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article be referred to as "Review of Particle Properties"
and that the tables with the averaged values be referred
to as "Particle Properties Tables. " Further, please
attribute them to the Particle Data Group rather than
to individuals.

To make communication easier we now state who
has concentrated on each major table. The list for the
last i2 months is:

Stable I'articles: N. Barash-Schmidt, A. Barbaro-
Galtieri, G. Conforto, L. R. Price, and M. Roos; with
help from Hans Bichsel and Peter Schmidt (on hyperon
masses), and from George H. Trilling and William J.
Willis (on X decays).

MesorIs: P. Soding, M. Roos, and A. H. Rosenfeld,
with assistance from L. Dubal.

Saryoes: A. Barbaro-Galtieri and C. G. Wohl, We
thank Claude Bricman, Claiborne Johnson, and Herbert
Steiner for their advice on phase-shift analyses, Philip
Dauber for advice on ~*'s, and Robert D. Tripp for
general helpful discussions.

We enjoy and need your help in the form of sugges-
tions, preprints, the verification forms that you return,
and even irritated phone calls. Please keep up the neces-
sary communication.

II. GENERAL REMaRKS

This review is an updating through October 1968 of
Rosenfeld ef al,. (1968), with minor changes.

We point out in each edition that it is inappropriate
to make reference to this compilation instead of to an

original work (to which we even provide a handy

citation), but some people still just quote us, without
warning the reader that ours is a review and not an
experiment. To emphasize this point we ask that this

~ Now at Brandeis University, Waltham, Mass.
1' Permanent address: DESY, Hamburg, Germany.
f Work done under auspices of the U.S. Atomic Energy Com-

mission,
**Work supported in part by National Science Foundation

Grant GU-2175 and Grant GP-9093.

Our procedures are as follows. We read journals and
preprints and from information so obtained we punch
data cards and reference cards for each relevant experi-
ment. These cards are listed following the main text.

Computer programs make weighted averages of these
data, and the results are summarized in three tables:

(i) Table S covers all stable particles (leptons,
mesons, and baryons), i.e., those states which are
immune to decay via the strong interaction.

(ii) Meson Resonances.
(iii) Baryon Resonances.

Fach table is of slightly diGerent form; thus, Table S
109
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includes magnetic moments and weak-decay asymmetry
parameters, the meson table has two columns of names,
one familiar, another more orderly, and the baryon
table includes information on what momentum pion
and E-meson beams will form certain resonances.

These three tables, along with other useful informa-
tion, appear at the end of this article on perforated
"wallet sheets. " The sheets are thin and durable, and
the reader can fold them to carry around.

Of course most of our work involves deciding how to
handle data. Often it is best not to average a given result,
either because it is already incorporated in a later
paper or because we have some reservations about the
experiment. When the data for a particle have received
special treatment, this is noted in a "mini-review" in
the listings.

III. SOME STATISTICS
/

In this section we present two sets of statistics: first
on the increasing rate of production of data in particle
physics by year and by experimental techniques, second
on our procedure for critical compilation of data.

~Total C

data (OK for
a vera g ing)

0 l964 l 965 l 9 66 l 967 l 9 68

FIG. 1. Statistics on the increasing rate of production of data
in particle physics. From the top to the bottom, the number
of results per half year are presented for stable particles, meson
resonances, I'*+™*rs,and the total of three above. The full
lines correspond to bubble-chamber techniques (BC) and inter-
rupted lines correspond to counters, spark chambers, and mass
spectrometers (C). Within each topic (stables, meson resonances,
etc.) and for both techniques (BC and C) the lower lines cor-
respond to highest-quality data (accepted for averaging and
fitting) and the upper lines correspond to all the results (including
those which we only quote). The dashed areas give the number
of nonaveraged results.

A. Growth of Data

On our data cards we punch both "year published"
and "technique used, "so that it is relatively easy to sort
input by topic and technique.

In Fig. 1 we have divided the entries into three topics:

(1) Stable Particles.
(2) Meson Resonances.
(3) Baryon Resonances. For baryons we have

excluded E*'s because so many of our references are to
review articles rather than to the many counter experi-
ments, the most important of which involve polariza-
tion measurements. We have also excluded Z*'s, where
there are only a handful of experiments, and it is not
even clear that there are any Z*'s.

For all the above we have excluded cards appearing
in the listings but applying to resonances that are still
so tentative that they are excluded from our tables.

We have sorted data entries according to two major
techniques, omitting about 20 emulsion results and 30
results attributed to "reviews. " The two major tech-
niques are called BC (for Bubble Chambers of all kinds)
and C (for Counters, spark Chambers, and mass
spectrometers) .

We wondered whether to count only the highest-
quality data (those results which are accepted for
averaging and fitting) or all data, including those that
we list enclosed in parentheses. We have plotted both
in Fig. 1, and they seem to tell the same story.

The entries in Fig. 1 and Table I tend to rise from
year to year, and a quick glance may suggest that they
give cumulative counts. This is not so; we list entries per
unit time, and the slope indicates only that our 6eld is
still growing. Naturally, the keenest competition be-
tween bubble chambers and "counters" is in experi-
ments with stable particles. Bubble chambers provide
almost all the information on mesons, but electronic
devices and polarized targets have been needed to
disentangle most of the S*'s.

Professor H. D. Taft recently made a similar sorting
by technique of the last 450 publications in I'hyskal
Rettiew Letters. Nearly ss were theoretical, but (of the
remaining 35%) 15%described bubble-chamber experi-
ments, 20% related to other techniques. How can Taft's
count show bubble chambers trailing 15 to 20, whereas
at the bottom of Fig. 1 we show them far ahead? The
explanation is probably that bubble-chamber experi-
ments tend to produce results bearing on several differ-
ent states, each of which we count as an entry. Sy
contrast, counter and spark-chamber experiments tend
to be single-purpose and produce only one result per
experiment.

B. Selection of Data

We hear comments from some of our colleagues that
we should be more selective in our acceptance criteria
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TABLE I. Results accepted per year. The top two rows of this table are plotted at the bottom of Fig. 1. Note that this table gives
results per full year, whereas Fig. 1 gives results per half-year.

Year

Technique

Bubble chambers

Counters + spark chamb.
+ missing-mass spec-
trometers

Emulsions

RVUE (review)

Code' 1964

33
+98

= 131

+8
—9

2
+3

1
+2

3

1965

45
+178

=223
19

+19

+38
2

+9
=11

4
+2
=6

1966

92
+171

=263
24

+43

=67
0

+1
=1

2
+0
=2

1967

73
+267

=340
28

+87

= 115
1

+3

2
+2

1968
(k year)

31
+170

=201
30

+55

=85
0

+0
=0

6
+8

=14

Total

271
+869

= 1140
102

+212

=314
5

+16

=21
15

+14

=29

Code: c =quoted only, b =averaged, c =total.

for input data, and from some others that we should be
less selective (particularly with the phone list at the
end of the Data Booklet!) . Accordingly, we have decided
to give occasional statistics as to how much we refine"
the input.

At the top of each page of the listings there is a note,
"Data in parentheses have not been included in our
averages. "We now explain when we use this "ignore"
feature, although a glance at the listings may be more
informative.

After we have read a paper, we keypunch the results,
even if we do not want to average them. Of course, if a
quantity is presented with no error stated, our averaging
programs have to ignore it. In addition, we may want
to exclude it for several other reasons:

(i) The result comes from a preprint or conference
report, and has not yet been verified by the authors.
Our problems with such prepublications are discussed
further in Sec. V.B,

(ii) It involves some assumptions that we do not
wish to incorporate.

(iii) It is of poor quality, e.g. , bad signal-to-noise
ratio.

All the above are put in parentheses and ignored in our
fitting procedures.

For last summer's edition we surveyed the 3fesoe
Table. There were 550 reference cards, which generated
860 data entries. Of these, about 50% were considered
useful enough to average, and another 5% were sig-
nificant upper limits which also influenced the tables in
some way.

IV. EXPLAINING PEAKS VS EXPLAINING
THEM AWAY

We would like to be able to state here some precise
criteria for accepting a bump as a resonance; however,

the eventual formulation of such criteria must await the
solution of some of the most fundamental theoretical
problems about the strong interaction, and even when
they are finally understood there is no reason to assume
that there will be a clean line of demarcation between
"particles, " background, and other phenomena. For a
discussion of resonances, particles, and poles see Chew
(1966) .

Many physicists feel that even though a bump is
experimentally convincing, one should always first try
to explain it away in terms of some threshold or t-

channel effect, and only if this "fails" should one con-
sider it as a possible resonance. Thus, when we tabulate
the A1 mesons, we warn "Existence still in doubt"
because there are Deck-eGect or similar interpretations,
But here we want to warn against such warnings and
emphasize that there may be no intrinsic contradiction
between s-channel explanations (resonances) and t
channel effects (forces). Thus, for peaks like the A1,
we are beginning to realize that we should compile data
on the coxnplete uninterpreted peak (without model-
dependent background subtractions) and wait for
theoretical progress.

There are cases in which we have dismissed an
experimentally notable bump, for example, the X+p
bump near E5 threshold —called Z~ in our listings.
Enough Eh events are now available to permit a partial-
wave analysis. It turns out that both the P1 and the P3
wave are large at the bump, and that neither of them
looks very resonant. If, later, better partial-wave results
(particularly from the elastic channel) should show
resonant behavior, we would move Zy back into our
tables. The point we want to emphasize here is that in

judging which bumps to accept we consider that precise
data are much more decisive than general criteria, and
that we do not try to dismiss a bump just because of a
possible nonresonant interpretation.
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FIG. 2. Dalitz plots for three-pion states of total mass 980, 1060,
and 1310MeV, illustrating the overlap of the p bands.

The above should not be taken to mean that we eager-
ly try to add bumps to the table —we have strict experi-
mental criteria. The data must be statistically sound,
and we consider the evidence available from confirma-
tory or conQicting experiments.

We check also that bumps are not accidentally
enhanced by imposing too many selections on the data.
For example, see Fig. 2, which we have always carried
as a warning about the H meson, a bump said to be
mainly in the m+~ ~0 spectrum near p+ threshold. (We
no longer believe in the H, but the discussion still
applies in the A1 meson region. ) The figure shows that
just above px threshold the Dalitz plot is almost fully
covered by p bands; then, as the 3x mass increases, the
Dalitz plot grows, so there is a decrease in the fraction
covered by p bands. Hence, p selection causes a relatively
smooth 3x spectrum to peak up at px threshold. Every
experimentalist knows this; nevertheless, one must be
on guard that an ordinary 3a (o denotes the standard
deviation) fluctuation is not accidentally amplified to
40. or 50 by this eGect and then taken too seriously.

V. NOTES ON THE,TABLES

A. General Notes

Quoted errors represent standard deviations. In-
equalities are also standard deviations or 1/ coenfidence
levels. In Io(J")C we have I=isotopic spin, 7=spin,
and 8=parity. The others —G and C (or C„)—are
discussed in Sec. VII (Mesons). Well-established quan-
rum numbers are underlined (except in Table S, where
most of the quantum numbers are established). We
have used mimsy evidence to guess many of the remain-
ing ones, and we have indicated with "P" the ones for
which there is almost no evidence.

As is customary, we define antiparticles as the result
of operating with CPT on particles, so both share the
same spins, masses, and Incan lives, Whenever there is a

particularly interesting test of CPT invariance we
include it on Table S.

For resonances, I' represents the full width at half-
rnaximum.

For broad resonances there is an inconsistency in the
way the central value 3fz is usually stated. For a well-
studied resonance like 5(1236) or A(1520), it is con-
ventional to caB Mg or Eg the energy at which the
resonant amplitude would (in the absence of back-
ground) become pure imaginary. But this does not
mean that the peak in an observed cross section occurs
at M~, because kinematic factors enter into the relation
between amplitude and cross section. ' Thus, the peak
in the ~p cross section near A(1236MeV) actually
occurs at 1223 MeV. Nevertheless, some papers stilI

simply report the energy of the peak in the observed
cross section. For well-studied resonances, we have pro-
tected the averaging programs from masses and widths
obtained without the proper kinematical factors or the
proper background treatment. For the others, we have
used whatever data were available.

B. Fluctuations in Average Values Since the
Preceding Edition

Any quantity which has changed by & 1 (old) stand-
ard deviation from its tabulated value in January or
August of 1968 is italicized. Our motivation is twofold:

(1) we are calling attention to poor procedures either
on our part or on the part of the experimenters; (2) we

suspect that quantities which have Auctuated unex-

pectedly in the past may continue to do so in the future.
(We are not sure that this latter point is correct, but it
seems reasonable. In particular we guess that there is a
correlation between harder-than-average experiments
and large fiuctuations in the results. )

The most common reason for this kind of Quctuation
is that physicists often report a value and error for a.

parameter in a conference report or preprint, and then
enlarge the error by the time the experiment is published
in a journal. If the preliminary result is included in our
average, the central value is shifted sharply towards
this new measurement and the error shrinks. Later,
when more reasonable errors are pubhshed for the experi-
ment in question, the averaged value again returns close
to the old number, which is often a shift of more than
one shrunken standard deviation. We are attempting to
avoid this in the future by not averaging data from
conference reports or preprints Nnless the authors
specifically write us that the errors they have quoted
are not likely to be enlarged before the paper is pub-
lished in its 6nal form.

VI. NOTES ON TABLE S (STABLE PARTICLES)

Rates. For E decays we tabulate partial decay rates
in'- addition to branching ratios. For comparison of
experimental data with theoretical predictions, it is

' See, for example, Jackson, 1964.
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necessary to know the rates and errors corning from an
over-all 6t that takes into account the correlations
between the various measured quantities. Our programs
provide such 6tted quantities. A comparison with the
AI= —,'rule is reported in Appendix I.

CP eiolutioe in E decays. Parameters of current
interest are

rt+ A(K——r,~sr+2r 'j/A -(Ks-+sr+2r )—
= In~lexp(i&+ ),

os= A (KL~oro2ro) /A (Ks~orooro)

I 2ioo I exp (&oo) .
The phases P+ and poo have been. measured directly,
whereas the magnitudes

I rt+ I
and

I rtoo I
are derived

parameters. We have used, as far as we could, the
directly measured quantities as input, and have cal-
culated

I rt+ I
and

I 2too
I

from the values given by our
constrained fits. Therefore, if one looks at the data card
listings, most of the

I rt I
measurements do not appear as

such, but in the form of branching ratios, with appro-
priate comments.

hS= EQ rglei I K decays. The validity of this rule is
measured by the parameter x, de6ned as

so=A(K'~2r l+v)/A(K' —+2r 1+v).

We list Re x and Im x.
Form factors i22 Kt, lePtortic decays Assum. ing that

only the vector current contributes to these decays, we
write the matrix element as

( I
&. IK)-Lf.(~') (F +~-).+f-(~') (F -F.).3,

where PE and P are the four-momenta of E and x
mesons; f~ and f are dimensionless form factors which
can depend only on q2= (Ez I' ) 2, the squa—re of the mo-
mentum transfer to the leptons. The parameters we list
are

Q, the energy dependence of the f+(qs) form factor,

f+(V') =f+(0)11+4(V/m-)'3;

and $, the ratio of the two form factors,

~=f /f, .
The quantity t can be determined in different ways.
See the note in the listing, after E+ decays, for discus-
sions of methods used to measure $ and of experimental
results.

A/V ratio for baryort leptottic decays The baryon . part
of the matrix element for these decays may be written as

g4 I v~(gv —gave) I
&' ),

where 8; and 8& represent initial and 6nal baryons, and
g~ and g~ the axial and vector coupling constants. The
Pauli metric is used for the 7 matrices and therefore the
value of ga/gv in neutron beta decay is negative. We

co~pile the ratio g&/gv for those decays for which it has
been measured.

Asymmetry parameters in ttortleptonic hyperoN decays
The transition matrix for the hyperon decay may be
written as

M =s+p(Pr'q),
where s and p are the parity-changing and the parity-
conserving amplitudes, respectively, P& is the hyperon
polarization, 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

n= 2 Re (s*p)/(I s I2+
I p I'),

p= 2 Im (sap) /(I s Is+
I p I')

7=(l ~ I'—
l p I')/(I s I'+

l p I')

With the transition matrix (1), the angular distribu-
tion of the decay baryon, in the hyperon rest system, is
of the form

I=1+nPr. q.

The polarization P& of the decay baryon is'

(a,+P& q) q+P(Pr x q)+yq x (P„xq)
Pgg ——

1+crPr q

where P& is de6ned in that rest system of the baryon
obtained by a Lorentz transformation along q from the
hyperon rest system in which q and P& are de6ned. Note
that n is the helicity of the decay baryon for unpolarized
hyperons.

The three parameters n, P, and y satisfy the relation

~2+tl2+ p2 —1

It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters o.
and the angle g de6ned by

P= (1—n2) '" sin p,

y= (1—a2) "' cos y,

which has a more nearly Gaussian distribution than P
or p. Evidently

for 7&0,

for y(0.
In discussing time-reversal invariance, the quantity

of interest is 6, de6ned by

~= 2
I s

I I p I
cos ~/(I s I'+

I p I'),

2
I
s

I I p I
»»—/(I s I'+

I p I');

2 Lee and Yang (1957.) Note that this paper contains a misprint.
The minus sign in the definition of P should be replaced by a 2.
In addition our unit vector g is the direction of the baryon,
vrhereas their unit vector p is the direction of the pion.
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that is, A is the phase angle of s relative to p. Evidently

for 0.)0,
fol 0,(0.

(Note that this definition of A is slightly different from
the one of the 1967 edition. ) Under the assumption of
time-reversal invariance, the angle b, must satisfy the
relation

states; so it is useful to define an extension G which has
eigenvalues for charged states too.4 It is usually ' defined
by

G=C exp (ivrI„).

A neutral nonstrange state is an eigenstate of
exp (ivrI„) with eigenvalue (—1)i. Then we can write
the eigenvalue equation for the whole multiplet as

G C ( 1)i (3)
modulo m, where 8, and B~ are the pion —baryon scattering
phase shifts at the appropriate energy and for the ap-
propriate isospin state. For A decay, assuming the
validity of the

~
iLI

~

= s rule,

A= 8, 8~= 8—I . 8II —(6.8+——2.0) deg. '

On the data cards, we list o. and P for each decay, since
they are the most closely related to the experiments and
are essentially uncorrelated. Whenever necessary we
have changed the signs of the reported values, so as to
agree with our conventions. In Table S we give a, p, and
5 with errors; and for convenience we also give the
central value of y, without an error.

VII. NOTES ON THE MESON TABLE

A. The Symbol-Minded Apyroach

If a meson has a well-accepted colloquial name, we
use it. If not, we name it by a single symbol which
specifies its atomic mass number A (=0 for mesons), its
hypercharge I', its isospin I, and, for a nonstrange
meson, its G parity Lsee Eqs. (2) and (3)].We choose

I=O; g if G is even, g if it is odd

I= 1; p if G is even, m. if it is odd

I=—'; E2)

I=-,'; (if ever established) I..
To crowd even more information onto the symbol,

we add a subscript giving J".Thus q~(1070). If JF is
not known, but must be normal (0+, 1, 2+, ~ ~ ~ ), e.g.,
because x~ or EE decays are seen, we use the subscript
E. Thus Kiv(1400) . If Irs and KK modes are Not seen
Land are not otherwise forbidden, e.g. , by Eq. (5b)
below], we guess it is because I is abnormal, and we

write, for example, K~(1320).
When two states have identical quantum numbers,

we add a "prime" to the heavier, e.g. , g, I1'; f, f' Land
for baryons we write E, X'(1400, ~+)].

B. G Parity and the Shorthand C„

The charge conjugation operator C turns particle into
antiparticle, and has eigenvalues ~1 only for neutral

' This value for 8,—b„ is derived from the phase-shift analyses
by L. D. Roper, R. M. Wright, B. T. Feld, Phys. Rev. 138,
B190 (1965). The error is our estimation of the uncertainty.

where C„(N for neutral) is the eigenvalue C would have
if applied to the neutral member of the multiplet. Thus,
for a Fo, C has the eigenvalue +1, and since I=1,
G= —1. For the charged pion there are no eigenvalues
corresponding to C and to the isospin rotation, but C„
is still +1, and Eq. (3) still gives G= —1.

C. C, I', G for Meson~Particle-Antiparticle (e.g. ,
n.s., KK, 7Ip, or Quark-Antiquark)

The formulas below, starting with Eq. (6), are useful
for several reasons.

(i) The presence or absence of sIr or KK decay
modes (neutral or charged) helps determine G.

(ii) Since pp captures at rest are known to be from
S states (Day et a/, 1961) there are constraints on the
I (I ) of the mesons produced.

(iii) The quark model gq predicts unitary multiplets
of mesons with I', C, and G defined by Eqs. (11) and
(12), below.

We now present a summary of the arguments leading
to Eqs. (7) through (13), and put details in Appendix
II.

For two identical spinless bosons, like x'~', Bose
statistics require that the wave function P(r) must be
symmetric under an exchange operator X.

Bose symmetry can be extended to x+x . The
"indistinguishable" pions now have two coordinates,
r and I„or (better for this argument) r and charge Q.
Complete exchange, X, can then be written

or better,

X4'(r I*) =X (r)X (I*)4'

X4'(r Q) =X (r)C(Q)4'.

4 Most texts define it as in Eq. (2}; see, e.g., Gasiorowicz
1966; however, sometimes the rotation is taken about I . The
difference between the two conventions is mentioned in a footnote
in Kallhn 1964.

If the state has angular momentum l, so that
f~ I' I(cos8), then X„has eigenvalue (—1) '. )We
avoid calling I„"parity" because when we get to the
case of fermion —antifermion X, will still be (—1)',
but parity will be —( —1) '.]



so

and, by (3), G ( 1)&+I

Bose symmetry still requires that

X„C=+1,

C.=X,=(—1) t,

(4)

(Sa)

(Sb)
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Exarnp/e of neutra/ meson &IV—E'

Whenever / is even, neutral EE must appear as
Ega, E~EI., and E+E in the ratio 1:1:2.If l is odd,
we can find only E&EI, and E+E, in equal numbers

( Goldhaber et a/. , 19S8; Inglis, 1961).

Table II used the gq nsodelWe show in Appendix II that Eq. (Sb) can be ex-
tended to apply to meson —aetimeson pairs, both with
total charge Q=0 (e.g., E+E ) and also nonzero
(e.g. , E+E' or ~+7r') .

We can further allow the meson (and antimeson)
to have spin (S~+S2——S). We exchange spins with an
operator Xg, which for two particles each with the
same integral spin is

(12)

For the gq model it is often convenient to multiply
(11a) and (12), so that l cancels and we haveXs=( 1)s

X=X'CXs=+1

( 1) t+s

G —( 1) l+s+I

(13)C-P= —(—1)s.
(7)

Thus for the singlets8aj

(8b)

Then

gives

(13a)'S 'P ~ ~ C P= —1and

First we want to note the parity of a gq state. Spatial
exchange Xt has eigenvalue ( —1) ', but an extra minus
sign enters into the parity of fermion —antifermion
(see Appendix II):

X=X„CXs———1.

The minus signs in (9) and (10) cancel, giving

C ( 1)t+s

(10)

(11a)

Note that (8a) and (11a) are identical, as we promised.
Finally, from (3), we get the familiar expression

for G,
G ( 1) t+s+r L(11b) (8b

Next we give some examples of Eqs. (8) .
Exarnp/es of rrteson~KK

As an example of Eqs. (4), (S) or (7), (8) consider
the A2 meson. Its main decay mode is 7rp, hence G= —1.
The A2 may actually be turbo nearly overlapping mesons,
but at least one component seems to go into E EBP,
so I= 1 for that component. Then, by (Sb), / is even.

Or consider the I=1 A1 meson. Its main decay is
again ~p, so again G= —1. Hence, by (Sb) we' ll see a
EE decay mode only if l is even. In fact no EE mode
is seen.

The spin factor seMom comes up for meson —antimeson
pairs, but it allows us to cast the expressions in a form
in which they apply identically to fermion-anti-
fermion, as we now show.

For two identical ferrnions, such as pp, with orbital
angular momentum l and spin S, the symmetry re-
quirements of Fermi statistics require X=—1. Spatial
interchange X„again introduces ( —1) ', and two
spinors have a spin symmetry

Xs = —( —1)s. (9)

Again we extend Fermi statistics to EE or gq states.
Complete interchange can then be written

and for the triplets

'R '&o,i,o '''C.&=+1. (13b)

VIII. NOTES ON BARYON TABLE

Just as we did for mesons, we identify baryon states
by a single symbol which specifies atomic number
(A = 1), hypercharge F, and isospin I, but for baryons
no attempt has been made to attach a subscript about

With Eqs. (12) through (13) we can construct
Table II (similar to Table III of Goldhaber, 1968). In
an attempt to make the logic easy to follow we have put
in much redundancy.

Do not confuse the two diferent meanings of the
word "abnormal" on the table. Its first use is in the
connection between J and P. We call "normal" the
series J =0+, 1, 2 ~ ~ ~ =E; and "abnormal" the
series J~=0+, 1,2+, - - =A. Its second use is to describe
the relation to the eigenvalue of C (or C„) and j~.If the
sign of C can be explained in terms of a quark —antiquark
model (qq), as in fact it can for all known mesons, we
say that C is "normal"; otherwise we call it "abnormal. "
At the bottom of the table we list such abnormal states,
all waiting to be discovered.

As a final remark on Table II, we point out that
(except for one special case) these abnormal C states
have normal J~ and CP= —1. In order to demonstrate
this we made a separate column which displays with a
subscript normal and abnormal J~. It is then easy to see
that the J~=A mesons come from both singlet and
triplet gq states, each with a diGerent value of CP;
J~=E cannot come from singlets, and so cannot have
CP= —1. The reason for the special case of course is
that there is no 'S state with the same J as Sp.
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A&LE II. 1~(J ) of mesons from gq model. For the distinction between abnormal J and abnormal C, see text. I=-,' states share
the same values of J as the I=p and I states shown, but are not eigenstates of G. The middle column, which gathers together (1 )N
Or &CI', is redundant and serves only to clarify the logic.

qq State
CP CP

's
0

S

Normal or
&abno r mal~

(s T), cp
rG(JP)C

0(O)+
[I (o-)+

Jo-(f-)-
(I'(f )-

Example s and comme nt s

D

3
P0

3P

D

3 D~
2

3D
3

3

3F
3

3

")A+

(3 )N+

(3 )A+

(4) +

0 (f )-
c(~ )-

Jo'(o')+
lf (")+
to+( 1+)+

1
(')

fo (2 )+

I1 (2 )+

fo (2 )+
lf'(2 )+

3saxne as S

J"(.)-
lp (2 )

tz &2

~'!J &2

3same as P

!Z &2

!
!
etc.

Al

riN( f 070)

mN(1016)

Regge recurrence
of ~S0, 0

Regge recurrence of
abnormal C, JP = 0
CP =+1

Abnormal C

J = 0state s

IIave no qq are

J = normal,P
0 (2 )-

(2 )-
0 (3 )+
1 (3 )+

CP=-I

ABNORMAL C STATES THAT CANNOT COME FROM qq MODEL

(0-) +,to (0 )-
l~'(f )-

- All except
t 0'(1-)+
lf (1-)+

(p+) [0 (0 )-
j +(

l +
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J and P. The symbols are

Zr for F=2,
Efor F=j.,
6 for F= 1,

A for F=O,

Z for F=O,

for F=—1,

0 for F=—2,

I=O, 1;
I=-.2p

I=—127

I 2)

the best values of Pl, P2, and Ps by minimizing y',
namely

~4 & Z„.—Z„I„I„p, 2

X —~
t~l a 1 6E„

In addition to the fitted values P;, the program cal-
culates an error matrix bP;bP;. We tabulate the diagonal
elements ttP;= (8P ilP )"' (except that some of the
errors are "scaled." See the following Section IX.B).
But if any of the correlations c;;= ttP;5P;/(( 8P;

~ ~
ttP; ()

is & ~, we insert warnings in the listings, except for the
obvious binomial cases like charged vs neutral A. decay.

Two further comments on the example above:
For the lowest-mass state of each F and I we use the
symbol standing alone; mass is in parentheses Li.e.,
E(1688), h(1405), Z(1770), etc.j.The J~ assignment
is reported in the table as ~+, ~, ~+, etc., and also by
the symbols P», D», P», which refer to the partial-wave
amplitude where the resonant state occurs (the first
subscript refers to the isospin state).

Most of the E, 6, h., and Z with M&2000 MeV have
been discovered either in phase-shift analysis or partial-
wave analysis. Masses and widths of most of these states
are dependent on the data and on the model used by the
diferent groups that performed these analyses; there-
fore, we do not quote an error, but only the most plaus-
ible values of 3f and F.

Resonances with mass 3f&2000MeV have been
detected primarily in total cross section experiments.
Any bump in the total cross section of size g, at the
value of the resonant mass gives information on the
elasticity x, and the J assignment of the resonance
through the expression

trres(total) = 42r~ (~+2 )&e.

(1) If partial widths had been reported along with
the partial fractions, we would have entered them in
our listings as 9;; AHR would then introduce another
parameter, the total rate F, with the condition that
gr;= r.

(2) Note that we do rsot allow for correlations between
input data. We do try to pick those ratios and widths
vrhich are as independent and as close to the original
data as possible.

When ieeqlalities are reported, on the erst iteration
we ignore them; we then check to see if the weighted
average of the other data violates the inequality. If an
upper limit is violated, we change the input data:
&x—+0&@.If a lower limit is violated, one cannot al-

ways invoke such a simple prescription, and each case
must be handled individually.
P' In asymmetric errors, we use a continuous function of
&(P)+ and tl(P) in the fitting. When no errors are
reported, we merely list the data for inspection.

Hyperon decay parameters

A. General Procedures

If J and x, are not separately known, the product
(g+—)x, for the resonance is given in the baryon table. The Program AHR handles any tyPe of inPut, ~, @,

6, P, or y, according to the definitions of Sec.VI. If for a

PRogE~URES poR TREgTDI'G THE Djt Ttjt particular hyperon decay there are data for more than
two of the decay parameters, they are analyzed by
using the constraint

Except for trivial cases, all branching ratios and rate
measurements are analyzed by computer program AHR.

This program makes a simultaneous least-squares 6t to
all the data, and outputs the partial-decay fractions P;,
widths W;, and their error matrix.

The original version of AHR was written by J. Peter
Serge. It is documented separately, and we wish here
only to give the simplest nontrivial example that permits
us to comment on the error matrix and the scale factor.

Assume that a state has only three partial decay
fractions, PI, P,, and P2 (gP;=1), which have been
measured in four different ratios, Rl ——Pl/P2, R2——Pl/Pe,

, R4 ~ ~ . Further assume that each ratio has been
measured by E experiments (we designate each experi-
ment with a greek subscript, e.g., RI ) . Then AHR finds

~2+p2+ ~2 —1

Coseeersi ore of meal lilies to rates

An experimenter has a choice of reporting a mean
life or a rate. Suppose he has an in6nitely large bubble.
chamber; then he can report a mean time

where E is the total number of decays observed, and t;
is the elapsed proper time for each decay.

Alternatively he can report a rate

r=Ã/gt;.

