1*««««*a« a«***a««1 **«««a**1 *1«*«a*«

IM 320 ' 0 160.0 CUTKOSKY SO IPWA PI N TO PI N 1/82 REFERENCES FOR DELTAC2420)

RER

IMR

7 ~ 0

-3 ' 0

4.0 CUTKOSKY 80 IPMA PI N TO PI N

124 DELTA(2400& INA6 PART OF ELASTIC POLE RESIDUE CNEV&

3.0 CUTKOSKY 80 IPMA PI N TO PI N

124 DELTA&2400& REAL PART OF ELASTIC POLE RESIDUE CNEV)

1/82

1/82

BELLAMY 67
AYED 70
AYED2 70
BRANSDEN 71

ALSO 70
ROYCHOUD 71
OTT 72

ALSO 72
REY 74

ALSO 74
ALSO 75

PRL 19 476
KIEV CONF
PL 318 598
NP 826 511
NP 816 461
NP 827 125
PL 428 133
MCG I LL THESIS
PRL 32 908
PRL 33 250
PR D11 1777

+BUCKLEY, DOBINSON, + (LOWC+LOUC) JP
R AYED, P BAREYRE, G VILLET (SACL) I JP
+BARE YRE, VILL ET (SACL)
+OGDEN (DURH) I JP
ROY CHOUD HURY, P ERR IN, BRANS DEN (DURH) I JP
R K ROYCHOUDHURY, B H BRANSDEN (DURH) I JP
+TR ISCHUK, VAVRA, R ICHARDS, + (MCG I+STLO+IO'MA) I JP
J ~ VAVRA (MCGI) JP
REY, LENNOX, POIRIER, PRETZL ( NDAM+MP I M ) I P
REY, LENNOX, POIRI ER, PRETZL ( NDAM+MP I M ) I P
LENNOX, POIRIER, REY, SANDER+ (NDAM+FNAL+ANL) IP

P1

124 OELTAC2400) PARTIAL DECAY NODES

DELTA(2400) INTO N PI

124 DELTAC2400& BRANCHING RATIOS

DECAY MASSES
938+ 140

AYEO
HENDRY

HOEHLER

ALSO
CHEW
CUTKOSKY
HENDRY

76 CEA-N-1921 AYED (THESIS) (SACL) I JP
78 PR L 41 222 A M HENDRY (I ND+LBL) I JP

THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81.
79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL. 12-1

+KAISER, KOCH, P IETAR INEN (KARL) I JP
80 TORONTO CONF 3 R KOCH (KARL) I JP
80 TORONTO CONF 123 D M CHEM (LBL) I JP
80 TORONTO CONF 19 +FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL) I JP
81 ANP 136 1 A M HENDRY ( IND)

R1 DELTA(2400) INTO (N PI)/TOTAL (P1)
R1 0 ~ 10 0.03 HENDRY 78 MPMA PI N TO PI N

R1 0.06 0.03 HOEHLER 79 IPWA PI N TO PI N

R1 0 ' 05 0.02 CUTKOSKY 80 IPMA PI N TO PI N

a**«11 **«a«*1«* 1*1«a«1«a «1*«*«11**««*11*«« 11*«***1*a*«*1«1«« 1**1«a**

REFERENCES FOR DEITA(2400)

12/79
12/79

1/82

««««a« ««*«a«*1* ***«««a«* *1**««««« **1«a«*a«*11*1*a***a*««*«a* a«a«*«a«
1*1«**«**«*a«**a*1«a*«*a «***««a«* *«««*1*a«*1**««*e**«*1«****««**«a«*

d(2750) I3,3 Status:
125 DELTA&2750, JP~13/2-) I~3/2 I3 13

AYED
HENDRY

HOEHLER

76 CEA-N-1921
78 PRL 41 222

THE ANALYSIS AND
79 HANDBOOK OF PI-N

ALSO 80 TORONTO CONF 3
CUTKOSKY 80 TORONTO CONF 19
HENDRY 81 ANP 136 1

AYED (THESIS) (SACL) I JP
A M HENDRY (IND+LBL) I JP

RESULTS ARE DISCUSSED MORE FULLY IN HENOR
SCATTERING, PHYSIK DATEN VOL. 12-1

+KA I S ER g KOCH ~ P I ETAR I NEN (KARL) I JP
R KOCH (KARL) I JP
+FORSYTH, BABCOCK, KELLY, HENDRICK (CARN+LBL) IJP
A W HENDRY ( I ND )

2650 ' 0
2794.0

100.0
80 ' 0

HENDRY 78 MPWA
HOEHLER 79 IPWA

125 DELTA&2750) NABS (NEV)

PI N TO PI N

PI N TO PI N

12/79
12/79

d(242 Q) H Status:

«**«*a a«1***1«**««a«**1«*a***«1*«*««***«1*a*a«1**1« a***«ca*« **1*«**1
*a«*a« *1**«*1«a««««a«aae a*a*1*««a **11****1«**«a«11* «*a«***a« ««*a«***

'125 DELTA&2750& WIDTH (NEV)

500.0 100.0 HENDRY 78 MPWA

350.0 100.0 HOEHLER 79 IPMA
P I N TO P I N

PI N TO P I N

12/79
12/79

84 OFLTA(2420, JP~11/2+) I~3/2 H3 11

MOST OF THE RESULTS PUBLISHED BEFORE 1975 ARE NOW

OBSOLETE AND HAVE BEEN OMITTED. THEY MAY BE FOUND IN
OUR 19S2 EDITION (PHYSICS LETTERS 1118). HOMEVER,
ALL THE REFERENCES HAVE BEEN RETAINED.

125 DELTAC2750& PARTIAL DECAY NODES

DELTA(2750) INTO N PI
DECAY MASSES

938+ 140

IN ADDITION, RESULTS IN THIS REGION FROM PRODUCTION EXPERIMENTS,
'WHICH USED TO BE LISTED SEPARATELY AS THE NEXT ENTRY, HAVE BEEN
ENTIRELY REMOVED'

84 DELTA(2420) NASS (NEV)

125 DELTA&2750) BRANCHIN6 RATIOS

R1 DELTAC2750& INTO CN PI)/TOTAL CP1&
R1 0.05 0.01 HENDRY 78 MPWA PI N TO Pl N

R1 0.04 0.015 HOEHLER ?9 IPMA PI N TO PI N

**«a«« *«««a**«* 1«1**a«a« *«a««a«*1 **a«a«*aa «*1*«*«aa aa«a*a«a« a«*aa«aa

REFERENCES FOR DELTAC2750)

12/79
12/79

2400.0 60 ' 0
2416.0 17 ~ 0

(2358.0) (9 ' 0)
2400. 0 125 ' 0

HENDRY ?8 MPMA PI N TO PI N

HOEHLER 79 IPWA PI N TO PI N

CHEM 80 BPMA ++ PI+P TO PI+P
CUTKOSKY 80 IPMA PI N TO PI N

12/79
12/79
1/82
1/82

(KARL) I JP
(KARL) I JP

( IND)

«**«a« ««**a«*a* «****a«1**a«*a**a« **«1*11*1*1«a««««a *«111*«««aaaaa*a«
***a««a«a«a«*1* 1*««ace««11*«1«**a «a«a*«*aa ««*ac*«e* «««a««a*e a«a«*a«a

HENDRY 78 PRL 41 222 A W HENDRY (INO+LBL) I JP
THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81.

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYSIK DATEN VOL. 12-1
+KAISER, KOCH, P IETAR INEN

ALSO 80 TORONTO CONF 3 R KOCH
HENDRY 81 ANP 136 1 A W HENDRY
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For notation, see key at front of Listings. Baryon s
&(295O), 6(™3000),Z's, Z, (1780)

h(2950) Ks«Status:
126 DELTA(2950, JP 15/2+) I 3/2 K3 15

126 DELTAC2950) NASS CNEV&

2850.0
2990.0

100 ~ 0
100.0

HENDRY 78 MPMA
HOEHLER 79 IPMA

PI N TO PI N

PI M TO PI N

126 DELTA(2950& WIDTH CNEV&

700.0
330.0

200.0
100.0

HENDRY 78 MPWA
HOEHLER 79 IPWA

PI M TO PI N

PI N TO PI N

P1

126 DELTA(2950& PARTIAL DECAY NODES

DELTA(2950) INTO N PI
DECAY MASSES

938+ 140

126 DELTA(2950& BRANCHING RATIOS

R1 DELTA(2950) INTO (N PI&/TOTAL (Pl&
R1 0.03 0 ~ 01 HENDRY 78 MPMA PI N TO PI N
R1 0 ' 04 0.02 HOEHI. ER 79 IPMA PI N TO PI N

*««**a *«*«*a**a«a*a«a««a *a«a«a«a« *a«a«a*«a a«a«*a«** a««a*«a«a ««*««a«*

REFERENCES FOR DELTA(2950)

12/79
12/79

12/79
12/79

12/79
12/79

NOTE ON THE S = +1 BARYON SYSTEM

The evidence for strangeness +1 baryon resonances
was thoroughly reviewed in our 1976 edition, and has
been reviewed more recently by Kelly and by Oades.
One new partial-wave analysis has been published
since our 1982 edition. As usual, the results permit no
definite conclusion —the same story heard for 15 years.
The general feeling, supported by the prejudice against
baryons not make up of three quarks, is that the sugges-
tive counterclockwise movement in the Argand diagram
of some of the partial waves is not real evidence for true
Breit-Signer resonances. But until the dynamics of the
KN system is better understood, the possibility that Z~

resonances exist will not be finally laid to rest.

(KARL) I JP
(KARL) I JP

(IND)
«*«««* «**a««««« *a«a«a««a a«a«***a« a«a««a«a* «a«a«a«a« «**«*«««a **«««««a
««*«** ««*a**a**«**«a«a«* **a«a«a«a «*a*a«a** a«a«a***a *«a*a**a« a*a**aaa

~3000 MEV REGION — FORMATION EXPERIMENTS

127 DELTAC 3000& 1~3/2

ME LIST HERE MISCELLANEOUS HIGH-MASS CANDIDATES FOR
ISOSPIN-3/2 RESONANCES FOUND IN PARTIAL-WAVE ANALYSES.
SO FAR, NO ANALYSIS OF THIS REGION HAS USED ALL THE
AVAILABLE DATA OR INCORPORATED AMALYTICITY CONSTRAINTS ~

OUR 1982 EDITION ALSO HAD A DELTA(2850) AND A DELTA (3230) .
NOTHING HAS BEEN HEARD FROM THEM IN 10 YEARS, AND UNDER THE
AUTHORITY GRANTED UNTO US BY THE STATUTE OF LIMITATIONS, ME
DECLARE THEM TO BE DEAD. THE EVIDENCE FOR THEM blAS DEDUCED FROM
TOTAL-CROSS-SECTION AMO 180-DEG-ELASTIC-CROSS-SECTION MEASUREMENTS.
PLACED IN THE MAIN BARYON TABLE IN THE ANYTHING-GOES 1960'S, THEY
REMAINEO THERE OUE TO INATTENTION UNTIL THIS EDITION.

HENDRY 78 PRL 41 222 A M HENDRY (IND+LBL) I JP
THE ANALYSIS AMD RESULTS ARE OISCUSSEO MORE FULLY IM HENDRY 81.

HOEHLER 79 HANDBOOK OF PI-N SCATTERING, PHYS IK DATEN VOL. 12-1
+KA I SER g KOCH g P I ETAR I MEN

ALSO 80 TORONTO CONF 3 R KOCH
HENDRY 81 ANP 136 A M HENDRY

2.

4.

Particle Data Group, Rev. Mod. Phys. 48, S188
(1976).
R.L Kelly, in Proceedings of the Meeting on
Exotic Resonances (Hiroshima, 1978), ed. I. Endo
et al.

G.C. Oades, in Low and Intermediate Energy
Kaon Nucleon P-hysics (1981),ed. E. Ferrari and G.
Violini.

K Nakajima et al. , Phys. Lett. 1128, 80 (1982).

127 DELTA(~3000) NASS CNEV)

**««*« ***«*a«*aaaaaaa«aa a«*a*a*** *a*a«a««a *a*******««***a*«******a**
«**a**a«*a«a«*a «****««a« ****«a*a*a*a«a*a«a **«**«a«***a***«*a**«a**«a

2850 ' 0
3200 ' 0
3300 ' 0
3700.0
4100.0

(3300.0)
(3500.0)

IN ADDITION, KOCH SG REPORT
AND A P33 DELTA(2800) ~

HENDRY 78 MPMA
HENDRY 78 MPMA
HENDRY 78 MPWA
HENDRY 78 MPMA
HENDRY 78 MPMA
KOCH 80 IPWA
KOCH 80 IPWA

SOME EVIDENCE FOR AN

PI N I311
PI N K313
PI N L317
PI N M319
PI 'N N321
PI N L317
PI N M315

S31 DELTA(2700)

12/79
12/79
12/79
12/79
12/79
2/84*
2/84*
2/82
2/84*

S= 1 EXOTIC STATES (Z)
«*«**a a««a«a«*a «a«a«a*a« **«*«a*a« aa«a«aaaa ****«*a*a«a«a*****aaaaaa*«
*a****aaaaaaaa* aaa«a*«aa *««a««a«* *aaaaa*a« a*a*«a*a* aaaa*a*** **a«***a

Zo(1780) P«Status:
95 Z0(1780, JP 1/2+& I 0 P01

700.0
1000.0
1100.0
1300.0
1600.0

200.0
300.0
300.0
400 ' 0
500 ' 0

HENDRY
HENDRY
HENORY
HENORY
HENDRY

78 MPMA
78 MPMA
78 MPMA
78 MPMA
78 MPMA

127 DELTA( 3000) WIDTH CNEV&

PI N I311
PI N K313
PI N L317
PI N M319
PI N N321

12/79
12/79
12/79
12/79
12/79

WILSON 72, GIACOMELLI 74, AND NAKAJIMA S2 FIND SOME
SOLUTIONS WITH RESONANT-LIKE BEHAVIOR IN THE P01
PARTIAL WAVE. THE EFFECT SEEN IN THE I~O TOTAL CROSS
SECTION, IF A RESONANCE, MUST HAVE SPIN=1/2, BECAUSE
THE INELASTIC CROSS SECTION IS VERY SMALL ANO THE
TOTAL CROSS SECTION IS ABOUT 4*PI/K*«2.

P1

R1
R1
R1
R1
R1
R1

DELTA(~3000) INTO N PI
DECAY MASSES

938+ 140

127 DELTAC 3000& BRANCHING RATIOS

DELTA(~3000&
0.06
0.045
0 ' 03
0 ' 025
0 ~ 018

INTO CN
0 ~ 02
0 ' 02
0.01
0.0'I
0.01

PI)/TOTAL
HENDRY
HENDRY
HENDRY
HENDRY
HENDRY

(P1)
?8 MPMA PI N 1311
78 MPMA PI N K313
78 MPWA PI N L31?
78 MPMA P I N M319
78 MPWA PI N N321

127 DELTA(~3000& PARTIAL DECAY NODES

12/79
12/79
12/79
12/79
12/79

M A

M A

M B
M B
M C

M C

M C

M C

M

M

95 ZO(1780& MASS (NEV&

1780.0 10.0 COOL 70 CNTR + K+P, D TOTAL
SEEN DOMELL 70 CNTR K+P, O TOTAL
SEE ALSO DISCUSSION OF LYMCH 70.

(1800.0) WILSON 72 PMA K+N P01 WAVE
ESTIMATE OF PARAMETERS FROM BM + QUADRATIC BACKGROUND FIT TO P01.

(1750.0) CARROLL 73 CNTR KN I=O TCS, F IT 1
(1825 ~ 0) CARROLL 73 CNTR KN I=O TCS, FIT 2

FIT 1 FIT OF SINGLE L 1 8M+BACKGROUND TO I=O TCS FROM 0.4-1.1 GEV/C
FIT 2~FIT OF L=1 AND L=2 BMS TO SAME DATA, SEE ZO(1865) FOR L=2 PART

(1740.0) G I ACOMEL 74 PWA 0.38-1.51 GEV/C
(1778.0) NAKAJIMA 82 PWA KN 0.2-1.6 GEV/C

95 ZO(1780& WIDTH CNEV)

1/71
7/70
7/70
3/72
3/72
9/73
9/73
9/73
9/73

10/74
1/84*

HENORY

KOCH
HENORY

78 PRL 4'I 222 A M HENORY ( IND+LBL) I JP
THE ANALYSIS AND RESULTS ARE DISCUSSED MORE FULLY IN HENDRY 81.

80 TORONTO CONF 3 R KOCH (KARL) I JP
81 ANP 136 1 A M HENDRY (IND)

*««*a« «**«a««a« a**a«a«a* «*a«**a«a ««*a«*a«* «aaaaaa** aaaa***a* a«****«a

REFERENCES FOR DELTAC 3000&
W

M B
M C
M C

W

W

(565 ' 0)
(300.0)
(600 ' 0)
(845.0)
(300 ' 0)
(662 ' 0)

COOL
WILSON
CARROLL
CARROLL
G I ACOME L
NAKAJIMA

70 CNTR + K+P, D TOTAL
72 PWA K+N P01 WAVE
73 CMTR KN I=O TCS, F IT 1
73 CNTR KN I=O TCS, FIT 2
74 PWA 0.38-1.51 GEV/C
82 PMA KN 0.2-1.6 GEV/C

1/71
3/72
9/73
9/73

10/74
1/84*

a«*«** «*«**«*a« ««**a*a«* *a«a«a*a« aaaaaa«a« «««*a*a«a a«a«a«aaa a**a«a«*
«a«*«a ««««a«a«a «a****«*«**a«a«««* «*a*a«a«a **a«a«a** ««**a«**a *a««a*«a 95 ZO(1780) PARTIAL DECAY NODES

OFCAY MASSES
P1 ZO(1780) INTO N K 940+ 494
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Sary&&ns
Z (1780), Z, (1865), Z, (1900)

Data Card Listings

95 ZO C 178O & SRANCNI N6 RAY IOS

I1 ZO&1710& INTO &N X&/TOTAL
R1 (0.95&
R1 8 (0 ' 85)
R1 C &0.75)
R1 G (0.91)
R1 (0 ~ 85)
R1 (0.56)

COOL
WILSON
CARROLL
CARROLL
G I AC ONE L
NAKA J INA

CP1&
70 CNTR + K+P, D TOTAL
72 PMA K+N P01 MAVE
73 CHTR IF J~1/2r FIT
73 CNTR IF J~1/2r FIT 2
74 PWA ~ 38-1 ~ 51 GEV/C
82 PWA KN 0.2-1.6 GEV/C

a»a«a* a»«a«*a«a »*»a«»aaa *«*a«*a«* *a«a«a»a* a«a«a«a*« ***a«**a«*«a»**»a

REFERENCES FOR ZOC 1780&

1/71
3/72
9/73
9/73

10/74
1/84*

Z, (1900) P,~' Status:

Z1&1900, JP~3/2+& I~1 P13

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K-DELTA
THRESHOLD.

97 Z1&1900& MASS CNEV&

COOL 70 DUKE CONF 47
ALSO 69 PL 308 564
ALSO 70 PR D1 1887

DOWELL 70 DUKE 53
WILSON 72 NP 842 445
CARROLL 73 PL 458 531
GI ACONEL 74 NP 871 138
NAKA J INA 82 PL 112B 80

R L COOL (BNL)
ABRAHS, COOL, GIACOHELLI, KYCIA, LI + (SNL)
COOL r G IACOHELL I KYCI A LEONTI C r LI + (BNL )
J D DOWELL (8 IRM)
+GRIFFITHS, HIRATA + (BGNA+GLAS+ROMA+TRST)
+KYCIA, LI, MICHAEL, MOCKETT, RAHM+ (BNL)I
GIACOHELLI, + (BGNA+GLAS+ROMA+TRST)IJP
+KIN, KOBAYASHI, HASA IKE, HURAKAHI, + (KEK) I JP
PAPERS NOT REFERRED TO IN DATA CARDS

LYNCH
HIRATA
BOWEN
JOHNSON
CAMERON
SIGI
ROIE SHEL
HART IN
OADE S
CORDEN

70 DUKE 9
71 NP 830 157
73 PR D7 22
74 PL 508 343
75 PALERNO CONF'
76 NP 8110 25
79 PR 020 1646
80 TORONTO CONF. 355
81 ROME CONF. 53
82 PR D25 720

G LYNCH (REVIEWER) (LRL)
+GOLDHABER, HALL, SEEGER, TRILLING, WOHL (LBL)IJP
+JENKINS, KALBACH, PETERSEN + (ARIZ+MICH)
JOHNSON, VLASSOPULOS (CERN+DURH)
+CAP I LUPP I+ (BGNA+EDIH+GLAS+PI SA+RHEL) I JP
+CANERON+ (BGNA+EDIN+GLAS+P I SA+RHEL) I JP
C ROIESNEL (HIT)
8 R MART IN, G C OADES (LOUC+AARH)
LOM + INTERMEDIATE ENERGY KN PHYSICS (AARH)
+COX, KELSEY, LAWRENCE r WATK INS+ (8 IRM+LPNP )

Zo(1865) Do~ Status:

SEE. OUR 1982 EDITION (PHYS. LETT. 1118) FOR A NUMBER OF OTHER
REFERENCES TO EXPERIMENTAL 'WORK IN THIS REGION.

a«**«aaaa **»«a«***a«a»a*«*a a»a«a»aaa a«**«a«aa a»a»a»a*a
a««a«a a*a»»a«a* «*»a«**»a «»«*a«**a *a»a*a»a» a*a«a»a«* »*««*a»*a a»a«a*a«

A

N A

M A

M A

M A

N 8
8
B

M

H

H C
N G

M C

H C

M

M A

W A

M A

8

W

W C
M C

M

HAKAJINA 82 PMA KN 0.2-1.6 GEV/C

(520 ' 0)
(397.0)
(557 ' 0&
(120 ' 0)
(240.0)
(190 ~ 0)
(280 ' 0)
(260.0)
(347.0)

97 Z1 & 19OO& WIDTH &HEY &

AYED
AYED
AYED
BARNETT
COOL
ALSRQM
KATO
KATO
NAKA J IHA

70 IPWA
70 IPMA
70 I PWA
70 IPMA
70 CNTR ++
71 IPMA ++
71 IPMA
71 IPWA
82 PMA

K+P
K+P
K+P
P13, SOLN III
K+- TOTAL
SQL. GAMMA
SOL I(FIT BM)
SQL I I (F IT BM)
KN 0.2-1.6 GEV/C

(1932.0} AYEO 70 IPWA P13, SOL. I
(1899.0) AYED 70 IPWA P13, SQL. I I
(2030.0) AYED 70 IPMA S11,SOL. I I I

THREE SOLNS IN ORDER OF DECREASING SIGNIFICANCE. THOUGH AYED 70
GIVE PARAMETERS, THEY CONCLUDE RESONANT INTERPRETATION DOUBTFUL.

(1830.0) BARNETT 70 IPWA P13, SQLN I I I
RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUE TQ THE LARGE ERRORS
IH THE AMPLITUDES RESULTING FROM THE ANALYSIS
1900.0 10.0 COOL 70 CHTR ++ K+P TOTAL

(1880 ~ 0) ALBROM 71 IPMA ++ SOL. GAMMA

(1890~ 0) KATO 71 IPWA SOL I(FIT BW)
(2040. 0) KATO 71 IPMA SOL II(FIT BW)

KATO 71 ESTIMATE RESONANCE PARAHETERS -- UPDATED PHASE SHIFTS
PUBLISHED IN MILLER 72.

(1931~ 0)

6/70
6/70
6/7Q

9/73

1/71
10/71
10/71
10/71
3/72
3/72
1/84*

6/70
6/70
6/70
9/73
1/71

10/71
10/71
10/71

1/84%

96 ZOC 1865, JP~3/2-) I~0 DO3
Z1C19OO& REAL PART OF POLE POSITION

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K* N

THRESHOLD. SEE ALSO THE ZO(1780) .

96 ZOC 1865& NASS C IIEV &

RE D

RE D

RE

(1787.0&
SUPERSEDED BY ARHDT 78.

(1796 ' 0)

ARNDT

ARNDT

?4 DPMA

78 DPMA

K+ P ELASTIC

K+ P

4/75
3/79
3/79

M

M

N

M A

H A

H A

M

(1&60.0) (15.0) CARTER
(1868~ 0) (10.0) COOL
(1830.0) AARON
(1840.0) CARROLL

FIT2~FIT OF L=1 ANO L=2 BWS TO I=O TCS
SEE ZO( 1780) FOR FIT 1 AND L=1 PART OF

( 1907 ~ 0) HAKA J I MA

67 THEO DISPERSIQH REL.
70 CNTR K+P, D TOTAL
73 NPMA I=O KN .6-1.6G/C
73 CNTR KN I=O TCS, FIT 2

FROM 0.4-1.1 GEV/C.
F IT 2.
82 PWA KN 0.2-1.6 GEV/C

8/67
8/67
9/73
9/73
9/73
9/73
1/84*

IN D

IN
(100.0&
(101.0&

ARNDT
ARNDT

74 DPMA
78 DPWA

K+ P ELASTIC
K+ P

97 Z1&1900& PARTIAL DECAY NODES

97 Z1&1900& -IMAGINARY PART OF POLE POSITION

4/75
3/79

96 ZO& 1865& WIDTH CNEV& P1
P2

21(1900) INTO N K

Z1(1900) INTO DELTA(1232) K

DECAY MASSES
938+ 494

1232+ 494

P1
P2

(200 ' 0)
(160 ~ 0)
(100.0)

(75 ' 0)
&291.0&

{50.0)
(30.0)

CARTER
COOL
AARON
CARROLL
HAKAJINA

67 THEO
70 CNTR
73 NPWA
73 CNTR
82 PWA

ZO(1865) INTO N K
ZO(1865} INTO N K*(892}

96 ZOC 1865& PARTIAL DECAY NODES

I =0 KN .6-1.6G/C
KH I=O TCS, FIT 2
KH 0.2-1.6 GEV/C

DECAY MASSES
940+ 494
938+ 892

8/67
8/67
9/73
9/73
1/84» I1

R1
R1 A
R1 A

R1 A

R1 8
R1
R1
R1 C

R1 C

R1

Z1&1900& INTO &N K&/TOTAL
(0.10) OR LE SS
(0 ~ 16)
(0.20)
&0 ~ 17&
&0. 12)
(0 ~ 12) (ASSUMING J=3/2)
(0 ~ 15)
(0 ' 22)
(0 ' 27)
(0 ' 24)

CARTER
AYED
AYED
AYED
BARNETT
COOL
ALBROM
KATO
KATO
NAKA J IMA

(P1)
67 THEQ DISPERSION REL.
70 IPWA
70 IPWA
70 IPMA
70 IPWA P13, SOLN III
70 CNTR ++ K+P TOTAL
71 IPMA ++ SQL. GAMMA
7'f IPMA SOL I(FIT BW)
71 IPMA SOL I I (F IT SW)
82 PWA KN 0.2-1.6 GEV/G

97 Z1&1900& BRANCHING RATIOS

8/67
6/70
6/70
6/70
9/73
1/71

10/71
10/71
10/71

1/84«
96 ZO(1865& SRANCIIIN6 RATIOS

ZO & 1865& INTO ( N K & /TOTAL
(0 ' 155& (0.025&
{0~ 115) {0.025)
(0 ~ 085)
(0.35}

R1
R1 CARTER
R1 COOL
R1 A CARROLL
R1 NAKA J IMA

CP1&
67 THEO IF J=3/2
?0 CHTR I F J=3/2
73 CNTR IF J=3/2, FIT 2
82 PMA KN 0.2-1.6 GEV/C

R2 ZO&1865& INTO &N K*&892»/TOTAL CPZ&
R2 MAIN INELASTIC DECAY HIRATA 68 HBG

a*a»a» a*a***a»« »***a*a«a «*«**a**a**a*«aaaa «****»a«» a»a*a**a* «a»a*a*a

9/73
9/73
9/73
1/84*

11/68 BLAND 67 PRL 18 1077
CARTER 67 PRL 18 801

REFERENCES FOR Z 1 ( 1900)

+BOWLER, BROWN, G+S GOLDHABER, SEEGER, + (LRL)
A A CARTER (GAVE)

R2 Z1&19OO& INTO COELTA&1232& K&/TOTAL (P2)
R2 MAIN INELASTIC DECAY BLAND 67 HBC ++ 8/67
R2 NO EVIDENCE, SPEED HAS MINIH. GRIFFITHS 72 HBC K+P .9-1.5 GEV/C 3/72

****a»a«»a»»aaa a*a»*a»*a «a*«**«a» «»**a«**a aa»aa«««» *«*a«**a***»a«a»a

CARTER
HI RATA
COOL

ALSO
ALSO

AARON
CARROLL
HAKA J IMA

67 PRL 18 801
68 PR L 21 1485
70 PR D 1 1887
66 PRL 17 102
69 PL 308 564
73 PR D7 1401
73 PL 458 531
82 PL 1128 80

REFERENCES FOR ZO&1865&

A A CARTER (GAVE)
HIRATA, WOHL, GOLDHABER, TRILLING (LRL)
COOL, GIACONELL I, KYC IA, LEONTI C, L I + (SNL &

+GIACOMELL I,KYC IA, LEONTI C, L I, LUNDBY, + (BNL ) I
ABRAMS, COOL, GIACQMELLI, KYCIA, LI + (BNL&
AARON R I CH r HOGAH r SR I VASTAVA (LASL+NEAS ) I JP
+KYCIA, LI, NICHAEL, NOCKETT, RAHM+ (BHL }I
+K IM, KOBAYASHI, MASAIKE, MURAKAMI, + (KEK) I JP

AYED 70 PL 328 404
SARHETT 70 U ND, RPT 70-101

ALSO 70 DUKE 443
COOL. 70 PR D1 1887

ALSO 66 PRL 17 102

ALBROM 71 HP 830 273
ALSO 70 DUKE 375

KATO 71 HQRIOND
ALSO 70 DUKE 367
ALSO 70 PRL 24 615

(SACL) I JP
(UMD & I JP
(UMD)IJP
(BNL)
(BNL)

+ANDERSON, ALMEHED, . .. , UDO, MAGNER
ERNE, SENS, WAGNER
+KOEHLER, . . . , YOKQSAWA, BURLESOH
A YOKQSAWA
KATO, KOEHLER, NOVEY, YOKQSAMA+

(CERN) I JP
(CERN) I JP

(AHL+HWES)IJP
(ANL&IJP

(AHL+HWES)IJP

+BAREYRE, FELTESSE, VILLET
BARHETT, GQLDNAH, LAASAHEH, STEINBERG
BARNETT, GQLDNAN, LAASANEN, STEINBERG
+GIACOMELLI, KYGIA, LEONTI C, LI, +
GOOL, GIACOMELL I, KYCIA, LEONTIG, LI +

HIRATA 70 DUKE 429
AARON 71 PRL 26 407
HIRATA-1 71 NP 833 445
GIACQNEL 72 NP 837 577
WILSON 72 NP 842 445

PAPERS NOT REFERRED TO IN DATA CARDS

+GOLDHABER, SEEGER, TRILLING, MOHL (LRL)
+AMADO+SILBAR (NEAS+PEHN+LASL)IJP
+GOLDHABERr HALL rSEEGER r TR ILL ING r MOHL (LBL)
6 I AC ONE L L I, + (BGHA+GLAS+RQMA+TRST)
+GRIFFITHS, HIRATA + (BGNA+GLAS+ROHA+TRST)

»*»*a« *»***a*a«»**a«*»«a a*«**««*a *«**»a»***a«a«a«** *»»a«**a* **«a««aa
a«a*«a »***«a«»a a««a«a»a* aa«a*a«a» a«a»a«a«a *»««*a*a» a«a»«a»aa «*»a«*«a

GRIFFITH 72 NP 838 365
HILLER 72 NP 837 401
ARNDT 74 PRL 33 987
ARNDT 78 PR O18 3278
NAKA J I HA 82 PL 1128 80

+HIRATA, HUGHES + (BGNA+GLAS+RQMA+TRST)
+NOVEY, YQKOSAMA, CUTKQSKY + (AHL+CARH+NMES)IJP
ARNDT, HACKMAN, ROPER, STEINBERG (VPI+UMO) IJP
ARNDT, ROPER, STEINBERG (VPI+UMD)
+K IN, KOBAYASH I, NASA IK E, MURAKAMI, + (KEK ) I JP

REVIEW
LEVISETT 69
GOLDHABE 70
DOMELL 72
LOVELACE 72
DOWELL 73
CUTKOSKY 74

(CHIC)
(LRL)

(8 IRM)
(RUTG&
(BIRN}
(GARH)

TALKS AND PAPERS
LUND CONF 341 R LEVI SETTI (RAPPORTEUR)
DUKE 407 G GOLDHABER (REVIEMER)

NAL REVIEW REVIEW TALK IN BARYON SESSION
NAL REVIEW RAPPORTEUR 'S TALK

PURDUE CONF. 157 OOMELL
LONDON GONF II-54 GUTKOSKY
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For notation, see key at front of Listings. Baryons
Z, (1900), Z, (2150), Z, (2500), A's attd Z's

KELLY
URBAN
MARTIN
KELLY
OADES

75 ANL-HEP-CP-75-58
75 PL 60B 77
76 OXFORD CONF' 409
78 HUPD-7813 44
81 ROME CONF. 53

REVIEW TALK IN BARYON SESSION (LBL)
URBAN (LBL)
RAPPORTEUR'S TALK (LOUC)
MTG. ON EXOTIC RESONANCES, HIROSHIMA &LBL)
LOW + INTERMEDIATE ENERGY KN PHYSICS (AARH)

SEE ALSO OUR 1982 EDITION (PHYS. LETT. 111B) FOR A LARGE NUMBER OF
OTHER REFERENCES TO THEORETICAL AND EXPERIMENTAL WORK IN THIS REGION.

93 Z1(2150, JP~ ) I 1

A SMALL BUMP IN THE TOTAL CROSS SECTION AT 1.8 GEV/C.

93 Z1 (2150& NASS CNEV&

M 2150.0 20 ~ 0 ABRAMS 70 CNTR ++ K+P TOTAL 10/71

(175.0)

93 Z1(2150& 'MIDTII CNEV&

ABRAMS 70 CNTR + K+P TOTAL 10/71

93 Z1C2150) PARTIAL DECAY NODES

aa*aaa aa*aaaa** a*a**aa**a*aaaa*a* a*aaaa*a* aaaaa***a aaaa**aa* aaa***aa
aaaa*a **aaaaaaa *aa*a*a*a a*a**aaa* aa*a*aa*a a**a*aa*a *aaaaaa*a *aa*aa**

Z, (2150) BUMPS Status:

K n elastic scattering, and that is it: no new partial-

wave analyses, no new Y 's promoted to the Baryon
Table (in fact, we have removed three —see below).
Nor does there appear to be a single new experiment on

Y 's, planned or in progress, anywhere in the world.

Table 1 is an attempt to evaluate the status, both
overall and channel by channel, of each Y in the List-

ings; the evaluations are of course partly subjective. A

blank indicates there is no evidence at all: either the

relevant couplings are small or the resonance does not
really exist. The main Baryon Table includes only the

established resonances (overall status 3 or 4 stars). We
have reduced the A(2585), the X(2455), and the Z(2620)

P1 Z1(2150) INTO N K

93 Z1(2150& BRANCHING RATIOS

DECAY MASSES
938+ 494

Table l. The status of the A and Z resonances. Only those with an
overall status of ~*s or e**e are included in the main Baryon Table.

R1 Z1(2150) INTO (N K) /TOTAL (P1)
R1 J IS NOT KNOWN, THE FOLLOWING IS (J+1/2)*P1
R1 (0.04) ABRAMS 70 CNTR + K+P TOTAL

ABRAMS ?0 PR D1 1917
ALSO 6? PRL 19 25?

REFERENCES FOR Z1 C2150)

+COOL, GIACOMELLI, KYCIA, LEONTIC, LI + (BNL)
ABRAMS, COOL, GIACOMELLI, KYCIA, LEONTIC+ (BNL)

Z, (2500) BUM& S Status:
94 Z1(2500, JP~ & I~1

A SMALL BUMP IN THE TOTAL CROSS SECTION AT 2.7 GEV/C.

94 Z1C2500& NASS CNEV)

2500.0 20 ' 0 ABRAMS 70 CNTR ++ K+P TOTAL

W (160.0)

94 E1C2500& MIDTII CIIEV&

ABRAMS 70 CNTR ++ K+P TOTAL

*aaaaa a**aa***a****aaaaa ***aa*a*aa*aaaaaaa aa*a**aaa *aa*aaaaa aaaaaaaa
a**a*a aaaaaaaaa aaaaaaaaa a*aaa*a*a *aa*aa*a* aa*a*a*aa aaaa**aaa aaa**a*a

10/71

10/71

10/71

Overall
Particle L1.2J status

A(1 1 16) P01
A(1405) Sol
A( 1 520) D()3
A(1600) P()1

{1670) SO1
A(1690) Dp3
A{1800} S01
A(1800) P01
A(1820) F()5
A(1830) D()5
A(1890) P()3
A(2000)
A(2020) FO7
A(2 100) G07
A(21 10) F()5
A(2325) D03
A(2350)
A(2585)

NK

F
0
r
b

1

d
d
e
n

F
0
r
b

1

d
d
e
n

Other channels

Nm (weakly)

Am7r, Ay

At)
Awa, Zm~
NKa, Z(1385)m.
NKa
Z(1385) vr

Z(1385) m.

NKa, Z{1385)vr
A~, NK*

Ace, NK*
A~, NK*
Ace

Status as seen in—

94 Z1(2500& PARTIAL DECAY NODES

DECAY MASSES
P1 Z1(2500) INTO N K 938+ 494

94 Z1 (2500& BRANCIIING RATIOS

R1 Z1(2500& INTO CN K&/TOTAL (P1)
R1 J IS NOT KNOWN, THE FOLLOWING IS (J+1/2)*P1
R1 (0.03) ABRAMS 70 CNTR ++ K+P TOTAL

*a*a*a *aaaaaaa* **aa**a***aaaa***a a*******a*aa***aaa ****aaa***aaaaaaa

REFERENCES FOR Z1(2500)

ABRAMS 70 PR D1 1917
ALSO 67 PRL 19 257

+COOL, GIACOMELLI, KYCIA, LEONTIC, LI + (BNL)
ABRAMS, COOL, GIACOMELl I,KYCIA, LEONTIC+ (BNL)

aaa*** a*aaaaaaa *aa*a***aaaaaaaaaa *a*a*aaa* aaaa*aaaa ***aa*aa***aaa*aa
aaaa**aaa aaaaaaaa* ****aaa**aa*aaaaaa *a***aaaa aaaa**aaa aa**aa*a

NOTE ON k. AND X RESONANCES

I. Introduction

Progress in Y 's has ground to a halt. Whether the

field is dead or is merely in suspended animation, to be

revived eventually at the lower energy accelerators such

as KEK and TRIUMF, remains to be seen. Since the

1982 edition, there has been a paper giving new data on

10/71

Z{1193} P»
Z(1385) P13
Z(1480)
Z(1560)
Z(1580) D13
Z(1620) S11
Z(1660) P11
Z(1670) D13
Z(1690)
Z(1750) S11
Z{1770) P»
Z(1775) D15
Z(1840) P13
Z(1880) Pl 1
Z{1915) F15
Z(1940) D13
Z(2000) S11
Z(2030) F17
Z(2070) F,S
Z(2080) F13
Z(2100) G17
Z(2250)
Z(2455)
Z(2620)
Z(3000)
Z(3170)

N~ {weakly)

several others
Amm

Zt)

several others

NK*
Z(1385)~
quasi-2-body
NK*, A(1520)~
several others

multi-body

Good clear and unmistakable
Good, but in need of clarification or not absolutely certain.
Not established; needs confirmation.
Evidence weak; could disappear.
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Sary ons
A's and E's

Data Card Listings

from 3-star to 2-star status and removed them from the
main Table: they are seen only as ripples in isospin-
unfolded total cross sections, and nothing at all has been

learned about them since 1970. Several of the 1- and 2-

star resonances may eventually disappear, but there are
probably many resonances yet to be discovered underly-

ing the established ones.
None of the Y 's proposed in the last decade couple

strongly to the main 2-body decay channels NK, A~,
and Xx, and thus they seldom appear in cross sections
or invariant mass distributions. However, when the
reactions KN ~ KN, KN ~ Ax, and KN ~ Zx are
partial-wave analyzed, some of the amplitudes are found

to traverse small, more-or-less resonance-like counter-

clockwise circles. The question in each case is: Is this

really a resonance, or is it an idle meander? Is the effect
even real, or is it the result of imperfect data and
analysis procedures~

What follows is the revie~ of Y 's, somewhat
revised, that appeared in the 1982 edition: it summar-

izes "recent" progress and problems. (For another brief
overview, see Tripp. ) In the Data Card Listings, some
obsolete results, nearly all &om before 1975, have been
removed. This has been done only for the established

Y 's, where the addition of much improved data to
partial-wave analyses has rely made obsolete the older
results. Where little new has been learned in the last
decade [such as for the A(1405)j, or where the situation
is uncertain, nothing has been removed.

II. Formation experiments

(by G.P. Gopal, Rutherford Appleton Laboratory)

Partial-wave analyses have been made mainly for the
NK, Am, and Xm channels, but there are also a few

results for the -K, Ace, and some quasi-2-body channels.
The early analyses usually covered only the range of a
single bubble chamber experiment. Although the ampli-

tudes obtained often did not join smoothly with those
from analyses in neighboring mass ranges, they did give
fairly reliable information about the strongly coupled
resonances. The more recent analyses have used the
Breit-Wigner forms of these dominant resonances as
input to provide constraints in determining the overall
amplitudes and thus to get information about the less
strongly coupled resonances. Besides covering wider

ranges, some of the more ambitious of the analyses at
the lour energies have treated several channels simul-

taneously, so that unitarity constraints are automatically
satisfied and only a single mass and width is obtained
for each resonance.

In the mid and late 1970's, a large amount of new
data became available. Results from several large K p
bubble chamber experiments were published. Other
bubble chamber experiments studied K n reactions
and K&p reactions. Counter experiments measured the
K p ~ K n total and diFerential cross sections at low
energies, 9 the K p polarizations down to 1630 MeV for
the first time, the K p polarizations from 1700 to
1900 MeV with an order of magnitude increase in
statistics, the K n elastic angular distributions from
1600 to 1800 MeV and from 1900 to 2300 MeV, 13

and the 180 K p and 0 Z x+ diFerential cross sec-
tions from 1550 to 1900 MeV.

In the following, we compare the more recent
partial-wave analyses with each other and with the data.
Some of the data have yet to be incorporated into any
analysis.

The NK channel: The most recent analysis is an
update of the old Rutherford Lab-Imperial College
(RLIC 77) analysis. As before, it is a conventional
energy-dependent analysis with the added constraint
that the masses and widths of the resonances had to be
consistent with those determined in the inelastic chan-
nels analyzed previously —A~, Z~, A(1520)m, Z(1385)m,
and NK (892). The analysis also goes closer to thres-
hold: the range covered is 1470 to 2170 MeV. It
includes all the NK data mentioned above except for
the high-statistics charge-exchange counter measure-
ments9 (which disagree with both the earlier and the
latest high-statistics bubble chamber measurements),
the backward elastic data, ~4 and the most recent K n
elastic data. As before, angular distributions (a total of
5110 data points) were fit directly. The new amplitudes
are not very diFerent from the RLIC 77 amplitudes for
this channel. However, the K n data removed some of
the uncertainties in the X spectrum.

The LBL-Mt. Holyoke-CERN analysis 7 covers the
narrower range of 1500 to 1940 MeV and also includes
most of the new data. It is an energy-dependent
analysis using a unitary background parametrized in
terms of scattering lengths. The cusp eFects at the Ag
and Zq thresholds are included by' introducing a square-
root singularity in the energy variation of the widths of
the appropriate resonances. This group's own high-
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For notation, see A', ey at front of Listings. Baryons
A's and Z's

statistics charge-exchange data (which do not agree
with bubble chamber measurements) all but kill the less

well-established resonances.
The University College, London (UCL) K-matrix

energy-dependent analysis covers from 1540 to 2000
MeV. The NK amplitudes are consistent with those of
the other analyses over most of this range. However, at
the low end there are major differences, indicating the

absence of constraints from the A(1520), which lies just
outside the range covered. The K n angular distribu-

tions and K p polarization measurements are not very
well described by this analysis.

The above analyses, all below 2200 MeV, are com-
plemented by the College de France-Saclay (CdF-S)
energy-dependent analysis covering from 2070 to 2440
MeV. Besides the conventional polynomial parametri-

zation of the background amplitudes, also tried is a
parametrization using constraints imposed by the dual-

ity hypothesis (that s-channel backgrounds come
exclusively from the t-channel Pomeron exchange

amplitude). With 30 fewer free parameters, the results

are consistent with the conventional approach.

The Far channel: There is very little agreement, par-

ticularly in the lower partial waves, between the two

multichannel analyses. The low-energy

K&p ~ Zox+ data are better explained by the RLIC 77
amplitudes than by the UCL amplitudes. At the high

end, there is good continuity between the RLIC 77
amplitudes and those from the single-channel analysis of
the CdF-S collaboration6 covering from 2070 to 2440
MeV. The A(1520) and A(2110) resonances, which lie

outside the range covered by the UCL analysis, clearly

provide strong constraints on the amplitudes.

The k~ channel: This isospin-1 channel has been

the subject of many energy-dependent and -independent

analyses (for example, RLIC 77, 6 UCL, Baillon-

Litchfield, de Bellefon-Berthon, and Van Horn ).
However, even the widespread use of the method of
Barrelet zeroes has not helped to resolve the X spectrum—probably because most Z resonances simply do not
couple strongly to the initial NK channel.

Quoi-2-body channels: The RLIC group has made

energy-dependent analyses of the A(1520)~, Z(1385)m,
and MC (892) channels over the widest ranges for which

data are available. The data were extracted &om the

appropriate 3-particle final states by making 4-variable
fits to an incoherent superposition of quasi-2-body final

states and 3-particle Lorentz-invariant phase space. The
quality of the fits suggests a maximum model-dependent
systematic uncertainty of 10%. The A.~ channel has
been analyzed from threshold to 2440 MeV by the
CdF-S collaboration. 6

Sign conventions for resorbence couplings: In terms
of the isospin-0 and -1 elastic scattering amplitudes A0
and A&, the amplitude for K p K n scattering is
~ (At-A0)/2, where the sign depends on conventions
used in conjunction with the Clebsch-Gordan coeAi-
cients (such as, is the baryon or the meson the "first"
particle). If this reaction is partial-wave analyzed and if
the overall phase is chosen so that, say, the D15 Z(1775)
amplitude at resonance points along the positive ima-

ginary axis (points "up"), then any X at resonance will

point "up" and any A at resonance wi11 point "down"
(along the negative imaginary axis). Thus the phase at
resonance determines the isospin. The above ignores
background amplitudes in the resonating partial waves.

That is the basic idea. In a similar but some~hat
more complicated way, the phases of the KN ~ A.x and
KN ~ Zx amplitudes for a resonating partial wave help
determine the SU(3) multiplet to which the resonance
belongs. Again, a convention has to be adopted for
some overall arbitrary phases: which way is "up"? Our
convention is that of Levi-Setti22 and is shown in' Fig.
1, which also compares experimental results with

theoretical predictions for the signs of several other
resonances. In the Listings, a + or —sign in front of a
measurement of an inelastic resonance coupling indi-

cates the sign (the absence of a sign means that the sign

is not determined, nor that it is positive). For more
details, see Appendix II of our 1982 edition. 2

Argand plots: Figure 2 shows some representative
Argand plots of partial-wave amplitudes. For the NK
channel we show the amplitudes from RLIC 77~6 and
from LBL-Mt. Holyoke-CERN, ~7 and for the h.~ and
Xx channels we show those from RLIC 77 6 and from
UCL. '8

Errors on nsrlsses and widths: The errors quoted on
resonance parameters from partial-wave analyses are
often only statistical, and the parameters can change by

i
more than these errors when a different parametrization
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of the waves is used. Furthermore, the diFerent ana-
lyses use more or less the same data, so it is not really

appropriate to treat the diFerent determinations of the
resonance parameters as independent or to average
them together. In any case, the spread of the masses,
widths, and branching fractions from the diFerent ana-

lyses is certainly a better indication of the uncertainties
than are the quoted errors. In the Baryon Table, usually

a range reflecting the spread of the values is given rather
than a particular value with error.

For three states, the A(1520), the A(1820), and the
X(1775), there is enough information to make an overall
fit to the various branching fractions. It is then neces-

sary to use the quoted errors, but the errors obtained
from the 6t should not be taken seriously.

III. Prcxkuction experiments

Partial-wave analyses of course separate partial
waves, ~hereas a peak in a cross section or an invariant
mass distribution usually cannot be disentangled from
background and analyzed for its quantum numbers; and
more than one resonance may be contributing to the
peak. Results from partial-wave analyses and from pro-
duction experiments are generally kept separate in the
Listings, and in the Baryon Table results from produc-
tion experiments are used only for the low mass states:
the X(1385)and A(? 405) of course lie below the KN
threshold and everything about them comes from pro-

duction experiments; and production and formation
experiments agree quite well in the case of A(1520) and
results have been combined. There is some disagree-

ment between production and formation experiments in

the 1600-1700-MeV region: see the Note on the

X(1670).
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Fig. 1. The signs of the imaginary parts of resonating amplitudes in the KN ~ A.~ and Zx channels. The signs
of the X(1385) and A(1405), marked with a +, are set by convention, and then the others are determined relative
to them. The signs required by the SU(3) assignments of the resonances are shown with an arrow, and the exper-
imentally determined signs are shown with an X.
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»g. 2(a). The +.2J = S0l and P I partial-wave amplitudes for KN scattering in the elastic and Ze. channels.
The lower plot for each amplitu e is from RLIC 77, the upper plots for the elastic amplitudes are from ALSTON
78, and the upper plots for the Zm amplitudes are from MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established resonances are shown at their nominal positions [the S0l
A(1405) is of course below threshold and is not shown]. The real and imaginary parts of the amplitudes as func-
tions of energy are shown projected in alignment with the Argand plots.
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Fig. 2(b). The Ll ~ ——F03 and D03 partial-wave amplitudes for KN scattering in the elastic and gw channels.
The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are from ALSTON
78, and the upper plots for the Zm amplitudes are from MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established resonances are shown at their nominal positions. The real and
imaginary parts of the amplitudes as functions of energy are shown projected in alignment with the Argand plots.
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Fi . 2 c . The I. . = 0 and F partial-wave amplitudes for KN scattering in the elastic and Xx channels.
f om RLIC 77, the upper plots for the elastic amplitudes are from ALSTONThe lower plot for each amplitude is rom
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Fig. 2(d). The +.2J - F&7 and G07 partial-wave amplitudes for I~ scattering in the elastic and Xe channels.
The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are from ALSTON
78, and the upper plots for the Zm amplitudes are from MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established resonance is shown at its nominal position. The real and ima-
ginary parts of the amplitudes as functions of energy are shown projected in alignment with the Argand plots.
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lower plot for each amplitude is from RLIC 77, the
upper plot for the elastic amplitude is from ALSTON
78, and the upper plots for the A.m and Zx channels are
&om MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established reso-
nance is shown at its nominal position. The real and
imaginary parts of the amplitudes as functions of energy
are shown projected in alignment with the Argand plots.
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KN scattering in the elastic, Ax, and Z~ channels. The
lour plot for each amplitude is from RLIC 77, the
upper plot for the elastic amplitude is from ALSTON
78, and the upper plots for the A~ and Zx channels are
from MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established reso-
nance is shown at its nominal position. The real and
imaginary parts of the amplitudes as functions of energy
are shown projected in alignment with the Argand plots.
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Fig. 2(g). The LI. - P&3 partial-wave amplitudes for
KN scattering in e elastic, A~, and Xx channels. The
lower plot for each amplitude is from RLIC 77, the
upper plot for the elastic amplitude is from ALSTON
78, and the upper plots for the h.~ and Zm channels are
from MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV [the Z(1385) is of course
below threshold and is not shown]. The real and ima-
ginary parts of the amplitudes as functions of energy are
shown projected in alignment with the Argand plots.
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Fig. 2(h). The Q. - D&~ partial-wave amplitudes for
KN scattering in t e elastic, Ax, and Z~ channels. The
lour plot for each amplitude is from RLIC 77, the
upper plot for the elastic amplitude is from ALSTON
78, and the upper plots for the Ax and Xm channels are
from MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established reso-
nances are shown at their nominal positions. The real
and imaginary parts of the amplitudes as functions of
energy are shown projected in alignment with the
Argand plots.
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=
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Fig. 2(i). The $.2J D15 partial-wave amplitudes for
KN scattering in the elastic, h.~, and Zm channels. The
lower plot for each amplitude is from RLIC 77, the
upper plot for the elastic amplitude is from ALSTON
"IS, and the upper plots for the Ax and X~ channels are
from MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established reso-
nance is sho~ at its nominal position. The real and
imaginary parts of the amplitudes as functions of energy
are shown projected in alignment with the Argand plots.
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Data Card ListingsQaryons
A's and Z's

8 Ill(F16).4- IM(F16)

81001700 1900~1600
0

E(1815)

Z(1915)

I

I

I

I

I

I

I

1600 1'700 1900

1600 1700 i900
0 I I

E(1915)

I I I
1700 1900

ERERCY (lleV)
1 —.1 0

I

RE{f16)
21000 .1 .2 1600.1 —1

I I I

RE(F1$)

—.8 -.1 0

-16001600---- 1600--1600

KN 7rE F16 AMPLITUDEKN~KN F15 AMPLITUDE 17001700-

1$00-191$00-

8100-8100--

ENERGY (lleV)ERERCY (MoV)EWt RCY (Qev)tRt ROY (geV)

.2- IM(r I6)

1600 l700 1900 8100
I t I

Z(1915)

1700 1900
0 I I I I

1600 8100
ERERCY (lloV)

Z(1915)

RE(F16)
1600--1600

KN~7rA Fi5 AMPUTUDE- 1'700--1700

1900-1900

8100--

ERERCY (Mov)ENERCY (|IIV)

Rev. Mod. Phys. , Vol. 56, No. 2, Part Il, April 1984

Fig. 2(j). The Q. - FI5 partial-wave amplitudes for
KN scattering in tVe elastic, A~, and Zm channels. The
lower plot for each amplitude is from RLIC 77, the
upper plot for the elastic amplitude is from ALSTON
78, and the upper plots for the A~ and Z~ channels are
from MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established reso-
nance is shown at its nominal position. The real and
imaginary parts of the amplitudes as functions of energy
are shown projected in alignment with the Argand plots.



Particle Data Group: Review of particle properties 8259

For notation, see key at front of Listings. Baryons
A's and Z's

4 1X(F17) .2- IM(F17)

0 t

1600 f1'700 1900 2100

l

I

I

I

I

I

I

I

1500--
RE(F17)

0

1500--

Z(2030)

1500

0 I
.2 1500

170D 1900

1700 1900
ENERGY (lleV)

2100

2100

1500

, 1 —.1
I t I

RE(F17)

Z(2030)0,1
I

--1600

1700 j900

ENERGY (iltV)

2100

17DD- 1700- KN~KN F17 AMPLITUDE
; -1700 KN 7rZ F17 AMPLITUDE

1$00- 1$00- -1900

2100--

ENERGY (XeV) ENERGY (llaV)

--2100

ENERGY (ll+V) ENERGY (MeV)

E(2030)

2 Ill(F17)

o
1500 1700

1700
15'OO

ENERGY (11OV)

1900 at 00

2100

Fig. 2(k). The L&. F&7 partial-wave amplitudes for
KN scattering in t e elastic, Am, and Zm channels. The
lower plot for each amplitude is from RLIC 77, the
upper plot for the elastic amplitude is from ALSTON
78, and the upper plots for the Ax and Zx channels are
&om MARTIN 77. In the Argand plots, the ticks are at
integral multiples of 50 MeV, and the established reso-
nance is shown at its nominal position. The real and
imaginary parts of the amplitudes as functions of energy
are shown projected in alignment with the Argand plots.
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Baryons
A's and Z's, A, A(] 405), A(15gQ)

Data Card Listings

12. C.J.S. Damerell et al. , Nucl. Phys. 8155, 13 (1979).
13. Y. Declais et al. , CERN 77-16 (1977).
14. M. Alston-Garnjost et al. , Phys. Rev. D21, 1191

(1980).
15. G.P. Gopal, in Proceedings of the IVt" Interna-

tional Conference on Baryon Resonances (Toronto,
1980), edited by N. Isgur, p. 159.

16. G.P. Gopal et al. , Nucl. Phys. $119, 362 (1977).
17. M. Alston-Garnjost et al. , Phys. Rev. D18, 182

(1978).
18. B.R. Martin et al. , Nucl. Phys. 8126, 266 (1977);

8126, 285 (1977);and $127, 349 (1977).
19. P. Baillon and P.J. Litch6eld, Nucl. Phys. $94, 39

(1975).
20. A. de Bellefon and A. Berthon, Nucl. Phys. B109,

129 (1976).
21. A.J. Van Horn, Nucl. Phys. 887, 145 (1975).
22. R. Levi-setti, in Proceedings of the Lund Interna

tional Conference on Elementary Particles (Lund,
1969), p. 339.

23. Particle Data Group, Phys. Lett. 1118(1982).

**00%0 00000*0*4 04*0**0*04404*0*0* *0%0**040 400*00044 04*0*4440 40444400
14I041 01*411LOO **10*1%it**0014%10 1f*041104 110*11100 014*4101*40001000

ALSTON 61 PRL 6 698
ALEXAMDE 62 PRL 8 447
ALSTON 62 CERN CONF 31 1
ENGLER 65 PRL 15 224
MUSGRAVE 65 NC 35 735

REFERENCES FOR LANBDAC1405) (PROD. EXP.)
+ALVAREZ, EBERHARD, 600D, GRAZIANO, + (LRL) I
ALEXANDER, KALBFLEISCH, MILLER, SMITH (LRL) I
+ALVAREZ, FERRO-LUZZI, ROSENFELD, + (LRL) I
+FISK,KRAEMER, MELTZER, WESTGARD, + (CARM+BNL) IJ
+PETMEZAS, + (BIRM+CERN+EPOL+LOIC+SACL)

BIRMINGH 66 PR 152 1148 (8 IRM+GLAS+LOIC+OXF+RHEL )
GALTIERI 68 PRL 21 573 BARBARO-GALT I ER I,CHADWICK + (LRL+SLAC )
0*0**4 40*4004** 000*040** 4*0*00**000*04**44 0**4*0400 44*4440*4 00400**0
0*4*4lr *00%0*000 0***4*0*04*0*0**4440404444* 4***04*04*44440044 444**44*

24 I.ANBDA(1405' JP~1/2-) Im0
EXTRAPOLATIONS BELO'W THRESHOLD

S'01

SEE THE MOTE IN THE PREVIOUS ENTRY ~ THE DIF-
FICULTIES IN EXTRAPOLATING FROM THE PHYSICAL REGION TO
THE RESONANCE LOCATION ARE DISCUSSED BY DALITZ 67.
THE QUESTION ON MHETHER LAMBDA(1405) IS AN N-KBAR

BOUND STATE OR A CDD POLE (DAL ITZ 70, RA JASEKARAN 72) HAS BEEN
INVESTIGATEO BY CLIME 71, MARTIN 71, GALTIERI 72, ANO DOBSON 72. THE
l.AST TMO PAPERS CONCLUDE THAT THE DATA CANMOT TELL THE DIFFERENCE ~

THE (N KBAR)/(SIGMA PI) COUPLING RATIO IS DISCUSSEO BY OADES 77 ~

M

M

M

M

M

M

M

M A

M A

1410 ~ 7
1409 ~ 6

1407.5
1403.0
1416~ 0

(1421 ~ 0)
(1406 ' 0)

SEE ALSO THE

24 LANBOAC1405) NASS CNEV)

(1 ~ 0) KIM 65 HBC(1.7) SAKI TT 65 HBC
DATA OF SAKITT ARE USED IN FIT

(1 ~ 2) K I TTEL 66 HBC
(3 ~ 0) KIM 67 HBC
(4.0) MART IN 69 HBC

MARTIN 70 RVUE
CHAO 73 DPWA

ACCOMPANYING PAPER OF THOMAS 73.

0-EF F-RANGE F I T
0-EFF-RANGE FIT
BY KITTEL.
0-EFF-RANGE FIT
K MATRIX FIT(KP)
CONST. K MATRIX
CONST. K MATRIX
0-RNG. FIT. SOL 8

7/66
7/66

7/66
8/67

10/69
6/70
9/73
9/73

24 LANBDAC 1405) MIOTII CNEV)

(3 ' 2)
(4. 1&
(4-1)
(5 ' 0&
(6.0)

37 ' 0
28 ' 2
34 ~ 1
50.0
29.0

(20 ' 0)
8 (55 ' 0)
8 ASYMMETRIC SHAPE, M/2~41

KIM 65 HBC
SAKITT 65 HBC
KITTEL 66 HBC
KIM 67 HBC
MART IN 69 HB C

MARTIN 70 RVUE
CHAO 73 DPWA

MEV BELOW RESONANCE, 14

K MATRIX F I T(KP )
CONST. K MATRIX
CONST. K MATR IX
0-RNG. FIT.SOL 8

MEV ABOVE.

7/66
?/66
7/66
8/67

10/69
6/70
9/73
9/73

000000 0000000*0 4*0400*00 0000***44 *4*0004*0 **0%0**444%0*404** **0%4*00

REFERENCES FOR LAMBDA(1405) (EXTRAPOLATIONS)

1405 MEV REGION: EXTRAPOLATIONS BELOW' THRESHOLD

I=0 HYPERON STATES (A)
040004 400***004 00*000000 4***00440 00******0040400*4* 000***0*44****044
*044*0 00*4400*0 04404000* 44*00400* *044*4*40 **4*44400 0040t+04* *00%00**

18 LAMBDA (1116, JP~1/2+ ) 1~0

SEE STABLE PARTICLE DATA CARD LISTINGS

KIM
SAKI TT
KITTEL
KIM
IIART IN
MARTIN
CHAO

ALSO

65 PRL 14 29
65 PR 139 8719
66 PL 21 349
67 PRL 19 1074
69 PR 183 1352
70 NP 816 479
73 NP 856 46
73 NP 856 15

J K KIM (COLU) I JP
+DAY, GLASSER, SEEMAN, FRIEDMAN, + (UMD+LRL) I JP
W KITTEL, 6 OTTER, I WACEK (VIEN) I JP
J KIM (YALE)JP
8 R MARTIN, M SAKI TT (LOUC+BML)
A 0 MARTIN, G G ROSS (DURH) I JP
CHAO, KRAEMER, THOMAS, MARTIN (RHEL+CARN+LOUC) I JP
THOMAS ~ ENGLER ~ F I SK ~ KRAEMER (CARN) I J

PAPERS NOT REFERRED TO IN DATA CARDS

A(1405) S„ Status:
37 I.AIIBOA(1405, JP~1/2-) I~0

PRODUCTION EXPERIMENTS

THIS RESONANCE IS IDENTIFIED WITH THE VIRTUAL BOUND
STATE IN THE N-KBAR SYSTEM FOUND IN THE ANALYSIS OF
LOM ENERGY K-P INTERACTIONS. WE LIST THOSE RESULTS
SEPARATELY IN THE NEXT ENTRY. ME USE ONLY PRODUCTION
EXPERIMEMTS FOR GETTING THE MASS AND WIDTH FOR THE
BARYON TABl E.

37 LAMBDA(1405) MASS CNEV) (PROD. EXP.)

0400*0 004***004 0**400040 00*000000 044004000 400**044* 440***000 00*40**0
*4**4*4*0*00000 00000*0*0 004044400 0*0000000 440400000 4*****4444*044044

ABRAMS
DONALD
KADYK
DALI TZ
DALI TZ
CL INE
MART IN
OOBSON
GALTIER I
RAJASEKA

ALSO
SHAW
OADES

65 PR 139 8454
66 PL 22 711
66 PRL 17 599
67 PR 153 1617
70 DUKE-HR 70 03
71 PRL 26 1194
71 PL 358 62
72 PR 06 3256
72 LBL 555
72 PR O5 610
EARL IER PAPERS CITED
73 PURDUE CONF ~ 417
77 NC 42A 462

G S ABRAMS, 8 SECH I-ZORN (UMD) I JP
+ EDWARDS, LYS, NI SAR, MOORE (LIVP)
+OREN, G+S GOLDHABER, TRILLING (LRL) I JP
DALITZ, MONG, RAJASEKARAN (OXF+BOMB)
R D DALITZ (OXF)
D CL INE, R LAUMANN, J MAPP (WISC)
A D NARTIN, B R MARTIN, ROSS (DURH+LOUC+RHEL)
P N DOBSON, R MCELHANEY (HAMA)
A BARBARO-GALT IER I (LBL)
RAJASEKARAN (TIFR)
IM RAJASEKARAN72
SHAW (UCI) I JP
G C OADES, G RASCHE (AARH+ZUR I ) I JP

044000 04400**40 400*0**0*0400400** 40***440**04*00*0*4*00400*0 0*04*40*
~'0*004 004000000 440*040** tO**40040 004*04*04 **4*4000*0*4**040*000%400*

A(152 Q) Dos Status:
M

M

M

M

M

M

M

M AVG

(1405.0)
(1410.0)
(1405 ~ 0)
(1382 ~ 0)

1400 ~ 0
67 1400.0

120 1405.0

1402.4

(8 ' 0)
24 ' 0
5.0
5 ' 0

3 ' 5

AL STON
ALEXANDER
ALSTON
ENGLER
MUSGRAVE
8 I RMINGHA
GALT IERI

AVERAGE

61 HBC
62 HBC
62 HBC
65 HDBC
65 HBC
66 HBC
68 OBC

K-P 1 ~ 15 GEV/C
PI-P 2 ~ 1 GEV/C
K-P 1.2-.5 GEV/C
PI-P, P I+D 1 ~ 68 7/66
PBAR P 3-4 GEV/C 7/66
K-P 3 ~ 5 9/67
K-D 2 ' 1-2 ' 76EV/C 6/68

38 LANBDA (1520, JP~3/2- ) 1~0 O'03

THE MEASUREMENTS OF THE MASS, WIDTH, AND ELASTICITY
THAT WERE PUBLISHED BEFORE 1975 ARE NOW OBSOLETE ANO
HAVE BEEN REMOVED. THEY WERE LAST LISTED IN OUR 1982
EDITION (PHYSICS LETTERS 1118). ALL THE REFERENCES
HAVE BEEN RETAINED'

PRODUCTION AND FORMATION EXPERIMENTS AGREE QUITE WELL
WITH EACH OTHER, SO THE TWO ARE LISTED TOGETHER HERE.

37 LANBOA(1405) WIDTH CNEV) CPROD. EXP. )

W

M

W

M

M

W

W

W

W AVG

(20 ' 0&
35.0

(50.0&
(89.0)
60 ' 0

67 50 ' 0
120 35.0

38. 1

5 ~ 0

(20 ' 0)
20.0
10.0
8 ' 0

3.9

ALSTON
ALEXANDER
ALSTON
ENGLER
MUSGRAVE
BI RM IN GHA

GALT IERI

AVERAGE

61 HBC
62 HBC
62 HBC
65 HDBC
65 HBC
66 HBC
68 OBC

7/66

7/66
7/66

K-P 3.5 9/67
K-D 2. 1-2.76EV/C 6/68

37 LANBDAC1405) PARTIAL DECAY NODES

P1 LAMBDA(1405) INTO SIGMA PI

(PROD' EXP.)
DECAY MASSES

1189+ 140

004044 4**404404 *4*40*40**004404%0 *0*440004 *4*@444*4 Sr4r+4440** 440040*0

38 LANBDA(1520) NASS CNEV)

2000 1519~ 4
4K 1519.7

1519~ 0
1520.0

5K 1517.8
300 1517.3

1519~ 0

M

M

M

M

M

M

M

M

M AVG 1519~ 50

0 ~ 3
0.3
1 ~ 0
0.5
1.2
1 ~ 5
1.0
0 ~ 18 AVERAGE

COROEN
CAMERON
RLIC
ALSTON
BARLAG
BARBER
GOPAL

75 DBC
77 HBC
77 DPWA
78 DPWA
79 HBC
80 SPEC
80 DPWA

K- D 1 ~ 4-1.8GV/C
K-P 0 ~ 96-1.36GEV
KBAR N MULTI CHNL
KBAR M ELASTIC
K-P AT 4 ' 2 GEV/C
GAM P TO K+ Y*
KBAR N ELASTIC

THE DECAY MODE LAMBDA PI PI IS LARGELY DUE TO
SIGMA(1385) PI ~ ONLY THE VALUES OF (SIGMA(1385) PI &/(LAMBDA 2PI) GIVEN
BY MAST 72 AND CORDEN 75 ARE BASED ON REAL 3-BODY PARTIAL WAVE ANALYSES
(THE OLDER RESULTS USED CRUDER METHODS) . THE DISCREPANCY BETWEEN THE
TMO RESULTS IS ESSENTIALLY DUE TO THE DIFFERENT HYPOTHESES MADE
CONCERNING THE SHAPE OF THE EPSILON MESON.