If his errors are large it is probably because E is small.
In that case one can see that the distribution of rate F,
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WEIGHTED AVERAGE = 0.038402 + 0.000101
SCALE = 2.28 - CHISQ = 15.6 CONLEV = 0.001

I
U

~ ~ ~ P ~

NOROBERG
~ AYRES

.LOB KOWICZ

OUNAITSEV
BARDON

ECKHAUSE
ASHKIN
ANDERSON

67 CNTR

67 CNTR

66 CNTR

66 CNTR

66 CNTR

65 CNTR

60 CNTR

60 CNTR

57 RVUE

with N in the numerator, should be fairly Poisson. But
the distribution of mean life v., with N in the denom-
inator, will be badly skewed. Accordingly, we have
inverted all mean lives before averaging data or making
ideograms.

3.X' Scale Factor

When we calculate the weighted average x, we also
calculate the y that all the measurements of x agree.
If there are N experiments, each with properly esti-
mated errors normally distributed, the average value
of g~ should be N —1.If g is much larger than N —1, we
average the data even though this may not be war-
ranted. But we plot an ideogram (see Fig. 3) to help
the reader decide which data to reject. He can then
make his own selected average. However, if g' is not
much greater than N —1, and we cannot select a single
bad experiment, we can still be conservative by the
following approach: Instead of rejecting one culprit, we
can assume that all experimentalists underestimated
their errors by the same factor (which is, of course,
[jP/(X—1)$'Is=—SCALE) . If this were true, we should
enlarge the output error 8(x) by SCALE.

In fact, this is exactly what we do. This scaling ap-
proach is already common practice in bubble-chamber
experiments, where track distortion is not fully under-
stood. For bubble-chamber data it can be justi6ed. For
this compilation, it has all the disadvantages of penaliz-
ing a whole class of students because of one naughty

CHARS PI DECAY RATE (UNITS 10++9 SEC-1)

I xc. 3. Typical ideogram: m+ decay rates. Results are usually
published as mean lives r, but we average rates, 7=1/r, because
rates are more normally distributed. The rms average P=
(38.40&0.10) 10' sec ' is drawn as a vertical line, with an error
flag at the top scaled up by a scale factor S=2.3. (It is easily
seen that even after scaling, this final result is not a satisfactory
statement of the situation. ) Only four experiments, indicated by
+ error flags, were precise enough to satisfy Eq. (15) and be
accepted in the calculation of the scale factor. The less precise
experiments were included in the calculation of P but not of
scale; they have & Gags.

child, but (like the schoolmaster) we sometimes know
of no other simple solution.

If all the experiments have errors of about the same
size, the above (straightforward) procedure for cal-
culating SCALE is carried out. If, however, we are to
combine experiments with widely varying errors, we
must modify the procedure slightly. This is because it
is the more precise experiments that most inQuence not
only the average value x, but also the error 8(x) . Now,
on the average, the low-precision experiments each
contribute about unity to both the numerator and the
denominator of SCALE, hence the y' contribution of
the sensitive experiments is diluted, i.e., reduced.
Therefore, we evaluate SCALE by using only experi-
ments for which the errors are not much greater than
those of the more precise experiments. Explicitly, to
calculate SCALE we use only the most sensitive experi-
ments, i.e., those with errors less than @, where the
ceiling 8s is (arbitrarily) chosen to be

8 =3EIlsb(x) (15)

Here 5(x) is the unscaled error of the mean of all the
experiments. Note that if each experiment had the
same error, 8;, then 8(x) would be 8;/XIts, so each
individual experiment 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, 5(x) is increased so that it is
approximately half the interval between the two
discrepant values.

We wish to emphasize the fact that our scaling pro-
cedures for errors in no way aGect central values. In
addition, if one wishes to recover the unscaled errors,
8 (x), he need only divide the given errors by the SCALE
factor given for that error.

A slightly diferent approach must be taken when a
number of different (but related) quantities enter the
constrai ried averaging program AHR.

According to our simple example, which led to Eq.
(14), the double sum for x' is summed over experiments,
leaving a single sum over ratios

x'= Z {x,I. (16)

From these x„"s we form SCALE factors (just as
before), i.e.,

(SCALE)„=x,'/(x. '),

and if any (SCALE)„ is greater than 1, all X of the
measurements of that particular ratio are equally
penalized by having their errors increased by SCALE.
Program AHR, then recycles on all the data, those with
errors unchanged as well as those with errors increased.
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We then get new values for 3 (P,), i.e., the errors of the
partial-decay modes. These errors are then folded with
the shifts in the central values, to give the tabulated
errors, i.e.,

3(P*)v.b= L~(P'')'+ (P' P''—)'j"
where P; is the Gtted value of the ith partial decay
mode before scaling, P is its value after scaling, and
3 (P ) is the error in P . The SCALE factors we finally
list in such cases are de6ned by

(SCALE);=3(P;)v,b/h(P;).

However, in line with our policy of not letting SCALE
acct the central values, we give the values of P; ob-
tained from the original (unscaled) fits. I The differences
between the P s calculated with either the scaled or the
unscaled errors are, of course, always nothin the tab-
ulated errors, 3(P;)i,b.$

X. NOTES ON THE DATA CARD LISTINGS

For each quantity that has been measured by more
than one experiment, we have added a line to the data
listings, giving the average value and scaled error for
that quantity. In addition, if a constrained fit has been
made, we have added a line giving the constrained re-
sult.

We illustrate with an example: Assume a particular
particle has only three decay modes, P&, P&, and P3
(gP;= 1) . Now suppose that three independent
branching ratios Rr =Pr/Ps, Rs——Pr/(Pq+Ps), Rs ——~ ~

have been measured (the problem is then overcon-
strained). From these data our fitting program, AHR,

calculates two types of results:

(1) P;t"see with errors (which have always ap-
peared on the tables).

(2) R "~e with errors (which now appear in the
listings, since there is no place for them in the tables) .

We also give the straight, undtted average for each R;.
On most data cards punched since May 1966, we have

indicated the date punched. On cards which have been
added since our most recent edition (Rosenfeld, 1968),
we have put an asterisk after the date.

For two-body decays our computer program cal-
culates the Q value and the momentum of decay. For
three-body decays, it calculates Q, and then calculates
the maximum momentum that any of the three particles
can have.

If skewed errors are reported, as is often the case for
mean-life experiments, both the fields "Error+" and.
"Error —"are used. If there is no entry in Error —,"
then the errors are symmetric.

Some of the data on the mass of the p, for example, are
followed at the far right by the entries +, —,or 0, with
the sign depending on whether the experiment involved

In the spring o5 1966 we removed some of the ob-
solete data and references. They may be found in our
earlier editions, e.g. , Rosenfeld (1965).

Starting in September 1966, we decided to punch
cross-section information on some rare mesons, provid-
ing the information is new and easily available in papers
we are processing anyway. We do not check or average
these cross sections as carefully as our other input.
This is an experiment, pursued randomly by some of us;
absence of cross-section cards for a given paper does
not imply absence of such information in that paper.

XI. HOW TO OBTAIN WALLET SHEETS, DATA
BOOKLETS, AND APPOINTMENT BOOKLETS

Extra copies of the tables from this edition are avail-
able from CERN or LRL—Berkeley, both in the form
of 7)&10-in. wallet sheets and 3)&5-in. booklets. We
can also supply 3&&5-in. pocket diaries for physicists,
which cover the academic year starting September 1968.
We occasionally receive requests for multiple copies for
classroom use; we can supply wallet sheet sets for 5g
each, data booklets for 10$ each, or the data booklet
plus diary in plastic cover for 50$.
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EXPLANATIQN GF SYMBQLS AND ABBREVIATIGNS

UsED oN THE DATA CARDs

Meassretnent Techjjiqle (TECH)

CC
CNTR
EMUL
HBC
HEBC
DBC
PBC
XBC
SPRK
MMS
RVUE

Cloud chamber

Counters, electronics

Emulsions

Hydrogen bubble chambers

Helium bubble chambers

Deuterium bubble chambers

Propane bubble chambers

Heavy liquid bubble chambers

Spark chambers

Missing mass spectrometer

Review of previous experimental data

ADVP Advances in Physics
ANP Annals of Physics
ARNS Annual Reviews of Nuclear Science

BAPS Bulletin of the American Physical Society

JETP EngIish Translation of Soviet Physics JETP
NC .Nuovo Cimento

NP Nudear Physics

PL Physics Letters

PPSL Proceedings of the PhysicaI Society of London
PR Physica1 Review

PRL . Physical Review Letters
PRSL Proceedings of the Royal Society of London

RMP Reviews of Modern Physics
ZPHY Zeitschrift fQr Physik

The following abbreviations refer to proceedings of Conferences.

AIX
AR GONNE
ATHENS

BALATON
BERKELEY
BNL

BOULDER
CERN
CORAL GABLES
DESY

DUBNA
KIEV
OXFORD
ROCH

SIENA

Finally,

BNL
CU
NYO
UCRL
etc.

Brookhaven National Laboratory
Columbia University, indudes Nevis Reports
New York Operations Oflice, AEC
Lawrence Radiation Laboratory (University of California)
refer to unpublished reports of the Author's Institution.

International Conference on Elementary Partides, Aix-en-Provence, '196i
International Conference on Weak Interactions, Argonne National Laboratory, 1968
Athens Topical Conference on Recently Discovered Resonant Particles, Ohio University,
i963
Symposium on +leak Interactions, Balatonvilagos, Hungary, 1966
International Conference on High Energy Physics, i966
International Conference on Fundamental Aspects of Weak Interactions, Brookhaven
National Laboratory, 1963

Symposium on Strong Interactions 1965
International Conference on High Energy Physics, 1958 and 1962

Conference on Symmetry Principles at High Energy, l964 and 1965
Internation Symposium on Electron and. Photon Interactions at High Fnergies, Ham-
burg, 1965
International Conference on High Energy Physics, f964
Ninth Annual International Conference on High Energy Physics, 1959
International Conference on Elementary Particles, 1965
Fifth (Sixth, Seventh) Annual Rochester Conference on High Energy Nuclear Physics
1955 {1956,1957).Annual International Conference on High Energy Physics, Rochester,
f960.
International Conference on Nucleon Structure, 1963.

Beginning in January 4969, when we must abbreviate an institutional name on the data cards we will use the

following (which is the list used by the HERA group at CERN):

AACH
AERK
AMKS
ANL
ANNA
ARIZ
ATKN
ATHO
SARI
BKI G
BKRG
BERK
BKRL
BERN
BGNA
BIRN
BNI
BOHR
IgNH
BROW
BRVX
BUFF
CAKN
CALT
CARN
CASE
CAVE
CCHY
CDKF
CEA
CERN
CHI C
COI 0
COL.U
CORN
DARK
DKSY
DUKE
DVRH
KF IN
EPOL
ETHZ
FIRZ
FI AS
FLOR
FRAS
GKNO
GEVA
GLAS
GRAZ
HAMB
HARV
HAWA
HE 10
HELS
ILL
140
!OWA
IPN
I RAP
IRVH
I TKP
JHQPJ I NR
KARL
KRAK
LAHC
LESD
I EID
L. I VP
LOI C
I OVC

AACHENeGERMANY TKCHNISCHK UNIVo AACHEN
HARWKLLeBKRKSeKNGLo ATOMIC ENERGY RESEARCH ESTABLISHMENT
AMES ~ IOW4tUSA iOWA STATE VNIVo
ARGONNE e ll I oUSA ARGONNK HAT o LAB
AHN ARBOR e NICHe USA UNI Ve OF NICHIGAN
TUCSOHe ARIZ tVSA UNIVoOF ARIZONA
ATHEHSeGREECE NVCL. EAR RESEARCH CENTRK DKMOKRITOS
ATHENS e OHI 0 t USA OHIO UNI V ~
SARI ~ ITALY UNI Ve DKGLI STUD I Pl BAR I
BRVXKLLKS ~ BELGIUM INST ITUT INTERUHI VERSI TAIRK DES SClENCES NUCLEAIRES
BKRGKNtNORWAY FYSISK IHSTITUTT
BERKELEY ~ CALtUSA UNIVe OF CAI IFORNI A
ZEIJTHENeBERLINeGERNoFORSCHVNGSSTKLLE FUR PHYSo HOHKR ENKRGIKN PER PAW
BERN ~ SWITZKRLAND UNIVo BERN
BOLOGNA e I TALY UN I V e 0 I BOLOGNA
BIRMINGHAM eEHGL4ND 'LII RMINGHAM UHIVe
UPTON Ll ~ NY tUSA BROOKHAVKN NAT ~ LAB ~
COPENHAGKNepENNARK NIEL. S BOHR INSTITUTE
BONN ~ GERMANY
WALTHAM ~ MASSt USA BRANDK IS UNIVERSITY
PROV IDENCK t RH o I t USA BROWN UN I V e
BRVXELLESt BELGIUM UNIV ~ LIBRK DE BRLiXEt LES
BVFFALOeNYeUSA STATE UN I Vo -OF NEW YORK AT BUFFALO
CAEN ~ FRAHCK LAB ~ DE PHYS e CORPUSCUL 4 I RE
P ASADKNA e C AL t USA CAL IFORN I A INST e OF TECHNOLOGYP I TTSBURGHePAtUSA CARNEGIE IHSTo OF TECHNOLOGY
CLEVELANP ~ OHIOeUSA CASE WESTERN RESERVE VNIVe
CAMBRIDGE ~ ENGI AHD CAVENDISH LAB ~ eCAMBR IDGE UNI Ve
NEW YORK ~ NYtVSA CITY COLLe OF THK CITY OF NEW YORK
PARIS eFR14CK COLLEGE DE FRANCE
CANSRIDGK ~ MASSeUSA CAMBRIDGE ELECTRON ACCELERATOR '

GEHEVA ~ SWITZC'RLAND EUROPEAN ORGANISATION FQR NUCLo RESEARCH
CHI CAGOe ILL e USA UN I Vo OF CHICAGO
BOULPKReCOLeUSA VHIVe QF COLORADO
NEW YORK eHY t USA COLUNS I A VNIVe
ITHACAeHYtVS4 . CORNEL VNIVo '

DARKSSURY ~ ENGLAND DARESBVRY NUCLe PHYSo LABo
HANBURGeGKRNANY . DEUTSCHKS ELKKTROHEN~SYNCHRQTROH
DURHAN ~ NCeVSA DUKE UNIV'
DURHAMeENGLANO UN I V ~ QF PURHAN
CHICAGO ~ ILL eUSA ENR I CO FERMI INST ~ FOR HUCLo STUD IKS
P AR IS e FRANCE ECOLE PQLYTECHNIQUE
ZUR ICH e SW I TZERL AND E I PGKNOSS I SCHE TKCHN ISCHK HOCHSCHULKF I REHZE e I TALY UH I V o 01 F I REHZK
TALLAHASSEKtFLA ~ VSA FLORIDA STATE UNIV ~
GAINESVILLKeFLA ~ USA UNIV ~ OF FLOR IPA
FRASCAT I ~ ITAL.Y I ABORATOR I NAZIQNALI OEL. SINCROTROHE
GENOVAe ITALY UN I Vo Dl GEHOVA
GENEVA ~ SW I TZERLAND VNI Ve DE GENKVE
GLASGOW ~ SCOTLAND UN I Vo OF GL4SGQW
GRAZ ~ AIJSTRI A UNI Ve GRAZ
HANBURG ~ GERNANY UNIVe H4NSURG
CANBRIDGE ~ MASS ~ USA HARVARD VNIVe
HOHOI VLU ~ HAWAI I eVSA UNIVe OF HAWAII
HK IDELBKRGeGKRNANY VNIVe HKIDKLBERG
HKI SIHKI eF IHLANP HELSINGIN YL IQP. ISTQ
URBANA ~ ILL ~ USA UNI Ve OF ILL IHQ IS
BLOOMINGTON e INP e USA VN I Ve OF IND I ANA
IOISA CITY ~ IOWA ~ VSA UNIV ~ OF IOWA,
ORSAY e FRANCE . INST ~ DK PHYS ~ NUCLKA IRK
PARIS ~ FRANCE INSTITUTE DV RAD IUN
IRVI4E ~ CAL eVSA VNIVe OF CALIFORHIA
MOSCOWeUSSR INSTo FOR THEORe ANP KXPERINo PHYSo
BATINORKeNDtUSA JOHNS HOPKINS UNIVERSITY
DVBNA eUSSR JO INT IHSTe FOR NUCI ~ RESEARCH
KARLSIeVHEt GERMANY TECHNISCHK UNIVe KARLSRVHK
KRAKOWePOLANP JAGELLONIAN VNIVo
LAHCASTER ~ KNGI' AHD LANCASTER UNI Vo
NOSCOWeUSSR LKBEDEV PHYSICS INST ITVTE
LK IDEN eNETHKRLAHDS INSTo' I ORENTZ
L I VKRPOQI ~ ENGLAND L I VERPOOL UNI Vo
L04004eENGLAND IMPER IAL COLL o OF SC IENCK ANP TECHNOI OGY
LOHPONeENGLANP UNIVo COLL. ~

LOV I
LRL
LUND
MADR
NAHH
NAHZ
MASS
MCG I
NCHS
MICH
MILA
MI T
NP I M
44I
NAPL
NPAM

„NEAS
"NEV I
NI JM
NOVO
NWES
NYV
OHIO
OREG
ORNL.
ORSA
ORUC
OSLO
OTTA
OXF
PADO
PKHH
PISA
PITT

PURD
REHO
RHKL
R I SO
R IVS
ROC H
RONA
RUTG
SACL
SERP
SH4M
SL4C
ST44
STEV
STLO
STOH
STQH.
STRB
SVSS
SYR
TENN
TNTO
TOR)
TUFT
VCLA
UCSB
VCSC
UCSD
IJMD
UTAH
VAHD
WARS
WASH
WIEN
WISC
YAL K

BATOH ROVGE ~ LA ~ USA L
BERKELEYeCALtVSA L
LU40 ~ SWEDEN V
MAPRlpe SPAIN
NEW YORK e NY e USA
MA 1HZ ~ GKRMANY U
AMHERSTeMASStUSA V
MphTREAL CCANADA M

MANCHESTER' ENGL. AHO V
KAST LANSIHGtMI ~ USA M
MILAHOe ITALY V
CAMBRIDGE' MASSEUSA
MU41CH ~ GERMANY
OAK BROOK ~ ILL ~ USA 4
NAPOLI ~ ITALY V
NOTRE DAMES IHDeVSA
BOSTON ~ MASS ~ VSA
IRV[NGTON~QH~HVPSOH
NIJNKGEN ~ NKTHERLAND
NOVOSI 8 IRSK ~ USSR
EVANSTONe II LeUS4
NEW YORK' HYtUSA
COLUMBUS ~ OHIO ~ USA,
EVGENE ~ QRK ~ USA
OAK RIPGE ~ TENNeUSA
ORSAY CFRANCE
OAK RIDGE ~ YEHNeUSA
OSLO eNORWAY
OTTAWA' C4NAPA
OXFORDeENGLAND
PADQVA ~ ITALY
PH I L1DELPH I 4 t PA ~ USA
P ISA ~ ITALY
PITTSBURGHePA

CAUSA

giH) j$84egJtVI4
LAFAYETTE' IHPtUSA
REHOVOTHt ISRAEL
CH I LTOH e 010CQT ~ BERKS
ROSKILPE ~ DKNMARK
R I VERS I DK ~ C AL ~ USA
ROCHKSTER ~ HY e VSA
ROME ~ I TAI Y
NKW BRUNSWICKtNJeUSA
SACLAY ~ GIF~S YVKTTE
SERPUKHOVeUSSR
SQVTHANPTONtENGI AND
STANFORDeCALeUSA
STANFQRD ~ CALtUSA
HQBOKKHeHJeUS4.
ST I OVIS ~ NQeUSA
STOCKHOLM' SWEDEN
STONY SROOKeLleNY
STRASBOURG' FRANCK
SVSSKXeKNGLAND
SYRACUSEeNY ~ USA
KNOXVILLE ~ TKHNeUSA
TORONTO ~ C1NAPA
TOR 140 ~ I TALY
TRIKSTE CITALY
NEQFORPeMASStVSA
LOS ANGKLKStCAL ~ VSA
SANTA BARBARA ICAL
SANTA CRUZ ~ CAL ~ USA
LA JQLLA ~ CAI ~ USA
COLLEGE PARKtMOeUSA
SALT LAKE CITYeUTAH
NASHVILI E ~ TKNNeUSA
WARSAWePOLAND
SKATTLK ~ W4$tUSA
W IEN ~ AUSTRIA
MAQ ISONe WI 5 eVSA
NKW HAVKN ~ CQNNeUSA

OUI 5 I ANA STATK UNI Vo
AWRKNCE RADIATION LASs ~ UNIV ~ OF CAI IFOR
Hj Vo I LUND

JUNTA DK KHERGIA NUCLEAR
ANHATTAN COLl ~
Nl Vo MA INZ
NIVeOF MASSACHUSETTS
C GILL UNIV@
N I Vo QF MANCHESTKR
I CH I GAH STATK LIN I V ~
Nl Ve 0 I MI LAND

MASSACHUSETTS INSTe OF TECHNOLOGY
MAX~PLAHCK~INST ~ FUR PHYSIK UND ASTROPH

ATIOHAl ACCELERATOR LABo
Nl V ~ Dl NAPOI I

HQTRK DAME UNIV'
NORTHKASTKRN IJNIV ~ ,
NEVIS LABSeNYtUSA
R e K ~ UN I V ~ Nl JMEGKN
IHSTe OF NVCLo PHYSe
HQRTHWKSTERN UNIVo
NEW YORK UN IV o
OH I 0 STATE VN I Vo
VN I Vo OF OREGON
QAK RIDGE NAT ~ L.ABo
VNI Vr DC PAR IS ~ FACULTE DES SCIKNCES
V41 04 CARS I QE NUCI ~ 0 I V I SION
OSLO VN I V ~
NATIONAL RKSLARCH COVNC IL
OXFORD VNI Ve
VHI Ve 0 I PADOVA
UN I V o OF PENNSYL. VAN I 1
VNI Vo 01 P ISA
VNI Ve OF P ITTSBURGH

g jNggg~gptesYLYAHIA pRQTQN AccEI ERAT
PURDUE VHI Ve
WK IZMANN INSTo OF SCIENCE
RUTHERFORD HIGH ENERGY LABe IKNGLANQ IRESFARCH ESTABLISHMENT RISO
UHI Ve OF CALIFORNI 4
UHIVe OF ROCHESTER
VNIVo DKGI I STUDI Pl RONA
RUTGERS VNIV ~
CENTRE DtETUDKS NUCLKAIRKS SACLAY IFRANINSTe OF HIGH KNKRGY PHYSo
UNIVe OF SOVTHAMPTON
STANFORD LINEAR ACCELERATOR CKHTKR
STANFORP UNIV'
STEVENS INST ~ QF TKCHNOI QGY
WASHINGTON IJN I V e
STQCKHOLMS VNI V ~
STATE UHIVe OF NKW YORK AT STONY jtROOK
CK HTRK QK 8 RECHKRCHKS NUCLEA IRES
SUSSEX UNIVo
SYRACUSE UHIVo
VHIVe OF TKNHESSEK
UNIVo OF TORONTO
VH I Vo Dl TORI NO
VHI V ~ Dl TRIESTK
TVFTS UNIV ~
VNI Vo OF CALIFORN I 4
UNIV ~ OF CALIFORHI A I USA I
IJN I VQ OF CAL IFQRNI 4
VNIVe OF CALIFQRNIAtSAN DIEGO
VH I V ~ OF MARYLAND
UNI Vo OF UTAH I USA I
VANDERB ILT UN I V ~
UN I Ve OF WARSAW
UNIVo OF WASHINGTON
UNI Vo 'WIEN
UN I Vo OF W I SCONSIN
YALK. VNIVKRSITY

NIA

YSIK

OR

CE)

lUSA I
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PARTICLE PROPERTIES: January, 1969

Doooral Atoalc aai ttocloar Coaataota a

= 6.02252 X 10 mole f(based on AC12n f 2)
= 2.9979ZSXipipcm sec
= 4.8029BX10 esu = 1.60210X10-19coulomb
= 1.60210X10 "erg
=6.5819 Xip MeV sec
= f.05449Xf0-27 erg sec
= 1.9732 Xip 11MeVcmts 197.3? MeV fermi
= 8.6171X f0-f 1 MeV/' = 1 eV/11605'K
= c2/rtc -"1/137.0388
= 0.51f006 MeV/c = 1/1836.10 m

P
=938.256 MeV/c = 1836.10 m n6.721 m 4e
n 1.00727663 mi{where mi = 1 amun ~ mCf 2

= 93f.478 MeV/c )
=e /mcc = 2.81777 fermi (1 fermirs 10 cm)
=pm c = r e = 3.86144X10 iicm
ntlZ/m e = r e-2 0 529167 A(1A fp Bcm)

al r = 0.66516X10 cm =0.66516 barne »14 -1= erl/Zm c "0.578817 X 10 Mev gauss
-18

= etl/Zm ca3.1524& Mev gaussP

Decays

Flactloa N
c
e
1 MeV

Pu')c Mac g partial
(00V) a)cia

Q

ast

Maaa Maaa Moao
(MoV) ill(orcase IMc (acc)

(MoV) ay{co)

0 stable

0 stable

stable

stable

7 p f(f»)» 0 (&2, X fat MeV)

0(&0.2 keV)
0(&1.6Me V) kBoltzmn

* 1.001159557
4~ 000000030

0.511006
4.000002

ett
Xm c

105
f05
104
105

0.000 stablestable
(&2X102 1ye ln

m
P2, 1983X10-6

4.0008
cv -"6.592X10

100
{&1.6
( &f.3
( &6

0.011 evv
eYY
3e
eY

53
53
53
53

105.6 59
4.002 a )10-5

)10 7
)fp= 1,00116614

0000003
ett

Xm c

139.578
4.013

re
k

nt Bohr
fr Thomson
~Bohr

n -33.9RQ
4.013

30
70
30

5
70
67
67
67
67

34
139
34

139
135
134
135
133

100
{ f,2440, 03)10

i,z440. zs)10 4

( fe0240e07)fp
e( 3'p 4p. 5 )10»8

( 98,8340.04)%
1,1740.04)%

6)10-
b( 3 47 )ip5

0.019 )av

)%
evy

0.018
ye+e-
YTY
ere e e

2.604X10"
4.007, Sn2, 3c
cv n 781

4.6041 (r+-V-)/V n (0.0940,07
4.0037 (test of CPT)

c 0.89X10 16
4.18. Sof.64
cv = 2.67X10

~nuci0 f (0 ) f34.975

(rad sec gauss )trartlal Iatoa (coc ) cyclotron

(51.5440.30)10 S = 1.2c = e/2mec "-8.79404X106

(f7,P340.26)106 s = 1.2 3
( 4.5240.03)106 S = f.fc = e/2mpc =4.7895 Xip
( 1.3840.04)10 (continued on other sheet)
( 2.$e s o.ff)106 S= 2.4c
( 3.9340.06)106 S= f,zc Based mainly on E, R. Cohen

and J. W. M. DuMond, Rev.
Mod. Phys. 37, 537 (1965)- Note that recent fine structure
and ac Josephson effect measurements currently indicate
that e fs ?0 ppm larger than thc value given above. The
corresponding readjustment of the fundamental constants
will increase e by 60 ppm, rt by 100 ppm, mc by 60 ppm,
and decrease N by 60 ppm. For a preliminary analysis
~ce W. H. Parker, B. N. Taylor, and D, N. Langcnberg,
Phys. Rev. Lett. 18, 287 (1967).

i.fc 388
1.Ze 219
1,?e 7S

84
2.4c 253
i, ze 358

214
214
109
109
493
219
75

354
353
143
354

R(0 ) 493,8?
4p. 11

0.244 ( 63.6540.29)% S =
( 21.0340.30)% S =
{ 5.5740o04)% S =
( 1.7040.05)'%
( $.10 s o.fr)% S =
( 4.86'40.07)% S =
( 3.4 40.3 )10-5
( &7 )10-7
( 1.0 40.S )10-5
{&3 )10-6

1.2440.40)10-5
e( 2.2 40.7 )10
e( 10 44 )10 5
e( 6 44 )10 4

)10-6
( &2.4 )10 $
( &1.1 )10

236
205
126
133
215
228
203
203
151
151
247
R05
126
227
227
17R
227 I

1.235Xf 0
4.004 S = 1.8
cv = 370
(v+-7 )(vn(. 094, 1R)%
(test of CPT)

Snf, 3S

)IV
lrll
alar "ar+
srv4co
tLar v
ecsv
alar&a v

stars)a v

alar )ACV

ev
ll1C

alar

ecvy
arc e
arlL Il
llyy

3.94
40.13

K -'(0 ) 497.76 short' y long

0.86zxip
0 469 f 4,006 Snf, ?
4 015

5.3BX10-8
4.20
cv = 1614
S = 1.7e

CI ot otattoa D~~atora

A(Kyar ar )fo 14
= I'Is Ic

( ) A(K ar ar ) (oo)

40.16
s= f.scA{0-)is 0.248 ar ar

ass alp
( 68.4 41 1 )%
( 31,6 '

)%
219 RO6 ( 0 79440 013)10
228 209 ( 0.36740.013)101

KL . ,{0 ) 0.248 aroaroaro
sr+sr-are
c)Av

c)ar ar

v lr
YY

c+e

93 139
84 133

253 216
358 229
R19 206
228 209
R19 206
498 249
392 238
286
497 249

21.$ s 0.7 )% Snil2
12.1 s 0.$ )% Snf, fc
28.1 40.8 )%
$1.7 &09 )%

( 0 1$1 s 0.000 )%
still uncertain

'(& 0.4 )10-34
5.? 4P, 5 )ip

& 0.6 )10
( & 1.5 )10-6
{&1.7 )ip 5

( 6.00 s 0.20 )1P
(2,36 40m f0 )106
(5.22 40.25 )10
( 7.Pf s 0.$P )1P
( 0.02940 ~ 00 l) ip

S=1.3
S=1.44
S=1.3
S=f.44

I v) In (1.9240'04)Xf0

n (50*8)o+»

t
still uncertain, sec

os data listings for
published values

Table S: STABLE PARTICLES. January, 1969.
{Closing date for data: November 1, 1968)

From Review of Particle Properties, UCRL-8030.
N. Barash-Schmidt, G. Conforto, A. Barbaro-Galtieri, L. R. Price, Matte Roos, A. H. Rosenfeld, Paul SBding, C. G. Wohl

Qnantfties fn italics have changed by mote than ona (old) standard deviation sfnca Jannary, 196e.

an

as
r
an

an

cs
I
tat
an

p+(p")+ 548.8
40.6

I'n(2, 634.64)keV Neutral 1 gdecays (ar ~71.1% 3ar
Charged ' ll+ar-aro
decays I at+sr y
28.9% i' ll e e-

n+at-e+e

( $e.f s 2.$ )It
7.$ s g.e )g )Snf.3e 414

( aa. aft. e)g $ (,)( 23.3 41.1)% Snf.ze
( 5.5 40.5 )% 269
( & 0.01 )% 413
( 0.1 40.1 )% 268

274
258 Doaay Permatora
179
174 Moasaoi236 hfagnetfc Moment
258 {ert/zm c) e 4(degree) y
236

Dorloog

b(degree)

p
n $8')

p ()+)

938.256
40.005 -1.2933

4.0001
40.005

111$.60 1 34
tp. oe

1192.46
f{$ ) 40.12

S=i.Ze

i(P) 1197.32
40.11

S=1.3e

n -7.92
4.13

-4.86
J . 4,07

g+ f{f ) 1189.40
40.19
Sni, 74

stable z8(&2X10 y)
(0.9$g S 0.016)f0$

cT = 2 ~ BQ X 1Q13

2.51Xfp-ip
+.03 Sn1, 3
cv n 7.54

0.810X10-10
4.013
cv n Ri43

1{K»l nv)+

I'(I ~g nv)
&1.0X10
cv&3Xfp 4

1.64X10"
4.06 S=2.4
cv = 4.92

0.880

O.BBR pe v

1.R45 par
nato
pev
plav

f,412 par
nar+

PY
ns+y
Ae+v

04 (n)a+v
ne+v

1.422 byAe+e-

1,434 nar
ne v
ntL V

Ae v
nil

100

34'7 41.2
( 0.8540.08)10-3S=1.3 177
( 1.3540.60)10 4 72

( 52.8 41 5 )%
( 4Iaz ' )%
{ f.9 40.5 )10-3

c( 0.9 40.3 Jip-4
( R.1140.45)10-5
(&036 )ip 4
( & 0.19 )«-4

116
110
R51
110
73

144
249

6 n(176.146 4)'t

-6.343.5)' 0,76 (7 543,9)'

+0.14tForh~ pev —= -0,97 0 zz~ gV

.95540.070 Sni. ie
+.01840.039 {161421)

189
185
R25
185
72

ROR
224

2.5
4, 5 0.95 («88 2 )

100
b( s.4s )10-3

77 75

100
( 1.0840.05)fp 3
( O.ee s 0.06 )10-3

0'.6040.'06) 10-4
e( &1 )10-3

118
257
15R
81

118

193
230
210
79

193

.06 40.05 (4417)
For Z ~ne v,

For Z ~hev,

1.0 (z30 j)S)~

g /g n 0.2840.16t

gV/gA n 0.340.3t

R.79R763
4.000030

1 1.913148 gA = -f.e$1 s .010 t4.000066 gV

100 0 73 0.64640.016 (
104 4.16 0.71 40.18
163 S=1.24
131

~n

IS
I
rn

00 $($+) 3
4 0.7

-6.6
4,7

3.03Xfp"10
+.18
cv n 9.10

1.728 Aaro
par
pe v
Z+e-v
X e+v

E )a v
PIA v

100
(& 0.9
(& 1.3
{&1.5
(& 1.5
{&1.5
(& 1.5
(& 1.3

)ip 3
)10
)10
)fQ 3

)1Q 3

)1Q»3
)1Q 3

64 f35
R37 299
376 323
125 119
117 112
20 64
1R 49

R71 309

~ 3540.08 {25421) '

S=1,3S
Oo85 (22 4 38

aas

1

8 )($ )~ 13?1.25
40.18

0(y )~ 1672.44.6
Snf. fe

f.66xfp 10
+.06
cv = 4.98

13 10-0,3
cv = 3.9

2 ~ 797 «0
»» ar

4
»» tt
AK

1.746 Aar
Ae v
Zoc "v
A v

nar
ne v

100
d{0.6740.23 )10 3
(&0.5 )fp"3
( &1,3 )fp-3
( &0,5 )%
{&i.1 )10-3
( &1.0 )%

8 events scen
3 events seen

13 events scen

66
205 190
128 122
100 163
23 70

242 303
381 327

217 293
216 R89
63 210

-.41 4,04 (-349) 0.90 (172418)
S=f.3e

)The definition of these quantities is as follows: I'for more
details on sign convention, see text]

It = af 1-e"sin@ gA/gV defined by:2lsl lplcosA
Isl + Ipl

( flydgv-gAys
I I IPI . y n~f-e coco 6 defined by:

Isl + Ipl gA/gV I BA/gV I c

~sa

W
I
Ial
ala

S = Scale factor -" vx. /{N-1) where N tv number of experiments. S should be ra f. If S & 1, we have enlarged the error of the mean, 6x, f. e, ~ 6x~S 6x,
1

This new convention is still inadequate, since if S & 1, the real uncertainty is probably even greater than S6x. Sce text of January 1967 edition.
In decays with more than two bodies, P is the lnaximum momentuln that~an particle can have. $ Predicted from SU(3).

b. Theoretical value, see also data card Iistkngs. d. Assumes rate for " ~ Roe v small compared with" ~he v.c. Sce note in data card listings.
e. See date card listings for energy limits used in measuring this branching ratio.