4/75
1/78
1/76
1/78

12/79
2/82

12/81

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



Particle Data Group: Review of particle properties S261

For notation, see key at front of Listings. Baryons
A(1Sao), A(18OO)

2

A

A

AVG

000 15 ~ 5
4K 16 ~ 3

15 ~ 0
15 ~ 4

677 14.0
FROM BEST-RESOL

300 16 ~ 3
16.0

1.6
0.5
0 ' 5
0.5
3.0
UTEON
3.3
1.0

COROEM
CAMERON
RLIC
ALSTON
BARLAG

SAMPLE OF LAMBDA
BARBER
GOPAL

75 OBC
77 HBC
77 DPMA
78 DPMA
79 HBC

PI PI EVENTS
80 SPEC
80 DPMA

15 ~ 59 0 ~ 27 AVERAGE

38 LANBDA C 1520& MIDTII CNE V &

K- D 1.4-1 ~ 8GV/C
K-P 0 ~ 96-1 ~ 36GEV
KBAR N MULTICHNL
KBAR N EL ASTI C
K-P AT 4 ~ 2 GEV/C
ONLY ~

GAM P TO K+ Y*
KBAR N ELASTIC

4/75
1/78
1/76
1/78

12/79
12/79
2/82

12/81

R9
R9
R9
R9
R9
R9
R9
R9
R9

LANBOAC1520& TO SI6NA(1385& PI TO LN 2PI/LN 2PI (PS)/CP3&
MORE THAN 0 ~ 10 CLINE 69 OBC K-D TO 2PI LAM N

G 0.39 0 ~ 10 BURKHAROT 71 HBC LAM. 3PI PROD.
G CENTRAL BIN(1514-1524) GIVES ~ 74+-. 10 -- OTHER SINS LOWER SY 2-5SIG
H (1.0) CHAN 72 IPMA K-P TO LAM 2PI
H ONLY THE SIGHA(1385) OS03 SEEMS TO CONTRIBUTE.
I 0 ~ 82 0.10 MAST 73 IPWA K-P TO 2PI LAM
I BOTH SIGMA(1385) DS03 AND SIGMA (PI PI & DP03 CONTRIBUTE.

0 ' 58 0.22 COROEN 75 DBC K- D 1 ~ 4-1.8GV/C

R10 LAMBDA( 1520& INTO (SI6NA C 1385& P I )ITOTAL CP7&
R10 0.041 0.005 CHAN 72 HBC K-P TO LAM 2PI

9/69
3/71

2/73

12/72

4/75

3/71

P1
P2
P3
P4
P5
P6
pr
P8
P9

LAMBDA(1520)
LAMBDA(1520)
LAMBDA( 1520)
LAMBDA(1520)
LAMBDA(1520)
LAMBDA(1520)
LAMBDA(1520)
LAMBDA(1520)
LAMBDA( 1520&

INTO N KBAR
INTO SIGMA P I
INTO LAMBDA PI PI
INTO LAMBDA GAHMA
INTO S I GMAO GAMMA

INTO SIGMA PI PI
INTO SIGMA(1385) PI
INTO SIGMA(1385 & PI (TO
ENTO LAMBDA EPSILON

DECAY MASSES
938+ 494

1189+ 140
1116+ 140+ 140
1116+ 0
1192+ 0
1192+ 140+ 140
1385+ 140

LAMBDA PI PI ) 1116+ 140+ 140
1520+1300

38 LANBDAC1520& PARTIAL DECAY NODES

R 1 1 LANBDA C 1520) INTO C LANBDA P I PI &ITOTAL CP3&
R11 J 0. 11 0.01 HAST 73 IPWA K-P TO 2P I LAM
R11 J BASED ON ASSUMED ELASTI CITY OF 0.46+/-0. 02.
R11 0.091 0 ~ 006 CORDEN 75 OBC K- D 1.4-1 ~ SGV/C
R11 ~ ~ ~ ~ ~ ~ ~

R11 AVG 0.0960 0 ' 0084 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 6&
R11 FIT 0.0952 0 ~ 0043 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1&

R12 LAMBDA(1520& INTO CLANBDA EPSILON&/TOTAL CP9&
R12 0.20 0 F 08 CORDEN 75 DBC K- D 1.4-1 ~ SGV/C

«*«*«* *««««*««« «**«*«««« ««*««**«* «**«««*«« «««**«******««««*« «**«*««*

REFERENCES FOR LANBDAC1520&

9/73
9/73
4/75

4/75

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 4P 1 P 2
1 .4475+-.0066
2 —.6r24 .4214+-.0067
3 —.2834 —.3058 .0952+- ~ 0043
4 —.0895 —~ 0870 —.0370 .0079+- ~ 0014
5 -.2280 —.2217 —.0942 —~ 0180 ~ 0195+- ~ 0034
6 —.0342 —.0333 —.0141 —.0027 -.0069 .0086+-.0005

P 5

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where

1 1 1
6P. = $~6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 i
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listings1 i j 1
above; only those P, appearing in the matrix are assumed in the fit to be nonzero and1

are thus constrained to add to f.

FERRO-LU
GALT IER I
WATSON
ALME IDA
ARNE NTER
MUSGRAVE

BIRMINGH
DAHL
DAUBER
UHL I G

HAST
SCHEUER

62 PRL 8 28
63 PL 6 296
63 PR 131 2248
64 PL 9 204
65 PL 19 338
65 NC 35 735

66 PR 152 1148
67 PR 163 1377
67 PL 248 525
67 PR 155 1448
68 PR L 21 1715
68 NP 88 503

BURKHARO 69 NP 814 106
CLIME 69 LNC 2 407
GALT IER I 69 LUND 352

ALSO 70 DUKE 95
BERLEY 70 PR D1 1996

BURKHAROT71 NP 827 64
COLLEY 71 NP 831 61
KIM 71 PRL 27 356

ALSO 70 DUKE 161

M FERRO-LUZZI, R D TRIPP, M 8 WATSON (LRL) I JP
A BARBARO GALT IER I g A HUSSA IN g RD TRIPP (LRL )
H 8 WATSON, M FERRO-LUZZ I, R O TRIPP (LRL) I JP
S P ALMEIDA, G R LYNCH (CERN)
ARMENTEROS, F-LUZZ I, + (CERN+HE ID+SACL)
+PETHEZAS, + (8 IRM+CERM+EPOL+LOIC+SACL)

(8 IRM+GLAS+LOIC+OXF+RHEL)
DAHL, HARDY, HESS/KIRZ, HILLER (LRL)
+MALAMUD, SCHLEIN, SLATER, STORK (UCLA)
+CHARLTON, CONDON, GLASSER, YODH, + (UMD+NRL)
MAST, ALSTON, SANGERTER, GALT IER I+ (LRL)
SABRE COI. LAB. (SACL+AHST+BGNA+REHO+EPOL)

+FILTHUTH, KLUGE+ (HE IO+EF I+CERN+SACL)
+LAUHANN, MAPP (MISC)
BARSARO-GALTIERI, BANGERTER, HAST, TRIPP (LRL)
R D TRIPP (LRL)
+YAMIN~ KOFI ER ~MANN ~ ME ISMER+ (BNL+MASA+YALE) I JP

+F I LTHUTH g KLUGE g OBERLACK++ (HE ID+CERN+SACL )
+COX, EASTMOOD, FRY+ .. (8IRM+EOIN+GLAS+LOIC)
J K KIM (HARV) I JP
J K K IM (HARV) I JP

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

38 LANBDAC 1520) BRANCHIN6 RATIOS

LANBDAC'1520& INTO CSI6NA PI)/(N KBAR&
1.72 0.78 MUSGRAVE
0 ' 96 0.20 DAHL
0 ~ 73 0. 11 DAUBER
1.06 0. 14 SCHEUER
0.82 0.08 BURKHARDT(1.06) (0.12) BERTHON

8 0 ' 98 0 ' 03 RL IC
8 N KBAR TO SIGMA PI AMPLITUDE AT RESONANC

0.951 0 ~ 044 AVERAGE (ERROR IN
0.942 0.026 FROM FIT (ERROR IN

AVG
FIT

CP2& ICP1)
65 HBC
67 HBC PI-P 1.6-4 GEV/C
67 HBC K-P AT 2 ' GEV/C
68 DBC 0 K-N 3 GEV/C
69 HBC K-P ~ 8-1.2 GEV/C
74 HBC 0 QUASI 2 BODY CS
77 DPWA KBAR N MULTICHNL
E IS +0.46 +/- 0.01.
CLUOES SCALE FACTOR OF 1.7&
CLUOES SCALE FACTOR OF 1.3)

AVG
FIT

LANBOA(1520)
0. 17
0 ~ 21
0 ~ 19
0 ~ 22

(0.2)
(0 ' 27)

0 ' 202
0 ~ 213

INTO (LANBDA PI Pl&/CN KBAR&
0 ~ 05 DAHL 67 HBC
0. 18 DAUBER 67 HBC
0 ' 04 SCHEUER 68 DSC
0.03 BURKHAROT 69 HSC

KIM 71 DPMA
(0.13) BERTHON 74 HSC

CP3& ICP1 &

PI-P 1.6-4 GEV/C
K-P AT 2.GEV/C

0 K-N 3 GEV/C
K-P .8-1.2 GEV/C
K-MATRIX ANAL'

0 QUASI 2 BODY CS

0.021 AVERAGE
0.011 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

8/67
9/66
8/67

10/69
10/69
10/? 4
1/76
1/76

9/66
8/67

10/69
10/69
3/71

10/74

CHAN
MAST
MAST2
BERTHON
GOLOMI CH
COROEN

72 PRL 28 256
73 PR D7 5
73 PRO 7 3212
74 NC 21A 146
74 PRD 10 3861
75 NP 884 306

+BUT. -SHAF ER, HERTZSACH, KOFLER++ (MASA+ YALE )
+ALSTON-GARNJOST, SANGERTER, + (LBL) I JP
+BANGERTER, ALSTON-GARNJOST, + (LBL) I JP
BERTHON, TRISTRAM, + (CDEF+RHEL+SACL+STRB)
E GOLOMI CH (SLAG)
CORDEN, COX ~ DARTNELL ~ KENYON, ONEALE, + (BERM)

HAST 76 PRD 14 13
CAMERON 77 NP 8131 399
RLIC 77 NP 8119 362
ALSTON 78 PR D18 182

ALSO 77 PRL 38 1007
BARLAG 79 NP 8149 220
BARBER 80 ZPHY C7 17
GOPAL 80 TORONTO CONF

HAST, ALSTON-GARNJOST, BANGERTER+ (LBL)
+FRANEK, GOPAL, KALMUS, MCPHERSON+ (RHEL+LOIC) IJP
GOPAL, ROSS, VAN HORN, MCPHERSON+ (LOIC+RHEL) IJP
+KENNEY, POLLARD, ROSS+ (LBL+MTHO+CERN)IJP
ALSTOM-GARNJOST, KENNEY, + (LBL+MTHO+CERN)IJP
+SLOKZIJL, JONGEJANS+ (AMST+CERN+NIJH+OXF)
+DAINTON, LEE, MARSHALL+ (DARE+LANC+SHEF)

159 G P GOPAL (RHEL) I JP

A(160Q) P«Status:
101 LANBDA( 1600~ JP~1/2+ & I~0 P'01

«*«««« «««*««*«« «***«*««***««*«««« ««««««««* *«**««««* ««««««««« ««««««««
«*«««* ««*«*«««« ««««««««« «««*«*«** ***«««««« ««««««*«« «««««««** «*««««««

R3
R3
R3
R3
R3
R3
R3

AVG
FIT

CP2)/CP3)

K-P 3 ' 5
K-P .9-1 ' 0 GEV/C

LANBDA(1520& INTO CSI6NA PI&/CLAIIBDA PI PI&
4 ~ 5 1.0 ARHENTERO 65 HBC
3.3 1.1 SIRMINGHA 66 HBC
3 ~ 9 1 ~ 0 UHLIG 67 HBC

3.94 0.59 AVERAGE
4.43 0.23 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

7/66
9/67
9/66

SEE THE NOTE FOR THE LAMBDA(1800, JP 1/2+) P' '01.
SOHEWHERE IN THIS REGION THERE IS PROBABLY ONE,
ANO PERHAPS TWO, P01 STATES.

101 LANBDAC 1600& IIASS CNEV&

R4
R4
R4
R4

R5
R5
R5
RS
R5
R5

LANBDA(1520) INTO CLANBDA 6ANNA)/TOTAL CPERCENT& CP4)
238 0.80 0. 14 MAST 68 HBC 0 USING ELAST~. 45

FIT 0 ~ 79 0 ~ 14 FROM FIT

LANBDAC1520& INTO CSI6NAO 6ANNA&/TOTAL (PERCENT& CPS)
C 2.0 0 ' 35 MAST 68 HBC SEE NOTE S
C RATIOS CALCULATED FROM R4, ASSUMING SU(3). NEEDED TO CONSTRAIN
C ALL THE LAMBDA(1520) BRANCHIMG RATIOS TO BE UNITY.

1.95 0 ' 34 FROM FITFIT

11/68

10/69

M 1
M 1

M

M 2
H 2
H 3
M 3
M 3
M

M

M

(1570~ 0)
POSSIBLE EFFEC'T IN S

1620.0 10.0
1596 ' 0 (6.0)
1646 ' 0 7.0

TOTAL CROSS SECTION
1572 ~ OR 1617.

THE TMO ENTREES FOR
PARAMETERS FROM THE

1573 ' 0 25.0
1703 ' 0 100 ' 0
1568.0 (20.0&

KIM 71 DPWA K-HATR IX ANAL.
EGHA PE AMD N KBAR CHANNELS.

LANGBEEN 72 IPMA HULTICHANMEL
KANE 74 DPMA K-P TO PI SIG
CARROLL 76 DPMA E~O TOTAL CS

BUHP WITH (J+1/2)XI0. 04 ~

MARTIN 77 OPMA KBAR N MULTICHNL
MARTIN 77 CORRESPOND TO EXTRACTION OF RESOMANCE
T-MATRIX POLE AND FROM A 8-W FIT, RESPECTIVELY.

RLIC 77 DPWA KBAR N MULTICHNL
ALSTON 78 DPMA KBAR N ELASTIC
GOPAL 80 DPMA KBAR N ELASTIC

1/76

1/76
12/81
2/77

11/77

1/76
1/78

12/81
R6
R6
R6
R6
R6
R6
R6
R6
R6
R6
R?
R7
R7
R7
R7
R7
R7
R7

RS
RS
RS
RS
R8
RS
R8
RS
RS

LANBDAC 1520& INTO CSI6NA PI PI &/TOTAL
0.010 0.0015 GALTIERI

E 0.0085 0.0006 MAST2
E BASED ON ASSUHED ELASTICITY OF 0.46.
F 0 F 007 0 ' 002 CORDEN
F MUCH OF THE SIGMA PI PI DECAY PROCEEDS

AVG 0.00858 0 ' 00054 AVERAGE
FIT 0.00857 0.00054 FROM FIT

CP6&
69 HBC 0 K-P ~ 28- ~ 45GEV/C
73 HPMA K-P TO 2PI SIG

75 DBC K- D 1.4-1 ~ SGV/C
VIA SIGMA(1385) PI.

LAMBDA( 1520) INTO (N KBAR&/TOTAL CP1&
0.448 0 ' 014 CORDEN 75 DBC K- D 1.4-'1.8GV/C

(0.42) MAST 76 HBC 0 K- P CEX
D (0.47) (0 ' 01) RLIC 77 DPWA KBAR N MULTICHNL
D (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0 ' 45 0.03 ALSTON 78 DPWA KBAR N ELASTIC
0 ' 47 0 ' 02 GOPAL 80 DPMA KBAR N ELASTIC

AVG 0 ' 455 0 ' 011 AVERAGE
FIT 0 ~ 4475 0.0066 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

LANBDA C 1520& INTO C SI6NA P I & /TOTAL CP2&
0 ' 55 0.09 WATSON 63 HBC K-P ALL CHANNELS0.418 0.017 GALTIERI 69 HBC 0 K-P .28-.45GEV/C

(0 ~ 46) KIM 71 DPMA K-MATRIX ANAL.
0 ' 426 0 ' 014 CORDEN 75 DBC K- O 1.4-1.8GV/C

AVG 0.425 0 ' 011 AVERAGE
FIT 0 ' 4214 0 ' 0067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ' 2)

4/75
1/76
1/76

1/78
12/81

10/71
6/69
3/71
4/75

10/69
9/73
9/73
4/75
4/75

M 1
M

M

W 2
M 3
M

M

M

P1
P2

101 LANBDA(1600& WIDTH (NEV&

(50 ' 0)
60.0

175.0
(20.0&
247. OR
147 ~ 0
593.0
116.0

10.0
(20 ' 0)

271.
50.0

200 ' 0
(20.0&

KIM
LAMGBEIN
KANE
CARROLL
MART IN
RLIC
ALSTON
GOPAL

?1 DPWA
72 IPWA
74 DPMA
76 DPMA
77 DPWA
77 DPWA
78 DPMA
80 DPMA

LAHBDA( 1600) INTO N KBAR
LAMBDA(1600) INTO SIGMA P I

101 LANBDAC 1600) PARTIAL DECAY NODES

K-MATRIX ANAL.
MULTICHANNEL
K-P TO PI SIG
1~0 TOTAL CS
KBAR N MULTICHNL
KBAR N MULT I C HML
KBAR N ELASTIC
KBAR N ELASTIC

DECAY MASSES
938+ 494

1189+ 140

1/76
1/76

12/81
2/?7

11/77
1/76
1/78

12/81
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S262 Particle Data Group: Review of particle properties

Baryons
A(1600), A(1670), A(1690)

Data Card Listings

R1
R1
R1
R1
R1
R1
R1

R2
R2
R2
R2
R2 3
R2

LANSOA«1&00& FRON M KBAR TO SI6NA Pl
0 ' 28 0.09 LANGBEIN-0.33 (0.11) KANE

NOT SEEN HEPP2-0.39 OR -0.39 MARTIN-0. 16 0 ~ 04 RLIC

SORT C P 1*P2 &

72 IPMA MULTICHANNEL 1/76
74 DPWA K-P TO PI SIG 12/81
76 DPMA -0 K- NUC TO SIG Pl 2/77
77 DPMA KBAR N NULTICHNL 11/77
77 DPMA KBAR N MULTICHNL 1/76

*aaaaa ****aa*aaa***a*a**aaaaaaaaa *aaaaaaaa *aaaaaaaa a**aaaaaa a*aaaaa¹

KIN 71 PRL 27 356
ALSO 70 DUKE 161

LANGBE IN 72 NP 847 4?7
KAME 74 LBL-2452

CARROLL 76 PRL 37 806
HEPP2 76 PL 658 487

REFERENCES FOR LANSDAC1&00&

J K KIM
J K KIN

+WAGNER
D F KANE

(HARV) I JP
(HARV) I JP

(MPIN) I JP
(LBL) I JP

+CHIANG, KYC I A, L I, MAZUR, MI CHAEL+ (BNL)I
+BRAUN, GRIMM, STROBELE, THOL+(CERN+HE IO+NP IM) I JP

NART IN 77
ALSO 77
ALSO 77

RL IC 77
ALSTOM 78

ALSO 77
GOPAL 80

NP 8127 349
NP 8126 266
NP 8126 285
NP 8119 362
PR D18 182
PRL 38 1007

TORONTO CONF

MART IN, P ID COCK, MOORHOUSE (LOUC+GLAS)IJP
MARTIN, P IDCOCK (LOUC)
MART IN, P IDCOCK (LOUC')IJP
GOPAL, ROSS, VAN HORN, MCPHERSON+ (LOIC+RHELOIJP
+KENNEYIPOLLARDeROSS+ (LBL+NTHO+CERN')IJP
ALSTON-GARNJOST, KENNEY, + (LBL+NTHO+CERN)IJP

159 G P GOPAL (RHEL) I JP
*aaaa* ****aaaaa ****a**aaaa***aaaa aa*a*aaaa aaa**a*** *aaaa*aaa aaaaaaa*
***aaa a******a*a*****aaa*aa*aa*a* aaa*a*a** aaaa**aaa aaaa*aa*a *aaaaaaa

A(1670) So, Status:
40 LANBDA « 1670, JP~1/2-) I~0 Se e01

101 LANSDA«1&00& BRANCHING RATIOS

LANSOAC1&00& INTO CN KSAR&/TOTAL CP1&0.25 0. 15 LANGBE IN 72 IPMA MULTICHANNEL 1/76
3 0 ' 30 OR 0 ' 29 MARTIN 77 DPMA KBAR N NULTICHNL 11/77
C (0 ' 24) (0 F 04) RLIC 77 DPMA KBAR N NULTICHNL 1/76
C (N KBAR)/TOTAL FRON RLIC 77 IS SUPERSEDED BY GOPAL 80.

0 ~ 14 0.05 ALSTON 78 DPWA KBAR N ELASTIC 1/780.23 (0.04) GOPAL 80 DPWA KBAR N ELASTIC 12/81

BERLEY 65 PRL 15 641
BIRNINGH 66 PR 152 1148
ARNEMT-1 68 NP 88 195
ARNENT-2 68 NP 88 223

ARMENT-3 69 LUND PAPER 229
VALUES ARE QUOTED IN LEVI

ARMENT-4 69 NP 814 91
BERLEY 69 PL 308 430
LEVISETT 69 LUND 339
GALTIERI 70 DUKE 173

REFERENCES FOR LANSOA«1670&

+CONNOLLY e HART I RAUNe STONEH ILL + (BNL) I JP
(8 IRM+GLAS+LOIC+OXF+RHEL )

ARNENTEROS, SA ILLON, + (CERN+HE IO+SACL) I JP
ARNENTEROS, BAILLON, + (CERN+HE ID+SACL) I JP

ARMENTEROS, BAILLON, + (CERN+HE ID+SACL) I JP
SETT I 69.
ARMENTEROS, BAILLON, + (CERN+HE ID+SACL) I JP
+ HART, RAHM, WILLIS, YAMAMOTO (BML) I JP
R LEVI SETT I (RAPPORTEUR) (CHI C)
A BARBARO GAI. T IER I (LRL) I JP

CONFORTO 71
KIN 71

ALSO 70
LANGBE IN 72
BAXTER 73
HART 73
KANE 74
PREVOST 74
LONDON 75

NP 834 41
PRL 27 356
DUKE 161
NP 847 477
NP 867 125
PURDUE CONF' 311

LBL-2452
NP 869 ?46
NP 885 289

+LEVI SETTI, LASINSKI ..OBERLACK++ (EF I+HE ID) I JP
J K KIN (HARV) I JP
J K KIM (HARV) I JP
+WAGNER (NP IN) I JP
BAXTER, BUCKINGHAM, CORBETT, DUNN, + (OXF ) I JP
+RICE, SACASTOM, FUNG, + (TENN+UCR+MASA+BUFF) I JP
D F KAME (LBL)IJP
PREVOST, BARLOUTAUD, + (SACL+CERN+HE IO)
LONDON, YU, BOYD, + (BNL+CERN+EPOL+ORSA+TORI)

HEPP2
MARTIN

ALSO
ALSO

RLIC
ALSTON

ALSO
GOPAL

76 PL 658 487
77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 PR D18 182
77 PRL 38 1007
80 TORONTO CONF

+BRAUM, GR IMN, STROBE LE, THOL+(CERN+HE IO+MP IM) I JP
MART IN, P ID COCK, MOORHOUSE (LOUC+GLAS)IJP
MARTIN, P IDCOCK (LOUC)
HART IN, P IOCOCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, NCPHERSON+ (LOI C+RHEL) I JP
+KENNEY, POLLARD, ROSS+ (LBL+NTHO+CERN)IJP
ALSTON-GARNJOST, KENNEY, + (LBL+NTHO+CERN)IJP

159 G P GOPAL (RHEL) I JP

A(1690) D03 St,atus:
55 LANSOA«1690, JP-3/2-& I-0 Oe e03

THE MEASUREMENTS OF THE MASS, WIDTH, AND ELASTICITY
THAT MERE PUBLISHED BEFORE 1974 ARE NOM OBSOLETE AND
HAVE BEEN REMOVED. THEY WERE LAST LISTED IN OUR 1982
EDITION (PHYSICS LETTERS 1118). ALL THE REFERENCES
HAVE SEEN RETAINED.

aaaa** *aaaaaaa* a¹a*aaaaa *aa**aaa* aaaaa***a aaaaaa*aa aaa*aa**a **aaa***
aa*aa* a*a*aa**a a¹a*aaa** *aaaaaaa* *aaaaaaaa aaaaaaaaa aaaa*aaaa aa*a*aa*

M

M

M

N A

M A

M A

N

N

40 LANSDA(16?0& NASS CNEV&

16?9.0 (1.0) KAME
1665.0 (5 ' 0) PREVOST
1675.0 (2 ' 0) HEPP2

(1664.0) MARTIN
HARTIN 77 OBTAINS IDENTICAL RESONANCE
T-NATRIX POLE ANO FROM A 8-W FIT.

1670.0 (5 ~ 0) RLIC
1671.0 (3.0) ALSTON
1667.0 (5.0) GOPAL

74 DPMA K-P TO PI SIG 12/81
74 DPMA 0- K-N TO S(1385)PI 10/74
76 DPMA -0 K- NUC TO SIG PI 2/77
77 DPWA KBAR N NULTICHML 11/77

PARAMETERS FROM THE

77 DPMA KBAR N MULTICHNL 1/76
78 DPWA KBAR N ELASTI C 1/78
80 DPMA KBAR N ELASTIC 12/81

THE MEASUREMENTS OF THE MASS, WIDTH, AND ELASTICITY
THAT MERE PUBLISHED BEFORE 19?4 ARE NOW OBSOLETE ANO
HAVE BEEN REMOVED. THEY MERE LAST LISTED IN OUR 1982
EDITION (PHYSICS LETTERS 1118)~ ALL THE REFERENCES
HAVE BEEN RETAINED ~

M

M

M

M A

M A

M A

M A

M A

N

N

M

55 LANSOA(1690& NASS CNEV&

1689 ~ 0 (1.0)
1692 ~ 0 (4.0)
1690 ' 0 (3.0)
1687 ' OR 1689.

THE TMO ENTRIES FOR
PARAMETERS FROM THE
ANOTHER, 3/2- LAMBDA
BUT IS VERY UNCERTA

1690.0 (5 ' 0)
1692 ' 0 (5 ' 0)
1690.0 (5 ' 0)

55 LANSOA«1&90) WIDTH «NEV&

KAME 74 DPMA K-P TO PI SIG
CARROLL 76 DPMA I~O TOTAL CS
HEPP2 ?6 DPMA -0 K- NUC TO SIG PI
MARTIN 77 DPWA KBAR N NULTICHNL

HARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
T-MATRIX POLE AND FROM A 8-M FIT, RESPECTIVELY.
AT 1966 MEV IS ALSO SUGGESTED BY NARTIN 77,

IN.
RLIC 77 DPMA KBAR N MULTICHNL
ALSTON 78 DPMA KBAR N ELASTIC
GOPAL 80 DPWA KBAR N El AST I C

12/81
2/77
2/77

1/76
1/78

12/81

W

M

W

M A

M

M

M

40 ' 0
19.0
46 ~ 0

(12-0)
45.0
29.0
29.0

(3.0)
(5.0)
(5.0)

(10.0)
(5.0)
(5.0)

KAME
PREVOST
HEPP2
MARTIN
RLIC
ALSTON
GOPAL

74 DPMA
74 DPMA 0-
76 DPMA -0
77 DPMA
77 DPMA
78 DP WA

80 DPMA

40 LANSOAC 1&70& WIDTH CNEV&

K-P TO PI SIG
K-N TO S(1385)PI
K- NUC TO SIG PI
KBAR N NULTICHNL
KBAR N MULTI CHNL
KBAR N ELASTIC
KBAR N ELASTIC

12/81
10/74
2/77

11/77
1/76
1/78

12/81

M

M

M

M A

M

W

M

60 ' 0
(38.0)
82.0
62. OR
60.0
64.0
61 ~ 0

(4.0)

(8 ' 0)
62 '

(5.0)
(10.0)
(5.0)

KANE
CARROLL
HEPP2
MART IN
RLIC
ALSTON
GOPAL

74 DPMA
76 DPMA
76 DPMA
77 DPMA
7? OPMA
78 OPWA
80 OPWA

55 LANSDAC 1&90& PARTIAL DECAY NODES

K-P TO PI SIG
1~0 TOTAL CS

-0 K- NUC TO SIG PI
KBAR N NULTICHNL
KBAR N NULT ICHNL
KBAR N ELASTIC
KBAR N ELASTIC

12/81
2/77
2/77

11/77
1/76
1/78

12/81

P1
P2
P3
P4

40 LANSOA«16?0& PARTIAL DECAY NOSES

LAMBDA(1670) INTO M KBAR
LAMBDA(1670) INTO LAMBDA ETA
LAMBDA(1670) INTO SIGMA PI
LAMBDA(1670) INTO SI GMA(1385) PI

DECAY MASSES
938+ 494

1116+ 549
1189+ 140
1385+ 140

P1
P2
P3
P4
P5
P6

LANBDA( 1690)
LAMBDA( 1690)
LAMBDA( 1690)
L AN 8 DA ( 1690)
LAMB DA ( 1690)
LAMBDA( 1690)

INTO N KBAR
INTO SIGMA PI
INTO LAMBDA P I P I
INTO SIGMA PI PI
INTO SIGMA(1385) PI, S-MAVE
INTO LAMBDA ETA

55 LANSDA«1690& SRANCIIIII6 RATIOS

DECAY MASSES
938+ 494

1189+ 140
1116+ 140+ 140
1192+ 140+ 'l40
1385+ 140
1116+ 549

R1
R1
R1
R1
R1
R1

40 LAMBDA« 1&70& BRANCHING RAT lOS

LANBDAC1&70) INTO (M KSAR&/TOTAL (P1)
A (0.15) MARTIN 77 DPMA KBAR N NULTICHNL
8 (0.20) (0 ~ 03) RLIC 77 OPWA KBAR N NULTICHNL
8 (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0. 17 (0.03) ALSTON 78 DPWA KBAR N ELASTIC
0 ~ 18 (0.03) GOPAL 80 DPMA KBAR N ELASTIC

11/77
1/76

1/78
12/81

THE SUM OF ALL THE QUOTED BRANCHING RATIOS IS NORE THAN 1.0. THE
TMO-BODY RATIOS ARE FROM PARTIAL MAVE ANALYSES, AND THUS PROBABLY ARE
NORE RELIABLE THAN THE THREE-BODY RATIOS, MHICH ARE DETERMINED FROM
BUNPS IN CROSS SECTIONS. OF THE LATTER, THE SIGMA PI PI BUMP LOOKS
NORE SIGNIFICANT (THE ERROR GIVEN FOR THE LANBDA PI PI RATIO LOOKS UM-
REASONABLY SMALL) . HARDLY ANY OF THE SIGNA PI Pl DECAY CAN BE VIA
SIGNA(1385), FOR THEN NINE TIMES AS MUCH LAMBDA PI PI DECAY MOULD BE
REQUIRED ~

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

0
K-MATR IX ANAL.

0 K- P TO NEUTRALS

R3
R3
R3
R3
R3 A

R3

LAMBDA C 1&70&-0.27-0.23-0.29
(-0 ~ 13)-0.31

FRON M KSAR
(0.02)
(0.03)
(0.03)

(0.03)

TO SI6NA PI
KANE
LONDON
HEPP2
HARTIN
RLIC

74
75
76
77
77

SORTCP1¹P3&
DPMA K-P TO PI SIG
HLBC 0 K- P TO SIGO PIO
DPWA -0 K- NUC TO SIG PI
DPMA KBAR N MULT I CHNL
DPWA KBAR N MULT ICHNL

LANSOA«1&70) FRON M KSAR TO LANSOA ETA SORTCP1¹P2)
C 0 ~ 20 OR 0.23 BERLEY 65 HBC 0
C THE FIRST VALUE ASSUMES THE BRANCHING RATIO INTO LAMBDA ETA IS
C SHALL, THE SECOND THAT IT IS LARGE. BECAUSE THE RESONANCE IS NEAR
C THE LAMBDA ETA THRESHOLD, THE BRANCHING RATIO AFFECTS THE MOMENTUM
C DEPENDENCE OF THE TOTAL MIDTH, AND THUS ALSO THE RESONANCE PARA-
C METERS OBTAINED BY FITTING TO THE DATA.

(0.26) ARMENT-3 69 HBC
(0 ' 24) KIM 71 DPWA
+0 ~ 20 (0.05) BAXTER 73 DPMA

7/66

9/69
3/71

10/74

12/81
4/75
2/77

11/77
1/76

R1
R1
R1
R1
R1
R1

LANSOAC1690& INTO «N KSAR&/TOTAL «P1&
A 0.28 OR 0.26 MARTIN 77 DPMA KBAR N MULTICHNL
8 (0 ' 24) (0 ' 03) RLIC 77 DPMA KBAR N MULTICHNL
8 (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0 ' 22 (0.03& ALSTON 78 DPMA KBAR N ELASTIC0.23 (0.03) GOPAL 80 DPWA KBAR N ELASTIC

11/77
1/76

1/78
12/81

R2
R2
R2
R2
R2 A

R2

LANSDAC1690& FRON N KSAR
-0 ' 28 (0.02)-0.28 (0.03)-0.29 (0.03)
-0 ' 30 OR -0 ' 28
-0 ' 25 (0.03)

TO SI6NA PI
KANE
LONDON
HEPP2
MARTIN
RLIC

SORTCP1¹P2&
74 OPWA K-P TO PI SIG
75 HLBC 0 K- P TO SIGO PIO
76 DPWA -0 K- NUC TO SI6 PI
77 OPMA KBAR N MULTICHNL
77 DPWA KBAR N NULTICHNL

12/81
4/75
2/77

11/77
1/76

R3 LANSOA«1690& FRON N KSAR TO LANBDA PI PI SORT C P1¹P3&
R3 C (0 ' 25) (0.02) BARTLEY 68 HDBC 0 LAN 2PI CROS SEC 11/68
R3 C ONLY CROSS-SECTION DATA USED. ENHANCEMENT NOT SEEN BY PREVOST 71 ' 3/72

R4 LANSOA(1670& FRON M KSAR TO SI6NA«1385& PI SORT C P 1¹P4)
R4 -0 ~ 18 0.05 PREVOST 74 DPMA 0- K-N TO S(1385)PI 10/74

aaa*aa *aaa¹aa*a aaaaaaaaa aaaaaaaaa aaaa**aaa ¹aaa*aa** *aaaaaa*a aa*aaaa*

R4
R4

R5
R5

LANBOA«1690& FRON M KSAR TO SIGNA PI PI SORT« P1*P4&
(0.21) ARNENT 2 68 HDBC 0 K N TO SIG PI PI 11/68

LANSOA«1690& FRON N KSAR TO LANSDA ETA SORTCP1¹P&&
0 F 00 (0 ' 03) BAXTER 73 OPMA 0 K- P TO NEUTRALS 10/74
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Particle Data Group: Review of particle properties S263

For notation, see key at front of Listings. Baryons
A(169 Q), A(1800)

R6 LAHBOAC 1690& FRON N KBAR TO SI6NA&13&5& PI S-WAVESQRT&P1aPS&
R6 +0.27 0 ~ 04 PREVOST 74 DPWA 0- K-N TO S(1385)PI 10/74
tata** tat**at*a ttt*ttatt t**taaat* *ataatta* a*tata**a at***at*a *a**tata

REFERENCES FOR LAHBDA(1690&

BR I CHAN 70 PL 338 511
KIH 71 PRL 27 356

ALSO 70 DUKE 161
LANGBEIN 72 NP 847 477

REFERENCES FOR LAMBDA&1800&

C BR I CHAN, M FERRO-LUZZI, J P LAGNAUX(CERN) I JP
J K KIH (HARV) I JP
J K KIH (HARV) I JP
+WAGNER (HP IM) I JP

ARMENT-1 68
ARMENT-2 68
ARMENT-3 68
BARTLEY 68
BUGG 68

ALSO 67
coNFoRTo 68

NP 88 195
NP 88 216
NP 88 223
PRL 21 1111
PR 168 1466
PRL 18 62
HP 88 265

ARHENT-4 69 NP 814 91
BERLEY 69 PL 308 430
BERTANZA 69 PR 177 2036

ARMENTEROS, BAILLON, +
ARMENTEROS g SAILLON g +
ARMENTEROS, BAILLON, +
+CHU, DOWD, GREENE, +
+GILHORE, KNIGHT, +
DAVIES, DOWELL, +
+HARMSEN, LAS I NSK I, +

(CERN+HE ID+SACL ) I JP
(CERN+HE ID+SACL) I
(CERN+HE ID+SACL) I JP

(TUFT+FSU+BRAN) I
(8 IRH+CAVE+RHEL) I
(8 I RM+CA YE+ RH EL ) I

(CHIC+HE IO) I JP

ARMENTEROS, BAILl.OM, + (CERN+HE ID+SACL) I JP
+ HART, RAHM, WILLIS, YAHAMOTO (BNL) I JP
+BIG I, CARRARA, CASAL I, + (P I SA+BNL+ YALE) I JP

HART IN
ALSO
ALSO

RLIC
ALSTON

ALSO
CAHERON
CAHERON?
GOPAL

77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 PR D18 182
77 PRL 38 1007
78 NP 8143 189
78 MP 8146 327
80 TORONTO CONF

MART IN, P IDCOCK, HOORHOUSE (LOUC+GLAS)IJP
MART IN, P IDCOCK (LOUC)
MART IN, P IOCOCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, MCPHERSON+ (LOIC+RHEL)IJP
+KENNEYgPOLLARDgROSS+ (LBL+HTHO+CERN) I JP
ALSTON-GARN JOST, KENNEY, + (LBL+MTHO+CERN) I JP
+FRANEK, GOPAL, BACON, BUTTERWORTH+(RHEL+LOIC)IJP
+FRANEK, GOPAL, KALMUS, MCPHERSON, +(RHEl. +LOIC)IJP

159 G P GOPAL (RHEL) I JP

a*at*a a*a*tat*a tat***tat a****tat*at**at*at ***a***at***a*a**aa*a*tata
tataat tttata**a *aaaaa**a' aatata**a *at*a***aaaaaat**a *tat*at*a a*a***at

GALT IERI
CONFORTO
KIM

ALSO
PREVOST
LANGBEIN
BAXTER
HART
KANE
PREVOST

70 DUKE 173
71 NP 834 41
71 PRL 27 356
70 DUKE 161
71 AHSTERDAM CONF
72 NP 847 477
73 NP 867 125
73 PURDUE CONF. 311
74 LBL-2452
74 NP 869 246

A BARBARO GALTIERI (LRL) I JP
+LEVI SETT I, LASINSKI ..OBERLACK+ (EF I+HE ID) I JP
J K KIM (HARV) I JP
J K KIH (HARV) I JP
+ CHS COLLABORATION (CERN+HE ID+SACL )
+WAGNER (HPIM) I JP
BAXTER, BUCKINGHAM, CORBETT, DUNN, + (OXF) I JP
+RI CE, SACASTOW, FUNG, + (TENN+UCR+MASA+BUFF ) I JP
D F KAME (LBL) I JP
PREVOST, BARLOUTAUD, + ( SAC L+ CERN+ HE ID )

LONDON 75 NP 885 289
CARROLL 76 PRL 37 806
HEPP2 76 PL 658 487

LONDON, YU, BOYD, + (BNL+CERN+EPOL+ORSA+TORI )
+CH IANG, K YC I A, L I,HAZUR, Ml CHAE L+ (BNL) I
+BRAUN, GR IMM, STROBELE, THOL+(CERN+HE ID+HP IH) I JP

HARTIN 7?
ALSO 77
ALSO 77

RL I C 77
ALSTON 78

ALSO 77
GOPAL 80

NP 8127 349
NP 8126 266
NP 8126 285
NP 8119 362
PR D18 182
PRL 38 1007

TORONTO CONF

MART IN, P IDCOCK, MOORHOUSE (LOUC+GLAS)IJP
MART IN, P ID COCK (LOUC)
HARTIN, PIDCOCK (LOUC) I J P
GOPAL, ROSS, VAN HORH, MCPHERSON+ (LOI C+RHEL) I JP
+KENNEY, POLLARD, ROSS+ (LBL+MTHO+CERH)IJP
ALSTON-GARNJOST, KENNEY, + (LSL+HTHO+CERN) IJP

159 G P GOPAL (RHEL) I JP

A(1800) S«Status:
36 LAHBOA&1800, JP~1/2-) I~O S I ~ ~ 01

THE S01 AMPLITUDE SHOWS A RATHER CLEAR SECOND RESONANCE
BEHAVIOR IN THE 1700-1900 HEV REGION ~ THERE ARE MAJOR
DISAGREEMENTS ABOUT THE MASS, WIDTH, AND COUPLINGS.

taaaa* at***tat* aa**aaaaa aa*aaaaa* **a**aaaa *at*at**a *aaaaa**a aaaa*aa*ttttta *a*at*at* ataaata*a *tata***a aaat*t*at aaa*aaa*a aaa*aaa*a *a*tattt

A(180Q) P«Status:

M

M

M

M

H N

M N

M

M

H

H 1
M 3
H 3
M 3

M

7? LAHBOAC1800& MASS &HEV&

(1745.0) ARMENTERO 68 HBC 0 ELASTIC, CH EXCH
(1740 ' 0) BAILEY 69 DPWA 0 ELASTIC, CH EXCH
«eoo. o) ARMEMTERO ?0 HBC 0 ELASTIC, CH EX
(1750 ~ 0) ARMENTERO 70 HBC 0 SIGMA PI
( 1690.0) (10.0) GALTIERI 70 HBC 0 SIG PI, EDPWA

ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR PE W. ANAL' INCLUDED
(1755.0) KIM ?1 DPWA K-MATRIX ANAL.

1780 ~ 0 20 ~ 0 LANGSE IN 72 IPWA MULTICHANNEL
1746.0 10.0 PREVOST 74 DPWA 0- K-N TO S(1385)PI
1735 ~ 0 5 ~ 0 CARROLL 76 DPWA I=O TOTAL CS
1861. OR 1953. MARTIN 77 DPWA KBAR N MULTICHNL

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
PARAMETERS FROM THE T-MATRIX POLE ANO FROM A 8-W FIT, RESPECTIVELY.

1853.0 20 ' 0 RLIC 77 DPWA KBAR H MULTICHNL
1841.0 (20.0) GOPAL SQ DPWA KBAR M ELASTIC

77 LAMBDA C 1800, JP~1/2+ & I~0 P' '01

THE EVIDENCE FOR THIS STATE IS SOHEWHAT CONFUSED. IT
WAS FIRST SUGGESTEO IN A PARTIAL WAVE ANALYSIS OF
N KBAR DATA BY THE BEHAVIOUR OF THE P01 AMPLITUDE
WHEN IT WAS PARAHETR IZED AS A TWO-STRAIGHT-LINE
BACKGROUND &ARMENTEROS 68) .

ALHOST ALL THE RECENT ANALYSES CONTAIN A P01 STATE, AND SOMETIMES
TWO, SUT THE MASSES, WIDTHS, AND BRANCHING RATIOS VARY GREATLY.
SEE ALSO THE LAMBDA(1600) P01 LISTING.

11/68
10/70
6/70
6/70
7/70
1/71
3/71

12/72
10/74
2/77

11/77

1/76
12/81

M

M

M

M 1
H

M 1

H

M

M

W

W

W

W 1
W

W

W

36 LAHBOAC 1&00) MASS (IIEV)

(1872.0) (10.0)
(1780 ' 0)

1830 ' 0 (20.0)
1767. OR 1842.

THE TWO ENTRIES FOR
PARAMETERS FROM THE

1825 ' 0 (20.0)
1725 ' 0 (20.0)
1841 ~ 0 (10 ~ 0)

36 LAMBDA(1800& 'WIDTH (HEV&

& 100.0)
(40.0)
70.0

435. OR
230 ' 0
185.0
228. 0

(20.0)

(15.0)
473.
(20.0)
(20.0)
&20.0)

BR I CMAN
KIH
LANGBE IN
HART IN
RLIC
ALSTON
GOPAL

70 DPWA
71 DPWA
72 IPWA
77 DPWA
77 DPWA
78 OPWA
80 DPWA

TOT, ELAS, CHEX
K-MATRIX ANAL.
MULTICHANNEL
KBAR N MUl TICHNL
KBAR N MULTICHNL
KBAR N ELASTIC
KBAR N ELASTIC

36 LAMBDA& 1800& PARTIAL DECAY NODES

BR I CMAN 70 OPWA TOT g ELAS g CHEX
KIH 71 DPWA K-MATRIX ANAL.
LANGBE IN 72 IPWA MULTICHANNEL
MARTIN 77 OPWA KBAR N HULTICHNL

HARTIN ?7 CORRESPOND TO EXTRACTION OF RESONANCE
T-HATRIX POLE AND FROM A 8-W FIT, RESPECTIVELY.

RLIC 77 DPWA KBAR N HULTICHNL
ALSTON 78 OPWA KBAR N ELASTIC
GOPAL 80 DPWA KBAR N ELASTIC

1/71
3/71

12/72
11/77

1/76
1/78

12/81

1/71
3/71

12/72
11/77

1/76
1/?e

12/8'l

W

W

W

W

W N

W

W

W 1
W 3
W

W

P1
P2
P3
P4
P5

?7 LAMBDA&1&00& WIDTH CNEV)

( 147.0)
(300.0)
(30 ' 0)
(70.0}
(22 ' 0)
(35.0)
120.0
46.0

(28.0)
535. OR
166 ~ 0
90.0

164.0

10.0
20.0

585.
20.0
20.0

(20 ' 0)

ARMENTERO
BAILEY
ARMENTERO
ARHENTERO
GALT IERI
KIM
LANGBE IN
PREVOST
CARROLL
MARTIN
RLIC
CAMERON2
GOPAL

68 HBC 0
69 OPWA 0
70 HBC 0
70 HSC 0
70 HBC 0
71 DPWA
72 IPWA
74 DPWA 0-
76 DPWA
77 DPWA
77 DPWA
?8 DPWA
80 DPWA

ELASTIC, CH EXCH
ELASTIC, CH EX
SIGMA PI
SI G PI, EDPWA
K-MATRIX ANAL.
MULT I CHANNEL
K-N TO S(1385)PI
I ~0 TOTAL CS
KBAR N MULT ICHNL
KBAR N MULT ICHNL
K-P TO K*&892) N

KBAR N ELASTIC

DECAY HASSES
938+ 494

1189+ 140
1385+ 140
940+ 892
940+ 892

LAMBDA(1800) INTO N KSAR
LAMBDA(1800) INTO SIGMA PI
LAMBDA(1800) INTO S I GMA ( 1385 ) P I
LAMBDA(1800) INTO N K*(892}, P1 WAVE
LAMBDA(1800) INTO N K*(892), P3 WAVE

77 LAIIBDA&1800& PARTIAL DECAY IIODES

10/70
6/70
6/70
7/70
3/71

12/72
10/74
2/77

11/?7
1/76

12/79
12/81

P1
P2
P3
P4
P5

LAMBDA(1800) INTO N KBAR
LAMBDA(1800) INTO SIGHA PI
LAHBDA(1800) INTO SIGHA( 1385) PI
LAMBDA(1800) INTO N K*(892), S1 WAVE
LAMBDA(1800) INTO N K*(892), D3 WAVE

DECAY MASSES
938+ 494

1189+ 14Q
1385+ 140
940+ 892
940+ 892

R1
R1
R1
R1
R1 1
R1 C
R1 C

R1
R1

36 LAMBDA& 1800) BRANCNING RATIOS

LAMBDA&1800& INTO &N KBAR&/TOTAL &P1&
(0.18) (0.02) BRICHAN 70 DPWA TOT, ELAS, CHEX
(0 ~ 80) KIM 71 DPWA K-MATRIX ANAL.
0.35 (0.15) LANGBEIH 72 IPWA MULTICHANNEL
1 ' 21 OR 0 ' 70 MARTIN 77 DPWA KBAR N MULTICHNL

(0 ' 37) (0 F 05) RLIC 77 DPWA KBAR N MULTICHNL
(N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0.28 (0.05) ALSTON 78 OPWA KBAR N ELASTIC
0 ' 36 (0.04) GOPAL 80 OPWA KBAR N ELASTIC

1/71
3/71

12/72
11/77

1/76

1/78
12/81

R2 LAHBDA&1800& FROH N KBAR TO SI6HA PI SQRT & P 1aP2)
R2 (0 ' 24) K IM 71 OPWA K-MATR IX ANAL . 3/71
R2 1 -0.74 OR -0.43 MARTIN 77 DPWA KBAR N MULTICHNL 11/77
R2 -Q. 08 (0 ~ 05) RLIC 77 DPWA KBAR N MULTICHML 1/76

77 LAIIBOA&1800& BRANCHING RATIOS

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

LAHBDA&1&00& INTO CN KBAR&/TOTAL
(0 ' 4) ARMENTERO 68 DPWA
(0.55) BAILEY 69 DPWA
&0.15) ARHENTERO 70 DPWA
&0.30) KIM 71 DPWA
0.36 0.05 LANGBEIN 72 IPWA

3 0.52 OR 0 ' 49 MARTIN 77 DPWA
C &0 ' 21) (0 ' 04) RL I C 77 DPWA
C (N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GO

0.24 (0 ' 04) GOPAL 80 DPWA

(P1)
0 ELASTIC, CH EXCH
0 ELASTIC, CH EXCH
0 ELASTIC, CH EXCH

K-MATRIX ANAL.
HULT I C H ANNE L
KBAR N HULT ICHNL
KBAR N MULT ICHNL

PAL 80.
KBAR N ELASTIC

R2 LAHBDA&1&00& FROH N KBAR TO SIGNA F'I SQRT & P1*P2&
R2 2 (+0.20) ARHENTERO 70 DPWA 0 K-P To SIGMA Pl
R2 2 PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION (SEE NOTE
R2 2 ON LAMBDA AND SIGMA RESONANCES).
R2 N (-0.13) &0.03) GALTIERI 70 DPWA 0 K-P TO SIGMA PI
R2 (0.17) KIM 71 OPWA K-HATR IX ANAL ~

R2 (0.01) OR LESS LANGBE IN 72 IPWA MULTICHANNEL
R2 3 +0 ~ 25 OR +0.23 HARTIN 77 DPWA KBAR N MULTICHNL
R2 -0 ' 24 0.04 RLIC 77 DPWA KBAR N MULTICHNL

11/68
10/70
10/70
3/71

12/72
11/77

1/76

12/81

6/70
10/74
10/74
7/70
3/71

12/72
11/77

R3 LAMBOAC1800& FROM N KBAR TO SI6IIA&1385& Pl SQRT&P1aP3&
R3 2 +0.056 0.028 CAHERON 78 OPWA 0 K-P TO S(1385)PI 1/78
R3 2 SIGN CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 12/79

R3 LAHBDA&1800& FRQH N KBAR TO SIGNA(1385& PI SQRTCP1aP3)
R3 +0 ~ 18 0.10 PREVOST 74 OPWA 0- K-N TO S(1385)PI 10/74

RC LAMBDA&1800& FROM N KBAR TO N Ka&892), S1 WAVE SQRT&P'laP4&
R4 3 -0.17 0 ~ 03 CAMERON2 78 DPWA K-P TO K*N
R4 3 THE S-IGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
R4 3 CONVENT ION.

12/79
12/79
12/79

R4 LAIIBDAC1&00& FROM N KBAR TO N K*&892&~ I 1 WAVE SQRTCP1aP4&
R4 4 -0.14 0.03 CAHERON2 78 DPWA K-P TO K*H
R4 4 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
R4 4 CONVENTION.

12/79
12/79
12/79

R5
R5

LAHBOAC 1800& FRQII N KBAR T'0 N K &&9?)g D3 WAVE SQRTCP 1 P5&-0.13 0.04 CAHERON2 78 DPWA K-P TO K*N 12/79
R5 LAIIBDA& 1800& FROM N KBAR TO N Ka&892), P3 WAVE SQRTCP1aP5&
R5 +0.35 0.06 CAMERON2 78 DPWA K-P TO K*N 12/79

*aataa a*a*tat*a t*a**aaaa *a**a*tat tat**a*at *ata**a**aaa***tat a*at**at **tata **at*at*a a*at*a*at aaaa**at* at*tata*a at***at*a tat*tata* at*at***
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S264 Particle Data Group: Review of particle properties

Bary(}ns
A(1800), A(1820), A(1830)

Data Card Listings

ARMENTER 68
BAILEY 69
ARMENTER 70
GALT IER I 70
KIM 71

ALSO 70
LANGSEIN 72

NP 88 195
THESIS UCRL-50617
DUKE CONF 123
DUKE CONF 173
PRL 27 356
DUKE 161
NP 847 477

REFERENCES FOR LANBDAC 1800&

ARNENTEROS, BAILLON,
DAVID SAAL BAILEY
ARMENTEROS, BAILLONg
A BARBARO-GALT I ER I
J K KIM
J K KIH
+WAGNER

(CERN+HE ID+SACL ) I JP
(LLL)IJP

(CERN+HE ID) I JP
(LRL) I JP

(HARV& I JP
(HARV) I JP
(HP IH) I JP

PREVOST
CARROLL
MARTEN

ALSO
ALSO

RLIC
CANE RON2
GOPAL

74 NP 869 246
76 PRL 37 806
77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 NP 8146 327
80 TORONTO CONF

PREVOST, SARLOUTAUD, + (SACL+CERN+HEID&
+CHI ANG, KYC IA, L I,NAZUR, NI CHAEL+ (SNL ) I
NART IN, P ID COCK, HOOR HOUSE (LOUC+GLAS)IJP
HART IN, P IDCOCK (LOUC)
MART IN, P ID COCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, MCPHERSON+ (LOI C+RHEL) I JP
+FRANEK, GOPAL, KALNUS, MCPHERSON, +(RHEL+LOIC&IJP

159 G P GOPAL (RHEL) I JP

»*»ac» a»»a»**»a a*»»»»»*» a»»a»a»a* »»»»a**a» »**»»»»»» **»»a»*a» a»a*a**a
a»a*a* »***ace**ace»*a»a» aaeeaaeae ca»***»a» aaaaaaaa* a»a»a*»a» »a»*a»»a

R4 LANBDAC 1820& INTO C SIGNA{ 1385& PI ) /TOTAL {P5)
R4 0.20 0.05 SIRGE 65 HBC 0 K-P TO LAN Pl PI 7/66
R4 FIT 0. 105 0 ~ 029 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5)
R5 LAMBDA(1820& INTO {SIGNA PI Pl)/TOTAL (P3)
R5 C NO CLEAR SIGNAL ARHENT-4 68 HDBC 0 K-N TO SIG PI PI 11/68
R5 C THERE IS A SUGGESTION OF A BUNP, ENOUGH TO BE CONSISTENT MITH
R5 C 'WHAT IS EXPECTED FROM SIGMA(1385) TO SIGMA Pl DECAY -- ABOUT 0.02.
R5 FIT 0 ~ 147 0.045 FROM FIT

R6 LAMBDA($820& FRON N KBAR TO SIGNA&1385& PI P-WAVESQRT(P1»P5&
R6 +0.27 0.03 PREVOST 74 DPWA 0- K-N TO S( 1385)PI 10/74
R6 D -0.167 0.054 CANERON 78 DPWA 0 K-P TO S(1385)PI 1/78
R6 0 THE SIGN HERE AND IN R7 IS CHANGED TO BE IM ACCORD MITH THE 12/79
R6 0 BARYON-FIRST CONVENTION « 12/79

R6 AVG NOO 0.246 0 ' 044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 7)
R6 FIT 0.249 0 ~ 034 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

A(1820) Fo, Status:
39 LAMBDA( 1820, JP~5/2+) 1~0 F'05

R7
R7 D
R7
R7 F IT

LAIIBDAC1820& FROM N KBAR TO SIGNA(1385& PI F-WAVES4RTCP1»P6)
+0.065 0.029 CAMERON 78 DPWA 0 K-P TO S(1385)PI
0.065 0.029 FROM F I T

»a»a»a »a»a»*a»a a»a»ac**a »**»»»»a» *»»a»»a»» »*»»»»a** a*a»a»»** a»a»a»a»

1/78

FOR MOST RESULTS PUBLISHED BEFORE 1973 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
1118). ALL THE REFERENCES HAVE BEEN RETAINED.

THIS STATE IS WELL ESTABLISHED. HOST OF THE QUOTED ER-
RORS ARE STATISTICAL ONLY ~ THE SYSTEMATIC ERRORS OUE
TO THE PARTICULAR PARAMETRIZATIONS USED IN THE P ~ W ~ A ~

ARE NOT INCLUDED. FOR THIS REASON WE DO NOT CALCULATE WEIGHTED
AVERAGES FOR THE MASS AND MIDTH.

CHAHBERL
GALT IERI
SODICKSO
BIRGE
HOLLEY
8IRHINGH
COOL
GELFAND

6? PR 125 1696
63 PL 6 296
64 PR 133 ST57
65 ATHENS CONF 296
65 UCRL-16274 THESIS
66 PR 152 1148
66 PRL 16 1228
66 PRL 17 1224

REFERENCES FOR LANBOAC1820&

CHAMBERLAIN, CROWE, KEEFE, KERTH, + (LRL) I
A BARBARO-GALTIERI, A HUSSAIN, R D TRIPP(LRL) I J
SOD I CKSON g MANNEL L I g FR I SCH ~ WAHL IG (H IT+BNL ) J
+ELY, KALNUS, KERNAN, LOUIE, SAHOURIA, + (LRL)IJP
W R HOLLEY (LRL) J

(B IRH+GLAS+LO I C+OX F+RHEL &

+GI ACOMELLI, KYC I A, LEONT I C, LUNDSY e (SNL ) I
+HARHSEN, LEVI-SETT I, PREOAZZI+ (E F I+ANL &

H
M

M A

M A

M A
M

M

M

W

W A

M

W

39 LANBDA(1820) NASS CNEV)

1821.0 (2 ~ 0)
(1830.0)
1817. OR 1819~

THE T'MO ENTRIES FOR
PARAMETERS FRON THE

1822.0 (2.0&
1819.0 (2.0)
1823 ' 0 (3.0)

39 LAMBDA C 1820& WlDTN CNEV&

87.0
(82.0&
76 ' OR
81.0
72.0
7?.0

(3 ~ 0)

76.
(5 ' 0)
(5.0)
(5 ' 0)

KAME
DECLAI S
HART IN
RLIC
ALSTON
GOPAL

74 DPWA
77 DPWA
77 DPWA
77 DPWA
78 DPWA
80 OPWA

K-P TO
KBAR N

KBAR N

KBAR N

KBAR N

KBAR N

PI SI G
TO KBAR N

MULT I C HNL
MULT I C HNL
ELASTIC
ELASTIC

KANE 74 DPMA K-P TO Pl SIG
DECLAIS 77 DPWA KBAR N TO KBAR N

MARTIN 77 DPWA KBAR N MULTICHNL
MARTIN 77 CORRESPOMO TO EXTRACTION OF RESONANCE
T-MATRIX POLE AND FROM A 8-M FIT, RESPECTIVELY ~

RLIC 77 DPWA KBAR N HULTICHNL
ALSTON 78 DPWA KSAR N ELASTIC
GOPAL 80 DPWA KSAR N ELASTIC

12/81
1/78

11/77

1/76
1/78

12/81

12/81
1/78

11/77
1/76
1/78

12/81

ARMENTER
ARMENT-1
ARNENT-2
BELL
ARNENT-3
ARHENT-4
BUGG
CONFORTO
l.AS I NSK I

67 NP 83 592
67 PL 248 198
67 ZEIT PHYS 202 486
67 PRL 19 936
68 NP 88 195
68 NP 88 216
68 PR 168 1466
68 NP 88 265
68 PR 163 1792

ARMENTEROS, FERRO-LUZZI+
ARHENTEROSr F LUZZIe +
ARMENTEROS, F LUZZI, +
R 8 BELL
ARMENTEROS, SAILLON, +
ARHENT EROS, BA IL LON, +
+GILMORE, KNIGHT p +
+HARMSEN, LASINSKI, +
LASI NSKI, LEVI SETT I, PREDA

(CERN+HEID+SACL)IJP
(CERN+HE ID+SACL ) I JP
(CERN+HE ID+SACL ) I JP

(LRL) I JP
(CERN+HEID+SACL)IJP
(CERN+HEID+SACL) I
(RHEL+SIRM+CAVE) I

(CHI C+HC ID) I JP
ZZI (CHIC) JP

BR I CHAN 70
BR I CNAN1 70
COOL 70
GALT I ERI 70
CONFORTO 71
KIM 71

ALSO 70

PL 318 152
PL 338 511
PR D1 1887
DUKE CONF 173
NP 834 41
PRL 27 356
DUKE 161

+FERRO LUZZI, PERREAU, + (CERN+CAEN+SACL)
+FERRO-LUZZ I, LAGNAUX (CERN)
+GIACONELLI, KYCIA, LEONTIC, LI, + (SNL) I
A BARBARO-GALT I ERI (LRL) I JP
+LEVI SETT I, l.ASINSKI ..OSERLACK+ (EF I+HE IO) I JP
J K KIN (HARV) I JP
J K KIH (HARV) I JP

PREVOST 71
KANE ?2
LANGBEIN 72
RADER 73
KANE 74
PREVOST T4

AMSTERDAH
PR D5 1583
NP 847 477
NC 16A 178

LBL-2452
NP 869 246

CONF + CH S COLL ABORAT ION (CERN+HE ID+SACL )
D F KANE (LBL&IJP
+WAGNER (HPIN) I JP
+SARLOUTAUD, + '

&SACL+HEID+CERN+RHEL+CDEF)
D F KAME (LBL) I JP
PREVOST, BARLOUTAUDg+ (SAC I+CERN+HE ID)

P1
P2
P3
P4
P5
P6

LAMBDA(1820)
LAMBDA(1820)
LAHBDA(1820)
LAMBDA(1820)
LAMBDA(1820)
LAMBDA(1820)

39 LAMBDA(1820& PARTIAL DECAY NODES

INTO N KSAR
INTO SIGMA PI
INTO SI GHA PI PI
INTO LAMBDA ETA
IMTO SIGNA(1385) Pl, P-WAVE
INTO SIGNA(1385) PI, F-WAVE

DECAY NASSES
938+ 494

1189+ 140
1192+ 140+ 140
11'l6+ 549
1385+ 140
1385+ 140

DECLAI S
MARTIN

ALSO
ALSO

RLIC
AL STON

ALSO
CAMERON
GOPAL

T7 CERN 7T-16
77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 81 19 362
78 PR D18 182
77 PRI 38 1007
78 NP 8143 189
80 TORONTO CONF

+DUCHON, LOUVEL, PATRY, SEGUIMOT+ (CAEN+CERN) I JP
MARTIN, P IDCOCK, HOORHOUSE (l.OUC+GLAS) I JP
HART IN, P ID COCK (LOUC)
MART IN, P ID COCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, HCPHERSON+ (LOI C+RHEL) I JP
+KENNEY, POLLARD, ROSS+ (LBL+HTHO+CERM)IJP
ALSTON-GARNJOST, KEMNEY, + &LSL+HTHO+CERN) IJP
+FRANEK, GOPAL, BACON, BUTTERWORTH+(RHEL+LOIC)IJP

159 G P GOPAL (RHEL) I JP

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 1 P 2 P 5
P 1 ~ 5940+-.0304
P 2 —.2306 .1320+- ~ 0288
P 3 —~ 2081 ~ 0481 .1046+- ~ 0293
P 4 —~ 3697 —.5263 —.5507 .1468+-.0447
P 5 —.0910 ~ 0210 .0190 -.1571 .0155+-.0086
P 6 —.0568 ~ 0131 .0118 —.1198 .0052 .0071+- ~ 0063

P 4 P 6

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where1 1 I
6P. = 4~6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 ~ 1 1
cients PP.6P. ) /(6P. ~ 6P.&. For the definitions of the individual P. , see the listings1 I J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to t.

a»a**a a*»a**a»a »a»a»ca*a a»a»a»a** *****a*e»*»*a»»ee» **»*ac»a* eaaaaeaea*****a»a»a»*»a »»»»a*»ac »**»»a*a» a**a»a»»a »*a***»»a a**»*a»ac aa»a»»ac

A(1830) D«Status:
56 LAMBDA( 1830, JP~5/2-) 1~0 D05

FOR RESULTS PUBLISHED BEFORE 1973 (THEY ARE
NOM OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS1118). ALL THE REFERENCES HAVE BEEN RETAINED.

THE BEST EVIDENCE FOR THIS RESONANCE CONES FROM THE
SIGHA PI CHANNEL. IT IS WELL ESTABLISHED.

56 LAMBDA( 1830& MASS CNEV)

39 LAMBDA C 1820& BRANCNING RATIOS

ERRORS QUOTED BY EXPERIMENTERS OO NOT INCLUDE UNCERTAINTY DUE
TO PARAMETRIZATION USED IN THE P ~ W. A. THEY SHOULD BE INCREASED ~

M

M A

M A

M A

M

N

1825.0 (1 ~ 0)
1817. OR 1818.

THE TWO ENTRIES FOR
PARAMETERS FROM THE

1825 ~ 0 (10~ 0)
1831.0 &10.0)

KANE 74 DPWA K-P TO PI SIG
MARTIN 77 OPMA KBAR N MULTICHNL

HARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
T-MATRIX POLE AND FROM A 8-W FIT ~ RESPECTIVELY.

RLIC 77 DPMA KBAR N MULTICHNL
GOPAL 80 DPWA KBAR N ELASTIC

12/81
11/77

1/76
12/81

R1
R1
R1 A

R1 8
R1 8
R1
R1
R1
R1 FIT

LAIlBDA(1820& INTO CN KBAR&/TOTAL {P1)
&0.51) DECLAIS 77 DPMA KBAR N TO KBAR N

0 ' 59 OR 0 ' 58 MARTIN 77 DPWA KSAR M HULTICHNL(0.57) (0.02) RLIC 77 DPWA KBAR N HULTICHNL
(N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0 ' 60 0.03 ALSTON 78 DPWA KSAR N ELASTIC0.58 &0.02& GOPAL 80 DPWA KBAR N ELASTIC

0 ' 594 0 ' 030 FROM FIT

1/78
11/77
1/76

1/78
12/81

W

A

M

W

56 LAIIBDAC 1830& WIDTH (NEV)

119.0 (3.0)
56. OR 56.
94.0 &10.0&

100.0 (10.0)

KAME
HARTIN
RLIC
GOPAL

74 DPWA
77 DPWA
77 DPWA
80 DPWA

56 LAMBDA(1830& PARTIAL DECAY NODES

K-P TO PI SIG 12/81
KBAR N MULTICHNL 11/77
KBAR M MULTICHNL 1/76
KBAR N ELASTIC 12/81

R2
R2
R2 A

R2
R2
R2 FIT

LAMBDA(1820& FROM N KBAR TO SIGNA Pl-0.28 &0.01& KANE-0.25 OR -0.25 NARTIN-0.28 0 ' 03 RLIC

0.280 0 ' 030 FROM FIT

SORTCP1»P2&
74 DPWA K P TO PI SIG 12/81
77 DPMA KSAR N NULTICHNL 11/77
77 DPMA KBAR N MULTICHNL 1/76

P1
P2
P3
p4

LAMBDA(1830) INTO N KBAR
LAMBDA(1830) INTO SIGMA PI
LAMBDA(1830) INTO SIGNA(1385) PI, D-WAVE
LAHSDA(1830) INTO LAMBDA ETA

DECAY MASSES
938+ 494

1189+ 140
1385+ 140
1116+ 549

R3 LANBDA(1820& FROM N KBAR TO LAMBDA ETA
R3 -0.096 0 F 040 0 ' 020 RADER

R3 FIT 0 ' 096 0.026 FROH FIT

73 MPMA
S4RTCP1»P4&

9/73
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For notation, see key at front of Listings. Baryons
A(1830), A(1890), A(2000)

R1
R1
R1
R1
R1
R1

56 LANBDAC 1830& BRANCHIN6 RATIOS

LANSDAC1830& INTO CN KBAR&/TOTAL CP1&
A 0.04 OR 0.04 MARTIN 77 OPWA KBAR N MULTICHNL 11/77
8 (0.04) (0.0» RL IC 77 DPWA KBAR N HULTICHNL '1/76
8 (N KBAR) /TOTAL FROM RL I C 77 IS SUPERSEDED BY GOPAL 80 ~

0.02 &0.02) ALSTON 78 DPWA KBAR N ELASTIC 1/78
0.08 (0 ' 03) GOPAL 80 OPWA KBAR N ELASTIC 12/81

R3 LANSDA(1890& FRON N KBAR TO SI6NA PI SQRT(P1~P2&
R3 8 +0. 15 OR +0 ~ 14 HARTIN 77 DPWA KBAR N HULTICHNL 11/77
R3 -0.09 0 ' 03 RLIC 77 OPMA KBAR N HULTICHNL 1/76

R4 LANSDAC1890& FRON N KBAR TO LANBDA ONE6A SQRT & P 1*P3&
R4 A (0.032) NAKKASYA 75 OPMA 0 K-P TO LAM. OMG. 1/76

R5 I.ANBDAC1890& FRON N KSAR TO SI6NA(1385& PI P-MAVESQRT&P1*P4&
R5 LESS THAN 0 ' 03 CAMERON 78 DPWA 0 K-P TO S(1385)PI 1/78

R2 LANBOAC1830& FRON N KBAR TO SI6NA PI SQRT C P 1*P2&
R2 -0.15 (0 ~ 01) KANE 74 DPMA K-P TO PI SIG 12/81
R2 A -0.17 OR -0.17 MARTIN 77 DPWA KBAR N MULTICHNL 11/77
R2 -0 ' 17 (0.03) RLIC 77 DPWA KBAR N HULTICHNL 1/76

R6 LANBDAC1890& FRON N KSAR TO SI6NA(1385& PI F-MAVESQRTCP1~P5)
R6 0 -0.126 0.055 CAMERON 78 OPWA 0 K-P TO S(1385)PI 1/78
R6 D SIGN CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 12/79

R3 LANBOAC1830& FRON N KBAR TO LANBDA ETA SQRT (P 1*P4 &

R3 -0.044 0 ' 020 RADER 73 MPWA 9/73

R4
R4
R4
R4
R4

LANSDAC1830& FRON N KSAR TO SI6NAC1385& PI D-WAVESQRTCP1~P3&
+0 ~ 13 0.03 PREVOST 74 DPMA 0- K-N TO S(1385)PI 10/74

C +0 ~ 141 0.014 CAMERON 78 OPWA 0 K-P TO S(1385)PI 1/78
C CAHERON 78 UPPER LIMIT ON G-WAVE DECAY IS 0.03. THE SIGN HERE IS 12/79
C CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 12/79

ARMENTER 67 PL 248 198
BELL 67 PRL 19 936
ARHENTER 68 NP 88 195
CONFORTO 68 NP 88 265

IS SUPERSEDED BY CONFORTO
BRICHAN1 70 PL 338 511
GALT IER I 70 DUKE CONF 173

ARNENTEROS, F-LUZZI, +
R 8 BELL
ARMENTEROS, BAILLON, +
+HARMSEN, LASINSKI, +
71.
+FERRO-LUZZI, LAGNAUX
A BARBARO-GALT IERI

(CERN+HE ID+SACL) I JP
(LRL)IJP

(CERN+HE ID+SACL) I JP
(CHIC+HEIO) I JP

(CERN)
(LRL) I JP

CONFORTO
K IM

ALSO
KANE
LANGBEIN
RAOER

71 NP 834 41
71 PRL 27 356
70 DUKE 161
72 PR D5 1583
72 NP 847 477
73 NC 16A 178

+LEVI SETTI, LASINSKI . .OBERLACK++ (EFI+HEID) I JP
J K KIM (HARV) I JP
J K KIM (HARV) I JP
D F KANE (LBL)IJP
+MAGNER (HPIM) I JP
+BARLOUTAUD, + (SACL+HE IO+CERN+RHEL+COEF)

0044*0 *40**000*0004**004 0004*0400 44040*4** 4040*4040 44044040* 4**04000

REFERENCES FOR LANBDA(1830&

ARHENTER 67
ARHENTER068
BUGG 68
CONFORTO 68
GALT IER I 68
LEVI SETT 69

NP 83 592
NP 88 195
PR 168 1466
NP 88 265
PRL 21 573
LUND 339

ARMENTEROS, F-LUZZ I, +
ARMENTEROS, BAILLON, +
+GILMORE, KNIGHT, +
+HARMSEN, LAS INSK I, +
BAR BARO-GALT I E 8 I, MAT I SON,
R ~ LEVI SETTI (RAPPORTEUR)

(CERN+HE ID+SACL) I JP
(CERN+HE IO+SACL) I JP
&RHEL+BIRM+CAVE) I

(CHIC+HE IO) I JP
+ & LRL+SLAC )

(EFI)

BR I CHAN 70
BR ICMAN1 70
AL BROW 71
CONFORTO 71
KIN 71

ALSO 70
LANGBEIN 72

PL 318 152
PL 338 511
NP 829 413
NP 834 41
PRI. 27 356
DUKE 161
NP 847 477

+FERRO I.UZZI, PERREAU, + &CERN+CAEN+SACL)
+FERRO-LUZZI, LAGNAUX (CERN)
+ANDERSON, BOSNJAKOVIC, DAUM, ERNZ, + (CERN)
+LEVI SETTI, LASINSKI ..OBERLACK++ (EFIeHEID) I JP
J K KIH (HARV) I JP
J K KIM (HARV) I JP
+WAGNER (MPIM) I JP

LEA 73 NP 856 77
HEHINGMA 75 NP 891 12
NAKKASYA 75 NP 893 85

+HARTIN, MOORHOUSE+ &RHEL+LOUC+GLAS+AARH) I JP
HEMINGWAY, EADES, HARMSEN+ (CERN+HE ID+MPIM) I JP
A NAKKASYAN (CERN) I JP

R7 LANBDA(1890& FRON N KBAR TO N K*(892), P1 WAVE SQRTCP1~P6&
R7 E -0 F 07 0 ' 03 CAHERON2 78 OPWA K-P TO K*N
R7 E THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
R7 E CONVENTION. UPPER LIMITS ON THE P3 AND F3 'WAVES ARE EACH 0.03.
***0%4 440*0*004 *00*0*400 04***0040 44**0044* 4**04004* 4**44040* *4***044

REFERENCES FOR LANBDA(1890&

12/79
12/79
12/79

HART IN
ALSO
ALSO

RLIC
ALSTON

ALSO
CAMERON
GOPAL

77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 PR D18 182
77 PRL 38 1007
78 NP 8143 189
80 TORONTO CONF

KANE 74 LBL-2452
PREVOST 74 NP 869 246

0 F KAME
PREVOST, BARLOUTAUO, +

(LBL) I JP
(SACL+CERN+HE ID)

MART IN, P ID COCK, HOORHOUSE (LOUC+GLAS)IJP
MART IN, P IOCOCK (LOUC)
HART IN, P I D COCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, HCPHERSON+ (LOI C+RHEL) I JP
+KENNEY, POLLARD, ROSS+ (LBL+HTHO+CERN) IJP
ALSTON-GARNJOST, KENNEY, + (LBL+MTHO+CERN) IJP
+FRANEKgGOPALgBACONgBUTTERMORTH+(RHEL+LOIC) IJP

159 G P GOPAL (RHEL) I JP

BACCAR I
HARTIN

ALSO
ALSO

RLIC
AL STON

ALSO
CAHERON
CAHERON2
GOPAL

77 NC 41A 96
77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 PR 018 182
77 PRL 38 1007
78 NP 8143 189
78 NP 8146 327
80 TORONTO CONF

+POULARD, REVEL, TALL INI+ (SACL+CDEF ) I JP
HART IN e P I OCOCK e MOORHOUSE &LOUC+GLAS)IJP
MART IN, P IOCOCK (LOUC)
MARTIN, P IDCOCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, MCPHERSON+ (LOIC+RHEL)IJP
+KENNEY, POILARO, ROSS+ (LBL+MTHO+CERN) I JP
ALSTON-GARNJOST, KENNEY, + (LBL+MTHO+CERN)IJP
+FR ANEK, GOPAL, BACON, BUTTE RWORTH+ (RHEL+lOI C ) I JP
+FRANEK, GOPAL, KALMUS, MCPHERSON, +(RHEL+LOIC) I JP

159 G P GOPAL (RHEL) I JP

00440* 0**4r4444* 4044*0*04 04*4*4*04 ****40+4**4044+4*4 444***4**0404**40
0*4***04404*4*0 4**0004*4 00*40****4404**400 k*4*4k44k 4****04*****4*004

****400044*4**0 400000*0* *0%0***444004**4*0 44k**044* 4*000*004 044440**
004044 440*0**04 00**04440 4******044444*0004 *00**4044 4*440*4** 100*****

A(1890) Po~ Status: e see
A(2000) Status:

89 LANSDA(2000, ) I~O

60 LANBOA(1890, JP~3/2+) I~O P03

FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
1118). ALL THE REFERENCES HAVE BEEN RETAINED.

THE JP~3/2+ ASSIGNMENT IS CONSISTENT WITH ALL
AVAILABLE DATA (INCLUDING POLARIZATION) AND RECENT
PARTIAL MAVE ANALYSES. THE DOHINANT INELASTIC
MODES REMAIN UNKNOWNS

WE LIST HERE ALL THE AMBIGUOUS RESONANCE POSSIBLITIES
WITH A HASS AROUND 2 GEV ~ THE PROPOSED QUANTUM NUMBERS
ARE D3 (GALTI ERI 70 IN SIGMA PI ) p 03+F5 ' P3+05 t OR
P1+03 (BRANOSTETTER 72 IN LAMBDA OMEGA), AND S1

(CAMERON2 78 IN N K*). THE FIRST TWO OF THE ABOVE ANALYSES SHOUlD NOM

BE CONSIDERED OBSOLETE'

89 LANBDA(2000) MASS (NEV)

M

M A
M A
M

M 8
M 8
M 8
H
H

M

60 LANBDAC1890) NASS CNEV)

1894.0 10.0
(1900' 0)

FOUND IN ONE OF TMO
SEEN
1856. OR 1868.

THE TWO ENTRIES FOR
PARAMETERS FROM THE

1900.0 5.0
1908.0 10 ' 0
1897.0 (5.0)

HEMINGWA 75 DPWA 0 K- P TO KBAR N

NAKKASYA 75 OPWA 0 K-P TO LAM. OHG.
BEST SOLUTIONS.

BACCARI 77 IPMA 0 K-P TO LAH ~ OHG.
HARTIN 77 OPMA KBAR N MULTICHNL

MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
T-MATRIX POLE AND FROM A 8-W FIT, RESPECTIVELY.

RLIC 77 OPWA KBAR N HULTICHNL
ALSTON 78 DPWA KBAR N ELASTIC
GOPAI. 80 DPMA KBAR N ELASTIC

11/75
1/76
1/76
1/78

11/77

1/76
1/?e

12/81

M

M 1
H

M 1
M 1
H

M 1
M 1
M

(2010 ' 0) (30.0)
1935. TO 1971.
1951. TO 2034.

PARAHETERS QUOTED ARE RANGES
(HIGHER) MASS STATE PROBABLY

2030.0 30.0

GALT IERI 70 DPWA
BRANDSTE 72 DPWA
BRANDSTE 72 DPWA

FROM THREE BEST FITS
HAS J.LE.3/2(5/2).

CAMERON2 78 OPWA

0 K-P TO S I GMA P I
0 K-P TO LAM. OMG.
0 K-P TO LAM. OMG.

THE LOWER

K-P TO K*(892) N

7/70
1/74
1/74

11/75
11/75
12/79

0 K-P TO SIGMA PI 7/70
0 K-P TO LAM. OHG. 1/74
0 K-P TO LAH. OMG. 1/74

K-P TO K*(892) N 12/79

89 LAMBDA(2000) WIDTH (NEV&

( 130.0) (50 ' 0) GALT IER I 70 OPWA
180. TO 240. (LWR. MASS) BRANOSTE 72 DPWA
73. TO 154. (HGR. MASS) BRANDSTE 72 DPMA

125.0 25.0 CAMERON2 78 DPWA

60 LANSDA( 1890& MIDTN (NEV& 89 LANBDA(2000& PARTIAL DECAY NODES

W

W A

M 8
M

M

W

107.0
(100.0)
191~ OR
72.0

119~ 0
74.0

10.0
193.

10 ~ 0
20 ~ 0

(10~ 0)

HEMI NGMA

NAKKASYA
HART IN
RLIC
AL STON
GOPAL

75 DP WA

75 DPMA
77 DPMA
77 DPMA
78 DPMA
80 DPWA

0 K- P TO K BAR N

0 K-P TO LAM. OHG.
KBAR N HULT I CHNL
KBAR N MULT ICHNL
KBAR N ELASTIC
KBAR N ELASTIC

11/75
1/76

11/77
1/76
1/78

12/8'I

P1
P2
P3
P4
P5

LAMBDA(2000) INTO N KBAR
LAMBDA(2000) INTO SIGMA PI
LAMBDA(2000) INTO LAMBDA OMEGA
LAMBDA(2000) INTO N K*(892), S1 WAVE
LAMBDA(2000) INTO N K*(892), D3 WAVE

DECAY MASSES
938+ 494

1189+ 140
1116+ 783
940+ 892
940+ 892

P1
P2
P3
P4
P5
P6

LAMBDA( 1890)
LAMBDA(1890)
LAMBDA( 1890)
LAMBDA& 1890)
LAMBDA(1890)
LAMBDA( 1890)

60 LANBDAC 1890) PARTIAL DECAY NODES

INTO N KBAR
INTO S I GHA P I
INTO LAMBDA OMEGA
INTO SIGMA(1385) PI, P-WAVE
INTO SIGMA(1385) PI, F-WAVE
INTO N K*(892), P1 WAVE

DECAY MASSES
938+ 494

1189+ 140
1116+ 783
1385+ 140
1385+ 140
940+ 892

89 LANSDA(2000& BRANCHING RATIOS

R1
R1

LANSOAC2000& FRON N KBAR TO SI6NA PI SQRTCP1*P2)
&-0.20) (0.04) GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70

R2 LANSDA(2000) FRON N KSAR TO LAMBDA ONE6A SQRT(P1*P3)
R2 1 0.17 TO 0.25 (LWR. ) BRANDSTE 72 DPWA 0 K-P TO LAM. OMG. 1/74
R2 1 0.04 TO 0. 15 (HGR. ) BRANDSTE 72 OPWA 0 K-P TO LAM. OMG. 1/74

60 LANBDAC 1890) BRANCHIN6 RATIOS

R1
R1
R1
R1
R1
R1
R1

R2 LANBDAC1890& INTO CSI6NA PI&/TOTAL CP2&
R2 (0.03) OR LESS LANG BE IN 72 IPWA MULTICHANNEL 12/72

LANSDAC1890& INTO CN KBAR)/TOTAL CP1&
0.24 0 ' 04 HEMI NGWA 75 DPMA 0 K- P TO KBAR N 11/75

8 0.36 OR 0.34 HARTIN 77 OPWA KBAR N HULTICHNL 11/77
C &0.18) (0.02) RLIC 77 OPMA KBAR N MULTICHNL 1/76
C (N KBAR) /TOTAL FROH RL I C 77 IS SUPERSEDED BY GOPAL 80.

0.34 0.05 ALSTON 78 DPWA KBAR N ELASTIC 1/?8
0.20 &0.02) GOPAL 80 DPWA KBAR N ELASTIC 12/e1

R3
R3 2
R3 2
R3 2
R4
R4

LANBDAC2000& FRON N KSAR TO N K~(892&, S1 WAVE SQRTCP1*P4&
-0. 12 G. 03 CAMERON2 78 DPMA K-P TO K*N

THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
CONVENTION.

LANBDA(2000) FROM N KBAR TO N K~(892) ~ 03 WAVE SQRT(P1*PS)
+0 ~ 09 0.03 CAHERON2 78 DPWA K-P TO K*N

GALT IERI 70 DUKE CONF 173
BRANDSTE 72 NP 839 13
CAHERON2 78 NP 8146 327

A BARBARO-GALT I ER I (LRL)IJP
BRANDSTETTER, BUTTERMORTH, + (RHEL+CDEF+SACL)
+FRANEK, GOPAL, KAlMUS, MCPHERSON, +(RHEL+LOIC) I JP

40*440 *4%04*44* 44*0**44**44**0004 4****40**$0*4**4%4 *44*4**4k *44*444*

REFERENCES FOR LANBDAC2000)

12/79
12/79
12/79

12/79
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Baryon s
P(2000), A(2020), A(2100)

D~ta. Card Listings

NAKKASYA 75 NP 893 85

PAPERS NOT REFERRED TO IN DATA CARDS

A NAKKASYAN (CERN) I JP

A(2020) F„ Status: e

27 LANBDA(2020, JP~7/2+) I~o F07

««««a« a«*a«a**a «*a«***a« *a«a*««aa a«**«**a*«««**a**a **aa«*«*a *«««*««a
«*a««a ««««*a*a« *««***«a« «««*«««*a «*a««*«** **«a««aa« a*««*«*a* a*a«*a*a

P1
P2
P3
P4
P5
P6
P7

LAMBDA (2100)
LANBDA(2100)
LAMBDA (2100)
LANBDA (2100)
LAMBDA(2100)
LAMBDA (2100)
LAMBDA (2100)

41 LANSDA(2100) PARTIAL DECAY NODES

INTO N KBAR
INTO SIGMA PI
INTO XI K
INTO LAMBDA OMEGA
INTO LAMBDA ETA
INTO N K*&892), D3 WAVE
INTO N K*(892), G1 WAVE

DECAY MASSES
938+ 494

1189+ 140
1321+ 498
1116+ 783
1116+ 549
940+ 892
940+ 892

EFFECTS IM THIS PARTIAL WAVE HAVE BEEN OBSERVED AT
DIFFERENT ENERGIES IN TWO CHANNELS' IN LITCHFIELD 71,
NEED FOR THE STATE RESTS SOLEI Y ON POSSIBLY
INCONSISTENT POLARIZATION MEASUREMENT AT 1.784 GEV/C.
HEMINGWAY 75 ANALYSIS OF N KBAR DOES NOT REQUIRE THIS

STATE. RLIC 77 DO NOT NEED IT IN EITHER N KBAR OR SIGMA PI. WITH NEW
K- NEUTRON ANGULAR DISTRIBUTIONS INCLUDED, DECLAIS 77 SEE THIS STATE ~

HOWEVER, THIS AND OTHER NEW DATA ARE INCLUDED IN GOPAL 80 AND THIS
STATE IS NOT REQUIRED. BACARI 77 WEAKLY SUPPORTS THIS STATE.

R1
R1
R1
R1 C
R1 C

R1
R1

41 LANSOA(2100) SRAHCHIN6 RATIOS

LANSOA(2100) INTO (I KBAR)/TOTAL (P1)
0.31 (0.03) HEMIMGWA 75 DPWA 0 K- P TO KBAR N

&0 ~ 29& OECLAIS 77 DPWA KBAR M TO KBAR N

(0 ~ 30) (0 ~ 03) RLIC 77 DPWA KBAR N MULTICHNL
(N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0.24 (0.06) BELLEFON 78 DPWA 0 KBAR N TO KBAR N

0.34 (0 ' 03) GOPAL 80 DPWA KBAR N ELASTIC

11/75
1/78
1/76

1/78
12/81

27 LANBDA(2020) NASS (NEV)

RZ
R2
R2

LANSDA(2100& FRON II KSAR TO SI6NA PI
+0. 11 (0.01) KANE
+0. 12 (0.04) RLIC

SQRT(P 1*P2)
74 DPWA K-P TO PI SIG 12/81
77 DPWA KBAR N MULTICHNL 1/76

(2020.0) &20. 0)
(2100.0) (30.0)
(2140.0)
(2117.0)

GALT IERI 70 DPWA
LITCHF IE 71 DPWA
BACCAR I 77 DPWA
DECLAIS 77 DPWA

0 K-P TO SIGMA PI 7/70
K-P TO KBAR N 10/71

0 K-P TO LAN. ONG. 1/78
KBAR N TO KBAR N 1/78

R3
R3
R3
R3

LANBDA(2100) FRON H KSAR TO XI K SQRT(P1«P3)
(0.05) TRIPP 67 RVUE 0 K P TO XI K

(0.003) MULLER 69 DPWA 0
0.035 0.018 LITCHF IE 71 DPWA K-P TO XI K

8/67
7/70
3/72

27 LANSDA(2020) WIDTH (NEV)

(160.0) (30.0)
(120.0) (30.0)
(128.0)
(167.0&

27 LANBDA(2020) PARTIAL DECAY NODES

GALTIERI 70 DPWA 0 K-P TO SIGNA PI 7/70
LITCHFIE 71 DPWA K-P TO KBAR N 10/71
BACCARI 77 DPWA 0 K-P TO LAM. ONG. 1/78
DECLAIS 77 DPWA KBAR N TO KBAR N 1/78

R4
R4 A

R4 D

R4 D

R4 D

R4 D

R5
R5

Rb
R6

LAMBDA(2100) FRON N KBAR
0 ~ 122 OR 0. 154(-0.070)

(+0.011)
(+0.008)

NOTE THAT THE 3 ENTR IES

TO LANSOA ONE6A
NAKKASYA 75 DPWA
BACCAR I 77 DPWA
BAC CAR I 77 DP'WA

BACCARI 77 DPWA
FOR BACCARI77 ARE FOR 3

SQRT(P1«P4)
0 K-P TO LAN. OMG.
0 GD37-WAVE
0 GG17-WAVE
0 GG37-WAVE

DIFFERENT WAVES.

LAMBDA(2100) FRON N KSAR TO LANBOA ETA SQRT(P1«P5)
-0 ~ 050 0 ~ 020 RADER 73 NPWA

LANSDA(2100) FRON H KSAR TO H K«(892&, D3 WAVE SQRT(P1«P6)
+0.21 0.04 CANERON2 78 DPWA K-P TO K*N

11/75
1/78
1/78
1/78
1/78

9/73

12/79

P1
P2
P3

LAMBDA(2020) INTO N KBAR
LAMBDA(2020) INTO SIGMA PI
LAMBDA(2020) INTO LAMBDA OMEGA

DECAY MASSES
938+ 494

1189+ 140
1116+ 783

R7 LAMBDA(2100) FRON N KSAR TG N K«(892), 61 WAVE SQRT(P1*P7)
R7 E -O. 04 O. O3 CANERON2 78 OPWA K-P TO K*N
R7 E THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
R7 E CONVENTION. THE UPPER LIMIT ON THE G3 WAVE IS 0.03.

12/79
12/79
12/79

27 LANSOA(2020) BRANCHIN6 RATIOS
*«**«« *a««««««a «**««*a«* *««*««*a* **««**«********a**«*a««**«« a«*a****

REFERENCES FOR LANBOA(2100)

BACCAR I 77 NC 41A 96
OECLAI S 77 CERN 77-16

+POULARD, REVEL, TALLINI+ (SACL+CDEF) IJP
+DUCHON, LOUVEL, PATRY, SEGUINOT+ (CAEN+CERN)IJP

PAPERS NOT REFERRED TO IN DATA CARDS

HEMI NGWA 75 NP 891 12 HEMINGWAY, EADES, HARMSEN+ &CERN+HE ID+NP IN) I JP

««*««a «««a*«*aa ««**a«a*a «««a«*«*a a*a«a*««* *a**«aa«« aa«***««* «*aa«a**
«*««** ««*«**a«* a*«a««««a «a**««*aa **««*««**«*«****a«**a««*a*« *«««««a*

R1 LANBOA(2020) INTO (H KBAR)/TOTAL (P1)
R1 (0.05) (0 ~ 02) LITCHF IE 71 DPWA K-P TO KBAR N 10/71
R1 &0.05& DECLAIS 77 OPWA KBAR N TO KBAR N 1/78

R2 LAMBDA(2020) FRON N KBAR TO SI6NA PI SQRT(Pl*PZ)
R2 &-0. 15) (0.02& GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70

R3 LANSOA(2020) FRON H KSAR TO LANBDA ONEGA SQRT(P1«P3)
R3 LESS THAN 0.05 BACCAR I 77 DPWA 0 K-P TO LAN. ONG. 1/78
*««a«« aaa««««*« «**«*«a**a**«««a«« aa*«aa«*« **«**a«a* «*«««*«** ««**a«*a

REFERENCES FOR LAMBDA(2020)

GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI (LRL) I JP
L I TCHF I E 71 NP 830 125 L ITCHF IELD, .. .+LESQUOY, + . . &RHEL+CDEF+SACL) I JP

WOHL
TR IPP
BURGUN
DAUN
MULLER

BERTHON1
GALTIERI
LITCHF IE
BRANDSTE
KAME
RADER
KANE

HEMI NGWA 75 NP 891 12
NAKKASYA 75 NP 893 85

BACCARI
DECLAIS
RLIC
BELLEFON
CAMERON2
GOPAL

77 NC 41A 96
77 CERN 77-16
77 NP 8119 362
78 NC 42A 403
78 NP 8146 327
80 TORONTO CONF 159

66 PRL 17 107
67 NP 83 10
68 NP 88 447
68 NP 87 19
69 THESIS, UCRL 19372

70 NP 824 417
70 DUKE CONF 173
71 NP 830 125
72 NP 839 13
72 PR D5 1583
73 NC 16A 178
74 LBL-2452

C G WOHL, F T SOLNITZ, N L STEVENSON (LRL)I JP
+ LEITH, + (LRL+SLAC+ CERN+HEID+SACL)
+NEYER, PAUL I, + (SACL+CDEF+RHEL)
+ERNE, LAGNAUX, SENS, STEUER, UDO (CERN)JP
R A MULLER (LRL)

+VRANA, BUTTERWORTH, +
A BARBARO-GALTIERI
LITCHFIELD, . . .+LESQUOY, +
BRANDSTETTER+. ~ ~ +TALLIMI
D F KANE
+BARLOUTAUD, + (SACL+H
D F KAME

(CDEF+RHEL+SACL)IJP
(LRL) I JP

(RHEL+CDEF+SACL) IJP
(RHEL+CDEF+SACL)IJP

(LBL) I JP
EID+CERN+RHEL+CDEF)

(LBL) I JP

HEMINGWAY, EADES, HARMSEN+ (CERN+HE ID+MP IM) I JP
A NAKKASYAN (CERN) I JP

+POULARD, REVEL, TALL INI+ (SACL+CDEF)IJP
+DUCHON, LOUVEL, PATRY, SEGUINOT+ (CAEN+CERN)IJP
GOPAL, ROSS, VAN HORN, NCPHERSON+ (LOIC+RHEL)IJP
+BERTHON, BILLOIR, BRUNET+ &CDEF+SACL) IJP
+FRANEK, GOPAL, KALMUSfMCPHERSON, +&RHEL+LOIC)IJP
G P GOPAL (RHEL) I JP

A(2100) G07 Status:
41 LAMBDA (2100, JP~7/2- ) I ~o 607

FOR MOST RESULTS PUBLISHED BEFORE 1973 &THEY ARE
NOW OBSOLETE), SEE OUR 1982 ED IT ION (PHYSICS LETTERS
1118). ALL THE REFERENCES HAVE BEEN RETAINED.

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2100 NEV ARE
GIVEN IN A SEPARATE ENTRY BELOW.

***«*******«********************«**«***«*«*************************«*******
********«******************************«**«****************************«***
2100 MEV REGION — PRODUCTION AND e~AL EXP'YS

25 LAMBDA(2100, JP= ) I=o PRODUCTION EXPERIMENTS

SEE THE NOTE TO THE G07 LAMBDA(2100), IN FRONT OF THIS
ENTRY. HERE WE LIST ONLY PARAMETERS OF PEAKS IN CROSS
SECTIONS AND INVARIAMT-MASS DISTRIBUTIONS. THE CROSS-

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE LAMBDA(2100),
BUT NAY CONTAIN A SMALL CONTRIBUTIOM FROM THE SUGGESTED BUT NOT ESTAB-
LISHED OTHER RESONANCES IN THIS REGION.

N

N

M A

M A
M A
N

M

M

M

M

2115.0
2105.0
2110. OR 2

QUOTEO PARANE
EACH HAS THE

&2094. 0)
(2094 ' 0)
2110 ~ 0
2106 ~ 0
2104.0

(10.0) KANE
(10.0) HEMINGWAY
089. NAKKASYA
TERS CORRESPOND TO THE TWO
LAMBDA(2100) AND ONE AD 0 I T

BACCARI
DECLAI S
RLIC
BELLEFON
GOPAL

(10.0&
(30.0)
(10.0)

41 LAMBDA(2100) MASS (NEV)

74 DPWA K-P TO PI SIG
75 DPWA 0 K- P TO KBAR N

75 DPWA 0 K-P TO LAM. OMG.
BEST SOLUTIOMS FOUND.

IONAL RESONANCE (P3 OR F5) ~

77 DPWA 0 K-P TO LAN. OMG.
77 DPWA KBAR M TO KBAR N

77 DP'WA KBAR N NULT I C HNL
78 DPWA 0 KBAR N TO KBAR N

80 DP'WA KBAR N ELASTIC

12/81
11/75
11/75
11/75
11/75

1/78
1/78
1/76
1/78

12/81

(2097.0)
2100.0
2121.0
2107.0

(2135 ~ 0&

25 LAMBDA(2100) MASS (NEV) (PROD. EXP. &

&6.o&
&7.0&
(5.0&

&10.0)
&20.0)

BOCK
BUGG
BR I CHAM
COOL
LU

65 HBC PBAR P 5.7 GEV/C
68 CNTR K-P, D TOTAL
70 CNTR 0 TOTAL AND CH EX
70 CMTR K-P, D TOTAL
70 CNTR 0 GAMMA P TO K+ Y*

25 LANBDA(2100) WIDTH (NEV) (PROD. EXP. )

7/66
6/68
6/7G

10/70
1/71

W

W

W A

W

W

W

152.0
241.0
244 ' OR
(98.0)

&250.0)
250.0
157.0

41 LANSDA(2100) ifIOTH (NEV)

(15.0)
&30.0&
302.

KANE
HEMINGWAY
NAKKASYA
BACCAR I
DECLAI S
RLIC
BELLEFON

(30.0&
(40.0)

74 DPWA
75 DPWA
75 DPWA
77 DPWA
77 OPWA
77 DPWA
78 DPWA

K-P TO PI SI 6
0 K- P TO KBAR N

0 K-P TO LAN. OMG.
0 K-P TO LAM. OMG.

KBAR M TO KBAR N

KBAR M NULTICHNL
0 KBAR N TO KBAR N

12/81
11/75
11/75

1/78
1/78
1/76
1/78 P1

P2
P3
P4

(24 ' 0)
140.0
147.0
185.0
(40 ' 0)

(14.0) (24.0)
&15.0)
&15.0&

BOCK
BUGG
BR ICMAN
COOL
LU

65 HBC
68 CNTR
70 CMTR
70 CNTR
70 CMTR

INTO KBAR N (P I)
0 TOTAL ANO CH EX

K-P, D TOTAL
0 GAMMA P TO K+ Y*

LAMBDA(2100) INTO N KBAR
LAMBDA(2100) INTO N KBAR PI
LAMBDA(2100) INTO LAMBDA ETA
LAMBDA &2100) INTO LAMBDA OMEGA

DECAY MASSES
938+ 494
938+ 498+ 140

1116+ 549
1116+ 783

25 LANSOA(2100) PARTIAL DECAY NODES (PROD.

EXP'�

)

7/66
6/68
6/70

10/7G
1/71
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For notation, see key at front of Listings. Baryons
A(210 Q), A(2110), A(2325), A(2350)

R1
R1
R1
R1
R1

25 LANSDA(2100& BRANCHIN6 RATIOS CPROO. EXP. &

LANBOA(2100& INTO CN KSAR&/TOTAl CP1&
THESE VALUES OF ELASTICITIES ASSUME J~?/2

0.305 BUGG 68 CNTR
0.24 (0.02) BRICMAN 70 CNTR 0 TOTAL AND CH EX0.4 COOL 70 CNTR K P, D TOTAL

R2
R2

LANSOA(2106& INT(& CN KBAR PI)/TOTAl
SEEN BOCK 65 HBC

CP2&

R3 LANBOAC2100) FRON N KSAR TO LANSDA ETA SORT C P1~P3 &
R3 (0.09) OR LESS FLATTE 2 67 HBC 0 K-P TO LAM ETA

R4 LANSOA(2100& INTO (LANBDA ONE6A) /TOTAL (P4)
R4 (0.1 & OR LESS FLATTE 1 67 HBC 0 K-P TO LAM OMEGA

404r004 *4004044* 04*40044* *4**0+*4k 404**4040 *0*0*%444 *00*0*440 *4*00044

6/68
6/70

10/70

6/68

8/67

NAKKASYA 75 NP 893 85
BACCAR I 77 NC 41A 96
BELLEFON 77 NC 37A 175
RLIC 77 NP 8119 362

A NAKKASYAN &CERN) I JP
+POULARD, REVEL, TAl. LINI+ (SACL+CDEF)IJP
DE BELLEFON, BERTHON, 8 ILLGIR+ (CDEF+SACL) I JP
GOPAL, ROSS, VAN HORN, MCPHERSON+ (LOIC+RHEL)IJP

&A(2325) D03 Status:
112 LAMBDA(2325, JP 3/2-) I 0 D''03

BELLEFON 78 NC 42A 403 +BERTHON, 8 I LLOI R, BRUNET+ (CDEF+SACL)IJP
CAMERON 78 NP 8143 189 + FRANEK, GOPAL, BACON, BUTTERWOR TH+ (RHEL+LOI C ) I JP
CAMERON2 78 NP 8146 327 +FRANEK, GOPAL, KALMUS, MCPHER SON, +(RHEL+LOIC) I JP
GOPAL 80 TORONTO CONF 159 G P GOPAL (RHE L) I JP
00040* 040*00004 40**00444 444*****4**0*00*4**0404%0*k 4****4400*****0%0
*00%04 04**0**00*004*4404 *4**4*440 400*40**0 **4%4*+4k 4444**400 44+444*4

BOCK 65 PL 17 166
COOL 66 PRL 16 1228

SUPERSEDED BY COOL 70.
FLATTE 1 67 PR 155 1517
FLATTE 2 67 PR 163 1441
BUGG 68 PR 168 1466

BR I CHAN 70 PL 318 152
COOL 70 PR D1 1887
LU 70 PR D2 1846

S M FLATTE
S M FLATTE, C G WOHL
+6 ILMORE, KNIGHT, +

(LRL)
(LRL)

(RHEL+BIRM+CAVE)

+FERRO LUZZI, PERREAU, + (CERN+CAEN+SACL)
+GIACOMELLI g KYCIA~ LEONTIC LI t + (BNL) I
+GREENBERG, HUGHES, MI NEHART, MORI, + (YALE)

REFERENCES FOR LAMBDA(2100& (PROD. EXP

+COOPER, FRENCH, KINSONg + (CERN+SACL)
+GIACOHElLI, KYCIA, LEONTIC, LI, LUNDBY, + (BNL) I

BACCARI 77 FIND THIS STATE MITH JP EITHER 3/2- OR
3/2+ IN A DPMA OF K- P TO LAMBDA OMEGA FROM 2070 TO
2436 MEV. A SUBSEQUENT SEMI-ENERGY-INDEPENDENT PMA
FROM THRESHOLD TG 2436 MEV SELECTS 3/2-.
BELLEFON 78 (SAME GROUP) ALSO SEE THIS STATE IN A
DPMA OF K- P ELASTIC AND CHARGE-EXCHAHGE DATA
IN THE SAME ENERGY RANGE, AND FIND JP~3/2- OR 3/2+.
THEY AGAIN PREFER JP 3/2 t BUT ONLY ON THE BASIS
OF MODEL DEPENDENT CONSIDERATIONS.

112 LANSDAC2325) NASS (NEV&
004000 4400**440 0444404*4 00400****400*4000* *4*44***004*44004* 04*040*4
040*04 04r4044444 *0001%4****044%04* *4*k44%44 %****%Ok% *0**44*%re *4*4***0

A(2110) F05 Status:
2327.0
2342.0

20.0
30.0

BACCARI 77 DPWA
BELLEFON 78 DPWA

0 K-P TO LAM. 0M' 1/78
0 KBAR N TG KBAR N 1/78

112 LANBOAC2325) itIOTII CNEV&
35 LANSOA(2110, JP~5/2+& 1~0 F''05
FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
1118). ALL THE REFEREHCES HAVE BEEN RETAINED.

160 ~ 0
177.0

40.0
40.0

BACCARI 77 IPMA
BELLEFON 78 DPMA

0 K-P TO LAM. OMG. 1/78
0 KBAR N TO KBAR N 1/78

THIS RESONANCE IS IN THE BARYON TABLE, BUT THE
EVIDENCE FOR IT COULD BE IMPROVED.

35 LAMBDA(2110& NASS CNEV)

112 LAMBDA(2325) PARTIAL DECAY NODES

DECAY MASSES
P1 LAMBDA(2325) INTO N KBAR 938+ 494
P2 LAMBDA(2525) INTO LAMBDA OMEGA 1116+ 783

M

H A
H A

M

H

H

H

M

M

W

M A

W

W

W

M

W

M

2112.0
(2103 ~ 0)

FOUND IN ONE
(2137.0)
2140 ~ 0
2100 ~ 0
2106 ~ 0
2125.0
2092.0

190.0
(391.0)
(132.0)
140.0
200 ' 0
251.0
160 ~ 0
245. 0

7.0

OF TMO

(20.0)
(50.0)
(50.0)
(25 ' 0&
&25. 0&

KANE
NAKKASYA

BEST SOLUT ION S.
BACCAR I
BELLEFON
RLIC
BELLEFON
CAHERON2
GOPAL

74 DPMA
75 DPWA

77 DPWA
77 DPWA
77 DPMA
78 DPWA
78 DPMA
80 DPMA

35 LAMBDA(2110& WIDTH (NEV)

(30.0)

&20. 0)
&50 ' 0&
(50.0)
(30.0&
(25.0)

KANE
NAKKASYA
BACCAR I
BELLEFGN
RLIC
BELLEFON
CAMERGN2
GOPAL

74 DPMA
75 DPWA
77 DPMA
77 DPMA
77 DPMA
78 DPMA
78 DPMA
80 DPWA

35 LANBDAC2110) PARTIAL DECAY NODES

K-P TO PI SIG
0 K-P TO LAM. OMG ~

0 K-P TO LAM. OMG.
0 K- P TO SIG PI

KBAR N MULTICHNL
.0 KBAR N TO KBAR H

K-P TG K*(892) N

KBAR N ELASTIC

K-P TO PI SIG
0 K-P TO LAM ~ OMG.
0 K-P TO LAM ~ 0M'
0 K- P TO SIG PI

KBAR N MULTICHNl.
0 KBAR N TO KBAR N

K-P TO K*(892) N

KBAR N ELASTIC

12/81
1/76
1/76
1/78

11/77
1/76
1/78

12/79
12/81

12/81
1/76
1/78

11/77
1/76
1/?8

12/79
12/81

R1
R1
R1
R1
R1

112 LAMBDA(2325& SRANCHIN6 RATIOS

LAMBDA(2325) FROM N KBAR TO LANBDA ONEGA SQRT(P1~P2)
3 0 ' 06 0.02 BACCARI 77 IPMA 0 DS33-MAVE
3 0 ' 05 0.02 BACCAR I 7? DPWA 0 DD13-WAVE
3 0 F 08 0.03 BACCARI 77 DPWA 0 DD33-WAVE
3 NOTE THAT THE 3 ENTRIES FOR BACCARI77 ARE FOR 3 DIFFERENT WAVES.

1/78
1/78
1/78
1/78

BACCAR I 77 NC 41A 96
BELLEFON 78 NC 42A 403

+POULARD, REVEL, TALLINI+
+BERTHON, 8 ILLOIR, BRUNET+

(SACL+CDEF)IJP
(CDEF+SACL)IJP

*000*4 *004*444* 4*0404444 *****0*444440404*4r 0*****0***40**4*444**40*4*
404*4* 444*0*444 440*440*4 0**00040* 04**4***040*k*0k44 4404*44*4 44*4***0

A(2350) BUMPS Status:
42 LANBDA(2350, JP~ ) 1~0 PRODUCTION EXPERINENTS

R2 LANBOAC2325& INTO CN KBAR)/TOTAL (P1)
R2 0. 19 0.06 BELLEFON 78 DPWA 0 KBAR N TO KBAR N 1/78
04***4 404**0*******44*4**0*404**44*0**0*0**4*0**44*4*4****444&**4*4**

REFERENCES FOR LANBOA(2325)

P1
P2
P3
P4
P5

LAHBDA(2110) INTO N KBAR
LAMBDA(2110) INTO SIGMA PI
LAHBDA(2110) INTO LAHBDA OMEGA
LAHBDA(2110) INTO SIGMA(1385) P I, P-WAVE
LAMBDA(2110) INTO N K*&892), F1 MAVE

DECAY MASSES
938+ 494

1189+ 140
1116+ 783
1385+ 140
940+ 892

DAUM 68 FAVORS JP=7/2- OR 9/2+. BRI CHAN ?0 FAVORS 9/2+ ~

LASINSKI 71 SUGGESTS THREE STATES IN THIS REGiON
USING A PGHERON + RESONANCES MODEL. THERF ARE NOM ALSO

THREE FORMATION EXPERIMENTS FROM THE COLLEGE DE FRANCE-SACLAY GROUP
WHICH ME INCLUDE HERE, BELEFON 77, BACCARI 77, AND BELLEFON 78, WHICH
FINO 9/2+ IN DPMAS OF KBAR N TO SIGHA PI, LAMBDA OMEGA, AND KBAR N.

R1
R1
R1
R1

R2
R2 8
R2 8
R2 C
R2 C
R2

35 lANBOA(2110& BRANCHIN6 RATIOS

LANBDA(21'10& FRON N KBAR TO SIGNA PI SQRT CP 1*P2&
+0.20 (0.03) KANE 74 DPMA K-P TO PI SIG 12/81
+0. 14 (0.01) BELLEFON 77 DPWA 0 K- P TO SIG PI 1/76

&+0. 10) &0.03) RL IC 77 DPMA KBAR N MULTICHNl 1/76

LANSOA (21 1D& INTO C N KBAR ) /TOTAl (P1&(0.07) (0.03) RLIC 77 DPMA KSAR N MULTICHNL 1/76
(N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0.27 (0.06& BELLEFON 78 DPWA 0 KBAR N TO KBAR N 1/78
THE PUBLISHED ERROR OF 0.6 MAS A MISPRINT. 12/790.07 (0.03) GOPAI. 80 DPWA KBAR N ELASTIC 12/81

2340 ' 0
2358.0
2344 ' 0

(2360.0)
(2372.0)
2365 ' 0
2370.0

42 LANBDAC2350) MASS CNEV& (PROD. EXP. )

(7.0&
(6.0&

(15.0&
{20.0)

20.0
50.0

BUGG
BR ICMAN
COOL
LU
BACCARI
BELLEFON
BELLEFON

68 CNTR K-P, D TOTAL
70 CNTR 0 TOTAL AND CH EX
70 CNTR K-P, D TOTAL
?0 CNTR 0 GAHMA P TO K+ Y*
77 DP'MA 0 K-P TO LAM. OMG.
77 DPMA 0 K- P TO SIG PI
78 DPWA 0 KBAR N TO KBAR N

42 LANBDA(2350) WIDTH (NEV& (PROD. EXP. )

6/68
6/70

10/70
1/71
1/78

11/77
1/78

R3 LANSOA(2110& FRON N KSAR TO LAMBDA ONE6A SQRT(P1~P3)
R3 A (0 ~ 1'12) NAKKASYA 75 DPWA 0 K-P TO LAM ~ OHG ~ 1/76
R3 LESS THAN 0 ' 05 BACCARI 77 DPWA 0 K-P TG LAM ~ OMG. 1/78

R4 LANSOA(2110& FRON N KSAR TO SI6NAC1385& PI P-WAVESQRTCP1~P4)
R4 D +0.071 0.025 CAHERON 78 DPWA 0 K-P TO S(1385)PI 1/78
R4 D CAMERON 78 UPPER LIMIT ON F-MAVE DECAY IS 0.03. THE SIGN HERE IS 12/79
R4 D CHANGED TO BE IN ACCORD MITH THE BARYON-FIRST CONVENTION. 12/79

140 ~ 0
324. 0

&190.0)
(55.0&

(257.0&
110.0
204. 0

&20. 0&
(30.0)

20 ~ 0
50.0

BUGG
BR ICMAN
COOL
LU
BACCAR I
BELLEFGN
BELLEFGN

68 CNTR K-P, D TOTAL
70 CNTR 0 TGTAL AND CH FX
70 CNTR K-P, D TOTAL
70 CNTR 0 GAMMA P TO K+ Y*
77 DPMA 0 K-P TG LAM. OMG.
77 DPMA 0 K- P TO SIG PI
78 DPMA 0 KBAR N TO KBAR N

6/68
6/70

10/70
1/71
1/78

11/77
1/78

R5 LANBOA(2110& FRON N KBAR TO N K~(892&, F1 WAVE SQRTCP1~P5&
R5 E -0.17 0.04 CAMERON2 78 DPMA K-P TO K*N
R5 E THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
R5 E CONVENTION. UPPER LIMITS ON THE P3 AND F3 WAVES ARE EACH 0.03.

4**044440 4****44*0040k*0004 0**40*4*044*04*0*4 40*400444 044*4%44

REFERENCES FOR LAMBDA(2110)

12/79
12/79
12/79 P1

P2
P3

LAMBDA(2350) INTO N KBAR
LAMBDA(2350) INTO SIGMA PI
LAMBDA(2350) INTO LAMBDA OMEGA

DECAY MASSES
938+ 494

1189+ 140
1116+ 783

42 LANBDAC2350& PARTIAl DECAY NODES CPROD. EXP. )

SERTHON1 70 NP 824 417
L I TCHF I E 71 NP 830 125
KANE 72 PR D5 1583
KANE 74 LBL-2452

+VRANA, BUTTERWGRTH, + (CDEF+RHEL+SACL) IJP
LITCHFIELD, ...+LESQUOY, +. . (RHEL+CDEF+SACL) IJP
D F KANE (LBL) I JP
D F KANE (LBL) I JP

R1
R1

LANBOAC2350& INTO CN KSAR&/TOTAL
0 ~ 12 0.04 BELLEFON

(P1)
78 DPWA 0 KBAR N TG KBAR N 1/78

42 LANBDA(2350) BRANCHING RATIOS (PROD. EXP. )
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Baryons
A(2350), A(2585), Z', Z, Z, Z(1385)

Data Card Listings

12
R2

LAMBDA&2350& FRON N KSAR TO SI6NA PI SORT(P1»P2&-0. 11 0 ~ 02 BELLEFON 77 DPWA 0 K- P TO SIG PI 11/77

LANBDA&2350& FRON N KSAR TO LANSDA ONE6A SQRT&P1*P3&
LESS THAN 0 ' 05 BACCARI 77 DPWA 0 K-P TO LAM. OHG. 1/78

Z(1385) P,~ Status:
43 SI6NA& $385, JP~3/2+& I~1 P'13

R4
R4
R4
R4
R4

LAMBDA(2350& INTO (N KBAR&/TOTAL (J+1/2)*(P1 &
J IS NOT DETERMINED IN THESE EXPTS. THE FOLLOWING IS (J+1/2)*P1

&0.57) BUGG 68 CNTR K-P, D TOTAL
1 ~ 1 0.25 BRICMAN ?0 CNTR 0 TOTAL AND CH EX

(1 ~ 0) COOL 70 CNTR K-P, D TOTAL

3/78
3/78
3/78

SERIOUS INCOMPATIBILITIES EXIST BETWEEN DIFFERENT
HEASUREMENTS OF THE SIGMA(1385) MASS AND WIDTH. THESE
INCOMPATIBILITIES ARE AT LEAST PARTIALLY ACCOUNTED FOR
BY SOHE EXPERIMENTS QUOTING UNREALISTICALLY SMALL

ERRORS ~ WE CONSISTENTLY INCREASE UNREALISTIC ERRORS BEFORE AVERAGING
(SEE THE TYPED NOTE ON K*(892)) .

tat*** ****a*»a*»*tat»*aa *a*a«a«at at»at»at» a»*at»a«a *»»*at*a« *a*at«at

REFERENCES FOR LANSDA&2350& (PROD. EXP. &

BUGG
DAUH
BR I CHAN
COOL
LU

68 PR 168 1466
68 NP 87 19
70 PL 318 152
70 PR D1 1887
70 PR 02 1846

+G I LMORE, KNIGHT, + (RHEL+BIRM+CAVE) I
+ERNE ~ LAGNAUX~ SENS STEUER UDO (CERN) JP
+FERRO LUZZ I, PERREAU, + (CERN+CAEN+SACL)
+GIACONELLI, KYCIA, LEONTIC, LI, + (SNL) I
+GREENBERG, HUGHES, MINEHART, MORI, + &YALE)

BACCAR I 77 NC 41A 96
BELLEFON 77 NC 37A 175
BELLEFON 78 NC 42A 403

+POULARD, REVEL, TALL INI+ (SACL+CDEF)IJP
DE BELLEFON, BERTHON, BILLOIR+ &CDEF+SACL) I JP
+BERTHON, BI LLOI R, BRUNET+ & CDEF+SACL) I JP

PAPERS NOT REFERRED TO IN DATA CARDS
COOL 66 PRL 16 1228 +GIACONELL I,KYC IA, LEONT I C, L I, LUNDBY, + (BNL) I

SUPERSEDED BY COOL 70.
LASINSKI 71 NP 829 125 T A LASINSKI (EFI)I JP
BELLEF02 75 NC 28A 289 DE BELL EFON, 8ERTHON, 8 ILLOIR+ (COE F+SACL )

PRESENTLY LISTED UNDER SIGMA(2250), BUT ISOSPIN UNDETERHINEO.

tata** **a»at«a« at»a»a*at «aa»**at* a»a*««*at *a*at««at *«a***»«a *at»at»a
a«at«« »*a****a*at»at»«** ***»aa«aa at«tata»» a*a**a»at «***«*»*aa»a*at«a

IN THE LISTINGS BELOW WE ATTEMPT TO OBTAIN THE BEST VALUES FOR THE
SEPARATE CHARGE STATE MASSES AND WIDTHS' THUS WE DO NOT USE RESULTS
QUOTED FOR MIXED CHARGES.

WE NO LONGER USE EVERY PUBLISHED VALUE, BUT AVERAGE ONLY THE HOST
SIGNIFICANT DETERMINATIONS ~ NEITHER DO WE AVERAGE RESULTS FROM
INCLUSIVE EXPERIMENTS WITH LARGE BACKGROUNDS OR RESULTS WHICH ARE NOT
ACCOMPANIED BY AT LEAST A DISCUSSION ON EXPERIMENTAL RESOLUTION.
NEVERTHELESS SYSTEMATIC DIFFERENCES BETWEEN EXPERIMENTS REMAIN (SEE
THE IOEOGRAMS INSERTED IN THE DATA CARD LISTINGS BELOW) . THESE
DIFFERENCES COULD ARISE FROM INTERFERENCE EFFECTS THAT CHANGE WITH
PRODUCTION NECHANISM AND/OR BEAM MOMENTUMS THEY CAN ALSO SE ACCOUNTED
FOR IN PART BY DIFFERENCES IN THE PARAHETRIZATIONS EMPLOYED (SEE
SORENSTEIN 74 FOR A DISCUSSION ON THIS POINT) ~ THUS BORENSTEIN 74 USE A
BREIT-WIGNER WITH ENERGY INDEPENDENT WIDTH, SINCE A P-WAVE WAS FOUND
TO GIVE UNSATISFACTORY FITS ~ CAMERON 78 USE THE SAME FORM ~

ON THE OTHER HAND HOLHGRAN 77 OBTAIN A GOOD FIT TO THEIR LANBDA PI MASS
SPECTRUM WITH A P WAVE BREIT WIGNERs BUT INCLUDE THE PARTIAL WIDTH FOR
THE SIGNA PI DECAY MODE IN THE PARANETRIZATION.

43 SI6NA(1385& NASS (NEV)

A(2585) BUMPS Status:

7 LANSDA(2585) MASS (NEV& (PROD. EXP. &

2585 ' 0 45.0
(2530.0) &25.0)

ABRAMS 70 CNTR K-P, D TOTAL 10/70
LU 70 CNTR 0 GAMMA P TO K+ Y* 1/71

7 LANBDA(2585, JP ) I 0 PRODUCTION EXPERINENTS

M

M

H

H

M

N

N

H
N

N
N I
M I
M I

141(1384.0)
(1385.0)

38(1384 ~ 0)
( 1392.0) (7 ' 0)
(1389.0& (3 ~ 0)
(1392~ 0) (10.0)

200( 1384.8) (2 ~ 0)
190(1380~ 0) (5.0)
200(1386 ~ 0)
242(1394 ~ 0) (5 ~ 0)

1K, (1383.0), (1.0)
500(1388.0) (2 ~ 0)

FROM FIT TO INCLUSIVE

ALSTON
BERGE
MARTIN
COLL EY
BALTAY
MUSGRAVE
ATHERTON
AMHANN
ATHERT01
D IONISI
BANERJEE
BANERJEE

LAHBDA PI + C AC.

60 HBC
61 HBC
61 HBC
62 HLBC
65 HBC
65 HBC
71 HBC
73 DBC
75 HBC
78 HBC
79 HBC
79 HBC

SPECTRA

+- K-P 1.15 GEV/C
+- K-P .4- ~ 85 GEV/C
+0 K20 P ~ 98 GEV/C
-0 PI- PRP 2. GEV/C
+- PBAR P F 7 GEV/C
+-OPBAR P 3-4 GEV/C
+- LAM PI+ + C. CD
+- K-N 4 ~ 5GEV/C
+-OPBAR P 5.7 GEV/C
+- K-P TO Y* K KBAR
+- LAH PI+ + C. C.
+- LAH PI — + C. C.

7/66
7/66

11/77
11/77

1/76
3/79
1/80
1/80

(300 ~ 0)
(150.0&

7 LANSDA&2585& WIDTH (NEV& (PROD. EXP. &

ABRAMS
LU

70 CNTR K-P, D TOTAL 10/70
70 CNTR 0 GAMMA P TO K+ Y* 1/71

7 LAMBDA(2585) PARTIAL DECAY NODES (PROD. EXP. )

MO 106( 1381.0 & (4.0) CURT IS 63 OSPK 0 PI-P 1.5 GEV/C
MO E 240 1385.1 2. 5 THOMAS ?3 HBC 0 PI-P TO PIOKOLM
HO E ERROR ENLARGED BY US TO GAHMA/SQRT(N). SEE TYPED NOTE ON K* MASS ~

NO 2 3100 1380.0 2.0 BORENSTE 74 HBC 0 K-P TO(1385)+PIS
MO 2 FROM FIT TO LAH PIO MASS SPECTRUM (IN LAM PI+ PI- PIO EVENTS) WITH
NO 2 WO FIXED AT 34 MEV.
MO F 500( 1389.0& (3.0& BAUBILLIE 79 HBC 0 K-P AT 8.25 GEV
NO F FROM FIT TO INCLUSIVE LAMBDA PIO SPECTRUM WITH WIDTH FIXED AT
MO F 40 HEY.

MO AVG 1382.0 2.5

11/77

11/77

1/80

P1 LAMBDA(2585) INTO N KBAR
DECAY MASSES

938+ 494

R1
R1
R1
R1 C

R1 C

«****a«**a**tat a«a»tata» *at*at««* at«a««a*a «***a*»«a «*tata*a« a*at«at»

REFERENCES FOR LANSDA&2585& (PROD. EXP. &

COOL 66 PRL 16 1228 +GIACOMELLI, KYCIA, LEONTIC, LUNOBY + (BNL) I
SUPERSEDED BY ABRAHS 70 ~

ABRAMS 70 PR 1D 1917 +COOL, GIACOMELLI, KYCIA, LEONTIC, + (BNL) I
SR I CHAN 70 PL 318 152 +FERRO LUZZ I, PERREAU, + (CERN+CAEN+SACL)
LU 70 PR D2 1846 +GREENBERG, HUGHES, MINEHART, MORI, + (YALE&
»»**a» «*at»***a «a*at«at* ****at*»aaa«*a«aa« a*a«*«a*a at»«at»at «»«**at»
at»at* *a*a»at»a ***at«a«a a»»**«a** **a»*«**a tata«»«ta *«a»***«a a»at»«a«'

S=—1 I=1 HYPERON STATES (Z)
«a»a*a tata«**** a»«at«*** «*«*a*«*« ««»at*«a« *at***«*aat«tat*** ««***a«a
at«««a *at»«a«aa at**a«a«a «aa«a«a«a *****»***a*at»«**a a*at*at»a *at»at»a

19 SIGNA+(1189, JP~1/2+) I~1

SEE STABLE PARTICLE DATA CARD LISTINGS

»**at» at**a«a«a aa»a«a**a «*»*a»**a «ta«aa««a aaa»»a»** ***at»at« «*at»**a
a«a*a* at««a«*«a at»tata«a *»at»tata a*«tata«a «tata«at« ««»*a**a» «»*at*a«

7 LANBDA(2585) BRANCHIN6 RATIOS (PROD. EXP. &

LANSDA(2585& INTO (I KSAR&/TOTAL &P1)
J IS NOT KNOWN. THE FOLLOWING IS (J+1/2)*P1.

&1 ~ 0& ABRAHS 70 CNTR K-P, D TOTAL 10/70(0.12& (0.12) BR I CHAN 70 CNTR TOTAL ANO CH EX 10/70
RESONANCE AT END OF REGION ANALYZED -- NO CLEAR SIGNAL.

K-P 1.11 GEV/C
K-P 1.45 GE V/C
K-P 1 ' 22 GEV/C
K-P .9-1.2 GE V/C
K-P 1 ' 8 GEV/C
K-P 1 ' 95 GEV/C
K-P 3.5 GEV/C
K-P 2.24 GEV/C
K-P AT 2. 1 GEV/C
K-P 4 GEV/SIG. PI
K-P TO LAM+PIS
K-P TO 2PI LAM
K-P 1263-1843MEV

11/77
11/77

11/77
11/77
11/77
11/77
10/69
11/77
10/74
9/73

10/74

K-P TO(1385)+PIS 10/74
K- P 14 3 GEV/C 11/77
K-P AT 4.2 GEV 11/77

11/77
11/77

1/80
1/80
1/80
2/82
2/82

K-P AT 4 ' 2 GEV
K-P 0 ' 96-1.36GEV
K-P AT 8.25 GEV
PI+/K-P 11 ' 5 GEV
PI-P AT 6 GEV/C
PI+P 7 GEV/C
K-P 7 GEV/C

TE ON K* MASS ~

E FACTOR OF 1.6)

WEIGHTED AVERAGE = 1382. 29 + 0. 39
ERROR SCALED BY 1.6

M+ E 154( 1376 ~ 0) (3.9 ) ELY 61 HLBC +
M+ 170(1375.0) (3 ~ 9) COOP ER 64 HB C +
M+ 859 1381 ~ 0 1 ~ 6 HUWE 64 HB C +
M+ 750 1382.0 1.0 ARHENTERO 65 HBC +
M+ E 250(1384 ~ 3) (1 ~ 9) SMITH 65 HBC +
M+ E 250( 1382 ~ 6) (2 ~ 1 ) SMITH 65 HB C +
M+ E 62( 1383' 0) (8 ' 0) BIRMINGHA 66 HBC +
M+ 135( 1378.0 ) (5.0 ) LONDON 66 HB C +
H+ 1260 1384.4 1.0 S IEGEL 67 HBC +
N+ 46( 1390.0) (6.0) AGUI LAR 70 HB C +
H+ 400 1382.0 2.0 AGUILAR 72 HBC +
H+ 2300 1383.5 0 ' 85 HABI BI 73 HBC +
N+ R 3740(1382.0) (1.0) BERTHON 74 HBC +
N+ R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED.
N+ 6846 1381.0 1.0 BORENSTE 74 HBC +
N+ I (1380.0) (2.0) BARDAD IN 75 HBC +
M+ HI 22K ( 1385 .0 ) (3 ~ 0) BARR E I RO 77 HB C +
M+ H INCLUDES DATA OF HOLMGREN 77
N+ 2594 1385.0 1.0 HOLMGREN 77 HBC +
N+ 6900 1381.9 0.3 CANERON 78 HBC +
N+ I 7K (1381.0) (2.0) BAUBILLIE 79 HBC +
H+ 2K (1391.0) (2 ~ 0) CAUTIS 79 HYBR +
N+ I 100('1390.0& (2.0) SUGAHARA 79 HBC +
H+ 600(1385.1) (1.2) BAKER 80 HYBR +
H+ 750(1383.2) (1.0) BAKER 80 HYBR +
H+
M+ I FROH FIT TO INCLUSIVE LAMBDA PI SPECTRUM
M+ E ERROR ENLARGED BY US TO GAMMA/SQRT(N). SEE TYPED NO

H+ AVG 1382 ' 29 0.39 AVERAGE (ERROR INCLUDES SCAL
&SEE IDEOGRAM BELOW)

20 SI6NA-(1197 ~ JP~1/2+) I~1

SEE STABLE PARTICLE DATA CARD LISTINGS

at»«a* at»at«a** »*»at*«a« a«a«a«a*a ***a«**a»«a**«**«a aa«aa*«a« ***a**a«
at«*at »*tat*«*a at»a«a«aa *a*at***a*a*a*at»« »**«aa»aa tata«»*a* «**at»*a

2$ SIGNAO(1193, JP~1/2+) I~1

SEE STABLE PARTICLE DATA CARD LISTINGS

a»a«at »«*»*a«*a a«aa«»«a* tat*****a«aa«*«a** *««**a****a»«at*a« a«a*a*a*
*»tata a*a»at»at ****«»«*aa»at«at«« «a«««a*** aaa«at*«a at*at»a*a a*at»a»a

1375 1380 1385 1390
SIGMA(1385)+ MASS (MEV)

78 HBC
77 HBC
74 HBC

73 HBC
72 HBC
67 HBC

65 HBC
64 HBC

I

1395
I

1 400

-CAMERON
HOLMGREN

BORENSTE
HAB I B I

. AGU I LAR
- SIEGEL
-ARMENTERO
. HUWE

CHISQ
1. 7

7. 3
1. 7

2. 0
0. 0
4, 5
0. 1

0. 7

17.9
(CONL. EV
=0. 012)
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For notation, see key at front of Listings. Baryons
E(1385)

11/77
11/77
11/77
11/77

11/7?
11/77
11/77
10/69
9/73

11/77
10/74

'I 0/74
11/77
11/77

11/77
11/77
1/80
1/80

WEIGHTED AVERAGE = 1387.44 + 0. 58
ERROR SCALED BY 2. 2

'U
1375 1380 1385 1390

SIGMA(l385) — MASS (MEV)

-CAMERON

Hol MGREN

-BORENSTE
-THOMAS
. HABIBI

EL
NTERO

78 HBC
77 HBC
74 HBC

73 HBC

73 HBC
67 HBC

65 HBC
64 HBC

I

1395 1400

CH I SQ
0. 3

4. 9
0. 0
7. 4
2. 7

11 . 8
1.3

28. 4
(CONLEV
=0. 000)

93(1382.0) (3.0) DAHL 61 DBC — K-0 0.45 GEV/C
M- E 224( 1376.0) (4 ' 4) ELY 61 HLSC — K-P 1.11 GEV/C
M- 200(1392.0) (6 ' 2) COOPER 64 HBC — K-P 1.45 GEV/C
M- E 1086 1385.3 1.9 HUWE 64 HBC — K-P 1.15-1.30GEV
M- 1380 1384 ' 0 1.0 ARHENTERO 65 HBC — K-P ~ 9-1.2 GEV/C
M- E 120(1391~ 5) (2.6) SMITH 65 HBC — K-P 1.8 GEV/C
M- E 58(1399.8) (2.2) SMI TH 65 HB C — K-P 1.95 GE V/C
M- 15(1389.0) (9.0) LONDON 66 HBC — K-P AT, 2 ' 24 GEV
M- 370 1390.7 2 ' 0 SIEGEL 67 HBC — K-P AT 2 ~ 1 GEV/C
M- 1900 1390.7 1 ' 2 HABIBI 73 HBC — K-P 'TO 2PI LAH
M- E 630 138?.1 1.9 THOMAS 73 HBC — PI-P TO PI-K+LH
M- R 3060(1389.0) (1 ~ 0) BERTHON 74 HBC — K-P 1263-1843MEV
M- R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED.
M- 2303 1383.0 2.0 BORENSTE 74 HBC — K-P TO(1385)+PIS
M- I ( 1383 ' 0) (2.0) BARDAOIN 75 HBC — K- P 14.3 GEV/C
H- HI 12K(1387 ~ 0) (3.0) SARREIRO 77 HBC — K-P AT 4.2 GEV
H- H INCLUDES DATA OF HOLHGREN 77
H- 193 1391 ~ 0 3.0 HOLHGREN 77 HBC — K-P AT 4 ' 2 GEV
H- 9720 1387.6 0 ' 3 CAHERON 78 HBC — K-P 0.96-1 ' 36GEV
H- I 4 ~ 5K(1383 ~ 0) (1.0) BAUBILLIE 79 HBC — K-P AT 8.25 GEV
M- I 150(13800) (6 ~ 0) SUGAHARA 79 HBC — PI-P AT 6 GEV/C
M-
H- I FROM FIT TO INCLUSIVE LAHBDA PI SPECTRUM
M- E ERROR ENLARGED BY US TO GAMMA/SQRT(N). SEE TYPED NOTE ON K* HASS.
M- D ~ ~ ~ ~ ~ ~ ~

M- AVG 1387.44 0.58 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.2)
(SEE IDEOGRAM BELOW)

M+ E 154 (48.0) ( 16.0) ELY 61 HLBC +
M+ E 170 (51.0) (16.0) COOP ER 64 HB C +
W+ E 859 46.5 6.4 HUME 64 HB C +
W+ E 750 32.0 4.7 ARMENTERO 65 HBC +
W+ E 250 (30.3) (7.5) SHITH 65 HBC +
W+ E 250 (33.1) (8 ~ 3) SMITH 65 HBC +
M+ E 62 (25.0) (32.0) BIRMINGHA 66 HBC +
M+ E 1260 36.0 4.0 SI EGEL 67 HBC +
W+ E 46 (33 ' 0) (20 ' 0) AGUILAR 70 HBC +
W+ 400 32.5 6.0 AGUI LAR 72 HB C +
M+ E 2300 38.3 3.2 HAS I 8 I 73 HB C +
W+ R 3740 (48.0) (3 ' 0) BERTHON 74 HBC +
W+ R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED.
W+ 1 6846 34.0 1.6 BORENSTE 74 HBC +
W+ 1 RESULTS FROM LAH PI+ PI- AND LAH PI+ PI- PIO COMBINED
W+ I (40.0) (3.2) SARDAOIN 75 HBC +
W+ HI 22K (43.0) (5.0) BARREIRO 77 HBC +
'W+ H INCLUDES DATA OF HOLHGREN 77
W+ 2594 34 ' 0 2.0 HOLMGREN 77 HBC +
W+ 6900 35 ' 5 1.9 CAMERON 78 HBC +
W+ I 7K (37.0) (2.0) BAUB ILL IE 79 HBC +
W+ 2K (30.0) (4.0) CAUTIS 79 HYBR +
M+ I 100 &30.0) &6.0) SUGAHARA 79 HBC +
W+ 600 (40 ' 0) (3.0) BAKER 80 HYBR +
W+ 750 (37.0) (2.0) BAKER 80 HYBR +
W+
W+ I FROM FIT TO INCLUSIVE LAHSDA PI SPECTRUM
M+ E ERROR ENLARGED SY US TO 4*GAMMA/SQRT(N). SEE TYPED

M+ AVG 34.96 0 ' 92 AVERAGE

K-P 1 ~ 11 GEV/C
K-P 1.45 GEV/C
K-P 1.15-1.30GEV
K-P .95-1.20 GEV
K-P 1.8 GEV/C
K-P 1.95 GEV/C
K-P 3.5 GEV/C
K-P AT 2. 1 GEV/C
K-P 4 GEV/SIG. PI
K-P TO LAM+P IS
K-P TO 2P I LAM
K-P 1263-1843HE V

K-P TO(1385)+PI S
BY US ~

K- P 14 ' 3 GEV/C
K-P AT 4.2 GEV

K-P AT 4 ' 2 GFV
K-P 0.96-1 ~ 36GEV
K-P AT 8 ' 25 GEV
PI+/K-P 11 ~ 5 GEV
PI-P AT 6 GEV/C
PI+P 7 GEV/C
K-P 7 GEV/C

NOTE ON K* MASS ~

WEIGHTED AVERAGE = 39, 9 + 2. 4
ERROR SCALED BY 1.9

W- (40.0) DAHL 61 DBC — K-D 0.45 GEV/C
W- E 224 (66.0) (18' 0) ELY 61 HLBC — K-P 1 ~ 11 GEV/C
W- E 200 (88.0) (24.0) COOPER 64 HBC — K-P 1.45 GEV/C
W- 1086 62.0 7.0 HUME 64 HBC — K-P 1.15-1.30GEV
M- E 1382 38.0 4. 1 ARMENTERO 65 HBC — K-P ~ 95-1 ' 20 GEV
W- E 120 (29.2) (10.6) SMITH 65 HB C — K-P 1.80 GE V/C
W- E 58 (17.1) (8.9) SHI TH 65 HB C — K-P 1.95 GE V/C
W- E 370 31.0 6.5 SIEGEL 67 HBC — K-P AT 2. 1 GEV/C
'W- E 1900 51.9 4 ~ 8 HASIBI 73 HBC — K-P TO 2PI LAM
W- E 630 48.2 7.7 THOMAS 73 HBC — PI-P TO PI-KOLH
W- R 3060 (40 ' 0) (3.0) BERTHON 74 HBC — K-P 1263-1843MEV
W- R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED'
W- 1 2303 35 ' 0 3.0 BORENSTE 74 HBC — K-P TO(1385)+PIS
W- 1 RESULTS FROM LA'M PI+ PI- ANO LAM PI+ PI- PIO COMBINED BY US.
M- I (47 ' 0) &6.0) BARDADIN 75 HBC — K- P 14 ' 3 GEV/C
W- HI 12K (45.0) &5.0) SARREIRO 77 HBC — K-P AT 4 ' 2 GEV
W- H INCLUDES DATA OF HOLMGREN 77
W- 193 (35.0) (10' 0) HOLMGREN 77 HBC — K-P AT 4.2 GEV
W- 9720 39 ' 2 1.7 CAHERON 78 HSC — K-P 0.96-1.36GEV
W- I 4. 5K (44.0) (4.0) BAUBILLIE 79 HSC — K-P AT 8 ~ 25 GEV
W- I 150 (58.0) (4 ~ 0) SUGAHARA 79 HBC — PI-P AT 6 GEV/C
W-
W- I FROM FIT TO INCLUSIVE LAHBDA PI SPECTRUM
W- E ERROR ENLARGED BY US TO 4*GAMMA/SQRT(N). SEE TYPED NOTE ON K* MASS.
W- E ~ ~ ~ ~ ~ ~ ~ ~

W- AVG 39.9 2 ' 4 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 1.9)
(SEE IDEOGRAM BELOW)

11/77
11/77
11/77
11/77
11/77
11/77
11/77
11/77
11/77
10/74
11/77
10/74

11/77

11/77
11/77

11/77
11/77

1/80
1/80
1/80
2/82
2/82

11/77
11/77

11/77
11/77
11/77
11/77
11/77
11/77
10/74

11/77

11/77
11/77

11/77
11/77

1/80
1/80

43 &SI6NA(1385&-)-(SIGNA(1385&+& NASS DIFFERENCE (NEV&

D-+ R
D-+ R
D-+ R
D-+ R
D-+ R
D-+ R
D-+ R
D-+
D-+ R
D-+ R
D-+ R
D-+
D-+ R

(0 ~ 0)
(17.0)
(4.3)

.(2.0)
(7.2)

(17' 2)
(11~ 0)

9 ' 0
(6 ' 3)
(7.2)

BETWEEN

(4 ~ 2)
(7-0)
(2 ~ 2)(1.5)
(2.1)
(2.0)
(9 ' 0)
6.0

(2.0)(1.4)
-2 AND +6 CL~.95

61
64
64

ERO 65
65
65
66
66
67
73

TE 74

ELY
COOPER
HUWE
ARHENT
SMITH
SMITH
LONDON
LONDON
SIEGEL
HABIBI
BORENS

REDUNDANT WITH DATA IN MASS LISTINGS

HLBC +- K-P 1 ~ 11 GEV/C
HBC +- K-P 1.45 GEV/C
HBC +- K-P 1.22 GEV/C
HBC +- K-P .9-1.2 GEV/C
HBC +- K-P 1.8 GEV/C
HBC +- K-P 1.95 GEV/C
HBC +- K-P 2.24 GEV/C
HBC +- LAMBDA 3 PI EVTS
HBC +- K-P AT 2. 1 GEV/C
HBC +- K-P TO 2PI LAM
HBC +- K-P TO(1385)+P IS

8/66
10/69
8/66
8/66
9/66
9/66
8/66
7/66

10/69
9/73

11/77

43 &SI6NA&1385&-) — (SIGNA(1385&0& NASS DIFFER. &NEV&

O-O R (2 ' 0) (2.4) THOMAS 73 HBC -0 PI-P TO PI-K+LH 11/77
D-0 R REDUNDANT WITH DATA IN MASS LISTINGS

43 (SIGNA&1385&0& — &SI6NA&'l385&+& NASS DIFFER. (NEV&

DO+ R BETWEEN -4 AND +4 CL~.95 BORENSTE 74 HBC +0 K-P TO(1385)+PIS 11/77
DO+ R REDUNDANT WITH DATA IN MASS LISTINGS

20 40 60
S IGMA(138$) — WIDTH (MEV)

. CAMERON

-BORENSTE
THOMAS

BIBI
EGEL
MENTERO
WE

80

78 HBC
74 HBC
73 HBC

73 HBC
67 HBC
65 HBC
64 HBC

CH I SQ
0. 2

2. 7

1, 2

6. 2
1.9
0. 2

10.0
22. 3

(CONLEV
=0. 001)

43 SI6NA& 1385& WIDTH &NEV&

K-P 1 ~ 15 GEV/C
K-P .4- ~ 85 GEV/C
K20 P ~ 98 GEV/C
PI- PRP 2 ~ GEV/C
PBAR P 3 ' 7 GEV/C

OPBAR P 3-4 GEV/C
LAM PI+ + C ~ C.