STADLSS STADt. gg STADLES
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MESDMS. January, 1 969

Change in Notation. The subscript N stands for "normal spin-parity series" (J =0, 1,21, .~ .), A for "abnormal" (J =0, 1+, 2",...).

IC
~5
CCI

CI
us
m

Sylllbs)M ) ) (J )8„G P~ 4514b.
7» gl455

tMfh
l

(Msv)

M455
M

(Ms V)

M {a)+I' M

(Gsv)

S 4t

gm14X
(M, V) (M4V/4)

Mole Fr44tien

» {140)
»'{135)

O(549)

~l
p (765)

n(o )

a{0 )

p(1 }

1 (0 )+ 139.58 7.2 eV 0.019483
134.97 +1 2 ey 0.0182f7

0 {0 ). 548, 8 2.63 keV 0.301
~O.'e +.64 keV +.000

(1 )-, 765 125
A10 azo

0.585
*.095

See Table S

ail neutral
lf tlf-&to+It&'ll- y

If»
It+If+ n t&4

»» If+If
» y
tl lf

e+e
+

ls

) See Table S71

c 100
0.2
0.15
0.4
0.8

.006 f+.0005 (d)

.oo66+.oof 5 {e)

49f 359
212 Z47
21? 247
63o 37?

8? 146
769 385
559 370

w(783) &{Il(f") .0 {1 )- 7834 126
+0.7 +i. 1

s =2.04

0.614
+.010

„+„-„4
If+Ic-
» y
tl+ neutral

"y
4»4y

eCe-

90
seen (f)
9.3+0.8

0.0068+.0022( g)
0.10
0.2

369 3ze
504 366
648 380
234 199
504 366
513 368
782 392
572 377
437 356

Quantities in italics have changed by more than one (old/ standard deviation since January, I 965.
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See note (h), on name

0+(0 1+ 958.3 &4
+O.ePJ = 2 not yet excluded

fl .

0.918
&.004

I1»&f 71 a 4
»+» y(incl. Psy) 22 a 3
yy 6, 2+ 3.1 (s)
for upper limits see footnote (i)

131 23?
958 479

04

&as hl
O 0

I

f» O
O CI

»' I I»Ono & t»o
~ ~ ~ ~

Cal CO
ra ra
O»»

a&I

O
W

O

I«

&&Ia
O
ct

5(962)
~

? { ) &f ( )
~
These two +5

/ could be related~ see listings
(1016) )»{0 ) 1 (0 )I 1016

KKJ H +fo
Resonance, virtual oound state, or antibound

&{l(fof9) &{I(f),0 (1 )-, 1019.5
Ao. e

S= 1.5

&5 0.927
&.005

flit possibly seen 278 306

25 f es 1.032 K K
+,0?5 tl If

state, still not dlstlnguished.

only mode seen 24 110(80 3Z8 342

3.7
Ao. e

1.039
a.004

K K"
KI,KS
»c'lt lf4 (incl, pff)
e+e-

for upper limits

47.6 a 1.8 3?
S28&f9S fS ?4
f9,6 + 2S S» I.S 605
0.036a.006 1018
O. O35+ 035-.018 808

see footnote {j)

fz6
109
46?
510
499

f)0+ (f07 0) 1(0')
KSKS

0+(0+» ff j f070~
+Zo

80 {?) f.i4
see note (k) +.09

Resonance or scattering length both possible.

Af (1070) It{1+) 1 -( 1+)c. 1 070) 80(I-I pz 0Existence still in doubt
~l (J = 2 not yet excluded)

B(f220) p(A) fi {i+)«1Zzf
? +16

J = 2 &
3", . . . still poss.

f(1260) tl'(2+) 0+ (Z+)+ i?64
kfo)

123
+fe
S=i.3

145
+25&

Su2. 7«

1.14
«.09

1.46
+.f4

f.57
k. f 5

&65

&35

3» see note (E) c 100

793 516

198

651 488

KR 0.25[Gn(-f) forbids
calif « ioo 297( 30)scfjlgests
KR ' "z4o
for other upper limits see footnote (m)
lflf large 984
Ztf&zlf- 705
KR indic. seen, & 267

thfsl
339
600
360

616
552
388

D(1285) tl'(A) 0 (A)+ 1285
e4

J = 0",1+, 2 with 1 favored

A2L(f 270)»(N)

see footnote(n)

(N)+ 1269
A5

31
w4

26
+7

i.e5
a.04

KR»(mafnly»N(1016)») seen

KIRI R'K
» lt p not seen

p» {and»C neutrals) dominant

tin indication suggests J "-N
KR indication seen

1 54 304

-100
256 356

364 387

580 504

A2H(f 315)»(zi) p» (and»c. neutrals) dominant
KR seen
Olf indication seen

1"(2 )+ 1315
+4

1.7 3
+.04

410 426
327 434
626 532

24
+12

S =1.6see footnote(n)

E(1420) 11(A) K'R+ RVK
»N(f 016)»
'lf »tl
lflf p

0 (0 )+ 1424
~e

71
+fo
S=1.2

38 157
268 328
596 569
384 455

2.03
+.f 0

50 +f0
50 5& 10
88

not seennot yet excluded

,0 (2+)+ 1514
k5

518
128

1235
686
4f7

73
a23
S=1.8

n{Z') KR
K4R+ R VK

tl»»

M (MeV) I' (MeV)
p4 760+6 f f2*f2 $ from e e ~lf If, fits with energy-
p 754a9 f 05+20 } independent width

P f05415 ( frofn»N~»N, »» phase shift.
p 755+5 1foa 9 t analysis with Chew-Low extrapola-

tion, and energy-independent width

p 767+2 f35+10 similar, but energy-dependent width
and off-shell corrections

p 764az f47+4 from If N~»N, fits in phys. region,
energy-dependent width.

Energy-independent width is a narrow-resonance approximation which tends to give lower mass and width. Thus an
analysis of all e+e ~»+If data with Omnes' formula and energy-dependent width gives M = 770+4 MeV, 1" = fzzaeMeV
(M. Roos, priv. comm. ).

(d) The quoted value of the rate p ~e e- is the average from two e e ~»»" experiments (which alone give an averageof (0.0060+0.0006)%) and one photoproduction experifnent of high mass resolution. Interference eFects with &a decayare hoped to be smalI.
(e) ylfarnfng: The values given in the literature, and in our table, for the rate p {A & may be sosYIewhat too high, dueto possible interference with Io decay.

(c) The values given for M(p) and I'(p) and their errors
are not average values from various experiments,
but rather are intended to give the range where we
believe the actual values are most likely to fall.
Contrast the results tabulated in this note;

(Footnotes continued on pagef24)

2, 29 570
f' (1515) 294

744
624

=t 522

The following bumps, excluded above. are listed among the data cards: O(41 0)l f10+(720) & H(990)& Af&(f 1 0}& PP{141 ) &

KSKS(1440}; If/p(f 550), &{&(1650), R(f 750); ff or p(f830)~4II1'&{I or»(f 830) ~&a»»,' S(1930); T(2200}; N}a}1 0(2386)& U(2380)&
n(725)' KN(11 00-1200); KA(1=3/2){1175);KA(1-3/?)(1 265); KA{1=1/2)(1280);KN(1=1/2)(1660)' K (2240)~ fN, (See note (p). )
Quoted error includes scale factor S =VXZ/(N-1}. See footnote to Table S.
Square brackets indicate a subreaction of the previous (unbracketed) decay mode.
This is only an educated guess; the error given is larger than the 'error of the average of t'he ptlblished values {see
listings for the latter),

(a) I'M is the half-width of the resonance when plotted against M .2
(b) For dec~y modes into & 3 particles p ax is the maximum momentum that an~ of the particles in the final state can

have. The momenta have been calculated using the averaged central mass values, without taking into account the
widths of the resonances.
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Beam «, K
(BeV)

(BeV/c)
r

(Me V)
l(J )

—estab.
1/2(1/2+)

Mass
(MeV)

938 ~ 3
939.6

1460

Particle or
resonance 2

P
n

N' (f470) 1/z(1/z ) P 1 T=o.52«p
p =0.64

260

N(i 518) 1/2(3/2 ) D13 T=0.60
p =0.73

f515 115

1/Z(1/Z-) S,1N(1550} T=0.62
p =0.75

15Z5 SO

1/2(5/2 ) DisN(1680) 167sT=0.88
p =1.01

145

1/2(5/2+) F15.(1688) 1690T=0.90
p =1.03

125

N' (1710) 1/2(1/2") S T=0.95
p=1.08

280

1/2(1/2+) Pi 1

1/2(7/2 ) G17

T=1.08
p =1.21
T=1.94
p =2.07

1785 405

N{2190)

N(2650)

2190 300

1/2( 2 )

1/2(

2650T=3.12
p =3.26
T"-4.26
p =4.40

360

4003030N(3030)

d, (f236) 3/2(3/2+) P33

mo-m++-

3/2(i/2 ) S31

3/2(3/2 ) D33

3/2(5/2+) F35

3/2(1/2+) P31

3/2(7/2 ) F37

120
«2

T=0.195 (++) 1236.0
p =0.304 +o.6
0.45«0.85 m -m++ = 7.9«6.8

1601630b, (1640)

b.{1690)

A(1910)

aaa(1930)

ta (1950)

T=0.80
p =0,93

1670 225T=0.87
p =1.00

250T=f,27
p =1.40
T=1.37
p =1.50

1880

1905 300

210T=1.39
p =1.52

1940

IS
a
Cl 3/2(11/2+)

3/2( 2+ )

T=2.50
p =2.64

3102420aea(2420)

A(2850) T=3.71
p =3.85

2850 400

3/2( ? )

0(1/2+)

0(1/2 ) Soi

0(3/2 ) D03

3230 440T=4.94
p =5.08

aea(3230)

1115.6

1405
«sc

1518.8
«1.5

p&OK p 40
«fo'

16
«2

h(1405)

A(1520) p=0, 392

A' (1670) 0(i/2 ) Soi p =0.74 1670 25

h' (1700) 0(3/2 ) D p =0.78 1690

A(18i 5) 0(5/2+) Fos0 p =1.05 75
«ioc

18i5
«sc

p =1.080(5/2 ) Dos

0(7/2 ) Go?

801830A(1830)

A(zioo)

CS

co
m

p =1.68 1402100

A(Z350) 0( 2 ) p =2.29
Seen in total c.s.

2102350

1(1/z+} {+)1189.4
(0)1192.5
(-)1197.3

p&OK p (+)1382«11(3/Z ) P13 (+)36«3
S=2.10

(-)38«8, S=3.7 1

65

Z(i 385)

S=4.80 I ~~(-) 1388«3
p=0.62 1615Z(1610) 1( 2 )

Z(1660) 1(3/2 ) D13 p=0.72 1660 50

Z Decaymodes of these two states not separated yet.
Z(i700) 1( 2 2) p=0.80 1700 110

(Footnotes are on pagof 241

MESON 8 II bARYONS

bAIIYONS

M «I"M
(BeV2)
0.880
0.883
2.13

«0.38

2.30
«0.17

2.33
«0.12

2.81
«0.24

2.86
«0.21

2.94
«0.48
3.19

«0.72
4.80

«0.66

7.02
«0.95

9.18
«1.2i

1.53
«0.15

2.69
«0.26

2.79
+0.38

3.53
«0.47

3.63
«0.57

3.76
«0.41

5.86
«0.7 5

8.12
«1.14
10.4
«1.4

1~ 24

1.97
«0.06

2.31
«0.02

2.7'9
«0.04

2.86
«0.07

3.30
«0.14

3.35
«0.15
4.4i

«0.29

5.52
«0.49

1.4i
1.42
1.43
1.92

«0.05

z.61
ko. 10

2.76
«0.08

2.89
«0.19
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Partial decay modes

Fraction p or pt
( fo) (Me V/gc

See Table S

NOH al % 0 Iaa
ar w aaa O Cr'0 S CQ Iaa a4

~San aAIAanaP4»'k 2

(mb)Mode
V}

~8
oo

0
l6

ttl

0

IO

w Ideal
III &,'III &,'PI III

0 etOO
N»
N»«

I
Ntr 1'

N»
N»»

[A(f 236)»] a
Nq

N»
Nq
N»»

N»
N»»
[b(f 236)»]a
AK
Nq

N»
N»»

[IS(f236)»] a
AK
Nq

N»

412
360
271
162

55
45

[domin]
[ seen]

50
50

[domin]
0.5

35
es

small
45
55
[2]

&1.6
&2.5
60
40
[2]

&.13
&1.5

es

28.8

452
4o6
219
137

23.9

459
161
4i4
564
530
361
209
374

23.1
NI IA
I-C ano anO

~ ~ ~ ~ ~ ~
O40 YIO

I4% Iaaf
a4

ano ala O
4I

0

~C

15.4

O
aA

~ ~
o4
H
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234
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590

f4.9

los

~ ~rl
Ir co
co In 0
a4 In o4
aA an CQ

14.0
~ ~ o 0

caa
O
Ial34

seen
N«
AK

636 12.1

35 6.21N» 894

if 54(J+1/2)x=0. 45b 3 ~ 67

e4 C4
aaa(J+1/2)x-"0.05 2, 621377N»

aaa

0100
0- 0.6

23i
89

262

91.9N»
N»+«
Ny

o
I4 0 o

CI
AI

53325
75

17.2N»
N»»

[rl III lll
560 is.eN»

10.1

9.62

o ca

~C

c0
CI
IA

69720

71325N»

8.90N»
ZK
Z{1385)K
b,(f236)»
8{1236)p
N»
N»»

N»

735
450
215
564

40
2.4
1.4

s 50
seen

S O OS-Oan Cee ooe4aaI O O.
O We'Wave OW OOan~ W Cataanwaaawata ~e c c eat' co c oO ao

4.671024
1007
iz66

11
& 20

(J+1/2)x=o. 25b

aA
Iaa a4

O
II II

Iaa a4

+

3.05
II4S4lananw& Oan Oanoe4

t W Waaae y Ial

+
(J+1/2)x=0. 05b Z. 24147 5N»

See Table S

100 140
Ot' «--c» C4 w Cd e r-A Cd
Z&, «~~ XC ~&~11 g gNR

Z»
A»«
Ay
NR
Aq
Z»

NR
Z»
A»»
Z»»

NR
Z»
Z(f 385)»
Aq

NR
Z»

NR
Z»
Aq
"K

Aoa

NR

235
258
251
350
410

66
387

429
403
4i9
350
538
500
359
346
550
5i 0

748
699
617
483
443
9i3

4 5«4 )$1 8»I
45«4
fo«f
0.9«0.2

14
33
45

Ial ata
w aas 0 ar OC4

aaIO»a0 IAO aOO 40
'H 'H 'H 'H 'H

28. 5
Iaa D

26. 125
35

s 20
= 20

O
O aA
OH
'aa 'H

0
co

ex
~C
Sl

0 0 o
a4

0
CI

16.7es
11
9

16.010
35 as

8.68

an O
O
Ch O

e4

O aA an oN
e4 o4 aaI aae

R
30

4
&3-1

&10

(J+ i/2)x=0, 6b

OI

0
~ ot

II oa
Oa O

00
Ol

as

~A

a4
II
Oa

O.8
O00

th

5.85 g~

Ca
II
O

a4
aA

vl
II II
O Oa

~ 0

O.~

O0
0

Ill

See Table S

IA

+ '+
Iao aaa

aA

90+3
fo«3

S=f.40

208
fi7 4

I
I4

37.9NR
A»
Z{i385)»

A+a ~a a Ig

A»
Z»

~mall
domin. mode

seen

355
406
171
197
400

large
small for both 29.9 an

25.1

aA O
0
c4large

not disentangled
470
411

blbYONSIlfSOII
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Footnotes for the MESON Table

(f) Reported values range between 1% and 'l0%, and depend on assumptions on p-~ interference.
(g) This co~ e e" value is the average from a 7r p ~ e+e n experiment (giving 0.0040+.0015%[+.0014% from possible pz

interferencej) and an e+e ~ m+m ?r experiment (giving 0.0085+.0016%).
(h) T»s 0 maison was named p on discovery, when it looked as if it completed. the 0 nonet. With the recent evidence

that the E(1420) is probably also 0, it is no longer clear whether p& or E or both are mixed in with the m, p, K
octet; so the name r)' may be misleading.

(i) Empirical limits on fractions for other decay modes of r)' (958]: s+e & 7/o, 3s & 7%, 4s & i ra, 6s & I'k,
~+~ e+e & 0.6%, ~ e+e & 1.3%, qe e & 1.1%, ~ p & 4%, ~ ~ & 8%.

(j) Empirical limits on fractions for other decay modes of fI)(1019): z z & 20%, qy & 8%, q + neutrals &13%,
'rr '1r y & 4%~ f)oy & 5%) py & 2%.

(k) Width of r)0 (f070) KsKs: Average value from two bubble chamber exPeriments is 1" = (72 e i3) MeV, whereas two
spark cham er experiments give I'&f00 MeV. The latter also allow a scattering length fit. It is not clear whether
the reported narrow (I' & Z5 MeV)s+s enhancements near f070 MeV have anything to do with the r)0+(1070).

(2) pm fraction of 3~ mode difficult to distinguish because p bands cover most of the Dalitz plot.
. (m) Empirical limits on fractions for decay modes of B(1Z20):m7r& 30%, KK & Z%, 47r & 50%, fI)~ & 1.5%, qm & 25%,

(KK)+ e & 8%, KSKS m & 2%, KSKI or+ & 6%,
(n) Although the splitting of the AZ needs further confirmation, we give the results from the two published experiments

that have observed a split A2. Since most experiments have only seen one, rather wide, AZ enhancement, we here
list its("combined") properties: IG(S&)Cn = i (2 )+; M = i29?eip MeV (S=i.s"') I1),1' = 9ieip MeV (S=i.i') (1); par-
tial decay modes: pm 86+2%, KK 2.4+ 0.5%, p7r 11+2%,p'7r 0.5+0.4% (S=2.1'"); n+7r 7r (excl. pm) & 17%.

{o) There is only a weak indication for a K R + K K mode of the f'(1514). If this mode does not exist, the KK branching
fraction will have to be reported as {80+13)%(rather than (72+12)% as given in the table), and qmvr as {20+13)%.

(p) See the listings for many statistically weak Y = 0 bumps with M ~1700 MeV, seen in bubble chambers. We tabulate
here 9 statistically strong?umps seen with a missing mass spectrometer (m p~ p(MM) ) or in HBC or counter
experiments on NN elastic scattering or total cross sections.

Name I M (MeV) I (MeV) Decay Modes Observed

R1(1630) &1 1630+ 15 ~( 21 1/3/&3 charg. part. = .37/. 59/. 04 '

RZ {1700) ~~ 1 1700+ 15 ~( 3Q 1/3/ &3 charg. part. = .43/. 56/. 01 ~

R3(1750) &~1 1748 + 15 & 38 1/3/ & 3 charg. part. & s14f&.80/s15
I

(MMS)
?

t
NN(f925) 0, 1 = i9Z5 = 10 structure in pp backw. el. scatt.

S (1930) ~~1 1929+ 14 &35 1/3/ &3 charg. part. = 0/. 92/ 0
? ( NN(f945) 0, i = i945 22 structure in pp backws el. scatt.

t NN(2190) 1 Z190+ 10 1 ~ = 85 ( structure in Ng total cross section
(2200) -1 2 l95 + 1 13 {MM) ~ 3 charged particl. = 94%

NN(2345) 1 2345+ 10 f ~ 140 ) structure in NH total cross section
U(2380) - i 2382 e 24 s & 30 r (MM) ~ 1/3/&3 chrgdpart. =30/45/25

NN(Z380) 0 2380+ 1Q = 140 structure in NN total cross section
There is no evidence on the G, J, or P quantum numbers of these bumps (apart from the suggestion of X = odd for
Np(1925), l = even for N5t(1945)), nor is there satisfactory agreement between them and the other bubble chamber
claims. Further, the stot (NR) bumps are broader than the (MM) bumps, - and there is no evidence for or against
their inte rpre tation as re sonance s.

(q) Taken fro~ compilation by T. Ferbel, Proc. 1968 Philadelphia Conf. See the data listings for averages of the values
given in the literature. Also see B. French' s review of Mesons (Proc. 14th International Conf. High Energy Physics,
Vienna (1968), p. 91) for possible differences between M and I' of charged and neutral pN(1650).

(r) See note in listings. Some investigators see a broad enhancement in mass (Km') from 1200 - 1350 MeV, and others
see structure. A further bump at 1280 MeV, ~ = 80 MeV, has been suggested. In light of this confusion, the
nfasses, widths, quantum numbers, and branching ratios are at best tentative. For the mass region 1200 - 1350 MeV,
the decay rate into K'"(890) 7r is large, and a Kp decay is seen. The Kp, K and Kvr rates are less than a few percent.

(s) This q' ~ yy value is from a constrained fit under the assumption that pm', m+7r y (inclusive p y), and yy are the
only existing deca modes. Note that direct measurement of the q' ~ yy branching fraction gave the slightly differ-
ent result of (5.5+ 0)%.

Mixing angles from Quadratic SU(3) Mass Formula: 0 nonet (m, K,q, q') 9 = 10.4' +0.2'; alternative 0 nonet (vr, K,q, E)
8 = 6.2' +0.1'; 1 nonet (p(m = 765+15 MeV), K, (I), 4o) 9 = 39.9+1.1; 2+ nonet (A2H, KN(1420), f', f) 6 = 29.9'+Z.Zoe

Footnotes for the BARYON Table

Quoted error includes an S(scale) factor. See footnote to Table S.
For decay modes into 3 particles p ax is the maximum momentum that any of the particles in the final state can have. The
moments have been calculated using tTe averaged central mass values, without taking into account the widths of the resonances.

a. Square brackets indicate a sub-reaction of the previous unbracketed decay mode.
b. J is not known; x is I'el/&.
c. This is only an educated guess; the error given is larger than the error of the average of the published values (see listings for

the latter).

For the baryon states, the name [such as N(1470)] contains the mass, which shifts by 5 or 10 MeV with each new analysis.
We can' t keep up with changing labels in the card-listing section, so we don t try. The name (col. 1) is the same as can be
found-in large print in the listings. The best current value of the mass (col. 4) is what we use to determine the beam parameters,
MZ+1 M, c.m. decay momenta, etc. , that are found in other columns.
An arrow at the left of the Table indicates a candidate that has been omitted because the evidence for the existence of the effect
and (or) for its interpretation as a resonance is open to considerable question. See listings for information on the following:
A(1690P33y N(1730)D13s N(1860)P13& N(1980)D13 N(2080) Nq (3245) N{3690)t N(3755) ZO(1865)& Z1(l900) A(1327)p
A{1745)P01 A('l750)S01 A(1860)F07 Z(1440) Z(1650)S11 Z(1780) Z{1880) and {1705)
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DATA CARD LISTINGS
STABLE PARTICLES

I.E. IMMUNE TO STRONG DECAY

Data in parentheses have

CODE EVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TECN SIGN COHMENTS DATE

ABOVE PUNCHED

BACKGROUND

0 GAMMA (OeJ~L)

0 GAMMA HASS

not been incl(tded in og r averages.