141 (64.0) ALSTON
(40.0) BERGE

38 (20.0) OR LESS MARTIN
(80.0) (10.0) COLLEY
(26.0) (5.0) BALTAY
(38.0) (9.0) MUSGRAVE

T 200 &20.0) &4.0) ATHERTON
T FIT 8 AM. + PHASE SPACE BCKGRD
R 200 (35 0) (5 0) ATHERTON 71 HBC +-
R FIT 8 ~ W. AND NO BCKGRD

190 (61.0) (10~ 0) AMMANN 73 DBC +-
200 (89 ' 0) (23 ' 0) ATHERTON1 75 HBC +-

D &20.0) &10 ' 0) ALSTON 78 DPWA -0
D WITH MASS FIXED AT 1385 MEV. FROM RESULTS OF PART
0 OF KBAR N SYSTEM EXTRAPOLATED BELOW THRESHOLD.

242 (53.0) (14.0) 9 I ON IS I 78 HBC +-
I 1K (35.0) (2 ' 0) BANERJEE 79 HBC +-
I 500 (36.0) (4 ' 0) BANERJEE 79 HBC +-
I FROM FIT TO INCLUSIVE LAMBDA PI + C AC. SPECTRA

60 HBC +-
61 HBC +-
61 HBC +0
62 HLBC -0
65 HBC +-
65 HBC +-
71 HBC +-

LAM PI+ + C ~ C.

K-N 4.5GEV/C
OPBAR P 5.7 GEV/C

KBAR N ONLY
IAL WAVE ANALYSIS

K-P TO Y* K KBAR
LAM PI+ + C. C.
LAM PI- + C. CD

MO 106 (30.0) (9.0) CURTIS 63 OSPK 0 PI-P 1 ' 5 GEV/C
WO E 240 39.3 10.2 THOMAS 73 HBC 0 PI-P TO PIOKOLM
WO E ERROR ENLARGED BY US TO 4*GAMMA/SQRT(N). SEE TYPED NOTE ON K* MASS.
MO C 3100 (53.0) (8.0) BORENSTE ?4 HSC 0 K-P TO( 1385)+PIS
WO C 3100 CONSISTENT WITH WORM+~M- BORENSTE 74 HBC 0 K-P TO(1385)+PIS

7/66
7/66

11/77

11/77

11/77
11/77
1/78
1/78
1/78
3/79
1/80
1/80

11/77

11/77
11/77

RE+
RE-

IH+
IH-

P1
P2
P3
P4
P5

43 SI6NA&1385& REAL PART OF POLE POSITION

1379.0
1383.0

1.0
1 ~ 0

LICHTENB 74
LICHTENB 74

+ EXTRAP HAS I 8 I 73 4/75
EXTRAP HAS I 8 I73 4/75

17 ~ 5
22 ~ 5

1.5
1.5

L I CHTENB 74
LIGHTENS 74

+ EXTRAP HABI 8 1 73 4/75
EXTRAP HABIBI73 4/75

43 SIGNA(1385& PARTIAL DECAY NODES

SIGNA(1385) INTO LAMBDA PI
SIGNA(1385) INTO SIGMA PI
SIGMA(1385) INTO LAMBDA GAMHA
SIGNA(1385) INTO N KBAR
SIGMA('1385) INTO SIGMA GAHMA

DECAY MASSES
1116+ 140
1189+ 140
1116+ 0
938+ 494

1197+ 0

43 S I6NA& 1385& INA6I NARY PART OF POLE POSITION
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83.ryons
Z(1385), Z(1480), Z(1560)

Data Card Listings

R1
R1
R'l
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1 AVG

SIGNAC1385& INTO &SIGNA
(0 F 04) (0.04)
(0.04) OR LESS
0.09 0.04
0. 163 0.041
0 F 08 0.06
0. 13 0 F 04
0. 13 0.04
0 ~ 16 0.07
0. 18 0 ~ 04
0. 10 0 ~ 05
0 ~ 16 0 ~ 03
0. 11 0.02
0.21 0.05
0.20 0.06

0. 135 0.011

PI&/&LAMBDA PI&
BASTIEN
RLSTON
HU'ME

RRMENTERO
LONDON
PRM
COLLEY
RGUI LRR
HRST2
THONAS
BERTHON
BERTHON
BORENSTE
OIONISI

AVERAGE

(P2&/CP1)
61 HBC +-
62 HBC +-OK-P 1.15 GEV/C
64 HBC +- K-P 1.2-1.7 GEV
65 HBC +- K-P ~ 95-1 ' 20 GEV
66 HBC + K-P 2. 24 GEV/C
69 HBC + Pie P — K Y PI
71 DBC —0 K-M 1.5 GEV PROD
72 HBC + K-P 3 ' 9,4.6 GEV
73 HP'WR +- K-P — 2P I SIG/LH
73 HBC — PI-P TO Pl K Y
74 HBC + K-P 1263-1843HEV
74 HBC — K-P 1263-1843ME V
74 HBC + K-P TO(1385)+PI S
78 HBC +- K-P TO Y* K KBAR

43 SI6NA(1385& BRAHCHIH6 RATIOS

7/66
7/66

12/72
10/71
10/74
9/73
9/73

11/77
11/77
10/74
3/79

23 SI6NA&1480& MASS CNEV& CPROD. EXP. &

1479 ~ 0
1465 ~ 0
1485.0

120( 1480.0)

10.0
15.0
10.0

PRN 70 HBC + PI+P TO K PI I.AN 3/71
PRN 70 HBC + PI+P TO K PI SIG 3/71
CL INE 73 HPMR K- D TO LH PI- P 9/73
ENGELEN 80 HBC + K-P TO KO PI- P 2/82

23 SI6NA& 1480& WIDTH &NEV& C PROD. EXP. &

HANSON 71, MITH FEWER DATA THAN PAN TO, CAM NEITHER CONFIRH NOR
DENY THE EXISTENCE OF THIS STATE. HAST 75 SEES NO STRUCTURE IN THIS
MASS REGION IN K- P TO LAHBDR PIO.

ENGELEN 81 PERFORM R MULTI-CHANNEL ANALYSIS OF K-P --) KO PI — P AT4. 2 GEV/C. THEY OBSERVE R 3.5 STD. DEV. SIGNAL AT 1480 MEV IN P KOBAR
WHICH CANNOT BE EXPLAINED AS A REFLECTION OF ANY COMPETING CHANNEL.

R2 SI6NAC1385& INTO (LANBDA 6AIINA&/TOTAL Cr 3)
R2 1 (0 ~ 17) (0.17) MEISNER 72 HBC 0 1 EVENT ONLY

R3 SI6NAC1385& FRON i4 KBAR TO LANSDA PI SQRT & P 1«P4&
R3 C +0.586 0.319 DEVENI SH 74 0 FIXED T DISP REL
R3 C EXTRAPOLATION OF PRRRNETRIZED AMPLITUDE BELOM THRESHOLD

R4 SI6NA&1385& INTO (LANBDA 6ANNA&/&LAMBDA PI) (P3&/&P1&
R4 (0.06) OR LESS CL=. 90 COLAS 75 HLBC 0 K-P 575-970 MEV

1/73

4/75
4/75

1/76

M 31.0 15.0 PAN 70 HBC + PI+P TO K PI LAH 3/71
M 30.0 20.0 PAN 70 HBC + PI+P TO K PI SIG 3/71
M 40.0 20.0 CL INE 73 HPMR K- D TO LH Pl- P 9/73
M 120 80 ' 0 20.0 ENGELEN 80 HBC + K-P TO KO PI- P 2/82

23 SI6NA&1480& PARTIAL DECAY NODES CPROD. EXP. &

R5 SI6NA&1385& INTO &SIGNA 6ANNA&/CLANBDA PI) CP5&/CP1&
R5 (0 05) OR LESS CL=. 90 COLAS 75 HLBC 0 K P 575 970 NEV

aa«»aa *««a«*aaa »a*a»a«a» *«««***a*aaaa*a*a« a**a*a«a« **«a««»a* ««**a«»a

REFERENCES FOR SIGNA& 1385&

1/76 P1
P2
P3

SIGMA(1480} INTO N KBAR
SIGNA(1480) INTO LAMBDA PI
SIGMA(1480) INTO SIGNA PI

DECAY MASSES
938+ 494

1116+ 140
1189+ 140

RL STON
BASTIEN
SERGE
DRHL
ELY
NART IN

60 PRL 5 520
61 PRL 6 702
61 PRL 6 557
61 PRL 6 142
61 PRL 7 461
61 PRL 6 283

+RLVRREZ EBERHRRD ~ GOOD I GRRZ IRNO + ( LRL ) I
P BASTIEN, N FERRO-LUZZI, R H ROSENFELD (LRL)
+BASTIEN, DRHL, FERRO-LUZZI, KIRZ, + (LRL)
+HORMITZ, MILLER, MURRAY, WHITE (LRL)
+FUNG, G IDRL, PRN, POMEL L, WHITE (LRL) J
+LE IPUNER, CHINOWSKY, SHI VELY, + (BHL+ YALE)

23 8 I6NA& 1480& BRANCH IH6 RATIOS (PROD. EXP. &

R1 SI6NAC1480) INTO &SI6NA PI&/CLANSDA PI) . &P3)/CP2&
R1 0.82 0.51 PRN 70 HBC +

R2 SI6IIAC1480& INTO CPROTON KOSAR&/CLANBDA PI & CP1&/CP2)
R2 0.36 0.25 PRM ?0 HBC +

3/71

3/71
RLSTON 62 CERN CONF 311 +RLVRREZ, FERRO-LUZZI, ROSENFELD,
COLLEY 62 PR 128 1930 +GELFRND, NRUENBERG, e
CURTIS 63 PR 132 1771 +COFF IN, MEYER, TERMI LL I GER
COOPER 64 PL 8 365 eFILTHUTH, FRIDMRN, HRLRMUO, +
HUME 64 UCRL-11291 THESIS 0 0 HUWE

ALSO 69 PR 180 1824 D 0 HUME

+ {LRL)
(COLU+RUTG) JP

(MICH) J
(CERN+RHST)

(LRL) JP
(LRL)

R3 SI6NAC 1480& INTO &N KBAR&/TOTAL
R3 SMALL CL INE

&P1&
?3 MPMR K- D TO LM PI- P 9/73

REFERENCES FOR SI6NA& 1480& &PROD. EXP. )

«**«aa «««»*a»a* aaa«a*«a* »**»*a»«* *«a«***a» ****»«a*a*a»«a«*»a a«**a«**

RRHENTER 65 PL 19 75 RRHENTEROS, + (CERN+HEID+SRCL)
BRLTRY 65 PR 140 81027 eSRMDWEISS, TAFT, CULMICK, KOPP, + (YRLE+BNL)
MUSGRRVE 65 NC 35 ?35 +PETMEZRS, + (BIRM+CERN+EPOL+LOIC+SRCL)
SMITH 65 THESIS (UCLR& L T SMITH (UCLR)

PAN TO PR D2,- 49
CLINE 73 LNC 6 205
ENGELEN 80 NP 8167 61

+FORHAN, KO, HRGOPIRN, SELOVE (PENN)
CLIME, LRUHRNN, MRPP (MISC)IJP
+HE INEN, KITTEL, NETZGER+(NI JM+RHST+CERN+OXF)

8 IRMINGH 66 PR 152 1148 (8 IRH+GLRS+LOI C+OXF+RHEL)
LONDON 66 PR 143 1034 +RRU, SRHIOS, YRHRHOTO, GOLDBERG, + (BNL+SYRR) J
SIEGEL 67 UCRL 18041 THESIS D H SIEGEL (LRL)
PRH 69 PRL 23 808 +FORMRH (PENN) I
RGUILRR 70 PRL 25 58 +BRRNES, BRSSRNO, CHUNG, EISNER, e(BNL+SYRA)
ATHERTON 71 NP 829 477 +CELNIKIER, CLAYTON, FRENCH, FRISK, + {CERN&
COLLEY 71 NP 831 61 +COX, EASTWOOD, F RY+ . . (8 IRM+ED IH+GLRS+LOI C )

YU-LI PA 69 PRL 23 806
YU-LI PA 69 PRL 23 808
HILLER 70 OUKQ 229
HANSON 71 PR D4 1296
MAST 75 PR D 11 3078

PAPERS NOT REFERRED TO IN DATA CARDS

YU-LI PRN, F L FORMRN
YU-LI PRH, F L FORHRN
D H MILLER (REVIEW TALK)
+KALMUS, LOUIE
+RLSTON-GRRMJOST, BRNGERTER+

(PENN) I
(PENN) I
(PURD)

(LBL) I
(LBL&

AGUILRR
HEISNER
RHHRHN
HRST2

ALSO
HABI BI

ALSO
THOMAS

72 PR D6 29
72 NC 12A 62
73 PRD 7 1345
73 PRD 7 3212
73 PRD 7 5
73 NEVIS 199{THE S I S )
73 PURD73, PG. 387
73 HP 856 'l5

RGUI LRR-BENI TEZ, CHUNG, E I SHER, SRHIOS (BNL &

G HE ISNER (U NC GREENSBORO+LBL)
+CRRMOMY, GRRF INKEL, GUTRY, + (PURD+IUPlJ)
+BRHGERTER, RLSTON-GRRM JOST, + (LBL)IJP
MAST, BANGERTER, RLSTON-GRRNJOST, + (LBL)IJP
M HRB I BI (COLU)
BRLTRY, BRIDGEWATER, COOPER, + (COLU+BING)
THOHRS, EHGLER, FISK, KRREHER (CARM) JP

««««a* «aa«aaa«a *»««a***a a«««aaa«a «*«*a««** *a»**»*a« «»******a*a»«a««a
»**»a« **»«*a**«»*«*a*a«* »**«*»*a« «««a***a« «a*a*aa*» *aa«»«a«* a*»a*a««

Z(1560) BUMPS Status:
80 SI6NA(1560, JP~ ) I~1 PRODUCTION EXPERINEITS

BERTHON 74 NC 21R 146
BORENSTE 74 PR D9 3006
DEVENISH 74 HP 88'l 330
LICHTENB 74 PRD 10 3865

ALSO 74 PRIV. COMM.

RTHERTO1 75 NC 25R
BRRDROIM 75 NP 898 418
COLAS 75 NP 891 253

BRRREIRO 77 HP 8126 319
HOLMGREN 77 NP 8119 261
RLSTON 78 PR D18 182
CRHERON 78 NP 8143 189
0 ION IS I 78 PL 788 154

BRNERJEE 79 ZPHY C3 1
BAUB ILL I 79 NP 8148 18
CAUTIS 79 NP 8156 507
SUGRHRRA 79 NP 8156 237
BAKER 80 NP 8166 207

BERTHON, TRISTRAM, + (CDEF+RHEL+SRCL+STRB)
BORENSTEIN, KRLBFLEISCH, STRRND, + (BNL+HICH)
OEVEMISH, FROGGRTT, HARTIN (DESY+NORO+LOUC)
D 8 LICHTENBERG (IND)
D 8 LICHTENBERG (IND)

RTHERTON, BRR-HIR, FRENCH (CERN}
BRRDRD IN-OTMINOMSKR+ (SRCL+EPOL+RHEL)
COLAS, FRRMELL, FERRER, SIX (ORSR)

+BERGE, GRMGUL I, BLOKZI JL+ (CERN+RHST+NI JH)
+RGUI LAR-BENI TEZ, KLUYVER+ (CERN+RMST+MI JH)
RLSTON-GARNJOST, KENNEY+ (LBL+NHCO+CERN)
+FRRNEK, GOPRL, BACON, BUTTERMORTHe(RHELeLOIC)
+RRHENTEROS, DIAZ (CERN+ANST+NI JH+OXF)

+GRNGUL I, MRLHOTRA, RRGHRVRN, SUDHRKRR (TIFR)
BRUBILLIER+ (BIRMeCERNeGLRSeHSUeLPNP)
+BALLAN, BOUCHEZ, CARROLL, CHRDMICK+ (SLRC)
+OCHIAI, FUKUI, COOPER+ (KEK+OSKC+KINK)
+CHIMA I DORNRN G IBBS HALL HILLER+ (LOIC )

PAPERS MOT REFERRED TO Ik DATA CARDS

THIS EMTRY LISTS PEAKS REPORTED IN MASS SPECTRA AROUND
1560 HEV WITHOUT IMPLYING THAT THEY ARE NECESSARILY
RELATED.

OIONISI 78 OBSERVE R 6 STD. DEV. ENHANCEMENT AT 1553
NEV IN THE CHARGED (LAHBDR/SIGNA PI) MASS SPECTRA
FROM K-P --) LAMBDA/SIGNA PI K KBRR AT 4.2 GEV/C.
IN A CERN ISR EXPERIMENT, LOCKMAN 78 REPORT R NARROW

6 STD. DEV. ENHANCEMENT AT 1572 NEV IN THE LAMBDA PI+/PI- SYSTEMS
FROM THE REACTION PP --) LAMBDA PI+ PI- + ANYTHING AT C. N. ENERGIES
OF 53 AND 62 GE V.

THESE ENHANCEMENTS ARE UNLIKELY TO BE ASSOCIATED WITH THE SIGNA(1580)
(WHICH HAS NOT BEEN CONFIRMED BY SEVERAL RECENT EXPERIMENTS — SEE
THE DATA CARD LISTINGS BELOW) .
CARROLL 76 OBSERVE R BUMP AT 1550 MEV (RS WELL AS AT 1580 MEV) IN THE
K-N 1~1 TOTAL CROSS SECTION, BUT UNCERTAINTIES IN CROSS SECTION
HEASUREHEMTS OUTSIDE THE MASS RANGE OF THE EXPERIMENT PRECLUDE
ESTIMATING ITS SIGNIFICANCE.

SEE ALSO MEADOWS 80 FOR R REVIEW OF THIS STATE.

PL 10 145
PR 134 81372
PRD 10 2051
ZPHY C3 89
ZPHY C6 109
ZPHY C3 187
ZPHY C9 305

NRLRMUD 64
SHAFER 64
HUNGERBU T4
WALTER 79
RGUILRR 80
BRLAND 80
BIRGI 81

E MRLRHUD, P E SCHLEIN (CERN+UCLR) JP
J 8 SHRFER, D 0 HUME (LRL) JP
HUNGERBUHLER, MRJKR, + (YRLE+FNRL+BNL+PITT)
+BECKER+ (BERL+RRCH+CERN+SERP+SRCL+VIEN)
RG U I LRR- BE N I TE Z+ (HADR+STOH+CERN+CDEF)
+POIRET+(MONS+SERP+SRCL+RLMR-RTA+HOSU+BELG)
+ (BRISeCRNBeGEVReHEID+LRUSeLOQHeRHEL)

121 1553 ~ 0
40 1572 ' 0

80 SI6NA&1560) MASS &NEV) &PROD. EXP. )
7.0
4. 0

DIONISI 78 HBC +— K-P TO Y* K KBRR 3/79
LOCKHRN 78 SPEC +- PP TO L PI PI X 12/79

«****a»a***a****a»a*a*a« aa»«»«a«« *a**«a«a* **a«**«*aa«»*a«aa* *a*a***a
»a»a»a aaa«*aa«a a«a«a»aaa »aa»aaa«« *aa«a»**a *«*a«a»a« «**a«a*«* «a*a««a»

Z(1480) BUMPS Status: W

M C

80 SI6NA& 1560& WIDTH CNEV& (PROD. EXP. )
121 ?9.0 30.0 DIONISI 78 HBC +- K-P TO Y* K KBAR 3/T9
40 150 60 LOCKMAN 78 SPEC +- PP TO L PI PI X 12/79
OBSERVED WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUTION.

23 SIGNA(1480, JP~ ) I~1 PRODUCTION EXPERINENTS 80 SIGNAC1560& PARTIAL DECAY NODES &PROD. EXP. &

PEAKS ARE SEEN IN LAMBDA PI RND SIGNA PI SPECTRA IN
THE REACTION PI+P TO K+ PI Y AT 1.7 GEV/C. ALSO THE
Y POLARIZATION OSCILLATES IN THE SAME REGION. P1

P2
SIGMA(1560) INTO LAMBDA PI
S I GHR( 1560) INTO S I GHR P I

DECAY MASSES
1116+ 140
1189+ 140

SEE HILLER 70 FOR R DISCUSSION OF THIS STATE. HE SUGGESTS R POSSIBLE
ALTERNATE EXPLRHRTION IN TERMS OF R REFLECTIOH OF N(1675) DECAY
TO LAMBDA K. HOWEVER, SUCH AN EXPLANATION FOR THE K+ SIGHA+ PIO
CHANNEL SEEMS UNLIKELY (SEE PAN 70) IN TERMS OF KNOWN DELTA(1650)
DECAY INTO SIGMA K. IN ADDITION SUCH REFLECTIONS MOULD ALSO HAVE
TO ACCOUNT FOR THE OSCILLATION OF THE Y POLARIZATION IN THE 1480
MASS REGION.

R1
R1

80 SIGNA(1560) SRAHCHIN6 RATIOS CPROD. EXP. &

SI6NA&1560& INTO SI6NA PI/&SIGNA PI + LANBDA PI& CP2&/CP1+P2)0.35 0. 12 DIONISI 78 HBC +- K-P TO Y* K KBAR

S I6NA& 1560& INTO C LANSDA PI &/TOTAl CP1&
SEEN LOCKMAN 78 SPEC +- PP TO L PI PI X

3/79

12/79
«a«a«* «a»a«»a«a aaa««a«a« **«a*»a** a»aa«aa«« «*»a«»a*a *aa«««*** a«a*a»a«

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



Particle Data Group: Review of particle properties S271

For notation, see key at front of Listings. Baryons
Z(1560), Z(1580), Z(1620)

REFERENCES FOR SI6NA& 1560) &PROD. EXP- &

DIONISI 78 PL 788 154 +ARMENTEROS, DIAZ+ &CERN+AMST+NI JM+OXF) I
LOCKMAN 78 CEN DPHPE 78-01 +MEYER, RANDER, POSTER, SCHLEIN+ (UCLA+SACL)

PAPERS NOT REFERRED TO IN DATA CARDS

P1
P2
P3

32 SIGIIA(1620) PARTIAL DECAY MODES

SIGMA& 1620) INTO N KBAR
SIGMA& 1620) INTO SIGMA PI
SIGMA& 1620) INTO LAMBDA PI

DE CAY MASSES
938+ 494

1189+ 140
11 16+ 135

CARROLL 76 PRL 37 806 +CHIANG, KYCIA, LI, MAZUR, MICHAEL+
MEADOWS 80 TORONTO CONF ~ 283 8 T MEADOWS

(BNL)I
(C INC)

****a*a«a«a«a«* a******a«*«*»**a**«aaa««*a* a«a««a««a *a»a*a»*a *a«a*a««
*aa«aa ««*a«****a«a«a««*a a«*a«»»*a a**«»*»»a »****a*a*a«*a«a«*a **a«***a

Z(1580) D,3 Status:
00 SI6NA(1580, JP~3/2-) I~1 D' '13

32 SI6MA(1620& BRANCHING RATIOS

Rl SI6IIA&'1620& INTO (N KBAR)/TOTAL (P1)
R1 (0.05) KIM 71 DPWA K-MATRIX ANAL.
R1 A 0.05 OR LESS MONG 71 DPWA K-+P--LAM+PI
R1 0.22 (0.02) LANGBE IN 72 IPWA MULTICHANNEL
R1 L TOTAL CROSS SECTION BUMP WITH & J+1/2)X=. 06 SEEN BY CARROLL 76
R1 H TOTAL CROSS SECTION BUMP WITH & J+1/2)X=. 04 SEEN BY CARROLL 76
R1 A K-MATRIX FIT(NEGLECTS 3-BODY CHANNELS) REQUIRES NO RESONANCE

3/71
10/71
12/72
2/77
2/77

10/71
OBSERVED IN K- N I=1 TOTAL CS WITHOUT JP ASSIGNMENT AT
BNL&LI 73, CARROLL 73, CARROLL 76) AND IN PWA OF K- P--) LAMBDA PI FOR CM ENERGIES=1560-1600 MEV BY
LITCHFIELD 74. LITCHFIELD 74 FINDS JP=3/2-. NOT SEEN
BY ENGLER ?8 OR BY CAMERON 78 (WITH LARGER STATISTICS),
IN KLONG P TO PI+ LAMBDA AND PI+ SIGMAO.

00 SI6MA(1580& IIASS (MEV&

R2 SI6IIA&1620& FROM N KBAR TO SIGNA PI SQRT&P1«P2)
R2 (0 F 08) K IM 71 DPWA K-MATR IX ANAL. 3/71
R2 0.40 (0.06) LANGBE IH 72 IPWA MULTICHANNEL 12/72
R2 NOT SEEN HEPP2 76 DPWA -0 K- NUC TO SIG PI 2/77

R3 SI6IIA&1620& FR&NI N KBAR TO LAMBDA PI SQRT(P1«P3&
R3 (0.15) KIM 71 DPWA K-MATRIX ANAL. 3/71
R3 HOT SEEN BAILLON 75 IPWA KBAR N TO LAM PI 11/75
R3 1 (0.12) (0 ' 02) MORRIS 78 DP'WA — K- N TO LAM PI- 3/?9
««***a ***««a»***«»a»****a«a*»»**« a*a«*»»a* ***«a«***»«««««»»« »******a

M l.
M C

1582.0
1583.0

4.0
4.0

L I TCHF I EL 74 DPWA
CARROLL 76 DPWA

0 K- P TO LAM PI 4/75
I=1 TOTAL CS 2/77 REFERENCES FOR SIGMA& 1620)

W L
W C

11 ~ G

(15.0)

00 SI6MA& 1580& WIDTH &IIEV&

4 ~ G LITCHFIEL ?4 DPWA
CARROLL 76 DPWA

00 S IGNA& 1580) PARTIAL DECAY MODES

0 K- P TO LAM PI 4/75
I=1 TOTAL CS 2/77 BAIL LON

CARROLL
HEPP2
MORR IS

75 NP 894 39
76 PRL 37 806
76 PL 658 487
78 PR D17 55

K IM 71 PR L 27 356
ALSO 70 DUKE 161

MONG 71 NC 2A 353
LANGBE IN 72 NP 847 477

J K K IM
J K KIM
N S WONG
+WAGNER

&HARV) I JP
&HARV) I JP
{YALE) I JP
&MPI M) I JP

P BAILLON, P J LITCHFIELD (CERN+RHEL}IJP
+CHIANG, KYC IA, L I, MAZUR, MICHAEL+ (BNL}I
+BRAUH, GRIMM, STROBELE, THOL+(CERN+HE ID+MP IM}I JP
+ALBRIGHT, COLLERAINE, KIMEL, LANNUTTI (FSU) I JP

P1
P2
P3

SIGMA(1580) INTO N KBAR
SIGMA( 1580) INTO LAMBDA PI
SIGMA(1580) INTO SIGMA PI

DECAY MASSES
938+ 494

1116+ 140
1189+ 140

VANHORN 75 NP 887 145
ALSO 75 HP 887 157

PAPERS NOT REFERRED TO IN DATA CARDS

A J VAN HORN
A J VAN HORN

{LBL}IJP
{LBL)IJP

00 SIGNA&1580) BRANCHING RATIOS

R1 SIGNA& 1580& INTO &N KBAR &/TOTAL &P1&
R1 L +0 ~ 03 0.01 LITCHFIEL 74 DPWA KBAR N MULTICHNL
R1 L MAIN EFFECT OBSERVED BY LITCHFIELD 74 IS IN PI LAMBDA FINAL STATE,
R1 L KBAR N AND SIGMA PI COUPLINGS ALSO ESTIMATED FROM MULTICHANNEL FIT
R1 L INCLUDING TOTAL CROSS SECTION DATA (LI 73) ~

R1 C TOTAL CROSS SECTION BUMP WITH ( J+1/2) X=.06 SEEN BY CARROLL 76

R2 SI6IIA&1580& FR(NI N KBAR TO LAIIBDA PI SQRT(P1«P2)
R2 L +0. 10 0 ~ 02 LITCHFIEL 74 DPWA 0 K- P TO LAM PI
R2 NOT SEEN CAMERON 78 HBC + KL P TO PI+ LAM
R2 NOT SEEN ENGLER 78 HBC + KL P TO Pl+ LAM

R3 SI6IIA(1580& FRQN N KBAR TO SI6IIA PI SQRT&P1*P3&
R3 L +0 ~ 03 0.04 LITCHFIEL 74 DPWA KBAR H MULTICHNL
R3 HOT SEEN CAMERON 78 HBC + KL P TO PI+ SIGG
R3 NOT SEEN ENGLER 78 HBC + KL P TO PI+ SIGG

a«*******«a«*«*a****a«a« a«aa««»a» «***«a**a******«aa*****a«aa««*a**a*

4/75
4/75
4/75
4/75
2/77

4/75
1/78
2/77

4/75
1/78
2/77

**a«»« aa**a*a«« a«*a*a«a« ***a»»a*a **«»*a«aa **»*a»*»**»»»«a*** «*«a«*a«
**a»*a ««»a«***a «aaa«a»«a «**«*»«aa «**a«**a*««»«a*«*» »*a*»a*a» **a*»a«a

1680 MEV REGION — PRODUCTION EXPERIMENTS

78 SI6MA(1620, JP~ & I~1 PRODUCTION EXPERIMENTS

FORMATION EXPERIMENTS ARE LISTED SEPARATELY IH THE
PREVIOUS ENTRY.

THIS RESOHANCE NEEDS CONFIRMATIOH. THE RESULTS OF
CRENNELL 69 AT 3.9 GEV/C ARE NOT CONFIRMED BY THE SABRE

COLLABORATION AT 3.0 GEV/C (SABRE 70). HOWEVER IN AN EXPERIMENT AT
4 ' 5 GEV/C, AMMANN 70 SEE A PEAK AT 1642 MEV WHICH ON THE BASIS OF
BRANCHING RATIOS THEY DO HOT ASSOCIATE WITH THE SIGMA&1670). SEE MILLER
70 FOR A REVIEW OF THESE CONFLICTS.

78 SI6IIA(1620) MASS (MEV) (PROD. EXP. )

L ITCHF IE 74 PL 518 509
CARROLL 76 PRL 37 806
ENGLER 76 PL 638 231
CAMERON 78 NP 8132 189
ENGLER 78 PR D18 3061

REFERENCES FOR SI6IIA(1580&

LITCHFIELD (CERN) I JP
+CHIANG, KYC I A, L I, MAZUR, MI CHAEL+ (BNL) I
+KEYES, KRAEMER, SCHLERETH, TANAKA+ &CARN+AHL) I
+CAP ILUPP I+ (BGNA+EDIN+GLAS+P I SA+RHEL) I
+KEYES, KRAEMER, TAHAKA, CHO, + &CARN+ANL)

M N

M N

M

M

M

&1616.0) &8.0} CRENNELL 68 DBC
EVENTS OF CRENNELL 68 ARE IN THE LARGER SAMPLE

20 1618.0 3.0 BLUMENFEL 69 HBC
1619.0 8.0 CREHNELL 69 DBC
1642.0 12.0 AMMA NN 70 DB C

+- K-D 3.9 GEV/C
OF CRENNELL 69.
+ KO LONG + PROTON
+- K-N TO LAM 3 PI

K-N 4 ' 5 GEV/C

11/68

9/69
9/69
9/73

PAPERS NOT REFERRED TO IN DATA CARDS
78 SI6MA&1620& WIDTH (MEV) &PROD. EXP- )

CARROLL 73 APS BRKLY MTG 208 CARROLL, CHIANG, KYCIA, LI, MAZUR, MICHAEL+(BNL)I
LI 73 PURDUE CONF. 283 LI &BNL)I

a«a«a« **«aaa«aa «a«*a*a»a a«a«a***a a*a»*a*a» ««**a**«a ***a*a*a«»«*a**a*
****a«aaa«****a a«a«a«a»* a«a«a«a«* a**«««»a* **»»a«****««»a«**a «a««a«««

(66.0) (16.0) CRENNELL
20 30.0 10.0 BLUMENFEL

72.0 22. 0 15.0 CRENNELL
55.0 24. 0 AMMANN K-N 4. 5 GEV/C

68 DBC +- SEE NOTE N ABOVE
69 HBC +
69 DBC +-
70 DBC

11/68
9/69
9/69
9/73

Z(1620) S„Status:
32 SK6MA(1620, JP~1/2-) I~1 S'11
THE S11 STATE AT 1697 MEV REPORTED BY VANHORN 75 IS
INTERMEDIATE IN MASS BETWEEN THE SIGMA(1620) AND
SIGMA(1750). WE TENTATIVELY LIST IT UNDER SIGMA(1750).
CARROLL 76 SEES TWO BUMPS IN THE I=1 TOTAL CROSS
SECTIONS NEAR THIS MASS.

P1
P2
P3
P4
P5
P6

SIGMA(1620)
S I GMA( 1620)
S I GMA( 1620 )
S I GMA( 1620 )
SI GMA( 1620)
SIGMA( 1620 }

INTO N KBAR
INTO LAMBDA PI
INTO SIGMA(1385) PI
IHTO LAMBDA P I P I
INTO SIGMA PI
INTO LAMBDA(1405} PI

DECAY MASSES
938+ 494

11 16+ 140
1385+ 140
11 16+ 140+ 140
1189+ 140
1405+ 140

78 SIGNA(1620) PARTIAL DECAY MODES (PROD. EXP. )

PRODUCTION EXPERIMENTS ARE LISTED SEPARATELY IN THE NEXT ENTRY.

32 SI6MA(1620) IIASS &NEV&

R1
R1

78 SI6IIA(1620) BRANCHING RATIOS (PROD. EXP. )

SI6MA(1620) INTO (LAIIBDA PI PI)/(LAMBDA P I) (P4)/(P3)
14 {2.5) APPROX BLUMENFEL 69 HBC +

M

M

M L
M H

M 1
M 1

(1620 ' 0)
1630.0
1608.0
1633 ' 0

(1600 ' 0)
AN EQUALLY

&10.0)
5 ' 0

10.0
(6.0)

GOOD F I T

32 SIGIIA(1620& VIDTH &IIEV)

KIM 71 DPWA
LANG BE IN 72 IP WA

CARROLL 76 DPWA
CARROLL 76 DPWA
MORRIS 78 DP WA

IS OBTAINED WITHOUT INCLUDING

K-MATRIX ANAL.
MULTICHANNEL
I = 1 TOTA L CS
I=1 TOTAL CS
K- N TO LAM P I—

THIS RESONANCE.

3/71
12/72
2/77
2/77
3/79
3/79

R2
R2
R2

R3
R3

R4
R4
R4

SIGMA & 1620& INTO & N KBAR ) / & LAIIBDA P I & (P1 &/(P2&
(0.0) (0.1) CRENNELL 68 DBC +
0.4 0 ' 4 AMMANH 70 DBC K-P 4. 5 GEV/C

SIGIIA& 1620& INTO &LAMBDA PI )/TOTAL (P2)
LARGE CRENNELL 68 DBC +-

SI6IIA(1620) INTO (SIGMA('l385) PI)/&LAIIBDA PI) (P3)/(P2)
&0.2) (0-1} CRENNELL 68 DBC +-
(0.3) OR LESS CL=.95 AMMANN 70 DBC K-P 4. 5 GEV/C

6/70

11/68

11/68
6/?0

W

W

W L
W H

W 1

(40
65

(15
(10
(87

~ 0}.0 (20.0)
~ 0).0)
~ 0) (19.0}

KIM
LANGBE IN
CARROLL
CARROLL
MORRIS

71 DPWA
72 IPWA
76 DPWA
76 DPWA
78 DPWA

K-MATR IX ANAL ~

MULTICHANNEL
I=1 TOTAL CS
I=1 TOTAL CS
K- N TO LAM PI-

3/71
12/72
2/77
2/77
3/79

R5
R5

R6
R6

SIGMA(1620& INTO (SIGMA PI)/&LAMBDA PI& &P5)/&P2)
( 1.1)(95 PC UPPER LIMIT) AMMANN 70 DBC K-N 4. 5 GEV/C

SIGMA(1620& INTO &LAIIBDA(1405& PI)/&LAMBDA PI) (P6)/(P2)
0.7 0.4 AMMANN 70 DBC K-P 4. 5 GEV/C

9/?3

6/70

*««»*» **»a«***aa**«*«*****»»»««a» »»*a»*»a« *»»»»»«»» »a*»*»«a* »«»««»a»
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Particie Data Group: Review of particle properties

Baryons
Z(162O), Z(166O), Z(167O)

Data Card Listings

REFERENCES FOR SI6MA(1620) (PROD EXP. )
CRENNE LL 68 PR L 21 648 +DELANEY, FLAHINIO, KARSHON, +
BLUMENFE 69 PL 298 58 BLUHENFELD, KALBFLEISCH
CRENNELL 69 LUND PAPER 183 +KARSHON, LAI, ONEIL, SCARR, +

RESULTS ARE QUOTED IN LEVI SETTI 69.

(BNL+CUNY)
(BNL) I

(BNL+CUNY) I

AHHANN 70 PRL 24 327
ALSO 73 PR D7 1345

+ GARF INKEL, CARHONY, GUTAY, + (PURD+IND)
AHMANN, CARHONY, GARF INKEL, (PURD+IUPU)

PAPERS NOT REFERRED TO IN DATA CARDS

ARHENTER
LEVI SETT
TRIPP
ARMENTER
MILLER
SABRE
HUNGERBU

68 NP 88 183
69 LUND CONF
69 UCRL 19361
70 DUKE 123
70 DUKE 229
70 NP 816 201
74 PR D1 0 2051

ARHENTEROS, BAILLON + (CERN+HEID+SACL&
R LEVI SETTI (RAPPORTEUR) (EFI)
R 0 TRIPP (LRL&
ARHENTEROS, BAILLON + (CERN+HE ID+SACL &

D H HILLER (REVIEW TALK) (PURD)
SABRE COLLAB. &SACL+AMST+BGNA+REHO+EPOL)
HUNGERBUHLER, HAJKA, + (YALE+FNAL+BNL+PITT&

Z(1660) P„Status:
79 SI6NA(1660, JP~1/2+) I~1 P' 'l1

FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
1118)~ ALL THE REFERENCES HAVE BEEN RETAINED.

M

M A

M A

M 8
M 8
H

M C

H C

M C

M

M

H

79 S I6NA& 1660) NASS (MEV)

1670.0 &20 ' 0) KANE 74 DPMA K-P TO PI SIG
(1660.0& (30.0) BAILLON 75 IPWA KBAR N TO LAH PI

FROH SOLUTION 1 OF BAILLON 75, NOT PRESENT IN SOLUTION 2
(1671.0& (2.0) PONTE 75 DPWA 0 K- P TO LAH PI

FROM SOLUTION 2 OF PONTE 75, NOT PRESENT IN SOLUTION 1.
1668.0 (25.0) VANHORN 75 DPWA 0 K- P TO LAH PIO
1565. OR 1597. HARTIN 77 DPWA KBAR N MULTICHNL

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
PARAMETERS FROM THE T —HATRIX POLE AND FROH A 8-W FIT, RESPECTIVELY.

1676.0 (15 ' 0) RLIC 77 DPWA KBAR N HULTICHNL
1679.0 (10.0) ALSTON 78 DPWA KBAR N ELASTIC
1670.0 (10.0) GOPAL 80 DPWA KBAR N ELASTIC

79 SI6NA(1660) WIDTH (NEV)

W

M A

W 8
W

W C

W

M

250. 0
(80.0)
(81.0)
230.0
202. OR
120 ~ 0
38.0

152 ~ 0

(110~ 0)
(40.0)
(10.0)

(165.0)
217.

(20.0)
(10~ 0)
(20 ' 0)

(60.0)

KANE
BA IL LON
PONTE
VANHORN
HART IN
RLIC
ALSTON
GOPAL

74 DPMA
75 IPWA
75 DP WA

75 DPWA
77 OP WA

77 DPWA
78 DPWA
80 DPWA

K-P TO PI SI G

K BAR N TO LAM P I
0 K- P TO LAM P I
0 K- P TO LAM PIO

KBAR N MULTICHNL
KBAR N HULTICHNL
KBAR N ELASTIC
KBAR N ELASTIC

P1
P2
P3

79 8 I6MA& 1660) PARTIAL DECAY NODES

SIGMA(1660) INTO N KBAR
SIGMA(1660& INTO SIGMA PI
SIGMA(1660) INTO LAMBDA PI

DECAY MASSES
938+ 494

1189+ 140
11 16+ 140

79 SIGMA(1660) BRANCHING RATIOS

a«a«a* a«*a«a«*a *a«a«**«a «***a«a**aaaa**a«a «**«*««*a ****«a*a« a«a*«a*a
«a*a«a **a«a«a*a a«a«a**a* «**«*a**a««a**a«a« a*a«**a«a *««*a***a**a«a«*a

12/81
11/75
11/75

1/76
1/76

11/75
11/77

1/76
1/78

12/81

12/81
11/75

1/76
11/75
11/77

1/76
1/78

12/81

NOTE ON THE X(1670)

irrodhctiou mgawimoats: The measured Sv/Svv
branching ratio for produced X(1670)'s is strongly

dependent on momentum transfer. This was first
discovered by EBERHARD 69, who suggested that there

exist two X resonances with the same mass and quan-

tum numbers: one with a large Xm~ [mainly A(1405)sr]
decay mode produced peripherally, and the other with a
large Xsr decay mode produced at larger angles. These
results were confirmed by AGUILAR-BENITEZ 70,
ASPELL 74, ESTES 74, aud TIMMERMANS 76. The
most likely quantum numbers for both the Z~ and the

A(1405+ states are D13. There is also possibly a third

X, the X(1690) in the Listings, the main evidence for
which is a large Asr/X~ branching ratio. These topics
have beau reviewed by EBERHARD 73 aud by
MILLER 70.

Formation ex~viments: Two states are also
observed near this mass in formation experiments. One
of these, the D13 X(1670), has the same quantum

numbers as those observed in production and has a
large Xsr/Xmsr branching ratio. It may well be the

X(1670) produced at larger angles (see TIMMERMANS
76). The other state, the F11 X(1660), has different

quantum numbers from those seen in production, and
its Xm/Xsr~ branching ratio is unknown. Thus its rela-

tion to the produced X(1670)'s remains obscure.

R1
R1
R1
R1 C

R1

SIGNA(1660& FROM N KBAR TO SI6NA PI-0. 11 (0.01) KANE
NOT SEEN HEPP2

-0 ' 34 OR -0.37 HART IN-0. 16 (0.03) RLIC

SQRT(P1«P2)
74 DPWA K —P TO PI SIG 12/81
76 DPWA -0 K — NUC TO SI6 PI 2/77
77 DPWA KBAR N HULTICHNL 11/77
77 DPWA KBAR N HULTICHNL 1/76

Z(167O) D„ Status:
R2
R2 C

R2 D

R2 D

R2
R2

SIGMA(1660) INTO (N KBAR) /TOTAL (P1)
0.27 OR 0.29 MARTIN 77 OPMA KBAR N MULTICHNL

LESS THAN 0.04 RL IC 77 DPWA KBAR N HULTICHNL
(N KBAR) /TOTAL FROM RL IC 77 IS SUPERSEDED BY GOPAL 80.

0. 10 (0 ~ 05) ALSTON 78 DPWA KBAR N ELASTIC
0. 12 (0.03) GOPAL 80 DPWA KBAR N ELASTIC

R3
R3 A

R3 8
R3
R3 C

R3

SIGNA('l660) FROM N KBAR(-0.04) (0.02)
(+0.16) (0.01)

0. 12 (0 ~ 12)
-0 ~ 10 OR -0. 11
LESS THAN 0.04

TO LAMBDA PI
BAIL LON
PONTE

(0.04) VANHORN
MARTIN
RLIC

75

75
77
77

SQRT(P 1*P3)
IPWA KBAR N TO LAH PI
DPWA 0 K- P TO LAH PI
DPWA 0 K- P TO LAM PIO
DPWA KBAR N HULT I CHNL
DPWA KBAR M HULTICHNL

ARHENTER
KIM

ALSO
HART
LEA
KANE

70 DUKE 123
71 PRL 27 356
70 DUKE 161
73 PURDUE CONF. 311
73 NP 856 77
74 LBL-2452

REFERENCES FOR 8 I6NA(1660)

ARHENTEROS, BAILLON, + (CERN+HE ID) I JP
J K KIM (HARV) I JP
J K KIH (HARV) I JP
+RICE, BACASTOW, FUNG, + (TENN+UCR+MASA+BUFF) I JP
+HARTIN, HOORHOUSE+ (RHEL+LOUC+GLAS+AARH)IJP
D F KANE (LBL)IJP

BA I L LON 75 NP 894 39
PONTE 75 PRD 12 2597
VANHORN 75 NP 887 145

ALSO 75 NP 887 157

P BAILLON, P J LI TCHF IELD (CERN+RHEL) IJP
+HERTZBACH, BUTTON-SHAFER+ (MASA+TENN+UCR) IJP
A J VAN HORN (LBL) I JP
A J VAN HORN (LBL) I JP

«*«*****«*«**«**«a***a«a *«««a«**a *a«***««« *«*a«*a«a *«*«a«*«« *a******

11/77
1/?6

1/78
12/81

11/75
1/76

11/75
11/77

1/76

H

H A

H A

H 8
H 8

H

H

M C

M C
M C
M

M

H

44 SIGMA(1670 JP 3/2 ) Dg 613

44 S IGNA(1670) MASS (NEV)

K-P TO PI SIG
KBAR N TO LAM PI

0 K- P TO LAM P I

1670.0 (2 ' 0)
1685.0 (20 ' 0)

&1671.0& (3 ~ 0)
FROM SOLUTION 1 OF

(1655.0) (2.0)
FROH SOLUTION 2 OF

1659 ~ 0 (12.0)
(1650.0)
1670 ~ 0 (6.0)
1667. OR 1668.

THE TWO ENTRIES FOR
PARAHETERS FROM THE

1670 ' 0 (5 ' 0)
1679.0 (10.0)
1682.0 (5.0)

KANE
BAIL LOM

PONTE

74 DPWA
75 IPWA
75 DPWA

PONTE 75.
75 OPWA 0 K- P TO LAM PIPONTE

PONTE 75 '
(5.0) VANHORN 75 DPWA 0 K- P TO LAM PIO

BELLEFON 76 IPWA 0 K- P TO LAM PI
HEPP2 76 DPWA -0 K- NUC TO SIG PI
HART IN 77 DP'MA KBAR N MULTI CHNL

HARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
T-MATRIX POLE AND FROH A 8-W F IT, RESPECTIVELY.

RLIC 77 DPWA KBAR N HULTICHNL
ALSTON 78 DPWA KBAR N ELASTIC
GOPAL 80 DPWA KBAR N ELASTIC

FOR HOST RESULTS PUBLISHED BEFORE 1974 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION' (PHYSICS LETTERS
1118). ALL THE REFERENCES HAVE BEEN RETAINED.

RESULTS FROM PRODUCTION EXPERIMENTS ARE LISTED
SEPARATELY IM THE NEXT ENTRY.

12/81
11/75

1/76
1/76
1/76
1/76

11/75
2/77
2/77

11/77

1/76
1/78

12/81

HEPP2
HART IN

ALSO
ALSO

RL IC
ALSTON

ALSO
GOPAL

76 PL 658 487
77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 PR D18 182
77 PRL 38 1007
80 TORONTO CONF 1

+BRAUN, GRIMM, STROBELE, THOL+(CERN+HEID+MPIH) I JP
HAR T I N, P I D COCK, HOOR HOUSE (LOUC+GLAS) IJP
MART IN, P ID COCK (LOUC)
MARTIN, P IDCOCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, MCPHERSON+ (LOIC+RHEL) I JP
+KENNEY, POLLARD, ROSS+ (LBL+HTHO+CERN)IJP
ALSTON-GARNJOST, KENNEY, + (LBL+HTHO+CERN) IJP

59 G P GOPAL (RHEL) I JP

«*a«*« a«a*«a««a a«*aa«*** *a*a«a*a* ««*a***a« *«***a***«a««*a*«a a«««a«a«
**«aaa *«a«a**a* a«**a«**a **«««««a« a«a««a«a« «*«*«*«a« «aa«aa«aa «««««a««

W

W

W A

W 8
W

W

W

W C

W

W

M

79 ~ 0
85.0

&44. 0&
(76.0)
32.0

(80.0)
56.0
46. OR
50.0
56 ' 0
79.0

(6.0)
&25 ' 0)
(11.0)
(5.0)

(11.0)

&3.0)
46.

&5.0)
(20.0)
& 10.0)

KANE
BAIL LON
PONTE
PONTE
VANHORN
BELLEFON
HEPP2
HARTIN
RLIC
ALSTON
GOPAL

44 SIGNA( 1670) WIDTH (ME V)

74 DPWA
75 IPMA
75 DPMA
75 DPMA
75 DPWA
76 I PWA
76 DPWA
77 DPWA
77 DPWA
78 DPWA
80 DPMA

K-P TO PI SIG
KBAR N TO LAH PI

0 K- P TO LAM P I
0 K- P TO LAM PI
0 K- P TO LAH PIO
0 K- P TO LAM P I
0 K- NUC TO SIG PI

KBAR N MULT I CHNL
KBAR N MULTICHNL
KBAR N ELASTI C
KBAR N ELAST I C

12/81
11/75

1/76
1/76

11/75
2/77
2/77

11/77
1/76
1/78

12/81
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. 83.ry&&ns
Z(1670)

P1
P2
P3
P4
P5
P6
P7
P8

SIGMA(1670)
SIGMA(1670)
SI GHA( 1670)
SI GHA( 1670)
SI GMA ( 1670)
S I GHA ( 1670)
SIGNA($670)
S I GHA ( 1670)

44 S I 6NAC 1670& PARTIAL DECAY NODES

INTO N KBAR
INTO LAMBDA PI
INTO SIGMA PI
INTO LAMBDA P I P I
INTO SIGHA PI PI
INTO SIGMA(1385) PI, S-WAVE
INTO LAMBDA( 1405) PI
INTO LAMBDA(1520) PI

44 SIGNA( 1670& BRANCH IN6 RATIOS

DECAY MASSES
938+ 494

1116+ 140
1189+ 140
1 1 16+ 140+ 140
1192+ 140+ 140
1385+ 140
1405+ 140
1520+ 140

Z(1670) BUMPS

51 SI6NAC1670, JP~ & I~1 PROD. ANO CROSS SECT. EXPS

FORMATION EXPERIMENTS ARE LISTED SEPARATELY IN THE
PRECEDING ENTRY.

PROBABLY THERE ARE TWO STATES AT SAME MASS WITH SAME
QUANTUM NUMBERS, ONE DECAYING INTO SIGMA PI AND LAMBDA
PI, THE OTHER INTO LAMBDA(1405) PI. SEE THE NOTE
PRECEDING THE PRECEDING ENTRY.

R1
R1 C
R1 D

R1 D

R1
R1

R2
R2

R3
R3 E
R3 E

R4
R4

R5
R5
R5
R5 A

R5 8
R5
R5
R5 C

R5
R5 F
R5 F
R5 F

Rb
R6
R6
R6 C

R6

SI6NA&1670& INTO CN KBAR&/TOTAL (P1)
0 F 07 OR 0.07 MARTIN 77 DPWA KBAR N MULTICHNL

(0.08& (0.03) RLIC 77 DPWA KBAR N MULTICHNL
(N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0. 11 (0.03) ALSTON 78 DPWA KBAR N ELASTIC
0.10 (0 ' 03) GOPAL 80 DPWA KBAR N ELASTIC

SI6NAC1670& INTO CLANBDA PI PI&/TOTAL CP4&
(0.11& OR LESS ARMENTE3 68 HBC K-P (P1=.09)

11/77
1/76

1/78
12/81

9/69

SI6NA&1670& FRON N KBAR TO LANBOA PI
+0 ~ 018 0 ' 060 DEVENISH
+0 ~ 06 (0 ' 02) BAIL LON
(0.08) (0 ' 01) PONTE
(0 ~ 17& (0 ~ 01) PONTE
+0 ~ 09 (0.02) VANHOR M

(+0.05) SELLEFON
+0.08 OR +0.08 MARTIN
+0 ~ 10 (0.02) RLIC

0 ~ 17 (0.03) MORRIS
0 ~ 13 (0 ~ 02) MORRIS

RESULTS ARE WITH AND WITHOUT AM S11 SIG(

SQRTCP1«P2&
74 0 FIXED T DISP REL
75 IPWA KBAR N TO LAM PI
75 DPWA 0 K- P TO LAM PI
75 DPWA 0 K- P TO LAM PI
75 DPWA 0 K- P TO LAM PIO
76 IPWA 0 K- P TO LAM PI
77 DPWA KBAR M MULT I CHNL
77 DPWA KBAR N MULTICHNL
78 DPWA — K- N TO LAH PI-
78 DPWA — K- N TO LAH PI-
1620) IN THE FIT.

4/?5
11/75
1/76
1/76

11/75
2/77

11/77
1/76
3/79
3/79

SI6NAC16703
+0 ~ 21
+0 ~ 20
+0 ~ 18
+0.21

FRON N KBAR TO SIGNA PI
(0 ' 03) KANE
(0 ~ 01) HEPP2

OR +0 ~ 17 HART IN
(0.02) RLIC

SQRTCP1«P3&
74 DPWA K-P TO PI SIG
76 DPWA -0 K- NUC TO SIG PI
77 DPWA KBAR N MULT ICHNL
77 DPWA KBAR M MULTICHNL

12/81
2/77

11/77
1/76

SI6NAC1670& INTO CSI6NA PI PI&lTOTAL (P5)
(0 ' 14) OR LESS ARMENTE3 68 HBC K-P AMD D-P1=.09 11/68

RATIO ONLY FOR (SIG2PI) SYSTEM IN I=1, WHICH CANNOT BE SIGMA(1385) 11/68

SI6NA(1670& INTO &LANBOA& 1405& PI &/TOTAL CP7)
&0 ' 06) OR LESS ARMEMTE3 68 HBC K-P AND D-P1=.09 11/68

A

A

8
8
C

C

D

D

A

8

D

51 SI6NA&1670& NASS &NEV) CPROD. EXP. &

PI-P 2-2. 2 GEV/C
K-P 1.51 GEV/C
K-P, D TOTAL C. S
K-P 4.6-5. GEV/C
MORE DATA)
S I G. PI K-P 4 GEV
S I G. 2P I K-P 4GEV
K- P 2.87 GEV/C
QUASI 2 BODY CS
I=1 TOTAL CS

(1685 ' 0) ALEXANDER 62
1660.0 10.0 ALVAREZ 63

(1665 ' 0) (5 ' 0) BUGG 68
70 (1661.0) (9 ~ 0) PRIMER 68

SEE BARNES 69 FOR NEW ANALYSIS OF DATA (
1670 ' 0 6 ' 0 AGUI LAR 70
1668.0 10.0 AGUILAR 70
1665 ' 0 1.0 APSELL 74

1200 1688+/-2. OR 1683+/-5. BERTHON 74
1670 ' 0 4.0 CARROLL 76

TOTAL CROSS SECTION BUMP WITH (J+1/2)X=. 23
16?5.0 10.0 HEPP 1 76

ENHANCEMENTS IN SIG P1 AND SIG P1 P1 CHANNE
1655 ' TO 1677 ' T I MMERMA 76

150(1668.0) (10.0) FERRER 81
BACKWARD PRODUCTION IN LAMBDA PI- K+ FINAL

HBC -0
HBC +
CNTR
HBC +
3 TIMES
HBC
HBC
HBC
HBC 0
DPWA

DBC — K-N 1.6-1 ~ 75 GEV
L CROSS SECTIONS.
HBC + K- P 4. 2 GEV/C
OMEG — PI-P 9, 12 GEV/C
STATE.

51 SIGNA(1670) WIDTH (NEV& (PROD. EXP. )

(45 ' 0)
40 ~ 0

(30.0)
70 (60.0)

110' 0
135 ~ 0
67.0

(52.0)
48. TO 63.

150 (90.0) (20.0)

62 HBC -0
63 HBC +
68 CNTR
68 HBC +
70 HBC
?0 HBC
74 HBC
76 DPWA
76 HBC +
81 OMEG

ALEXANDER
ALVAREZ
BUGG
PRIMER
AGUILAR
AGUI LAR
APSELL
CARROLL
TIMMERMA
FERRER

10.0
(15.0)
(20.0)
12.0
40.0

2 ' 4

K-P 4.6-5. GEV/C
SIG. PI K-P 4 GEV
SI G. 2P I K-P 4GEV
K- P 2.87 GEV/C
I=1 TOTAL CS
K- P 4.2 GEV/C
PI-P 9, 12 GEV/C

30.0

7/68
10/69
5/70
5/70
4/75
4/75
2/77
2/77
2/77
2/77
2/77
2/82

11/66
7/68
5/70
5/70
4/75
2/77
2/77
2/82

R7
R7 G

R7 G

R7

SI6NA&1670& FRON N KBAR TO SI6NAC 1385& PI, S-WAVESQRTCP1«P6&
(0.17) (0.02) SIMS 68 DBC — LAM 2PI CROS ~ SEC 10/71

SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LIMIT ONLY 3/72
+0. 11 0.03 PREVOST 74 DPWA 0- K-N TO S(1385)PI 10/74

R9
R9

SI6NA& 1670) INTO (LAN& 14053 PI )IC S I6NAC 1385) PI & C P7& I (P6)
0.23 (0.08) BRUCKER 70 DBC — K-N TO SIG 2PI 10/71

RS S I6NA& 16703 INTO (LAN( 1405)PI & CN KBAR &/TOTAL «2 CP?«P 1 &

R8 (0 ' 03) OR LESS BERLEY 69 HBC 0 K-P ~ 6- ~ 82 GEV/C 5/70
RS H 0 F 007 (0 ' 002) BRUCKER 70 DBC — K-N TO SIG 2PI 10/71
RS H ASSUMING LAMBDA(1405) PI CROSS SECTION BUMP DUE ONLY TO 3/2- RESON. 10/71

P1
P2
P3
P4
P5

,P6
P7

SI GMA( 1670)
SIGMA(1670)
SI GHA ( 1670)
S I GMA ( 1670)
S I GHA ( 1670)
SIGMA(1670)
S I GMA ( 1670)

INTO N KBAR
INTO LAMBDA PI
INTO SI GMA PI
INTO LAMBDA PI PI
INTO SI GMA PI P I
INTO SI GMA(1385) PI
INTO LAMBDA(1405) PI

DECAY MASSES
938+ 494

11 16+ 140
1189+ 140
1 1 16+ 140+ 140
1192+ 140+ 140
1385+ 140
1405+ 140

51 SIGNA(1670) PARTIAL DECAY NODES CPROD. EXP. )

BAST IEN1
BASTIEN2
T-ZADEH
BERLEY
SCHLEIN
SMART
ARME N TER
ARME NTER
ARMENTE1
ARHENTE2
ARMENTE3
SIMS

63 PRL 10 188 P LSSASTIEN, J P BERGE (LRL) I J
63 UCRL-10779 THESIS P L BASTIEN (LRL) I J
63 PRL 11 470 TAHER ZADEHi PROWSE i SCHLE INr SLATERs+ (UCLA) JP
64 DUBNA CONF I 565 +CONNOLLY, HART, RAHM, STONEHILL, + (BNL) I JP
66 UCLA-1016 P E SCHLEIN ~ T G TR IPPE (UCLA) JP
66 PRL 17 556 W H SMART A KERNAN~G E KALHUSgR P ELY (LRL)IJP
67 NP 83 592 ARMENTEROS, FERRO-LUZZI+ (CERN+HEID+SACL&
68 NP 88 195 ARMENTEROS, BAILLON + (CERN+HE ID+SACL & I JP
68 NP 88 183 ARHENTEROS, BAILLON + (CERN+HE ID+SACL) I JP
68 NP 88 223 ARHENTEROS+BAILLON + (CERN+HE ID+SACL) I JP
68 PL 288 521 ARHENTEROS, BAILLON + (CERN+HE ID+SACL ) I
68 PR L 21 1413 SIMS, ALBRIGHT, SARTLEY, MEER+ (FSU+TUFT+BRAN)

ARMENTE4 69 NP 810 459
ARHENT-5 69 NP 814 91
BERLEY 69 PL 308 430

ARMENTEROS, BAILLON, MINTEN + (CERN+SACL) J
ARMENTEROS, BAILLON, + (CERN+HE ID+SACL) I JP
BERLEY, HART, RAHM, WILLIS, YAMAMOTO (BNL)

ARHENTER
BRUCKER
GALTIERI
BUDGEN
KIH

ALSO
PREVOST

70 DUKE 123
70 DUKE 155
70 DUKE 173
71 LNC 2 85
71 PRL 27 356
70 DUKE 161
71 AMSTERDAM CONF

ARMENTEROS, BAILLON, + (CERN+HE ID)
+HARR I SON, S IHS, ALBR IGHT, CHANDLER++ (FSU) I
A BARBARO GALTIERI (LRL)IJP
D BUDGEN (DURH)IJP
J K KIM (HARV) I JP
J K KIN (HARV) I JP
+ CHS COLLABORATION (CERN+HE ID+SACL )

LANGBEIN 72
BAXTER 73
HART 73
DEVENI SH 74
KANE 74
PREVOST 74

NP 847 477
NP 867 125
PURDUE CONF'
NP 881 330

LBL-2452
NP 869 246

+WAGNER (HPIH) I JP
BAXTER gBUCKINGHAHg CORBETT~ DUNN + (OXF ) I JP

311 +R I CE, BACASTOW, FUNG, + (TENN+UCR+HASA+BUFF ) I JP
DEVENISH, FROGGATT, HARTIN (DESY+NORD+LOUC)
D F KANE (LBL)IJP
PREVOST, BARLOUTAUD, + (SACL+CERN+HEID)

BAILLON 75 NP 894 39
PONTE 75 PRD 12 2597
VANHORN 75 NP 887 145

ALSO 75 NP 887 157

BELLEFON 76 NP 8109 129
HEPP2 76 PL 658 487
CAMERON 77 NP 8131 399
MARTIN 77 NP 8127 349

ALSO 77 NP 8126 266
ALSO 77 NP 8126 285

RLIC 77 NP 8119 362

P BAILLON, P J LITCHFIELD (CERN+RHEL)IJP
+HERTZBACH, SUTTON-SHAFER+ (MASA+TENNeUCR) IJP
A J VAN HORN (LBL) I JP
A J VAN HORN (LBL)IJP

DE BELLEFON, BERTHON (CDEF) I JP
+BRAUN, GR IHM, STROSELE, THOL+(CERN+HE ID+HPIM) I JP
+FRANEK, GOPAL, KALHUS, MCPHERSON+ (RHEL+LOIC) I JP
MART IN, P I D COCK, MOOR HOUSE (LOUC+GLAS)IJP
MART IN, P IDCOCK (LOUC)
MART IN g P ID COCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, MCP HERSON+ (LOI C+RHEL ) I JP

R10 SI6NA&1670& FROM N KBAR TO LANBOA(1520& PI SQRT&P1«PS&
R10 I 0.081 0 ~ 016 CAMERON 77 DPWA 0 P-WAVE DECAY
R10 I CAMERON77 UPPER LIMIT ON F-WAVE DECAY IS 0.03
R10 I ASSUHES LAMBDA(1520) ELASTICITY=. 46.
««*«a« *«*«a«*a* «a««a«*** aa««*a*** *«a«****aa«a«*««a« *a*«a«a** a«*a*«a*

REFERENCES FOR SI6NA& 1670&

1/78
1/78
1/78 R1

R1
R1
R1
R1
R1
R1
'R 1
P1
R1

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5
R5
R5
R5

R6
R6
R6
R6
R6
R6
R6
R6
R6

A

DE
E

F
F

G

G

G

51 S I6NA(1670) BRANCHIN6 RATIOS (PROD. EXP. )

SI6NA&1670) INTO CN KBAR&/CSI6NA PI)
0 (0 ~ 19) OR LESS ALVAREZ

(0.5)+- 0.25 OR MORE SMITH
(0 ' 6) OR LESS LONDON
(0.025) BUGG

0 (0 ' 24) OR LESS PRIMER
(0 ' 26) OR LESS BARNES
(0.2) OR LESS AGUILAR
(0.10) OR LESS BERTHON
(0 ' 03) OR LESS T IMMERHA

&P1
63 HBC +
63 HBC -0
66 HBC +
68 CNTR 0
68 HBC +
69 HBC +
70 HBC
74 HBC 0
76 HBC +

&/CP3)
K-P 1.15 GEV/C

K-P 2.25 GEV/C
ASSUMING J=3/2
K-P 4 ' 6-5. GEV/C
K-P 3.9-5 GEV/C

QUASI 2 BODY CS
K- P 4. 2 GEV/C

7/66
11/66
7/68

10/69
5/?0
4/75
2/77

SI6NA&1670) INTO (LAMBDA PI&/&SI6NA PI) (P2) I (P3&
130 (1 ~ 20) ALVAREZ 63 HBC + K-P 1.15 GEV/C

(1 ~ 2) SMITH 63 HBC -0
0. 15 0 ~ 07 HUWE 64 HB C +
0 ~ 6 OR LESS LONDON 66 HBC + K-P 2 ~ 25 GEV/C

33 0. 11 0.06 BUTTON-S 68 HBC + K-P AT 1.7 GEV/C
0 (0.0) PRIMER 68 HBC + K-P 3.9—5 GEV/C

PRIMER 68 ASSUMED THIS DECAY TO BE ALL SIGMA(1690) — SEE BARNES 69
FOR NEWW INTERPRATATION OF DATA. (3 TIMES MORE DATA)

0 ~ 45 0. 15 BARNES 69 HBC + K-P 3 ' 9-5 GEV/C
(0 ' 55) (0.11) BERTHON 74 HBC 0 QUASI 2 BODY CS

0 ' 76 0 ' 09 ESTES 74 HBC 0 K-P, 2 ~ 1+2.6GEV/C
(0.45)+/- 0.07 OR LESS TIMMERMA 76 HBC + K- P 4. 2 GEV/C

SIGNA(1670) INTO (LAMBDA PI PI)/(SI6NA PI) (P4)/(P3)
90 (0 ' 56) ALVAREZ 63 HBC + K-P 1.15 GEV/C

(0 ~ 17) SMITH 63 HBC -0
(0.6) OR LESS LONDON 66 HBC + K-P AT 2. 25 GEV/C

7/66
10/69
10/69

10/69
4/75

11/75
?/77

7/66

SIGNAC 1670& INTO & LAMBDA( 1405)
50 3 ~ 0 1 ~ 6
17 (0.58) (0.20)

LARGEST AT SHALL ANGLES
1.8+/-0. 3 TO 0.02+/-0. 0?

DEPENDING ON PRODUCTION ANGLE

PI&/(SI6NA PI)
LONDON 66 HB C

PRIMER 68 HBC
ESTES 74 HBC
T IHMERMA 76 HBC

CP7&/CP3)
+ K-P 2.25 GEV/C
+ K-P 4.6-5. GEV/C
+- K-P 2. 1+2.6GEV/C
+ K-P 4. 2 GEV/C

7/66
7/68

11/75
11 1??

CP3&/(P5&
+ K-P AT 3.5 GEV/C
+ K-P 2. 25 GEV/C

K-P AT 2.6 GEV/C

SI6NA(1670) INTO (SI6NA PI&/(SI6NA PI PI)
0.4 OR LESS BIRMINGHA 66 HBC
0.30 0. 15 LONDON 66 HBC

BETWEEN 2. 5 AND 0.24 EBERHARD 69 HBC
DEPENDING ON THE PRODUCTION ANGLE

VARIES WITH PROD. ANGLE APSELL 74 HBC + K-P 2.87 GEV/C
(1.39) (0 ~ 16) BERTHON 74 HBC 0 QUASI 2 BODY CS

APSELL 74, ESTES 74 AND TIMMERMANS 76 FIND STRONG BRANCHING RATIO
DEPENDENCE ON PRODUCTION ANGLE, AS IN EARLIER PROD. EXPERIMENTS.