4 MUON (106eJ~l/2)

4 MUON MASS (HEV)

H 105' 659 0 ' 002 FEINBERG 63 RVUE
M o ~ ~ ~ ~ ~ o ~ ~

M F IT 105 659 0 002 VALUE FROM CONSTRAINED F I T 6/684'

PATEL 65 PL L4 L05

REFERENCES

0 GAMMA

VS Lo PATEL (NEW HAMPSHIRE)

444444'444 t»444»ttt 444444444 44»t»4444 444114444 414444441 44144444
i»i»iieet 444»i»444 444itiitt ttitittii 4»iit»444 t»441441

H 1 2 ~ 0 (1014-21 MEVI OR LESS PATEL 65

ttti tt tttttittt 4441»»i »4 tie »»i »41 »ti 44»i 44 44444»»it 4ii 441444 4441414~

6/684

T
T
T
T
T
T
T AVG

OT

MUON L IF E T I HE ( UN I T S 1044-6 I

2 ~ 198 0 ~ 001
2 ' 203 Oo004
2 ' 202 0 ' 003
2 ' 197 0 ' 002

.2 ' L98 Oe002
I~ ~ ~ ~ ~ ~ ~ ~ ~

2 ~ 1983 + ~ 0008

0~ 001 FARLEY
LUNDY

Oe003 ECKMAUSE
Oe002 MEYER
0 ' 002 MEYER

62 CNTR
62 CNTR
63 CNTR
63 CNTR t
63 CNTR

CONLEVe: ~ 98 LL/67

7/66

F 0008 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0)
w e ~ w ~ w w w ew

RATIO OF LIFETIME OF MU+ TO HU-

1 ~ 000 0.~ 001 HEYER 63' CNTR LIFETIME HU+/MU- 7/66

H

M

H

l. E-NEUTRINO (0oJ~L/2)

1 E-NEUTR INO . MASS (KEV)

LESS THAN 0 ' 25 LANGER 52. CNTR
LESS THAN Oo15 HAMILTON 53 CNTR
LES5 THAN Oe55 +OR Oo28 FRIEOHAN 58 CNTR

REFERENCES

1 E-NEUTR(NO (0oJ~L/2)

44»it» i tie»i»44 4»itiiit» tti»44144 44414»iii tti»44»it 414444444 44441441

P1
P2
P3
p4

w w e e&&w& 'e & & & ww e

MUON PARTlAL DECAY MODES

MUON INTO E t E-NEU) (HU-NE(I)
IeUON INTO E 2GAI(MA
MUON INTO 3ELECTRONS
M(ION INTO E GAHMA

HUON BRANCHING RATIOS

DECAY PASSES
~ 5+ 0+ 0
o5+ 0+ 0
o5+ ~ 5& ~ 5
~ 5+ 0

LANGER 52 PR 88 689'
HAMILTON 53 PR 92 1521
FRIEDMAN 58 PR 109 2214

L M LANGER ~ R J 0 MOFFAT ( I NO I ANA)

D HAMlLTON ~ M P ALFORD ~ L GROSS (PRINCETON)
LEWI S FRIEDMANoLINCOLN G SlelTH tBNL)

ti»441 titi»i»44 iititittt 44144»tit 444444444 144444444 tt»4»i»ti titttttt
444444 ttii»ti 44 4»ttii ttt i»4 »i»»it 4»ttttii 4 444441444 t»tt»14»i t»441414

RL
RL

R2
R2
R2
R2
R2

MUON INTO
LESS THAN

E+ZGAMMA I IN UNITS OF 1044-5) (P2I/(PL)
lob FRANKEL 1 63 SPRK

MUON INTO 3E (IN UNITS OF 1044-7l (P3)/ (PL)
LESS THAN 5 ' 0 PARKER 1 62 CNTR
LESS THAN lo3 ALIKMANOV 62 SPRK
LESS THAN 1~ 5 FRANKEL 2 63 CNTR
LESS THAN 1' 45 SASAEV 63 SPRK

2 MU-NEUTRINO (0 ~ J~L/2)

2 HU-NEUTR I NO MASS ( VE V )

R3
R3
R3

VUON INTO
(.ESS THAN
LESS THAN

E&GAMMA (IN UNITS OF 1041-8) (P4)/(Pll
loZ FRANKEL 1 63 SPRK
Oob PARKER 2 64 SPRK

M

H

H

M

M

M

H

H

3~ 5
4 ' 0
3 ' 6
3 ' 0
2 ' 5
2 1
Lob
2 ~ 2

(0F 46)

OR LESS
OR LESS
OR LESS
OR LESS
OR LESS
OR LESS
OR LESS

OR LFSS ~ CL&0 ' 90
(0' 64) (0 F 46)

BARKAS
DUDZ IAK
FE INBERG
ALLCOCK
BARDON,
SHAFER
BOOTH
HYMAN

FRANK

56 EHUL
59 CNTR
63 RYUE
65 RVUE
65 SPRK
65 CNTR
67 CNTR
67 MESC
68 CN)'R

CONF LEV ~ 68PCT
90 PERCNT C ~ L ~

Oo K- HE .
C ~ L ~ ~0o67

REFERENCES
2 HU-NEUTRINO (0 ' J+I/2)

44411» 441»tttt» 444444444 »4»it»tit ttitittti tttttii44 ttti'ttitt 44414144

7/66
7/66

7/66
3/68i'

11/67
9/68 4'

MUON ANOMALOUS MAGN. HOVENT tlott-6»E/(2»MUON MASS) I

MH 1162~ 0 5o 0 CHARPAK 62 CNTR +
HH P t 1165~ Ol f 3o0) . FARLEY 66 CNTR - STORAGE RINGS
HM P t 1166o6) (Oe5) BAILEY 67 CNTR - STORAGE RING 6/684
HH P ( 116bo45 I (Oo 33l BAILEY 68 CNTR. STORAGE RINGS 6/681
HH Ilbeo 14 Do31 BAILEYL 68 CNTR - STOR ~ RINGS ~ LL/684
HH P SAILEYL 68 IS AN UPDATING OF BAILEY 67 ANO FARLEY be ~ 6/684
MM. ~ ~ ~ ~ ~ ~ ~ ~ ~
MH AVG 1166~ 1241 ~ 3094 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ Oltti 444 »ti»44444»14441444 144441444 »i»it»411 tti ttttti 14444»t»t »it»4444

BARKAS
DUDZIAK
FEINBERG
ALLCOCK
BARDON
SHAFER
BOOTH
HYHAN
FRANK

56 PR 101 778
59 PR 114 336
63 ARNS 13 431
65 PP SL 85 875
65 PRL 14 449
65 PRL 14 923
67 PL 268 39
67 PL 25 8 376
68 VIENNA ABS ~ 365

M H BARKAS M BIRNBAUH F H SVITM (LRL)
W F DUDZIAK ~ R SAGANEyJ VEDDER (LRLl
G FE INSERGo L M LEDEIIMAN (COLUHBIA)
G R ALLCOCK (L I VER POOL I
BARDON ~ NORTON ~ PEOPLES + (COLUM+STONY BROOK)
R E SHAFER oCRO'WE o JENKINS (LRL)
BOOTH ~ JOHNSON ~ MILL IAHS ~ MORVALD (LIVERPOOL)
+LOK FN e PEW I TT, MCKENZ IE ~ KE YES+ I ARG+CARN+NWUI
FRANKrGAHETeLAKIN (SHAH+LIVP+STAN)

CMARPAK
HUTCH IN S
ALIKHANO
C HARP AK .
FARLEY
LUNDY
PARKER
SHAPIRO

61 PRL 6 128
el pRL 7 129
62 CFRN CONF 423
62 pL 1 L6
62 CERN CONF 415
62 PR 125 1686
62 Nc 23 485
62 PR 125. 1022

REFERENCES
HUON (106eJ&L/2)

CHARPAKeFARLEYoGARMINeHULLEReSENS + (CERN)
D P HUTCMINSONoJ MENES + I COLUHBIA I
A l ALIKHANOV ~ A BABAEV + (ITEP VOSCOWI
G CHARPAKyF J M FARLEY ~ R L GARMIN + (CERN)
FARLEY ~ HASSAH ~ HULLER e Z (CHICHI (CERN)
RICHARD A LUNDY t EFINS)
S PARKERos PENHAN I EFINS)
G SHAPIROeL H LEDERHAN (CDLLMBIA)

i tt»4i ttii4i i»4 tititttii 4»i iiti tt i i4414444 .144411144 444444441 tttiii 44
444444 441444144 4»44»ttt» 14144ti 44 444444444 414444441 444144141

3 ELECTRON t Oe5e J~L/2)

3 E(.EGTRON MASS (HEV).

SABAEV
ECKHAUS E
F EINBERG
FRANKEL
FRANKEL
HEYER
PARKER

63 JETP 16
63 PR 132
63 ARNS L3
63 NC 27
63 PR 130
63 PR 132
64 PR 1338

1397
422
431
894
351

2693
768

BABAEV ~ BALATsoKAFTANOV ~ LANOSBERG + (ITEP)
H ECKMAUSEy T A FILIPPAS + (CARNEG(E)
GERALD FEINBERG ~ L H LEOERMAN (COLUHBIA)
S FRANKEL ~ W FRATIeJ HALPFRN + (PENNA)
S FRANKEL AM FRAT' J HALPERN + (PENNA)
S L MEYLReANOERSGN ~ SLESEReLEOERMAN+ (COLUMI
S PARKEReH L ANDERSON AC REY (EFINS)

Oo511006 0 ~ 000002 COHEN 65 RVUE F AR LE Y

BAILEY
BAILEY
BAILEYL

66 NC 45A 281 FARLEYoBAILEYeBROWNeGIESCH + (CERN)
67 SLAC CONF' 48 +BARTL ~ BROWN ~ PICASSO ~ FARLEY + (CERN)
68 MASH MTNGy APS +BART' SROWNyPICASSOeFARLEY + (CERN)
68 VIENNA ABS ~ 405 +BARTLeVON SOCHHANNeSROWN ~ FARLEY+ (CERN)

3 ELECTRON LIFETIHE (UNITS loi'i'21 YR)

T 4 OVER 2 ~ 0 HOE 65 CNTR 6/ee
OLD REFERENCES NOT REFERRED TO IN DATA CARDS

3 ELECTRON HAGNETIC HOHENT(E/2VEI

HM 4 t I 0011609)t 0000024) SCMUPP 61 CNTR
HM R I ~ 001159622 +-(27) 11044-9 WILKINSON 63 CNTR
MH 4 ( 1e001168 ) ( e000011 ) RICH 66 CNTR + POSITRON
HM 1 001159557 +-(30)110i'4-9 RICM 68 CNTR-
HH R RICH 68 IS REEVALUATION OF WILKINSON 63

tti»it»»i 44»ttttti ittt44444 411»ttttt 414141144 i ti»1»44

8/66
8/66
6/e84

59 PRL
60 ROCM
60 PRL
60 NC
60 NC
60 PRI.
60 ROGH

F ISHLR
ASTBURY
DEVONS
L ATHROP
LATHROP
REITER
TE(.EGOI

114444 444»itt»4
»44 ttt »ii it»i 44

3 349 F ISHERoLEONTICeLUNDSYoMEUNIER ~ STROOT (CERN)
CONF 60 542 ASTBURY ~ HATTERSLEY HUSSAIN + (LIVERPOUL)
5 330 DEVONSoGIOALoLEDERHANo5HAP(RO (COLUMBIA)
17 109 J LATHROP' R A LUNDY' V L TELEGDI + tEF(NS)
17 114 J LATHROP R A LUNDY AS PENVAN + tEFINS)
5 22 REITER ~ ROHANOMSKI SUTTON + (CARNEGIE)

CUNF 60 713 V .L TELEGOI (CERN)

ittttt»44 144414144 4144»tiit tii ~ 44411 4»ttiii»4 14»i t»44
~ 44414441 444444414 44»ti t»ti 44444i 44 ~ 444»t»444 144i it»4

REFERENCES
3 ELECTRON (0 ' 5eJ~L/2)

8 CHARGED PION (140~ JPG~O--) I~L

8 CHARGED Pl MASS (HEV)
SCHUPP
MILK INS0
GOHF. N

HOE
RICH
RICH

61.PR 121 1
63 PR 130 852
65 RMP 37 537
65 PR 140 8 992
66 PRL L7 271
68 PRL 20 967

A A SCHUPPoR 'W PIDDyH R CRANE (HICHIGAN)
D T MtLKINSONoH R CRANE (HIGH( GAN)
E R COHENS J W V DUMONO (NAASC+CALTECH)
M K MOE ~ F REINES (CASE INST TECHNOLOGY)
A RICHe H R CRAhE (MICHIGAN)
A RICH I MICHIGAN)

M

H

H

H AVG
H Fl)

139~ 37
139' 68
139' 577

o ~ o ~ o ~
139' 5769
139 578

Oo 20
0 ~ 15
0 013
~ ~ ~

~ 0129
Oe013

CRONE
BARKAS
SHAFER

54 CNTR
56 EHUL
67 CNTR HESONIC ATOHS 6/684

6/684
AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 0)

VALUE FROM CONSTRAINED FITtttttt ti tti 4441 ttttti tt'4 »i i i t»i »4 1 144»ti ti 441141444 44144444i 14444444
414»it tttititii 44»ttt»tt tiittitt ~ ttt4i»441 »ttttttti 444»it»41 4444»it»
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STABLE PARTIC LES
Data is paresthescs have sot bees iscludcd is our averages,

0
0
0
0 AVG

0 F IT

8 Pl+ HUi MASS DIFFEREHCE (HEV)

34 ~ 00 Oe 076 SARKAS 56 EHU(.
33' 89 0%076 BARKAS 56 EHUL

~ e ~ o ~ ~ o ~ o
33~ 9450 ~ 0550 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
33~ 920 0%013 VALUE FROH CONSTRAINED FIT 6/684

8 CHAR Pl LIFETIME (UNITS 10ii-91

CZIRR 63 PR 130 341
OEPOHHIE 63 PL 7 285
BARTLETT 64 PR 1368 1432
Dl CAPUA 64 PR 1338 1333

SAGAsTDN 65 pR 139 8407
SERTRAH 65 PR 139 8 617
CLINE 65 PL 15 293
OUNAITSE 65 JETP 20 58
ECKHAUS'E 65 PL 19 348

JOHN 8 CLIRR (LRL)
P DEPCHHIERiHEINTZEoRUBSIAoSOERGEL (CERN1
BARTLETT eDEVONS o HE YERo ROSEN ( COLVHSI A )
0 I CAPUA yGARLANC ~ PONDROH y STRELZOFF t COLUH)

+GHESQUI ERE ~ N IEGANOiLARSEN (LRL&SLAC)
BERTRAH ~ HEYER ~ CARR IGAH+ t HICH+CARHEGIE)
A CLINE ~ N F FRY ( WI SCDNS IN)
DUNA I T SEV PE TRUKHI N ~ PROKOSHK IN + I DUSNA 1
ECKHAUSEoHARRIS ~ SHULER+ (NILLIAH AND HARV)

7 25 ~ 6
T 25 ' 6
T 8000 25%46
T
T 26% 02
T 25% 6
7 25 ~ 9
7 N (26%40
T N SYSTEMATIC
T 26 ' 67

Ze. e
T 26 ~ 04
T ~ ~ ~ ~

T AVG 26 ~ 04

0% 5 0% 5 CRONK
0 8 0 8 ANDERSON
Oe 32 0 32 ASHKIN

HERR I SON
0% 04 ECKHAUSE
0 ~ 3 BAROON
0%3 DUN A I 7SEV

) (0.08) KINSEY
ERRORS IN CALISRolN THIS EXP ~

0% 24 LOBKONIGZ
0%2 AYRES
0 05 NORDBERG

~ ~ ~ ~ ~
04 + .Oe88 - .Oe86 AVERAGK

(SEE IDEOGRAH BELOW )

57 RVUE
60 CNTR
60 CNTR +
62 RVUE
65 CNl'R +
db CNTR
66 CNTR
66 CNTR +
DISCUSSED SY NORDBERG
bb GNTR
67 CNTR
67 CNTR +

9/66
6/66
6/684'
6/66

67 B/67
9/66

10/be
8/67

lERROR INCLUDES SCALE FACTOR OF 2 ~ 3

BAROON bb PRL 16 775
DUNAITSE 66 PL 23 283
KINSEY 66 PR 144 1132
LOSKONIC 66 PRL 17 548

AYRES 67 PL 248 483
ALSO 67 PR 157 1288

NORDBERG 67 PL 248 594
SHAFER 67 PR 163 1451

SEE ALSO PRL 14 923

AYRES 68 PRL 21 261
OEPOHHIE 68 NUC PHYS 84 189
PETRUKHI 68 J1NR-PI-3862

BAROON ~ OORE ~ DORFAN ~ KRIEGER + (COLUMBIA)
+KUTYINoPROKOSHKINoRASVVAEV ~ SIMONOV ( GUBNA}
KINSEY' LOBKONICZoNORDBERG (ROCHESTER UNIV)
LOSKONIGL ~ MEL I SSINOSyNAGASHIHA+ t ROCH+SNL)

0 S AYRES ~ CALDWELLoGREENBERG ~ KURZ+ (LRL)
AYRESoGALDNELLiGREENBERG ~ KENNEY ~ KURL+ (LRL}
NORDSERG ~ LOBKONICZoSURHAN (ROCHESTER UNIV)
ROBERT Ee SHAFKR (LRL)
SHAFER ~ GROWE ~ JEHKINS (LRL1

AYRESoCORHACKoGREENBERG ~ KENNEY+ (LRL ~ UCSB)
DEPOHMI ER ~ DUCLOS ~ HE INTZE ~ KLE INKNECHT+ (CERN }
PETRUKHINoRYKALIN ~ KHAZINS ~ Cl SEK ( DUBNA)

iiiii iiiiiiiii iiiiiiiii iiiiiiiii iiiiiiiii ifiiiiiii iiiiiiiii iiiiiiii
iiiiii fiiiiiiii iiiiiiiii iiiiiIiii iiiiiiiii iiiiiiiii iifiiiifi iiiiiiii

})EIGHTED AVERAGE & 0.038402 4 0.000101
ERROR SCALED BY 2.28

CHIS(} R 15.6 COHLEU x 0.001

9 HEUTRAL PION (135)JPGi0 -} I&I

9 PI HASS DIFFERENCE (Pl+-)-IPIO) tMEV)

0
Pl0
0
CHARG

~ ~ ~ ~ ~ ~ ~ ~ ~ HOROBERG 67 CHTR
~ . ~ ~ ~ ~ ~ ~ ~ AYRES 67 CHTR

~ ~ ~ ~ ~ ~ LOBKOWICZ 66 CHTR. ~ OUHAITSEV 66 CHTR
~ ~ ~ ~ BAROOH 66 CH I R

~ ~ ~ ~ ~ ~ ~ ~ ECKHAUSE 66 CHTR

I
' .ASHKIH 60 CNTR

ANDERSON 60 CHTR
~ ~ ~ GROWE 67 RVUE

o 0 0
Cl o N

D 0 o
0 0 0

PI DECAY RATE (UHITS 10xx9 SEC-11

D

0
D
0
0
0
0
D

0
0 AVG

(5e 37)
4 ' 50
4 ' 62
4 ' 60
4 ' 55
4 ' 6056
4%59
4%6034

~ ~ ~ ~ ~

4%6041

( I ~ 01
0031
0%05
0 04
0%07
0% 0055
0003
0%0052

~ ~ ~ ~

~ 0037

PAHOFSKY
CHINOWSK Y

HADDOCK
HILLMAN
CASSELS
GLIRR
PETRUKHIN
VASILEVSK

51 CNTR
54 CNTR
59 CNTR
59 CNTR
59 CNTR
63 CNTR
63 CNTR
66 CNTR

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I'D)

9/66

9 PIO LIFETIME, (UNITS 10ii-16)

N 76
N 45
N 88

T t 1~ 9) I Oe 51 't 0 ~ 51 GLASSER 61 EMUL
T (2 ~ 3) tl ~ I) (I 0} TIEl'GE 62 EMU(.
T t2 ~ 8) (0%9) (0%9) KOLLER 63 EMUL SEE STAMER 66
T 1 ~ 05 0%18 De18 VON DARDE 63 CNTR
T N 75 I le 71 (0%5) SHNk 64 EHUL
T 0 ~ 730 0 105 BELLETTlh 65 GNTR 6/66
T N 67 ( I 6) (0 6) (0' 5) EVANS 65 EMUL 6/66
T N OLO EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEVATIG
I N SHIFT TO LARGER LIFETIHE VALUES
7 K 232 1~ 0 0 ~ 5 STAHER 66 EHUL 8/67
T K INCLUDES EVENTS OF KOLLER 63 8/67
I' (0~ 61 (Oe2) (0%08) BRAUNSCHN 68 CNTR PRIMAKOFF EFF ~ 9/68i
T ~ o ~ ~ ~ ~ ~ ~ ~
I' AVG %8931 + ~ 1815 - ~ 1446 AVERAGE IERROR INCLUDES SCALE FACTOR OF le6)

(SEE IDEOGRAH BELOW )

DT N

DT
DT L
DT
DT
DT
DT
DT
DT AVG

8 HEAHLIFE DIFFERENCEi(+)-(-)/AVGE ~ (PERCENT)

THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN N ~ I ~

0.23 0.40 LOBKONIGL 66 CNTR SEE NOTE L
ABOVE IS tHE HOST CONSERVATIVE VALUE QUOTED SY AUTHORS

0 ~ 4 0 7 BARDON 66 CNTR
0 ' 56 0%28 AYRES 67 GNTR
0 ' 064 0%069 AYRES 68 CHTR NEN EXPERIMENT

-0 ~ 14 0 ~ 29 PETRUKHIH 68 CNTR
~ ~ ~ ~ ~ ~ ~ ~ ~

~ 0871 0713 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

9/66
9/66
7/66

10/66
8/684
8/68i

'
LIEIGHTEO AVERRGE ~ 1.120 x 0.202

ERROR SCALED BY 1 S9
CHISQ = 2.S COHLEV & O. iii

Pl
PZ
P3
P4
P5

8 CHARGED PION PARTIAL DECAY MODES

CHAR PION INTO MU (MU-HEU)
CHAMPION INTO E (E-NEU)
CHAR%PION INTO MU (MU-NEU} GAHMA

CHAR%PION INTO PIO E (E-NEU}
CHAMP'IDN INTO E NEU GAHHA

DECAY PASSES
105+ 0

~ 5+ 0
105+ 0+ 0
134+ .5+ 0

~ 5+ 0+ 0

66 EHUL
H 65 CHTR

E 63 CHTR

8 CHARGED PION BRANCHING RATIOS
00
D

000
000

o0
D

R1 i CHAR PION INTO HU NEU GAVMA (UNITS 10ii-4) (P3)/(Pl)
Rl 26 1 ' 24 0%25 GA STAGNOL 58 EMVL E ( HU) ~ L T ~ 3~ 38 MV NEUTRAL PI DECRY RRTE (UNITS 10x~ 16SEC-1)

(UNITS 10ii-4) (P2)/ tPI)
ANDERSON 60 GNTR
DI CAPUA 64 CNTR

R3 i CHAR%PION INTO PIO E NEU (UNITS 10ii-8)
R3 36 0 ~ 97 0%20 BARTLETT 64
R3 38 1 07 0 21 BACASTON 65
R3 1 10 Oe26 BERTRAM 65
R3 43 1 ~ 1 0%2 DUHAITSEV 65
R3 332 1~ 00 0 ~ 08 0%10 DEPOHMIER 68
R3 o ~ % e ~ o e ~ e
R3 AVG 1%0228 ~ 0689 AVERAGE (ERROR INCL

(P4)/ (Pl)
SPRK
SPRK +
SPRK
GNTR
CNTR

UDES SCALE FACTOR OF 1~ 0)

R2 i CHAR%PION INTO E NEU
R2 1~ 21 0 ~ 07
R2 1%247 0 ~ 028
R2 ~ ~ ~ ~ ~ ~ ~ ~

RZ AVG 1 ' 2419 ~ 0260 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 0)

6/66
7/66
3/68i

Pl
P2
P3
P4

9 NEUTRAL PION PARTIAL DEC4Y MODES

P IO INTO 2GAMVA
PIO INTO, E+ E- GAMMA

PIO INTO 4ELFCTRONS
PIO INTO 3 GAMMA

9 NEUTRAL PION BRANCHING RATIOS

0
%5+ %5

0

DECAY VASSES
0+ ' 0

%5+ ~ 5+
~ 5+ %5@

Dt 0+

CROWE 54 PR 96 470
BARKAS 56 PR 101 778
CRONE 57 NC 5 541
CAS'TAGND 58 PR 112 1779

ANDERSON 60 PR 119 2050
AsHKIH 60 Nc 16 490
HERRISON 62 ADVP 11 1
SHAPIRO 62 PR 125 1022

REFERENCES
8 CHARGED P ION I 140) JPG=O--) I&l

K H CRONE ~ R H PHILLIPS (LRL)
H BARKASyN BIRNBAUM ~ F H SVITH (LRL)

K H CRONE (STANFORD HEPL)
C CASTAGNDLI oM MUCHNIK (ROHE I F)

H L ANDERSONoT FUJII yR H VILLER + (EFINS)
ASHKIHoFALZ (HI ~ FIDEGAROoLI PMAN + (CERN)
A N HERR(SON I LIVERPOOL }
G SHAPIRDyL M LEDERMAN (GOLUHBIA)

R4 i CHAR PION INTD E NEU GAMMA (UNITS 10i~-8) (P5)/(Pl)
R4 143 3' 0 0%5 DEPOHMIER 63 CNTR GAM KE 50 90 HEV

iiiiiiiii iiif iiiii iiiiiiiii iiiiiiiii iiiiiiiii iiiiiiii
6/66

Rl i PIO INTO (GAHMA E+ E-)/(2GAVMA)
Rl 0%01196 THEORETIGAI GALG% JOSkPH
R 1 27 0% 0117 0% 0015 BUDAGOV
Rl ' 3071 0 ' 01166 0 ' 00047 SAM IDS
Rl S SAHIOS VALUE USES PAHOFSKY RATIO
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

R1 AVG ~ 0117 ~ 0004 A VERAGL (ERROR

I P21/(Pl )
61 QUANTUM ELECTe
60 HBC
61 HBG PI-P TO PIO N

1 62

INCLUDES SCALE FACTOR OF 1 ' 0)

9/66

R2
R2
R2

R3
R3

R3
R3 k

iiiiii iiiiiiiif iiiiiiiii iii xiii ii fiii iiiii iiiiiiiii 4 fiif iiii Oiiiiiix

PIO INTO (3 GAMMA)/(2 GAMMA) (UNITS 10ii-6) tP4)/(Pl)
0 5%0 OR (.ESS DUCLOS 65 CNTR CL%90 PERCENT' 6/86

5%0 OR LESS KUTIH 65 CHIR 90 PERCNT C ~ L ~ 3/68i'

PID INTO (E+EiE-E-)/(2 GAMMA) tUNITS 10ii-5) tP3)/(Pl )
3%47 THEORETICAL CAL ~ KRDLL 55 QUANTUM ELECT, 9/66

146 3% 18 '
Oe 30 SAM(OS 62 HBC SEE NOTE N BELON 6/be

ABOVk VALUE USES PANDFSKY RATIO 1 ~ 62



PARTIGLE DATA GRoUP ReeieIes of Purtiele Propertiee (27

STABLE PARTlC LES
Data ia parcsthcscs haec sot beck I'kclN dcd is ou'r aT/cragcs.

PANOF SK Y
CHINONSK
KROLL
CASSELS
HADDOCK
HILLMAN

SVOAGOV
JOSEPH
GLASSER
SA}I)OS
SAHIOS
T'IE TGE

51 PR 81 565
54 PR 93 586
55 PR 98 1355
59 PPS 74 92
59 PRL 3 478
59 NC 14 887

60 JEEP 11 755
60 NC 16 997
61 PR 123 10L4
61 PR LZL 275
62 PR 126 1844
62 PR 127 1324

REFERENCES
9 NFUTR4L P ION I 135~ JPG&0—) I&L

N K H PANOFSKY»R L AAMODTe J HADLEY {LRL)
W CHINOWSKY ~ J STKIMSERGER {COLUHBIAl
N KROLL tM NADA {COLUHSIAtMRLN)'
CASSELS»JONES ~ HURPHYrO»NEILL {LIVERPOOL)
HADDOCK»ABASHIAN»CRONE ~ CZIRR ILRL)
HILLHANt HIOOK(. KOOP ~ YAHAGATA ~ ZAVATTINI {CERN)

BUOAG(V VIKTOR DZHELEPOVeERVOLOV + '{JINR)
0 N JOSEPH {EFI}
R G GLASSER»N SEEHAM ~ 8 STILLER lMRL )
N P SAM(OS {C 0LUHB I A+SNL )
SAHIOSePLANO»PRODELL t {CDLUHB I 4+SNL)
J TIKTGK ~ N PVESCHEL {MAX PLANCK INST)

CZIRR 63 PR 130 341 JOHN 8 CZIRR {LRL)
KOLLER 63 MC 27 1405 E L KOLLER S TAYLOR 7 HUETTER {STEVENS)
ROLLER 63 SEE ALSO STAHER 66
PETRUKHI 63.SIENA CONF 208 V I PETRUKHINeYU D PRDKOSHKIN (JINR)
VOM DARD 63 PL 4 5L VON DAROEL ~ DEKKERSeHERHOO ~ VAN PUTTEN+(CERN)

SHME . 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

STAHER 66 PR 151 1108
VASILEVS 66 PL 23 281

H SHNEeF H SMITH ~ N H BARKAS {LRL)
SE(.LETT INI ~ BKHPORAOo BRACC ( NI+ I P I SA+F IRENZE l
DUCLOS ~ FREYTAG»HEINTZE + tCERN+HEIDELSERG)
0 A EVANS {OXFORD)
KUTINe PETRVKHIN ~ PROKOSHKIN {JINR)

STAHER ~ TAYLOR ~ KOI.LER ~ HUETTER+ . {STEVENS)
VASILEVSKY ~ VISHNYAKOVtDUN&'IS%V + tOUBN4)

10 CHARGED K {494e JPe0-) le 1/2

10 CHARGED K .MASS {HEV)

H

H

H

H

H AVG
H FIT

493 ' 9
493' 7
493%78

~ ~ ~ % ~
493' 8099
493F 82

Oe? COHEN 57 RVUE +
Oe3 SARKAS 63 EMUL
0%17 GREINER 65 FHUt. + 'VIA T4V. DECAY

~ 1189 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I ~ 0)
0%11 VALUE FROH CONSTRAINED F IT

BRAUNSCH 68 VIENNA ASST 297 BRAUNSCHNEIG HUSMANN ~ LUBELSHEYER+ tSONNl

ffffff fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff ffffffff
111111fffffffff fffffffff fffffffff fffffffff fffffffff fffffffff ffffffff

7/66

6/681

DT

OT,

.DT
DT
DT
OT

Ol
OL

02
02
02
02
DZ

03
03

PL
PZ
P3
P4
P5
P6
P7
PB'
P9
P IO
PLL
P12
P13
PL4
P15
P16
P17
P18
PL9
P20

10 LIFETIME DIFFEREMCE ~ I+)-{-)/AVGE» {PERCENT}

k THIS QUANTITY IS A MEASURE OF CPT INVARIANCK IN M ~ I~

L

AVG

0%049 0%097 LOSKOMICZ 66 CMTR SEE NOTE I.
ABOVE IS THE HOST CONSERVATIVE VALUE CUOTEO SY AUTHORS

Oe47 Oe30 FORD 67 CNTR
~ ~ ~, ~ ~ o ~ e ~

~ 0888 ~ 1232,AVERAGE tKRROR IMCLUDES SCALE FACTOR OF I ~ 3l

Ol{.FERENCE IN TAU PRIHE RATES t(N4+)-{N4-)l/AVERAGE
{-0%007 l I De 016) HERZO 68

10 CHARGED K .PARTIAL DECAY MODES

CHAR ~ K INTO HU lNEU)
CHAR ~ K INTO P( Plo
CHAR» K INTO Pl Pl+ Pl-
CHAR ~ K INTO Pl 2PIO
CHAR ~ K INTO HU PIO NEU
CH4R ~ K INTO E PI{}NKU
POSIT ~ K INTO P(t PI- E+NEU
POSIT k INTO Pl.+' PI+ E-NEU

POS(T»K INTO PI+ Pl- HUt NEU
PDSITek INTO Pl+ Pl+ HU" NFU
CHAR ~ K INTO E NEU
CHAR ~ K INTO HU NEU GAHMA

CHAR ~ K INTO PI PIO GAHMA

CHAR ~ K INTO PI Plt Pl- GAMMA

CHAR ~ K INTO PI E+ E-
CHAR ~ K. INTO Pl HU+ MU-
CHAR K INTO Pl GAHMA GAMMA

CHAR ~ K INTO PI E NEUTRINO GAMMA

NEG» K INTO Pl+ E- E-
CHAR» K INTO PI NEU NEU

K MV2
K P(2
T4U
TAU PRIHE
K HV3
K E3
K E+ 4
K E-
K+HVt 4
K+HV- 4
K K 2
K HU RAD
K Pl RAD
TAU RAO
Pl E E.
Pl HU HU
Pl GAH GAM

Pl E NEV GAH
P I+K-E-
PI NEV NEU

DECAY
105+ 0
139+ 134
139+ 139t
139+ 134+
105+ 134+

~ 5+ 134+
139+ 139+
139+ 139+
139+ 139+
139+ 139+

~ 5+ 0
105+ 0+
139+ 134+
139+ 139+
139+ ~ 5+
139+ 105t
139+ Ot
139t ~ 5t
139+ ~ 5+
139+ 0+

ASSES

139
134

' 0
0

~ 5+
~ 5+

105+
105+

0
0

139+
~ 5

105
0
Ot

0

10 DECAY RATES DIFF ~ tt)-I-')/AV {PERCENT)

DIFFERENCK IM K HU2 RATES I {NLt)-{NL ) l/Wl ~

-0% 54 0%41 FORD 67 CNTR

,DIFFERENCE IN TAU RATES t{M2+l-{W2-) l/N2
-0%04 0%21' FORD 67 CNTR
-Oe50 0%90 FLETCHER 67 SPRK

~ e ~ ~ ~ ~ ~ % ~

AVG —0638 ~ 2045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 Ol

9/66
9/66
8/67

8/67

8/67
8/67

10/681

0
0
0
0

10 CHAR»K LIFETIHE I UNITS 1011-8}
'W W'\W '» «\ &»W»'»»'»~

CHARGED K CONSTRAINED FIT
OVERALL FIT OF LIFETIME ~ NIDTHS ANO BRANCHING
RATIOS USES 45 DATA POINtS TO DETERMINE SEVEN
QUANT IT (ES» OVERALL F IT HAS CHISQ~71% HAIN
CONTRIBUTION {12~ 7) CONES FROM R19 OF AACHEN2
68 {ME SEE NO REASON TO REJECT THIS EXPERIMENT
AT THIS TIME)

ML
ML
NL
N1

i{2
M2
W2
M2

10 CHARGED K DECAY RATES

CHAR ~ K INTO HU NEU {K HV) {UNe 10116 SEC-1) tPL)
51~ 2 0%8 FORD 67 CNTR +-

~ ~ ~ ~ ~ ~ o
FIT 51%542 ~ 297' VALUE FROH CONSTRAINED F(T

CHARG ~ K INTO PI PI+ Pl- tTAV) tVNe 10116 SEC-1) tP3)
4% 496 0%030 FORD 67 CNTR +-

A, ~ » ~ ~ ~ » e ~
FIT' 4%515 ~ 0'28 VALUE FROM CONSTRAINED FIT

8/67

8/67

10 CHARGED K BRANCHING RATIOS

T
T
T
T
T
T
T
T
T
T
T
T
T
T G
T G
T
T AVG

T. FIT

51
293

WEIGHTED AVERAGE ~ 0.81016 s 0 00341
ERROR SCALED BY 2.10

CHISQ ~ 13.2 CONLKV = 0.004

CHAR» K LIFETIME
0 ' 95 0%36 '0 25 ILOFF 56 EHUt.