11/67
7/66
9/69

4/75
4/75

SI6NA& 1670& INTO &SIGNA PI PI)/(SIGNA PI & (P5&/CP3)
180 (0 ' 56) ALVAREZ 63 HBC + K-P 1 ' 15 GEV/C

LARGEST AT SMALL ANGLES ESTES 74 HBC 0 K-P, 2 ' 1+2.6GEV/C 11/75
(0.2)OR LESS HEPP1 76 DBC — K-M 1.6-1.75 GEV 2/77

ALSTON 78 PR D18 182 tKENNEY, POLLARD, ROSS+ (LBL+MTHO+CERN) IJP
ALSO 77 PRL 38 1007 ALSTON-GARNJOST, KENNEY, + (LBL+MTHO+CERN)IJP

MORRIS 78 PR D17 55 +ALBR IGHT COLLERAINE t KIHEL LANNUTTI (FSU) I JP
GOPAL 80 TORONTO CONF 159 G P GOPAL (RHEL) I JP

««**a« «««a«**a« «**«*a**««««*«a*a* **««*a**a«*«**a****a*«*aa«a ««a*«a««
«a«*«a a«*«a**«« ««a«««**a «««*a*««« a«**««««* a«**a*«*« **a««*a«* ««***«*«

R7
R7
R7
R7

RS
RS

SI6NA&1670) INTO (LANBOA(1405) PI)/(SI6NA PI PI) (P7)/(P5)
0 ~ 90 0 ~ 10 0 ~ 16 EBERHARD 65 HBC + K-P 2.45 GEV/C
1.00 0.02 APSELL 74 HBC K- P 2.87 GEV/C
0 ' 97 0.08 TIHHERMA ?6 HBC K- P 4. 2 GEV/C

SI6NA(1670) INTO &LAN(1405) PI)/(SIGNA(1385) PI) (P7)/(P6)
(0.8) OR LESS EBERHARD 65 HBC + K-P 2.45 GEV/C

7/66
4/75
2/77

7/66
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S274 Particle Data Group: Review of particle properties

Baryons
Z(1670), Z(1690), Z(1750)

Data Card Listings

R11 SIGNA(1670) INTO (LAMBDA PI)/(LANBDA PI + SIS PI)(P2)/(P2+P3)
R11 (0.6) OR LESS AGUI LAR 70 HB C 5l?0

&LANBDA PI PI)/(SI6NA PI PI) (P4)/(P5)
R9 0.35 0.2 BIRMINGHA 66 HBC + K-P AT 3.5 GEV/C 11/67

R10 SISNAC 1670) INTO (LANBOA PI)/(SIGNA PI PI) CP2)/CP5)
R10 (0.2) OR LESS 8 IRMINGHA 66 HBC + K-P AT 3.5 GEV/C 11/67

R3
R3

SI6NA(1690) INTO (SIGNA(1385) PI)/(LANBDA PI) (P4)/(P2)(0.5) OR LESS MOTT 69 HBC + 9/69

R2 SIGNA(1690) INTO (SI6NA PI)/(LAMBDA PI) (P3)/(P2)
R2 0 ' 3 0.3 COLLEY 67 HBC + 4/30 EVENTS 8/67
R2 (0-4) OR LESS CL=. 90 MOTT 69 HSC + 9/69
RZ SHALL GODDARD 79 HBC + PI+P 10.2 GEV/C 12/79

R12 SI6NAC1670) INTO CSIGNA(1385) PI)/(SI6NA PI) (P6)/(P3)
R12 (0.21)+/- 0.05 OR LESS TEHMERMA 76 HBC K — P 4. 2 GEV/C 2/77

R4
R4
R4
R4
R4 AVG

SI6NAC1690) INTO (LANBDA PI PI)/CLANBDA PI)
0 ' 5 0.25 COLLEY 67 HBC
2 ' 0 0.6 BLUMENFEL 69 HBC

0.72 0.53 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 2.3)

8/67
9/69

51 SIGNA(1670) QUANTUM NUNBERS CPROD. EXP-)

Q1 JP=3/2+ LEVEQUE 65 HBC ENTO Y*(1405)+PI 11/68
Q3 JP 3/2- EBERHARD 67 HBC + INTO Y*&1405) PI 11/68
Q4 400 JP=3/2- BUTTON-SH 68 HBC +- INTO SIGZERO+PI 11/68
a«a*a« «***a*a«a a»*a**a***aa»*»»** ***«**«»aaa»*«***a ***«»***aaaaa»aaa

R5 SI6NA(1690) INTO (SI6NA(1385) PI)/(LANBDA PI PI) (P4)/(P5)
R5 SHALL COLLEY- 67 HBC +
R5 LARGE SEHS 68 HBC — K-N TO L2PE

*a«a«a *a»»a»a** **»«a«»aa a»*«a»a«a «**a**a«*a«»**a**» *********aa»****a

REFERENCES FOR SIGNA(1690) «PROD. EXP.)

8/67
11/68

8 IRMINGH 66 PR 152 1148
LONDON 6& PR 143 1034
BUGG 68 PR 168 1466
SUTTON-S 68 PRL 21 1123
PRIMER 68 PRL 20 610

(8 IRH+GLAS+LOIC+OXF+RHEL)
+RAU, SAMIOS, YAHAMOTO, GOLDBERG, + (BNL+SYRA) EJ
+GILMORE, KNIGHT, DAVE ES+ & 8 IRH+CAVE+RHEL ) I

BUTTON-SHAFER &NASA+LRL) JP
+GOLDBERG, JAEGER, BARNES, OORNAN + (SYRA+BNL)

REFERENCES FOR SI6NA(1670) (PROD- EXP. )
ALEXANDE 62 CERN CONF 320 ALEXANDER, JACOBS, KALBFLEESCH, MII LER, + (LRL)
ALVAREZ 63 PRL 10 184 +ALSTOM, FERRO-LUZZE, HUWE, + (LRL) I
SMITH 63 ATHENS CONF 67 G A SMITH &LRL)
HUWE 64 PR 180 1824( 1969& D 0 HUWE &LRL)
EBERHARD 65 PRL 14 466 +SHEVELY, ROSS, SIEGAL, FICENEC, + (LRL+ILL) I

COLLEY 67 PL 248 489
DERRICK 67 PRL 18 266

REPLACED BY MOTT 69.
PRIMER 68 PRL 20 610
S IMS 68 PRL 21 1413

ADERHOLZ 69 NP 811 259
BLUMENFE 69 PL 298 58
MOTT 69 PR 177 1966

GODDARD 79 PR D19 1350

(8 IRH+GLAS+LOEC+HUNI+OXF+RHEL) I
+FIELDS, LOKEN, AMMAR, (ANL+NWES) I

+GOLDBERG, JAEGER, BARNES, + &SYRACUSE+BNL) I
+ALBR IGHT, + (FSU+TUFT+BRAN& I

+BARTSCH, SCHULTE+(AACH+BERL+CERN+CRAC+WARS&E
8 J SLUNENFELO, G R KALBFLEISCH (BNL) I
+AHMAR, DAVIS, KROPAC, + (NWES+ANL) I

+KEY, LUSTE, PRENTICE, YOON, GORDON+ (TNTO+BNL & I, J

PAPERS NOT REFERRED TO EN DATA CARDS

BARNES 69 BNL 13823
EBERHARD 69 PRL 22 200
AGUILAR 70 PRL 25 58

+CHUNG, E ISNER, FLAME NEO+ &BNL+SYRA)
+FRIEDMAN, PREPSTEEN, ROSS (LRL)
+BARNES, BASSANO, CHUNG, EESNER, +(BML+SYRA)

AGUI LAR 70 PRL 25 58
COOP ER 70 NP 823 605

AGUILAR-BENETEZ, BARNES, BASSANO+ (BML+SYRA&
+MANNER, HUSGRAVE, POLLARD, VOYVOO IC (ANL & I

CARROLL 76 PRL 37 806
HEPP 1 76 NP 8115 82
TEMHERMA 76 NP 8112 77
FERRER 81 NP 8178 373

+CH IANG, KYC EA, L I, MAZUR, HI CHAEL+ &BNL)I
+BRAUN GR IMMI STROBE LE THOL+ ( CERN+HE ED+NP IN) I
TEMNERHANS, ENGELEM+ (NI JM+CERM+AHST+OXF) JP
+TREE LLE, RIVET, VOLTE+ &CERN+CDEF+EPOL+LALO)

PAPERS NOT REFERRED TO IN DATA CARDS

APSELL 74 PRD 10 1419 APSELL, FORD, GOUREVETCH+(BRAN+UHD+SYRA+TUFT)E
BERTHON 74 NC 21A 146 BERTHON, TRISTRAM, + (CDEF+RHEL+SACL+STRB)
ESTES 74 LBL-3827 &THESIS) R D ESTES &LBL) Z(1750) S„ St,at.us:

57 SI6NA& 1750, JP~'}/2-) S' '11
FOR MOST RESULTS PUSLISHED BEFORE 1974 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
'1'118). ALL THE REFERENCES HAVE BEEM RETAINED.

»a»a«a a*a»a»a** *aa»aaaa* ***a»a«****»«**a«**»************a«***a«*****
a*a*«a «*a«*a»a« a&*a«a»a« **a«**»*a******a«»«**«a*«***a*»*****a***a»a»

LEVEQUE
LEE
EBERHARD
MILLER
EBERHARD
HUNGERBU

65 PL 18 69
66 PRL 17 45
67 PR 163 1446
70 DUKE 229
73 PURDUE CONF. 247
74 PRO 10 2051

+ (SACL+EPOL+GLRS+LOEC+OXF+RHEL) JP
Y Y LEE, D D REEDER, R W HARTUNG {WISC) JP
+PR EPSTEIN, SHIVELY, KRUSE, SWANSON (LRL+ILL) I JP
D H NELLER (REVIEW TALK) (PURD)
P EBERHARD (LBL)EJP
HUNGERSUHLER, MAJKA, + &YALE+FNAL+BNL+PITT)

THERE IS EVIDENCE FOR THIS STATE IN MANY PARTIAL-
WAVE ANALYSES, BUT WITH RATHER WIDE VARIATIONS IM
THE MASS, 'WIDTH AND COUPLE NGS. THE LATEST ANALYSES

INDICATED SIGNIF ECANT COUPLENGS TO M KBAR AND LRHBDR PI, AS WELL AS
SIGMA ETA 'WHOSE THRESHOLD IS NEARBY AT 1746 HEV & JONES 74) .

58 SIGNA(1690, JP= ) I=1 PRODUCTION EXPER INENTS

SEE THE NOTE PRECEDING THE SIGMA('1670& LISTINGS. SEEN
IN PRODUCTION EXPERIMENTS ONLY, MAINLY IN LAMBDA PE.

H

M A

H A

H A

8
H 8
M 8
M 8
H

M

H
H C

H C

H D

H D

H D

58 SI6NAC1690) MASS (NEV) (PROD. EXP. )
30& 1715.0) (12.0) COLLEY 67 HBC + K-P 6 GEV/C
60& 1694.0) (24. 0) PRIMER 68 HBC + K-P 4.6-5 GEV/C

SEE SIGMA(1670) LISTING-AGUILAR 70 WITH THREE TIMES THE DATA OF
PRIMER 68 SHOW THAT THEY HAVE NO EVIDENCE FOR SIGHA(1690)

( 1700.0) (6.0) SIMS 68 HBC — K-N TO LAM PI PI
THIS ANALYSIS, WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUHPTIONS
AND SHOWS NO UNAMBIGUOUS SIGMA(1690) SIGNAL, SUGGESTS JP=5/2+.
SUCH A Y* WOULD LEAD ALL PREVIOUSLY KNOWN Y* TRAJECTORIES.

15(1698.0) (20. 0& ADERHOLZ 69 HBC + PE+P 8 GEV/C
46( 1682.0) (2.0) BLUNENFEL 69 HBC + KO LONG + PROTON

( 1700.0) {20.0) MOTT 69 HBC + K-P 5.5 GEV/C
70(1698.0) (20. 0& . GODDARD 79 HBC + P. E+P 10.3 GEV/C

FROH (LAMBDA PE+) K+ FINAL STATE. J)1/2 NOT REQUIRED BY DATA.
40( 1707.0) (20.0) GODDARD 79 HBC + PI+P 10.3 GEV/C

FROM {LAMBDA PE+) (K PI)+ FINAL STATE. J)1/2 INDICATED, BUT LARGE
BACKGROUND PRECLUDE S DEFINITE COMCLUS EON.

58 SIGNA(1690) WIDTH (NEV) &PROD. EXP. )
W

W A

W 8
W

W

W

W C

W D

30 (100.0)
60 (105.0)

{62.0&
15 (142.0 &

46 (25. 0&
&130.0&

70 (240.0&
40 &130.0&

&35.0)
(35-0&
&14.0)
&40. 0)
&10.0)
(25. 0&
{60.0)

(100.0) (60.0)

COLLEY 67 HSC
PRIMER 68 HBC
SINS 68 HBC
RDERHOLZ 69 HBC
BLUHENFEL 69 HBC
MOTT 69 HBC
GODDARD 79 HBC
GODDARD 79 HBC

+
SEE MOTE M ABOVE

+ P I+P 8 GEV/C
+

+ PI+P 10 3 GEV/C
+ PE+P 103 GEV/C

58 SIGNA(1690) PARTIAL DECAY NODES CPROD EXP. )

*«***a»'**«*a*a« a***«*****»»a»*«** ****»&a»» &****a«a**»*a*«»*a *»*a*»*a
*«*a**«a»*a**a» **a»a»a»* *a»***«*&»***&«*a» &a««*»**« a*»»»***» a«««***a

Z(1690) BUMPS
~

Status:

8/67
7/68

11/68

12/79
9/69
9/69

12/79

12/79

8/67
7/68

'I 1/68
12/79
9/69
9/69

12l79
12/79

H

M A

M A

M

M 8
M 8
H C

H C

H

M

H D

H D

H E
M E
H E
H

M

M

W A

W

W 8
W C

W

W

W D
'W E
W

W

W

P1
P2
P3
P4
P5
P6

57 SI6NA(1750) NASS (NEV)

57 S I6NA(1750) WIDTII (NEV)

(89.0)
(92.0&

(108.0 &

(140.0)
{160.0&
{66.0)

(110.0&
(10.0)
117. OR
60.0

161.0
64.0

&33.0)
(7.0)

(20.0)
(30.0)
&50. 0&
{14.0)

119.
10.0
ZO. O

(10.0&

CHU 74
JONES 74
PREVOST 74
BAELLON 75
BRELLON 75

(12.0) VANHORN 75
BELLEFON 76
CARROLL 76
HART IN 77
RL IC 77
RLSTON 78
GOPAL 80

DBC — F ET SIG- ETA CS
HBC 0 F IT SIG+ETA CS
DPWA 0- K-N TO S(1385)PI
IPWA KBAR N TO LAH PI
EPWR KBAR N TO LAH PI
DPWR 0 K- P TO LAN PIO
IPWA 0 K- P TO LAM PI
DPWA E=1 TOTAL CS
DPWA KSAR N MULTICHNL
DPWA KBAR k HULTICHNL
DPWA KBAR N ELASTIC
DPWR KBAR N ELASTIC

SIGMA( 1750)
S I GMR(1750)
SIGMA(1750)
SIGMA(1750)
S I GHA( 1750 )
S I GMA( 1750)

57 SI6NA(1750) PARTIAL DECAY NODES

INTO N KSAR
INTO SIGMA ETA
INTO LAMBDA PE
INTO SEGHA PI
INTO SIGNA(1385) PE
INTO LAHBDA(1520) PI

DECAY MASSES
938+ 494

1192+ 549
1116+ 135
1189+ 140
1385+ 140
15ZO+ 140

(1785.0) ( 12 ~ 0) CHU 74 DBC — FIT SIG- ETA CS
&1760.0) (5.0) JONES 74 HBC 0 FIT SIG0 ETA CS

S-WAVE BW FIT TO THRSHLD C. S. , NO BKGND. ERRORS STATISTICAL ONLY
(1739.0) & 10.0) PREVOST 74 DPWA 0- K-N TO S(1385&PI
( 1780.0) (30.0) BAILLON 75 IPWA KBAR N TO LAH PE

FROM SOLUTION 1 OF BAILLON 75.
(1700.0) (30.0& BAILLON 75 IPWA KBAR N TO LAM PI

FROM SOLUTION 2 OF BAILLON 75.
(1697.0) &20. 0& &10.0) VANHORN 75 DPWA 0 K- P TO LAN PIO
(1730' 0) BELLEFON 76 IPWA 0 K- P TO LAH PE
1715.0 10.0 CARROLL 76 DPWR E=1 TOTAL CS

A TOTAL CROSS SECTION BUMP WITH (J+1/2&X=0. 30.
1800. OR 1813. MARTIN 77 DPWA KBAR N HULTICHNL

THE TWO ENTRIES FOR HARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
PARAMETERS FROM THE T-MATREX POLE AND FROH A 8-W FET, RESPECTIVELY.

1770.0 15.0 RLEC 77 DPWA KBAR N MULTICHML
1?70.0 10.0 ALSTON 78 DPWA KBAR N ELASTIC
1756.0 (10-0 & GOPAL 80 DPWA KBAR N ELASTIC

10/74
1/74
1/74

10/74
11/75
1'I/75

1/76
1/76

11/75
2/77
2/77

11/77

1/76
1/78

12/81

'IO/74
1/74

10/74
11/75

1/76
11/75
2/77
2/77

11/77
1/76
1/78

12/81

P1
P2
P3
P4
P5

R1
R1
R1
R1

S I GHR( 1690) INTO N KBAR
SE GMR( 1690) INTO LAHBDA PI
SI GMA(1690) INTO SIGMA P I
S I GHA( 1690) INTO S I GHA( 1385 ) P I
SIGMA( 1690) INTO LAMBDA PE PI (INCLUDING P4)

DECAY MASSES
938+ 494

11'l6+ 140
1189+ 140
1385+ 140
11 16+ 140+ 140

58 SI6NA(1690) BRANCHINS RATIOS CPROD- EXP-)

SI6NA(1690) INTO &N KBAR)/(LAMBDA PI) CP 1)/(P2)
18 0.4 0.25 COLLEY 67 HBC + 6/30 EVENTS

(0 ' 2) OR LESS MOTT 69 HBC +
SHALL GODDARD 79 HBC + PE+P 10.2 GEV/C

8/67
9/69

12/79

R1
R1
R1
R1
R1

R2 SIGNA(1750) FRON N KBAR TO SIGNA ETA
R2 SEEN CLENE
R2 A (0.23) (0 ' 01) JONES

SQRTCP1»P2)
69 DBC — THRESHOLD BUMP
74 HBC 0 FIT SIG+ETA CS

57 SIGNA(1750) BRANCHING RATIOS

SI6NA(1750) INTO (N KBAR)/TOTAL (P1)
E 0.06 OR 0.05 MARTEN 77 OPWA KBRR N NULTECHNL
F (0.15) (0 ~ 03) RLEC 77 OPWA KBAR N MULTICHNL
F (N KBAR)/TOTAL FROM RL IC 7? IS SUPERSEDED BY GOPAL 80.

0.33 0.05 ALSTON 78 DPWA KBAR N ELASTIC
0 ' 14 &0 ' 03) GOPRL 80 DPWA KBRR N ELASTIC

11/?7
1/76

1/78
12/81

9/69
1/74
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Particle Data Group: Review of particle properties S2?5

For notation, see key at front of Listings. Baryons
Z(1750), Z(1770), Z(1775)

R3
R3
R3 8
R3 C
R3
R3
R3 E
R3

SI6NA(1750) FRON N KBAR
(-0.120) (0 ~ 077)(-0.12 & (0.02)(-0.13) (0.03)(-0.13) (0 ~ 04)(-0.12)-0.10 OR -0 ~ 09
(0 ' 04) (0.03)

TO LANBDA PI
OEVENISH
BAIL LON
SAIL LON
VANHORN
BELLEFON
MARTIN
RLIC

SQRT C P 1«P3 &

74 0 FIXED T DISP REL 4/75
75 IPWA KBAR N TO 'LAM PI 11/75
?5 IPWA KBAR N TO '.LAM PI 1/76
75 DPWA 0 K- P TO LAM PIO 11/75
76 IPWA 0 K- P TO LAM PI 2/77
77 DPWA KBAR N MULTiCHML 11/77
77 DPWA KBAR N MULTICHNL 1/76

KANE 74 LBL-2452
CARROLL 76 PRL 37 806

PAPERS NOT REFERRED TO IN DATA CARDS

D F KAME
+CHIAMG, KYCIA, LI, MAZUR, MICHAEL, +

(LBL) I JP
(BNL&I

««a»** »a*a**a*a ««**a*a**«*a«»a»*a ««*a«**«a **a***«a***»**«*«a««a«a*a»
a«*»»» *»*«a*»*» »**»******«a«*a»a« ****«a***a**«****«**«««**a« «a»****a

R6 SI6NAC 1750& FRON N KBAR TO LANBDAC 1520& PI SQRT(P1«P6)
R6 G 0 ' 032 0 ' 021 CAMERON 77 DPWA 0 P-WAVE DECAY
R6 G ASSUMES LAMBDA(1520) ELASTI CI TY~.46

a«a«»a aaa«««»a» a«a«*»«*a a»*a»a«aa ****«aa«a «««**a****«***a*a»a«««««««

1/78
1/78

R4 SI6NA(1750& FRON N KBAR TO SI6NA PI SQRT(P1«P4&
R4 (0.13) (0.02) LANGBE IN 72 IPWA MULTiCHANNEL 12/72
R4 E +0 ~ 06 OR +0 F 06 MARTIN 77 DPWA KBAR N MULTICHNL 11/77
R4 -0.09 0 ' 05 RLIC 77 DPWA KBAR N MULTICHNL 1/76

R5 SI6NA(1750& FRON N KBAR TO SI6NA(1385& PI SQRTCP1*P4&
R5 +0. 18 0 ~ 15 PREVOST 74 DPWA 0- K-N TO S(1385)PI 10/74

Z(1775) D, St,at,us: et 4w

45 SI6NA(1775) MASS (NEV)

65 SI 6NA (1775, JP~5/2-) I~1 D15

FOR MOST RESULTS PUBLISHED BEFORE 1974 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
1118). ALL THE REFERENCES HAVE BEEN RETAINED.

FERRO-LU
CL INE
MEYER
ARMENTER
ARMENTER
ARMEMTER
HARR ISOM
CONFORTO
KIM

ALSO
LAMGBEIN

66 BERKELEY CONF 183
67 PL 258 41
67 HE IDELBERG C 117
68 NP 88 183
69 LUND CONF PAPER
70 DUKE 123
70 FSU-HEP 70 3 1
71 NP 834 41
71 PRL 27 356
70 DUKE 161
72 NP S47 477

REFERENCES FOR 8I6NA(1750)

M FERRO LUZZI (RAPPORTEUR) (CERN&
CL INE, OLSSON (WISC) I JP
J MEYER (RAPPORTEUR) (SAC L) I JP
ARMENTEROS, BAILLON, + (CERN+HE ID+SACL) I JP
ARMENTEROS, BAILLON, + (CERN+HEID+SACL) I JP
ARMENTEROS, BAILLON, + (CERN+HE ID) I JP
W C HARRISON (THESIS) (FSU)
+LEVI SETT I, LASINSKI . .OBERLACK++ (EF I+HEIO) I JP
J K KIM (HARV) I JP
J K KIM (HARV) I JP
+WAGNER (MPIM& I JP

M

M

M

M

. M A

M A

M A

M

M

M

1772 ~ 0 (6 ~ 0 &

1775.0 10.0
1774 ' 0 10.0

(1765.0)
1772. OR 1777.

THE TWO ENTRIES FOR
PARAMETERS FROM THE

1774 ' 0 5 ' 0
1777 ' 0 5.0
1??8.'0 &5.0&

KAME 74 DPWA K-P TO PI SIG
SAILLOM 75 IPWA KBAR N TO LAM PI
VANHORN 75 DPWA 0 K- P TO LAM PIO
BELLEFON 76 IPWA 0 K- P TO LAM PI
MARTIN 77 DPWA KSAR N MULTICHNL

MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
T-MATRIX POLE AND FROM A 8-W FIT, RESPECTIVELY.

RLIC 77 DPWA KBAR N MULTICHNL
ALSTON 78 DPWA KBAR N ELASTIC
GOPAL 80 DPWA KBAR N ELASTIC

12/81
11/75
11/75
2/77

11/77

1/76
1/78

12/81

BAXTER 73 NP 867 125
CHU 74 NC 20A 35
JONES 74 NP 873 141
OE YEN I SH 74 NP 881 330
PREVOST 74 NP 869 246

BAXTER, BUCKINGHAM, CORB ET T, OUNN, + (OXF ) I JP
CHU, BARTLEY, + (SUNY PLATTSBURGH+TUFT+SRAN) I JP
JONES (CHI;C) I JP
DEVENI SH, FROGGATT, MART IN (DESY+NORD+LOUC)
PREVOST, BARLOUTAUD, + (SACL+ CERN+HE ID )

SAILLON 75 MP 894 39
VANHORN 75 NP 887 145

ALSO 75 NP 887 157

BELLEFON 76 NP 8109 129
CARROLL 76 PRL 37 806
CAMERON 77 NP 8131 399
MARTIN 77 NP 8127 349

ALSO 77 NP 8126 266
ALSO 77 NP 8126 285

RLIC 77 NP 8119 362

P BAILLON, P J LITCHFIELD
A J VAN HORN
A J VAN HORN

DE BELLEFON, BERTHON
+CH IANG, K YC I A, L I, MAZUR, MI CHAE L+
+FRANEK, GOPAL, KALMUS, MCPHER SON+
MART IN, P IDCOCK, MOORHOUSE
MART IN, P ID COCK
MARTIN, PIDCOCK
GOPAL, ROSS, VAN HORN, MCPHERSON+

(CERN+RHEL)IJP
(LBL)IJP
(LBL)IJP

(CDEF) I JP
(BNL) I

&RHEL+LOIC) I JP
&LOUC+GLAS) I JP

(LOUC)
, (LOUC) I JP

(LOI CARMEL) I JP

ALSTON 78 PR D18 182 +KE NNE Y, POL LARD, ROSS+
ALSO 7? PRL 38 1007 ALSTON . GARN JOST gKEMMEYg +

GOPAL 80 TORONTO CONF 159 G P GOPAL

(LBL+MTHQ+CERN', ) I JP
(LBL+MTHO+CERN)IJP

(RHEL) I JP

««»a«* a»*«*«*a* a»a»*»*a* a»a«a*a«» ««*«*a«*« *a**«**a*««***a**«a«*«*«*a
a«a»a» a«*a»a«a* aaa«a«a** ««**«a*a« «»»**a***»*»a«»aaa a«a»a«*** »««««»a«

W

W

W

W

W A

W

W

W

W AVG

P1
P2
P3
P4
P5
P6
P7

45 SI6NAC 1775) WIDTH CNEV&

154 ~ 0
125.0
146.0

(120.0)
102 ~ OR
130.0
116.0
137.0

(10.0)
15 ~ 0
18 ~ 0

103.
10.0
10 ~ 0

(10.0)

KANE
BA IL LON
VANHORN
BELLEFON
MART IN
RLIC
ALSTON
GOPAL

74 DPWA
75 IPWA
75 DPWA
76 IPWA
77 DPWA
77 OPWA
78 DPWA
80 DPWA

125.9 6 ' 0 AVERAGE

SIGMA(1775)
SIGMA(1775)
SIGMA(1775)
SIGMA(1775)
S I GMA( 1775 )
S I GMA( 1775)
SI GMA( 1775)

INTO N KBAR
INTO LAMBDA PI
INTO LAMSDA (1520) P I
INTO SIGMA& 1385) PI, 0-WAVE
INTO SIGMA P I
INTO SIGMA ETA
INTO SIGMA P I P I

45 SI6NA(1775& PARTIAL DECAY NODES

K-P TO PI SIG
KSAR N TO LAM P I

0 K- P TO LAM PIO
0 K- P TO LAM PI

KSAR N MULTICHNL
KBAR N MULTICHNL
KBAR N ELASTIC
KBAR N ELASTIC

DECAY MASSES
938+ 494

1116+ 135
1520+ 140
1385+ 140
1189+ 140
1192+ 549
1192+ 140+ 140

12/81
11/75
11/75
2/77

11/77
1/76
1/78

12/81

Z(1770) P „Status:
100 SIGNA(1770, JP 1/2+& I 1 p ~ ~ 11

EVIDENCE FOR THIS STATE NOW RESTS SOLELY ON SOLUTION 1
OF BAILLON 75 — BUT THE LAMBDA PI PARTIAL WAVE
AMPLITUDES OF THIS SOLUTION ARE IN DISAGREEMENT WITH
AMPLITUDES FROM MOST OTHER LAMBDA PI ANALYSES.

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. s 6P. , wheret 1
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients (6P.6P, ) /(6P. ~ 6P.&. For the definitions of the individual P. , see the listings1 J 1 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i,

M 3
M 3
M

M 1
M 2
M 2
M 2

2

100 SIGNA( 1770) MASS (NEV&

(1772 ' 0) KAME 72 OPWA K-P TO SIGMA PI
STATE IS NOT REQUIRED IN KANE 74 WHICH SUPERSEDES KAME 72.

1770.0 20 ' 0 BAILLON 75 IPWA KBAR N TO PI LAM
FROM SOLUTION 1 OF BAILLON 75, NOT PRESENT IN SOLUTION 2.

(1738.0) (10.0) RLIC 77 OPWA KBAR N MULTICHNL
STATE REQUIRED TO FIT I=1 TOTAL X-SECTION OF CARROLL ?6 IN KBAR N

CHANNEL. NEW K-P POLARIZATION AND K- NEUTRON DIFFERENTIAL X-SECTION
DATA MORE CONSISTENT WITH SIGNA(1660) P'11 IN GOPAL 80 ANALYSIS.

100 SIGNA( 1770& MIDTH CNEV&

11/?7
12/81
11/75

1/76
1/76

12/81
12/81
12/81

P 6P 5P 1 P 2 P P
P 1 .4520+- ~ 0333
P 2 —.1658 ~ 1497+- ~ 0139
P 3 —.7170 .1184 .1869+-.0259
P 4 —.5842 ~ 0969 .4174 .0790+-.0099
P 5 —.2374 ~ 0394 ~ 1695 ~ 1387 ~ 0374+- ~ 0121
P 6 —.1406 —.4778 —.3639 —.1568 —.3887 .0950+-.0270

45 SI6NAC 1775& BRANCHING RATIOS

ERRORS QUOTED BY EXPERIMENTERS DO NOT IMCLUDE UNCERTAINTY OUE
TO PARAMETRIZATION USED IN THE P. W. A. TMEY SHOULD BE INCREASED.

W

W 1
W 2

P1
P2
P3

R1
R1 2

(80.0)
80 ' 0

(72.0)
30.0

(10.0)

KANE 72 DPWA
BA I LLON 75 IPWA
RLIC 77 OP'WA

K-P TO SIGMA PI 11/77
KBAR N TO PI LAM 11/75
KBAR N MULTICHNL 1/76

SIGNA(1770) INTO N KBAR
SIGNA(1770) INTO LAMBDA PI
SIGNA(1770) INTO SIGMA PI

DECAY MASSES
938+ 494

1116+ 140
1189+ 140

100 SIGNA( 1770) BRANCHING RATIOS

SI6NA(1770& INTO CN KBAR&/TOTAL
(0.14) (0.04) RLIC

(P1)
77 DPWA KBAR N MULTICHNL 1/?6

100 SIGNA C 1770) PARTIAL DECAY NODES

R1
R1 A

R1 8
R1 8
R1
R1
R1
R1 FIT

SI6NA(1775& INTO CN KSAR)/TOTAL (P1)
0 ' 37 OR 0 ' 36 MARTIN 77 DPWA KBAR N MUl TICHNL

(0.41) (0.03) RLIC 77 DPWA KBAR N MULTICHNL
(M KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0.37 0.03 ALSTON 78 DPWA KBAR N ELASTIC
0.40 (0.02) GOPAL 80 DP'WA KBAR N ELASTIC

0.452 0.033 FROM FIT &ERROR INCLUDES SCALE FACTOR OF 1.9)
SQRT(P1«P2&

74 0. FIXED T DI SP REL
?5 IPWA KBAR N TO LAM PI
75 DPWA 0 K- P TO LAM PIO
76 IPWA 0 K- P TO LAM PI
77 DPWA KBAR N MULTICHNL
77 DPWA KBAR N MULTICHNL

R2 SIGNAC1775& FRON N KBAR TO LANSDA PI
R2 -0 ' 259 0.048 DEVENI SH
R2 -0.25 0 ' 02 BAIL LON
R2 -0 ' 28 0.04 0.05 VANHORN
R2 (-0 ' 30) BELLEFON
R2 A -0 ' 29 OR -0.28 MARTIN
R2 -0 ' 28 0.03 RLIC

R2 AVG MOD 0 261 0 015 AVERAGE
R2 FIT 0.260 0.014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1&

11/77
1/76

1/78
12/81

4/75
11/75
11/75
2/77

11/77
1/76

R2 SI6NA(1770& FROM N KBAR TO LANSDA PI
R2 1 -0.08 0.02 BAIL LON
R2 LESS THAN 0.04 RLIC

SQRT C P 1*P2&
75 IPWA KBAR N TO PI LAM 11/75
77 DPWA KBAR N MULTICHNL 1/?6

R3
R3 3
R3

SI6NAC1770) FRON N KBAR TO SI6NA PI(-0.108) KANE
LESS THAN 0.04 RLIC

SQRT(P1«P3&
72 DPWA K-P TO SIGMA PI 11/7?
77 DPWA KBAR N MULTICHNL 1/76

»*«a«a a*««*«*a« aa«»»*»«« a««a*«*aa *a««a«a«« a*a«a*«** a»a«a*a«* «*»«a*«a

REFERENCES FOR SIGNA(1770&

R3 SI6NA(1775& FROM N KBAR TO LANSDAC1520& PI SQRT(P1*P3)
R3 0 ' 27 0.03 ARMENTERO 65 HBC 0 K-P TO Y*1520 PI
R3 0 ' 31 0 ' 02 BARLETTA 72 DPWA 0 K-P TO Y*1520 PI
R3 C -0 ~ 305 0.010 CAMERON 77 DPWA 0 K-P TO L(1520)PI
R3 C LISTED RATE COMBINES P- AND F-WAVE DECAYS AND ASSUMES LAMBDA(1520)
R3 C ELASTICITY=. 46. THE CAMERON 77 RESULTS FOR THE SEPARATE P- AND
R3 C F-WAVE DECAYS ARE -0.303+/-. 010 AND -0 ~ 037+/-. 014, RESPECTIVELY.
R3 C THE SIGNS ARE CHANGED MERE TO BE IN ACCORD WITH THE BARYON-FIRST
R3 C CONVENTION.

R3 AVG MOD 0.3031 0.0086 AVERAGE
R3 F IT 0.291 0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7)

9/66
12/72
1/78
1/78
1/78

12/79
12/79
12/79

KAME 72 PR 05 1583
BAILLON 75 NP 894 39
RLIC 77 MP 8119 362

AD F KAME (LSL)
P BAILLON, P J LITCHF IELD &CERN+RHEL)IJP
GOPAL, ROSS, VAN HORN, MCPHERSON+ &LOIC+RHEL)IJP
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Baryons
Z(1775), Z(1840), Z(1880)

Data Card Listings

R4 SI6NAC1775& FRON N KBAR TO SI6NA(1385& PI, D-MAVESQRTCP1«P4&
R4 (0.24) (0.03) ARMENT-2 67 HBC 0 K-P TO LAM Pl PI
R4 0 {0.32) &0.06) SIMS 68 DSC — K-M TO LAH PI Pl
R4 D SIHS 68 USES ONLY CROSS-SECT. DATA ~ RESULT USED AS UPPER LIMIT ONLY
R4 +0.20 O. Q2 PREVOST 74 OPMA Q- K-N TO S(1385)PI
R4 C -0.184 0.011 CAMERON 78 DPMA 0 K-P TO S(1385)PI
R4 C CAMERON 78 UPPER LIMIT ON G-WAVE DECAY IS 0.03.
R4 ~ ~ ~ ~ ~ ~

R4 AVG HOD O. 1877 0.0096 AVERAGE
R4 FIT O. 1S89 0.0096 FROM F I T

8/67
11/6S
3/72

1Q/74
1/78
1/78

W

W 1
W

M 2

01 SI6NA(1840) MIDTN CNEV&

120.0 (10.0) LANGBEIN 72 IPWA
(120.0) (30 ' 0) BA IL LON 75 IP WA

65.0 (50.0) (20.0) VANHORN 75 DPWA
93. OR 93 ' HART IN 77 DP WA

01 SI6NAC 1840) PARTIAL DECAY NODES

MULTICHANNEL 12/72
KBAR H TO LAH PI 11/75

0 K- P TO LAM PIO 11/75
KBAR N MULTICHNL 11/77

R5 SI6NAC1775& FRON N KBAR TO SI6NA PI
R5 0.09 (0 ~ 01) KAME
R5 A +0.08 OR +0.08 MARTIN
R5 +0. 13 O. 02 RLIC

R5 FIT O. 130 0 0?0 FROM FIT

SQRTCP1'«PS&
74 DPMA K P TO PI SI6 12l&1
77 DPWA KBAR N MULTICHNL 11/77
77 DPMA KSAR N MULTICHNL 1/76

P1
P2
P3

SIGMA(1840) INTO N KBAR
SIGMA(1840) IHTO SIGMA PI
SIGMA( 1840) IHTO LAMBDA PI

DECAY MASSES
938+ 494

1189+ 140
1116+ 135

R9
R9
R9
R9
R9
R9

SI6NAC17?5& INTO CSIGNA PI PI &/TOTAL CPr&
E (0.12) ARMEHT-2 68 HDBC -0 K-N TO SIG PI Pl
E FOR ABOUT 3/4 OF THIS, THE SIGMA PI SYSTEM HAS I=o AND IS ALMOST
E ENTIRELY LAMBDA(15?0) . FOR THE REST, THE SIGMA PI HAS 1~1. THIS
E IS ABOUT WHAT IS EXPECTED FROM THE KNOWN RATE SIGMA(1775) TO
E SIGMA(1385) PI, AS SEEN IN LAMBDA Pl PI.

««a«*« **a«*a»a* a«a*a»a»a «*»a»***a a«*a«a*a» «»*a«*a«a «***«*a**a«a*a««*

REFERENCES FOR SI6NA(1775)

GALTIERI 63 PL 6 296 A BARBARO-GALTIERI, A HUSSAIN, R D TRIPP(LRL) I J
ARNE HTER 65 PL 19 338 ARHENTEROS, + (CERN+HE ID+SACL) I JP
BELL 1 66 PRL 16 203 R 8 BELL, R W BIRGE, Y-L PAN, R T PU (LRL)IJP
BELL 2 66 UCRL-16936 THESIS R 8 BELL (LRL) I JP
FENSTER 66 PRL 17 841 +GELF AND, HARMSEN, L-SETT I, + (CHIC+AHL+CERN) I JP

FENSTER 66 IS SUPERSEDED BY BARLETTA 72
ARMEHTER 67 PL 248 198 ARMENTEROS, FERRO-LUZ2I+ (CERN+HEID+SACL)IJP
ARMENT-2 67 ZEIT. PHYS. 202 486 ARMENTEROS, FERRO-LUZZI+ (CERN+HEID+SACL)
UHLIG 67 PR 155 1448 +CHARLTOM, CONDOM, GLASSER, YODH, + (UHO+NRL)

R6 SI6NAC1775& INTO CLANBDA PI&/CN KBAR& CP?&/CP1&
R6 0.33 0 ~ 05 UHLIG 67 HBC 0 K-P, ~ 9 GEV/C

R6 FIT 0.331 0.042 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
R7 SI6NA&1775& INTO CLANBDAC1520&PI&/CN KBAR& CP3&/CP1&
R7 0.28 0.05 UHLIG 67 HBC 0 K-P, ~ 9 GEV/C

R7 FIT 0.413 0.082 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2. 5)
RS SI6NAC1775& INTO CSI6NAC1385&PI&/CN KBAR) CP4&/CP1&
RS 0.25 0.09 UHLIG 67 HBC 0 K-P, .9 GEV/C

RS FIT 0. 175 0.031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4)

9/66

9/66

9/66

11/68

R3
R3
R3
R3 1
R3
R3 2

SIGNAC1840& FRON N KBAR
0 ' 20 (0.04)

+O. 122 O. 078
(+O. 11) &O. O?)
+0.06 (0.04)
+0.03 OR +0.03

TO LANBDA Pl
LAMGBEIN
DE VEHISH
BAIL LON
VANHORN
MARTIN

SQRTCP1«P3)
72 IPMA MULTICHANNEL 12/72
74 - 0 FIXED T DISP REL 4/75
75 IPMA KBAR H TO LAH PI 11/75
75 DPMA 0 K- P TO LAM PIO 11/75
77 DPMA KBAR N HULTICHNL 11/77

«**«»a aaa»%0«aa *«*«a*«a« aaa»«**a* a******a«a«a*a«a«a ««**a«««a **»a«*«a

REFERENCES FOR SI6NAC1840)

LANGSE IN 72 NP 847 477
DEVENISH 74 NP 881 330
SAILLON 75 NP 894 39
VANHOR N 75 NP 887 145

AL SO 75 MP 887 157

HARTIN 77 NP 8127 349
ALSO 77 MP 8126 266
ALSO 77 NP 8126 285

+MAGNER
DEVENISH, FROGGATT, MARTIN
P BAILLON, P J LITCHFIELD
A J VAH HORN
A J VAN HORN

MART IN, PIDCOCK, HOORHOUSE
MART IN, P I D COCK
HART IN, P I D COCK

(MP I M) I JP
(DESY+NORD+LOUC)

(CERN+RHEL)IJP
(LBL) I JP
(LBL)IJP

(LOUC+GLAS) I JP
(LOUC)
(LOUC) I JP

a««*a« »«a*«««a* a«a««a«a» a«a***««a a«a*a*a*« «**a**a«***a**««a*«««**«*a
*»a*a« a*a«a«**a a*a«*a»** *a»a«*a*» aaa««aaa« «aaaa**a* ***«*a***a*»««**a

Z(1880) P
„

Status:

01 SI6NA(1840& BRANCNIN6 RATIOS

R1 SI6NAC 1840& INTO CN KBAR) /TOTAL CP1&
R1 0.37 (0.13) l.AMGBEIN 72 IPMA MULTICHANNEL 'l2/72
R1 2 0 ~ 0 OR 0 ~ 0 MARTIN 77 DPMA KBAR N HULTICHML 11/77
R2 SI6NAC1840& FRON N KBAR TO SI6NA PI SQRT (P1*P2)
R2 0 ~ 15 (0.04) LANGBE IM 72 IPMA MULTI CHANNEL 12/72
R2 2 -0.04 OR -0.04 MARTIN 77 DPMA KBAR H MULTICHNL 11/77

SARLETTA
KAME
LANGBEIN
DEVENISH
KANE
PREVOST

72 NP 840 45
72 PR 05 1583
72 NP 847 477
74 MP 8&1 330
74 LBL-2452
74 NP 869 246

BAILLON 75 NP 894 39
VANHORM 75 NP 887 'f45

ALSO 75 NP 8&7 157

ARHENT-1 68 NP BS 'f95
ARMENT-2 68 MP 88 216
BUGG 68 PR 168 1466
CONFORTO 68 NP 88 265

SUPERSEDED SY CONFORTO 71
SI MS 68 PR L 21 1413
SHART 68 PR 169 1330

BR ICMAN1 70 PL 338 511
COOL 70 PR 01 1887
GALT I ERI 70 DUKE CONF 173
HARRISON 70 FSU-HEP 70 3 1

CONFORTO 71 NP 834 41
KIH 71 PRL 27 356

ALSO 70 DUKE 161
PREVOST 71 AMSTERDAM CONF

W A BARLETTA
0 F KANE
+WAGNER
0EVEMISH, FROGGATT, HARTIN
0 F KANE
PREVOST, BARLOUTAUD, +

P BA I L LON, P J LITCHFIELD
A J VAN HORN
A J VAN HORN

(EFI) I JP
(LBL) I JP

(MPIM) I JP
(DESY+NORO+LOUC)

(LBL) I JP
(SACL+CERN+HEID)

(CERN+RHEL)IJP
(LBL) I JP
(LBL)IJP

ARHENTEROS, BAIL LON, +
ARMENTEROS, BAILLON, +
+G ILMORE, KNIGHT, DAY IES+
+HARHSEN, LASIHSKI, +

SIHS, ALBRIGHT, BARTLEY, HEER+ (F SU+TUFT+BRAN)
M M SHART (LRL)IJP

+FERRO-LUZZI, LAGNAUX &CERN)
+GIACOMELLI, KYCIA, LEONTIC, LI, + (BNL) I
A BARBARO-GALTIERI (LRL) I JP
M C HARRISON (THESI S) (FSU)

+LEVI SETTI, LASINSKI ..OBERl.ACK++ (EFI+HEID) I JP
J K KIM & HARV) I JP
J K KIM & HARV) I JP
+ CHS COLLABORATION (CERN+HE ID+SACL)

H

H
M 2
H 2
H 1
M 1
M

M 3
M 3
M 3
H

M

67 6 I6NA(1880, JP~1/2+) I~1 P ~ ~

A RESONANCE IS SUGGESTED BY SEVERAL PARTIAL-MAVE
ANALYSES ACROSS THIS REGION, BUT WITH MIDE VARIATIONS
IN THE MASS AND OTHER PARAMETERS. WE LIST HERE
ALL CLAIMS WHICH LIE MELL ABOVE THE SIGMA(1770).

6? S I6NA( 1880& NASS C NEV &

1882.0 40.0 SMART 6& DPMA -0 K- N TO LAM PI(1850.0) BAILEY 69 DPMA 0 ELASTIC, CH EXCH
ABOUT 1850.0 ARHENTERO 70 IPWA -0 ELASTIC, CH EXCH
1950.0 50.0 GALTIERI 70 DPMA -0 K- H TO LAM PI
1920.0 30.0 LITCHF IEL 70 DPWA -0 K- N TO LAM PI(1898.0) LEA 73 DPMA HULTICHNL K-MTRX

ONLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN l. ISTINGS.
&1960.0) (30.0) BAILLON 75 IPMA KBAR N TO LAM PI

FROM SOLUTION 1 OF SAILLOM 75, MOT PRESENT IN SOLUTION 2.
1985.0 50 ~ 0 VANHORN 75 DPMA 0 K- P TO LAM PIO
1847. OR 1863 ' MARTIN 77 DPMA KBAR N MULTICHML

THE TWO ENTRIES FOR HARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
PARAMETERS FROM THE T-MATRIX POLE AND FROH A 8-W FIT, RESPECTIVELY.

1870.0 10.0 CAMEROM2 78 DPWA K-P TO K*&892) N1826.0 (20.0) GOPAL 80 DPWA KBAR N ELASTIC

7/68
10/70
6/70
7/70
6/70
9/73
9/73

11/75
1/?6

11/75
11/77

12/79
12/81

BELLEFON 76 NP 8109 129
CAMERON 77 NP 8131 399
MARTIN 77 NP 8127 349

ALSO 77 NP 8126 266
ALSO 77 NP 8126 285

RLIC 77 MP 8119 362

DE BELLEFOM, BERTHON
+FRANEK, GOPAL, KALMUS, HCPHERSON+
MART IN, P IOCOCK, MOORHOUSE
MART IN, P IDCOCK
HARTIN s P IDCOCK
GOPRL, ROSS, VAN HORN, MCPHERSOM+

(CDEF) I JP
(RHEL+LOIC) I JP
(LOUC+GLAS) IJP

(LOUC)
(LOUC) I JP

(LOI C+RHEL ) I JP

ALSTON 78 PR D18 182 +KENNEY, POLLARD, ROSS+ (LBL+HTHO+CERN)IJP
ALSO 77 PRL 38 1007 ALSTON-GARHJOST, KENNEY, + (LBL+HTHO+CERN)IJP

CAHERON 78 NP 8143 189 +FRAHEK, GOPAL, BACON, BUTTERMORTH+(RHEL+LOIC)IJP
GOPAL 80 TORONTO CONF 159 G P GOPAL (RHEL) I JP
****a«***«««a«* a«*«a*a«* a«a«***a« a*a«***a« «**a**a»a «*a««a**« *****a*»«**a**a**«a«a*a «*a««a«a» a*a»**a***a*a»a«** aaaa**«a«. *a»aaaaaa **a«a«a*

W

W

M

M

W

2
M

W

W 3
M

M

222. 0 150.0
(200.0)
ABOUT 30.0
200.0 50.0
17O. O 4O. O

(222 ' 2)
(260.0) (40.0)
220. 0 140.0
216. OR 220 '
80.0 10.0
86.0 (15.0)

SMART
BAILEY
ARHENTERO
GALTIERI
LI TCHF IEL
LEA
BAIL LON
VAMHORN
MARTIN
CAMERON2
GOPAL

67 Sl GNAC 1880& WIDTH (NEV)

68 Dr WA -0
69 DPMA 0
70 I PWA -0
70 DPWA -0
70 DPMA -0
73 DPMA
75 IPWA
75 DPWA 0
77 DPMA
78 DPMA
SO DPMA

K- N TO LAM Pl
ELASTIC, CH EXCH
ELASTIC, CH EXCH
K- N TO LAM Pl
K- H TO LAM PI
HULT I CHNL K-MTRX
KBAR N TO LAM PI
K- P TO LAH PIO
KBAR N HULT I CHNL
K-P TO K*(892) N

KBAR N ELASTIC

7/68
10/70
6/70
7/70
6/70
9/73

11/75
11/75
11/77
12/79
12/81

Z(1840) P, 3 Status:
01

SIGNA�(1840,

JP~3/2+) I~1 PI 013

FOR THE TIME BEING, ME LIST ALL RESONANCE CLAIMS IH THE
P13 WAVE IH THE 1700-1900 MEV MASS REGION TOGETHER
UNDER THIS HEADING ~

P1
P2
P3
P4
P5

67 SIGNAC 1880) PARTIAL DECAY NODES

SIGMA(1&80) INTO N KBAR
SIGMA(1880) INTO LAMBDA P I
S I GMA(1880) IMTO SI GMA PI
SIGNA(1880) INTO N K*(&92), P1 MAVE
SIGNA(1880) INTO N K«(892), P3 MAVE

DECAY MASSES
938+ 494

11 16+ 135
1197+ 140
940+ &92
940+ 892

M

M 1
H 1

M 2
M 2
H 2

01 SI6NA (1840& MASS CNEV &

1840.0 (10.0) LAMGBE IN 72 IPWA HULT I CHANNEL 12/72
( 1720.0) (30.0) BAILLON 75 IPMA KSAR N TO LAH PI 11/75

FROM SOLUTION 1 OF BAILLON 75, NOT PRESENT IN SOLUTION 2. 1/761925.0 (200.0) VANHORN 75 OPWA 0 K- P TO LAM PIO 11/751798. OR 1802. MARTIN 77 DPMA KBAR N HULTICHNL 11/77
THE TMO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8-W FIT, RESPECTIVELY.

R1
R1
R1
R1 2
R1
R1

67 8IGNA C 1880& SRANCII IN6 RATIOS

SI6NAC1880& INTO CN KBAR&/TOTAL
(0.22) BAILEY 69 DPMA(0.20) ARMENTERO 70 IPMA
&0.31) LEA 73 OPWA
0.27 OR 0.27 MARTIN 77 DPWA
0.06 (0.02) GOPAL 80 DPWA

CP1&
0 ELASTI C, CH EXCH 10/70
0 ELASTI C I CH EXCH 6/70

HULTICHNL K-MTRX 9/73
KBAR N HULT I CHNL 11/77
KBAR N ELASTIC 12/&1
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For notation, see key at front of Listings. Baryons
&(1880), Z(1915)

R2
R2
R2
R2
R2 2
R2
R2 1
R2
R2 3

SI6IIA(1880) FROM N KBAR-0.11 0 ~ 03-0.09 O. 04
-0 ~ 14 0.03

(-0 ' 30)-0.169 0.119(-0.12) &0.02)
+0 ~ 05 0.07-0.24 OR -0.24

TO LAMBDA PI
SMART
GALTIERI
L I TCHF IEL
LEA
DE VENISH
BAIL LON

0.02 VANHORN
HARTIN

68 DPMA
70 DPMA
70 DPMA
73 DPMA
74
75 IPWA
75 DPMA
77 DPMA

SQRT(P 1«P2)
-0 K- N TO LAM Pl
-0 K- N TO LAM PI
-0 K- N TO LAM Pl

NULT ICHNL K-MTRX
0 FIXED T DISP REL

KBAR N TO LAM PI
0 K- P TO LAM PIO

KSAR N NULTICHNL

7/68
7/70
6/70
9/73
4/75

11/75
11/75
11/77

R4 SI6IIA&1N03 FROM N KBAR TO N Ka(892), P1 WAVE SQRT&P1«P4)
R4 4 -0.05 0.03 CAHERON2 78 DPWA K-P TO K*N
R4 4 THE SIGN HERE IS CHANGED TO BE IN ACCORD 'WITH THE BARYON-FIRST
R4 4 CONVENTION.

12/79
12/79
12/79

R3 SI6NA&18803 FROM N KBAR TO SI6HA PI SQRT&P1«P3)
R3 2 NOT SEEN LEA 73 DPMA NULTICHNL K-NTRX 9/73
R3 3 +0 ~ 30 OR +0 ~ 29 HARTIN 77 DPMA KBAR N MULTICHNL 1'I/77

R2
R2
R2
R2
R2
R2 A
R2 C
R2

SI6HA&1915) FROM N KBAR-0.087 (0 ' 056)-0.06 (0.02)-0.09 (0 ' 02)(-0.10)-0.10 0.0'I
-0.09 OR -0.09
-0 ' 09 (0.03)

R3 SI6HA& 1915) FROM N KBAR
R3 -0.16 (0.03)
R3 8 -0.17 0.01
R3 8 -0.15 0.02
R3 C -0 F 05 OR -0.05
R3 -0.19 (0.03)
R3 AVG HOO 0.1660 0.0089

TO LANBOA PI
DEVENI SH
BAIL LON
VANHORN
BELLEFON
CORDEN
NARTIN
RLIC

TO SI6NA PI
KANE
CORD EN1
CORD EN1
MART IN
RLIC

AVERAGE

SQRT(P1'«P2)
74 0 FIXED T D I SP REL
75 IPMA KSAR N TO LAM Pl
75 DPMA 0 K- P TO LAM PIO
76 IPMA 0 K- P TO LAM PI
T6 DPMA — K- N TO Pl- LAN
77 DPMA KBAR N HULTICHNL
77 DPWA KBAR N MULTICHNL

4/75
11/75
11/75
2/77
2/T7

11/77
1/76

SQRT (P1*P33
74 DPWA K-P TO PI SIG 12/81
77 K- N TO PI SIG 11/77
77 K- N TO PI SIG 11/77
77 DPMA KBAR N MULTICHNL 'I1/77
77 OPMA KBAR N MULTICHNL 1/76

SHART 68 PR 169 1330 W N SMART
BAILEY 69 THESIS UCRL-50617 DAVID SAAL BAILEY
ARNENTER 70 DUKE CONF 123 ARNENTEROSc SAILLONs +
GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI
LITCHFIE 70 NP 822 269 P J LITCHFIELD

(LRL)IJP
(LLL)IJP

(CERN+HE ID) I JP
(LRL)IJP

(RHEL) I JP

LEA 73 NP 856 77
DEVENISH 74 NP 881 330
BAILLON 75 NP 894 39
VANHORN 75 NP 887 145

ALSO 75 NP 88T 157

+MARTIN, HOORHOUSE+ (RHEL+LOUC+GLAS+AARH) I JP
DEVENI SH, FROGGATT, MART IN (DESY+NORD+LOUC)
P BAILLON, P J LITCHF IELD (CERN+RHEL) I JP
A J VAN HORN (LBL) I JP
A J VAN HORN (LSL) I JP

NARTIN 77 NP 8127 349 MART IN, P I DCOCK, NOORHOUSE (LOUC+GLAS)IJP
ALSO 77 NP 8126 266 MART IN, P I OCOCK (LOUC)
ALSO 77 NP 8'I26 285 MART IN, P IOCOCK (LOUC) I JP

CAMERON2 78 NP 8146 327 +FRANEK, GOPAL, KALMUS, NCPHERSON, +(RHEL+LOI C) I JP
GOPAL 80 TORONTO CONF 159 G P GOPAL (RHEL) I JP

R5 SI6HA&18803 FROM N KBAR TO N Ka($923, P3 NAVE SQRT(P1«P5)
R5 +0. 11 0.03 CAHERON2 78 DPMA K-P TO K*N

a«a*«a a«**a«a*a a««a«a*a* a«a«a«a«a «a«****a« aaa«««««a a«a«a«a«« a«a««a«a

REFERENCES FOR SI6HA& 18803

12/79

SMART 66 PRL 17 556
ARHENTER 67 PL 248 198
ARNENTE1 67 NP 83 592
CONFORTO 68 NP 88 265
SMART 68 PR 169 1330

REFERENCES FOR SIGNA&1915)

W M SMART g A KERNAN I G E KALMUS ~R P ELY (LRL) I JP
ARMENTEROS, FERRO-LUZZI+ (CERN+HEID+SACL)
ARMENTEROS, FERRO-LUZZI+ (CERN+HEID+SACL)
+HARNSEN, LASINSKI, + (CHIC+HE IO)
W M SMART (LRL) I JP

SERTHON
BERTHON1
BR I CNAN1
COX
GALT IER I
L ITCHF IE

70 NP 820 476
70 NP 824 417
70 PL 338 511
70 NP 819 61
70 DUKE CONF 173
70 NP 822 269

+RANGAN, VRANA,
+VRANA, BUTTERWORTH,
+FERRO-LUZZI, LAGNAUX
+ ISLAH, COLLEY ~ +
A BARBARO-GALT IER I
P J LITCHFIELD

+ (COEF+RHEL+SACL)IJP
+ (COEF+RHEL+SACL)IJ

(CERN)
(BIRM+EDIN+GLAS+LOIC) I JP

(LRL) I JP
(RHEL) I JP

R4 SIGNA&19153 FRON N KBAR TO SI6MA&1353 PI, P-MAVESQRT&P1«P4)
R4 LESS THAN 0.01 CAHERON 78 OPWA 0 K-P TO S(1385)PI 1/78

R5 SI6IIA& 19153 FRON N KBAR TO SI6NA(13853 PI, F-MAVESQRT&P1«P53
R5 F +0 ~ 039 0.009 CAMERON 78 DPMA 0 K-P TO S(1385)PI 1/78
R5 F THE SIGN IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/79
R5 F CONVENTION. 12/79
a«*a«a a«a«a«a«a «*«**«««a a«a«a«a«« a«a***«a« a«**a«a«« «*a***«a« *a«***a«

Z(1915) F q Status: sees

46 SIGNA& 1915, JP~5/2+) I~1 F '15
FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE
NOM OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
1118). ALL THE REFERENCES HAVE . BEEN RETAINED ~

aaaaaa a**a«a««a **«a«*««a a«a«a««a« a«a«a**** ««a«a*a** a«a«*a«a« aaaaaaaa
a«a«*a a«a«a«a«a a«a«a«a*a «a«***«a* *««**«*«a ««**a«aaa aaa«aa*«a aaaaaaaa

CONFORTO T1 NP 834 41
LITCHFIE 71 NP 830 125
KANE 72 PR D5 1583
DEVENISH 74 NP 881 330
KANE 74 LBL-2452

BAILLON 75 NP 894 39
HENINGWA 75 NP 891 12
VANHOR N 75 NP 887 145

ALSO ?5 NP 887 157

BELLEFON 76 NP 8109 129
COROEN 76 NP 8104 382

+LEVI SETTI, l.ASINSKI ..OBERLACK++ (EFI+HEIO) I JP
LITCHFIELD, . ..+LESQUOY, + .. (RHEL+CDEF+SACL) I JP
D F KANE &LBL) I JP
DEVENISH, FROGGATT, MARTIN (DESY+NORD+IOUC)
D F KANE (LBL) I JP

P BAILLON, P J LITCHFIELD
HEMINGWAY, EADES, HARNSEN+
A J VAN HORN
A J VAN HORN

(CERN+RHEL)IJP
(CERN+HE ID+HP IN) I JP

(LBL) I JP
(LSL) I JP

DE SELLEFON, BERTHON (CDEF) I JP
+COX, DARTNELL, KENYON, ONEALE, SUNOROK+ (BIRN) I JP

THIS RESONANCE MAS FIRST SEEN IN THE TOTAL-CROSS-SEC-
TION MEASUREMENTS OF COOL 66. IN THIS ENTRY, HOWEVER,
WE LIST ONLY THE RESULTS FRON PARTIAL-WAVE ANALYSES ~

SEE THE NEXT ENTRY FOR THE PARAMETERS OF PEAKS SEEN AROUND 1900-1950
MEV IN CROSS SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. WE MAKE THIS
SEPARATION BECAUSE ONLY THE PARTIAL-MAVE ANALYSES ISOLATE THE F15 WAVE-
SEE ALSO THE NOTE TO THE NEXT ENTRY'

46 SI6NA&19153 MASS &NEV)

COROEN1
OECLAIS
HARTIN

ALSO
ALSO

RLIC
ALSTON

ALSO
CANERON
GOPAL

77 NP 8125 61
77 CERN 77-16
77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 PR D18 182
77 PR L 38 1007
78 NP 8143 189
80 TORONTO CONF

+COX ~ KENYONrONEALE e STUBBS s SUMOROK+ (8 IRM) I JP
+DUCHON J LOUVELg PATRYg SEGUINOT+ (CAEN+CERN ) I JP
HART I N g P I D COCK ~ MOOR HOUSE (LOUC+GLAS) I JP
MART I N t P I D COCK (LOUC)
MART IN, P ID COCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, MCPHERSON+ (LOI C+RHEL ) I JP
+KENNEY, POLLARD, ROSS+ (LBL+MTHO+CERN)IJP
ALSTON-GARNJOST, KENNEY, + (LBL+MTHO+CERN)IJP
+FRANEK, GOPAL, BACON, BUTTERMORTH+(RHEL+LOIC)IJP

159 G P GOPAL (RHEL) I JP

M

M

H

M

H A
M A

N A

N 8
M 8
M 8
M

M C

N C
M C
M

M

1920 ~ 0 KANE 74 DPMA K-P TO PI SIG
1920.0 BAILLON 75 IPMA KSAR N TO LAM PI
1914.0 HEMINGWA 75 DPMA 0 K- P TO KBAR N

1920.0 VANHORN 75 DPMA 0 K- P TO LAM PIO
(1915~ 0) BELLEFON 76 IPMA 0 K- P TO LAM PI
1900.0 4.0 COROEN 76 DPMA — K- N TO Pl- LAN

PREFERRED SOLUTION 3, SEE CORDEN ?6 FOR OTHER POSSIBLILITES.
CORDEN 76 INCLUDES THE DATA OF COX 70 AS A SUBSAMPLE

1894 ' 0 5.0 CORDEN1 77 K- N TO PI SIG
1909.0 5 ~ 0 CORO EN 1 77 K- N TO PI SIG

THE 2 ENTRIES FOR CORDEN177 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS ~

NOT SEEN DECLAIS 77 DPMA KBAR N TO KSAR N

1925. OR 1933. MARTIN 77 DPMA KBAR N MULTICHNL
THE TMO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8-'W FIT, RESPECTIVELY ~

1920.0 10 ' 0 RLIC 77 DPWA KBAR N MULTICHNL
1937.0 20.0 ALSTON 78 DPMA KBAR N ELASTIC

12/81
11/75
11/75
11/75
2/77
2/77
2/77

11/77
11/77
11/77
1/78

11/77

1/76
1/78

aaaaaa *a*a«a*a* «a«a«a«a« *a«a««a«a a«a«*a«*a a«a«a*«a« «*a««****a***aaaa
«««*a« a*a«a*««a a«a**«**a ««««a*«*a a«*«a««a* «*«a«*a«* *«a««*«*« ««*a«aa«

i S15 MEV REGION — PRODUCTION AND o ~A~ EXP'TS

29 SIGIIA(1915, JP~ ) I~1 PRODUCTION EXPERIMENTS

SEE THE NOTES TO THE SIGMA(1915) ANO SIGMA(1940), WHICH
IMMEDIATELY PRECEDE ANO FOLLOW THIS ENTRY. HERE 'WE

LIST ONLY PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS
ANO INVARIANT-MASS DISTRIBUTIONS. THE CROSS-SECTION PEAKS ARE ALNOST
CERTAINLY ASSOCIATED WITH THE F15 SIGMA(1915) SEEN IN PARTIAL-WAVE
ANALYSES. THE INVARIANT-MASS PEAKS SEEN. NORE l IKELY TO BE ASSOCIATED
WITH THE D13 S I GMA(1940) .

29 SIGNA&19153 MASS (NEV) (PROD. EXP. )

W

M
'W

W

W

M A

M 8
W 8
M C

M

M

'I62. 0
70.0
85.0

102.0
(60 ' 0)
75.0

107.0
85.0

171 ~ OR
130 ~ 0
161.0

(25.0)
20.0
15 ~ 0
18.0
14 ~ 0
14.0
13 ~ 0

173.
10.0
20.0

KANE
BAIL LON
HEMI NGWA
VANHORN
BELLEFON
CORDEN
CORDEN'I
CORDEN1
NARTIN
RLIC
ALSTON

46 SIGNA(1915) WIDTH (HEV)

74 DPMA
75 I P'WA

75 DP'WA

75 DPWA
76 IPMA
76 DPMA
77
77
77 DPMA
77 DPMA
78 DPMA

K-P TO P I S I G

KBAR N TO LAN PI
0 K- P TO KBAR N

0 K- P TO LAM PIO
0 K- P TO LAH PI

K- N TO PI- LAN
K- N TO PI SIG
K- N TO PI SIG
KBAR N MULTICHNL
KBAR N MULTICHNL
KBAR N ELASTIC

12/81
11/75
11/75
11/75
2/77
2/77

1 'I /77
11/77
11/77

1/76
1/78

N

M

M

M

M

M

N
M

N 8
N 8
N
N 1
N 1

CROSS-SECTION PEAKS
1905.0 5.0 BUGG 68 CNTR
1906 ' 0 6.0 BR I CHAN 70 CNTR 0
1912~ 0 10.0 COOL 70 CNTR

INVARIANT-MASS-DISTRIBUTION PEAKS
(1942.0) (9.0) BOCK 65 HBC

1940 ' 0 11.0 AGUILAR 70 HBC +
42 1979 ' 0 14.0 BR IEFEL 77 HBC +

200(1910.0) &17.0) FERRER 81 OREG
SACKMARO PRODUCTION IN LAMBDA PI- K+ FINAL STATE.

ELASTIC DCS
1931.0 9 ~ 0 DADO 72 HBC 0

G7 INDICATED BY LEGENDRE COEFFS. , G9 NOT RULED OUT.

K-P, 0 TOTAL
TOTAL AND CH EX
K-P, D TOTAL

PBAR P 5.7 GEV/C
3 ' 9-4 ' 6 GEV/C K-
XI K MODE 2.9K-P
PI-P 9, 12 GEV/C

K-P ELSTC DCS

11/66
6/70

10/70

5/70
1/78
2/82

2/73
2/73
2/73

46 SIGNA&19153 PARTIAL DECAY NODES 29 SIGMA&19153 MIOTN «NEV3 (PROD- EXP. 3

P1
P2
P3
P4
P5

R1
R1
R1 C
R1 0
R1 O

R1
R1 E
R1 E

SIGMA(1915) INTO N KBAR
SIGMA(1915) INTO LAMBDA P I
S I GMA( 1915) INTO S I GMA P I
S I GHA( 1915) INTO SIGMA( 1385) P I, P-WAVE
SIGNA(1915) INTO SIGHA(1385) PI, F-WAVE

DECAY NASSES
938+ 494

1116+ 140
1189+ 140
1385+ 140
1385+ 140

46 S IGNA( 1915) BRANCHING RATIOS

SIGNA&1915) INTO (N KBAR)/TOTAL (P1)0.11 (0.04) HEMINGMA 75 DPWA 0 K- P TO KBAR N0.08 OR O. OS MARTIN 77 DPMA KBAR N NULTI CHNL(0.05) (0.03) RL IC 77 DPWA K'BAR N NULTICHNL
(N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.

0 ~ 14 (0 ~ 05) ALSTON 78 OPMA KSAR N ELASTIC
0 ' 03 (0 ' 02) GOPAL 80 DPMA KBAR N ELASTIC

MASS AND MIDTH FIXED TO RLIC 77 VALUES DUE TO LOW ELASTICITY.

1'I/75
11/77

'I /76

1//8
12/81
12/81

M

M

M

M

M

M

W

W

W 8
M

M 1

CROSS-SECTION PEAKS
60.0 10.0
50.0 12 ' 0

(30 ' 0)
INVARIANT-MASS-DISTR I BUT ION

&36.0) (20.0) &36.0)
90.0 20.0

42 69.0 3?.0
200 (87.0) (25.0)

ELASTIC DCS
70 ' 0 14 ' 0

BUGG
BR I CHAN
COOL
PEAKS
BOCK
AGUILAR
BRIEFEL
FERRER

DADO

68 CNTR
70 CNTR 0 TOTAL AND CH EX
70 CNTR K-P, D TOTAL

65 HSC
70 HBC + 3 ' 9-4 ' 6 GEV/C K-
77 HBC + XI K NODE 2.9K-P
81 OMEG — PI-P 9, 12 GEV/C

72 HBC 0 K-P ELSTC DCS

11/66
6/70

10/70

5/70
1/78
2/82
2/73
2/73
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S278 Particle Data Group: Review of particle properties

Baryc)ns
Z(1915), Z(1940), Z(P 000)

Data Card Listings

P1
P?
P3
P4

SIGHA(1915) INTO N KBAR
SI GNA(1915) INTO LAMBDA P I
SIGNA(1915) INTO SIGMA PI
SIGMA(1915) INTO XI K

DECAY MASSES
938+ 494

1116+ 135
1189+ 140
1315+ 494

29 SI6NA(1915& PARTIAL DECAY NODES (PROD. EXP. & R? SIBNA(1940& FRON N KBAR TO LAN
R2 -0.153 0.070
R2 -0.04 0.02
R2 -0.05 0.03 0.02
R2 8 -0.15 OR -0.14
R2 -0.06 0.03

BOA PI
DE VENI SH
BAIL LON
VANHORN
MARTIN
RLIC

SOR T (P 1«P2)
74 0 FIXED 7 DISP REL 4/75
75 IPWA KSAR H TO LAN Pl 11/75
75 DPWA 0 K-P TO LAM PIO 11/75
77 DPWA KBAR N HULTICHNL 11/77
77 DPWA KBAR N MULT ICHNL 1/76

29 SI6NA(1915& BRANCNIN6 RATIOS CPROO. EXP. &

R3 SI6NAC1940& FRON N KBAR TO SIGNA PI SORT C P 1«P3)
R3 -0 14 (0 04) KANE 74 DPWA K-P 70 PI SIG 12/81
R3 8 ' +0.16 OR +0. 16 MARTIN 77 DPMA KBAR N MULTICHNL 11/77
R3 -0.08 0.04 RLIC 77 DPWA KSAR N NULTICHNL 1/76

R1
R'I
R1
R1
R1
R1 1
R1 1
R1
R1 AVG

SI6NA(1915& INTO CN KBAR&/TOTAL
THESE VALUES OF ELASTICI TIES ASSUME

0.06 BUGG
0.07 0.02 BR I CNAN
0.07 COOL

THIS ELASTICITY ASSUHES J~7/2
0.62 0.08 DADO

0.10 0.13 AVERAGE (ERROR

CP1)
J~5/2

68 CNTR ASSUMING J~5/2
70 CNTR 0 TOTAL AND CH EX
70 CHTR K-P, 0 TOTAL

72 HSC 0 K-P FLSTC DCS

INCLUDES SCALE FACTOR OF S.7)

6/68
6/70

10/70
2/73
2/73

R4
R4
R4
R4
R4

SI6NA(1940& FRON N KBAR 70 LANBOAC15?0) Pl P-MAVESORTCP1«P4&
C -0.11 0.04 LITCHFI2 74 OPWA 0 K-P TO L&1520)PI 10/74
C ASSUMES LANBDA('1520) ELASTICITY~. 45, SIGH RLTV ~ TO SIG(2030) DECAY. 10/74
0 LESS THAN 0.03 CAMERON 77 DPWA 0 K-P TO L(1520)PI 1/78
0 ASSUMES LAMBDA(1520) ELASTICITY~. 46. 1/78

RS SI6NA(1940) FRON N KBAR TO LANBOA(1520) Pl F-MAVESORTCP1«P5&
R5 C -0 F 08 0 ' 04 LITCHFI2 74 DPWA 0 KP TO L(1520)PI 10/74
R5 0 0 ~ 062 0.021 CANERON 77 DPWA 0 K-P TO L(1520)PI 1/78

R? SI6NA(1915& INTO CN KBAR&/CSIGNA PI& CP1) /CP3&
R? &0.37) OR LESS BARNES 69 HBC + 1 STAN' DEV.

R3 SIGNA(1915& INTO CLANBDA Pl&/CSI6NA Pl& (P?)/(P3)
R3 &0.28) OR LESS SARNES 69 HBC + 1 STAN. DEV.

R4 SI6NAC1915& INTO (XI K&/TOTAL (P4)
R4 42 SEEN BRIEFEL 77 HSC + K P 2 8? GEV

444444 4*4444411 **44*144*144***4*411«44*414 *41*1*441444114*a* 441*44*4

10/69

10/69

1/78

R6 SI6NAC1940) FROM N KBAR TO DEL(1232) KBAR, S-WAVE SORTCP1*P6)
R6 E -0.16 0 ~ 05 LITCHFI3 74 DPWA 0 K-P TO KBAR DEL 10/74
RS E SIGN RELATIVE TO SIGMA(2030& DECAY 10/74

RV' SI6NAC1940) FROM N KBAR TO DEL(1?3?) KBAR, D-WAVE SORTCP1*P7)
R7 E -0.14 0 ~ 05 LITCHFI3 74 DPWA 0 K-P TO KBAR OEL 10/74

Rd SI6NA($940& FROM N KBAR TO SIGNA(1385) PI, S-MAVESORTCP1«PS&
R8 F +0.066 0.025 CANERON 78 OPMA 0 K-P TO S(1385)PI 1/78
R8 F SIGN CHANGED 70 SE IN ACCORD 'WITH THE BARYON-FIRST CONVENTION. 12/79

AGUI LAR
SR I CHAN
COOL
DADO
BRIEFEL
FERRER

70 PRL 25 58
70 PL 318 152
70 PR D1 1887
72 PR L 29 1695
77 PRO 16 2706
81 NP 8178 373

AGUI LAR-BENI TEZ, BARNES, + (SNL+SYRA)
+FERRO LUZZI, PERREAU, + (CERN+CAEN+SACL)
+GIACOHELLI, KYCIA, LEONTIC, LI, + &BNL) I
+BIRMAN, GOLDBERG, MEISS (HAIF) JP
+GOUREV ITCH, CNANG+ (SRAN+UMD+SYRR+TUFT)
+TREILLE, RIVET, VOLTE+ (CERN+CDEF+EPOI. +LALO)

44441* «444**444 4««a*a«*a 441444414 a«a*a*4*1 11**1*a**««***a*1*44414444
*1**141114*4414 1*4441*14 44411**44 1«4441411 11*414444 44***4*41*14*1*a«

Z(1940) D, Status:
98 SIGNA C 1940, JP~3/2-) I~1 0 ~ 4 ~ 13

FOR RESULTS PUBLISHED BEFORE 1974 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
1118}. ALL THE REFERENCES HAVE BEEN RETAINED'

SOME ~ NOT ALL g PART IAL HAVE ANALYSES SUGGEST A STATE IN
THIS REGION. IT IS PERNAPS ASSOCIATED WITH THE BUMPS
SEEN IN PRODUCTION EXPERIHENTS NEAR THIS MASS (SEE THE
PRECEDING ENTRY}. THIS STATE IS NOT REQUIRED IN
K- NEUTRON TO (PI SIGMA)- ANALYSIS OF GOYAL 77. KBAR N

ANALYSIS (GOPAL 80) WITH K- NEUTRON ELASTIC DATA
DOES N07 REQUIRE TN IS STATE.

REFERENCES FOR SI6NA(1915& (PROD. EXP. &

BOCK 65 PL 17 166 +COOPER g FRENCH K INSON g + (CERH+SACL) I
COOL 66 PRL 1S 1228 +GIACOHELLI gKYCIALEONTIC/L I JLUHOBYJ+(SNL) I

SUPERSEDED SY COOL 70 '
BUGG 68 PR 168 1466 +GILMORE, KNIGHT, DAVIES+ (BIRH+CAVE+RNEL) I
PRIMER 68 PRL 20 610 +GOLDBERG, JAEGER, SARNES, DORNAN + (6YRA+BNL)

SUPERSEDED SY BARNES 69 ANO AGUILAR-SEHITEZ 70.
BARNES 69 PRL 22 479 +FLAMINIO, MONTAHE7, SAMIOS + (BHL+SYRA)

R9 SI6NA(1940& FRON N KBAR TO N Ka(892&, S3 NAVE SORTCP1«P9)
R9 G -0.09 0.02 CAMERON2 78 DPWA K-P TO K*N
R9 G UPPER LIMITS ON THE D1 AND 03 WAVES ARE EACH 0 03.
4*44** 4444*1**4 *444«44** *4**4144***4*4***4*1*1*4**4*4*444*44 «**44*14

REFERENCES FOR SI6NAC 1940)

A SARBARO-GALT IER I
P J LITCHFIELD
D F KANE
+HARTIN, HOORHOUSE+

GALTIERI 70 DUKE CONF 173
L I TCHF I E 70 NP 822 269
KANE 72 PR 05 1583
LEA 73 NP 856 77

(LRL) I JP
(RHEL) I JP

&LBL)I JP
(RHEL+LOUC+GLRS+AARH) I JP

DEVENISH 74 NP 881 330
KANE 74 LBL-?452
L I TCHF 12 74 NP 874 19
LITCHFI3 74 NP 874 39

BAILLON 75 NP 894 39
HEMI NGMA 75 NP 891 12
VAHHORN 75 NP 887 145

ALSO 75 NP 887 157

DEVENI SH, FROGGATT, MARTIN (DESY+NORO+LOUC)
0 F KANE (LBL) I JP
LITCHFIELD, HEHINGMAYgBAILLON, + (CERN+HE ID) I JP
LITCHF IELD, HEHINGMRY, SAILLON, + (CERN+HE ID) I JP

P BAIL LON, P J L I TCHF IELD (CERN+RHEL)IJP
HEMINGWAY, EADES, HARHSEN+ (CERN+HE ID+MP IM) I JP
A J VAH HORN (LSL) I JP
A J VAN HORN (LBL) I JP

BELLEFON
CAMERON
GOYAL
MARTIN

ALSO
ALSO

RLIC
CAHE RON
CAHERON2

DE BELLEFON, SERTHON (CDEF) I JP
+FRAHEK, GOPAL, KAI. HUS, MCPHERSOH+ &RHEL+LOIC)IJP
+SOOH I (DELH)
MAR7 IN, P I DCOCK, NOORHOUSE & LOUC+GLAS ) I JP
HART IN, P IDCOCK (LOUC)
NART IN, P I DCOCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, MCPHERSON+ &LOIC+RHEL)IJP
+FRANEK g GOPAL ~ BACON g BUTTERWORTH+ &RHEL+I OIC ) I JP
+FRANEK, GOPAL, KALMUS, HCPHERSON, +{RHEL+LOIC)IJP

76 NP 8109 129
77 NP 8131 399
77 PR 016 2746
77 NP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 NP 8143 189
78 NP 8146 327

444444 444441444 44««a«a«a 444444444 444«aaa«a *aa«4«4*a 1144*4***a«a***14
44444* 444*44444 444444144 41*441441 44«414**1 «4444*11* 1*44444*1 4*14444*

Z(F000) S„Status:

12/79
12/79

98 SIGNA(1940) NASS (NEV) 02 SI6NA(2000, JP~1/2-) I~1 $ ~ 'I I 11

H

H

M

M

H A

M A

N 8
H 8
M 8
N

1935.0 (80 ' 0) , KANE 74 DPWA K-P TO PI SIG
1940.0 20 ' 0 LITCHF12 74 DPWA 0 K-P TO L(1520)PI
1950 ~ 0 20 ~ 0 LITCNF 13 74 DPWA 0 K-P TO KSAR OEL
1950.0 30 ' 0 BAILLON 75 IPMA KBAR N TO LAM PI
1949.0 40.0 60.0 VANHORN 75 OPWA 0 K- P TO LAM PIO

(1940.0) BELI.EFON 76 IPWA 0 K- P TO LAM PI
SLIGHT BUMP IN NODULUS OF F7 WAVE.

1886. OR 1893. HARTIN 77 DPWA KBAR N HULTICHNL
THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE
PARAMETERS FROM THE T MATR IX POLE AHD FROM A 8 W F I T g RESPECT I VE LV

1920.0 50.0 RLIC 77 OPWA KBAR N MULTICHHL

98 S IGNAC 1940& WIDTH CNEV&

12/81
10/74
10/74
11/75
11/75
2/77
2/77

11/77 M

M

N

H
M

M

02 SI6NA(2000) NASS (NEV&

2004.0 40 ' 0
1755. OR 1834 '

THE TWO ENTRIES FOR
PARAMETERS FROM THE

1955 ' 0 15.0
1944 ~ 0 (15 ~ 0)

VANHORN 75 DPWA 0 K-P TO LAH PI0
HARTIN 77 DPWA KBAR N MULTICHNL

NARTIH 77 CORRESPOND TO EXTRACTION OF RESONANCE
7-MATRIX POLE AND FROM A 8-M FIT, RESPECTIVELY.

RLIC 77 DPHA KBAR N HULTICHNL
GOPAL 80 DPWA KBAR N ELASTIC

ME LIST HERE ALL REPORTED S11 STATES LYING ABOVE
THE SIGMA(1750) .

11/75
11/77

1/76
12/81

M

W

M

M

M 8
W

W

330.0
60.0
70.0

150.0
160.0
157. OR
300.0
170.0

(80.0)
20 ' 0
30.0
75 ' 0
70 ' 0

159.
80 ~ 0
?5.0

20.0

40.0

KANE
L ITCHF 12
LITCHF 13
BAIL LON
VANHORN
HARTIN
RLIC
CAMERON?

74 DPHA
74 DPWA
74 OPWA
75 IPMa
75 OPWA
77 OPMA
77 OPWA
78 OPWA

K-P TO P I S I G
0 K-P TO L(1520)PI
0 K-P 70 KBAR OEL

KBAR H TO LAM PI
0 K- P TO LAH PIO

KBAR H MULTICHNL
KBAR N MULT ICHNL
K-P TO K*(892) N

12/81
10/74
10/74
11/75
11/75
11/77

1/76
12/79

W

W 1
W

W

02 S I6NAC 2000) MIOTN CNEV&

116.0 40 ' 0
413. OR 450.
170.0 40 ' 0
215.0 (25.0)

VANHORN 75 DPMA
MART IN 77 DPIWA

RL I C 77 DPMA
GOPAL 80 OPWA

02 SI6NAC2000) PARTIAL DECAY NODES

0 K-P TO LAH PIO 11/75
KBAR N MUI. 7 I CHNL 11/77
KBAR N HULT ICHNL 1/76
KSAR N ELASTIC 12/81

P1
P2
P3
P4
P5
PS
P7
P8
P9

98 SIGNA( 1940) PARTIAL DECAY NODES

SIGMA(1940} INTO N KBAR
S I GMA(1940) INTO LAMBDA PI
S I GHA(1940} INTO SIGMA P I
SIGMA(1940} INTO LAMBDA(1520} PI, P-WAVE
SIGNA(1940) INTO LAMBDA(1520} PI, F-MAVE
SIGNA('1940) INTO DEL7A(1232) KBAR, S-WAVE
SIGMA(1940) INTO DELTA(1232) KBAR, 0-HAVE
SIGMA{1940} INTO SIGMA(1385) PI, S-HAVE
SIGMA(1940) INTO N K*(892), S3 HAVE

98 SIGNAC 1940& BRANCNIN6 RATIOS

DECAY MASSES
938+ 494

1116+ 140
1189+ 140
1520+ 135
1520+ 135
1232+ 494
1232+ 494
1385+ 140
940+ 892

P1
P2
P3
P4
P5
P6

R1
R1 1
R1 C
R1 C

R1

SIGNA(2000)
SIGMA(2000}
SIGNA(2000)
SIGNA(2000)
SIGNA(2000)
SIGMA(2000)

INTO N KBAR
INTO LAMBDA P I
INTO SIGMA PI
INTO LAMBDA(15?0) PI
INTO N K*(892), 81 WAVE
INTO H K*(892), 03 HAVE

DECAY NASSES
938+ 494

1116+ 135
1197+ 140
1520+ 140
940+ 892
940+ 892

02 SIGNA(?000& BRANCHING RATIOS
SIGNA(?000& INTO (N KBAR&/TOTAL CP1&

0 ' 62 OR 0.57 HARTIN 77 DPMA KBAR N MULTICHNL
(0.44) (0 F 05) RLIC 77 OPMA KSAR N MULTICHNL

(N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.
0.51 (0 ' 05) GOPAL 80 DPWA KBAR N ELASTIC

11/77
1/76

12/81
R1
R1 8
R1
R1
R1

SIGNA( 1940& INTO (N KBAR) /TOTAL (P1)
0. 14 OR 0.13 HARTIN 77 OPWA KBAR N MULTICHNL 11/77

LESS THAN 0.04 RLIC 77 DP'HA KBAR N HULTICHNL 1/76
NO SIGNAL FOR THIS STATE WITH X LARGER THAN ABOUT 0.03 IN THE 11/75
ANALYSIS OF HEMINGWAY 75. 11/75

R2
R2
R2
R2 1
R2

SI6NAC2000& FROM N KBAR 70 LANBOA PI
NOT SEEN BAILLON
+0.07 0.02 0.01 VANHORN-0.19 OR -0.18 HART IN
0.08 0.03 RLIC

SORTCP1*P2&
75 IPWA KBAR N 70 LAN PI 11/75
75 DPMA 0 K-P TO LAM PIO 11/75
77 DPWA KBAR H HULTICHNL 11/77
77 DPMA KSAR N HULTICHNL 1/76
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Particle Data Group: Review of particle properties S279

For notation, see key at front of Listings. Baryons
E(200Q), E(2030)

R3 SI6HAC2000& FROM N KBAR TO SIGMA PI SQRTCPf~P33
R3 1 +0.26 OR +0.24 MARTIN ?? DPWA KBAR N HULTICHNL 11/77
R3 +0.20 0.04 RLIC 77 DPMA KBAR N HULTICHNL 1/76

R4 SI6HA&20003 FROM N KBAR TO LAMBDA&1520& PI SQRT CP1*P43
R4 2 +0.081 G. 021 CANERON 77 DPMA 0 P-MAVE DECAY 1/78
R4 2 ASSUMES LANSDA(1520) ElASTICITY 0.46. THE SIGN IS CHANGED HERE TO 12/79
R4 2 BE IN ACCORD MITH THE BARYON-FIRST CONVENTION. 12/79

R2
R2
R2
R2
R2
R2 A

RZ

SI6HAC20303 FRY N KBAR TO LAHBOA PI
+0. 195 G. 053 DEVENISH
+0. 18 G. 02 BAIL LON
+0.20 0.01 VANHOR N

(0.20) BELLEFON
+0.20 0.01 CORDEN
+0. 18 0.GZ RLIC

SQRTCPf~PZ&
74 0 FIXED T DISP REl 4/75
75 IPWA KBAR N TO LAN PI 11/75
75 DPWA 0 K-P TO LAN PIG 11/75
76 IPWA 0 K- P TO LAM PI 2/77
76 DPWA — K- N TO PI- LAN ?/?7
77 DPWA KBAR N MULT I CHNL 1/76

R5 SI6HA&2000& FRON N KBAR TO N K+&8923, S1 WAVE SQRTCPf~P53
R5 3 +0. 10 0.02 CAMERON2 78 DPWA K-P FO K*M
R5 3 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST
R5 3 CONVENTIONS

R6 SI6HACZ0003 FROM N KBAR TO N K+&892&, O3 WAVE SQRTCPf*P63
R6 -0.07 0.03 CAMERON2 78 DPWA K-P TO K*N

0400*4 00*0400*0 *0**400*0004000*44 00*4*4404 4*40***040**40440* 00*00404

REFERENCES FOR SI6HAC2000&

P BAILLON, P J LITCHFIELD
A J VAN HORN
A J VAN HORN

(CERN+RHEL)IJP
(LBl) I JP
(LBL) I JP

BAILLON 75 NP 894 39
VAMHORN 75 MP 887 'l45

ALSO 75 NP 887 157

77 MP 8131 399
77 MP 8127 349
77 NP 8126 266
77 NP 8126 285
77 NP 8119 362
78 NP 8146 327
80 TORONTO CONF

CAMERON
MARTIN

ALSO
ALSO

RLIC
CANERONZ
GOPAL

+FRANEK, GOPAL, KALMUS, MCPHERSON+ (RHEL+LOIC) I JP
MART IN, P ID COCK, NOORHOUSE (LOUC+GLAS) I JP
HART IN, P ID COCK &LOUC)
MART IN, P IDCOCK (LOUC) I JP
GOPAL, ROSS, VAN HORN, NCPHERSON+ (LOIC+RHEL) IJP
+FRANEK, GOPAL, KALNUS, MCPHERSON, +(RHEL+LOIC)IJP

159 G P GOPAL (RHEL) I JP

0**4**044r****44 ***40%4*400**04440 00044****40**404*0 ***4*0***4*4000*0
4*4%*0 0404**044 40*400004 *4%0%*4*0 4*444**00 0*4*40**4400*0**00 0**44004

E(2030) F,~, Status:

12/79
12/79
12/79

12/79

12/81
1 1/77
11/77
11/77

1/78
1/78
1/76

8/67
10/69
7/70

RS
R5 E
R5 E
R5
R5
R5 AVG

SI6IIA&20303 FRON N KBAR TO LAHBOA&18203 PI P-MAVESQRTCPf~P53
0. 18 G. 04 LITCHF I1 74 OPWA 0 K-P TO L(1820)PI 10/74

ASSUMES LAMBDA(1820) ELASTICITY~. 6 10/74
0 ~ 14 0 ~ 02 CORDEN2 75 OBC — KBAR PI- NUCLEON 11/75

0. 148 0.018 AVERAGE

R6 SI6HA&2030& FRQN N KBAR TO LAMBDA&15203 PI D-MAVESQRTCPf*P63
R6 F 0. 14 G. 03 LITCHFI2 74 DPWA 0 K-P TO L(1520)PI
R6 F ASSUMES LAMBDA(1520) ELASTI CITY~. 45
R6 G (0.10) (0.03) CORDEN2 ?5 DBC — KBAR PI- NUCLEON
R6 G UPPER LIMIT
R6 H +G. 114 0.010 CANERON 77 DPWA 0 K-P TO L(1520)PI
R6 H ASSUMES LAMBDA(1520) ELASTICITY=. 46 ~ THE SIGN IS CHANGED HERE TO
R6 H BE IN ACCORD WITH THE BARYON-FIRST CONVENTION.

R6 AVG 0.1166 0.0095 AVERAGE

10/? 4
10/74
11/75
11/75

1/78
12/79
12/79

R3 SI6HAC20303 FROM N KBAR TO SIGMA PI SQRT(P1*P3&
R3 -0.10 (0.01) KAME 74 DPWA K-P TO PI SIG
R3 C -0.09 0.01 CORD EN 1 77 K- N TO PI SIG
R3 C -0.06 0.01 CORD EN1 77 K- N TO PI SIG
R3 C THE 2 ENTRIES FOR CORDEN177 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS.
R3 D (-G.G85) (0.02) GOYAL 77 DPWA — K- N TO SIG PI
R3 D THIS COUPLING IS EXTRACTED FROM UNNORNAL IZED DATA.
R3 -0.15 0.03 RLIC 77 DPWA KBAR N MULTICHNL

R4 SI6HA&20303 FRON N KBAR TO XI K SQRTCPf~P43
R4 (O.G5) OR LESS TRIPP 67 RVUE 0 K-P TO XI K
R4 (0.05) OR LESS BURGUN 68 DPWA 0 K-P TO XI K
R4 (G.G23) MULLER 69 DPWA 0

47 SI6HA&2030, JP~?/2+) I~f F17

FOR MOST RESULTS PUBLISHED BEFORE 1974 (THEY ARE
NOW OBSOLETE), SEE OUR 1982 EDITION (PHYSICS LETTERS
1118). ALL THE REFERENCES HAVE BEEN RETAINED.

R?
R7 F
R7 H

R7
R7 AVG

SI6HA&20303 FROM N KBAR TO LAMBDA&15203 PI 6-MAVESQRTCPf~P?3
0.02 0.02 LITCHFI2 74 OPWA 0 K-P TO L(1520)PI 10/74

+G. 146 0.010 CANERON 77 DPMA 0 K-P TO L(1520)PI 1/78

0.121 0.050 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 5.6)

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE
ANALYSES. PARAHETERS OF PEAKS SEEN IN CROSS SECTIONS
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2030 MEV ARE
GIVEN IN THE NEXT ENTRY.

R8 SI6HA&2030& FRON N KBAR TO DEL&f2323 KBAR, F-WAVE SQRTCPf~P83
R8 0. 16 G. 03 LITCHFI3 74 DPWA 0 K-P TO KBAR DEL 10/74
R8 G (0.17) (0.03) CORDENZ 75 DSG — KBAR PI- NUCLEON 11/75
R8 G ul PER 11/75

R9 SI6NA&2030& FRON N KBAR TO DELC1232& KBAR, H-WAVE SQRTCPf~P9&
R9 0.00 0.02 LITCHFI3 74 DPWA 0 K-P TO KBAR DEL 10/74

M

M

M

M

N

M

M

M

M A

M A
N

M

N

M

4? SI6HAC2030& MASS CHEV&

2020. 0
2025. 0
2035.0
2020. 0
2035.0
2038.0
2042. 0

(2030.0)
2030.0 3.0

PREFERRED SOLUTION 3,
2038.0 10.0
2027. TO 2057.
2040.0 5.0
2036.0 &5.0)

KANE
LITCHF I1
LITCHF I2
L ITCHF I3
SAIL LON
HEHI NGWA
VANHORN
BELLEFON
CORDEN

SEE CORDEN 76 FOR
CORDEN2
GOYAL
RLIC
GOPAL

47 SIGHA & 2030 & MI OTH (HEY &

74 DPMA
74 DPWA
74 OPWA
74 DPWA
75 IPMA
75 DPMA
75 DPWA
76 I P WA

76 DP WA

OTHER PO
77
77 DPWA
77 DPMA
80 DPWA

K-P TO PI SIG
0 K-P TO L(1820)PI
0 K-P TO L(1520)PI
0 K-P TO KBAR DEL

KBAR N TO LAM PI
0 K- P TO KBAR N

0 K-P TO LAN PIG
0 K- P TO LAN PI

K- N TO PI- LAN
SS IB IL IT IES.

K- N TO K* N

K- N TO SIG PI
KBAR N MULTICHNL
KBAR N ELASTIC

12/81
10/74
10/74
'l0/74
11/75
11/75
11/75
2/77
2/77
2/77

11/77
1/?8
1/76

12/81

R11 SI6HA&2030& FROM N KBAR TO N K*&8923, Ff IJAVE SQRTCPf~Pf1 3
R11 -0.02 0.01 CORDEN2 77 K-D TO K*N
R1'l J +0.06 0.03 CANERON2 78 DPWA K-P TO K*N
R11 J THE SIGN HERE IS CHANGED TO BE IN ACCORD MITH THE BARYON-FIRST
R1 1 J CONVENTION ~

R11 ~ ~ ~ ~ ~ ~ ~ ~ ~

R11 AVG NOD 0.024 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)

12/79
12/79
1?/79
12/79

R12 SI6HA&20303 FROM N KBAR
R12 -G. 12 G. 02
R12 K +0.04 0.03
R12 K THE UPPER LIMIT ON THE
R12 ~ ~ ~ ~ ~ ~ ~ ~ ~

R12 AVG MOD 0.095 0.037

TO N K*&892), F3 MAVE SQRTCP1*P123
CORDEN2 77 K-D TO K*M
CAMERON2 78 OPWA K-P TO K*N

G3 MAVE IS 0.03.
AVERAGE (ERROR INGLUDES SCALE FACTOR OF 2.2)

12/79
12/79
12/79

*400** *4****0k**0*0**0%4**40**0%4***04*****4%04*4k* 4*4****%*4*40441*

R10 SI6HAC2030& FRON N KBAR TO SIGNA&13853 PIs F-MAVESQRTCPf~P103
R10 I +G. 153 0.026 CAMERON 78 OPWA 0 K-P TO S(1385)PI 1/78
R10 I THE SIGN IS CHANGED HERE TO BE IN ACCORD WITH THE BARYON-FIRST 12/79
R10 I CONVENTION. 12/79

W

W

W

W

W

W

W

W A

W

W

W

W

W

111.0
70. To

160.0
200. 0
'l80. 0
172.0
178 ' 0

(160.0)
201.0
137.0

(260.0)
'l26 ~ TO
190.0
172.0

(5.0)
125 ~

20.0
30.0
20.0
15.0
13.0
9.0

40.0

195.
10.0

(10.0)

KANE
LITCHF I1
LITCHF IZ
LITCHF I3
BAILLON
HEMINGWA
VANHOR N

BELLEFON
GORDEN
COROEN2
OEGLAIS
GOYAL
RLIC
GOPAL

74 DP'MA

74 DPWA
74 DPMA
74 DPMA
75 lr MA

75 DPMA
75 DPWA
76 IPWA
76 DPWA
77
77 DPMA
77 DPWA
77 DPMA
80 DPMA

K-P TO PI SIG
0 K-P TO L(1820)PI
0 K-P TO L(1520)PI
0 K-P TO KBAR DEL

KBAR N TO LAN PI
0 K- P TO KBAR N

0 K-P TO LAM PIG
0 K- P TO LAM PI

K- N TO PI- LAN
K- N TO K* N

KBAR N TO KBAR N

K- M TO SI G P I
KSAR N NULTICHNL
KBAR N ELASTIC

12/81
10/74
10/74
10/74
11/75
11/75
11/75
2/77
2/77

11/77
1/?8
1/78
1/76

12/81

MOHL
TRIPP
BURGUN
GAUM
SNART
MULLER

66 PRL 17 107
67 NP 83 10
68 NP 88 447
68 NP 87 19
68 PR 169 'l336
69 THESIS, UCRL 19372

BERTHON 70 NP 820 476
BERTHON1 70 NP 824 417
COX 70 NP 8'l9 61
GALT IER I 70 DUKE CONF 173
LITCHFIE 70 NP 822 269

REFERENCES FOR SIGHAC20303

C G MOHL, F T SOLMITZ, N L STEVENSON (LRL) I JP
+ LEITH, + (LRL+SLAC+ CERN+HEIO+SACL)
+MEYER, PAULI, TALL INI + (SACL+CDEF+RHEL)
+ERNE, LAGNAUX, SENS, STEUER, UDO (CERN)JP
M M SMART (LRL) I JP
R A MULLER (LRL)

+RAMGAN, VRANA, + (CDEF+RHEL+SACl) I JP
+VRANA, BUTTERWORTH, + (CDEF+RHEL+SACL) I JP
+ISLAM, COLLEY, + (BIRH+EDIN+GLAS+LOIG) I JP
A BARBARO-GALT IERI (LRL) I JP
P J LITCHF IELD (RHEL) I JP

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12

SIGNA(2030)
SIGNA(2030)
SIGNA(2030)
SIGNA(2030)
SIGNA(2030)
SIGNA(2030)
SIGNA(2030)
SIGMA(2030)
SIGNA&2030)
SIGNA(2030)
SIGNA(2030)
SIGMA(2030)

47 SI6HAC2030& PARTIAL DECAY NODES

INTO N KBAR
INTO LAHBDA Pl
INTO SIGNA PI
INTO XI K
INTO LAMBDA(1820) P I, P-WAVE
INTO LAMBDA(1520) PI, 0-WAVE
INTO LAMBDA(1520) Pl, G-WAVE
INTO DELTA( 1232) KBAR, F-WAVE
INTO DELTA&'l?32) KBAR, H-MAVE
INTO S I GMA( 1385) P I, F-WAVE
INTO N K*&892), F1 WAVE
INTO N K*(892), F3 WAVE

DECAY MASSES
938+ 494

1116+ 135
1189+ 140
1321+ 498
1820+ 135
1520+ 135
1520+ 135
1232+ 494
1232+ 494
1385+ 140
940+ 892
940+ 892

BA ILLON 75
CORDEN2 75
HEMI NG WA 75
VANHOR N 75

ALSO 75
BELLEFON 76
CORDEN 76

NP 894 39
NP 892 365
NP 891 12
NP 887 145
NP 887 157
NP 8109 129
NP 8104 382

CAMP BELL 71 NP 825 75
L ITCHF IE 71 NP 830 125
KAME 72 PR D5 1583

DEVENISH 74 MP 881 330
KANE 74 LBL-2452
L ITCHF I1 74 NP 874 12
LITCHFI2 74 NP 874 19
LITCHF I3 74 NP 874 39

+HORTON, NEGUS, GOYAL, MILLER (GLAS+LOIC) I JP
L I TCHF IELD, . . .+LESQUOY, + . . &RHEL+CDEF+SACL) I JP
D F KANE (LBL) I JP

DEVENISH, FROGGATT, MARTIN (OESY+NORD+LOUC)
D F KANE (LBL) I JP
LI TCHF IELD, HEMINGWAY, BAILLON, + (CERN+HE ID) I JP
L I TCHF IELD, HEMINGWAY, BAILLON, + (CERN+HE ID) I JP
LITGHF IELO, HEMINGWAY, BAILLON, + (CERN+HE ID) I JP

P BAIL LON, P J LI TCHF I E LO (CERN+RHEL)IJP
+COX, DARTNELL, KENYON, ONEALE, SUMOROK+ (BIRN) IJP
HENINGMAY, EADES, HARMSEN+ (CERN+HE ID+NP IM) I JP
A J VAN HORN (LBL) I JP
A J VAN HORN (LBL) I JP
OE BELLEFON, BERTHON (CDEF) I JP
+COX, DARTNELl, KENYON, ONEALE, SUNOROK+ (BIRN) I JP

47 SIGNA&2030) BRANCHIN6 RATIOS

Rf
R1
R1
R1 8
R1 8
R1

SI6HA(20303 INTO CN KBAR&/TOTAL CP'I&
0. 18 0.03 HEMINGMA 75 DPWA 0 K- P TO KBAR N 11/75(0.15) DECLAIS 77 DPMA KBAR N TO KBAR N 1/78(0.24) (0.02) RLIC 77 DPMA KBAR N MULTICHNL 1/76

(N KBAR)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80.
0. 19 (0.03) GOPAL 8G DPWA KBAR M ELASTIC 12/81

CAHERON 77' NP 8131 399 +FRANEK, GOPAL, KALMUS, NCPHERSOM+ (RHEL+LOIC) IJP
COROEN1 77 NP 8125 61 +COX, KENYON, ONEALE, STUBSS, SUMGROK+ (BIRN) IJP
CORO EN 2 77 NP 8121 365 +COX, KENYON, OMEALE, STUSSS, SUNOROK+ (BIRN) I JP
OECLAI S 77 GERN 77-16 +DUCHON, LOUVEL, PATRY, SEGUINOT+ (CAEN+CERN) IJP
GOYAL 77 PRO 16 2746 D P GOYALgA V SODHI (DELH) I JP
RLIC 77 MP 8119 362 GOPAL ~ ROSS ~ VAN HORN g MCP HERSON+ ( LO I C+RHEL ) I JP
CANERON 78 NP 8143 189 + FR AN EK, GOP AL, BACON, BUT TER WOR TH+ ( R HE L+ LO I G ) I JP
CAMERON2 78 NP 8146 327 +FRANEK, GOPAL, KAI. MUS, NCPHERSON, + (RHEL+LOIC) I JP
GOPAL 80 TOROMTO CONF 159 G P GOPAL (RHEL) I JP

40*444 **4***4**0*4*%*004 0**00*4k% 44***4044 4**44*40k *04+*44*4 *4%0**4k
*444%0 44040*44* *k4*4444* *44044440 4****4044 **4444%4* 4*4**44r****4*4***
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s280 Particle Data Group: Review of particle properties

Baryon s
E(2030), E(2070), Z(2080), E(2100)

Data Card Listings

2030 MEV REGION — PRODUCTION AND a'~~ Exp'TS

28 SIGNA(2030, JP~ ) I~1 PRODUCTION EXPERIIIENTS

E(2OSO) P
„

Status:

SEE THE NOTE ON THE F17 SIGNA(2030), IN FRONT OF THIS
ENTRY ~ HERE WE LIST ONLY PARAMETERS OF PEAKS IN CROSS
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS-

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE SIGMA(2030) r

BUT MAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB-
LISHED OTHER RESONANCES IN THIS REGION ~

88 SI6MA(2080 ~ JP~3/2+) I~1 P ~ ~ ~ 13

SUCH A RESONANCE IS SUGGESTEO BY SOME BUT NOT ALL
PARTIAL-WAVE ANALYSES ACROSS THIS REGION ~ UNTIL THERE
IS MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN
BARYON TABLE

W

W

W

W

W

(2022. 0)
2020.0
2049.0
2025. 0

(2025 ' 0)

(120.0)
130.0
126.0
165.0
(80.0)

28 SIGNA(2030& MASS CMEV& CPROD. EXP. &

&20. 0)
7.0
4.0

10 ~ 0
&20.0)

BLANPIED 65 CNTR 0 GAMMA P TO K+ Y*
BUGG 68 CNTR K P, D TOTAL
BRICMAN 70 CNTR 0 TOTAL AND CH EX
COOL 70 CNTR K-P, D TOTAL
LU 70 CNTR 0 GAMMA P TO K+ Y*

&20.0)
10 ~ 0
11.0

BLANP I ED
BUGG
BR ICMAN
COOL
LU

65 CNTR 0
68 CNTR
70 CNTR 0 TOTAL AND CH EX
70 CN TR K-P, D TOTAL
70 CNTR 0 GAMMA P TO K+ Y*

28 SIGIIAC2030) WIDTH (NEV) (PROD. EXP. )

6/68
6/70

10/70
1/71

6/68
6/70

10/70
1/71

M

M

M 1
M 1
M 2
M 2
M

3
M 3
M 4
M 4
M 4
M 4

88 SIGMA(2080& NASS CIIEV)

(2082.0) (4.0) COX
(2070.0) (30.0) L ITCHF IEL
2120.0 40.0 BAILLON

FROM SOLUTION 1 OF BAIL I.ON 75.
2140.0 40.0 BAIL LON

FROM SOLUTION 2 OF BAILLON 75.
2140.0 30.0 BELLEF01
2070. TO 2120. BELLEFON

SUPERSEDES BELLEF01 75.
2091 ' 0 7 ' 0 CORDEN

PREFERRED SOLUTION 3, SEE CORDEN 76 FOR
INCLUDING A D15 AT THIS MASS.
CORDEN 76 INCLUDES THE DATA OF COX 70 A

88 8I6IIAC 2080& WIDTH CNEV&

70 DPWA — K- N TO LAM PI
70 DPWA -0 K- N TO LAM PI
75 IPWA KBAR N TO LAM PI

75 IPWA KBAR N TO LAM PI

75 OPWA 0 K- P TO LAM PIO
76 IPWA 0 K- P TO LAM PI

76 DP WA — K- N TO P I — LAM

OTHER POSS IBL IL I TES,

S A SUBSAMPLE.

6/70
6/70

11/75
1/76
1/76
1/76

11/75
2/77
2/77
2/77
2/77
2/77

P1
P2

SIGMA(2030) INTO N KBAR
SIGMA(2030) INTO N KBAR PI

DECAY MASSES
938+ 494
938+ 498e 140

28 SIGMAC2030) BRANCHIN6 RATIOS (PROD. EXP. )

28 SIGMAC2030& PARTIAL DECAY IIODES (PROD. EXP. &
W

W

W 1
W 2
W

W 3
W 4

(87 ' 0)
(250.0)
240 ' 0
200. 0
180.0

(100 ~ 0)
186 ~ 0

(20.0)
&40.0)
50.0
50.0
20 ' 0

48.0

COX
L I TCHF IEL
BAIL LON

BAIL LON
BELLEF01
BELLEFON
CORDEN

70 DPWA — K- N TO LAM PI
70 DPWA -0 K- N TO l.AM PI
75 IPWA KBAR N TO LAM PI
75 IPWA KBAR N TO LAM PI
75 OPWA 0 K- P TO LAM PIO
76 IPWA 0 K- P TO LAM PI
76 DPWA — K- N TO PI- LAM

6/70
6/70

11/75
1/76

11/75
2/77
2/77

R1
R1
Rl
R1
R1

SI6MAC2030) INTO CN KBAR&/TOTAL
THESE VALUES OF ELASTICITIES ASSUME

0.131 BUGG
0.27 (0.02) BR I CMAN
0 ~ 12 COOL

(P1&
J =7/2

68 CNTR
70 CNTR 0 TOTAL AND CH EX
70 CNTR K-P, D TOTAL

6/68
6/70

10/70
P1
P2

88 SIGMAC2080& PARTIAL DECAY MODES

SIGMA(2080) INTO N KBAR
SIGMA(2080) INTO LAMBDA PI

DECAY MASSES
938+ 494

11 16+ 140

R2 SI6MAC2030& INTO CN KBAR PI&/TOTAL (P2)
R2 SEEN BOCK HBC

«*«*a« a*a«a«a«a *a«a*a»*a *a*a**«ea «*«**a**»*»**a«a«» «a«a*»«*e ***««a**

REFERENCES FOR SI6MA(2030) {PROD. EXP. &

BLANP I ED 65 PRL 14 741 +GREENBERG, HUGHES, K ITCHING, LU, + (YALE+CEA)
COOL 66 PRL 16 1228 +GIACOMELLI, KYCIA, LEONTIC, LI, LUNOBY, + &BNL) I

SUPERSEDED BY COOL 70.
BUGG 68 PR 168 1466 +GI LMORE, KNIGHT, + &RHEL+BIRM+CAVE) I

R1
R1
R1
R1 1
R1 2
R1
R1 3
R1 4

SIGNAC2080& FROM N KBAR
(-0.16) (0.03)
&-0.09) (0.03)-0.13 0.04-0.13 0 ~ 04
+0. 19 0 ~ 03

&-0.10)-0.10

TO LAIIBOA PI
COX
LITCHF IEL
BAIL LON
BA I L LON
BELLEF01
BELLEFON
CORDEN

SQRT(P1«P2&
70 DPWA — K- N TO LAM PI
70 DPWA -0 K- N TO LAM PI
75 IPWA KBAR N TO LAM PI
75 IPWA KBAR N TO LAM PI
75 DPWA 0 K- P TO LAM PIO
76 IPWA 0 K- P TO LAM PI
76 DPWA — K- N TO PI- LAM

88 SIGMA{2080& BRANCHING RATIOS

6/70
6/70

11/75
1/76

11/75
2/77
2/77

BR I CMAN 70 PL 318 152
COOL 70 PR D1 1887
LU 70 PR D2 1846

+FERRO LUZZ I, PERREAU, + & CERN+CAEN+SACL )
+GIACOMELLI, KYCIA, LEONTIC, LI, + (BNL) I
+GREENBERGr HUGHES r MINEHART r MORI r+ (YALE)

*««a»* a»a»»**a» »a««aa«a» ****««a»***»«*»**a*********»»«*»**a« »«**»*a»

REFERENCES FOR SIGNA(2080)

"E(2o7o) F,~ Status:

«***a****a«*«a» a«a««a«ea *««a«**a« a«a*a«*** e*****»aa««a«a««a* e**»**a«
a*a«a« a«a*a«*** «**«**««a a«a*a**«a *****a*»aaaa»aaa»a *a»**«*e*««a«a*a« COX 70 NP 819 61

LITCHFIE 70 NP 822 269
BAILLON 75 NP 894 39
BELLEF01 75 NP 890 1

+ISLAM, COLLEY, + &8IRM+ED IN+GLAS+LOIC) I JP
P J LITCHFIELD (RHEL) I JP
P BAILLONr P J LITCHFIELD (CERN+RHEL) I JP
DE BELLEFON, BERTHON, BRUNET+ (CDEF+SACL) I JP

34 8I6IIAC2070, JP~5/2+) I~1 Fr r15
BELLEFON 76 NP 8109 129
CORDEN 76 NP 8104 382

DE BELLEFON, BERTHON (COEF) I JP
+COX r DARTNELL r KENYON ~ ONEALE r SUMOROK+ (8 IRM) I J P

THIS STATE SUGGESTED BY BERTHON 70 NOW FINDS
CONFIRMATION IN GOPAL 80 WITH NEW K-P POLARIZATION AND
K- NEUTRON ANGULAR DISTRIBUTIONS. THE VERY BROAD STATE
SEEN IN KANE 72 IS NOT REQUIRED IN THE LATER &KANE 74)
ANALYSIS OF PI SI GMA. E(2100) G„ Status:

**a«**«***«a«*a a«a**a««* «a«*«a*ee «**a*****»a«*****«***a««**a*«a«a«*a
»*«*a« *a«a«a««a a«a«»a«a« ***«a»*e*ae*«*a****a»******«****»»a*ee««a«**

34 SIGNA(2070& MASS CMEV)

26 S I6IIA(2100, JP~?/2-) I~1 617

(20?0.0)
(2057.0)
2051.0

(10.0)

(25 ' 0)

BERTHON1 70 DPWA — K- P TO SIG PI
KAME 72 DPWA K-P TO SIGMA PI
GOPAL 80 DPWA KBAR N ELASTIC

1/71
1/73

12/81
26 SIGNAC2100) MASS CMEV)

34 SIGIIA(2070& WIDTH (IIFV&

&2060.0)
(2120.0)

(20.0)
(30.0)

GA LT I ER I 70 DPWA
GALTIERI 70 DPWA

0 K-P TO LAMBDA PI 7/70
0 K-P TO SIGMA PI 7/70

&140.0) (20.0)
(906.0)
300.0 &30.0)

BERTHON1 70 DPWA — K- P TO SIG PI
KANE 72 DPWA K-P TO SIGMA PI
GOPAL 80 DPWA KBAR N ELASTIC

1/71
1/73

12 /81 (70.0)
(135.0)

&30.0)
&30.0)

GALT I ERI 70 DPWA
GALT I ER I 70 DP WA

26 SIGNA(2100) WIDTH (MEV)

0 K-P TO LAMBDA Pl 7/70
0 K-P TO SIGMA PI 7/70

34 SIGNA(2070& PARTIAL DECAY NODES

DECAY MASSES
P1 SIGNA(2070) INTO N KBAR 938+ 494
P2 SIGNA(2070) INTO SIGMA PI 1189+ 140

BERTHON1 70 NP 824 417 +VRANR, BUTTERWORTH, +
KANE 72 PR D5 1583 D F KANE
GOPAL 80 TORONTO CONF 159 G P GOPAL

(CDEF+RHEL+SACl ) IJP
(LBL)

(RHEL) I JP

34 SIGNA(2070& BRANCHING RATIOS

R1 SI6IIA(2070& FROM N KBAR TO SIGMA PI SQRT (P1*P2)
R1 (+0.12) (0 ~ 02) BERTHON1 70 DPWA — K- P TO SIG PI 1/71
R1 (+0.104) KANE 72 DPWA K-P TO SIGMA PI 1/73

R2 SI6IIA(2070& INTO CN KBAR&/TOTAL (P1&
R2 0.08 (0.03) GOPAL 80 DPWA KBAR N ELASTIC 12/81
*«*«*a e«aa«aa«« «**a«*»*a *a«»a«**a *«**«*a«e «aa«a«a«e «a*a«*a»* e**«aa»a

REFERENCES FOR SIGMA(2070&

26 SI6NA(2100) PARTIAL DECAY MODES

DECAY MASSES
P1 SIGMA(2100) INTO N KBAR 938+ 494
P2 SIGMA(2100) INTO l AMBDA PI 1116+ 135
P3 SIGMA(2100) INTO SIGMA PI 1189+ 140

26 SI6MA(2100) BRANCHIN6 RATIOS

R1 SI6IIAC2100& FROM N KBAR TO LAMBDA PI SQRT(P1«P2&
R1 (-0.07) &0.02) GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 7/70

R2 SIGNA(2100& FROM N KBAR TO SIGMA PI SQRT (P1*P3)
R2 (+0.13) (O. 02) GALTIERI 70 DP'WA 0 K-P TO SIGMA PI 7/70

**a**a««*a****a*»*a«a«a» «a*»a«a*« eaa'e«a»ee «a«**eaa« *«**«a*a*a**aa**a

REFERENCES FOR SIGMA(2100)

GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI (LRL) I JP

**«a«a ««a«*«a*e «aa*«*a«* *«»**a**» a«a«a«a«a »**a«*»»a a«**a*»»e *«**ea**
*««*a* ««*a**«a* *a**«*a**«*a*****a*a**«**a»*»a«*ac*» *«**»**«a***«»»a*

*«**a» «*a**»aa*
*»**»a aa*«a»***

*a«*»*a»* ««a«*****«a***»e**«e**«e***a»**»ace* »«a»*a«a
««a»ea«e* «»*a«**a« *«*a«**«a ******«ae«**a»ac*« a»**»»**

Rev. Mod. Phys. , Vol. 56, No. 2, Part II, April 1984



Particle Data Group: Review of particle properties 8281

For notation, see key at front of Listings. Bary&&ns
Z(225Q), Z(2455), Z(262Q)

Z(225Q) BUMPS Status: e**
48 SXGIIA&2256, JP~ & I~1 PRODUCTION EXPERIIIENTS

SELLEF01 75 NP 890 1
BELLEF02 75 NC 28A 289
VANHORN 75 NP 887 145

ALSO 75 NP 887 157

DE BELLEF02,8ERTHON, BRUNET+
DE BE LLE F02, 8ERTHON, 8 IL LO IR+
A J VAN HORN
A J VAN HORM

(CDEF+SACL)IJP
(CDEF+SACL&

(LBL) I JP
(LBL) I JP

THE PARTIAL-WAVE ANALYSIS RESULTS ARE TOO WEAK TO
WARRANT SEPARATING THEM FROM THE PRODUCTION ANO CROSS-
SECTION EXPERIMENTS ~

LASIMSK I 7 1 IN KBAR M f US I NG A POME RON+RESONANCES MODEL g ANO
BELLEFON1 76, BELLEFOM 77, ANO BELLEFON 78 (COLLEGE DE FRANCE-
SACLAY GROUP) IN DPWA'S OF KBAR N TO LAMBDA PI, SIGMA PI, AND KBAR Ng
RESPECTIVELY, SUGGEST THE PRESENCE OF TWO RESONANCES AROUND THIS
MASS VALUE.

48 SIGMA&2250& MASS &MEV& &PROD. EXP. )

BELLEFON ?6 NP 8109 129
BELLEFON 77 NC 37A 175
BELLEFON 78 NC 42A 403

COOL 66 PRL 16 1228
SUPERSEDED BY COOL 70 ~

DAUBER 66 PL 23 154
SUGGESTS J~9/2 RESONANT

INCONSISTENT WI TH
DAUM 68 NP 87 19
LASI NSK I 71 NP 829 125
HEMI NGWA 75 NP 891 12

DE BELLEFON, BERTHON (CDEF) I JP
DE BELLEFON, BERTHON, 8 ILLOIR+ (CDE F+SACL ) I JP
+BERTHON, BILLOIR, BRUNET+ (CDEF+SACL)IJP

PAPERS NOT REFERRED TO IN DATA CARDS

+GIACOMELL I ~KYC IA g LEOMTIC HALI g LUNDBY t+ (BNL ) I

+SCHLEIN, SLATER, STORK, TICHO (UCLA+LRL& J
BEHAVIOR IN SIGMA- PI+, BUT APPEARS
PARAMETERS OF COOL 66.

+ERNE' LAGMAUX SENS STEUER~ UDO (CERN)JP
T A LASINSKI (EFI) I JP
HEMINGWAY, EADES, HARMSEN+ (CERN+HE ID+MPIM) I JP

M

M

M

M

M

M

M 8
M 8
M 8
M

M V
M V
M 2
M 2
M 2
M

M

M

M

(2245. 0)
(2299.0) (6.0)
2250 ' 0 7.0
2280. 0 14.0
2237 ' 0 11.0
2255 ' 0 10.0

(2250.0) (20.0)
(2260.0) (30.0)
(2215.0) (10.0)

EVIDENCE FOR 2 RESONAN
2300.0 30.0
2251.0 30.0

VANHORN72 VALUE FROM
(2260 ' 0)
(2215 ~ 0)

SUPERSEDES BELLEF01 75
2275 ' 0 20.0
2215 ~ 0 20.0
2270.0 50.0
2210.0 30.0

BLANP I ED 65 CNTR
BOCK 65 HB C
BUGG 68 CNTR
AGUI LAR 70 HBC +
BR I CMAN 70 CNTR 0
COOL 70 CNTR
LU 70 CNTR 0
BELLEFO1 75 DPWA
BELLEF01 75 OPWA

CES IN THIS LAMBDA PI DPWA
BELLEF02 75 HBC 0

20.0 VANHORN 75 DPWA 0
A DPWA THAT FIMDS JP~5/2+ ~

BELLEFON 76 IPWA 0
BELLEFON 76 IPWA 0

BELLEFON 77 DPWA 0
SELLEFON 77 DPWA 0
SELLEFON 78 OPWA 0
BELLEFOM 78 DPWA 0

GAMMA P TO K+ Y*
PBAR P 5.7 GEV/C
K-P, 0 TOTAL
K- 3.9-4 ' 6 GEV/C
TOTAL AND CH EX
K-P, D TOTAL
GAMMA P TO K+ Y*
D5 WAVE
G9 OR H11 WAVE

K- P TO XI*0 KO
K-P TO LAM PIO

D5 WAVE
G9 WAVE

D5 WAVE
G9 WAVE
D5 WAVE
G9 WAVE

6/68
5/70
6/70

10/70
1/? 1

11/75
11/75
11/75
11/75
11/75

2/77
2/77
2/77

11/77
11/77

1/78
1/78

**««*a *a«a«*a«* *«a*«a«a« «*a«a«a«* ««**a*a«* «*«**a**aa«a*a*«*a **«a«a*a
*««««a «««*««a«* «*«*a**a« a«a«a«a«a *aa«««**a a«**«**a« «a**«*«*a ***a**a«

Z(2455) BUMPS Status:
53 SIGMA&2455, JP~ & I~1 PRODUCTION EXPERIMENTS

THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y* STATES IN
THIS MASS REGION FROM THE REACTION GAMMA + P TO K+
+ MISSING MASS -- SEE GREENBERG 68.

53 SI6IIA&2455) MASS (NEV& &PROD. EXP. &

M 2455. 0 7.0 BUGG 68 CNTR K-P, D TOTAL
M 2455 ~ 0 10.0 ABRAMS 70 CNTR K-P, D TOTAL

M AVG 2455.0 5.7 AVERAGE

6/68
10/70

W

W

W

W

W

W 8
W 8
W 1
W V
W 2
W 2
W

W

W

W

(150.0)
(21 ~ 0)
230.0
100 ~ 0
164.0

(1?0.0&
(125.0)
(100.0)
(60 ' 0)
130 ~ 0
192 ~ 0

(100.0)
(140 ~ 0)

70 ~ 0
60.0

120.0
80 ' 0

48 SI6MA&2250) WIDTH &IIEV& (PROD. EXP. &

(17.0)
20.0
20 ' 0
50.0

(20 ' 0)
(40 ' 0)
20.0
30.0

20 ' 0
20 ' 0
40 ' 0
20.0

(21 ~ 0)

(20 ' 0)

BLANPIED
BOCK
SUGG
AGUILAR
BR ICMAN
COOL
LU
BELLEF01
SELLEF01
BELLEF02
VANHORN
BELLEFON
SELLEFON
BELLEFON
SELLEFON
SELLEFON
SELLEFON

65 CNTR
65 HBC
68 CNTR
70 HBC
70 CNTR
70 CNTR
70 CNTR
75 DPWA
75 DPWA
75 HBC
75 DPWA
76 IPWA
76 I P WA

?7 OPWA
77 DPWA
78 DPWA
78 DPWA

GAMMA P TO K+ Y*
PBAR P 5.7 GEV/C
K-P, D TOTAL

+ K- 3.9-4 ' 6 GEV/C
0 TOTAL AND CH EX

K-P, D TOTAL
0 GAMMA P TO K+ Y*

D5 WAVE
G9 OR H11 WAVE

0 K- P TO XI*0 KO
0 K-P TO LAM PIO
0 D5 WAVE
0 G9 WAVE
0 05 WAVE
0 G9 WAVE
0 D5 WAVE
0 G9 WAVE

4 6IGIIA&2250& PARTIAL DECAY NOOES &PROD. EXP. &

6/68
5/70
6/70

10/70
1/71

11/75
11/75
11/75
11/75
2/77
2/77

11/77
11/77
1/78
1/78

53 SIGMA&2455& WIDTH &MEV) &PROD. EXP. &

100.0
140 ~ 0

20.0 BUGG 68 CNTR
ABRAMS 70 CNTR K-P, D TOTAL

6/68
10/70

53 SIGMA&2455& PARTIAL DECAY IIODES (PROD. EXP. &

P1 SIGNA(2455) INTO N KBAR
DECAY MASSES

938+ 494

53 SIGMA&2455& BRANCHING RATIOS &PROD. EXP. )
R1
R1
Rl
R1
R1 C

R1 C
R1 C

(P1&

6/68
K Pg D TOTAL 10/70

0 TOTAL AND CH EX 6/70
IS POOR IN

SIGMA&2455& INTO (N KBAR&/TOTAL
J IS NOT KNOWN. THE FOLLOWING IS (J+1/2}*P1.(0.3) BUGG 68 CNTR

0.39 ABRAMS 70 CNTR(0.05) (0 ' 05) BR I CMAN 70 CNTR
FIT OF TOTAL CROSS SECTION GIVEN BY BRICMAN 70
THIS REGION.

P1
P2
P3
P4
P5

SIGNA(2250) INTO N KBAR
SIGNA(2250) INTO LAMBDA PI
SIGMA(2250) INTO SIGMA PI
SIGNA(2250) INTO N KBAR PI
SIGMA(2250) INTO XI(1530) K

DECAY MASSES
938+ 494

1116+ 135
1189+ 140
938+ 498+ 140

1533+ 498 BUGG 68 PR 168 1466
ABRAMS 70 PR 1D 1917
SRICMAM 70 Pl. 318 -152

+GILMORE, KNIGHT, + (RHEL+BIRM+CAVE) I
+COOL, GIACOMELLI, KYCIA, LEONTIC, + (SNL) I
+FERRO LUZZI, PERREAU, + (CERN+CAEN+SACL&

«**«a« *««**a*a*a«a*a*a«a a«*a*a*a« a«*a«a«aa ***«a«*a* ««aa«aa«a «a«a«a«a

REFERENCES FOR SI6MA(2455& (PROD. EXP. &

R1
R1
R1

48 SI6IIA&2250& BRANCHIN6 RATIOS (PROD. EXP. &

SIGIIA&2250& INTO &N KBAR&/TOTAL (P1&
0.08 0.02 BELl EFON ?8 DPWA 0 D5 WAVE
0.02 0.01 BELLEFON 78 OPWA 0 G9 WAVE

1/78
1/78

PAPERS NOT REFERRED TO IN DATA CARDS
ABRAMS 67 PRL 19 678 +COOL G IACOMELL I KYCI A LEONT I C L I I + (BNL }

SUPERSEDED BY ABRAMS 70.
GREENBER 68 PRL 20 221 GREENBERG, HUGHES, LU, MINEHART, + (YALE)

a«a*«* «««*«««** a*****a****«*a«**a«*«*a««a* a««***a*a ****a«***a«*«a***««a*** **«««««a« *««*a«*a« *«***«a«*a«**a«***«*«**«a**«*«*«**a« **a**«a*R2
R2
R2 8
R2 8
R2 V
R2 2
R2 2

SI6IIA&2250& FRON N KBAR TO LAMBDA PI-0.18 (FOR JP~9/2-& GALT IERI
(+0 ~ 12) (0.03) BE LLEFO1(-0.09) (0.02} BELLEFO1
-0 ~ 16 0.03 VANHORN

(+0 ~ 11) BELLEFON
(-0 ~ 10) BELLEFON

70 DPWA
75 DPWA
75 DPWA
75 DPWA
76 IPWA
76 IPWA

SQRT(P1«P2)
K-P TO LAMBDA PI
D5 WA VE
G9 OR H11 WAVE

0 K-P TO LAM PIO
0 D5 WAVE
0 G9 WAVE

10/70
11/75
11/75
11/75
2/77
2/77

Z(262Q) BUMPS Status:
54 SIGMA&2620, JP~ ) I~1 PRODUCT ION EXPERIMENTS

R3
R3
R3
R3

SIGIIA&2250& FROM N KBAR TO SI6MA PI SQRT&P1«P3&
+0.07 (FOR JP~9/2-) GALTIERI 70 DPWA K-P TO SIGMA PI 10/70
+0.06 0.02 BELLEFON 77 DPWA 0 D5 WAVE 11/77-0.03 0.02 BELLEFON 77 DPWA 0 G9 WAVE 11/77 54 SIGMA(2620& MASS &MEV) &PROD. EXP. )

R4
R4

R5
R5

SI6IIA&2250& INTO &N KBAR&/&SI6MA PI) (r 1&/&P3&(0.18) OR LESS BARNES 69 HBC + 1 STAN DEV LIMIT 10/69

SI6MA&2250& INTO &LAMBDA PI&/(SIGMA PI) (P2&/(P3&(0.18) OR LESS BARNES 69 HBC + 1 STAN DEV LIMIT 10/69

R6 SIGMA&2250& FROM K- P TO XI&1530&0 KO SQRT(P1«P5)
R6 0 ' 09 0 ' 02 BELLEF02 75 HBC 0 K- P TO XI*0 KO 11/75
R6 1 SEEN IN DD5 WAVE IN NEUTRAL CHANNEL ONLY, ISOSPIN UNDETERMINED. 11/75

2620 ' 0
2542. 0

15 ~ 0
22.0

ABRAMS 70 CNTR K-P, D TOTAL
DIBIANCA 75 DBC XI K PI

54 SIGMA&2620& WIDTH &MEV) (PROD. EXP. )
(175 ~ 0) ABRAMS 70 CNTR K-P, D TOTAL
221.0 81.0 DIBIANCA 75 DBC XI K PI

10/70
1/76

10/70
1/76

R7
R7
R7
R7
R7

SI6NA&2250& INTO &N KBAR&/TOTAL
J IS NOT DETERMINED IN THESE EXPTS.

(0.47) BUGG
(0.16) (0.12) BR ICMAN
(0.42) COOL

3/78
0 TOTAL AND CH EX 3/78

K-P, D TOTAL 3/78

(J+1/2)*(P1)
THE FOLLOWING IS ( J+1/2)*P1 ~

68 CNTR
70 CNTR
70 CNTR P1 SIGMA(2620) INTO N KBAR

DECAY MASSES
938+ 494

54 SI6IIA&2620& PARTIAL DECAY MODES (PROD. EXP. )

a«a«** a«*«a«««* «««a«**** aa««««««a a««a«a«a« *«*a«*«a« a«««*«*a« «**«««*a

REFERENCES FOR SI6IIA(2250& &PROD- EXP-& 54 SIGIIA&2620) BRANCHING RATIOS (PROD. EXP. )
BLANPIED 65 PRL 14 741
BOCK 65 PL 17 166
SUGG 68 PR 168 1466
BARNES 69 PRL 22 479

+GREENBERG, HUGHES, KITCHING, + (YALE+CEA)
+COOPER, FRENCH, KINSON, + (CERN+SACL&
+GILMORE, KNIGHT, + (RHEL+BIRM+CAVE & I
+FLAMINIO ~ MONTANET, SAMIOS + (BNL+SYRA)

R1
R1
R1
R1

SI6IIA&2620& INTO &N KBAR&/TOTAL (P1)
J IS MOT KNOWN. THE FOLLOWING IS (J+1/2}*P1~(0.32& ABRAMS 70 CNTR K-P, D TOTAL 10/70

0 ~ 36 0. 12 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70

AGUILAR 70 PRL 25 58
BR ICMAN 70 PL 318 152
COOL 70 PR D1 1887
GALT I ER I 70 DUKE CONF 173
LU 70 PR 02 1846

AGUILAR-BENI TEZ, BARNES, + (BNL+SYRA)
+FERRO LUZZI, PERREAU, + (CERN+CAEN+SACL)
+GIACOMELLI, KYCIA, LEONTIC, LI, + (BNL) I
A SARBARO-GALT IER I (LRL) I JP
+GREENBERG, HUGHES, MINEHART, MORI, + (YALE)

a«*a*a a«*«*a«a« a«a*«a«a* «***«««a« ««*«a«*«a *«*a«*a«a «aaaaaa«a «««a«a««
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Particle Data Group: Review of particle properties

Earyons
E(8620), E(3000), Z(3170), :"'s

Data Card Listings

REFERENCES FOR SI6NAC2620) (PROD. EXP. &

ABRAMS 67 PRL 19 678 +COOL, GIACOMELLI, KYCIA, LEONTIC, LI, + (BNL)
SUPERSEDED SY ABRANS 70.

ABRANS 70 PR 1D 1917 +COOL, GIACOMELLI, KYCIA, LEONTIC, + (BNL) I
BR ICNAN 70 PL 31B 152 +FERRO LUZZI, PERREAU, + (CERN+CAEN+SACL)

DIBIANCA 75 NP B98 137 D I BI ANCA, ENDORFR (C'ARN)

*11111 **1**111* 1*11111*1*1111*111 11111*111 1*1111111 1**11*111 11111*1*
**1111 111111111 1111***1*1111*11*1 111111111 11*1**11*1*11111*1 11**1111

Z(3000) BUMPS Status:
59 SI6NAC3000, JP~ & I~1 PRODUCTION EXPERIMENTS

ENHANCEMENT IN LAMBDA PI AND KBAR N INVARIANT MASS
SPECTRA AND IN MISSING MASS OF NEUTRALS RECOILING
AGAINST KO. EVIDENCE NOT CONCLUSIVE. OMITTED FROM

TABLE

(3000.0)

59 SI6NA(3000) NASS CNEV) (PROD. EXP. )

EHRLICH 66 HBC G PI-P 7 91 GEV/C 9/66

59' SISNA(3000& PARTIAL DECAY NODES CPROO. EXP. &

DECAY MASSES
P1 SIGMA(3000) INTO N KSAR 938+ 494
P2 SIGMA(3000) INTO LAMBDA PI 1116+ 140

1111111*111111*111111111111*11111*11111*111**1111*1*111**11111111111

REFERENCES FOR SI6NAC3000& CPROD. EXP-&

EHRL I CH 66 PR 152 1194 R EHRLICH, W SELOVE, H YUTA (PENN+BNL) I

111**1**1**11111111111*1*1*1111111*11**1111*111*1*11111111111*1*1*11
11*11111*1111*1111111*11*1***111*11111*11111*111111*111**11111111*11

Z(3170) BUMPS Status:
118 SI6NA(3170, JP~ & I~1 PRODUCTION EXPERINENTS

SEEN BY ANIRZADEH 79 AS A NARROW 6.5 STD. DEV.
ENHANCEMENT IN THE REACTION K-P —) Y» PI- USING DATA
FROM TWO INDEPENDENT HIGH STATISTICS BUBBLE CHAMBER
EXPERIMENTS AT 8 ~ 25 AND 6.5 GEV/C. THE DONI NANT DECAY
MODES ARE INTO MULTI-BODY, MULTI-STRANGE FINAL STATES
AND THE PRODUCTION IS VIA I~3/2 BARYON EXCHANGE. 1~1
IS FAVORED.
IN NEED OF CONFIRMATION. OMITTED FROM TABLES.

118 SIGNA(3170) MASS (NEV) (PROD. EXP. )

35 3170.0 5.0 ANIRZAD 79 HBC + K-P TO Y* PI- 12/79

W C
W C

118 SI6NA(3170& QIOTII CNEV& (PROD. EXP. &

35 (20.0) OR LESS AMIRZAD 79 HBC + K-P TO Y* PI- 92/79
OBSERVED WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUTION.

118 8 I6NA(3170& PARTIAL DECAY NODES (PROD. EXP. )

P1
P2
P3

SIGMA(3170) INTO LAMBDA K KSAR + PIONS
SIGNA(3170) INTO SIGNA K KBAR + PIONS
SIGNA(3170) INTO XI K + PIONS

NOTE ON RESONANCES

The resonance situation has always been unhappy.
This is because: (1) - resonances can only be produced
as a part of a final state, and so the analysis is more
complicated than if direct formation were possible; (2)
they are produced with small cross sections (typically a
few pb); and (3) the final states are topologically compli-

118 SIGNA(3170) BRANCNINS RATIOS CPROO. EXP. &

R1 SISNAC3170& INTO CLANBOA K KBAR + PIONS&/TOTAL CP1)
R1 SEEN AMIRZAD 79 HBC + K-P TO Y* PI- 12/79

R2 SI6NA(3170& INTO (SIGNA K KSAR + PIONS&/TOTAL (P2&
R2 SEEN ANIRZAD 79 HBC + K-P TO Y* PI- 12/79

R3 SI6NAC3170) INTO CXI K 1 PIONS&/TOTAL (P3)
R3 SEEN ANIRZAD 79 HBC + K-P TO Y* PI- 12/79

1**1*1*11*****1111**11*1 1*1*11111 1111111*1 11111111* 11**11*11 1111*11*

REFERENCES FOR SIGNA(3170) (PROD. EXP. )

AMIRZAD 79 PL 89B 125 ANIRZADEH+ (BIRM+CERN+GLAS+MSU+LPNP+CAMB+) I
ALSO 80 TORONTO CONF. 263 J B KINSON+ (BIRN+CERN+GLAS+MSU+LPNP+CAMS+) I

1111***11**1111111111*111*1*11111111111**1***1111111111**1**1***1111
111111 111111*1*111111111 1111*111* 1111*1111 11*111*11 1*1*1*1*1*11111*1

cated and diAicult to study with electronic techniques.

Thus our early knowledge of resonances came entirely

from bubble chamber experiments, where the numbers

of events are small, and our best information about-
resonances is still from bubble chamber experiments.

Until fairly recently only the =(1530)was really well

established. Ho~ever, the late 1970's saw a major

improvement with the results of GAY 76 and HEM-

INGWAY 77. The =(1820) and:-(2030) were firmly

established as narrow states (widths of about 20 MeV),

and the spin of the =(1820) was found to be 3/2 (TEO-

DORO 78).
Since then, however, not much has changed,

although there is some improved evidence for the

(2250) and the (2370). There is probably at least one

other in the 1850-2000-MeV region, and there are

indications of several others above 2000 MeV. Indeed,

there should be many - resonances below 2500 MeV,

and the broad (and not completely estabhshed):-(1940)
could well be a mixture of several of them. For now we

are forced to group together disparate observations and

await new results. The disagreements among experi-

ments are shown in ideograms in the Listings.

Results from experiments using electronic methods

have recently become available. BIAGI 81 used the

CERN hyperon beam to study inclusive AK and

mass spectra from 102 and 135 GeV/c = incident on

hydrogen and deuterium. They saw a large "(1820)sig-

nal in AK as well as a peak at about 1700 MeV, which

might be associated with the threshold enhancement

seen by DIONISI 78. The (1940) appears as a broad

bump in the m mass spectrum, and there is a very

clean =(1530) signal. And Brookhaven multiparticle

spectrometer measurements of K p ~ K+ anything at

5 GeV/c (JENKINS 83) have seen all the well-

established resonances and also the less well-

established - (2250), :-(2370), and:-(2500).
The table below gives our evaluation of the present

status of the resonances. For a detailed revie~, see

Meadows.

Reference

B.T. Meadows, in Proceedings of the IV " Interna
tionai Conference on Baryon Resonances (Toronto,
1980), ed. N. Isgur, p. 283.
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Particle Data Group: Review of particle properties

For notation, see key at front of Listings. Baryons
:"(1530)

Table 1. The status of the = resonances. Only those with an overall status of e~e or
ee~e are included in the main Baryon Table.