52 1' 60 0%3 0 ' 3 EISENSERG 58 EHUL
le21 0%06 0%06 BURRDWES 59 CNTR

33 1%38 0%24 0%24 FREDEN 60 EHUL
1 ~ Z5 Oe22 0%17 BARKAS 61 EMUL
1 27 0 36 0 23 SHONHIK 61 EHUL
1 ' 31 0%08 0F 08 NORDIN .61 HBC

{1' 24l {0%07l NORDIN 61 RVUE
1 ' 231 0 F 011 0

ATOLL

SOYARSK( 62 CNTR
1' 2443 0 0038 FITCH 65 CNTR +
I ~ 2265 0%0036 LOBKOWICZ 66 CNTR +
I ~ 221 0»OLL FORD 67 CNTR +-

t 1 244) (0 005) GIACOHELL 67 CNTR +
GIACOMELLI 67 VALUE JUST 4 CHECK ON APPARATUS
~ e ~ ~ ~ ~ % ~ ~

1~ 2343 + ~ 0052 - %0052 AVERAGE {ERROR INCLUDES SCALE FACTOR
~ 810 ~ 003 VALVE FROM CONSTRAINED FIT

{SEE IDEOGRAM BEI.ON )

6/66
9/66
8/67
8/67

OF 2%1)

R 0 OLO DATA EXCLUDED

RL
RL
RL
RL
RL

, CHAR ~ K INTD HU NEU I MV2)
0 {58' 5) {3' 0)
0 {56 9) {2%6)

~ % ~ ~ % ~ % ~ ~
63' 650 ~ 286FIT

{UNITS 1011-2) {PL)/TOTAL
SIRGE 56 EHUL +
ALEXANDER 57 EMUL

VAI. VE FROM CONSTRAINED F IT

R2
R2
R2
R2
R2
R2.
R2

CHAR ~

0
0

FIT

K INTO PI PIO (P(2)
{27%7) I 2 ~ 7)
(23 ' 2) {2%2}
{21 ~ 0 I {0%6}
t21.6) to.bl

~ % ~ ~ ~ ~ ~ ~

21 ' 033 %301

I UNITS 1011-2) I PZ)/TOTAL
BIRGE 56 EMVL +
ALEXANDER 57 EMVL +
CALLAHAN 65 PBC
TRILLING 65 RVUE

SEE R17

VALUE FROM CONSTRAINED FIT

R3
R3
K3
R3
R3
R3
R3
R3
R3
R3
83
R3

CH4R ~

0
0
0

2332
540

44

AVG
FIT

K INTO Pl
(5eb) {
(6 ' 8}
{5' 2} I
5 ' 7
5 ' 54
5 ~ 1
5 ' TL
6%0

~ ~ ~ ~ ~
5 ' 5477
5 ' 575

{UNITS 1011-2)
BIRGE 56 EMVL
ALEXANDER 57 EMVL
TAYLOR 59 EMUL
ROE 61 XBC
CALLAHAN 64 XBC
SHAKLSE 64 XBC
DE MARCO 65 HBC
YOUNG 65 EMVL

{P3)/TOTAL
+
+
+
+
tt

WEIGHTED AVERAGE ~ S.S48 s 0 ~ 111
ERROR SCALED BY 1%39

CHISQ = ?.? COMLKV %
' 0.102

Pl+ Pl-I TAV)
0 ~ 4l
0% 4 l
0%3)
0%3
00 12
0%2
F 15
0%4 t
~ ~ ~

1112 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I ~ 4)
~ 039 VALVE FROM CONSTRAINED FIT

{SEE IDEOGRAH BELOW )

6/66

9!66
6/66
6/66

~ % i ~ ~ ~

~ ~ ~ ~ ~ ~

~, ~

~ ~ ~

~ ~ ~ FORD
~ ~ ~ LOBKOWICZ
~ ~ . - ~ FITCH
~ ~ ~ BOYARSKI
~ ~ - .HORDIH
~. . .SHOD}IIK
~ ~ ~ BARKAS
~ - ~ ~ FRKOEH
~ ~ BVRROWES
~ ~ ~ ~ KISEHBKRG

~ ILOFF

6? CHTR

66 CHTR
65 CNTR

62 CHTR
61 HBC
61 K}IUL
61 E}1UL
60 Kt1UL

59 CHTR
SB EIIUL
66 E}1VL

e of weighted
ale, etc. for
venience. The
ctually proc-
ogram AHR,
lates its own

CALE, x, and
ape different
luce shown here).

SS Kt1UL

CO 68 HBC

K 64 XBC
AN 64 XBC

61 XBC

oo
o

oo
lS

o

oo o
CO

Oo
Ih

oo
O
In

O
O
Ln

Ul

oo
O

O
O
IS

CO

O
O
O

CHARGED K DECAY RATE {UNITS 10asB SEC-1) CHARGED K TAU 8 ~ F PI+PI-PIO {UM 10ss-2}
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sTABLE PARTING I ES

Data i s pa ren theses have s ot bees included is our averages.

R4
R4
R4
R4
R4
R4
R4
R4
R4

CHAR«
0
0
0

108

AVG
FIT

K INTO PI 2PIO (TAU PRIl(EI(UNITS 10se-2l (P4)/TOTAL
(2 ~ 1) (005) SERGE . 56 EMUL +
(2«2) (0«4l ALEXANDER 57 EMUL +
(I ~ 5) (0~ 2) TAYLOR 59 EMUL +
I ~ 7 0«2 ROE 61 XSG +
I' 8 0«? SHAKLEE 64 XSG +

~ ~ ~ ~ ~ ~ ~ «
L«7500 «1414 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I~ 0)
1~ 703 ~ 048 VALUE FROM CON STRA INED F I t

11/67
Ll/67

R23 e CHAR ~ K INTO
R23 1679 5 ~ 89
R?3 5110 4«16
R23 ~ 4 ~ ~ «
R23 AVG 6«0187.
R23 FIT 5«737

(E PIO NEU)/(MU?+Pl?) tUNITS LOss-?) (Pb)/{PL+PZ)
0«? I CESTER 66 SPRK +
0«22 ESCHSTRUT 48 SPRK +

~ « .~ ~
~ 1519 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)
089 VALUE FROM CONSTRAINED FIT

R22 e POSIT«K INTO (PI+ PI MU+ NEU)/TAU{UNITS 10es-4) {P9)/{P3)
R22 1 2 ~ 5 APPROX GREENER 64 EHUL +

R?2 7 2«57 1«55 BISE 67 DBC «
8/66

11/67

8/67
3/68s

R5
R5
R5
R5
R5
R5

R6
Rb
Rb
'Rb
R6
Rb
Rb
Rb

RT

RB
R8
RS

CHARe K INTO E PIO NEU
0 ' t 3~ 2) ( l«3)
0 {5' I) (I' 3)

5«0 0 ' 5
429 4«7 0«3

~ « ~ ~ « ~ ~ ~ «
AVG 4«7794 ~ 2572
FIT 4«858 ~ 073

(E3) {UNITS 10se-2l {P6)/'TOTAL
BIRGK 56 EMUL +
ALEXANDER 57 EMUL +
ROE 61 XSC +
SHAKLEE 64 XBC +

AVERAGE {ERROR INC{.UDES SCALE FACTOR OF l«OI
VALUE FROM CONSTRAINED FIT

POSIT«K INTO Pl+ PI- E+ NEU (UNITS 10ss-5) {PT)/TOTAL

POSIT K INTO PI+ PI+ E NEU20«OR LESS
0 7%0 OR LESS

(UNITS 10se-7) (PB)I TOTAL
SIRGE 65 FSC s 95 PER CT CONF
ELY 68 HLSC CL«95 PCS

CHAR«K INTO HU PIO NEU (HU3) (UNITS 10ee-2) (P5)/TOTAL
0 (2 ' 8) ' (I'D) SERGE 56 EMUL +
O {5«9) (1~ 3l ALEXANDER 5F EMUL +
0 {2«8) '(0«4) TAYLOR 59 EHUl +

« ~ ~ ~ ~ ~ « ~ «
FIT 3«182 ~ 141 VALUE FROM CONSTRAtNED FIT

11/67
L1/6T

8/66
LL/68e

R?4 e CHAR» K INTO tPI PIO)/tMU NEU1 (PZ)/(Pl)
R24 0«3253 0«0065 AUERSACH 47 SPRK +
R24 «««' ~ ««« ~ ~
R24 FIT ~ 330 ~ 004 VALUE FROM CONSTRAINED FIT

R25 e .CHAR«K INTO (E PIO NEU)/(HU NEU) (P6) l(PL)
R?5 . 472 0«0797 0«0054 AUERSACH 6T SPRK +
R?5 e . THE VAlUE «0785+- ~ 0025 GIVEN {N THE ABOVE REF LS AN AVERAGE GF
R25 e AUERBACH 67 R25 AND CESTER 66 R23 ~

R25 960 ~ 0775 ~ 0033 SOTTERILL 68 SPRK +
R25 561 0~ 069 0«004 GARLAND 68 SPRK «
R25 « ~ ~ . ~ ~ ~ « ~ «
R25 AVG ~ 0765 F 0026 AVERAGE tERROR INCLUDES SCALE FACTOR OF . I ~ 0)
R25 Fll' ~ OFb «00L 'VALUE FROM CDNSTRALNED FIT

R26 e CHAR ~ K INTO (HU PIO NEU)/(HU NEVI {P5)/(Pl)
R?6 310.. 0 ' 0602 O«0046 AUERSACH 67 SPRK +.
R?6' 424 0«055 0«004 GARLAND 68 SPRK +
R26 «« ~ ~ « ~ ~ ~
R?6 AVG «057? «0030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L«0)
R26 FIT ~ 050 ~ 00? VALUE FROM CONSTRAINED F IT

8/67

8/67

5/68s
4/bgs

8/67
4/68s

R9
R9

RLO
R10

Rll
Rll
RLL
Rll
Rll

RL?

R 1'3
R13

R14
RL4

R15
RL5
RL5
R15

Rlb
Rlb
R lb

R17
R17
R17
R17
RLT
RL7

RLS
R18
RLB
RL8
R18
R1$

R19
R19
R19
R19
R19
R19
R19

POSIT K INTO PI+ Pl MUt NEU (UNITS 10se-5) (P9)/TOTAL
1 0 77 0 54 0 50 CLINE 65 FBC +

POSIT«K INTO PI+ Pl+ HU- NEU (UNITS 10ee-6) (PLO)/TOTAL
0 3«0 OR LESS. BERGE 65 FBC + 95 PER C'I CONF

CHAR« K INTO E NEU (UNITS 10se-5) (PL1)/TOTAL
Ldo«0 OR LESS BORREANI 64 HBC + CONLEV=O«95

4' 2«l ' I ~ 8 l«3 . BOMEH '67 SPRK +
SOi{EN RESULT SHOULD SE CORRECTED TO L«9{+I ~ 7 ~ -I A ?) BECAUSE OF
K+ TO f& NEU GAHHA DECAYS BEFORE COMPARING With SOTTERILL 67 R2S

CHAR«K INTO MU HEU GAMMA (UNITS 10se-5') (P12l/TOTAL

CHARe K INTO PI PIO GAMMA (UNITS 10ee 4) tP13)/TOTAL'
18 t 2«2) I 0~ 7) Cl INK 64 FSC + PI+ KE 55 80 MEV

CHAR«K INTO Pl PI+ Pl GAMMA{UNITS 10ee 4) (P'14)/TOTAL.
I ~ 0 0 ~ 4 STAMER . 65 El{UL +

{UNITS 10se-bl (P15I/TOTAL
CAMfRINI 64 FSG +
CLING 67 FBG +
SISI 67 DSC + 90 PER CT CONF

CHAR K INTO Pl E+ E
1 1~ L OR LESS

0«4 DR LESS
4«4 OR LESS

(UNETS lose-6) (P16)/TOTAL
CAMERINI 65 FSC + 90 PER CT CONF
SISl ' 67 OSC + 90 PER CT CONF

CHAR«K INTO Pl MU«MU
3«0 OR LESS
2«4 OR LESS'

CHAR« K INTO
134 3~ 24

1045 3«96
« ~ ~ ~ «

AVG 3' 8427
F IT 3«772

(P2)/({13)
YOUNG 65 El{UL +
CAllAHAN 66 FSC +

(PE PIO)/TAU
0~ 34
00 15

~ ~ ««
. ~ 2659

~ 062
AVERAGC (ERROR INCLUDES SCALE FACTOR OF 1 ' '9.)

VALUE FROM CONSTRAINED FIT

I P I' 2P I0)ITAU t P4) I (P3)
0«009 BISt 65 H+Hl +
0«099 YOUNG ' 65 EHUL +

~ ~ ~ ~
~ 0090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
F 008 . VALUE FROM CONSTRAINED Flt

CHARe K INTO
2027 0«303

17 0«393
« ~ ~ ~ ~

AVG «3037
FIT ~ 305

( l{U PLO NE U I IT AU (P5)/(P3)
0«035 SESI 65 H+Hi. +
0«16 YOUNG 65 EHUL +
0«OLT AACHEN 2 68 HLSC +

~ ~ « «
~ 0478 AVERAGE (CRROR INCLUDES SCALE,FACTOR OF 3' LI
~ 025 VALUE FROM CONSTRAINED F IT

(SEE IDEOGRAM SELON

~ CHAR« K INTO
2175 0 ' 632

38 0«90
1505 0 ~ 510

~ \ ~ ~ ~

AVG ~ 5366
FIT ~ 571

R27 e -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 tO
R27 R TO ADD UP TO 1 ONLY YOUNG. HEASURED MU2 DIRFCTLY
R2'F ~ « ~ ~ « ~ ~ ~ ~
R?7 FIT LL ~ 416 ~ 102 VALUE FROM CONSTRAINED FIT

8/66 9/66

8/66

LL/67
8/67 R28 e CHARe K INTO (E NEU)/{MU NEU) (UNITS LOss-51 tP11)/(PL)

R28 10 I 9 0 7 0 5 BOTTERILL 67 SPRK + 11/67

R29 e CHARe K INTO (HU PIO HEU)/(K PIO NEVI (P5)/{P6)
R29e 1509 .0 ~ 703 0«056 CALLAHANL 66 HLSC
R29 A 8050 {0«604) {0«022) '

AAGHEN 2 68 HLBC
R29 13371 0 ' 667 0«017 SOTTERIl2 68 SPRK +
R29 A ONLY INDIVIDUAL RATLOS INCLUDED IN FIT—SEE R19 AND R20-
R29 « ~ ~ « ~ ~ ~ ~ ~
R29 AVG ~ 6700 0163 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
R29 FIT ~ 655 ~ 015. VALUE FROH CONSTRAINED F IT
R29C FROM THIS EXPERIMENT NE USE ONLY THE HU3/E3 RATIO AND DO NOT

iR?9C INC{.UDK IN THE Flt THE RATIOS MU3/TAU AND E3/TAUI SINCE
R29C THEY SHOit LARGE DISAGRKKHENTS NETH THE REST OF THE DATA ~

R30 ~ CHAR«K INTO PI GAMMA GAMMA/TOTAL(UNITS 10ss-4) tP17)/TOTAL
R30 I~ 1 OR LESS CHEN 68 SPRK

R31 e CHAR« K- INTO PI f NEU GAMMA/PI E NEU (PLS) I(P6)
R31 0«012 0«008 SELLOTTL 67 HLSC +

6/bes
10/68«
6/68s

11/68e8/66

8/dd

8/db
11/dT
11'/6 F 5/68s

8/66
LLI67

11/67

11/67R32 e CHAR ~ K INTO (PI2 + MU3)/t TOTAL) {P2+P5 ) /TOTAL
R32 e NE COMBINE THESC T){0 MODES FOR EXPTS MEASURING THE)I IN XENON BG
R32 'e BECAUSE OF DIFFICULTIES OF SEPARAT(NG THEM THERK
R32 23«4 1« 1 ROE 61 XSC +
R32 886 25«4 0«9 .SHAKLEK 64 XBC +
R32 ~ ~ ~ ~ « ~ ~ ~ ~
R32 AVG ?4«5980 «9802 AVERAGE tERROR INCLUDES SCALE FACTOR OF I ~ 4)
R32 FIT ?4 ' 214 «274 VALUE FROH CONSTRAINED FIT

8/66
9/66 11/67

11/6F

8/66
8/66

K- INTO Pl+ f- E-!TOTAL (UNITS LOss-5) {P 19)ITOTAL
TEST OF LEPTON NUMBER CONSERVATION

I ~ 5 OR LESS CHANG 68 HSC CL&

R33
R33
R33 3/68s

(P20) /TOTAL
+ TEST NEUTR«CURR« 11/68s

CHAR ~ K INTO PE NEU NEU/ 'TOTAL (UNITS 10ee-4)
I'D OR LESS CAMERLNI 68

R34
R34

8/66
8/66

11/68e THE FOLLOVIHG BRANCHING FRACTIONS HAVE CORRElATED ERRORS GREATER THAN ~ 5

PL P? ~ 844

.IIEIGHTKO AUKRAGE ~ 0.5366 e 0.0478
ERROR SCALED ()Y 3+14

CHISO e 8 M COHLKU e 0.002

Values above of weighted
average, scale, etc. for
readers convenience. The
data were actually proc-
essed by program AHR,
which calculates its own
values of SCALE, x, and

re different
ues shown here).

K Form Factors

The parameter ( can be determined in
three different ways:
(i) by measuring the K /K 3 branching

p3 e3
ratio and comparing it with the theoretical
ratio as given in terms of (:

CI
cv

O

O
O

CI

O
Oo

CHARGED K INTO (MU PIO HKU)i{TAU)

2 68 HLBC
65 EHUL
6S H+Hl.

O
O

««

I'(K,)/r(K„) = c,+cz R. l+c, ~L~'

+C4~ +C X. Re(,

CHARe K INTO
230 0~ 90

37 0F 90
854 0.94

4 385 0«844«««««

R20
R20
R?0
R20
R20
R20

{E PIO NEU)/TAU {P6)/{P3)
0«06 BORREANI 64 HSC «
0016 YOUNG 65 EHUL +
0 ' 09 BELLOTT'2 4F HlBC
0«0?L AAGHEH 2 68 HlSC +

~ ~ ~ «
~ 0192 AVERAGE {ERROR INCLUDES 'SCALE FACTOR OF 1«0)
~ 013 VALUE FROM CONSTRAINED FIT

l(ZO AVG 8566
R20 F Lt ~ 871

R21 e POSIT«K INtO
49 4«7

269 5090
« ~ ~ ~ ~

RZL
R?I
R?l

AVG 6«0245R?1

(PI+ Pl E+ NEU)/TAU(UNITS LOss-4) (PTI/(P3)
I ~ 5 BIRGE 45 FSC s
0065 ELY 68 HLSC

~ ~ « ~
~ 5964 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l«0)

8/66
8/66

11/4'F
11/bss

8/66
LL/68s

where the C. are calculable constants;
(2) by measuring the z or lepton momentum
spectra and comparing them with the pre-
dicted spectra, which are functions of g (see,
for example, BRENE 6&).
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Data in parentheses have

(3) By measuring the muon polarization in
K decay. In the rest frame of the K the pfL3
is expected to be polarized in the direction X
with I) = X/)X), where X is given (CABIBBO
64) by

X = a (t,) p -a (() f" [(m„-E )t"
p, 2 m m

+ (p p )(E ™)/lp I )]+p
Il' P fL P, . fJI. IT

+ m Im ( (q )(p Xp ).
IT fL

If time-reversal invariance holds, we expect

1 to be real, and thus expect no polarization

perpendicular to the K decay plane.
The value of f„obtained by using the p,

polarization does not seem to be in agree-
ment with the value d.etermined, by using

spectra and branching ratios, for reasons
not yet understood ( WILLIS 67, CRONIN 68).
For this reason we list the experiments that

use polarization measurements separately,
and call their values (B. We group the mea-
surements that use spectra and branching-

ratio information, and call their values (A.
If the EI = i/2 rule holds, we a~pact the

+values of k and of g to be the same for K
0and K~ decayso

We also list the experimental upper

limits for the form factors of the scalar and

tens or par ts of the matrix element ( to be

added, to the matrix element written in the

text).

STABLE PARTIC LES
not been included in our averages.

10 CHARGED K FORM FACTORS

f+ AND f ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT
FS AND FT RtFER TO THE SCALAR AND TENSOR TERN

XIA 1 XIA F /F+ (DFTERMINED FRO}l SPECTRA ANO KMU3/KE3)

X I A 76
X I A 87
XIA
XLA
XIA
XIA
XIA 1509
X IA 2648
XIA 444
XIA
X IA
X(A 13371
XIA 78
X(A 976
XIA 8
XIA
XIA AVG

MU+ePIO SPECTR4
MU+ SPECTRUM
MU+

DIPLO

SPEC'YRN
Kf(U3/KE3
KMU3/KE3 ~ MU SPEC
MU+ SPECTRUM
KffU3/KE3
MU+ SPECTRUM
PIO SPECTRUM
KMU3/KE3
KMU3/KE ~ NOTE 8
KMU3/KE. NOTE 8
f'IO SPECTRUM
KMU 3/KE 3

+1.8 1.6 BROWN 62 XEBC +
+0'7 05 GIACOMELL 64 EMUL +

Oai 0»7 JENSEN 64 XEBC +
-Oe17 Oa75 Oe99 SHAKLEE 64 XEBC +
+0»6 Oe5 BIS( 65 HBC +

BTWN 40 ~ 2 AND +1~ 4 CUTTS 65 SPRK +
+Oe4 Oa4 0»22 C4LlAHAN bb FRBC +

0»0 1~ 1 0»9 C4LLAMAN 66 FRSC +
+Oe72 0»37 CALLAHAN 66 FRBC +
+Oa75 Oa50 AUERBACH 67 SPRK +
-Oe60 0»20 AACHEN 2 68 HLBG +
-0»08 Oe15 BOZTERLL2 68 SPRK +
-Oe5 Oe9 EISLER 68 PBG +
+1~ 0 06 GARLAND 68 SPRK

ASSUMES LMee»023 - INSENSITIVE TD, LM-

~ 0139 ~ 1408 AVERAGE (ERROR INCLUDES SC
(SEE IDEOGRAM BELOW )

ALE FACTOR OF 1' 5)

XIB 1 XLB e F-If e (DKI'ERMLNED FROM MV PDLARIZATIDN IN KMU3)

XIB 1 MEAS OF XI USING POLARIZATION IS LESS SENSITIVE TO FORM FACTCR
XIB 1 VAR14T IONS ~

100 +1~ 2 2»4 I~ 8 BORREANI 65 PBC e POLARIZATION
397 -1»4 leS CALLAHAN 66 FRBC + TOTAl POLARa
950 Oe7 Oa9 3»3 CALLAHAN 66 FRBC + LONG» POLAR'
000 -l»0 0»3 AACHEN 68 fRBG + ZOTAL POLAR»
133 0»95 0»3 CUTT5 68 SPRK + TOZAl PO(. AR»

e9565 ~ 2086 AVtRAGE (ERROR INClUOES SCALE FACTOR OF 1~ 0)

X IS 2
XIB
XIS 2
X IB 6
X IB
XLS
XIB AVG

111111ttttttttt tttt11111 t11111111111111111ttttttttt 111111111'1tttttst

BIRGE
ILOFF
ALEXANDE
COHEN
E I SENSE R

. SURRDWES
TAYLOR

FRKDEN
'

SARKAS
SHOWMIK
BRENE
NORD IN
ROE
SOY 4RSK I
BROWN

SARKAS
8(RGE
ADA IR
BOR REAN I
CAB I 880

ALSO
ALSO

GAL LAHA N

GAMERINI
CLINE
GIACOMEL
GRE INER
JENSEN
SHAKLEE

56 NC 4 834
56 PR 102 927
57 NC 6 478
17 FUNO ~ CONS ~ PHYS ~
58 NG 8 663
59 PRL 2 117
59 PR 114 359

60 PR 118 564
61 PR 124 1209
61 NG 20 857
61 NP 22 553
bl PR 123 2166
61 PRL 7 346
62 PR 128 2398
62 PRL 8 450

63 PRL 11 26
63 PRL 11 35
64 PL 12 67
64 PL 12 123
64 PL 9 352
64 PL 11 360
65 PL 14 72
64 PR 136 8 1463
64 PRL 13 318
64 Pkl 13 101
64 NG 34 1134
64 Pfl(. 13 284
64 PR 136 81431
64 PR 136 8 1423

REFERENCE5
10 CHARGED K (494 ~ JPe0 ) Iel/2

BIRGEePFRKINSePETERSONeSYORKeWHITFHEA (LRL)
ILOFFeGOLOHABERelANNUTTI eGILBERT + (LRL)
ALtXANOERe JOHNSYCNtOGEALLAIGH (DUBLIN INST)

R COHENeK M CRCWEe J DUMONO (Al+LRL+CIY)
EISENBERGeKOGH ~ LOHRMANNeNIKOLIC + (BERN)
BURRDWKS CALDWELL ~ FRISGH HILL + (Ml()
S TAYLOfl eHARRI S ~ DREAR eLEE ~ 84UMEL (COLUMBIA)

S C FREDEN ~ F G GILBERTtk S WHITE tlRL)
BARKAS ~ DYERtMASON ~ NORRIStNIGKOlSt5)llT (LRL)
8 BHOfeMIK ~ P C JAINeP C MAThUR (DELHI UNIV)
SRt NE e EGARDT ~ OVI ST I
PAUL NDRDIN JR (LRL)
ROE ~ SINGLAIR ~ BRDWNtGL4SER + (tllCH+LRL)
BDYARSKI eLOHt NIEMELA eR(TSCN (Ml I)
SROWNeKAOYKeTRILLLNGeROEe (LRL e MICH)

W H SARKASeJ N OYER AH H HEGKMAN (LRL)
BIRGE ~ ELYeGLDAL ~ CAMERINL + (LRL+WLSeBAfll)
AOA IRelE IPUNER (YALEeBNL)
G BORREANltG RINAUDOt4 WERSROUCK I TURIN)
CAB I SBOe MAKSYfeOWICZ (CERN)
GAB (880 e MAKSYfeOle(CZ (CERN)
CAB IBBOe MAKSYlfUW ICZ (GCRN)
4 CALLAHAN ~ R MARCHER STAIlK (WISCCNSIN)
CANERINI ~ Cl INEeFRYtPONEL(. (WISCONSIN+LRL)
0 CLINEe W F FRY ( W I SCONS IN)
GIACDMELLI ~ MONI' I ~ 0UAREN(e (BOLOGNA ~ MUNICH)
0 Gf(EINERe W OSBORNE ~ W SARKAS (LRL)
JENSENeSHAKLEE ~ ROE ~ SINCLAIR (MICHIGAN)
SHAKLEt ~ JENSENeRDE ~ SINCLAIR (MICI'. IGAN)

FS 1 FS/Ft RATIO OF SCALAR ZD F+ CDUPLINGS (ABS~ V4LUE)
FS 0023 QR LESS BOTTtRILL 68 SPRK GL 90 PERCENT

FT 1 FT/F+ RATIO OF TENSOR TO F+ GDUPLINGS (4BS VALUE)
FT 0»58 OR lESS BOTYERlll 68 SPRK CL 90 PERCENT

LM+ 1 LAMBDA t tLLNEAR ENERGY DEPENDENCE OF F+ IN KE3 DECAY)
LM+ 1 FOR RAO» CORR ~ TD I'HK DAL ITZ PLOTe SKE G INSSERG 67 ~

LM+ 1 217 (+0»038) ( F 045) BROWN 62 XEBC t PIO SPECeNO R»C ~
LM+ 1 230 I 0»0 I ) (»05) BORllEANL 64 HBG + t+ SPKCeND R»C ~
LM+ 1 407 (-Oe010) (»029) JENSEN 64 XEBC + PIO SPEC ~ NO R»CD
LM+ 8 457 (e0 025) ( 018) BELLOTZI 66 FBC + SEE NOTE 8 BELD'W
LM+ 1 854 t0»045) (0»017) (0»018)BELLDTZ2 67 FSC + SEE NOTE 8 BELOW
LM+ 8 BEllOTY2 67 RtPLACES BELLOYTI 66 USES OALITZ PLOT WITH

RADAR

COR ~
LM+ 1 1393 (+0»016) I ~ 016) INLAY 6T SPRK + DLTZ PLZehD ReG»
LMe '~ 515 ( e0»028) ( ~ 013) '( ~ 014)KALMUS ' 67 FBC t E ~ Pl SPEC eND R»C ~
LM+ 117000 t ~ 08) t»04) SOTTERILI 68 SPRK + t SPEC USES R»C ~
LM+ 1 90 t 0»02) (Oa08) (Oa12) EISLER 68 PBC + PIO SPtCeNO R»C ~

SI67

8/67
8/67
8/67
8/67
8/67
8/67
8/67
BI67
8/67
S/67

10/681
6/681
6/681
4/681

11/681

B/67
BIGT
8/67
6/681
6/681

8/66

8/bb

8/67

8/67
8/67
8/67

11/67
11/67
8/67
8/67
6/681'
6/681

~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~

68 SPRK
68 PBC
68 SPRK
88 HLBC
67 SPRK
86 FRBC
66 FRBC
86 FRBC
65 HBC
64 XKBC
84 XESC
64 EflUL
62 XKBC

GARl 4HD
KLSLKR

'BDTTKRIL2
~ 4ACHKH 2
~ 4UKRSACH

HAH

HAH

HAN

KLL

IIKIGHYKO AVKR4GK 0o014 1 0 ~ 141
KRRDR SCALED BY 1 ~ 46

CHISO a 23 S CDMLKV e 0 s01S

LIE IGH TED 4VK RAGE e "0»156 4 0 e 186
ERROR SC4LKD SY 1.78

CHISO e 41 ~ 3 COHLKV ~ 0.000
GAR AHO 68 SPRK Kt)U3iKK3

~ ~ 68 PSC PIO SPKCT
68 SPRK TDT. POLo

I. IL2 68 SPRK Kf)U3iKK3 .
2 88 HLSC Kt)U3~KK.

88 FRBC TDT POL.
4CH 87 SPRK KffU3&KK3

AH 66 FRSC LHG ~ POLY. l
HAH 66 FRSC TDT. PDL ~

HAH 66 FRSC PIO SPKCT
H4H 66 FRSC t(U+ SPKCT
HAH 66 FRBC KtlU3iKK3
4HI 86 PSC POLAR IZ ~

66 HSC Kt)U3&KK3
KE 64 XKBC KHU3iKK3
H 64 XKBC tfUePI SPC
tlKLL 64 KtlUL t(U+ SPKCT

62 XKSC tlUe PI SPC
o
O
O

Oaa
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o
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D

I
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o
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a

o
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FOR CHGO K DECAY fFROtl SPECTRA) F-iF+ FOR Ko
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DECAY (BOTH X14 AND XIS)
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DIRGE
8 IS I
8 IS I
SORREAN I
CALLAHAM
C AMER (N I
CLINE
CUT T5
DESOUARD
DE MARCO

ALSO
FITCH
GRE INER
STARER
TRILLING
TRIL(, ING
YOUNG

ALSO

BELLOTT I
C4LLAHA I
CALLAHAN
CESTER
CESTER
LOBKDMIC
SELLOTT 1
BELLOTT 2
8 IS(
BOTTER(L
BOT TER I l
BOMEN

65 PR 139 8 1600
65 NC 35 768
65 PR 139 8 1068
65 PR 140 81686
65 PR(. 15 L29
65 Nc 37 1795
65 PL 15 293
65 PR 138 8969
65 PL 15 58
65 PR 140 $. L430
68 PR 169 1045
65 PR 140 8 1088
65 ARMS 15 67
65 P)t 138 8 440
65 UCRL 16473
65 IS UPDATED FROM
65 VCRL 16362
67 PR 156 1464

Data' in .pa rcn th cses haTIg

SIRGEeELY ~ GLOAL ~ CAItERINlecLINC + tLRL+MIS)
8ISI ~ BORREAMI ~ CESTER 5FERRARO + t TURIN)
BISI~ MARZARI-CHIESAIRINAUOO {TURINO ~ INFN)
SORREAN I eG I OAL e R (NAUOO ~ CAFOR ID+ {Sill I ~ TUR I N)
4 CALLAHANeo CLIME (MI SCCNSIN)
C AMER IN I 5CL INE 5 G IOAL I KALMV5e KERNAN {M I 5+LRL )
4 CLINE ~ M F FRY t Ml SCONS I N)
CUTTS El IOFF ST( ENING {LRL)
DESOUAROeDEKKERS ~ JOROAN+(MUNICHeCERM ~ CRSAY)
OE HARCOeGROSSOIRINAUDO (TUIllNO+CERN)
SAYER ~ BEALLeOEVLIN ~ SHEPHARD+{MD+PPA+PALHER)
FITCHeQUARLES ~ MILKINS {PRLNCETON+HT HOLYK)
QUOTEO BY BARKAS (LRL)
STAMFReHUETTEReKOLLEReTAYLOReGRAVMAN {STEV)
GEORGE H TRILLING tLRL)
1965 ARGONNE CONFe PAGE 5
POH-SHIEN YOUNG tTHES(5eBERItELEY) (LRL)
P-5 YDUNGIM ~ Z ~ OSBORNEIM H BARKAS {LRL)

66
66
66

PL 20 690 BELLOTTI eF IORINI ePULLIA+ {Iii I LAN )
PR 150 1153 CALLAHANeCAMERINI+ {M(SceLRL~ RIVERSIDE e BAR I )
Nc 44A 90 A C C4(.LAHAN t Ml SCONS IN)

66
67
67
67
67
67
67

PR(. 17 548 LCBKOMLCZ ~ MELISSINOS, NAGASHIHA+ {RDCh+BNL)
HE IDELBERG CONF BELt.OTTI ePULLIA {IILLAN)
Nc 52A 1287 BELLOTT I ~ F I OR IN I I PULL I A t P ILAN)
PL 258 572 SISI eCESTER ~ CHIESA ~ V IGONE ( TORINO)
PRL 19 982 BOTTERLLL BROMN, CORBETT CULI. tGAN + {OXFORD)

SEE ALSO BOTTERILL 68
PR 154 1 314 SOME' MANNIMCFARlANEIHUGHES+{PENN-PRIMCETO)

66,PL 21 343 CESTER 5 CSCHSTRUTH ~ ONE ILLO {PRINCETON-PENN)
66 SEE ALSO FOOTNOTE 1 OF AUERBACH 67

STABLE PARTICLES
not been (nell dgd

BURMSTE( 45 PR
KIM 65 PR
BALTAY 66 PR
FITCH 67 Pit
Hill 68 PR

tn Offl
138 8 895

1»O 8 1334
142 932
164 L7LL
168 1534

a7/crages.
R A SVRMSTEIN AH A RUBIN
J K KIII ~ L KIRSCH ~ D MILLER
BALTAYe SANOMEI SSe STONEHILL +
F ITCHeRDTHeRUSSe VERNON

Hlt. l ~ ROBINSON ~ SAKI TT eCAMTER

{I(ARYLANO)
{COLUMBIA)
{YALE+BNl)

(PRINCETON)
{BNL~ CARMEGIE)

01ttit Otttttttt t01001100 Otttttttt 001010011 Otttt001t t00000010 00000000

0 ~001 100111111110111110110101011110111101 '110010000 11001100
L2 SHORT-LIVED NCUTRAL K {498~ JP~O ) I~L/2

12 KOS LIFETIHE (UNITS Loot-LO)

7

T
7
7

T
7
T
T

T
T

T
7
T
T

T

0 90 {1~ 07) {0~ L3) {0 13) BolDT 58 CC
512 05 94 oe 0'5 0 05 CRA WFORO 59 HBC

0 63 {L ~ 09) {0~ LB) {0~ 15) BOMEN 60 CC
0 OLO EXPTS MITH LOM STATISTICS NOT INCLUOEO IN AVERAGE ~ 6/4 80

378 oe94 0 05 0 05 SERTANZA 62 HBC
503 0 F 87 0~05 CHRETIEN 63 PBC
545 O. 84 O. O» KItE I SLER 64 5PRK

0 ~ 866 0 016 ALFF-STEI 66 SPRK 9/66
'572 0 ' 90 8~06 0~ 05 AUERBACH 66 SPRK 8/67

4500 0592 oeoh BALTAY 66 HBC ales
8 {0~904) (0' 024) BOTT-SOOE 66 SPRK 9/66
8 KOS LIFETIME MOT THE PRIMARY QUANTITY MEASURED IM THIS EXPT ~ 6/680

5C00 oe843 0 ~ 013 K IRSCH 66 HBC 6/66
19994 0+856 0 ~ OOS DONALD 68 HBC 6/68 1
20000 0» 665 0+009 HILL 68 DSC 6/681

H HILL 68 GIVES A DETAILED DISCUSSION OF SYSTEMATICS ENCOUNTERED IN
H IN THIS TYPE OF EXPERIMENTS

~ ~ I ~ 0 ~ ~ 0 ~

AVG ~ 8619 + ~ 0062 - ~ 0062 AVERAGE {ERROR INCLUO'ES SCALE FACTOR OF I 2)
67 HEIDELBERG CONF
67 PRL L9 98
67.PR(. 18 12th
67 SNL 11056
67 PR 162 1570
67 PR 160 1203
67 PR 159 LL87

CLINE
FLETCHER
FORD
G IACOMEL
G II(SBERG
I ML AY
KALHUS
MILL! 5 67 HEIDELSERG 273

CLINE ~ HAGGERTYISIMGLETOM ~ FRY+
FLETCHEReBEIER ~ EDMRADSe+
+LEHONICK ~ NAUENBERGePIROVC
GIACDHELLI ~ KYC I A eL I 5 TE I GER
EDM4RO 5 G(NSBERG (U
IHLAY ~ ESCHSTRUTH ~ FRAMKLINe
KALHUS ~ KERNAI(
M J MILLIS -RAPPORTEUR TALK

{MI SCONS I N)
{ILL INDI 5)

(PRINCE)'OM)
{SNL)

MASS BOSTON)
(PRINCETON)

{LRL)
{YALE)

A AC HEN

AACHEN 2
SOTTERIL
SOT TER( I
BOT TER I 2
CAHERINL
CHANC

eB
68
eo
68

Nc 564 LL06
PL 278 586
PR 171 1402
PR 174 1661

68 PRL 21 766
68 . V LEMMA ABS ~ 537
68 PRL 20 510

AACHEN-BAR I-BERGEN-CERN-EP-Ml JME {EN-OR54Y+)
AACHEN-BAR I-CERN-EP-ORSAY-PAOOVA{ VALENCIA)
SOTTERILL ~ SROMN ~ CORBETTICULLIG4N+ '{OXFORD)
BOTTER ILLIBROMN ~ CLEGGecORBETT ~ + t OXFORD)
BOTTER ILLeBROMN ~ CLEGG ~ CORBETT + (OXFORD)
CAHER IN I eCL (NE 5 L JUNG {MISC)
CHANG ~ YDOH ~ EHRL ICH ~ PLANO+ {MARYLANDe RUTGFRS)

CHEN 68 PRL 20 73
CRONIN 68 VIENNA CONF
CVTTS 68 PRL 20-955
E ISLER 68 PR Le9 Lo9o
E(,Y. . 68 PR TO BE PVBL
ESCHSTRV 68 PR 165 1487
GARLAND. . 68 PR 167 1225
HERZO 68 VLENNA ASST 300

CHENecUTTS ~ Kl JEMSKI 5STIEMING + tLRL ~ HIT)
RAPPOk TEUR TALK {PRINCETON)
CUTT'5 ~ ST IENINGe MIEGAMDe DEUT SCH ILRLe MI I I
E ISLER ~ FVMGIHARATECK ~ MEYER ~ PLANO t RUTGERS)
ELVA KALHU5 e {LRL+UCLA+MLSC)
ESCHSTRUTHIFRANKLINeHUGHES+{PRINCETDN ~ PENN)
+TSIPLS ~ OEVONS ~ RGSEN+ {COLUMBIA ~ RUTG ~ MISC)
HERZO ~ BANNER ~ SEIEReSERTRAM ~ EDMARDS + (ILL)

QUANTUM NUMBER OETERMIMATIDNS MOT REFERRED TO IN THE DATA CARDS

BLOCK . 62 CERN CONF 371 BLOCKILENDINARA ~ MONARI {NMU+BOLOGNA)

R
H

II

H AVG

M FIT

498 1
2223 497 ' »4
4500 498 ' 9

'497e»4
~ 0 ~ 4 ~

497 ' 8653
'497 F 76

Oeh CHRISTEMS 64 SPRK
0% 33 KIM 65 HBC KO FROM PBAR P 6/66
Oe5 BALTAY 66 HBC KO FROM PBAR P 6/66
oe 50 FITCH 67 SPRK 11/6'7

~ o ~ ~

~ 3L58 AVER4GE {ERROR INCLUDES SCALE FACTOR OF 1~ 5)
De Lb VALUE FROM CONSTRAINED F IT 6/681
{SEE IDEOGRAM SELOM )

MEIGHTFO AUERAGE 487 ~ B68 a 0.316
ERROR SCALED BY 1.63

C&ISQ ~ 7-II CONLEV 55 0,072

00000 ~ 0 000010110 Otttttttt 111111000 000101001 001010100 00000001
000101 Otttttttt 101101011101111001 Otttttttt tttt11111 1st ~ 00011 Ottttttt

io 11 MEUTRAt. K {JP~O-) 1~1/2

11 Ko MASS t HEV)

Pl
P2
P3

12 KOS PARTIAL DECAY MODES

KOS INTO Pl+ PI
KOS INTO Pjo P(0
KOS INTO HV+ HU

DECAY IIA55ES
139+ L39
134+ 134
105+ L05

R 1 0 KOS INTO {P I+
RL 0 ~ 68
RL 0.70
RL U {0 740)
RL ~ ~ ~ ~ ~

RL AVG ~ 6840
RL FIT ~ 684

R2 1 KOS (NTO t Pjo
R2 0.27
R2 0526
R2 0~ 30
R2 1066 0~ 335
R2 198 05288
R2 ~ ~ ~ ~ ~

R2 AVG ~ 3161
R2 F IT ~ 316

IIEIGHTEO AVERAGE & 0 ~ 3161 a 0.0136
ERROR SCALED BY 1.26

CHISQ e 4.7 CONLFV 0 0 ~ 18S

e of weighted aver-
etc. for readers

The data were
cessed by program
calculates its own
ALE, x, and 6(x)
Lfferent from the

wn here).

12 KOS BRANCHING RATIOS

{PL)/TOTALP I-) /TOTAL
05 04 CRAMFORD 59 HSC
0 F 08 COLUMBIA 60 HSC

{0 024) ANDERSON 62 HBC
~ ~ ~ ~

0358 AVERAGE (ERROR !MCLUOES SCALE FACTOR OF 1 0)
~OIL VALUE FROM CONSTRAINED FIT

P 10) /TOTAL (P2)/TOTAL
0~11 CRAMFORD 59 HBC
0006 BAGLIN 60 PBC
0~035 SROMN 61 XSC
oe014 SROMN 63 XBC
Oe02L CHRETIEN 43 PSC

0 0 ~ ~

~ 0135 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I' 3)
~ 011 VALUE FROM CONSTRAINED FIT

{SEE IDEOGRAM BELOM )

e of weighted aver
etc. for readers

The data were
cessed by program
calculates its own
ALE, x, and 6(x)
ifferent from the
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ISrEHS 64 SPRK
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R3 0 {KOS INTO Pl+ Pl- P10)/{KDS INTO Pl+ Pl- PIO)
R3 oe»5 OR LESS SEHR 66 HLBC 90 PER CT CONF 8/66
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REFERENCES
12 SHORT-LIVED NEUTRAL K {498' JP&0-) I~L/2

BOLOT 58 PRL
CMAMFORD 59 PRL

1 150
2 266

E BOLDT ~ 0 0 CALO)IELL AY PAL (MIT)
CRAMFORDeCREST I ~ DOUGLASSeGCOOe TICHO + t LRL)

11 KO-K CH ~ MASS DIFFERENCE {MEV)

0
0
0 9
D 7
0 417
0
D AVG
0 FIT

3 ' 9
5 ' 4
3 ' 90
F 71
3e 95

~ 0 4

3 ' 9163
3 ' 94

os 6
I~ I
0 25
0 ~ 35
00 21

~ 0 ~ 4
F 1408

05 13

ROSENFELD 59 HBC
CRAMFORO 59 HBC
BVRNSTEIN 65, HBC
KIM 65 HSC
HILL 68 OBC

+

K P TO Ko N
+ K+0 TO KOPP

AVERAGE {ERROR INCLUDES SCALE FACTOIt OF I'D)
VALUE FROM CONSTRAINED FIT

~10 OOOOOOOOO OOOOOOOOO ttttttttt 000000000 10111101111011111011011100

6/681
3/480

6/680

SAGLIN 60 Nc 18 1043
BIRGE 60 ROCH CONF 601
BOMEN 60 PR 119 2030
COLUMBIA 60 RUCH CONF 727
IIULLER 40 PRL 4 418

BAGL INe SLOCH ~ SRLSSONeHENNESSY + t PARIS EP)
M BIRGEeP P ELY + tot(. +MISCCNSLN)

SOMENeHAROY ~ REYNOLDSeSUMeMCORE+(PRINCE+SNL)
M SCHMARTZ + {COLLMSIA)
MULLERe BIRGEeFOMLER GDOO PICC10MI+{LRl+BNL)

8ROMN
F LTCH
GOOD
ANDERSON
SERTANZA

CRAMFOR 0

61 Nc 19 L155 SRCMN ~ BRYANT ~ BURNSTEINeGLASEReKADYK+ {I{ICH)
61 NC 22 1160 V FITCHeP PIROUE ~ R PERKtNS {PR(NCEeLASL)
61 PR 124 1223 GOODeMATSEN ~ MULLERePICCIONI I LRl)
62 CERN CONF &36 J A ANDERSON' F 5 CRAMFORD + {LRL)
62 PREPRINT 0105 BERTANZA ~ CONNOLLY ~ CULMICK ~ EISLER + {BNL)

{BERTANZA UNPUBLISHEDeBUT RECERTIFIED SY AUTHCRS ~ AUGUST 66)
62 CERN CONF 827 F 5 CRAMFORD (LRL)

CRAMFOR 0 59
ROSENFEL 59
CHRISTCN 64

PRL 2 112
PRL 2 110
PRL 13 138

REFERENCES
11 NEUTRAL K {JP=O-)I~L/2

CRAMFORD ~ CREST I IGOOD ~ STEVENSON ~ TICHO tLRL)
4 H ROSENFELDeF SOLMITZ ~ R 0 TRIPP (LRL)
CHRI 5TENSONICRONIN ~ F LTCHe TURlAY {PRINCETON)

BROMN
CURE T IE M

KRE ISLES
AUE RBAC H

TRILL( IIG
TRI LLING

63 PR 130 769
63 PR 131 2208
64 PR L36 8 1074
65 PRL 14 192
65 UCRL 16473
45 IS UPDATED FROH

BROMN KAOYK TRILLING ROE + {LRL+IIICHIGAN)
CHRETIEN+ {BRANOEI 5+SRCMN+HARVAROt Ml 7 I
M KRE I SLER eO OVERSETH 5 J CRONIN t PltlNCETON)
AUERBACH ~ LAMDE ~ MANN ~ SC IULL I 5 VTO + t PLNNI
GEORGE H TRILLING {LRLI
1965 ARGONNE CONF e PAGE 115
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STABLE PARTICLES
Data in parentheses have not been inclNded in our averages.

ALFF-ST E
AUERBAC H

t)Y)L T A Y

BOTT-800
KIRSGH
BOTT-800

66 PL 21 595 ALFF-STE INSERGEkyHEUER ~ KLE IhKNECHT + tckRN)
66 PR 149 1052 AUERBACH ~ DDBSSeLANDE ~ MAhlNrSCLULLL+ (PENN)

SEE ALSO AUERBACH 65
66 PR 142 932 BALTAY ~ SANOWEISS ~ STONFHILL + (YALE+BNL)
66 PL 22 540 BEHR BRISSON PETIAU+ {EP leILAN PADUA ~ CRSAY)
66 BERKELEY CONF' BOTT-BODENHAUSENrDE BDUARD + tCERN)
66 PR 147 939 L KIRSCH ~ P SCHMIDT (COLUMBIA)
67 PL 248 194 BOTT-BOOENHAUSENrDE BOUARDyCASSELt . (CERN)

W5
W5
W5
W5
W5
W5
W5

e
KOL INTO LEPTDNIC {KMU3+KE3) (UNITS 10tt6 SEC-L).of P3+P4)
109 9 4 1 ~ 3 FRANZINf 65 Hsc
54 11~ 3 lo9 GOLDEN 66 HBC

335 L0.3 0 ' 8 HILL 67 DBC KtN TO KO P
o o o ~ ~ o ~ ~ o

AVG 10 1949 6413 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
FIT 12~ 235 462 VALUE FROM GOhlSTRAINED FfT

6/66
9/66
8/67

DONALD
HILL

68 PL 278 58
68 PR pit 1418

DONALD ~ EDWAROSyN+ARt(LIVERPDOL yCERN ~ PARI S)
HILL ~ RDSLNSONySARj'TT + (BNL ~ CARNEGIE)

13 LONG-LIVED NEUTRAL K (498 ~ JP~O-) L~L/2

13 KOL-KOS MASS DIFFERENCE
(UNITS ARE INVERSE KOS LIFETIME)

t I ~ 9) (0~ 3) F I TCH 61 CNTR
0 ~ 84 Oe29 De21 GDOO 61 PBC
0 ~ 88 Oe20 CAMERLNI 62 PBC SEE NOTE C BELDN

LUE CHANGED FROM 1~ 5 {SEE TABLE 1 OF CAML'RINI 66)
0 ~ 47 0 ~ 21 AUBER7 65 PBC
0 ~ 26 Oe 36 Oe26 BALDO CEO 65 PSC ASS ~ CP CCNSe055 0~ 1 CHR ISTENS 65 SPRK
0 ' 60 Ok LESS FITCH 65 SPRK CF ~ MEISNER 66

0 (0~ 82) (Oo 14) VISHNEVSK 65 SPRK CU AND AL REGEN
SHNEVSKY 65 NDT CORRECTED FOR INTERFERENCE EFFECTS

Oo445 Oo034 ALFF-STE I 66 SPRK
4 Oo36 0 ~ 21 Oo31 BALDO-Cec 66 HLSC KO+hI INTO HYPLR ~

0 ' 480 0 ' 024 BOTT-BODE 66 SPRK
7 0 ' 50 0 15 CAMERINI 66 Hscy DBC KO+N INTO HYPER
2 t+ 0 ' 54) (0 ' 15) CANTER 66 DSC KO SCATTER IN 02

ERROR IGNORES UNCERTAINTY OF PHASL SHIFTS
5 0 ' 54 Oe09 Oel4 CHANG 66 HSC KO+P INTC HYPER'

0 ' 72 Oo15 FUJI I 66 SPRK IRON REGENERATOR
9 (0 ' 62) {0 16) HILL 66 DBC. KO+0 INTC HYPER'
9 0 ' 65 0 30 ME (SNERl 66 HBC SEE NOTE Ml

+ SIGN FAVORED ME I ShlER2 66 HSC
t+ Oe44) (De06) MEHLHOP 66 SPRK SEE NOTE M

(Oeb7) (Oe15) CANTER 67 DSC KO+0 INTG HYPER'
CANTER 67 (S A PRELIMINARY RESULT INCLUDES HILL 66 EVENTS

+0 ' 35 0 ' 15 JOVANOVIG 66 SPRK C+URANIUP REGENT
0 ' 57 0»10 MISCHKE 67 SPRK
0 ' 53 Oe12 BALATZ 68 SPRK AL REGENERATOR
0 ' 445 0 038 CARNEGIE 68 HSC GAP METHOD

+0 ~ 42 0 ' 04 MELHOP 68 SPRK ST ~ STEEL REGEN
HOP 68 IS A FURTHER ANALYSIS OF MELHOP bb

~ o e o e ~ ~ ~ o
G ~ 4691 e 0149 AVERAGF {ERROI{' INCLUDES SCALE FACTOR OF 1 ~ 0)

D

0
0
0 C VA
0
D
D
0
0 V 13
0 V VI
D

0 8
D

0 7
0 N 7
D N

0 9
0
0 C 8
0 5
D Ml
0 M

0 C 136
0 C
D

D
D 590
0
0
D M MEL
0
D AV

NEUTRAL K CONSTRAINED F IT
OVERA{.L FIT OF LIFETIME WIDTHS ANO BRANCHING
RATIOS USES 68 DATA POINTS TO DETERMINE FIVE
QUANTITITESe OVERALL FIT HAS CHISQ=37 ~
VALUES OF BRANCHING RATIOS CHANGED MAINLY BE-
CAUSE OF NEW MEASUREMENTS OF Rl RLO ~ Rls
PARTIAL WIDTHS HAVE LARGE SCALE FACTURS BE-
CAUSE L IFET IME HAS 5=1 7

13 KOL LIFET(ME {MICRCSEC)

tttttt ttttttttt tttttttte ttttttttt ttttttttt ttttttttt ttttttttt ttttttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt

8/e7
8/67
6/66

6/66
7/ee
8/67
3/68t
e/ss
Ble7
9/es
8/67

11/es

. 8/67
9/66
9/66
e/ss
9/66
9/66

11/67

11/66
11/67
3/68t
3/68t
6/68t
6/68t

N6
We
W6
WS

01
01

02
02

Rl
Rl
Rl
RL
Rl
RL
RL
Rl

RZ
R2
RZ

i R2
RZ
R2
R2
RZ
RZ
R2
RZ
RZ
R2
R2
R2

R3
R3
R3
k3
R3
R3
R3

R4
R4
R4
R4
R4
R4
R4

R5
Rs
R5
R5

KOL INTO P I MU NEUTRINO UNIT'5 10tt6 SEC-1) {P3)
19 4 ~ 54 lo24 I ~ OS LOWYS 67 HLBC

~ e ~ ~ ~ o o o o
FIT 5 ' 224 21L VALUE FROM CONSTRAINED FIT

13 DECAY RATES DIFF' e(+)-(-)/t+)+(-) (PERCENT)

KOL INTO (MU+Pj-NU)-tMU-PltNU)/(MU+Pj-NU)+(MU-Pf+NU)
10t tb Oe 403( 0 134 DORFAN 67 SPRK DERIVEO FROM R16

KOL INTO (EtPL-NU)-{E-PftNU)& tEtPI-NU)+(E-Pl+NO)
1(tt7 0 ' 224 Oo036 BENNETT 67 CNTR

ww eww w wow o& e ww

13 KOL BRANCHING RATIOS

KOL INTO I P IO
24 0 ~ 24

0 ~ 31
549 Oo251
444 Oe277

~ ~ ~ ~ o
AVG ~ 2604
F IT ~ 274

KOL tNTO tPI+
59 ' 0 185
79 0 ' 151
75 0 157
66 0 ~ L5

326 Oe159
566 0 ' 178

teIL 729 fO. t44)
126 00162
180 Oe 17

Oo lel
(0 ' 15)

'~ ~ ~ ~ ~
AVG ~ 1618
FIT ~ 162

P IO PIO)/CHARGED {Pl)/ {PZ+P3tP4)
0 ~ 08 AN I K I NA 64 Cc
0 ~ 06 KULYUKINA 66 CG
Oo014 SUDAGOV 68 HLBC
0 021 BUDAGDV 68 HLBC

~ o ~ ~

~ 0113 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
~ 011 VALUE FRDM CONSTRAINED FIT

P I PIO)/CHARGED (P2) l I P2+P3tP4)
Oo 038 AST I ER 61 CC J00020 ADAIR 64 HBC
0 03 0 04 LUERS 64 HBC
Oe03 0 04 ASTSURYL 65 CC
0 ' 015 ASTSURY2 65 CG
00017 GUIDDNI 65 Hsc

t0e004) HOPKINS 65 HSC SEE HOPK fNS 67
Oe 015 HA'WK INS 66 HBC
Oe03 KULYUKLIIIA 66 CG
Oo005 HOPK LNS 67 HBC

{0 01) HOPK I NS 68 HLSC
~ o ~ o

0041 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF t. 0)
~ 004 VALUE FROM CONSTRAINED FIT

KOL INTO {P I MU NEUTRINO) /CHARGED t P3) I (P2+P3+P4)
C 251 (0.356) {0 07) LUERS 64 HBC
G 172 (0 39) {0 08) (0 10) ASTBURYL 65 CG
C 330 (0 ' 32)' {Oo07) KULYUKINA 66 CC
C THIS MODE NOT MEASURED INDEPENDEhITLY FROM R2 AND R4

~ ~ o ~ ~ ~ e ~ ~
FIT o 358 o 010 VALUE FROM CONSTRAINED F I T

KOL INTO (PI E NEUTRINO)/CHARGED {P4) I t P2+P3 tP4 )
153 0 487 0 05 LUCRS 64 HSC
202 Oe46 Oops Oe10 ASTBURYL 65 CC
500 De 51 0 F 06 KULYUKINA 66 CC

~ ~ o ~ ~ ~ ~

AVG ~ 4908 0353 AVERAGE (ERROR INCLUDES SCALF. FACTOR 0{ 1 ~ 0)
FIT F 480 o010 VALUE FROM CONSTRA LNED FIT

KOL LNID {PI E NEU)/{fPI E NEU)+(Pf MU NEU)) (P4)/(PS+P4)
320 0.415 0' 120 ASTIER 61 CG

~ ~ ~ ~ ~ ~ o ~ ~
FIT ~ 573 012 VALUE FROM CONSTRAINED FIT

8/67

11/67

1 1/67

6/66
9/66

LO/bst
10/est

8/66
8/66
8/66
8/66
6/66
6/se
6/66
6/66
9/66
8/67

LO/68t

7/66
9/66

7/66
9/66

T t A

34
7 15
T
T 1700
T
T L

L SUM
T

T AVG
T FIT

SSUMEO DS~OQ Ah{D DELTA I~L/2 CRAWFORD 59 HBC
0 ~ 081 0 032 0 024 SARDON 58 CC
Oe051 0 ~ 024 0~ 013 OARMON 62 FBC
0 ' 053 Oe00& FUJII 64 SPRK
0 ~ 061 0 015 0 012 ASTBURY3 65 CC
Oo0515 Oo0014 DEVLIN 67 CNTR

(0 ' 050) (Oe005) LOWYS 67 HLBC SEE NOTE L SELCW
OF PARTLAL DECAY RATES.
~ ~ ~ ~ ~ ~ o ~ ~

~ 0520 + o0014 - eOOL3 AVERAGE (ERROR INCLUDES SCALE FACTOR
o054 e001 VALUE FROM CONSTRAINED F IT

8/67
8/67
8/e7
8/67

OF I ~ 0

Rb
R6
R6
R6

R7
R7
R7
R7

KOL INTO{ P I+ P I" PIO) /TOTAL {P2)/TOTAL

~ ~ ~ ~ ~ ~
FIT ~ L27 ~ 003 VALUE FROM CONSTRAINED FIT

($0L INTO(LEPTON PI NEUTR tND) /TOTAL (P3+P4)/TDTAL

~ ~ e ~ ~ ~ ~ ~ ~
FLT ~ 658 o007 VALUE FROM CONSTRAINED FIT

KOL INTO (2 GAMMA)/TOTAL (UN' 10tt-4) {P9)/TD(AL

PL
PZ
P3
P4
P5
P6
P7
Ps
P9
P10
P 11

KOL INTO
KOL INTO
KOL INT0
KOL' fNTO
KOL INTO
KOL INTO
KOL INTO
KOL INTO
KOL INTO
KOL INTO
KOL IIIITO

L3 KOL PARTIA(. DECAY )'DOES

3P IO
Pl+ PI- PIO
PI MU NEUTRINO
P I E NEUTR LNQ
Pl+ Pl-
MU+ HU-
E+ E-
E MU

TNO GAMMAS
Pf+ Pt —GAMMA

P(0 PIO

13 KOL DECAY RATES

DECAY PASSES
134+ 134+ 134
139t 139+ 134
139+ 105+ 0
139+ 5+ 0
139t 139
105+ 105

o5+ 5
~ 5+ 105
0+ 0

139+ 139+ 0
134+ 134

RB
RS
RB

RRS
RB
Rs

R9
R9
R9
R9

R9
R9

32
33

C

C

AVG

KOL
45
54

AVG

(1~ 3) (Oe6)
be 7 2 ' 2
7 4 1 6

CRIEGEE 66 REPLAGCD
~ o ~ ~ \ o o e ~

7 F 1578 1 ~ 2940

CRLEGEE 66 SPRK 8/66
TODOROf. F 67 SPRK

REPLY�

'
GR IEGEE66 11/68t

CRONIN 1 67 SPICK 11/67
BY T(SOROFF e7 11/6St

AVFRAGE tERROR INCLUOES SCALE FACTOR OF I 0)

INTO (PI+
2 ' 0
2 F 08
lo93
1 ~ 993

~ ~ ~ ~ ~

1 ~ 9920

9/66
9/66

IIEISHTEO AUERAGE ~ 2 ~ 367 t 0.321
ERROR SCALED BY 1 ' 65

CHISQ = B ~ 2 CONLEU % 0.042

P I-) /CHARGED t UNI T LOtt-3) I P 5) I {P2+P3+P4)
0 CHRISTENS 64 SPRK ETA t- e 1 94
Oo 35 GAI. BRAITH 65 SPRK ETA +- = Z,PZ
00 26 BASILE ' 66 SPRK ETA +- ~ I.SS
Oe080 BOTT-BODE 66 SPRK ETA +- = le935

~ ~ ~ e
~ 0734 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)

NL t KOL INTO PIO PIO PLO (UNITS 10'tte SEC-1) (PL)
WL 54 5 ~ 22 1 e03 Oe84 SEHR bb HLSC ASSUMES CP
NL ~ ~ ~ ~ o o o ~ o
WL FIT 3 ~ 998 ~ 202 VALUE FROM CONSTRAINED FLT

8/66

N2 t KOL INTO Pf+ PI- PO I UNITS 10tt6 SEC-1) {P2)
W2 18 3~ 26 0 ~ 77 ANDERSON 65 HBC
NZ 14 LE 4 Oo4 FRANZ INI 65 HBG
WZ 136 2 ~ 62 0 28 0 ~ 27 SEHR 66 HLSC ASSUMES CP
W2 2e54 Oo43 HILL 66 OSC
W2 ~ ~ ~ ~ ~ ~ ~ ~ ~
W2 AVG 2o3573 ~ 3207 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF lail
W2 FIT 2 358 ~ 103 VALUE FROM CONSTRAINED FIT

tSEE IDEOGRAM SEl.ON )

8/66
.6/66
8/66
9/66

W4 t KOL INTO CHARGED {3-BODY) I UNI'TS 10tt6 SCC-1) (P2+P3+P4)
W4 98 L5 1 1 9 AUERBACH 66 SPRK

~ ~ ~ ~ ~ o ~ ~ ~

W4 FJT 14 593 543 VA(, UE FROM CDNSTRAINE() FIT

B/67

KOL INTD PI E NEUTRINO I UNITS 10tt6 SEC-1) (P4)
W3 7.52 0.85 0.72 AUSERT 65 HLSC e DS OQ, CP ASSUMED 8/67
W3 e o o ~ o ~ ~ ~ ~

Fj I' 7 011 e297 VALUE FROM CONSTRAINED FIT
O
O
O
O

WILL
BEHR
FRANZ INI
ANDERSON

66 DSC
66 HLBC
65 HBC

6S HBC

O
O
O

O
O
O

O
O
O
ID

It)N& RATE IHT() PI+PI-PIO (10iet6 SEC-1)
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STABLE PARTICLES
Data in parentheses have not been included in our averages.