WEIGHTED AVERAGE = 1531.78 + 0. 34
ERROR SCALED BY 1.4

Overall
Particle L2&.2J status

Status as seen in—

:-(1530)~ Other channels

"(1318)
"{1530)
:"(1630)
"(1680)
"(1820)
:"(1940)
"(2030)
"{2120)
:"(2250)
:"(2370)
"(2500)

PI I
PI3

Good, clear, and unmistakable.
Good, but in need of clarification or not absolutely certain.
Not established; needs confirmation.
Evidence weak; could disappear.

Weak to A7r

3-body decays
3-body decays
3-body decays

1526 1530 1 534
XI(1530)0 MASS (MEV)

ELLEF02
OSS2
IRSCH
ORENSTEI
ALTAY
AD I ER
ONDON

I

1538

75 HBC
73 HBC
72 HBC
72 HBC
72 HBC
72 HBC
66 HBC

CH I SQ
0. 4

1.5
0. 5
0. 6
0. 3
0. 2

7, 9
11.4

(CONLEV
=0. 077)

bove of weighted average, error,
factor are based upon the data in

gram only. They are not neces-
same as our "best" values,

rom a least-squares constrained fit
measurements of other (related)
as additional information.

49 (XI(1530)-) — (XI(1530)0) MASS DIFFERENCE (NEV)

et«tet «*ee«**«» ««*et**«» «****«**»*««»tet»» «e»«*eeet *«**e»«e» »*e»ee*»
*e«e*» e»«et«et« tee»««**» et«*»eeet «ee»*«tee »»»*et»»e «eeet*»«e «e»«eeet

S =—2 I= I /2 HYPERON STATES (:")
«*»et« ee»«e«eee ee«et»et« e*»*«*e*« »**«e»e*e et«et««»e ****»«eee «et«»e*e
ee«**e *«*et«et» ««et»»eee e*e«**»»t »«*»«et«« *«»**«**««et«*«tet **e«e«*e

22 XI-(1321~ JP~1/2 ) I~1/2

SEE STABLE PARTICLE DATA CARO LISTINGS

O

D 8
D
D
D 8
D 8
O
D AVG
D FIT

5.7
(7.0)
2.0
2.7

&3.9)
REDUNDANT

2 ' 92
3.17

3.0
(4-0)
3.2
1.0

(1 ~ 8)
WITH DATA

PJERROU 65 HBC
LONDON 66 HBC
MERRILL 66 HBC
BALTAY 72 HBC
KIRSCH 72 HBC

EN MASS LISTING.

-0 1.8-1.95 GEV/C
-0 2.24 GEV/C
-0 1.7-2.? GEV/C
-0 K-P 1.75 GEV
-0 K- P 2 ' 87 GEV/C

0 ' 91 AVERAGE
Q. 64 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

7/66
7/66
7/66
1/73
2/72

49 XI (1530) WIOTII (NEV)
ee««et «ee««*et« «et»et««» e«««*»««e »eeet»»«e ee«*e«**« t*«*e»«e» »«»*»***
e»eeet *ee»»»tet ee««et*** «»*»»»et» «««««««t» »****«»ee tee«»»e*t »»«*e»»t

0
W MIXED CHARGES
W 20 (35.0) OR LE SS BERTANZA 62 HBC -0 K-P 2.3 GEV/C

23 XIO($315, JP~1/2 ) l~1/2

SEE STABLE PARTICLE DATA CARD LISTENGS

*«tet* »*»***et« »et»«tet« e»**«*«»« »*«et«et« *»*»**«*«e«e«ee««« «««««««e
»**«*« e»et»«tet *e«««**«* »««eeet*» *«***et*e««»«et«*« *««**e«*e tee«»e*e

W- NEGATIVE
W-
W-
W-
W-
W- 4

W- AVG

CHARGE
7.8

16.2
8 ' 3
9 ' 6

ONLY
3.5
4.6
3 ' 6
2.8

10 ~ 1 1.9

7.8 BALTAY 72 HSC — K-P 1.75 GEV 1/73
KIRSCH 72 HBC — XI- PIQXIQ PE- 2/72
ROSS2 73 HBC — XI KBAR PI (PI) 2/74
BELLEF02 75 HBC — K-P TO XI- K PI 11/75

AVERAGE

=-(I53e) P„stat.us: ***.
49 XI(1530~ JP~3/2+ ) I~ 1/2 P 13

THIS IS THE ONLY XI RESONANCE WHOSE PROPERTIES ARE
ALL AT LEAST REASONABLY WELL KNOWN. SPIN-PARITY 3/2+
IS FAVORED BY THE DATA.

WE DO NOT USE DETERMINATIONS OF THE MASS ANO THE WIDTH OF THIS
STATE UNLESS THEY ARE ACCOMPANIED BY SOME DISCUSSION OF SYSTENATICS
AND RESOLUTION.

49 Xl C 1530) MASS (NEV)

WQ NEUTRAL CHARGE ONLY
WQ 7.0 2.0
WQ 7.0 7.0
WQ 8.5 3.5
WQ 11 ~ 0 2.0
WQ 9.0 0 ' 7
WQ 8 ~ 4 'l ~ 4
WQ 11.0 1 ~ 8
WQ 9.1 2.4
WQ 9 ~ 5 1 ~ 2
WQ C 80 (19.0) (6.0)
WQ C 100 (14.0) (5.0)
WQ C EXPERIMENTAL RESOLUTION OF
WQ D 2700 (12.8) (1.0)
WQ 0 FIT TO ENCLUSIVE SPECTRUM.

WQ AVG 9.14 0.48

SCHLEIN 63 HSC
SERGE 66 HBC
LONDON 66 HSC
BADEER 72 HBC
BALTAY 72 HSC
BORENSTEI 72 HBC
KIRSCH 72 HSC
ROSS2 73 HBC
BELLEF02 75 HSC
SI XEL 79 HBC
SI XEL 79 HBC

15 MEV NOT UNFOLDE
BAUB ILL I E 81 HBC

RE SOLUT EON (5 NE V)

AVERAGE

0 1.8, 1 ~ 95 GEV/C
0 1 ~ 5-1.7 GEV/C
0 2.24 GEV/C
0 K-P AT 3.95GEV/C
0 K-P 1.75 GEV
0 XI- PI+ MODE
0 XI- PI+
0 XI KBAR PI (PE)
0 K-P TO XE- K PI
0 ENCL. K-P 10 GEV
0 ENCL. K-P 16 GEV

D.
0 K-P AT 8.25 GEV

NOT UNFOLDED.

7/66
7/66

10/71
1/73
2/72
2/72
2/74

11/75
1/80
1/80

2/82

M MIXED CHARGES
M 20(1535.0)
M 55(1529.0) (5.0)
N (1532.0) (2.0)

BERTANZA 62 HSC -0 K-P 2.3 GEV/C
PJERROU 62 HSC -0 K-P 1 ' 8 GEV/C
BADIER 64 HSC -0 K-P 3 GEV/C 49 Xl(1530) REAL PART OF POI. E POSITION

M- NEGATIVE CHARGE ON
M- 38 1535.7
M- 334 ( 1534.7)
M- 185 1536.2
N» 1535.3
M- 48(1540.0)
M- 1534.5
N- AVG 1535.18
M- FET 1534.97

LY
3.2(1.'l)
1.6
2.0

(3.0)
1.2
Q. 84
0.63

LONDON
SALTAY
KIRSCH
ROSS2
BERTHON
BELLEF02

66 HBC — K-P 2 ' 24 GEV/C
72 HSC — K-P 1.75 GEV
72 HBC — K-P 2.87GEV/C
73 HBC — XE KBAR PI (PI)
74 HBC — QUASI 2 BODY CS
75 HBC — K-P TO XI- K PI

AVERAGE
FROM FET (ERROR INCLUDES SCALE FACTOR OF 1.0)

7/66
1/73
2/72
2/74

10/74
11/75

REQ
RE-

IMQ
IN«

1531.6
1534 ~ 4

4 ' 45
3.9

0.4
1.1

L I CHTENB 74
LICHTENB 74

0 EXTRAP HAS IBI73 4/75
EXTRAP HAS ISI73 4/75

0.35
1.75

LICHTENB 74
3.9 LECHTENB ?4

0 EXTRAP HABIBE73 4/75
EXTRAP HAB I 8 I 73 4/75

49 XI(1530) IMAGINARY PART OF POLE POSITION

MQ NEUTRAL CHARGE ONLY
MQ 76 1528.7 1.1 LONDON 66 HBC 0 K-P 2.24 GEV/C
NQ 59 1531.4 0.8 BADIER 72 HBC 0 K-P AT 3.95GEV/C
NQ 1262 1532.0 0.4 SALTAY 72 HSC 0 K»P 1.75 GEV
NQ 324 1531.3 0.6 BORENSTEI 72 HBC 0 K-P 2. 2GEV/C
MQ 286 1532.3 0.7 KIRSCH 72 HBC 0 K-P 2.8?GEV/C
MQ 1533.0 1.0 ROSS2 73 HBC XI KBAR PI (PE)
MQ 97(1533.6) (1-4) BERTHON 74 HBC 0 QUASI 2 BODY CS
NQ 1532 ' 2 0.7 BELLEF02 75 HSC 0 K-P TO XI- K PI
NQ 80(1527.0) (6.0) SIXEL 79 HBC 0 ENCL. K-P 10 GEV
MQ 100(1535.0) (4.0) SIXEL ?9 HSC 0 INCL. K-P 16 GEV
MQ A 2700(1532.1) (0.6) SAUBILLIE 81 HBC 0 K-P AT 8.25 GEV
MQ A FIT TO INCLUSIVE SPECTRUM. RESOLUTION (5 MEV) NOT UNFOLOED-
NQ 450(1530.0) (1.0) BIAGI 81 SPEC — HYPERON SEAN

NQ AVG 1531-78 0 ~ 34 AVERAGE (ERROR INCLUDES SCALE FACTOR OF. 1.4)
MQ FET 1531.80 0.31 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)

(SEE IDEOGRAM BELOW)

7/66
10/71

1/73
2/72
g/72
2/74

10/74
11/?5

1/80
1/80
2/82

2/82

P1
P2

49 XI C1530) PARTIAL DECAY NODES

XI(1530) INTO XI PI
XI(1530) INTO XI GAMMA

DECAY NASSES
1321+ 140
1321+ 0

49 XI (1530) BRANCIIIN6 RATIOS CNEV)

R1 Xl C1530) INTO CXl 6ANNA)/TOTAL (P2)
R1 (0.04) OR LESS CL~.90 KALBFLEE 75 HBC — K-P AT 2. 18 GEV 1/76

««***» **«*«*»*e*«*«et«*» *e»»«»»*» *««*****»»et*»**»* «««***»»* «»««t««»

REFERENCES FOR XI (1530)

BERTANZA 62 PRL 9 180
PJERROU 62 PRL 9 114
SCHLEIN 63 PRL 11 167
BADEER 64 DUBNA I 593
PJERROU 65 PRL 14 275

+BRISSON, CONNOLLY, GOLDBERG, GRAY, +(BNL+SYRA) I J
+PROWSErSCHLEENsSLATEReSTORKzTICHO (UCLA) I
+CARNONY~ P JERROUt SLATER g STORK g T ICHO (UCLA) I JP
+DEMOULIN, GOLDBERG, + (EPOL+SACL+AMST) I
+SCHLEEN, SLATER, SMITH, STORK, TICHO (UCLA)

Rev. Mod. Phys. , Yol. 56, No. 2, Part Il, April 1984



Particle Data Group: Review of particle properties

Baryon s
:"(1530), :"(1630), :"(1680), :"(1820)

Data Card Listings

BERGE 66 PR 147 945 +EBERHARD, HUBBARD, HERR I LL, 8-SHAF ER, + &LRL )
LONDON 66 PR 143 1034 +RAU, SANIOS, YANAHOTO, GOLDBERG, + &BNL+SYRA) I J
MERRILL 66 UCRL-16455 THESIS D W MERRILL (LRL) JP

BADIER 72 NP 837 429 +BARRELET, CHARLTON, VIDEAU &EPOL&
BALTAY 72 PL 428 129 +BRIDGEWATER, COOPER, GERSHWIN, + (COLU+BING)

ALSO 73 NEVIS 199 THESIS HABIBI (COLU)
BORENSTE 72 PR D5 1559 BORENSTE IN, DANBURG, KALBFLE ISCH++ (BNL+MI CH) I
KIRSCH 72 NP 840 349 SCHMIDT+CHANG, HEMINGWAY&BRAN+UND+SYRA+TUFT) I

ROSS2 73 PURDUE CONF. 355 ROSS, LLOYD, RADOJ IC IC (OXF)
BERTHON 74 NC 21A 146 BERTHON, TRISTRAH, + &CDEF+RHEL+SACL+STRB)
LICHTENB 74 PRD 10 3865 D 8 LICHTENBERG ( I ND)

ALSO 74 PRIV. CONN. D 8 LICHTENBERG ( IND)

5 XI (1680) MASS C HEY &

NO NEUTRAL CHARGE
MO A 175( 1699.0) (5.0) DIONISI 78 HBC 0 K —P AT 4. 2 GEV/C 3/79
MO A FROM FIT TO SIGNA+ K- SPECTRUM 3/79
MO 8 183(1684.0) (5.0) DIONISI 78 HBC 0 K —P AT 4. 2 GEV/C 3/79
HO 8 FROM COUPLED CHANNEL ANALYSIS OF SIGMA+ K- AND LAMBDA KO SPECTRA 3/79

H- NEGATIVE CHARGE
M- C 45( 1694.0) (6.0) DIONISI 78 HBC — K-P AT 4 ~ 2 GEV/C 3/79
M- C FROM COUPLED CHANNEL ANALYSIS OF SIGMAO K — AND LAHBDA K- SPECTRA 3/79

o 150(1700.0) &10.0) BIAGI 81 SPEC — HYPERON BEAM 2/82
N- D FIT TO INCLUSIVE SPECTRUM FROM XI-N --) LAM K- X

BELLEF02 ?5 NC 28A 289
KALBFLEI 75 PRO 11 987
SI XEL 79 NP 8159 125
BAUB IL L I 81 NP 8192 1
SIAGI 81 ZPHY C9 305

DE BELLEFON, BERTHON, BI1.LOIR+ &CDF. F+SACL)
KALBFLEISCH, STRAND, CHAPMAN (BNL+MICH)
+BOTTCHER, KLEIN+ (AACH+BERL+CERN+LOIC+VIEN)
BAUB ILL IER+ (8 IRN+CERN+GLAS+NSU+LPNP )
+ (BRIS+CAMB+GEVA+HE ID+LAUS+LOQH+RHEL)

WO MEUTRAL CHARGE
WO A 175 (44.0)
WO 8 183 (20.0)

5 XI (1680& WXOTN (HEV)

(23.0)
&4. 0&

D I ON I S I 78 HBC 0 K-P AT 4. 2 GEV/C 3/79
DIONISI 78 HBC 0 K-P AT 4. 2 GEV/C 3/79

SHAFER 66 PR 142 883
HUNGERSU 74 PRD 10 2051
SRIEFEL 75 PRD 12 1859
BRIEFEL 77 PRD 16 2706
MAZZUCAT 81 NP 8178 1

PAPERS NOT REFERRED TO IN DATA CARDS

BUTTON-SHAFER, L INDSEY, HURRAY, SMITH (LRL) JP
HUNGERBUHLER, HAJKA, + (YALE+FNAL+BNL+PITT)
+GOUREVITCH, KIRSCH+ (BRAN+UMD+SYRA+TUFT)
+GOUREVITCH, CHANG+ (BRAN+UMD+SYRA+TUFT)
HAZZUCATO, PENNINO+ (AMST+CERN+NIJN+OXF)

W- NEGATIVE CHARGE
W- C 45 &26.0) &6.0)
W- D 150 (47.0) &14.0)

5 XI (1680) PARTIAL DECAY NODES

DIONISI 78 HBC — K-P AT 4. 2 GEV/C 3/79
8 I AG I 81 SPEC — HYPERON BEAM 2/82

:-(1630) Status:
21 XI (1630, JP~

SEEN ONLY IN THE XI PI CHANNEL.

a«a*»a a«a«a«a*a a«»»*»*** «*«a*«a«» «**a«»*»* a»aa*»aaa ***««*«***«*a***»
««*«*a a**a*a«»* «a**«**a*»*a***«*« «»««»»»»« *«a*a«*aa »»*»««*aa a«a«**a» Pi

P2
P3
P4
P5

XI (1680) INTO SIGNA KBAR
XI (1680) INTO LAMBDA KBAR
XI (1680) INTO XI PI
XI (1680) INTO XI(1530) PI
XI (1680) INTO XI PI PI (INCLUDING P4)

5 XIC1680) SRANCHIN6 RATIOS

DECAY MASSES
1192+ 498
11 16+ 498
1315+ 135
1533+ 135
1315+ 135+ 135

BARTSCH 69 SEE A SMALL, BROAD ENHANCEMENT NEAR
1650 NEV — IT IS NOT CLEAR THAT IT IS THE SANE
PHENOMENON AS BRIEFEL 77, 'WHO FIND CS=2.6+-0.9
NICROBARNS AT 2.87 GEV/C INCIDENT K- HOHENTUM.

BORENSTEIN 72 SEE NO EFFECT IN THIS REGION. THEY FIND
CS(2 MICROBARNS AT 2. 18 GEV/C.

ROSS 72 ARGUE THAT THE EFFECT THEY SEE IS NOT THE SAHE AS THAT
SEEN BY BRIEFEL 77 (WHOSE PRELIMINARY RESULTS WERE REPORTED IN
BMST 70), AND FIND CS=2+-1 MICROBARNS AT 33 GEV/C.
BELLEFON 75 FIND A CS OF AROUND 10 MICROBARNS NEAR 2 GEV/C,
BUT LESS THAN 3 MICROBARNS AROUND 2.3 GEV/C.

NOT SEEN BY HASSALL 81 IN A HIGH STATISTICS BUBBLE CHAMBER
EXPERIMENT (46 EVENTS/NICROBARN) AT 6.5 GEV/C.

21 XI C 1630) MASS CHEV)

R1
R1 E
R1 E
R1 F
R1 F

R2
R2

R4
R4

R5
R5

XI(1680) INTO (SI6HA KBAR)/(LAMBDA KBAR) (P1)/(P2&
(2.7) (0.9) DION I SI 78 HBC 0 K-P AT 4. 2 GEV/C 3/79

NEUTRAL CHARGE
(3.1) (1.4) DIONISI 78 HBC — K-P AT 4. 2 GEV/C 3/79

NEGATIVE CHARGE

XI(1680) INTO CXI PI&/(SI6NA KBAR)
(0.09) OR LESS DI ON I S I

(P3) /(P1)
78 HBC 0 K-P AT 4 ~ 2 GEV/C 3/79

XI(1680& INTO (XI- PI+ PI0&/(SI6NA KSAR) (P5&/(P1)
(0.04 & OR LESS D ION IS I 78 HBC 0 K-P AT 4. 2 GEV/C 3/79

XI(1680& INTO &XI- PI+ PI-)/(SI6NA KBAR) (P5)/(P1)
(0.03) OR LESS DION IS I 78 HBC — K-P AT 4. 2 GEV/C 3/79

XI(1680& INTO (XI(1530) PI)/CSI6NA KBAR) (P4) I(P1)
(0.06) OR LESS DIOMISI 78 HBC — K-P AT 4.2 GEV/C 3/79

29 1606 ' 0
34 1633.0
31 1624 ~ 0

6.0
12.0
3.0

ROSS
BELLEF02
BRIEFEL

72 HBC
75 HBC
77 HBC

0 K-P AT 3.1-3.7
0 K-P TO XI- K PI
0 K-P 2.87 GEV/C

3/72
11/75

1/78

D IGNIS I 78 PL 808 145
8 I AG I 81 ZPHY C9 305

REFERENCES FOR XI (1680)

+D I AZ, ARHENTEROS+ (CERN+AMST+NI JM+OXF ) I, JP
+ (BR I S+CAMB+GEVA+HE ID+ LAUS+LOQN+RHEL )

*a*«a* a**a»*a*« ****«****a****««»*a*»*******»«*a****aa*«a«»a» «**a*»*a

W

W

W A

W A

21 XI (1630) MIOTH (NEV&

29 21.0 7 ~ 0 ROSS 72 HBC 0 XI-PI+ K«0&890)
34 40.0 15.0 BELLEF02 75 HBC 0 K-P TO XI- K PI
31 &22. 5) BRIEFEL 77 HBC 0 K-P 2.87 GEV/C
GOODNESS OF FIT INSENSITIVE TO VALUES BETWEEN 15 ANO 30 MEV.

3/72
11/75
1/78 =-(1820) S tatus:

»a»»a« **a«*»**a aaa««««»« «*a«*a«*a ««a«»«»«« »a*********«a«*****a*a«»aa
a»***a *a**a***»«»«aaa«a« **a«a»*»» ««a««a«»» *«»a«»a*» *»******a********

P1

21 XI (1630& PARTIAL DECAY NODES

XI(1630) INTO XI PI

SEEN IN K- P TO XI — PI+ KO AND XI — PIO K+.

DECAY MASSES
1321+ 140

«***a*»*a***«a» a*aaaaaaa «*a*»*»*a *»«**a***«*a»*****«a**»aa»» *«**»a«*

REFERENCES FOR XI ( 1630&

ROSS 72 PL 388 177 +BURAN, LLOYD, NULVEY, RADOJ IC I C &OXF ) I
BELLEF02 75 NC 28A 289 DE BE LLE FON, BERTHON, 8 IL LOIR+ & CDE F+SACL )
BRIEFEL 77 PRD 16 2706 +GOUREVITCH, CHANG+ &BRAN+UMD+SYRA+TUFT&

ALSO 70 DUKE CONF. 317 BHST (BRAN+UHD+SYRA+TUFT)

PAPERS NOT REFERRED TO IN DATA CARDS

APSELL 69 PRL 23 884 + (BRAN+UMD+SYRA+TUFT)
SUPERSEDED BY BMST 70.

BARTSCH 69 PL 288 439 + (AACH+BERL+CERN+LOIC+VI EN)
KALBFLEI 70 DUKE CONF 331 G R KALBFLEISCH (BNL) I

SUMMARIZES EVIDENCE FOR I SOSP IN ONE-HALF .
BORENSTE 72 PR D5 1559 BORENSTEINgDANBURG IKALBFLEISCH++(BNL+HICH)
SCHMIDT 73 PURDUE CONF. 363 SCHMIDT (BRAN)
HUNGERBU 74 PRD 10 2051 HUMGERBUHLER, MAJKA, + (YALE+FNAL+BNL+PITT)
BR I E FE L 75 PRD 12 1859 +GOUREVITCH, KIRSCH+ (BRAN+UMD+SYRA+TUFT)
HASSALL 81 NP 8189 397 +ANSORGE, CARTER, NEALE, RUSHBROOK E+ (CANB+HSU)

*»«*a» *a**a**a«***»»a«*****a«a*a*«*a»a«**» a»aa«**«a »a******»**«*a*a»
a*»*a* *«»*»****»a»«««««« a»*****«*«*a«***«*«**«a»«aa ***«****a««**a***

:"(1680) Status:
5 X I (1680, JP~ 1/2-) I= 1/2

SEEN BY DIONISI 78 AS A THRESHOLD ENHANCEHENT IN BOTH
THE NEUTRAL ANO NEGATIVELY CHARGED SIGHA KSAR MASS
SPECTRA FROM THE REACTIONS K-P --) (SIGMA KBAR) K PI
AT 4. 2 GEV/C. THE DATA FROM THE SIGNA KBAR CHANNELS
ALONE CANNOT DISTINGUISH BETWEEN A RESONANCE

INTERPRETATION AND A LARGE SCATTERING LENGTH.

WEAKER EVIDENCE FOR AN ENHANCENENT AT THE SAME MASS IS SEEN IN THE
CORRESPONDING LAMBDA KBAR CHANNELS AND A COUPLED CHANNEL ANALYSIS
YIELDS RESULTS CONSISTENT WITH A. NEW XI.

THE HYPERON BEAM EXPERIMENT OF BIAGI 81 OBSERVE AN ENHANCEMENT AT
1700 HEV IN THE DIFFRACTIVELY PRODUCED LAMBDA K — SYSTEM. A PEAK IS
ALSO OBSERVED IN THE LAMBDA KO MASS SPECTRUM AT 1660 MEV WHICH IS
CONSISTENT WITH A RESONANCE OF MASS 1720 NEV DECAYING INTO SIGMAO
KO, WITH THE GAMMA FROM THE SIGMAO DECAY NOT DETECTEO.
IN NEED OF FUTHER CONFIRMATION. OMITTED FROM THE TABLES.

50 XI(1820, JP=3/2 ) I=i/2

WE LIST HERE EVERYTHING REPORTED IN THE MASS RANGE
1750-1875 NE V.

The clearest evidence for this state comes from GAY

76, who saw an 8-standard-deviation peak in AK as
well as signals in =(1530)~ and ZK. The peak is narrow

(r = 21 ~ 7 MeV), whereas earlier (and much smaller)

experiments found widths of up to 100 MeV (see the

Listings below). A spin-parity analysis of the GAY 76
data, but with more events (TEODORO 78), favors spin

3/2 but cannot make a parity discrimination.

BIAGI 81 used the CERN hyperon beam to study

interactions in hydrogen and deuterium. The dif-

fractively produced AK system has a broad peak

(r = 72 + 20 MeV) at 1830 MeV on top of a substan-

tial background. There is also a smaller peak in the
inclusive AKs spectrum.

Neither GAY 76 nor BIAGI 81 saw a peak in the

channel. It is possible that ~ peaks seen in this region

by some lower momentum experiments are at least

partly due to the =(1940), with a shape distorted by the

limited phase space available (SMITH 65). The situa-
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For notation, see key at front of Listings. Baryons
:.(1820)

tion is further confused because some of the experi-
ments were forced to add several diFerent channels
together to overcome poor statistics (CRENNELL 70,
BADIER 71).

P1
P2
P3
P4
P5

50 XI (1820& PARTIAL OECAY NODES

XI (1820) INTO LAMBDA KSAR
XI (1820) INTO XI PI
XI(1820) INTO SIGMA KBAR
XI(1820) INTO X1(1530) PI
XI(1820) INTO XI PI PI (EXCLUDING P4)

DECAY MASSES
1116+ 498
1321+ 140
1197+ 498
1533+ 140
1321+ 140+ 140

M

M

M

M

N A

A

M 8
M 8
M C

M C

M C

M C

M C

M D

M D

N D

M

M

N

M

M

M

M E
M E
M

9/69
10/70

11/77

10/71
10/71

2/74

1/76
2/77
1/78
1/78
1/78
1/78
1/78
2/82

1/84*

1700 1750 1800 1850
X I ( 1 820) MASS (MEV)

JENK INS 83
B IAG I 81
BR IEFEL
BR I EFEL
BR I EFEL
BRIEFEL 77
BRIEFEL 77
GAY 76
D I B IANCA 75
ROSS 1 73
BAD I ER 72
BAD I ER 72
CRENNELL 70
AL ITT I 69

- SMITH 1 65
. BAD I ER 65
I

1900 1950

MPS

SPEC
HBC

HBC

HBC

HBC

HBC

HBC

DBC
HBC

HBC

HBC
DBC
HBC

HBC

HBC

CH I SQ
0. 0
1.8
4 9

28, 6

7. 4
0. 6

0. 3

0. 0
1P . 4
56, 0
0. 7

P. 7

0. 5

3. 9
115.8

(CPNLEV
=O. 0OO)

50 XI (1820) NASS (NEV&

(1770 ' 0) HALSTEINS 63 FBC -0 K-FR 3.5 GEV/C
30 1814.0 4.0 BADIER 65 HBC 0 LAMBDA KOBAR
29 1817.0 7.0 SMITH 1 65 HBC -0 LAMBDA KBAR
40 1830.0 10.0 AL ITTI 69 HBC — LAM, SIG KSAR
25 1830.0 10.0 CRENNELL 70 DBC -0 3.6, 3 ' 9 GEV/C
FROM FIT TO INCLUSIVE XI PI, XI PI PI AND LAMBDA K- SPECTRA

(1826.0) (12.0) CRENNELL 70 DBC -0 3.6, 3.9 GEV/C
FROM FIT TO INCLUSIVE XI PI AND XI PI PI SPECTRA ONLY
28 1762 ' 0 8.0 BADIER 72 HBC -0 XI PI, XI2PI, K Y
38 1838.0 5.0 BADIER 72 HBC -OXI PI, XI2PI, K Y
BADIER ?2 ADDS ALL CHANNELS AND D1VIDES PEAK IN LOWER AND HIGHER
MASS REGIONS. THE DATA CAN ALSO BE FITTED WITH A SINGLE BREIT-
WIGNER OF MASS 1800 ANO WIDTH 150 MEV.
30 1821.0 5.0 ROSS1 73 HBC -0 LAMBDA K-/KBARO
LESS SIGNIFICANT ENHANCEMENTS SEEN IN XI(1530) PI (M=1825, W=100)
AND SI GMA KBAR (N=1810+-9, W=16+—11).

1807.0 . 27.0 DIBIANCA 75 OBC -0 XI 2PI, XI* PI
130 1823.0 2.0 GAY 76 HBC — K- P AT 4. 2 GEV
74 1797.0 19.0 BRIEFEL 77 HBC 0 XI PI (2 ~ 87 K-P)
68 1829.0 9.0 BRIEFEL 77 HBC -0 XI(1530) PI
39 1860.0 14.0 BR I E F E L 77 HBC — S I GMA- KOBAR
44 1870.0 9.0 BRIEFEL 77 HBC 0 LAMBDA KOBAR
57 1813.0 4. 0 BR IEFEL 77 HBC — LAMBDA K-

300 1830.0 6.0 81AGI 81 SPEC — HYPERON SEAM
FIT TO INCLUSIVE SPECTRUM FROM XI-N --) LAM K- X

1822.0 6.0 JENK INS 83 MPS — K- P TO K+ MM

(SEE IDEOGRAM BELOW)

P 2 P 4P 3P 1
P 1 ~ 4974+-.0871
P 2 —.7612 .1889+-.0529
P 3 ~ 1335 —~ 5080 ~ 1463+-.0477
P 4 —.8220 .5813 .5009 .1674+-.0647

50 XI (1820& BRANCHIN6i RAT IOS

R1 XI(1820& INTO (LAMBDA KBAR&/TOTAL (P1)
-R1 0.30 0. 15 AL ITTI 69 HBC — K-P 3 ~ 9-5 ~ 0 GEV

R1 FIT 0.497 0.087 FROM FIT (ERRGR INCLUDES SCALE FACTOR OF 1.8)
R2 XI ( 1820& INTO (XI P I &/TOTAL
R2 0. 10 0. 10 AL ITTI

R2 FIT 0. 189 0 ~ 053 FROM FIT (ERROR
R21 XE(1820& INTO (XI PI&/(LAMBDA KBAR&
R21 0.20 0 ~ 20 BAD IER
R21 (0.36) OR LESS CL= ~ 95 GAY
R21 ~ ~ ~ ~ ~ ~ ~

R21 FIT 0 ~ 38 0. 16 FROM FIT (ERROR

(P2)
69 HBC — K-P 3.9-5.0 GEV

INCLUDES SCALE FACTOR OF 1.2)
(P2) /(F 13

65 HBC 0 K-P AT 3 GEV
76 HBC — K- P AT 4.2 GEV

INCLUDES SCALE FACTOR OF 1.5)

R22 XI(1820) INTO (XI PI)/(XI(1530) PI) (P2)/(P4)
R22 1 ' 5 0 ' 6 0.4 APSELL 70 HBC 0 K-P AT 2 ' 87 GEV
R22 ~ ~ ~ I ~ ~

R22 F IT 1.13 0.36 FROM FIT

R3
R3
R3
R3
R3 FIT

(P3&
67 RVUE
69 HBC — K-P 3.9-5.0 GEV

XI (1820& INTO (SIGMA K BAR & /TOTAL
(0 ' 02) OR LESS TR IPP
0.30 0 ~ 15 AL ITTI

0. 146 0.048 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

R31 XI (1820& INTO (SIGMA KBAR&/(LAMBDA KBAR) (P3) l(P1)
R31 0.24 0. 10 GAY 76 HBC — K- P AT 4.2 GEV
R31 ~ ~ ~ ~ ~

R31 FIT 0.29 0. 10 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

R4 XI(182G& INTO (XI(1530& PI &/TOTAL
R4 0 ~ 30 0 ~ 15 AL ITTI 69 HBC
R4 F (0.25) OR LESS DAUBER 69 HBC
R4 F USES IN PART THE SAME DATA AS SMITH 65
R4 G NOT SEEN HASSALL 81 HBC
R4 G INCLUDING XI PI PI

R4 FIT 0. 167 0.065 FROM FIT (ERROR INCLUDES

(P4&
K-P 3.9-5 ' 0 GEV
K-P 2.7 GEV/C

K-P 6.5 GEV/C

SCALE FACTOR OF 1 ' 6)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where1 1 1
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients (6P.6P. ) /(6P. ~ 6P, ). For the definitions of the individual P. , see the listings1 J 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1

are thus constrained to add to i.

9/69

9/69

7/66
2/77

6/70

8/67
9/69

2/77

9/69
9/69

2/82

W

W

W

W A

W 8
W C

W C

W D

W

W

W

W

W

W

W

W E

30

130
74
68
39
44
57

300

80 ' 0)
12 ~ 0)
30.0
55.0
03.0
48 ' 0)
51.0
58 ' 0
12.0
85.0
21.0
99 ' 0
52.0
72.0
44. 0
26.0
72.0

OR LESS
(4.0)
7 ' 0

40.0
38 ' 0

(36.0)
13.0
13.0

4 ' 0
58 ' 0
7.0

57.0
34 ~ 0
17 ~ 0
11 ~ 0
11.0
20.0

(SEE

HALSTE INS
BADIER
SMITH2

20.0 AL ITTI
24. 0 CRENNELL

(19.0) CRENNELL
BADI ER
BADI ER
ROSS1
DI BIANCA
GAY
BR IE F El.
BR IE FEL
BRIE FEL
BR IEFEL
BR IEFEL
BIAGI

IDEOGRAM BELOW)

50 XI (1820) WIDTH (MEV)

63 FBC -0
65 HBC 0
65 HSC -0
69 HBC
70 DBC -0
70 DBC -0
72 HBC -0
72 HBC -0
73 HBC -0
75 OSC -0
76 HBC
77 HSC 0
77 HBC -0
77 HBC
77 HBC 0
77 HBC
81 SPEC

K-FR 3.5 GEV/C
LAMBDA KGBAR
LAMBDA KBAR
LAM, SIG KBAR
3.6, 3 ' 9 GEV/C
3.6, F 9 GEV/C
LOWER MASS
HIGHER NASS
LAMBDA K-/KBARO
XI 2PI, XI* PI
K- P AT 4.2 GEV
XI PI (2.87 K-P)
XI (1530) PI
SIGMA- KOBAR
LAMBDA KOBAR
LAMBDA K-
HYPERON BEAM

9/69
10/70
11/77
10/71
10/?1
2/74
1/76
2/77
1/78
1/78
1/78
1/78
1/78
2/82

XI(1820) INTO
0.26
1 ~ 0

R41
R4'I
R41
R41
R41 AVG
R41 F IT

0.38
0.34

(XI(1530) PI&/(LAMBOA KBAR&
0 ~ 13 SNITH1 65 HBC
0.3 GAY 76 HBC

0 ' 27 AVERAGE (ERROR INCLUDES
0. 18 FROM FIT (ERROR INCLUDES

(P4) I(P1)
-0 K-P 2.45-2 ' 70GEV

K- P AT 4 ' 2 GEV

SCALE FACTOR OF 2.3)
SCALE FACTOR OF 1.7)

2/77

R52 XI(182D& INTO (XI PI PI &/(XI (1530) PI &

R52 H (0-3) (0-5) APSELL 70
R52 H OR LESS. UPPER LIMIT FOR THE 3-BODY DECAY
R52 CONSISTENT WITH ZERO GAY 76

(P5 &/(P4&
HBC 0 K-P AT 2.87 GEV 6/70

HBC — K-P AT 4. 2 GEV 11/77

R53 XI(1820& INTO (XI PI PI (INCL. XI(1530& PI&/(LANBDA KBAR&
R53 (P4+P5)/(P1)
R53 I (0 ~ 14) OR LESS BAOI ER 65 HSC 0 1 STO. DEV. LIMIT
R53 I FOR THE DECAY MODE (XI- PI+ PIO) ONLY

11/77

*a««a« a«a*«a*«a ««*«*a«** **«a«*a**a*«a«a«** «aa*«a*«a *««*«*a*a *a«*a«a*

REFERENCES FOR XI (1820)

R51 XI(1820& INTO (XI PI PI&/(LAMBDA KBAR& (P53/(P1&
R51 (0 ~ 1 ) OR MORE SMITH1 65 HBC -0 K-P 2.45-2. 70GEV

I

—50 50
X I (1820) WIDTH (MEV)

-BIAGI
- BR I EFEL
- BR IEFEL
- BR I EF EL
- BR IEFEL
- BR IEFEL
-GAY
- D IBIANCA
-ROSS1
-BADIER

BAD I ER
CRENNELL

- Al ITT I

SMI TH2

150

81 SPEC
77 HBC
77 HBC
77 HBC
77 HBC
77 HBC
76 HBC
75 DBC
73 HBC
72 HBC

72 HBC
70 DBC
69 HBC
65 HBC

250

CH ISQ
5. 2

0. 0
2. 6
7. 2

0. 6

12. 7

6. 0
3. 6

0. 3
38. 2

(CONLEV
=o. ooo)

HALSTEIN
BADIER
SMI TH1
SNIT H2
TRIPP

USES

AL ITTI
DAUBER
APSELL
CRENNELL
BADIER
ROSS1

OIBIANCA
GAY
BRIE FEL

ALSO
BIAG I
HASSALL
JENK INS

63 SIENA CONF 173
65 PL 16 171
65 PRL 14 25
65 ATHENS CONF 251
67 NP 83 10
DATA OF

SNITH1�.
69 PRL 22 79
69 PR 179 1262
7G PRL 24 777
70 PR 10 847
72 NP 837 429
73 PURDUE CONF. 345

75 NP 898 137
76 PL 628 477
77 PRD 16 2706
70 DUKE CONF. 317
81 ZPHY C9 305
81 NP 8189 397
83 PRL 51 951

HALSTE INSL ID, + (SERG+CERN+EPOL+RHEL+LOUC) I
+DEMOULIN, GOLDBERG, + (EPOL+SACL+AMST)
+LINDSEY, BUTTON-SHAFER, MURRAY (LRL)IJP
G A SMITH, J S LINDSEY (LRL)
+ LE ITH, + (LRL+SLAC+CERN+HEID+SACL)

+BARNES g F LANI NIOBE METZGER g + (BNL+SYRA) I
+BERGE, HUBBARD, MERR ILL, MULLER (LRL)

(SRAN+UMD+SYRA+TUFT) I
+KARSHON, LAI, ONEALL, SCARR, SCHUMANN(BNL)
+BARRELET, CHARLTON, VIDEAU (EPOL)
ROSS, LLOYD, R ADO J I C I C (OXF)

DIBIANCA, ENOORF (CARN)
+ARMENTEROS, BERGE, GAVILLET+(AMST+CERN+NIJM)IJ
+GOUREVITCH, CHANG+ (BRAN+UMD+SYRA+TUFT)
BMST (SRAN+UMO+SYRA+

TUFT�)

+ (BRIS+CAMB+GEVA+HEID+LAUS+LOQM+RHEL)
+ANSORGEJCARTERJNEALEgRUSHBROOKE+(CAMB+NSU)
+ALBRIGHT, DIANOND, +(FSU+BRAN+LSL+CINC+SMAS)

PAPERS NOT REFERRED TO IN DATA CARDS

SMITH 64 PRL 13 61 +LINDSEY, MURRAY, BUTTON-SHAFER+ (LRL) IJP
MERRILL 68 PR 167 1202 D W MERRILL, j BUTTON-SHAF ER (LRL)
APSELL 69 PRL 23 884 + (BRAN+UMD+SYRA+TUFT)

SUPERSEDED BY BRIEFEL 77.
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Baryons
"=(1820), ="(1940), ="(2030)

Data Card Listings

«*«**a ass«as«a* aa«a«a«a» *««*a***a ««a««««ss *a«*a«a** so***a««* a*a**a«*
*«ass«*a* a«**a«a** ««**a*a*« sass»*«*a aa*«s*««a *a«***a»*aaa«*a**

SCHMIDT 73 PURDUE CONF. 363 SCHMIDT (BRAN)
BRIEFEL 75 PRD 12 1859 +GOUREVITCH, KIRSCH+ (BRAN+UMD+SYRA+TUFT)
TEODORO 78 PL 778 451 +DIAZ, D IONI SI,BLOKZ I J L+ (AMST+CERN+NI JM+OXF ) JP

52 XI (1940) BRANCHING RATIOS

THE XI(194G) IS SEEN MAINLY IN XI PI AND SOME IN XI(1530) PI. IT
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT ONLY OBSERVED BY HASSALL 81
WHO SEE A 3 SIGMA EFFECT IN SIGMA KBAR.

=-(1940) Status:
52 XI (1940, JP~ ) I~1/2

WE LIST UNDER XI & 1940) EVERYTHING REPORTED IN THE MASS
RANGE 1875-2000 MEV.

R1 XI (1940) INTO (XI P I &/(XI (1530& P I ) (P1&/(P2)
Ri 2.8 0.7 0.6 APSELL 70 HBC 0

R2 XI(1940) INTO (XI PI PI)/(XI(1530& PI) (P3)/(P2)
R2 0 ' 0 0.3 APSELL 70 HBC 0

R3 XI (1940) INTO (XIO PI-) /(XI- P IO) (P4)/(P5)
R3 25 2.6 6.0 1 ' 6 ROSS1 73 (XI PI)—

6/70

6/70

2/74

52 XI(1940& NASS (NEV)

35 1933.0 16.0 BAD IER
27 1930 ' 0 20.0 AL ITTI
66 1894 ' 0 18.0 DAUBER
21 1955 ' 0 14.0 GOLDWASSE
29 1956.0 6.0 BADIER
25 1952 ' 0 11.0 ROSS1

1900.0 12 ' 0 DI BIANCA
139 1961.0 18.0 BRIEFEL

44 1936.0 22 ' 0 BRIEFEL
56 1964.0 10 ~ 0 BRIEFEL

A 150 1937.0 7 ' 0 BIAG I
A F IT TO INCLUSIVE SPECTRUM FROM XI-N --)

(SEE IDEOGRAM BELOW)

65 HBC
68 HBC
69 HBC
70 HBC
72 HBC
73
75 DBC
77 HBC
77 HBC
77 HBC
81 SPEC
XI — PI+

0 XI- PI+
0 XI- P I+

XI PI
XI Pl
XI PI, XI2PI, K Y
(XI PI)-
XI PI

0 XI-PI+(2.87 K-P)
XIGPI-(2. 87 K-P)

-0 XI(1530) PI
0 HYPERON BEAM

X

11/68
11/68
10/70
10/71
2/74
1/76
1/78
1/78
1/78
2/82

BAD IER
AL ITTI
DAUBER
APSELL
GOLDWASS
BAOIER
ROSS1

65 PL 16 171
68 PRL 21 1119
69 PR 179 1262
70 PRL 24 777
70 PR 1D 1960
72 NP 837, 429
73 PURDUE CONF. 345

+DEMOULIN, GOLDBERG/ + (EPOL+SACL+AMST) I
+FLAMINIOgMETZGER, RADOJ IC IC, + (BNL+SYRA) I
+SERGE, HUBBARD, MERRILL, MULLER (LRL) I
+ (BRAN+UMD+SYRA+TUFT) I
E L GOLDMASSER, P F SCHULTZ &ILLINOIS)
+BARRELET, CHARI TON, VIDEAU (EPOL)
ROSS, LLOYD, RADOJ IC IC (OXF)

DI 8 I AN CA 75 NP 898 13?
BRIEFEL 77 PRD 16 2706

ALSO 70 DUKE CONF. 317
BIAGI 81 ZPHY C9 305
HASSALL 81 NP 8189 397

D I 8 I ANCA c ENDORF &CARN)
+GOUREVITCH, CHANG+ (BRAN+UMD+SYRA+TUFT)
BMST (BRAN+UMD+SYRA+TUFT)
+ (BRIS+CAMB+GEVA+HEID+LAUS+LOQM+RHEL)
+ANSORGE, CARTER, NEALE, RUSHBROOKE+(CAMB+MSU)

PAPERS NOT REFERRED TO IN DATA CARDS

R4 Xl(1940& INTO (SIGNA KSAR&/TOTAL (P6)
R4 17 POSSIBLY SEEN HASSALL 81 HBC — K-P AT 6.5 GEV/C 2/82

a«as*a as*as*as* ***as*as*«*sos*a** sass»*«*a «*as«ass» *a*a«ass* »«**a»*a

REFERENCES FOR XI(1940)

1860 1900

- B IAG I 81
BR I EFEL 77

-BRIEFEL 77
-BRIEFEL 77

I 8 I ANCA 75
OSS1 73
AD I ER 72
OLDWASSE 70
AUBER 69
L I TT I 68
ADIER 65

1940 1 980 2020 2060

SPEC
HBC

HBC

HBC
DBC

HBC

HBC

HBC
HBC
HBC

CHISQ
1.0
4. 0
0. 1

0. 9
13.5

0. 5
3. 9
0. 6
7. 8
0. 5

O. 5

CONLEV
=0. OOO)

APSELL 69 PRL 23 884 + (BRAN+UMO+SYRA+TUFT)
SUPERSEDED BY BMST 70.

SCHMIDT 73 PURDUE CONF. 363 SCHMIDT (BRAN)
BRIEFEL 75 PRD 12 1859 +GOUREVITCH, KIRSCH+ (BRAN+UMD+SYRA+TUFT)

a*a*«a sass****a *«os*a*a* sass*a«** sos***a**»*a***«**a***»sass *a******
«*sass *as**as******as«**«**sass** *«**»*****a****as**»s**s*»*a**a**as

:- (2030) Status:
68 Xl(2030, JP~5/2 OR GREATER) I=1/2
THE EVIDENCE FOR THIS STATE HAS BEEN MUCH IMPROVED
BY HEMINGWAY 77, WHO SEE AN 8 STO. DEV. ENHANCEMENT
IN SIGMA KBAR AND A WEAKER COUPLING TO LAMBDA KBAR.
ALITTI 68 AND HEMINGWAY 77 OBSERVE NO SIGNALS IN THE

XI PI PI (OR XI&1530) PI) CHANNEL, IN CONTRAST TO DIBIANCA 75. THE
DECAY INTO LAMBDA/SIGMA KBAR PI REPORTED BY BARTSCH 69 IS ALSO NOT
CONFIRMED BY HEMINGWAY 77.
A MOMENTS ANALYSIS OF THE HEMINGWAY 77 DATA INDICATES THAT THE SPIN
IS GREATER THAN OR EQUAL TO 5/2 AT A LEVEL OF 3 STD. DEVIATIONS.

XI(1940) MASS (MEV) 68 XI(2030) NASS (NEV)

W

W

W

W

M

W

W

W

M

M

W A

35 140.0
27 80.0
66 98 ' 0
21 56.0
29 35 ' 0

38.0
63 ' 0

139 159.0
44 87.0
56 60.0

150 60 ~ 0

35.0
40.0
23.0
26.0
11 ~ 0
10.0
78 ' 0
57 ' 0
26.0
39.0
8.0
(SEE

BAD I ER
AL ITTI
DAUBER
GOLOWASSE
BADIER
ROSS1
DIBIANCA
BR IEFEL
BR IEFEL
BR IEFEL
BIAGI

IDEOGRAM BELOW)

52 XI (1940& WIDTH (NEV &

65 HBC
68 HBC
69 HBC
70 HBC
72 HBC
73
75 DBC
77 HBC
77 HBC
77 HBC
81 SPEC

0 XI- PI+
0 XI- PI+

XI Pl
XI PI
XI P I, X I2P I, K Y

(XI PI)-
XI Pl

0 XI-PI+(2.87 K-P)
XIGPI-(2. 87 K-P)

-0 XI& 1530) Pl
0 HYPERON BEAM

11/68
11/68
10/70
10/71
2/74
1/76
1/78
1/78
1/78
2/82

42 2030.0
40 2058. 0
15 2019.0

2044. 0
200 2024. 0

2022. 0

10.0
17.0
7.0
8.0
2. 0
7.0
(SEE

AL ITTI
BARTSCH
ROSS1
DI BIANCA
HEMINGWAY
JENK INS

IDEOGRAM BELOM)

69 HBC
69 HBC
73 HBC
75 DBC
77 HBC
83 MPS

K-P 3.9-5 GEV/C
-0 K-P 10 GEV/C
-0 SIGMA KBAR
-0 XI 2PI, XI* PI

K-P AT 4 ~ 2 GEV
K- P TO K+ MM

9/69
9/69
2/74
1/76

11/77
1/84*

- B I AG I 81
BR IEFEL -77

. BR IEFEL 77
-BR[EFEL, 77
- D IB IANCA 75
. ROSS1 73

BAD I ER 72
. GOLDWASSE 70

DAUBER 69
-AL[TT I 68
- BAD I ER 65

—50 50 150
X I ( 1940) WIDTH (MEV)

250 350

52 XI(1940& PARTIAL DECAY NODES

HBC

HBC

HBC
HBC
HBC

2. 8
3. 3

0. 0
3. 5
0 4
5. 9

17.9
(CONLEV
=0. 022)

CH I SQ
SPEC 0. 4

HBC 0. 0
HBC 1.5
HBC

DBC

CH I SQ
0. 2

0. 3
5. 6

0. 8

0. 2

7. 1

(CONLEV
=0. 132)

. J ENK I NS 83 MPS

. HEMINGWAY 77 HBC
-DIB IANCA 75 DBC
. ROSS1 73 HBC
BART'SCH 69 HBC

. AL[TTI 69 HBC

2000 2020 2040 2060 2080 2100
XI(2030) MASS (MEV)

68 Xl (2030) WIDTH (NEV)

40.0
30.0
17.0
24. 0
5.0
(SEE

45.0
57.0

15 33.0
60.0

200 16.0

20.0 AL ITTI 69 HBC
BARTSCH 69 HBC
ROSS 1 73 HB C

DI 8 IANCA 75 DBC
HEMINGWAY 77 HBC

IDEOGRAM BELOW)

K-P 3.9-5 GE V/ C-0 K-P 10 GEV/C
-0 SIGMA KBAR
-0 XI 2P I, XI* PI

K-P AT 4. 2 GEV

9/69
9/69
2/74
1/76

11/77

P1
P2
P3
P4
P5
P6

XI &1940)
XI & 1940)
XI &1940)
X I & 1940)
XI &1940)
XI (1940)

INTO XI PI
INTO XI(1530) PI
INTO XI PI PI (EXCLUDING P2)
INTO X I 0 P I-
INTO XI- PIG
INTO SIGMA KBAR

DECAY MASSES
1321+ 140
1533+ 140
1321+ 140+ 140
1315+ 140
1321+ 135
1197+ 498
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For notation, see key at front of Listings. Baryons
:"(2030), :"(2120), :"(2250), :"(2370)

103 XI(2120) MASS CNEV&

2123 ~ 0 7 ~ 0 GAY 76 HBC — K- P AT 4 ~ 2 GEV 2/77
18(2137~ 0) (4.0) CHLIAPNIK 79 HBC + ANTI-LAMBDA K+ 1/80

103 XI C2120& SIIDTH CNEV)

18
25.0 12.0

(20.0} OR I.ESS
GAY 76 HBC — K- P AT 4 ' 2 GEV 2/77
CHLIAPNIK 79 HBC + ANTI-LAMBDA K+ 1/80

I

—50 0 50
X I (2030) WIDTH (MEV)

100

. HEMINGWAY 77 HBC
- 0 I B I ANCA 75 DBC
- ROSS1 73 HBC
-BARTSCH 69 HBC
- AL I TT I 69 HBC

150

CH I SQ
0. 8
2. 7

0, 5
1.5
0, 7
6. 2

(CONLEV
=0. 184)

P1

103 XI C2120) PARTIAL DECAY NODES

XI (2120& INTO LAMBDA KBAR
DECAY MASSES

1116+ 498

GAY 76 PL 62B 47?
HEMINGWA 77 PL 68B 197
CHLIAPNI 79 NP B158 253

+ARMENTEROS, SERGE, GAVIl LET+(AMST+CERN+NIJM}I
HEMINGWAY, ARMENTEROS+ (AMST+CERN+NIJM+OXF&
CHLIAPNIKOV, GERDYUKOV+ (SERP+BELG+MONS)

103 XI(2120& BRANCHING RATIOS

R1 XIC2120& INTO CLANSOA KBAR&/TOTAL CP1)
R1 SEEN GAY 76 HBC — K- P AT 4.2 GEV 2/77

«a**«a *a«a**a«* a«a«a«a*a «a«*a«*a* «**««ac** a«**a«aa* *a«a«a«a« a*a«**a«

REFERENCES FOR XI (2120)

P1
P2
P3
P4
P5
P6
P7

XI (2030& INTO
XI(2030& INTO
XI (2030& INTO
XI{2030} INTO
XI(2030& INTO
XI(2030& INTO
XI(2030} INTO

XI PI
LAMBDA KBAR
SIGMA KSAR
X I {1530) P I
XI PI Pl {EXCLUDING P4}
LAMBDA KBAR PI
SIGMA KBAR PI

68 XI (2030) BRANCHING RATIOS

68 XI (2030) PARTIAL DECAY NODES

DECAY MASSES
1321+ 140
1116+ 498
1197+ 498
1533+ 140
1321+ 140+ 140
1116+ 498+ 140
1189+ 498+ 140

*a«a** *a«a**«a« ***««a«*a ««a«a«a«a *«*a«*a«* «*«**a*a« «««*a«a** a«a**a**
«***a« **«*a«****a«a«a«a« «a«a«a««a ca«*a**a« a«a«a««a* a*«a«a«*a «a«a«a«a

:"(2250) Status:
22 XI (2250~ JP~ )

THE EVIDENCE FOR THIS STATE IS MIXED. BARTSCH 69 SEE
A BUMP OF NOT MUCH STATISTICAL SIGNIFICANCE IN LAMBDA-
KBAR-PI, SIGMA-KBAR-PI, AND XI-Pl-PI MASS SPECTRA.
GOLDWASSER 70 SEE A NARROWER BUMP IN XI-PI-PI AT A

HIGHER MASS. NOT SEEN BY HASSALL 81 WITH 45
EVENTS/MICROBARN AT 6.5 GEV/C. SEEN BY JENKINS 83-

D I BIANCA 75 NP B98 137
HEMI NGWA 77 PL 68B 197

ALSO 76 PL 62S 477
JENK INS 83 PRL 51 951

Dl BIANCA, ENDOR F (CARN)
HEMINGWAY, ARMENTEROS+ (AMST+CERN+NIJM+OXF) IJ
GAY, ARMENTEROS, SERGE+ (AMST+CERN+NIJM)
+ALBR IGHT, D IAMOND, +(FSU+BRAN+LBL+C INC+SMAS)

«a«a*a a**a«a«a* aaeaaeaae ****«a***a*a**a«a« *«**a«e*a a«ac«a««a *a«ca««*
a«a*a« *a««a«a** aaeaaaaee *««a«*ca« *«***««a« *«*a*«eea **«*a**a««a«a**a«

:-(2120) S t,atus:

R1 XI(2030& INTO (XI PI&/(NODES P1 TO P4& (P1)/(P1+P2+P3+P4&
R1 (0.30} OR LESS ALITTI 69 HBC — 1 STD DEV LIMIT 9/69

R11 XIC2030& INTO CXI PI&/CSIGNA KBAR) CP1&/CP3&
R11 {0.19} OR LESS CL=.95 HEMINGWAY 77 HBC — K-P AT 4. 2 GEV 11/77

R2 XI(2030) INTO (LANSDA KBAR)/(NODES P1 TO P4) (P2)/(P1+P2+P3+P4)
R2 0.25 0. 15 ALITTI 69 HSC — K-P 3 ~ 9-5 GEV/C 9/69

R21 XI (2030& INTO CLANBDA KBAR&/CSISNA KBAR& CP2&/CP3&
R21 0 ' 22 0.09 HEMINGWAY 77 HBC — K-P AT 4. 2 GEV 11/77

R3 XI(2030) INTO (SIGNA KBAR)/(NODES P1 TO P4) (P3)/(P1+P2+P3+P4&
R3 0.?5 0.20 ALITTI 69 HBC — K-P 3.9-5 GEV/C 9/69

R4 XI(2030) INTO (XI(1530) PI)/(NODES P1 TO P4) (P4)/CP1+P2+P3+P4)
R4 (0.15& OR LESS ALITTI 69 HBC — 1 STD DEV LIMIT 9/69

R41 XI(2030) INTO (XI PI PI INCL. XI(1530) PI)/(SIGNA KBAR)
R41 (P4+P5)/(P3&
R41 A {0.11& OR LESS CL=.95 HEMINGWAY 77 HBC — KP AT 42 GEV 11/77
R41 A FOR THE DECAY MODE (XI- PI+ PI-& ONLY

R6 XI (2030) INTO (LANBDA KSAR P I ) /TOTAL (P6)
R6 SEEN BARTSCH 69 HSC K-P AT 10 GEV 11/77

R61 XI(2030) INTO (LANBOA KSAR PI)/(SIGNA KSAR) (P6)/(P3)
R61 {0.32& OR LESS CL=.95 HEMINGWAY 77 HBC — K-P AT 4. 2 GEV 11/77

R7 XI(2030& INTO (SIGNA KBAR PI&/TOTAL CP7&
R7 SEEN BARTSCH 69 HSC K-P AT 10 GEV 11/7?

R71 XI(2030& INTO (SIGNA KBAR PI)/(SIGNA KBAR& CP7)/CP3&
R71 B (0.04) OR LESS CL=.95 HEMINGWAY 77 HSC — K-P AT 4 ~ 2 GEV 11/77
R71 B FOR THE DECAY MODE {SIGMA+- K- PI-+) ONLY

«a*a«a«a« aae«a*a«a *a*a«a«a* a«****«a« a«a«a«aa* *««a**ca« ***a«a«a

REFERENCES FOR XI(2030&

AL ITTI 69 PRL 22 79 +BARNES, FLAMINIO, METZGER, + (BNL+SYRA) I
BARTSCH 69 PL 28B 439 + (AACH+SERL+CERN+LOIC+VIEN)
ROSS1 73 PURDUE CONF. 345 ROSS, LLOYD, RADOJICIC (OXF)

22 XI(2250& MASS CNEV)

35 2244. 0
18 2295 ~ 0

2214.0

52.0
15.0
5.0

BARTSCH 69 HBC K-P 10 GEV/C 9/69
GOLDWASSE 70 HBC — K-P 5.5 GEV/C 10/?0
JENKINS 83 MPS — K- P TO K+ MM 1/84*

22 XI C2250& MIDTH CNEV&

130.0 80.0
LESS THAN 30.0

SARTSCH 69 HBC 9/69
GOLDWASSE 70 HBC — K-P 5 ' 5 GEV/C 10/70

SARTSCH 69 PL 28B 439
GOLDWASS 70 PR 1D 1960
JENKINS 83 PRL 51 951

+ (AACH+BERL+CERN+LOI C+VI EN)
E L GOLDWASSER, P F SCHULTZ (ILL)
+ALBR IGHT, DIAMOND, +{FSU+BRAN+LBL+CINC+SMAS&

PAPERS NOT REFERRED TO IN DATA CARDS

HASSALL 81 NP B189 397 +ANSORGE, CARTER, NEALE, RUSHBROOKE+(CAMB+MSU)

a*a««a a«a««a*«a ««**«a*a* *a«***««a «*ca«a«*e «a*«a**a* a*a«a«*a« **a«*a«a
a«*a*a aaaeaaeee eaeaaeaaa aeeeaaea* aaeaaeeae *««**«*a« a*«a«a*** a*a**a«a

:-(2370) Status:
131 XI (2370, JP~ ) I~1/2

SEEN SY AMIRZADEH 80 AND HASSALL 81 IN THE CHARGED AND

NEUTRAL LAMBDA/SIGMA KBAR PI MASS SPECTRA FROM THE
REACTIONS K-P --) XI {1530) K AND XI (1530) K PI.
AMIRZADEH 80 ALSO OBSERVE A SMALL EFFECT AT THE SAME

MASS IN THE OMEGA- K MASS SPECTRUM. KINSON 80 RE-ANALYSE THE DATA OF
AMIRZADEH 80 BUT WITH 50 PER CENT MORE STATISTICS.
IN NEED OF FURTHER CONFIRMATION. OMITTED FROM TABLES.

131 XI(2370) NASS (NEV&

22 XI &2250& PARTIAL DECAY NODES

DECAY MASSES
P1 XI(2250) INTO XI PI PI 1321+ 140+ 140
P2 XI(2250) INTO LAMBDA KBAR PI 1116+ 498+ 140
P3 XI(2250) INTO SIGMA KBAR Pl 1197+ 498+ 140

a«a«ca *a««a*a** a«a«*a«*a a«a**a«*e «**«*«a*a *««ac*«*« *a«a«a*a* a*«a*a«a

REFERENCES FOR XI (2250)

103 XI C 2120, JP~

THIS EFFECT IS REPORTED IN GAY 76 AS A

FOUR STANDARD DEVIATION ENHANCEMENT IN
LAMBDA K-. AN ANALYSIS OF THE SAME DATA BY
HEMI NG'WAY ?7, BUT WITH ADDITIONAL STATISTICS,

POINTS OUT THAT THE SIGNIFICANCE OF THE ENHANCEMENT IS GREATLY REDUCED
IF A RESTRICTIVE FOUR-MOMENTUM CUT (U-CUT) IS MADE. THIS SUGGESTS
AN ANOMALOUS PRODUCTION MECHANISM IF THE STATE IS GENUINE.

M

M

M

M

M

M AVG

2392 ~ 0
94 2373 ' 0
50(2370. 0&

2356 ' 0

2367.7

27 ~ 0
8.0

10.0
7.0

DI BIANCA 75 DBC XI 2PI 1/76
AMIRZAD 80 HBC -0 K-P AT 8 ~ 25 GEV 1/80
HASSALL 81 HBC -0 K-P AT 6.5 GEV/C 2/82
JERKINS 83 MPS — K- P TO K+ MM 1/84*

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.1)

CHLIAPNIKOV 79 REPORT A BUMP OF 18 EVENTS AT ?137 MEV IN AN INCLUSIVE
ANTI-LAMBDA K+ SPECTRUM FROM K+P INTERACTIONS AT 32 GEV/C. THE K+ ARE
NOT UNIQUELY IDENTIFIED. BUMPS WITH LOWER NUMBERS OF EVENTS ARE ALSO
REPORTED AT 2240, 2830, AND 2540 MEV.

IN NEED OF CONFIRMATION, OMITTED FROM TABLES.

W

W 94
W 50

W AVG

75 ' 0
80.0

(80.0&

79.4

131 XI(2370& WIDTH CNEV&

69.0
25.0

23 ' 5 AVERAGE

D IBIANCA 75 DBC XI 2P I 1/76
AMIRZAD 80 HBC -0 K-P AT 8.25 GEV 1/80
HASSALL 81 HBC -0 K-P AT 6.5 GEV/C 2/82
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Sary ons
:"(2370), :"(2500), 0, A, , Z, (2450), A, A, DIBARYONS

Data Card Listings

P1
P2
P3
P4
P5
P6

XI(2370)
XI(2370)
XI(2370)
XI(2370)
XI&2370)
XI(2370)

131 XI (2370) PARTIAL DECAY NODES

INTO LAMBDA KBAR PI (INCL. P4+P6)
INTO SIGMA KBAR PI &INCL. P5+P6)
INTO OMEGA- K

INTO LAMBDA ANTI-K*(892)
INTO SIGMA ANTI-K*(892)
INTO SIGNA(1385) KBAR

DECAY MASSES
11 16+ 498+ 140
1 197+ 498+ 140
1672+ 498
1116+ 892
1197+ 892
1385+ 498

a«ass* a««as*a** as»*sass« a***as»a* as»**a**a *sass«*s* **«sass»a »»***ass
*ass«a as****as*ass**»a** **«*»*a***a«a*««*a **a**a»as *«**as**a»sass***

CHARMED BARYONS
*»**a» »*ass**a» as**ass*a «as*****a«**ass**» saa«aa«s» *»ass«*»* a**«****
***as*a»**a»***as«***a***ass**»a* **a*****«««**sass* **ass***a««*«**a*

Ac I

33 LANBDA/C+(Z282, JP~ )
131 XI(2370) BRANCHING RATIOS

R1 XI (?370) INTO (LANBDA KBAR PI)/TOTAL &P1)
R1 SEEN AMIRZAD 80 HBC -0 K-P AT 8.25 GEV

R2 XI&Z370) INTO (SIGNA KBAR PI)/TOTAL (PZ)
R2 SEEN AMIRZAD 80 HBC -0 K-P AT 8.25 GEV

R3 XI&2370) INTO &LAMBDA/SIGNA KBAR PI)/TOTAL & P1+P2)
R3 50 SEEN HASSALL 81 HBC -0 K-P AT 6.5 GEV/C

R4 XI&2370) INTO (ONE6A- K)/TOTAL (P3)
R4 0.09 0.04 KINSON 80 HBC — K-P AT 8.25 GEV

R5 XIC?370) INTO (LANBDA/SI6NA ANTI-K*C892))/TOTAL &P4+P5)
R5 0.22 0. 13 KINSON 80 HBC — K —P AT 8.25 GEV

R6 XI &2370) INTO C SIGNA & 1385) KBAR) /TOTAL (P6)
R6 0. 12 0.08 KINSON 80 HBC — K-P AT 8.25 GEV

a«as«a *as»a«*** «***as****a»**«***«*as**»*a a**a***»*»*ass*«as as**as**

REFERENCES FOR XI&2370)

SEE STABLE PARTICLE DATA CARD LISTINGS

ass«a* a«*a**ass *as***a«*****a**as***sass«* ass*ass*a *»**a*«*a«aa»****

Z, (2450)
2/82

2/82

104 SIGNA/C(2450, JP
THE SIGMA/C DECAYS TO LAMBDA/C PI, AND THE SCHISM IN
MASSES HERE REFLECTS THAT IN MEASUREMENTS OF THE
LAMBDA/C MASS &THE HIGHER MASSES ARE PRESENTLY
FAVORED). THE IMPRESSIVE AGREEMENT ON THE SIGMA/C-
LAMBDA/C MASS DIFFERENCE STRONGLY INDICATES THIS TO

BE THE CASE, RATHER THAN THAT TWO STATES &THE SIGMA/C AND Y*/C)
ARE BEING OBSERVED'

THIS PARTICLE IS AT ABOUT THE 2-AND-1/2-STAR LEVEL. A DEFINITIVE
EXPERIMENT IS NEEDED.

1/80 ass*a« as*sass»a as»ass*«a «»a«ass«a as«a»a*as sa««»*as* *******»a»«*«*«aa

1/80
! Status:

DI BI ANCA 75 NP 898 137 D I 8 IANCA, ENDOR F (CARN)
AM I R ZAD 80 P L 908 324 AM I R ZA DE H+ &BIRM+CERN+GLAS+MSU+LPNP)I
KINSON 80 TORONTO CONF. 263 J 8 KINSON+ (BIRM+CERN+GLAS+MSU+LPNP)I
HASSALL 81 NP 8189 397 +ANSORGE, CARTER, NEALE, RUSHBROOKE+&CAMB+MSU)
JENKINS 83 PRL 51 951 +ALBR I GHT, D I AMOND, +(FSU+BRAN+ LBL+C

INC+SMAS�)
««***a **»*»*«»a ass»*as«a ***«**a***a»***«a**ass«*»«a ««**as**a *ass»ass
a*«*aa **«*a«***a«a*as»a* *ass*as»* ass«ass** ****a**a**ass*as«a a*as«as*

1 2426. 0
9 &2460. 0)
1 &2439.0) OR MORE
6 2425 ~ 0 10.0
1 2457.0 4. 0
1 2454. 0 5.0

CAZZOLI 75 HBC ++
KNAPP 76 SPEC
BARISH 77 DBC ++
BALTAY 79 HLBC ++
CALICCHIO 80 HBC +
BOSETT I 82 HBC ++

104 SIGNA/C&2450) NASS (NEV)

NU P IN BNL 7-FT
GAMMA BE
NU D IN 12-FT
NU NE-H IN 15-FT
NU P IN BEBC-TST
NU P IN BE BC

3/77
11/81
3/77

12/79
11/81
3/82

=-(25oo) St,atus:
99 X I (2500, JP~

THE ALITTI 69 PEAK MIGHT BE INSTEAD THE XI &2370)
OR MIGHT BE NEITHER THE XI (2370) NOR THE
XI(2500).