R10 «KOL
R10
R10 N

R10
R10 N

R}.0 273
R10
R10
R 10 770
R10 «
RID
R10 AVG

Rlo FIT

R 11 «KOL
Rll
Rll
Rll
R ll
Rll

(P3)/(P4)

INTO (MU+MU-)/CHARGEC
100' 0 OR LESS
50 ' 0 OR LESS

250 ' 0 OR LESS
2 ' 0 OR LESS

35' 0 OR {.ESS

( UNI T 5 10««-6 )
AN I K INA 65
ABASHIAN 66
ALFF 66
BOTT-BODE 67
FITCH 67

CG
SPRK
SPRK
SPRK
SPRK

{P6) / ( P2+P3+P4 I

90 PER CT CONF
0%90 CONF' LEVEL
90 PER CT CONF

90 PER CT CONF

INTO {Pl MU NEUI/IPI E NEU)
0%81 0 19 ADAIR 64 HSC

(0~ 78) (0% 15) OE BOUARC 65 CNTR SEE NOTE N BELON
0 ~ 82 0% 10 OEBOUARD 67 SPRK SEE NOTE N BELON

OEBOUARD 67 REPLACES OEBOUARD 65
0%7 Oe2 HAl{K INS 67 HSC
0 81 008 HOPKINS 67 HBC

(0 ' 625} (0%04) BASILE1 68 SPRK
0 ~ 71 Oe 05 BUDAGDV 68 HLSC

(0 ' 65}. {0%05) HOPKINS 68 HLBC

7511 0376 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
~ 745 ~ 035 VALUE FROM CONSTRAINED F IT

6/66

11/67

8/67
8/67

10/68«
10/68«
10/68«

6/66
8/bb
9/66
8/67
3/68«

XIA 389
X(A
XIA « 1371
XIA «1371
XIA G
X IA
X IA
X IA
XIA 770
X IA
XIA
X(A AVG

+1~ 1 0%9
+0 66 0

{+1~ 2) (0 8)
{ 0% 82) (0%6}

2NO CARPENTER VALUE
-0 2 I 0{-3~ 9) (0%1)

t-0 ~ 4) (Oe 3)
+0% 3 +0%4

(-0%2) (0%4)
~ ~ ~ ~ ~ % ~ ~

~ 3810 3CII40

1~ 3 ADAIR 64 HBG
1%3 LUERS 64 HSG

CARPENTER 66 SPRK
CARPENTER 66 SPRK

ALLONS ENERGY DEP OF F+ ~ F
1%7 KULYUKINA 66 GC

BASILE1 68 SPRK +
BASILE1 68 SPRK +
BUOAGOV 68 HLBC
HOPKINS 68 HLSC +

KMU3/KE3
KVU3/KE3
I{U~ Pl SPECTRA
MU ~ Pl SPECTRAeC ~

MU ~ Pl SPECTRA
OALI TZ PLOY
KMU3/KE3
KMU3/KE3
KMU3/KE3

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

13 K02 FORM FACTORS

FOR DISCUSSION OF FORM FACTORS SEE NOTE PRECEDING K+ FORI{ FACTORS

XIA «XIA ~ F-/F«(DETERMINED FROM SPECTRA AND KMU3/KE3)

8/67

8/67
8/67
8/67
8/67

8/67
10/6S«
10/68«
11/68«
10/68«

R12
R12
R12
R12
R12

R13
R13
R13
R13
R13

KOL INTO
15' 0

0 5 ' 0
1 3 ' 0

0 ~ 4

10««-3)
65 CC
66 HLBC
66 SPRK
68 SPRK

KOL INTO {E+ E- I /CHARGED
1000%0 OR LESS

50 ' 0 OR LESS
200 0 OR LESS

23 ' 0 OR LESS

(UNITS 10««-6)
AN I KINA 65 CC
ABASHIAN 66 SPRK
ALFF 66 SPRK
BOTT-BODE 67 SPRK

(Pl+ PI- GAMMA)/TOTAl (UNITS
OR LESS ANIK INA

DR LESS BELLOTTI
OR LESS NEFKENS
OR LESS THATCHER

90 PRCT CONF
90 PRCT CONF
90 PER Ct CONF

e/se
6/66
6/66
8/67

{P 10) /TOTAL
6/66

GAM KE 40-130 MV 8/67
GAM KE 120 MEV 6/66
90 PER CT CONF 10/68«

tP7) / {P2+P3+P4 I

X IB
X IB 2608
X{B
X IS
XIS AVG

-1~ 1-1 2
-1~ 81

~ % ~ ~ e ~-I F 4562

0 ' 5 ASRAMS 66 SPRK POLARIZATION 8/bl'
Oe5 AUERBACH bb SPRK POLARIZATION 8/67
0 50 0 26 LONGO 68 GNTR POLARIZATIGN 11/68«
e ~ ~

%25SB AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)

X (8 «XlS ~ F-/F+ (DETERIIINEO FROM MU POLARIZATION IN KVU3)

XIB «MEAS OF XI USING POLARIZATION IS LESS 5'ENSITIVE TC FORM FACTGR
XIB «VARIATICNS ~

R14
R14
R14
R14
R14

KOL INTO (E MU)/CHARGED
10' 0 OR LESS

1 0 Dk lESS
0 107 GR LESS
0%08 OR LESS

{UNITS 10««-4 I
ANIKINA 65 CC
CARPENTER 66 SPRK
BOTT-BODE 67 SPRK
F I TCH 67 SPRK

{PS)/(P2+P3+P4)

90 PER CT CONF
90.PER CT CONF

90 PER GT CONF

6/66
exes
8/67
3/68« Lk& «LAMBDA & tl(NEAR ENERGY DEPENDENCE OF F+ IN KO E3 DECAY) 8/67

R15
R15 0
R15 0
R15 D

R15 0
R15 0
R15 0

KOL
97

894
1539

LOW
SEE

INTO(E+ PI- NEU)/(E- Pl+ NEU)
(0' 90) (De18) NEAGU 61 CC
(1~ 01) {0%16) LUERS 64 HSC
{0 99) {0 023) KULYUKINA 66 CC
(1' 06) (0 ' 05) VERHEY 66 SPRK

PRECISION EXPTS NDT AVERAGED ~ FOR MORE PRECISE VALUE ~

51302 (BENNETT 67)

R16 «KOL INTO(MU+ Pl- NEU)/(MU- PI«NEU)
Rle 3200 1~ 02 0 04 ABASHIAN 66 SPRK
Rlb 10««6 1%0081 0 ~ 0027 ODRFAN 67 SPRK

R lt
R17 G
R17 G
R17 G
R17 G
R17 G

KOL INTO {PIO PIO)/TOTAL (UNITS 10««-3) (Pill/TOTAL
7 {1~ 2) (1%5) (1 2) GRIEGEE 66 SPRK

CRIEGEE EXPT NOT DESIGNED TO MEASURE 2 P!0 DECAY MODE

87 (3 3) (1~ 8) (1 1) GAILLARO 67 SPRK KS REGENER IN CA

180 (2 ' 5) (0%8) GAILLARO 68 SPRK E00~3%6+-0' 6
GAILLARD 68 REPLACES GAILLARD 67

(P 1) / (P2)RIB «KOL INTO (3PIO)/(PI+PI-PIO)
R18 188 2 ' 0 0 ' 6 ALEKSANYA 64 FBC
R18 1010 1~ 80 0%13 BUDAGDV 68 HLBC
R18 ~ % ~ ~ ~ ~ % ~

R18 AVG 1 8090 1271 AVERAGE (ERROR INCLUDES SCALC FACTOR OF 1 0)
R18 FIT 1 696 ~ 074 VALUE FROM CONSTRAINED FIT

INTO {2P I 0) /(3P 10) (UN I TS 10««-.2
(I ~ 89) (0~ 31) CRON IN 1 67
(le36) (0%18l CRONIN 2 67

GRDNIN2 IS FURTHER ANALYSIS OF CRDNIN1
(0 ~ 46) (0~ 11) BANNER2 68
(1 2) (0 2I UH-LRL 68

SYSTEMATICS BEING EVALUATED -VALUE CNLY

(0F 45) (0~ 18) BUDAGOV1 68
EVENTS SEEN BARTLETT 68

R 19 «KOI.
R19 C 109
R19 C
R19 G

R19 «58
R19 5
R19 5
R19 «61
R19 NO

I (Pl I) /{Pl)
SPRK ETA00~4 ~ 9+-0 ' 5
SPRK ETA00~3 ~ 92+-0%3

ANOM BOTH lt(THDRANN
SPRK ETA00~2 ~ 3t-0 ' 3
SPRK ETA00~3 ~ 6+-F 4

PREL IV INARY
HLBC ETA00~2 ~ 2+-0%4
SPRK SEE EOO HELOT

R20 « KOL
R20 309
R20 525
M20
R20 AVG

INTO ( P I+
2 51
2 35

~ ~ ~ % ~
2%4149

PI-I/{KE3 + KMU3) t UNITS 10«
0%23 DEBOUARD 67
0%19 FITCH 67

~ ~ ~ ~

~ 1465 AVERAGE (ERROR INCL

«-3) {P5)/tP3+P4}
SPRK
SP RK Et A+-~ I ~ 91+-~ 06

UDES SCALE FACtOR OF 1 ' 0)

R21 « (2 GAMMAI/(3 PIO) (UNITS 10««-3) (P9)/(Pl)

R21 16 2 ~ 5 0%7 ARNOLD 68 HLBC VACUUM DECAY

R21 115 F 24 0 ' 28 BANNER1 68 SPRK SEE NOTE 8
R21 8 THIS 15 NEW EXPER ~ -NDT TO BE CONF WITH k8 OF CRCNINI 67-
R21 e ~ % % ~ % ~ e
R21 AVG 2 ~ 2759 ~ 2600 AVERAGE (ERROR INCI. UDES SCALE FACTOR OF 1 0)

8/66
9/66
8/67

8/66
11/67

7/66

8/67
11/S8«
11/68«

9/SS
10/68«

8/67
11/67
ll/68«
10/68«
11/68«
11/68«
11/68«
11/68«

6/68«
6/68«

11/68«
11/68«
11/68«

LM+ «FOR ItAO CDRR TO THE DALITZ PLOT OF KE3 ~ 5EE GINSBERG 67~

L M+ ~ 153
LM+ «
L M« ~ 762
LM+ «531
LM+ «240
LM+ «1000
LM+ «7233

(+0 07)
(+0.15)
(-0~ 01}
t «0. 01)
(+0% 08)
(+0%020)
t+0%023)

(%06)
( F 08)
(%02)
( ~ 015)t. lo)

{0% 013I
{0%012)

I.UERS 64 DLTZ PLT ~ NO RAD CDRR
FISHER 65 SPRKOLTZ PLY NO RAO CDRR
FIRESTONE 67 HBG DLTZ PLtoND RAO CORR
KADYK 67 HSC E Pt SPEC NC RAD CCR

( 08) LDMYS 67 FBC PI SPEC ~ NO RAO GORR
ARONSON 68 SPRK Pl SPEC ~ NO RAO CORR
SASILE bS SPRK DLTZ PLTtNC RAD CCR

13 X *(DS -DQ AMPLITUDE /DS «DQ AMPLITUDE)

REX « REAL PA'RT OF X

REX 152
REX
REX 196
REX 109
REX
REX 335
REX 116
REX
REX « 121
REX
REX 242
REX
REX AVG

0% 06 0% 18 0 44 BALDO-CE 65 HLSC K+ CHARGE EXCHMG
BALDO-CE 65 GIVES X ANO THETA ~ CCNVERTED SY US TO REX ANO IMX

0 ~ 035 0 11 0 13 AUBFRY 65 HLBC K+ CHARGE EXCHNG-0.08 O. ls 0.28 FRANZINI e5 HBC PBAR P
FRANZ(NI 65 GIVES X AND THETA ~ FOR REX AND IMX SEE SCIMIDT 67

0 17 0%10 HILL 67 DBC K+D YIELDS KOPP
Oe 17 0~ 16 0 ~ 35 FELDMAN 67 SPRK Pl-P TO KO LMBDA
0%03 Oe03 BENNEttl 68 CNTR

(0%09) (0%13) (0 ~ 11) JAMES 68 HBC PBAR P
t Oe 1 1 } (0% 18) (0 14) LITTENBER 68 SPRK K+ NyKO P

0 22 0 07 0 09 NEBBER es HBG

~ 0598 0375 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I ~ 4)
(SEE IUE(}GRAM ltELDtt I

IMX « IMAGINARY PART OF X (ASSUMES M(KL)-M(KS) POSITIVE - SEE 5130)

I MX 152 0 44 0 ~ 32 0 ~ 1'9 BALDO CE 65 HLBC K+ CHARGE EXGHNG
IMX BALDO-CE 65 GIVES X AND THETA ~ CONVERTED SY US TO REX AND IMX
IMX 196 -0 ~ 21 0%11 0 ~ 15 AUBERT 65 HLBC K+ CHARliE EXCHNG
IMX 109 +0 24 0 40 0 30 FRANZINI 65 HBC PBAR P
IMX « FRANZ IN( 65 GIVES X AND THE)'A ~ FDR REX ANO IMX SEE SCHMIDT 67
I MX 116 0%0 Oe 25 FELDMAN 67 SPRK Pl-P TO KO LMBCA
IMX 335 -0%20 0 ' 10 Hill 67 DBC K+0 YIELCS KOPP
(MX H FTNOTE 10 OF HILL 67 SHOULD READ +0 ~ 58 ~ NOT -0~ 58 {PRIV GOMMI
IMX « 121 (+0.22) (0.29) (0.37) JAMESSe eB HBC PSAR P
IMX t-Oe21} (0%08) . LITTENSER 68 SPRK K+ N ~ KO P
(MX 242 -0 ~ 08 0 08 MEBBER 68 HBC
(MX ~ % ~ ~ e ~ ~ ~ ~

IMX AVG -% 1401 ~ 0531 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0}

8/67
8/67
8/67
8/67
3/68«
3/68«

11/67
11/67
11/67
11/67
11/67
11/67
11/67
7/68«

10/68«
10/68«

7/68«

3/68«
11/67
3/68«
3/68«

11/67
11/67
11/67
3/68«

10/68«
10/68«
7/68«

THE FOLLOWING BRANCHING FRACTIONS HAVE CORRELATED ERRORS GREATER THAN ~ 5

P3 P4 658

~ w ww

uEIGHTED AVERAGE -0.792 4 O. 3{)3
ERROR SCALED BY 1.85

C tISQ = 20.6 GONLEV ~ 0.002

MEISHTEO AVERAGE 0.0688 k (}.037$
ERROR SCALED BY 1 .44

CHISQ & 6.3 CONLEU ~ 0.100

68 CNTR POLARIZ.
OV 6B HLBC KMU3rKE3
KINA 66 CC MU s PI SPC
ACH 66 SPRK POLARIZ.
S 66 SPRK PDLARIZ.

64 HBC KMU3rKE3
64 HBC KMUjrKE3

68 HBC
1 68 CNTR

6& SPRK
67 DBC

I 6S HBC
66 HLSC

E 6S HLBC

ooo
o
o

F-rF+

o o oo oo o o
o

I

FQR KO DECAY (BOTH XIA AND XIB)

ooo
4)

o oo oo oo
o

RgAL PAR T OF

ooo
Il'

ooo
ID

0
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STABLE PARTICLES

KOO t fTA 0 0 ie A(KL TD PLO PIO)/4{KS TO PIO PIO) (UNITS 10tt-3l
FOO t VALVES NOT AVKRAGfO BECAUSE Qf LARGE DISCREPANCIES Ll/48t

Data i}f parckthcscs haT/c Mof

13 CI' VIOLATION 'PARAHE YKRS
KTA+- ~ A(KL TO Pl+Pl-)/A(KS TO Pl+Pl-I
FT AOO ~ A(KL TO P IOP IO)/I {KS TO P IOP10)

THE MAGNITUDES OF ETA+- ANO OF ETAOO ARE OKRIVEO FRCV BRe RATIOS ~
fOR VALUES OF MAGNITUDE(ETA+-) @VOTED BY INDIVIDUAL KXPTS SEE.
LISTINGS OF 513R9 ANO 513R20e

beck ikclldcd is oar aY/cragcs.

CRONIN 1
CRONIN 2
DfBOUAR 0
OEVL Ik
OORFAN
FELDHAN
f LRESTON
F ITCH
GAL LLARD
G IN 5BERG

47 PRL 18 25
CIT PRINC CONF(11/67)
47 NC 52A 642
67 PRL 18 54
47 PRL 19 987
67 PR 155 161L
6T PRL 18 174
e7 pR Ldh 1711
67 PRL 18 20
47 PR 162 1570

tKUNZ RISKeMHEELtR (PR I HCETOH)
+KUHZeRLSK ~ WHEELER {PRIIIICETON)
OESDUARD DEKKFRS ~ JORDAN ~ MERI'OD + {CERN)
DEVLINeSDLOHON ~ SHEPARDeBEALL+ {PRINC+VARY ~ )
OORFAMefkSTROHeRAYHONOeSCHWARTZ t(SLAC+LRLl'
FELDIIINefRANKELeHIGHLANOeSLDAN {V OF PENN)
FIRESTONE ~ KIM ~ LACH SAMDWEISS ~ + {YALE SNL l
F ITC H e RO TH e RUSS ~ VE RNON {PRINCETON)
+KR IENEN eGALBRA 1TH ~ HUSSR I+ t GERN+RUTH+AIGH)
EDWARD 5 GLNSBERG (Va MASS BOSTON)

EOO
EOO
E00
E00
EOO 5
KOO 5

l?e 3) (Oa 3)
LESS THAN 3e0

{2' 2) {Da4)
180 t 3a6) (Oeb l

(3o el (Oe4l
SYSTEHATICS BEING

BANMKR2 68 SPRK
BARTLETT 68 SPRK
BUOAGOVL 68 HLBC
GAL{.{.ARD 68 SPRK
UH LRL 6S SPRK ERROR STATIST'

EVALUATED -VALUE ONLY PRELIMINARY

(EOO)tt2&-2+-7

Fe- t PHASE OF ETA t- (DEGREES)

Fe- 45%0 50 0 FITCH 65 SPRK BE REGEN
F+- 30eO 45e0 FIRESTONE 66 HBC
F+- 70a0 21 0 SDTT BODE 67 SPRK C REGEN
F+- 25a0 35a0 MISCHKK 67 SPRK CU REGEN
Fe- R (84e0) (17e0) RUSSIA 67 SPRK CU REGEN
F+- R RUBBIA 67 REPLACED BY BENNETT2 68
F+-C 51~ 0 Lla0 BENNETT2 68 CNTR CU REG USES
F+-C MEASUREMENT OF (F+-)-{PHIF) OF ALFF-STEINBERGER 46
Fe- - 3540 hbeO 15e0 BOHM 68 SPRK VACVUH REGEN
F+- 8 {68o0) t Ye5) BISI 68 CHTR USES BENNEYT2 68f+- 8 FOR VALVf Of PHIFeREGENER ~ PHASE IN CU
F+- t (5%eO) tbe0) CRONIN 68 RVUE INCLUDES 8 I 5 f68
F+- a a ~ ~ a a a a a
Fe- AVG 50e2130 7e7413 AVERAGE (fRROR INCLUDES SCALE FACTOR OF I ~ 0)
tttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt

REFERENCES
13 LONG-LIVED NEUTRAL K {498e JPa0-) I~L/2

11/48t
11/48t
11/68t
Ll/68t
11/dSt
11/68t

11/67
11/67
11/67
7/48t
7/68t

8/68t
8/68t
8/68t

10/dBt

11/68t

HA'WKLNS

HILL
HOPKINS
KADYK
LOWYS
HI SCHKE
RUB BIA

ALSO 1
ALSO 2
ALSO 3

SCHHIDT
TOODROFF

ARNOLD
ARONSON
BALATZ
SANMf Rl
BANNKR2
BARTLETT

SAS ILEL
BAS ILE
BENNETT I
BENNEYT2
BISI
BOHH
BUDAGOV
BUD AGOV I

67 PR 156 1444
47 PRL 19 668
Ci7 PRL 19 185
67 PRL 19 597
4T PL 248 75
67 PRL 18 138
67 PL 248 531
46 PL 20 207
66 PL 21 595
Ci~b PL 23 167
47 NEVIS 160(THESIS)
67 THESIS

68 PL 288 56
68 PRL 20 287
68 PL 268 320
68 PRL 21 1103
68 PRL 2L 1107
68 PRL 21 558

68 VIENNA AS' 175
68 PL 248 542
48 PL 278 244
68 PL 278 248
Ci8 VIENNA CONF
68 PL 278 321
48 HG 574 182
68 PL TO BE PUPLISe

J S HAWKINS {YALE)
HILL ~ LUE RSe ROB INSOke CANTER+ t BNLe CARNEGIE}
HOPKINS ~ BACON ~ EISLER (BNL)
KADYKeCHAkeDRIJARDeDREhleSHELOON {LRL)
LQMY Se IUBERTe CHOUHE T ePASGIUO+ t EP e ORSAY)
I{ISCHKE ~ ABASHI AN e ABRIHSe {ILL INDI 5)
GaRUBB I A ~ Ja STE INBERGER (CERN+COL}
ILFF-STE INBERGFReHEUERe KLf IHKNECHY+ (CERN)
ALFF-57E Ih}BERGER HEVER KLE lhlKNECHY+ I CERN)
CaRUSBIAe JaSYEINBERGKR (CERN+COL)
PE SCHMIDT {COLUMBIA)
JOHN I TODOROFF I ILL INOLS)

ARNDLOeSUDAGOVeCUNDYe4UBERT+ (CERN+ORSAY)
HeARDHSON ~ KeMoCHEN {PRINCETON)

BALATZeBKREZIN ~ VISHNEVSKY ~ G4LANIMA+{MCSCDW)
BANNER ~ CRONIN ~ LI Ve PILCHER {PRINCETON)
BANNER ~ CRONIN ~ L I Ve P ILCHER ( PRIMGETOHI
BARTLETT eCARNK Gl f e F I TCH+ (PRI}I{CETON)

BASILE ~ CRONLNeTHEVENET ~ TURLAY + (SACLAY)
BASILfeCRONIN ~ THEVENETeTURLAY+ {SACLAY)
BENNETT eNYGREN ~ STE INBERGER+ {COLUMBIA+GERM)
SENNETT NYGREN ~ STEINBERGER+ {COLUMBIA&CERN)
8151+ ABSTRACT 590 (CfRNe AACHEke TOI
BOHH ~ OARRIULAT ~ GRDSSOeKAFTIHOV {CERN)
BUDAGOVeBURNEISTEReCUNDY&tCERNeDRSAY ~ PARIS)
BUDAGOVeCUNDY ~ AUBERTeBEHR+ {CERN+ORSAY+KP)

BAROON
CRAMFOR D

AST IER
F ITCH
COOO
HEAGU

58 ANI' 5 156
59 PRL 2 361
61 AIX CONF 1 227
61 MG 22 1160
61 PR 124 1223
61 PRL 6 552

ALEXANOE 62 PRL 9 69
GAHERLMI 62 PR 128 362
DARHON C2 PL 3 57
JOVANOV I 63 BNL CONF 42

ADAIR 64 PL 12 67
ALEKSANY 64 OUBNA 2 102

, Sff ALSO JKTP 19 1019
ANIKINA 64 JETP 19 42
CHRISTEN 64 PRL 13 138
FUJI I 64 OUBNA 2 146
LUERS 64 PR 133 8 1274
STERN 64 PRL 12 459

M BAROONeK }.AHOE eL LEOERHAN (CDLUMB I I+BNL l
CRAWFORDeCRE STI ~ ODUGLASSeGDOO + {LRL)
ASTIER ~ BLASKOVIC ~ RIVET e SIAVO + t PAR IS+EP I
V FITCH ~ P PIROUEeR PERKINS {PRINCETON)
GOOD M4TSKNeHULLER ~ PICCIOhlf ~ POMELL + (LRL)
NEAGUeOKONOVePCTROVeROSANDVAeRUSAKOV t JINR)

C ALEXANDER ~ S ALVKIOA ~ F CRAWFORD tLRL}
CIHERINlefRYeGA1005 ~ BIRGCeELY + {MISC+LRL)
J. OARHOkeA ROUSSEY ~ J SIX (PAR I 5+8P I
JOVANOVIG ~ FLSGHKR ~ BVRRIS + (BHL+HARYLAND)

R K ADAIReL 8 LELPUNER (YALE+BNL)
ALEKSANYAN ~ A{.IKHANYAN ~ VARTAZARYAM+ lfREVANI
ALEKSAHYAN+ (LEBEOEV+HOS ENG PHYS+ERKVAhll
AHIKINA ~ ZHURAVLEVA& (GEORG ACAO SCI+ DUBNA}
CHI{ISTENSONeCRONlkeF ITCHe TURLAY (PRINCETN)
FUJI I JOVANOVICH TURKOT+ lBHL MARYLAND MITl
LUERS ~ III TTRA ~ WILL I Se YAHAHOTC (SNL)
5TER Ie 8 I hlF OR De L I hlD e IN{}ERSON + t Ml SC+LRL )

CARNEGIE 48 BAPS 13 16
CROHIN 68 VIENNA CONF
GAILLIRO 68 PRKPRINT RPP/H135
HOPKINS 68 VIEhlNA 485 ~ 242
JAMES 68 VtENHA ABS 332
L(TTENBE eB VIENNA ABS. 684
LDNGO 68 PR TO BE PUBLISe

ALSO 68 PRL 21 257

HELHOP 68 PR 172 1613
THATCHER 68 PR 174 1674
UH-LRL 68 VIENNA CONF
MEBBKR Ci8 PRL 21 498

CARNEGIE ~ F ITCH ~ KAHAE e ROTH ~ RUSS+ ( PR IHC ETON }
CRONIN ~ RAPPORTEVRS TALK (PR(HCETON)
GAILLARDeGALBRAITH + (CERN+RUYH+AACHENl
HOPKlhlS ~ BUOAGOV NEZRLCK + {CERNeEDINBURGHl
Fa JAHESeHaBRIAND (PARIS ~ CERN)
LIYTENBKRG ~ FIELD ~ PICCIONI ~ VELHOP + (VCSD}
LONGOeYOUNGeHELLANO {MICH(GAN+VCLA)
HELLAMOyLONCOeYOVMG t UCLA ~ HICH I GAN }

I{ELHOP MVRTY BOWLESeBURMETTe (LA JOLLA)
THATCHER' ABASHIANeABRAMSeCARPENTER + ( ILI.}
C'ENCE ET 4L ~ ASST 476 {UN' OF H4WAII+LRL)
WEBBED SOLI{LTZeCRAWFORDe4LSTONGARNJDST(LRL)

tttttt ttttttttt tttttttit ttttttttt ttttttttt ttttttttt ttttttttt ttttettt
tttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt

14 ETA (549 ~ JPC~O"&) 1~0

FOR CD BALTAYS REVIEW OF THC ETA MESOhe SEE PROCe UklV ~ OF PENNe
CONF ~ QM MESON SPECYROSCOPYe WeAa I}fhlJAM(ke TO Bf PUBLISHEC ~

Df BOUAR 65 PL 15 58
FISHEI{ 65 ANL 7130 83
f ITCH 65 PRL 15 73
FRANZIN I 65 PR 140 8 127
GALSRAI T 65 PRL 14 383

OE BOUARD DEKKERS SCHARFF+ (CERN+ORSAY+MPI)
F I SHERe ABASHI AN ABllAMS CARP EH TER+ ( ILL IhOI 5)

F ITCHeROTHe RUSS ~ VERNON {PRINCETOM)
FRANZLNL eK I RSCHe PLANO + {COLUHB I A+RU YGERS )
GILBRAITH MANNING

COJONES

+ (AKRE+BRLSYeRHEL)

INIKLNA 65 Jf MR P 2488 AkIKINA ~ VAROENGAeZHURAVLK VAeKOTLYA+ (OUBNA)
ANDERSON d5 PRL 14 475 ANDERSOkeCRAWFORDeGOLDfkeSTKRM + {LRL+MISC)
ASTBURY I 65 PL 16 80 ASTBURYe F INDCCHLAROe BfUSCH + I CERN+ZURICH)
ASTBURY1 45 SfE ALSO H PEPIN HELV PHYS ~ ACTA 39 523
ASTBURY2 45 PL 18 175 ASTBURY ~ MICHEL INI BEUSCH + (CERN+ZURICH)
ASTBURY3 65 O'L 18 178 ASTBVRYel{ICHELIMI ~ BEUSCH + (CERN+ZURICH)

AUBtRT 45 PL 17 59 AUBfRT ~ BKHReCANAVAkeCHDUNET+ (PARIS+DRSAY)
AUBERY 45 SEE ALSO LOMYS 67
BALDD-CE 65 NC 38,484 BALOO-GEOLINeCALIHAHI eCIAVPOLILLO + I PIOVA}
BEHR 65 ARGONNE CONF 59 BKHReBRI5$0keSELLOTTI+ (EP+HILANO+PAOOVA)
CHRISTEN 65 PR 140 8 74 CHRISTENSONeGRONIN ~ F ITCH ~ TVRL4Y {PRINCEYONl

(CHRI STKNSON 65 HAS BEEN CORRECTEO FOR INTERFERENCE SY FITCH(65 ~ FODThl0)f)