104 (SIGNA/C)-(LAMBDA/C+) MASS DIFFERENCE (NEV)

1 166.0 15.0 CAZZOLI 75 HBC ++ NU P IN BNL 7-FT 11/81
6 168.0 3.0 BALTAY 79 HLBC ++ NU NE-H IN 15-FT 12/79
1 168.0 3.0 CALICCHIO 80 HBC + NU P IN BEBC-TST 11/81
1 166 0 1.0 BOSETTI 82 HBC ++ NU P IN BEBC 3/82

30 2430.0
45 2500. 0

2505 ' 0

20 ~ 0
10.0
10 ~ 0

ALITTI
BARTSCH
JENK INS

99 XI(2500) MASS (NEV)

69 HBC — K-P 4 6 5 GEV/C
69 HBC -0 K-P 10 GEV/C
83 MPS — K- P TO K+ MM

9/69
9/69
1/84*

P1

104 SI6NA/C &2450) PARTIAL DECAY NODES

SIGMA/C&?450) INTO LAMBDA/C+ PI
DECAY MASSES

2282+ 140

REFERENCES FOR SIGNA/C(2450)

as***a **«*«*as*«»ass»*a* «a***«aa* a*as*a****as*as*s* a**sass** «a****as

150 ~ 0
59 ~ 0

60.0
27.0

40.0 AL ITTI
BARTSCH

99 XI &2500) MDTH CNEV)

69 HBC
69 HBC -0

9/69
9/69

CAZZOL I
KNAPP
BAR I SH
BALTAY
CALI CCHI
BOSETT I

75 PRL 34 1125
76 PRL 37 882
77 PR D15 1
79 PR L 42 1721
80 PL 938 521
82 PL 1098 234

+CNOPS, CONNOLLY, LOUTTIT, MURTAGH, + (BNL)
+LEE, LEUNG, SMITH, + &COLU+HAQA+ILL+FNAL)
+DERRICK, DOMBECK, MUSGRAVE, + &ANL+PURD)
+CAROUMBALIS, FRENCH, HIBBS, + &COLU+BNL) I
+ (BAR I+BIRM+BRUX+CERN+EPOL+RHEL+SACL+LOUC)
+GRAESSLER, + (AACH+BONN+CERN+MPIM+OXF)

THEORY AND REVIEW

P1
P2
P3
P4
P5
P6

Xl(2500)
XI(2500)
XI(2500)
XI(2500)
XI(2500)
XI(2500)

99 XI (2500) PARTIAL DECAY NODES

INTO XI PI
INTO LAMBDA KBAR
INTO SIGMA KBAR
INTO XI&1530) PI
INTO LAMBDA &OR SIGMA) KBAR PI
INTO XI PI PI

99 XI&Z500) BRANCHING RATIOS

DECAY MASSES
1321+ 140
1116+ 498
1197+ 498
1533+ 140
1 1 16+ 498+ 140
1321+ 140+ 140

DERV JULA 75 PR D12 147
LEE 77 PR D15 157
TRILLING 81 PRPL 75 57

+GEORGI, GL'ASHORE

+QUIGG, ROSNER
G H TRILLING

(HARV)
&FNAL)

(LBL)

45 A+(2460, JP-

SEE STABLE PARTICLE DATA CARD LISTINGS

««**a* ass*as«as «»**«a*«* «'«**a**a* *ass«*ass **a«s*****»**«a***»«**ass*
«a*a«a ass«*a»as ass*«*a»* a**««**as *ass»as*« «***as«a« sass«*«as sass«**a

R1
R1

R3
R3

R4
R4

XI C2500) INTO (XI PI)/(NODES P1 THRIj P4) (P1)/(P1+PZ+P3+P4)
(0.5) OR LESS ALITTI 69 HBC 1 STD DEV LIMIT

XI(2500) INTO (LANBDA KSAR) /(NODES P1 THRIJ P4) (PZ) /(P1+P2+P3+P4)
0.5 0.2 AL ITTI 69 HBC

9/69

9/69

XI C?500) INTO (SIGNA KBAR)/(NODES P1 THRU P4) (P3) /(P1+P2+P3+P4)
0.5 0.2 AL I TT I 69 HBC 9/69

XI C2500) INTO CXI(1530) PI)/(NODES P1 THRU P4) &P4)/(P1+PZ+P3eP4)
(0.2) OR LESS ALITTI 69 HBC 1 STD DEV LIMIT 9/69

ass«as «ass***»a as»a*a**a **sass«aa as*»*as** *«*«a«a** *«***a»aa *a«*»aa*
**a*«a «***«*a*a*«*aa«*«* ass»»«aa* «»*a**«a* *ass««aas. *sass«a*s «*»*»a*s

BOTTOM (BEAUTY) BARYON
sass** »*as***as *ass«**«a «**as*****«*ass****a»**«**»«»«»*a*s* ***«*a*s
**««*a «a»as»*a» a«ass«*a* «**a*ass» as*a»a*s* «a«ass«a» *ass***«a sa*«*»«a

40 LAMBDA/BOC5500, JP~

SEE STABLE PARTICLE DATA CARD LISTINGS

R6
R6

XI&2500) INTO (LANBDA (OR SI6NA) KBAR PI)/TOTAL (P5)
SEEN BARTSCH 69 HBC -0

XI&2500) INTO &XI PI PI)/TOTAL &P6)
SEEN BARTSCH 69 HBC -0

9/69 ****a*aaa««»*a* *»««**«*a a*a»*»««» **a*******as«ass** *****as**as*a*a**
a«a*as «**«ass*» «as**as»* «****»a**s»ass»a«a «*ass»*as *»»a***»* «as«as«a

AL ITTI 69 PRL 22 79
BARTSCH 69 PL 288 439
JENKINS 83 PRL 51 951

+BARNES, FLAMINIO, METZGER, + (BNL+SYRA)
+ &AACH+BERL+CERN+LOI C+V I EN)
+ALBRIGHT, DIAMOND, +&FSU+BRAN+LBL+CINC+SMAS)

asas«a **as*«*****»«a*»a* *a«**a«as *»*«a*«a* «««»as*a» sass«**«* aa»«*«as
aaa»aa «******asaaa««*a«* a*»a***a*asa««a*** «s»aa«aa» ****«**a*a*«as«a»

1=0 HYPERON STATE (&I)
»*«*a* **»as*ass *»*«*ass* «««**»«*a *sass*as* ass«sass« sass***as »*»ass*a
*a«aaa **«**»*a»**as«aa«a *ass*««*a a**a«**as aaa««*ass a»*a»**«a «sass«**

24 OMEGA-& 1672, JP= ) I=0

SEE STABLE PARTICLE DATA CARD LISTINGS

»**as» «a***as*a «ass»sass «as***a****«*«**«aa«**»*a*« *««****as*«**a«s*
«*««*a «a*a*«**a »**«a*as* s*««»**a* *as»*a*a* ««»*a*s»s *«ass**as *«*sass*

*«ass« ***a**«a«*«as»as»a ***ass«****as*a*«a ****as«*sa««***ass *aa«as**

REFERENCES FOR XI&2500)
NG i I; GN MSARVGN RKSGNWWCES

(by LD. Roper, Virginia Polytechnic Institute and State

University)

The ht modern theoretical discussion of dibaryon

resonances vedas probably by Oakes. ~ The 6rst experi-

mental hint of them was in a A.p. invariant mass distri-

bution by Dab&, 2 and in a pp partial-wave analysis by
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Arndt3 for the ID2 state. [The notation is ( + }I.
where S is the total spin, L is the orbital angular

momentum, and J is the total angular momentum. The
Pauli principle restricts two nucleons to be in one of the

foHowing states:

I=0: ( St, Dt), Pt,3D2,(3D3, Cr3), tF3,3G4, ~ ~ ~

I=1: Sp, Pp, P&,( P2, F2), D2, F3y ~ ~ ~

Here the states that couple together (same J ) are

grouped together in parentheses. Similarly, only certain

states are allowed for AA, etc.]
Interest in dibaryons rose dramatically in 1977 when

strong energy dependence was unexpectedly observed in

pp polarization experiments at Argonne. 4 Also, in that

year and the next, Hos»~~@i claimed the existence of
dibaryon resonances in a pp partial-wave analysis. 5 In
the same year Jaffe gave a deta~&ed theoretical treatment

of multiquark states. 6 There is now a vast literature on
dibaryon resonances.

However, there is still disagreement about what

"dibaryon resonances" are. There is little doubt of the

existence of distinct structures in NN partial-wave

amplitudes that look very much like ordinary highly

inelastic resonances, such as are seen in xN scattering.

The question is whether these structures are caused by
resonance poles in the complex energy plane or by some
other structure of the scattering amplitude.

One aspect of the arguments about dibaryon reso-

nances is whether they are calculable in terms of quark

theory or should instead be calculated using some
hadron interaction theory without reference to the
underlying quarks. Both approaches have had successes
and failures, so possibly both will make contributions to
unraveling the mysteries of dibaryon resonances.

The idea that dibaryon resonances are "pseudo-
resonances" has taken some new turns. The idea is
that box diagrams (e.g., involving Nb in NN scattering)
create resonance-like loops in the Argand diagram
without resonance poles actually existing. The problem
with believing this is whether poles would be created
when one unitarizes the box-diagram calculations in
order to calculate physical scattering amplitudes. Kloet
and Tjon have recently shown that a model exists in
which, indeed, this is the case. However, resonance
hunters should definitely report pole positions rather
than looping Argand diagrams in the future. All who

suggest that the NN D2 or F3 resonance-like structure

is a resonance or is instead due to some other dynamics

must take their case to the world collection of NN

scattering data in the form of a detailed partial-wave

analysis, and should report the existence or nonex-

istence of resonance poles.
Closely related to the work described above is that

by Ueda, in which Faddeev xNN dynamics is fitted to
the NN partial-wave amplitudes. Although the fit is not

good, the approximately correct structure is present.

The interesting point is that poles do occur on the
"resonance" sheets in the complex energy plane. Ueda

claims this work is important because many claims for

resonance poles assume that the poles exist, but the Fad-

deev approach does not make such prior assumptions.

Veriest recently reported separable potential

model fits to the D2 and F3 NN amplitudes and

claims some solutions had no resonance poles, but

Kloet and Tjon have shown that these potential

model fits all do, indeed, have resonance poles.

The dinucleon resonances also communicate with

the yd and md channels. There is not much yd data,

and the multipole analysis does not yield much certainty

about which dibaryons are involved. In the ~d case,
uncertainties abound, and the partial-wave analysis

yields poor fits compared to the NN analyses. In addi-

tion to NN analyses, results from partial-wave analyses

of ~d ~ xd, ~d ~ ~n, pp ~ ~d, and yd ~ pn

scattering are listed below. Most of these strongly indi-

cate the existence of dibaryon resonances in the D2
and F3 NN states, and some indicate possible reso-

nances in the SO, S1, P1, P2, D3, F3, and G4
3

1 3 3 3 3 1 1

states.
Since our last edition, many papers have been pub-

lished about dibaryon resonances, but very little new

hard information has emerged. There are ten new refer-

ences for dinucleons and only one new reference for

strange dibaryons giving new values for the resonance-

pole (or Breit-Wigner) parameters. However, most of
the new references for dinucleons are merely new fits to

NN partial-wave amplitudes.

A notable paper is that of Semianczuk et al. , in

which two prominent peaks are seen in the np invariant

mass spectrum from dp ~ (np)p deuteron breakup.

However, a recent preprint by Katayama et al. claims

to have done a similar experiment and did not see the

peaks.
Since our last edition, only one paper has appeared

giving data for the strange dibaryon states. It appears
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that the strangeness —1 dominant resonance is in the
3S1 state, an SU(3) partner of the deuteron. An excel-
lent review is given by Dalitz. ~4 He concludes that the
S = —1 S resonance pole probably exists. However,

May et al. report no enhancements in the X+n, Z p,
or Ap invariant mass spectra in the K d ~ ~ X reac-
tion, and Arenton et al. report no enhancement in the
h.p spectrum in the pp ~ ApK+ reaction.

In the Listings below, we separate the determinations
of pole positions and Breit-Wigner parameters. To be a
resonance, the pole must occur on the lower half of the
second sheet for the elastic channel; it may be a bound
state or resonance for inelastic channels.

In summary, this reviewer feels that the evidence,
both experimental and theoretical, for the D2 and F3
dinucleon resonances is now very strong. The
theoretical calculations almost all now agree that reso-
nance poles occur in the NN amplitudes. The disagree-

ment among production experiments is inherent in the
diKculties of that kind of experiment; overlapping

highly inelastic resonances are very difficult to see in

final states.
For more detailed reviews of dibaryons, with a wide

variety of opinions, see Hoshizaki, Bugg, Kamae, ~9

Vjnh Mau 20 Kroll 21 and Locher 22
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S=0 DIBARYQNS

106 BARYON NUNBER 2, STRANGENESS 0 STATES

IN THIS SECTION WE USE THE FOLLOWING ABBREVIATIONS FOR TYPES
OF ANALYSES--

DB
GDPN

NN

NNF
NPT
PID

PIDC
PIDI

PNI
PPPD

D P -) P P N (DEUTERON BREAKUP); INVARIANT MASSES
GAMMA D -) P N PARTIAL-WAVE ANALYSIS RESONANCE
PARAME TR I ZAT ION
FIT TO NN ELASTIC PARTIAL-WAVE ANALYSIS RESULTS
FIT TO NN FORWARD AMPLITUDES
NP TOTAL CROSS SECTION BREIT-WIGNER FIT
PI- D ELASTIC PARTIAL-WAVE ANALYSIS RESONANCE
PARAME TR I ZAT ION
PI 0 DIFFERENTIAL CROSS SECTION BREET-WIGNER FIT
PI D -) PI P N AMPLITUDE ANALYSIS RESONANCE
PARAME TR I 2 AT ION
P N -) P P PI- CROSS SECTIONS BREIT-WI GNER FIT
P P -) PI+ 0 PARTIAL-WAVE ANALYSIS RESONANCE
PARAMETR IZATION

NN(2170) I= 1, Ds Status:
106 B~2 ~ S~O, 1D2 —BREET-WIGNER MASS (MEV)

BREIT-WIGNER MASS APPROXIMATELY EQUALS RE(POLE POSETION).

(2170.0)
&2180.0&
&2185.0&
(2170.0)
(2140 ~ 0)
2140 ~ TO 2160.

(2116.0)

HOSH I ZAK I
ARVIEUX
KAMO
HOFT IEZE
KANA I
DAKHNO
VEDA

79 NN

80 PID
80 PPPD
81 PID I
81 PID
82 PNI
82 NN

1D2 ASSUMED BCDGRND
1D2
102
1D2
102 SOL. B AND C

1D2
102 FADDEEV ''FIT''

1/82
1/82
1/82
1/82
1/82

12/83*
12/83*

A KAMO 80 DID NOT TRY FITS WITH FEWER THAN SIX RESONANCES.
B KANAI 81 FIT WITH NO RESONANCES WAS VERY POOR AND DID NOT TRY
B OTHER FITS WITH FEWER THAN FOUR RESONANCES.
C VEDA 82 REPORTS AS ''MASS'' BUT DOES NOT EXPLAIN HOW CALCULATED
C FROM POLE POSITION.

1/82
1/82
1/82

12/83*
12/83*

106 $~2, S~O, 102 —BREIT-WIGNER WIDTH (MEV)

BREIT-WIGNER WIDTH APPROXIMATELY EQUALS 2 TIMES IM(POLE POSITION).

W

W A

W

W B
W B
W

W C

100. TO 150 '
(134.0)
(75.0)
(56.0)
(54.0)
50. TO 100 '

(61.0)

HOSH I ZAK I
KAMO
HOFT IEZE
KANA I
KANAI
DAKHNO
VEDA

79 NN 1D2 ASSUMED BCKGRND
80 PPPD 1D2
81 P IDI 1D2
81 P ID 1D2 SOL. B
81 PED 1D2 SOL. C
82 PN I
82 NN 102 FADDEEV itFET

1/82
1/82
1/82
1/82
1/82

12/83*
12/83*

106 B~2, S~Og 102 BREIT WIGNER ELASTICITY

BREIT-WIGNER ELASTICITY APPROX EMATELY EQUALS
ABS(RESIDUE OF POLE ) / IM(POLE POS. ) .

R1 (0.1) HOSHIZAK I 79 NN 1D2 1/82
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RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE

(2045.Q)
(2135.0)
(2150.0)
(2153.0)
(2110.0)
2120. TO 215Q ~

2149. TO 2150.

BHANDARI
BHANDARI
EDWARDS
KLOET
UEDA
BHANDARI
KLOET

81 NN 102
81 NN 102
81 NN 1D2
81 MN 192
82 NN 1D2
83 NN 102
83 NN 102

K-MATR I X F I T
M-HATR IX FIT
K-MATR IX F I 7
POT. MODEL F IT
FADDEEV ''FIT''
H-MATRIX FIT
COUP. CHAN. F I T

9 KLOET 81 DOES MOT SHOM GOODNESS OF FIT TO 192.
E NOT A GOOD FIT TO PARTIAL-WAVE AHPLITUDES.
F BHANDARI 83 CLAIMS 102 IS AN N-DELTA BOUND STATE.

106 B~2~ S~O, 1D2 —RE{POLE POSITION& {NEV)

RE(POLE POSITION) APPROXIMATELY EQUALS BREIT-MIGNER MASS.

1/82
1/82
1/82
1/82

12/83*
12/83*
12/834

1/8?
12/83+
12/83*

RES
RES
RES
RES
RES L

(0.15)
(0.15)
(0.30)
0.08 TO 0. 13
0. 1 TO 0.2

BHAMOARI
BHANDARI
EDWARDS
BHANDARI
BHANDARl

81 NN

81 NN

81 NM

82 NN

83 NN

3F3 K-MATRIX F IT 1/82
3F3 M-MATRIX FIT 1/82
3F3 K-MA7RIX FIT 1/82
3F3 BRE IT-WIG. F IT 12/83*

M-MATR I X F IT 12/83*

OTHER NN Status:
106 B~2, S~O NISCELL. —BREIT-MI6NER MASS {NEV)

106 B~2, S~O, 3F3 —ABS {RESIDUE)/IN{POLE POSITION)

IN
IM
IM
IM
IM
IM
IM

RES
RES
RES
RES F

(110.Q &

&90 ' 0)
(56.0)
(46.0)
(54 ' 0)
80. TO 100.
39. TO 45.

BHANDARI
BHANDARI
EDWARDS
KLOET
UEOA
BHAMDARI
KLOET

81 MM

81 NM

81 NN

81 NN

82 NM

S3 NN

83 NN

102 K-HATRIX FIT
102 N-MATRIX FIT
102 K-MATRIX FIT
102 POT ~ MODEL F IT
102 FADDEEV 'sNDFIT
1D2 N-HATRIX FIT
102 COUP ~ CHAN. F I T

106 B~2, S~Q, 1D2 —ABS{RESIDUE)/IN{POLE POSITION)
ABS(RES) /IM(POLE POSITION) APPROXIMATELY EQUALS BRE IT-WI GNER
ELAST I CITY.

(0.175)
(0.2)
(0.29)
0 ~ 1 TOO ~ 3

BHANDARI 81 NN 1D2 K-HATRIX FIT
SHANDARI 81 NN 1D2 N-MATRIX FIT
EDWARDS 81 NN 1D2 K-HATRIX FIT
BHANDARI 83 NN 102 N-HATRIX FIT

106 B~2~ S~O~ 1D2 —INCPOI E POSITION) CNEV)

IM(POLE POSITION) APPROXIMATELY EQUALS ONE-HALF BREIT-WIGNER WIDTH.

1/S?
1/82
1/82
1/82

12/83*
12/83*

1/82
1/82
1/82

12/83*

(2170 ~ 0) & 10.0)
&2250 ' 0)
(2190 ~ 0)
(2352.0) (69.0)
2380 ~ (F I X ED )

& 2290.0) (14 ~ 0)
2380. (F lXED)

(2377.0) (17' 0)
(2100 ~ 0)
(2117.0)
(2148 ~ 0)
&2159.0)
(2290 ' 0)
(2300 ' 0)
(2510 ~ 0)
(2530 ' 0)
&2?50.0)
&2362.0)
(2429.0)
(2722 ' 0)
(2020.0)
(2130.0)

M N

N

N

M

M

H

M

N

N A

M A

M A

A

M 8
M 8
M 8
M 8
N

M

N

N

N N

H N

N
N N KATAYAMA 83 DOES NOT

ALADASHV I
GREIN
HASH IHOTO
IK EOA
IK EDA
IKEDA
IKEDA
IKEDA
KANO
KAMO
KAHO
KAHO
KANAI
KANAI
KANA I
KANAI
GREIN
AKEHOTO
AKENOTO
AKENOTO
Si EMIARC
Si EMIARC

76 DB
SQ NNF
80 NN

80 GOPN
80 GDPN
80 GDPN
SQ GDPN
80 GOPN
80 PPPD
80 PPPD
80 PPPD
80 PPPD
81 PID
81 PIO
81 PID
81 P ID
82 NNF
83 PIDC
83 PIDC
83 PIDC
83 DB
83 DB

SEE THESE ENHANCEMENTS.

PP INVARIANT MASS
3S1 OR 3D3
1F3 ASSUHED BCKGRND
3S1 SOL. A
3S1 SOL ~ A'
3P2 SOL. C

3S 1 SOL. C
303 SOL. 8''
1SO
3P2
3F2
3P1
3P2 SOL. 8
3P2 SOL. C
1G4 SOL ~ 8
1SO SOL. C
3S1 OR 3D3

NP iNVARIANT MASS
NP INVARIANT HASS

12/83*
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83*
12/83*
12/83*
12/83*
12/83+
12/83*

12/83*

106 B~?, S~O NISCELL. —BREIT-MIGNER WIDTH CNEV)

M

M

M

M

N

N

N
N

M

M

M

M

M

M

M

NN(2250) I=1, F3 Status:
106 B-2, S~Q, 3F3 —BREIT-MIGNER NASS {NEV)

(2390.0)
(2220 ' 0)
2260. (F IXED )
2296.0 11.0
2307.0 12.Q

(2185.0)
(2260 ' 0)
2251 ' TO 2266.
2220 ' TO 2260.

(2310.0)
2200.0 10.0

(2155.0&

GREIN
HOSHI ZAK I
IKEDA
IKSDA
IKEDA
KAMO
KANAI
SHANDARI
OAKHNO
GREIN
SHAMU
UEOA

78 NMF
78 NN

80 GOPN
80 GDPN
80 GDPM
80 PPPO
81 PIO
82 NN

82 PNI
82 MNF
82 NPT
82 NN

3F3
3F3 ASSUMED BCKGRNO
3F3 SOL. A

3F3 SOL. A

3F3 SOL. 8''
3F3
3F3 SOL. 8 AND C
3F3
3F3(OR 303/3G3) M

3F3
3F3
3F3 FADOEEV ''FIT''

G GREIN 78 AND GREIN 82 SEE NO 1D2 RESONANCE.
H IKEDA 80 GIVES TWO OTHER SOLUTIONS MITH POORER FITS TO DATA.
I THIS IS AN N P RESONANCE.

1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83*

1?/83*
12/83*
12/83*

1/82
1/82

12/83*

M N

W

M

M

M

M

W

W A

W A

M A

W A

M 8
W 8
M 8
M 8
W

M

W

M N

W N

(50.0)
(100.0)
(50 ~ 0)

(342.0) (69.0)
200. (F I X ED )

(263.0) (55 ' 0)
200. (F I XED)

&214.0& &52.0)
(315 ~ 0)
(58.0)
(5 ~ 0)

(51.0)
(139~ 0)
(150 ~ 0)
(122.0)
(66 ' 0)

(317.0)
(103.0)
(223.0)
(45.0) (20.0)
(20 ~ 0) (10 ' 0)

ALADASHVI
GREIN
HASH IHOTO
IK EDA
IKEDA
IKEDA
IKEOA
IKEDA
KANO
KAMO
KAMO
KANO
KANAI
KANAI
KANAI
KANAl
AK EHOTO
AKENOTO
AKEMOTO
SI EMIARC
SI EHIARC

76 08
80 NNF
80 NN

80 GDPN
80 GDPN
80 GD PN
80 GDPN
80 GDPN
80 PPPD
80 PPPD
80 PPPD
80 PPPD
81 PID
81 PID
81 P ID
81 P I 0
83 P I DC
83 P I DC
83 PIDC
83 DB
83 98

PP IN VAR
3S1 OR 3
1F3 ASSU
3S1 SOL ~

3S1 SOL.
3P2 SOl. .
3S1 SOL.
393 SOl .
1SQ
3P2
3F2
3P1
3P2 SOL ~

3P? SOL.
1G4 SOL.
1SO SOL.

I ANT MASS
D3
HED BCKGRNO

A
A'
C

C
8'I I

NP INVARIANT MASS
MP INVARIANT MASS

12/83*
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83*
12/83*
12/83*
12/83+
12/83*

106 B~2, S~Q NISCELL. —BREIT-MISNER ELASTICITY
106 B~2, S~O, 3F3 -- BREIT-WIGNER WIDTH {NEV) (0.12) HASHIHOTO 80 NN 1F3 ASSUMED BCKGRND 1/82

W

M

M

W

W

M

W

W

M

W

M

W

&290.0&
50. To 100.

200. (F IXED)
177.0 32.0
213.0 54.0
(81.0)

& 181 ~ 0)
(171 ~ 0)

70. TO 100.
100. TO 200.
134.0 9.0
(60.0)

GREIN
HOSH I ZAK I
IKEDA
IKEDA
IKEDA
KAMO
KANA I
KANA I
BHANDARI
DAKHNO
SHAMU
UEOA

78 NNF
78 NM

80 GDPN
80 GDPN
80 GDPN
80 PPPD
81 P ID
81 P ID
82 MM

82 PNI
82 NPT
82 NN

3F3
3F3 ASSUMED SCKGRND
3F3 SOL. A

3F3 SOL. A'
3F3 SOL. 8''
3F3
3F3 SOl . 8
3F3 SOL. C
3F3
3F3(OR 3D3/3G3)
3F3
3F3 FADDEEV ''FIT''

1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83*
12/83*
12/83*
12/83*

REFERENCES FOR B~2, S~Q STATES

ALADASHV
GREIN
HOSHIZAK
HOSH I ZAK
ARV I EUX
GREIN
HASH IMOT
IK EDA
KAMO

ALSO

76 NP A274 486
78 NP 8137 173
78 PTP 60 1796
79 PTP 61 129
80 NP A350 205
80 PL 968 176
80 PTP 64 1693
80 MP 8172 509
80 LNC 29 289
80 PTP 64 2144

ALADASHVIL I, GLAGOLEV+
M GREIN, P KROLL
N HOSHIZAK I
N HOSHIZAK I
J ARVI EUX, A S R I NAT
M GREIN, A KRONIG, P KROLL
K HASH lMOTO, N HOSHIZAK I
+ARAI, FU J I I, FU J I I, I WASAKI+
H KAMOsM MATARi
KAHO, WATARI, YONEZAWA

( J I NR+WARS+Ml NR )
(KARL+MUPP)

(KYOT)
&KYO7)

(GREN+REHO+SACL)
(S I N+MUPP )

(K YOT)
(TOKY+KEK+iNUS)

(OSAK)
(OSAK+HI RO)

*444*0 4*444*44* 0040*4*4*.44***4*00**4*0*4*440*4*044* 444**4**4 000*0***

R1
R1
R1

(0.2)
0. 11 TO 0. 13
0.096 Q. 012

HOSHIZAKI 78 NN 3F3
SHAMOARl S2 NM 3F3
SHANU 82 NPT 3F3

106 B~?~ S~O, 3F3 —BREIT-MIGNER ELASTICITY

1/82
12/83*
12/83*

BHANDARI 81 PRL 46 1111
EDWARDS 81 PR D?3 1978
HOF T I E ZE 81 PR C23 407
KANA I 81 PTP 65 266
KLOE T 81 PL 1068 24

+ARNDT, ROPER, VERWEST (VPI+TAHU)
8 J EDWARDS (ANL)
+BAKER, CLEMENT, DRAGOSET+ (RICE+HOUS+BONN)
+MINAKA, NAKAMURA+ (THU+KAGO+TWAS+SAGA)
M M KLOET, J A TJON (RUTG+UTRE)

R1
R1

RE
RE
RE
RE
RE
RE
RE
RE
RE
RE

RE
RE

IN
IM
IM
IM
IM
IM
IH
IH
IM
IM

106 B~2t S~0g 3F3 RE(POLE POS ITION) {NEV)

(2190.0)
&2215 ~ 0)
&2185 ~ 0)
(2175.0)
2?1e. TO 2200.

(2134 ~ 0)
(2211 ~ 0)
2210 ~ TO 2220 ~

2148 ~ TO 2149.
2162. TO 2173.

BHANDARl
BHANDARI
EDWARDS
KLOET
BHANDARI
VEDA
VERWEST
BHANDARI
KLOET
KLOET

81 NN 3F3
81 NN 3F3
81 NN 3F3
81 NN 3F3
82 NN 3F3
82 NN 3F3
82 NN 3F3
83 NN 3F3
83 NN 3F3
83 NN 3F3

K-MATR IX F IT
M-MATR IX F IT
K-MATR IX F IT
POT. MODEL FIT
BRE IT-MIG. FIT
FADDEEV ' 'FIT' '
POT. HODE L F I T
M-MATR IX F I T
COUP. CHAN. FIT
COUP. CHAN. FIT

BHANDARI 83 CLAIMS 3F3 IS NOT AN N-DELTA BOUND STATE.
KLOET 83 FOUND TWO NEARBY 3F3 POLES.

106 B~?, S~Q, 3F3 —INCNLE POSITION) (NEV)

(65.0)
(70.0&
&70 ' 0&
&43.0)
45. TO 60.

&52.0)
(35.0)
60. TO 80.
33. TO 38.
43. TO 48.

BHANDARI
BHANDARI
EDMARDS
KLOET
BHANDARI
VEDA
VERWEST
BHANDAR I
KLOET
KLOET

81 NN 3F3
81 NN 3F3
81 NN 3F3
81 MM 3F3
82 NN 3F3
82 NN 3F3
82 NN 3F3
83 NN 3F3
83 NN 3F3
83 NN 3F3

K-NATR IX F IT
M-HATR IX F I T
K-MATR IX F I T
POT. MODEL FIT
BR E IT-MI G. F I T
FADDEEV ' ' F IT' '
POT ~ MODE L F I T
M-HATR I X F I T
COUP. CHAN. FIT
COUP . CHAN ~ F I T

BHANOARI 82 REPORTS R(PI D)=0. 2 TO 0.3 AND R(N DELTA)=0. 6 TO 0.7.
THIS NP VALUE IS EQUIVALENT TO (0.19+-0.02) FOR PP.

12/83*
12/83*

1/82
1/82
1/82
1/82

12/83*
12/83*
12/83*
12/83*
12/83*
12/83*

12/83*
12/83*

1/82
1/82
1/82
1/82

12/83*
12/83*
12/83*
12/83*
12/83+
12/83*

BHANDARI
DAKHNO

ALSO
GREIN
SHAHU
UEDA
VERWEST

82 LNC 34 65
82 PL 1148 409
82 SJNP 36(1) 83
82 NP A377 505
82 PR D25 2008
82 PL 1198 281
82 PR C25 482

R SHANOAR I (VPI)
+KRAVTSOV, LOSACHEV, HAKAROV, MEDVEDEV+ (LENI)
+KRAVTSOV, LOBACHEV, MAKAROV, MEDVEDEV+ (LENI)
M GRE IN, P KROLL (SIN+MUPP)
+SOGA, SHILTS, LISOWSKI (MMIU+LASL)
T UEDA (OSAK)
8 J VERWEST (TAMU)

AKEMOTO 83 PRL 50 400
BHANDARI 83 PR 027 296
KLOET 83 NP A392 271
SI EMI ARC 83 PL 1288 367

+BABA, ENDO, HI MENI YA, I NOUE+ ( H IRO+UOEH )
R BHANDARI (VPI)
M M KLOET, T A TJON ( ITPU)
S I EH I AR CZUK g STEPAN I AK ~ Z I E L I N SK I (WINR)

PAPERS NOT REFERRED TO IN DATA CARDS

Hl DAKA
FRASCARI
KUBODERA
ARGAN
ARVI EUX
BOLGER
GREIN
HOLT
KLOET
MINEHART
HI ZUTANI
RI MAT
TAHAS
LISOMSKI
ABLEEV
KATAYAHA
KLOET

77 PL 708 479
80 PL 918 345
80 JPG 6 171
81 PRL 46 96
81 PL 1038 99
81 PR L 46 167
81 JP G 7 1355
81 PR L 47 472
81 NP A364 346
81 PR L 46 1185
81 PL 1078 177
81 PL 1048 182
81 MP A358 34?
82 PRL 49 255
83 NP A393 491
83 PREPR I MT

83 PR C27 430

+BERE TVAS ~ N I E LD ~ SPi NKA+ (ANL )
+BRISSAUD, D IDELEZ, PERRIN+ (IPN+GREN+NEUC)
+LOCHER, NYHRER, THOMAS (S I M+MORO+ TR IU )
+AUDIT, DEBOTTON, FAURE, HARTIN (SACL)
J ARVIEUX (GREN+SACL)
+BOSCHITZ, PROBSTLE, SMITH (KARL+SIN+ERLA+)
M GREIN, H LOCHER (SIN)
+SPECHT, S7EPHENSON, ZEIDNAM+ &ANL+LASL+)
W KLOET, R SILBAR &RUTG+LASL)
+SOSWELL, DAVIS, DAY, MCCARTHY+ (VIRG+LASL)
+FAYARD, LAMOT, NAHABETIAN (LYON+REGE)
A RINAT, J ARVIEUX (GREM+REHO+SACL)
G TAMAS (SACL&
+SHAMU, AUCHAMPAUGH, KING, MOORE+ (LASL)
+ABDUSHUKUROV, A VRAMENKO, D IHI TROY+ ( J INR )
+KA J I TA, KOI SO, KUBOTA, SA I, SAKANOTO+ (TOKY)
W M Kl OET, T A TJON (ITPU)

440**0 4***44*4%*44**00**4*40*4k44 044*4**4*40****4*40*4*4**44*4***040
44** 404**4**4 404444044 *04k*4k44 *4*440444 4**404404 4444k**44' 4**44*44
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Baryons
DIBARYONS

Data Card Listings

S=—1 DIBARYON
107 8~2, S~-1 —IH(POLE POSITION) {HEV)

IM(POLE POSITION) APPROXIMATELY EQUALS ONE-HALF BREIT-WIGNER WIDTH.

107 BARYON NUHBER 2, STRAN6ENESS -1 STATES

IN THIS SECTION WE USE THE FOLLOWING ABBREVIATIONS FOR TYPES
OF ANALYSES--

IM J (2.4)
IM J (2 ~ 6)
IM 8 (5 ~ 0)
IM (9 ' 0)
IM (8.0)

NAGELS
NAGELS
OOSCH
TAKAHASHI
TAKAHASHI

79 88 3S1 Q=1
79 BB 3S1 Q=O
80 LP IM 3S1 Q=1
80 BB 3S1 Q=O, 1,2
80 BB 1P Q=0, 1,2

1/8Z
1/82
1/82
1/82
1/82

**aaaa *aaa*aaa* *a»*****a*a»a»******a»a»a»* **a****»aa»a»a*»*a *»»*a***
88
LN IM
LP IM
LPPIM
SP IH

AN(2130) I= I/2, S, Status:

BARYON-BARYON SCATTER ING COMBINED AMPLITUDE ANALYSIS
LAMBDA-N INVARIANT MASS
LAMBDA-P INVARIANT MASS
LAMBDA-P-PI INVARIANT MASS
SI GMA-P INVARIANT MASS

COHN 64
CL INE 68
ALEXANDE 69
JA IN 69
TAN 69
EASTWOOD 71
SINS 71
SHAHBAZI 73

PRL 22 668
PRL 20 1452
PRL 2? 483
PR 187 1816
PRL 23 395
PR D3 2603
PR D3 1162
NP 853 19

REFERENCES FOR 8~2, S~-1 STATES

H 0 COHN, K H BHATT, W M BUGG (ORNL+TENN)
D CL INE, R LAUMANN, J MAPP (WISC)
ALEXANDER, HALL, J'EW, KALHUS, KERMAN (LSL+UCR)
P L JAIM (BUF F)
T H TAN (SLAG)
+FRY, HEATHCOTE, ISLAM+ (8 IRM+EDIN+GLAS+LOIC)
+0 NEAL ~ALBR I GHT BRUCKER I ANUTT I (FSU)
8 SHAHBAZ I AN, A T I MONI NA ( J INR)

M A

M 8
M 8
M C
M 8
M 8
M 8
M D

M E
M E
M F
M 8
M G

M H

M I
M I
M I
M I
M: I

2098.0
(2126.0)
(2130.0)
(2130.0}
2128.7

(2138.8)
(2129 ~ 0)
2127.0
2125 ~ 2

(2251.4)
(2115~ 0)
2129 ~ 0

(2130~ 0)
(2320 ' 0)
(2255 ' 5)
(2257.4)
(2350 ' 8)
(2358.4)
(2495.2)

6 ' 0

0.2
(0 ~ 7)

1.0
2.5

(3 ' 9)
0.4

(0 ' 4)
&2.3)
(2.4)
&1»3)
(8-7)

COHN
CLINE
ALEXANDER
JAEN
TAN
TAN
EASTWOOD
SIHS
SHAHBAZI
SHAHBAZI
SODH I
BRAUN
GOYAL
GOYAL
SHAHSAZIA
SHAHBAZIA
SHAHBAZIA
SHAHBAZEA
SHAHBAZIA

64 LM I M

68 LPIM
69 LP IM
69 LP IM
69 LP IM
69 LP IM
71 LP IM
71 LP IM
73 LP IM
73 LP IM
75 LP IM
77 LP IM
78 LP IM
80 SPIM
82 LP IM
82 LP IM
82 LP IM
82 LP IM
82 LP I M

Q=O
3S1 Q=1

Q=1
Q=1
Q=1
Q=1
Q=1

LNEM Q=O, 1
Q=1
Q=1
Q=1
Q=1
Q=1
Q=O
Q=1 FIT 1
Q=1 FIT 2
Q=1 FIT 1
Q=1 FIT 2
Q=O, 1

107 8~2 ~ S~-1 —BREIT-WI6NER NASS (HEV)

BREIT-WIGNER HASS APPROXIMATELY EQUALS RE(POLE POSITION).

1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83»
12/83»
12/83»
12/83»
12/83»

SODHI 75
BRAUN 77
GOYAL 78
NAGELS 79
OOSCH 80
GOYAL 80
TAKAHASH 80
SHAHBAZE 82

NP 897 403
NP 8124 45
PR D18 948
PR D20 1633
ZPC 3 249
PTP 64 700
NP A336 347
NP A374 73C

P I ROUE
ALEXANDE
SUNNEL
GOYAL
KADYK
OOSCH
Mi ZUNO
ROOSEN
D'AGOSTI
K I MURA
TOKER

64 PL 11 164
68 PR 173 1452
70 PR D2 98
71 PR 03 1259
71 NP 827 13
78 PR 018 4071
79 PTP 62 1691
79 NC 849 217
81 PL 1048 330
81 PTP 65 649
81 NP A362 405

A SODH I, D GOYAL
+GRIMH, HEPP, STROEBELE, THOEL+
D GOYAL, A SODHI
M NAGELS, T RIJKEN, J OESWART
H DOSCH, I STAMATESCU
D GOYAL, J MISRA
TAKAHASHI, IWAHURA, KIMURA, KUHE
SHAHBAZIAN, TEMNIKOV, TIMOMINA

(DELH)
(HE I D+MP IH)

(DELH)
(NI JM)
(HEED)
(DELH)
(TOKY)
&JINR)

PAPERS NOT REFERRED TO IN DATA CARDS

P A P I ROUE (PRIM)
+KA SHOR 8, S HAP I R A+ (RE HO+ HE ID )
+OERR ICKY F I ELDS HYMAN ~KEYES (NWES+ANL)
D P GOYAL (DELH)
+ALEXANDER, CHAN, GAPOSCHKIN, TR ILL ING (LBL)
H G DOSCH, V HEPP (HE ID)
T MI ZUNO (TOK Y)
+VANDERVELDE-WILQUET, WI CKENS+ (LOUC+BRUX)

(ROMA+SACL+VAND)
M KIMURA, Y IWAHURA, Y TAKAHASHI (TOKY)
G TOKERtA GALtJ EISENBERG (HESR+TELA)

M A

M 8
M C

M C
M D

M E
M F
M G

M G

M H

M

M I

SIGMA- D TO LAMBDA N X.
K- D TO PI- LAHBDA P ~

GOYAL 71 RAISES DOUBTS ABOUT THE EXPERIMENTAL PROCEDURE USED
IN JAIN 69. JAIM STUDIED K- EMULSION TO LAMBDA P.
K- D TO PI- LAMBDA P, PI- LAMBDA PI+ N, AND PI- LAMBDA PIO P.
N P TO LAMBDA P X FOR P IN CARBON 12.
K- D TO PI- PIO LAMBDA P.
GOYAL 78 SEES ANOTHER UNCERTAIN PEAK AT 2195-2210 MEV ~

K- D TO 2PI- PI+ LAMBDA P ~

K- D TO PI+ PI- SIGMA- P.
SIHULTANEOUS FET TO INVARIANT MASS AND LAMBDA-P ELASTIC
SCATTER I MG EF FECT I VE CROSS SECTION.

107 8~2, S~-1 -- BREIT-WIGNER VIDTH (HEV)

BREIT-WIGNER WIDTH APPROXIHATELY EQUALS 2 TIMES IM(POLE POSITION).

1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83»
12/83»

*aaaaa a*aa*a*a» aaaaaaaaa aaaaaaa*a *a»a»a»»a *»*»*a*a*a»*a»a»a» aaaaaaaa
**a**aaaaaaaaaa aaaaaaa** aaaaaaaaa a»***a»»a ***a**»*a»**»*a**aaaaaaaaa

S=—2 DIBARYON Status:
108 BARYON NUMBER 2, STRANGENESS -2 STATES

IN THIS SECTION WE USE THE FOLLOWING ABBREVIATIONS FOR MEASURED
QUANT I T I ES--

LLIM LAMBDA-LAMBDA INVARIANT MASS
LLPI LAMBDA-LAMBDA-PI INVARIANT HASS
XP IM XI-P INVARIANT MASS

W A

W 8
W C

W 8
W 8
W 8

D

W E
W E
W F
W 8
W H

W I
W I
W I
W I
W I

20 ' 0
10 ~ OR

(20 ' 0)
7.0

(9 ~ 1)
(10.)

8.0
20.6

(21 ~ 1)
(150.0)

5.9
(25.0)
(15.6)
(18~ 1)
(44 ' 2)
(77 ' 2)

(204.7)

10.0
LESS

0.6
(2.4)

1.0
5.Z

(5 ' 4)

1 ~ 6

(0.8)(1.1)
(2 ' 2)
(6.6)
(5 ' 6)

COHN
CLIME
JA IN
TAN
TAN
EASTWOOD
SIMS
SHAHSAZI
SHAHBAZI
SODHI
BRAUN
GOYAL
SHAHBAZIA
SHAHSAZIA
SHAHBAZIA
SHAHBAZIA
SHAHBAZI A

64 LP IM
68 LP IM
69 LP IM
69 LP IM
69 LP IM
71 LP IM
71 LP IM
73 LP IM
73 LP IM
75 LP IM
77 LP IM
80 SP IM
82 LP IM
82 LP IM
82 LP IM
82 LP IM
82 LP IH

Q=O
3S1 Q=1

Q=1
Q=1
Q=1
Q=1
Q=1
Q=1 Z125 PEAK
Q=1 2251 PEAK
Q=1
Q=1
Q=O
Q=1 FIT 1
Q=1 F IT 2
Q~1 FIT 1
Q=1 FIT 2
Q=O, 1

1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82
1/82

12/83»
12/83»
12/83»
12/83»
12/83»

M A

M 8
M C
M 8

H A

M 8
M C

108 8~2, S~-2 —MASS (HEV)

(2367.0)
(2365.3)
(2480. 0&
(3568 ' 3)

(4.0&
(9.6)

BEILLIERE 72 LLIM Q=O GAUSSIAN FIT
SHAHBAZIA 73 LLIM Q=O
GOYAL 80 XP IM Q=O
SHAHBAZIA 82 LPPI Q=1

K- D TO XI- P KO.
N P TO LAMBDA LAMBDA X AND PI — P TO LAMBDA LAMBDA X FOR P IN C12.
GOYAL 80 ALSO SEES A SHOULDER AT 2360 MEV.

108 8~2, S~O —WIDTH (HEY &

W A (15 ~ 0) (4.0) BEILLIERE ?2 LLIM Q=O GAUSSIAN FIT
8 (47.0) (15.7& SHAHBAZI A 73 LL IM Q=O

»a*a** a»a»a»a»a *a»a»»a»a »**a»**a*»»**a****a»a**»a*a **»*a»*a» aaaa****

1/82
1/82
1/82

12/83»

1/82
1/82
1/82

1/82
1/82

RE J
RE J
RE 8
RE
RE
RE
RE J
RE J

107 8~2, S~-1 —RE{POl E POSITION) {HEV)

RE(POLE POSITION) APPROXIMATELY EQUALS BREIT-WIGNER MASS.

(2132.0)
(2137 ~ 0)
&2129.0&
(2127.0)
(2148.0)

NAGELS
NAGELS
OOSCH
TAKAHASH I
TAKAHASH I

79 88 3S1 Q 1
79 88 3S1 Q=O
80 LPIM 3S1 Q=1
80 BB 3S1 Q=O, 1,2
80 88 1P Q=0, 1,2

NAGELS 79 REPORTS POLE POSITION FOR TWO DIFFERENT 3S1 CHARGE
STATES'

1/82
1/82
1/82
1/82
1/82

1/82
1/82

SEILLIER 72 PL 398 671
SHAHBAZI 73 NP 853 19
GOYAL 80 PR D21 607
SHAHBAZI 82 NP A374 73C

CARROLL 78 PRL 41 777
D'AGOSTI 82 NP 8209 1

REFERENCES FOR 8 2, S -2 STATES

BEILLI ERE, MAYEUR+ (BRUX+CERM+TUFT+LOUC)
8 SHAHBAZIAN, A TIMONINA & JINR)
D GOYAL, J MI SRA, A SOD H I (OELH)
SHAHBAZ I AN, TEMNIKOV, 7 IMONI NA & J INR)

PAPERS NOT REFERRED TO IN DATA CARDS

+CH I ANG, JOHNSON, KYC I A, K I, + (BML+PRIN)
&INFN+SACL+VAND+CERN)

a»a**a a»a»a»a»a a»»a*a*** *a»a»a»*a *»*»*a*»a a****a*a» a»a»a»a** aaaaaa**
aaaa** *»*»*a*a» »a»a*a»a» a»*a*a»a» a»a*a»*a» a»»a*a*a» a»a»a»a»a *a»a»a»a
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APPENDIX I
THE STATUS OF THE STANDARD MODEL OF
ELEC.IROWKAK INTERACTIONS

(by R.N. Cahn, LBL)

The standard SU(2) XU(1) model of electroweak interactions has
(aside from the masses of the fermions and the Higgs boson) three
fundamental parameters. Thus the model is fully specified by
measuring three independent constants. Two of these are well esta-
blished: GF 1.16637X10 GeV and n - 1/137.036. The
measurement of one more parameter su6ices to determine all the
predictions of the theory, assuming that quark distributions in the
hadrons are known and that radiative corrections can be dealt with.
For the present we ignore radiative corrections.

Prior to the discoveries of the W and Z, the third measurement
was made in neutral-current experiments and conventionally
expressed in terms of sin 8W. See the section on the Standard
Model of Electroweak Interactions. The usual model, which has
only doublet Hips bosons, has the value unity for the parameter p- Mw/(Mz cos 8w), ignoring radiative corrections. A multitude of
neutral-current experiments have produced values for the mixing
angle which are in good agreement and thus provide strong evi-
dence for the standard model. Among the experiments are:

1. Neutrino and antineutrino deep inelastic scattering from iso-
singlet targets.

2. Neutrino and antineutrino deep inelastic scattering by pro-
tons.

3. Elastic v„pand v„pscattering.
4. Exclusive and inclusive x production in neutral-current

events.
S. Neutrino disintegration of the deuteron: ved ~ venp.
6. Polarized-electron deuteron deep inelastic scattering.
7. Forward-backward asymmetry in e+e ~ p, +p
8. Elastic ve scattering.

The data for these processes and a comparison with the predic-
tions of the standard model are given in two extensive reviews. '

The conclusion of these and all similar studies is that all available
data are consistent with the standard model. Moreover, if it is
treated as a free parameter, the value of p is consistent with unity,
the value it has in the simplest model. For example, Kim et al.
find p - 1.002 + 0.015 + (0.011) and sin 8w - 0.234 + 0.013 +
(0.009), where the parentheses indicate a theoretical uncertainty. If
only the data from deep inelastic scattering and from the e-d exper-
iment are used, the results are p - 0.992 ~ 0.017 + {0.011)and
sin28w 0.224 + 0.015 ~ (0.012).

Some of the most precise data are used in the accompanying fig-

ure, which shows the region of the p—sin 8W plane allowed by
data for deep inelastic scattering from an isoscalar target and for
the scattering of polarized electrons by deuterons. It is important
to notice that the allowed values of the two variables are correlated.
The curves were obtained from the following formulas:

NC
vNR

N CC
vN

The parameter & is the ratio of antiquark momentum to quark
momentum in the nucleon. It is related to the ratio of the neutrino
charged-current cross section to the antineutrino charged-current
cross section:

CC
vN

~CC

1+ —e1

3
1—+6
3

The curves correspond to the limits R = 0.31 - 0.33, = 0.357
vN '

p
-0.397, indicative of the results of the CHARM collaboration, with
& taken to be 0.20.

The polarized-electmn deutemn scattering experiment measured
the asymmetry in the cross section for left-handed (oL) and right-
handed (sR) electrons:

a1 = — —p 1 ——sin vW
F 9 20 28

2VZ~n '

a2 = GF
1 —4sin 8W

2&2+m 10

The best determined linear combination of the parameters a1 and

a2 is

0.24a2+ 0.97a = (—8.1 + 1.1)X10 GeV

This is inferred from Ref. 5, and the uncertainty corresponds to 1o.
The 1cr extremes are shown in the figure.

Once the masses of the W and Z are known, either one or their
ratio (or any other single combination) can be used as the third

1.0

A-
~R+ ~L

In the quark parton model, this has the form (with q ) 0 for deep
inelastic scattering)

A 1-(1-y)
2 a1+ a2

q 1+ (1 —y)

where y is the fraction of the incident lepton's energy lost in the
collision. For an isoscalar target like the deuteron, and ignoring the
antiquarks, the standard model gives

——sin 8W+ —sin 8W+e{ ——sin 8W+ —sin 8W)1 2 20 4 1 1 2 20 4
2 27 6 3 27

1+ —e1

3

NC
vN

CC

0.9

———sin 8W+ —sin 8W+e(— si 8W+ —sin 8W)1 1 2 20 4 1 . 2 20 4
6 3 27 2 27

p 1—+ E.
3

0.8—
0.15 0.20

Sin26

0,25
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measured parameter, '

replacing the neutral-current data. For exam-
ple, we can use the ratio of the masses as the third parameter.
Then sin 8~ is simply a parameter derived from the measured
quantities GF and n. It can always be eliminated from any expres-
sion in favor of GF, n, and M~/Mz. It is convenient, ho~ever, to
retain it by defining:

cos ~w Mw/Mz2 = 2 2

This is now a definition and is not modified by radiative correc-
tions. However, the lowest order prediction for M~ is modified
by corrections of order n:

M2 Ãn
W

V 2GF sin2()w(1 —Ar)

The quantity hr is of order cx and depends on the masses of the lep-
tons, quarks, and Higgs boson. The dominant terms are due to
vacuum polarization by light fermions. If the t quark mass is set to
36 GeV and the Higgs boson mass to the mass of the Z, the value
of hr is 0.0696+-0.0020. This value is not very sensitive to these
last two assumed values.

As of this writing (December 1983) the most recent results '

from the UA-1 and and UA-2 experiments at the CERN SPS col-
lider for the %' and Z masses are (in GeV)

Mz

UA-1 80.9+ 1.5(stat) 95.6 ~ 1.4(stat)
UA-2 81.0+ 2.5 ~ 1.3 91.9 ~ 1.3 ~ 1.4

Thus we find from the definition of cos 8~

sin g~

UA-1 0.284 ~ 0.016(stat)
UA-2 . 0.223+ 0.027(stat)

The systematic uncertainties may make the total uncertainty about
twice as large as the indicated statistical uncertainties.

Given the uncertainties in the data above, a detailed test of the
model is not possible. That the neutral-current data are consistent
with p = 1 and with a single value of sin Hw is important evidence

for the model. Moreover, the W and Z masses are consistent with
this value for the weak mixing angle. A detailed test of the model
awaits higher precision data on the weak boson masses. Such data
will permit a single test involving the four measured parameters n,
GF, M~, and Mz, and one additional test comparing the derived
quantity sin 8+ with the value obtained in neutral-current experi-
ments. In making this compariso, it will be necessary to include
radiative corrections for the neutral-current experiments. Their
effect is to lower the values of sin H~ discussed in connection with
the neutral-current experiments to a value 0.217 ~ 0.014.

Should such a high-precision test reveal a discrepancy with the
radiatively corrected theory, it could indicate that the model needs
fundamental modification. Smail deviations from the predictions
described above could arise if the t quark mass or Higgs boson
mass is far from the value assumed or if there are additional gen-
erations of fermions. At present there is no indication of the need
for a modification of the theory, but the tests are not yet very
stringent.
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APPENDIX II

THK PKRTURBATIVK QCD COUPI ING CONSTANT

(by I. Hinchliffe, LBL)

This note is concerned with the definition of the running cou-
pling constant and of the scale parameter A in QCD. It is intended
to be pedagogical rather than rigorous; one of the many excellent
reviews can be consulted for more details. . Comments will be
made on the theoretical uncertainties inherent in attempts to
extract A from the data, but no critique of individual experiments
will be given.

In the limit of zero quark masses QCD contains only one funda-

mental parameter, its coupling constant (ns). In a field theory it is
necessary to define a coupling constant order by order in perturba-
tion theory. If a process is calculated beyond leading order, diver-

gences can arise in the integrations over momenta Aowing in closed
loops of Feynman diagrams. These divergences are removed by
absorbing them into a renormalized coupling constant (n). In
order to do this, n is defined in terms of some quantity calcu»ted
to the same order in perturbation theory. This constitutes the
renormalization scheme.

In the familiar case of QED, the coupling constant (nEM) is
defined to be the value of the photon-electron-electron coupling in

the limit of zero photon momentum when the electrons are on
their mass shells (mass-shell renormalization scheme). This defini-
tion is readily related to the scattering rate for low-energy electrons
off a static source. Notice that the relevant energy scale character-
izing the coupling constant definition is the electron mass (m~). If
some other QED process with momentum scale Q is calculated
(e, e+e ~ e+e at wide angle and with center-of-mass energy

s = Q )) m ), the cross section can be written as a power series
in nEM and will have the following form

BnEM 4

A 1+ — log(Q /m2)+ - --
7r

Here the term A is the rate calculated to lowest nontrivial order in

nEM, and 8 is constant. In the e+e ~ e+e case, A oc nEM/s.

EM
In the asymptotic limit Q )) m~, the term log(Q /m )

7r

could become of order one, and the perturbation series would fail
to converge. Fortunately these terms, and all terms of order
nEMlogN(Q /m2), can be summed. This summation leads to the
introduction of a coupling constant which depends on Q. This run-
ning coupling constant nREM(Q) is such that nREM(me) = nEM,
»d if nREM(Q) is expanded as a po~er series in nEM and inserted
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into the term A, all the terms aEMlog (Q /m ) are reproduced.
In QED, aREM(Q) is a rather slow function of Q increasing with

Q so that aR&M(m ) = 1/128. In contrast, the running coupling
constant in QCD decreases relatively rapidly as Q rises due to the
self-interactions of the gluons. The coupling constant is large at Q

m, the scale of hadronic binding. A perturbation expansion
will not therefore enable one to calculate the hadron spectrum and
obtain n from the values of the hadron masses.

In the absence of strong coupling techniques we are restricted to
using perturbation theory to calculate processes from QCD and to
determine o.s. We can only use processes which have a large
momentum scale and hence a small ns. As an illustration consider
the ratio

aNIOM(Q ) —aMS(Q ) [ 1 + x aM&(Q ) ]

x' = 1.86 —0.48f.

The MS and MOM schemes are most frequently used. Other
schemes are also possible; for example we could define o.R(Q ) so2

that

aR(Q )
R =— 3+Q,'[I + ]

with no correction at Q = so. Then2

n—(so)
aR(so) = aMS(so)[ 1 +N™

]o(e+e ~ hadrons)
cr(e+e ~p, +p, )

~ (s) o.2(s)
=—3$Q2(l+ +N + . ).

~2

Here we are assuming that V s, the center-of-mass energy, is large
compared to quark masses; the sum i runs over all quarks of char

Q; and N is a numerical factor. We have used a (s) since +s is the
only scale present in the problem. If we assume that Nn, (s)/~
(& 1, then, by comparing with data to leading order in a (s) [the
a,(s)/ir term], we could determine a (Q), confident that the leading
terms reproduce the full perturbation series fairly well.

It is usual to introduce the parameter A to parametrize the Q
dependence of a,(Q ):

~(Q) =
(33 —2f) Iog(Q2/A )

6(153 — 9 log log ( /A ) D (3)
(33 —2f) Iog (Q /& ) log (Q /A )

where D is arbitrary to this order. If n = n—,it is customary toMS'
define A—from Eq. (3) with D = 0; but other definitions are pos-MS
sible. It seems that some confusion could be avoided by abolishing
A and simply quoting a,(Q ) in some scheme at some Q = Qo.

There are several more theoretical complications in QCD pred-
ictions. In the case of R the scale Q was unambiguous; this is not
always the case. For example, the production of three jets in e+e
collisions is predicted by QCD but is Q equal to s or to the invari-
ant mass of a jet pair? To leading order in QCD, we cannot tell.
The coefficient of the next-to-leading term will change if Q is
changed (c.f., the shift in N as A was rescaled above), further com-
plicating the issue of whether the perturbation series is reliable.

Many processes are also subject to "higher twist corrections. "
For example, if we retain quark masses, R receives corrections
depending on mq/s so that extra parameters enter QCD predic-
tions. Some higher twist corrections are purely kinematic in origin
and can be calculated if the quark masses are known. Unfor-
tunately other higher twist corrections cannot be calculated (e.g. ,
those in deep inelastic scattering); they are all of order 1/Q rela-
tive to the perturbation theory, but the coeAicients are unknown.

In comparing quoted values for o. or A., the following must be
considered:

(Q2)
12ir

(33 —2f)log(Q /A )
(2)

where f is the number of quark flavors with mass less than Q/2. A
now appears as the fundamental parameter in QCD. Unfortunately
if we do not know the coeAicient N in Eq. (1), then A is arbitrary
in the following sense. Rescale A = xA', then

P

as(Q, A) = as(Q, A') 1+ — a (Q,A')logx+ O(a )

If Eq. (1) is now rewritten as a series in a (Q,A'), then the coeff-
icien N will change. If we have neglected this term, then A and A'

are equivalent! A fit to the data to leading order can of course still
be used to determine a ALo defined by Eq. (2), but we have no
guarantee that another process will yield the same AL&. The situa-
tion only clarifies (or becomes more muddled depending on one' s

point of view) when we know the coeAicient N.
We should of course check that Nn (s)/~ (( 1, so that the per-

turbation series is reliable. Unfortunately N is not well defined; it
depends on the renormalization scheme. We cannot define as in
the same way as aEM was defined in QED, since perturbation
theory is unreliable in that region of momenta. One possibility is
to define a (Q ) as the value of the three-gluon vertex (or quark-2

quark-gluon vertex) when the invariant masses of the particles are
—Q . This is the momentum-space scheme, and a is denoted by

aMOM(Q ). aMOM(Q ) is not related directly to any physical pro-2 2

cess. The scheme is diAicult to calculate with and produces a
gauge-dependent a,(Q ); much more convenient is the minimal-
subtraction scheme (MS). Here loop integrals are evaluated in n

dimensions. The divergences appear as singularities of the form
1/(n —4). These terms are dropped and nMS(Q ) so defined.2 5

These singularities are always accompanied by log 4m and the Euler
constant yE = 0.577 . ; these can be dropped also (the MS
scheme) and an aMS(Q2) defined. 6 The coupling constants in all
these schemes are related as follows (nMOM is defined in Feynman
gauge):

1. What order in perturbation theory was used?

2. What renormalization scheme was used?

3. What scale Q was used?

4. If the Q range of the experiment covers some quark masses,
how were thresholds dealt with?

5. How were higher twist terms parametrized?

For example, attempts have been made to extract n (or A.)s
from data on 3-jet events in e e annihilation. Issues 1 and 5
appear to be pertinent here. The perturbation expansion is not
very reliable so the value of A depends on the order used. Issue 5
manifests itself in the dependence of o.s upon Monte Carlo program
parameters used to parametrize jet fragmentation. &a}ues of o s
quoted from these data range from 0.12 to 0.21. In contrast, data
on deep inelastic scattering do not suAer from problems concerning
the perturbation theory, and values of ALO range from 125 to 275
MeV. "

aMOM(Q ) = aMs(Q ) [' +" Ms(Q )

x = 3.57 —0.38f;

with N' = 2 —G. lf.
It is now clear that N will depend on the scheme so that the size

of No. s/m is a scheme dependent. This simple fact can lead to long
discussions about which scheme is best and which processes have
reliable perturbation expansions.

Beyond leading order Eq. (2) does not accurately represent the
ge Q dependence of a (Q2). To next order we have
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APPENDIX III
THE KGBAYASHI-MASKA%'A MIXING MATRIX

(by F.J. Gilman, SLAC)

In the "standard model" with SU(2) xU(1) as the gauge group of
electroweak interactions, both the quarks and leptons are assigned
to be left-handed doublets and right-handed singlets. The quark
mass eigenstates are not the same as the weak eigenstates, and the
matrix connectin them has become known as the Kobayashi-
Maskawa matrix since an explicit parametrization in the six-quark
case was first published by them in 1973.

By convention, the three charge 2/3 quarks (u, c, and t) are
unmixed, and all the mixing is expressed in terms of a 3x3 unitary
matrix V operating on the charge —1/3 quarks (d, s, b):

r'

ud us ub
(1)

[Vtd V„Vth

I V„61= 0.9737 +. 0.0025

in one evaluation and

(4)

i V„di

= 0.9730 ~ 0.0024

in another. ~

(2) An analysis of hyperon and K&3 decays yielded 4

l V„i

= 0.219+- 0.011, (6)

Cabibbo angle. No physics can depend on which of the above
parametrizations (or any other) is used as long as it is used con-
sistently and care is taken to be sure that no other choice of phases
is in conflict.

The values of individual Kobayashi-Maskawa matrix elements
can in principle all be determined from weak decays of the relevant
quarks, or, in some cases, from deep inelastic neutrino scattering.
Qur present knowledge comes from the following sources:

(1) Nuclear beta decay, when compared to muon decay, gives

Kobayashi and Maskawa themselves
involving four angles, 81, 82, 83 '5:

1

d' —s)c3
s = s~ c2 c]c2c3 —s2s3e ib

/ i6
C )S2C3 + C2S3e

—s s1 3

c)c2s3 + s c3eib

c
& s&s3 —c2c3ei8

d

used a parameterization

. (2)

~here the quoted uncertainty includes a statistical minimization
error of + 0.003 and an estimate of -5% theoretical uncertainty
due to SU(3) symmetry breaking. For the hyperon decays this
involved a simultaneous X fit to V„,and the SU(3) parameter
nD ——D/(D+F). A subsequent analysis using some new data on
hyperon decays and similar theoretical inputs for form factors, etc. ,

gave

cpeg
i6'—s c&s&e

—s&c
—ib', —s~c c&+ s s&e

Cpsg

c c&
—s s&s&e

i6'

—ib'-c s&s&
—s c&e

Sp

s c&e' (3)

where c = cosP, s = sin P, etc. With P = p = 0, the ftrst two gen-
erations of quarks decouple from the third, and 8 is directly the

where c; = cosHi and s; = sinai for i = 1,2,3. In the limit 02 03 ——

0, this reduces to the usual Cabibbo mixing with 0& identified with

the Cabibbo angle (up to a sign). The angles 0&, 02, 03 can all be
made to lie in the first quadrant (so that all sj cj are positive) by an

appropriate redefinition of quark field phases.
Slightly different forms of the Kobayashi-Maskawa parametriza-

tion are found in the literature. The K-M matrix used in the 1982
Review of Particle Properties is obtained by letting s& ~ —

s& and 6

~ 8+~ in the matrix given above. An alternative used in another
review is to change Eq. (2) by s& ~ —

s& but leave 6 unchanged.
%'ith this change in s&, 0& becomes the usual Cabibbo angle, with

the "correct" sign (i.e., d' = dcos0& + s sin 8&), in the limit |32 = 83
= 0. The angles 8&, 02, 83 can, as before, all be taken to lie in the
first quadrant by adjusting quark field phases. Since all these
parametrizations are referred to as "the" Kobayashi-Maskawa
form, some care about which one is being used is needed when the
quadrant in which 5 lies is under discussion.

A quite different parametrization is due to Maiani in terms of
angles 8, P, y, and 8'.

l V„
i

= 0.227 ~ 0.003 +. 0.013 . (7)

lV„,i = 0.231~ 0.003,

where the quoted error is statistical and does not include an esti-
mate of the uncertainty due to SU(3) symmetry breaking.

(3) From neutrino and antineutrino production of charm, the
CDHS group has deduced

i
V di = 0.24 + 0.03 .

(8)

Values of
l
V

i
from such experiments are dependent on assump-

tions about the strange quark density in the parton-sea and are not
well enough constrained to give information which is not already in
hand from l Vedi and

i Vcbl (see below), plus unitarity.
(4) The ratio lV„b/V b i

is obtained from the semileptonic
decay of B mesons by fitting to the lepton energy spectrum as a
sum of contributions involving b ~ u and b ~ c. The relative
overall phase space factor between the two processes is calculated
from the usual four-fermion interaction with one massive fermion

The first error is statistical and the second represents an estimate of
the effect of SU(3) symmetry breaking. A recent CERN hyperon
experiment carried out a series of different Cabibbo fits with vari-
ous experimental and theoretical inputs. Results are quoted for
the effective "vector" and "axial-vector" Cabibbo angles and the
overall Cabibbo angles (see Table III of Ref. 6). A representative
value is
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Further information on the angles requires theoretical assump-
tions. In particular, as CP-violating amplitudes involve sin 6,
assuming that observed CP violation is solely related to a nonzero
value of 6 allows additional constraints to be brought to bear.
While hadronic matrix elements whose values are imprecisely
known now enter, the constraints from CP violation in the neutral
kaon system are tight enough that there may be no solution at all
for certain quark masses, values of 8, etc. See Refs. 11, 12, and 13.
Additional correlated bounds on quark masses and mixing angles
can be obtained from K& ~ p, +p, , which involves a hadronic
matrix element known from K&3 decay.

F(b ~ u/u&)
&0.05,

F(b ~ cd&)
(10)

translates to

I V,bi &0.15 . (11)
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F(b~cEv~) = BR(b~ efv&) GFmb
F(mb, m ) lV bi

b 192m
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ACCESSING AND USING PARTICLE PHYSICS DATABASES

A number of publicly accessible computer databases
containing particle physics information now exist at various
institutions. Some of these databases are for literature
searching, allowing the user to locate papers of interest,
while others contain actual numerical data. The following
discussion gives some idea of what is available and how to
get started using these databases. The two locations covered
are SLAC and Rutherford Appleton Laboratory (RAL).

The SLA.C Parole Physics Databases

The databases of interest at SLAC are: (1) HEP, a
literature-searching guide for all particle physics journal arti-
cles, preprints, reports, theses, etc., indexed by the standard
bibliog-aphic quantities and, starting sometime in mid-
1984, also indexed by accelerator, detector, beam momen-
tum, reactions and particles studied, etc.; (2) RPP, contain-
ing the Data Card Listings from the Review of Particle
Properties, indexed by particle property; and (3) EXPERI-
MENTS, a guide to current and past particle physics experi-
ments, indexed similarly to the HEP database. In addition,
it is hoped that the Durham-RAL databases discussed below
will also be available at SLAC in the near future.

All these databases are managed by the SPIRES data-
base management system, which runs interactively under
VM/CMS on SLAC's mainframe IBM computers. To enter
SPIRES, once you are logged onto the computer, key in
CALL SPIRES. You can then obtain information about the
database you are interested in by typing in, say, EXPLAIN
RPP. To actu~M&y access the database, enter, for example,
SELE(:1 RPP. You may then 6nd out what terms are
available for searching on by keying in SHOW INDEXES.
To see the form of the contents of a particular index, say
the PP (particle property) index of the RPP database, key in
BROWSE PP; this will give you an idea of what kinds of
expressions appear in this index, and thus will suggest what
form you should use in your search. Then to do an actual
search for information, say for the RPP Data Card Listings
on the g meson mass, you ~ould key in a command like
FIND PP ETA MASS, folio~ed by the command TYPE;
this would print out the Listings for the p mass. At any
time, you may get help by typing in such commands as
EXPLAIN EXPLAIN, EXP&AN SHO%' INDEXES,
EXP&AN BROWSE, EXPLAIN FIND, EXPLAIN TYPE,

etc. When you are finished searching, key in EXIT, which
gets you out of SPIRES.

Anyone who has an account on the SLAC computing
system can access these databases online. If you do not
have an account and cannot find anyone who does (at main
laboratories, ask at the library), please contact SLAC
directly. An extensive wall poster, "A Guide to VM
Spires, " is available from the SLAC library. For more
information, contact Alan Rittenberg at LBL (CMS-id
AXRVX, tel. 415-486-4723, or 451-4723 on 1 I'S), or
Louise Addis at SLAC (CMS-id ADDIS, tel. 415-854-3300,
ext. 2411).

The Durham-RAI Particle Physics Databases

These databases contain compilations of current and
past experimental particle physics data (e.g. , reaction cross
sections), and are available for interactive searching under
CMS on Rutherford Appleton Laboratory's mainframe IBM
computer. The topics included are: (1) two-body (and
quasi-two-body) reactions; (2) hadron and photon one- and
two-particle inclusive distributions; (3) lepton-produced
inclusive data (i.e., deep inelastic scattering, structure func-
tions, etc.); and (4) data from e e annihilations. The data-
bases also contain complete bibliographic information on
these and other related topics, plus status information of
current particle physics experiments. To insure that the
databases are up to date, experimentalists are urged to send
their data to the compilers immediately on completion.

The databases can be easily used by anyone having
network access to the RAL computers; a guest identifier
PDG (password PDG) is available for those who do not
have their own CMS account. An EXEC file, HEPDATA,
on the UDISK gives direct access to the databases, and con-
tains an extensive built-in HELP facility to assist the
unfamiliar user. Data is retrieved using a simple keyword-
based search, and can be displayed in either tabular or
graphical form.

For more information, or a guide to the service, please
contact Michael Whalley at Durham University, England
(CMS-id MRW; tel. 0385-64971, ext. 591), or Richard
Roberts at RAL (CMS-id RGR; tel. 0235-21900, ext. 5259).
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