II
M

M

M

H
H

H AVG

53 549e0
35 546a0
91 548eo

549e3
148 549e0
325 552ao

548 ' 2
250 555 ' 0

~ ~ ~ ~ ~ ~

548a8176

ETA HASS (I{EV)

I 2 BAS'YIEM 62 HBC
0 I'ICKUP 62 HBC

leO ALFF 62 HBC
2a9 DELGOURT 63 CNYR
Oa7 FOELSCHE 64 HBC
3e0 KRAEHER &4 OBC
Oa65 FOSTER3 65 HBC
2 0 JAHES 6& HBC
o ~ ~

~ 5570 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 4)
{SEE IDEOCRAH BfLOM l

7/66
6/&III

GUI DON I
HOPKINS
MESTVI I I
TI(LLLLNC
TRILLING
VISHNEVS

45 ARGONHE CDMF
45 ARGONNE CONF
45 JINR P 2449
65 UCRL 16473
45 15 VPOATf 0
45 PL 18 339

49 +BARNES e FOELSCHE eFERBfL e FIRE STD+ (BNL+ YALE)
67 H M K HOPKINS ~ BACON ~ ELSLER (VANO+RV)GERS)

MESTVIR I SHVIL I ~ NYAGU ~ Pf TROY ~ RUSAKOV+ t J INR)
GEORGE H TRILLING (LRL)

FROM 1965 ARGOMNE CONF PAGE 115
VLSHNEVSKYeGALANINA ~ SEHENOV + tMCSCO'W)

4KIGHTKD AVERAGE S48.818 t O.SST
ERROR SCALED SY 1.44

CPZSO ~ 12.4 CONLEV ee 0.054

ABA SHI AM

ABRAMS
ALFf-STf
AVE RBAC H

AVE RBAC H

AVE RBAC H

BALDOWE
BISLLE

BEHR
BELLOTT I
BOTT 800
CINERIN I
CANTER
CARPENT E
CHAkG

66 BERKELEY 28
66 BERKELEY CONF 28
46 PL 21 595
66 PRL 17 9SO
66 PR 149 1052
Cle SEE ALSO PR{. 14
66 NG 45A 733
46 BALATON CONF

66 PL 22 540
66 NG 45A 737
64 PL 23 277
bb PR 150 1148
46 PRL 17 942
66 PR 142 871
66 PL. 23 702

ABASHIAN ~ ABRAHS ~ VERHEY+ // VRBANA
ABRAHS AIASHIANeCARPENTER+ {ILL IMOLS)
ALFF-STEIHBERGfReHEUER ~ RUBSf I + (CERHl
IVERBICH eHANke HCFARLAME ~ SC IVLLI {PKNH)
AUERBACH eOOBB5 e LANDE ~ HANNe SC lULL I+ ( PENN)
192
BALDO-CEOLIM CALI HANI C IAVPOLLLLO+ (PADUA)
BASI(.EeCRONlkeTHEVENEY + (SACLAY)

BfHRe BR I SSONe BALOO GEOL IN ~ AV BERT+ {PADUA ~ fP )
BELLOTTI ePULLIAeSALOO GEOL IN+ (MILANePADUA}
BOTT-BDOENHAUSENeOE BOUARSeCASSE}.+ (CERN)
CAHERIH I ~ CL I HE efMGLLSH e F ISCHSE lk+WI 5( CHS I N)
+CHOefNGLEReFISK ~ Hl(. L + (CARNEGIE+BNL}
CARPfHTEReABASHANeABRAMSeF ISHER t ILLINOIS)
CHANGe BASSANOeKIKVCHI ~ 0000+ t SYRACUSE eBHL)

AMES

OSTER3
RAEMER

OKLSCHK
ELCOURT
LFF
ZCKUP

ASTIEN

86 KBC
65 HBC
64 OBC
84 HBC
83 CHTR

82 HBC
82 HBC
62. HBC

CRIB GEt
F IRESTDN
F IRtSTON
FUJIL

{FUJII
GOLDEN
HAWK INS

ALSO

66 PRL 17 150
64 PRL 16 556
64 PRL 17 116
Cib PRL 13 253
46 IS THE CDRRECTEO
66 BERKELEY 28
46 PL 21 238
67 PR 156 lh44

{LRL)
{YALE)
(YALE)

+fOXeFRAUENF ELDER e HAMSONe HOSCA'I+ (LLL INDI 5)
FIRESTONE ~ KlkeLACHeSANDMEISS+ t YALE ~ BML)
FIRESTONEeKIMeLACHeSANDWEISS+ (YALE ~ BNL)
FUJI Ie JDVANOVICHe TURKDT ~ ZORN (BNL+MARYLAND)

VALUE GIVEN BY JOVANOVfCH+ 46)
RaGOLDEN eFeCRAMFORDeDe 5 TKRM
C J 8 HAWKINS
G J 8 HAWKIMS

o O
o ih

fTA MASS (MEV}

O
Lss
tte

o
lt»
Ih
LO

o
O
LA

o
tse
Ql
tte

HILL
JOVANDV I
KULYUKIN
HEI SNER L

Mtl SNER 2
HEHLHOP
I{ELHOP
HI 5CHKE
h}EFKEN I
VERHEY

BENhlETT
BOY T BOD
BOTT 800

ALSO
ALSO

CAHTER

67 PRL 19 993
47 PL 248 194
67 PL 248 438
ce pL 20 212
66 PL 23 277
47 HEIDELSERG CONF

BENNETT e NYGRENe SAALe STE I NBK RGER + (COLUMBIA)
BOTT-BODENHAVSE N DEBOV4RDe CASSE{. + (GERM)
BOTT BOOENHAUSEkeOKBOUAROeDEKKERS+ (CERMl
BOTT-BOOEMHAVSENeOEBOUARO ~ C4SSEL+ (GERNl
BOTT-BOOENHAUSEN ~ OKBOUARO CASSEL+ (CERN)
CANTEReCHOe DRILLS ~ ENGLER+ t CARNECIE eBNL)

66 BNL 10608 HILL eROSINSOM ~ SAKI TT eCANTER+ (BNLe CARNEGIE)
66 PRL 17 1075 JOVANOVICHeFUJLI ~ YURKDTeZORN + (BHL+MD+MIT)
66 BERKELEY 28 KVLYUKINA MKSTVIRISHVILI ~ NEAGU PETR+ (JINRl
66 PRL 16 278 G M HEISNERe8 8 CRAWFORD' F CRAWFORD {LRL)
64 PRL 17 492 G HEISNER ~ 8 CRAWFORDeF CR4'WFORO t LRL'I
66 BERKELEY CONF ~ MEHLHOPeGOOOePICCIONI + (LA JOLLA)
66 SEE ALSO MURTY 47
44 BfRKELEY CONF + ABASHIANeABRAHS CARPfhlTKR + (lLLINOIS)
46 PL 19 704 NEFKENSe ABASHIAke ABRAMSeCARP fMTER+ t LLL)
44 PRL 17 469 Vf RHK Ye NEFKENSeABASH14N+// URBANA

14 ETA MIOTH t HE V)

91
148
31

AI.FF
FOEL SCHE
JAMES,
BALTAY
JONES

{BELOW)a

10 0 OR LESS
10e0 OR LESS
12 0 OR LESS
4a0 OR LESS

~ 9 OR LESS
A}.50 SEE ETA DECAY RATES

62 HBC
64 HBG
66 HBC
66 DBC
66 CNYR

6/ &&

7/ &&
~ 95 COhlFeLEVEL 8/ &7



134 Rzvxsws or MooKRN Pzvsxcs ~ JAgaxav 1969

PL
P2
P3
P4
P5
Pe
P7
PS
P9
PLO
P11
P12
P13
P14

ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO
ETA INTO

Data

2GAHHA
3P IO
P I+ Pl- PIO
PI+ PI- GAMHA

E+E-P IO
E+E-PI +PI-
PIO 2GAMHA
E+E-GAMMA
2PIO GAMMA

Pl+Pl-PIO GAMMA

P I ep I- 2GAMHA
MU+MU-
MU+MU-GAMMA
HU+MU-P IO

VIOLATES C IN E H I

VIOLATES C

14 ETA PARTIAL DECAY MODES

STABLE PARTIC LES

DECAY PASSES
0+ 0

134+ 134+ 134
139+ 139+ 134
139+ 139+ 0
134+ .5+ .5
139+ 139+ «5+
134+ 0+ 0.5+ .5+ 0
134+ 134+ 0
139+ 139+ 134+
139+ 139+ 0+
105+ 105
L05+ 105+ 0
105+ 105+ 134

«5

LfEIGHTEO AVERAGE = 0.214 + 0.109
SCALE = 2.02 CHISQ = 24. 6 CONLEV = 0.000

st/~phd/'Col~

in parentheses have not been included in our averages.

But by now, and g (ter fruitful discussion
with Charles Baltay, we feel that we should
consider all seven experiments on an a priori
equal basis, and then follow the prescription

14 ETA DECAY RATES

BEHPORAD 67 CNTR PRIHAKOFF EFFECT Ll/67WL (0' 93) (0«2)

Z X YY

~o~al
l = 0.380+ 0.083 keV

The above value for l" assumes that
YYI /

I' = 31.4%. However, the results oftotal
that experiment may be stated more generally
than is given in the paper, as

IATOV
TAY1
QUET

LIG
OMAN

NHAUS

IUGNO

67 SPRK
67 OBC
67 HLSC
66 SPRK
67 SPRK
66 SPRK
66 CNTR

r /r = 3S.i+22%total

would give

and

r
YY

= I.OO+ 0.22 keV

total = 2.63 + 0.64 ke V.

( rivate communication from C. Bemporad).(p
Thus our new value of

C3
C3

C3
{

ETA S.R. INTO (PIO 2GAMMA) &(2GAMMA)

C3
C3
C3

C3

C3
C)
U)

C3

C3
C3
C3

C3
C3
U)

C3n
C3

of deleting large X experiments until the con-2

fidence level rises to some reasonable value.
If we remove the Feldman and DiGiugno ex-
periments, X decreases from 25 (for all2

seven) to nearly zero (for the remaining five).
Accordingly we have removed these experi-
ments and used the remaining five experi-
ments in our overall fit.

14 ETA BRANCHING RATIOS

ETA DECAY INTO NEUTRALS

As is well known, there are great incon-
sistencies among the various experiments
which report etas decaying into neutrals.
The controversy is over whether the mode

is = 0 (as the newer experiments in-
dicate} or 20% (as the older experiments
indic ate d) .

The discrepancies are displayed in the
ideogram below, in which all seven relevant
experiments have been converted to a com-
mon ratio, +Y/YY. Also upper limits,
have been converted to 0 +x. The confidence
level for consistency of all seven is 4 X lO !

At the time of our last edition, the top
three experiments ( Buniatov, Baltay, and
Jacquet} were new and had not borne the tests
of time. Hence we were reluctant to discard
older experiments, even though the new were
inconsistent with the old. We merely warned
that the truth must lie somewhere in between.

R2
R2
R2
R2 F IT

ETA INTO 2GAHMA/CHARGED
0«99 0 48

« « ~ ~ ~ ~

1' 326 ~ 115

(PL) /{P3+P4)
CRAWFORD 63 HBC

VALUE FROM CONSTRAINED FIT

ETA INTO (P IO 2GAHHA) /NEUTRALS (P7)/(PL+P2+P7)
R3 S (0 375) (0 072) OIGIUGNO 66 CNTR ERROR DCUBLEO
R3 s THE ERRORS OF OIGIUGND+ 66 HAVE SEEN INCREASED BY A FACTOR
R3 s OF TWO' TD TAKE INTO ACCOUNT POSSIBLE SYSTEMATIC ERRORS' AS
R3 s' SUGGESTCD BY )'HL AUTHORS'
R3 ~ 27 «10 GRUNHAUS 66 SPRK

( ~ 244) ( ~ 05) FELDMAN 67 SPRK
R3 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE«
R3 «028 «044 BUN I ATOV 67 SPRK

R3 AVG ~ 0673 «0892 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2' 2)
~ 035 044 VALUE FROM CONSTRAINED FIT

R4 s ETA INTO {P I+ PI- GAMMA) /(P I+ PI- P IO)
R4 0 ~ 14 0 08 FOELSCHE 64 HSC

24 (0 ' 73) (0' 25) PAULI 64 DSC
R4 H THIS EXPERIMENT HAS NOT SEEN INCLUDED IN THE AVERAGES SINCE
R4 H IT IS NOT CLEAR THAT THEIR CLASS 8 EVENTS ARE ACTUALLY FROM tTAS
R4 0«30 0«06 CRAWFORD 66 HBC

~ 10 10 KRAEHER 64 DBC
«196 «041 FOSTER3 65 HSC
~ 25 ~ 035 LI TCHF IEL 67 DBC

0«28 0«04 BALTAY2 67 DSC

~ 2377 ~ 0229 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1' 2)
~ 235 ~ 021 VALUE FROM CONSTRAINED FIT

See C. Baltay, Proc. of the 1968 Univ. of
Penn. Conf. on Meson Spectroscopy (W'. A.
Benjamin, to be published).

(P9) IS ASSUHED e 0 IN ALL RATIOS

Rl s ETA INTO NEUTRALS/CHARGED (PL+P2+P7) /(P3+P4)
Rl N 10 (2«5) (1~ 0) PICKUP 62 HBC
RL N 53 (3 20) (I~ 26) BASTIEN 62 HSC
RL N {F7) {0«8) SHAFER 62 HBC

2 ' 6 ~ 9 BUSCHBECK 63 HBC
Rl N 280 (4 ~ 5) (1~ 0) JAMES 66 HBC
Rl N THESE EXPERIHENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES
Ri N AS THEY WERE UNABLE TD CLEARLY SEPARATE PARTIAL PCDES { )3 AK0 (4)
Rl N FROM EACH OTHER THE REPORTED VALUES THUS PROBABLY CONTAIN
RL N SOME (UNKNOWN) FRACTION OF HODE {4)~

2 64 0«?3 BALTAY2 67 DBC

Ri AVG 2 ' 6375 «2228 AVERAGE {ERROR INCLUDES SCALE FACTOR OF l«0)
2 ~ 481 .161 VALUE FROM CONSTRAINED FIT

7/66
axes

11/67

6/66

8/67
8/e7

11/67

6/66
7/66
7/66
8/67

11/e7
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STABLE PART IC LES

R5
R5
R5
R5
R5
R5 AVG
R5 FIT

R6 + ETA INTO 3/10/2GAMHA
R6 ~ 90 OR HORE
R6 0 F 88 0»16
R6 1 ~ 1 0%2
R6 C (F 06) (0 31)
R6 e e e % ~ ~ e ~ ~

R6 AVG ~ 9659 ~ 1249
R6 FIT ~ 806 ~ 096

IP2) I (Pl)
CHRET I EN 62 PBC
BALTAY1 67 DBC 11/67
CENCE 67 SPRK I/68i
STRUGALSK 68 HLBC CONFERENCE REPORT II/68&

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ' 0)
VA{.UE FROH CONSTRAINED F IT

R7 & ETA INTO 2GAMHA/(PI+ PI PO)
RZ 1~ 61 Oe 39 FOSTER1 65 HSC
R7 e % ~ ~ ~ ~ e e
RT FIT 1 ~ 637 ~ 144 VALUE FROM CONSTRAINED

{Pl)/{P3)

FIT

Data in parentheses have not
ETA INTO t 3P IO)+ 2/3{ P IO 2GA)rMA) I Pl+Pl-P IO {P2+2/3PT) /P3

0 ~ 83 0% 32 CRAMFORD 63 HBC
2 ~ 0 1%0 FOELSCHE 64 HSC 7/66
0 90 0%24 FOSTERl 65 HSC 7/be

~ 9148 ~ 1886 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
1 391 111 VALUE FROH CONSTRAINED FIT

been included in our averages.

14 ETA C-NONCONSERVING DECAY PARAMETER

A OEC
4 1
A

4
A 10
A 1
A 36
A

4VG

AY ASYMMETRY PAR
351 7»2
355 8 ~ 7
705 -6% 1
665 0% 3
300 5 ~ 8
800 1 ' 5

e ~ ~ e e
1 ~ 4398

)tfIGHTED AVERAGE = 1.440 i 0.722
ERROR SCALED BY 1.67

C &IS{) ~ S.G COHLE V ~ 0.062

AMETER FOR PI+ PI- P I 0 {UN I T 5 1oii'-2 )
2 ~ 8 SALTAY 66 OSC
5e3 F01&LER 66 HSC
4%0 LARRISE 66 HSC
1%0 CNOPS 66 SPRK
3%4 OTHERS 66 HSC

5 GORMLEY3 68 SPRK

~ 7225 AVERAGE &ERROR INCLUDES SCALE FACTOR OF 1 ' 7)
(SEE IDEOGRAM BELD)t )

8/66
8/66
8/67
8/67
8/66
6/68i

R8 + ETA
R8 280
RB
R8
RS 244
RB
RS AVG
RS FIT

INTO NEUTRAL/(PI+
3~ 6 0%8
3 ' 8 1~ 1
2 ' 89 0»56
3 ~ 6 0 6

~ ~ ~ ~ % ~ ~
3 ~ 3488 ~ 3460
3 ' 177 ~ 182

PI- PIO)
KRAEHER 64 DBC
PAULI 64 OBC
ALFF-STEI 66 HBC
FLATTE2 67 HBC

{P 1+P2+PT) I & P31

AVERAGE I ERROR INCLUDES SCALE F4CTOR OF 1 ~ 0)
VALUE FROM CONSTR4(NED FIT

7/66
9/66
I/68I

R9
R9
R9
R9
R9

R10
R10

ETA INTO (E+E-PI01/(PI+Pl-PIO) {UNITS
1 1 OR LESS PRICE

0 0 ' 77 OR LESS FOSTER2
~ 42 OR LESS BAGLIN1

0 ~ 16 DR {.E SS BILLING

IOii-2) t P51/t P3)
65 HBC
65 HBC
67 HLBC
67 HLBC

9 CONF

BILEVEL

9 CONF

BILEVEL

ETA INTO I E+E-PI+PI-) /TOTAL I UNITS 10&i'-2) (P6) /TOTAL
0 ~ 7 OR LESS RITTENSER 65 HBC

8/67
11/e7

6/66

GORMLEY3
~ . ~ OTHERS

~ ~ ~ ~ ~ CHOPS
LARRIBE
FDL{LER

BALTAY

6B SPRK
66 HBC
66 SPRK
66 HBC

66 HBC

66 OBC

R15
R15
R15

ETA INTO I E+E-PIO)/TOTAL (UNITS 10ii-2) {P5)/TOTA{.
0%7 OR LESS RITTENSER 65 HBC
0 084 OR LESS BAZIN 68 OSC ~ 9 CONF LEVL

tP6)/(P4)Rll + ETA INTO (E+E-PI+Pl-)I{PI+PI-GAMMA)
Rll 1 0 ' 026 0 ' 026 GROSSHAN 66 HBC

R12 i' ETA INTO 2 GAHMA/NEUTRALS (PI)/ t Pl+P2&PT)
&0.41e) {0.044). DIGIUGNO 66 CNTR ERROR DOUBLED

~ 44 F 07 GRUNHAUS 66 SPRK
R12 S {~ 5791 {~ 052) FELDHAN 67 SPRK
R12 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE'
R12 T {0' 39) {0»06) JONES 66 CNTR
R12 7 THIS RESULT FROM COMBINING CROSS-SECTIONS FROM TMO DIFFERENT EXPTS ~

R12 ~ 59 %033 BUNIATOV 67 SPRK

R12 AVG ~ 5627 ~ 0579 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 91
R12 FIT ~ 534 ~ 030 VALUE FROM CONSTRAINED FIT

R13 + ETA INTO 3PIO/NEUTRALS {P2)/(Pl+P2iPT)
(0 2091 {0»054) DIGIUGNO 66 CNTR ERROR DOLBLEO

R13 R ( ~ 29) t 10) GRUNHAUS 66 SPRK
R13 S {F 177) {»035) FELOMAN 67 SPRK
R13 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE'
R13 R t 41) te033) BUNIATOV 67 SPRK
R13 R REDUNDANT INFORMATION FROM THIS EXPERIMENT
R13 ~ e ~ e ~ ~ % e ~

R13 FIT 431 040 VALUE FROH CONSTRAINED FIT

R14 i' ETA INTO PIO (2GAMMA)/2GAHHA &P7)I {PI)
5 OR LESS WAHLIG 66 SPRK ~ 9 CONF LEVL

0 ~ 0 0»14 BALTAY1 67 DBC
{Oe05) t0»04) BONAMY 67 SPICK PREL IMINARY RESULT

R14 C {0' 30) (0 22) STRUGALSK 68 HLSC CONFERENCE REPORT
R14 ~ ~ ~ % ~ e ~ e e
R14 FIT ~ 065 ~ 075 VALUE FROH CONSTRAINED FIT

6/66

6/66
8/67
8/67

8/67

11/67

6/66
8/67
8/67

11/67

7/66
11/67

11/68i

6/66
6/68i'

8
8
'8
8
8
8
8
8

O
O

O
ISl Ul ISl Mlfi
I

fTA INTO PI+PI-PIO ASYMME TRY PARAME Tf R

O
O
ISl
I

O
O

DECAY ASYHMETRY PA
33 2%

1620 1 ~ 5
N ABOVE EXPERIMENT

-4 ~

6710 2 ~ 4
e e ~ ~ ~ ~

AVG 2 ' 0239

RAMETER FOR Pl+ Pl- GAMMA (UNITS 10ii-2)
17 CRAWFORD 66 HSC
2 ' 5 SOWEN 67 SPRK
IS SENSITIVE ONLY TO UPPER ~ 4 OF GAMMA-RAY SPECTRUM
8% LI TCHF IEL 67 DBC
1 ~ 4 GORMLEY2 68 SPRK
~ »»
1%2045 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

H. Yuta and S. Okubo (PRL Zi, 78k) have

pointed out that an asymmetry in the decay

p ~ m 77 z of about 2% need not imply a
breakdown of C invariance, since an asym»»

metry of this amount could be caused by an

interference between the q and the 3TT back-

gr ound.

11/66
8/67

sler
6/6 8 i'

R16
R 16
R16
Rlb FIT

ETA INTO 2GAMHA/{3PIO + PIO 2GAMMA) {Pl) I (P2+P7)
0F 80 ~ 25 BACCI 63 CNTR

1 ~ 081 ~ 122 VALUE FROH CONSTRAINED FIT

R17
R17
R17
R17
R17

ETA INTO & P I+P I-P IO
%07 OR LESS
~ 009 OR LESS
016 OR LESS

0%017 OR LESS.

GAHMA 1/ t P I+P I-P I 0 1
FLATTE 67 HBC
PRICE 67 HSC
BALTAY2 67 DBC
ARNOLD 68 HLBC

(PIO)/{P3)

%95 CONF LEVL
~ 9 CONF LEVEL

R18
R18
R18

ETA INTO (PI+PI- 2GAMMA)/{Pl+PI-PIO)
~ 009 OR LESS PRICE
~ 016 OR LESS BAL TAY2

R19 i ETA INTO 3PIO/(Pl+ PI- PI
R19 1%03 %34
R19 1 3 %4
R19 1%47 0%20
R19 ~ ~ ~ ~ ~ ~ ~ ~ ~
R19 AVG 1 3596 % 1506
R19 F IT 1~ 320 ~ 123

(Pll) I &P3)
67 HBC
67 DSC %95 CONF LEVL

01 (P2)/(P3)
HICHAEL 67 HLBC
BAGLIN2 67 HLSC

0%17 BULLOCK 68 HLBC

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1%0)
VALUE FROM CONSTRAINED FIT

R20
R20
R20
R20 F I T

ETA INTO 2GAHHA/t (3PIO)+2/3(PIO 2GAMMA) 1 {P 1)I & P2+2/3P7)
1~ 10 0%5 MULLER 63 DBC

1 176 ~ 132 VALUE FROM CONSTRAINED FIT

R21 i ETA INTO NEUTRALS/TOTAL
R21 %79 08
R21 ~ e ~ e e ~ % ~ e
R21 FIT ~ 713 ~ 013

{PI+P2+P7)/TOTAL
SUNIATOV 67 SPRK

VALUE FROM CONSTRAINED FIT

822 i' ET4
R22
R22
R22 F IT

INTO & P IZRO 2GAMMA) /TOTAL (PT) /TOTAL
~ 12 OR LESS JACQUET 67 HLBC %9 CONF LEVL

025 031 VALUE FROM CONSTRAINED FIT

'R23 4 fTA INTO HU+MU-/TOTAL
R23 0 2 ~ OR LESS

tUN ITS IOI'+-5) (P12) /TOTAL
HEHHANN 68 SPRK ~ 95 CONF LEVEL

R24 i ETA INTO HU+MU-PIO/TOTAL {UNITS 10ii-4) (P 14) /TOTAL
R24 5 ~ OR LESS ){EHHANN 68 SPRK

THE FOLLOMING BRANCHING FRACTIONS HAVE CORRELATED ERRORS GREATER THAN ~ 5

P2 P7 -%665

0000tt tf004000f Ofiiii40i ffifftiii 440iii40i OtfiiiOt4 4104iiif4 itfiiiii

7/66

8/67
8/67

11/67
9/68i'

8/67
11/6T

8/67
8/67
9/68 i

7/66

11/67

lll67

4/68 i

4/68i

Any simple model of C noninvariance in
+ ~ ~the decay q ~ TT 7T Y predicts a max&mum

asymmetry in the lowest part of the Y-ray
energy spectrum (i. e. , as E ~ 0). This is

Y
easily seen by remembering that (experimen»%

tally) the C-conserving part of the decay puts
the dipion in a J = 4 state. However, the C-
violating part of the interaction must put the

dipion in an even J state (and J ~~ 3). One

then expec ts the compe tition be twe en J = i
and J = 2 (4, 6, ~ ~ ~ ) to be the greatest when

m is largest, i. e. , as E ~ 0.
77Tr Y

Howe ve r, the lowe r limits on Y -r ay e ne r-
gies detected in the experiments on this
asymmetry range from about 50 MeV to about

&Z5 MeV (the maximum energy of the Y in this
decay is $04 MeV). Thus no experiment has

yet really investigated the potentially most
s ens itive r eg ion.
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STABLE PARTIC LES
Data in parentheses have not been inclgded in our averages.

PEVSNER

ALFF
BASTIEN
CHRET (EN
PICKUP
SHAFER

61 PRL 7 421

62 PRL 9 322
62 PRL 8 114
62 PRL 9 127
62 PRL 8 329
62 CERN CONF 307

REFERENCES
14 ETA(549IJPGe0-t)(e0

PEVSNER ~ KRAEHER ~ NUSSBAUHIRICHARDSON + (JHU)

ALFFIBERLEYICOLLEYIBRUGGER + (COL+RUTGERS)
BASTIENrBERGEIQAHLIFERRO LUZZI + (LRL)
CHRETIEN+ (BRAND+BROWN+HARVARD+HIT+PADOVA)
E PICKUPIROBINSQN ~ SALANT (NRC+CAh+SNL)
J SHAFER ~ FERRO-lUZZIIHURRAY + {UG+LRL)

HI{

17 NEUTRON HAGNETIC MOMENT (I(AGNETONSI938 ~ 2 HEY)

- 1 ~ 913148 0 ~ 000066 COHEN 56 RVUE

Neutron Lifetime and Coupling Constants

in Beta Decay

7/66

SACC I
BUSCHBEC
CRAWFORD

AND

DELCOURT
MULLER

63 PRL 11 37
63 SIENA CONF 1 166
63 PRL 10 546

PRL 16 907
63 Pl 7 215
63 SIENA CONF 99

BACCI ~ PENSO ~ SALVINI + {ROHE V+CHEN FRASCA)
BUSCHBEGK-CZAPP ~ COOPER + (VIENNA+GERN+AMS)
F 5 CRAMFORDILLQYO ~ FCWLER (LRL+OUKE)
F 5 CRAMFQRDIL LLOYDIE FOWLER {lRL+OUKE)
DELCOURTILEFRANCOIS ~ PEREZ Y JQRBA+ (ORSAY)
MULLERIPAULI + tLPCHE+SACLAY IF+RQHE+INFN)

The measurement of the neutron lifetime

FOELSCHE
KRAEMER
PAUL!

64 PR 134 8 1138
64 PR 136 8 496
64 PL 13 .351

H M FOELSCHE ~ H L KRAYBILL
KRAEHERIHADANSKYIFIELDS +
E PAULI IA MULLER

(YALE)
{JHU+NW U+'MOOD)

tLPCHE+SACLAY)

FOST ERL
FOSTER2
FOSTER3
PRICE
RITTENBE

AlFF-ST E
BALTAY
GRAN FOR 0
DIG IUGNO
GROSSHAN
GRUNHAL 5
JAHES
JONES
MAHL IG

65 PR 138 8 652
65 ATHENS
65 THESIS
65 pRL 15 123
65 PRL 15 556

66 PR L45 1072
66 PRL 16 1224
66 PRL 16 333
66 PRL 16 767
66 PR L46 993
66 THESIS
66 pR 142 896
66 PL 23 597
66 PRL 17 221

FOSTERS PETERSIMEERILOEFFLER + l'MISC+PURDUE)
FQSTERIGQQDIHEER (WISCONSIN)
MeC UFO%TER (WISCCNSIN)
LeR SPRIG' FeSeCRA'WFORD {LRL)
RITTENBERG ~ KALBFLE ISGH (LRL+BNL)

ALFF-STEINBERGER ~ BERLEY+ {CCLUMBIA+RUTGERS)
+FRANZ INI KIN K IRSCH+ (COLUM 8 I A& STONY BROOK)
FeS ~ CRAWFQRD ~ L ~ R ~ PRICE {LRL)
DIGIUGNOIGIORGI ~ SILVESTRI+ (NAP&TRST+FRASC)
R GROSSMANIL PRICEsF CRAWFCRD (LRL)
J GRUNHAUS (COLUMBIA)
F E JAMES ~ H L KRAYBIL(, (YALE+BNL)
JONES ~ BINNIEsDUANE ~ HORSEY ~ MASONI+(ICL+RUTH)
WAHL IG s SHI BATA I MANNELL I {MI 7+PISA)

BAG L INL
SAG L IN2
BALTAY I
BALTAY2
BEN PORAD

AND

8(LL ING
BONAHY
BUN IATOV
CENCE
FELDMAN
FLATTE
FLATTE2
JACQUES
LITCHFI E
HICHAEL
PRICE

ARNOLD
BAZ IN
BULLOCK
STRUGALS
WEHMANN

68 PL 278 466
68 PRL 20 895i
68 PL 278 402
68 VIENNA ABS 112
68 PRL 20 748

+PAT Yr BAGL IN ~ 8 INGHAM+ ( STR 8+ MADR+EPQL+BERK )
BAZ INIGOSHAMI ZAGHER I + t PR INC ETCNI QUEENS)
+ESTEN ~ FLEMINGIGGVANIHENQERSQNIOWEN+ (LQUC)
STRUGAL SKI I CHUV (LQ ~ I VANOVSKA JA ~ + {CUBNA)
WEHHANN ~ ENGELS I+(HAR V+CASE r SLAC+COR+MCG ILL)

QUANTUH NUMBER DETERMINATIONS NOT REFERRED TO Ih THE DATA CARDS

67 PL 248 637 BAGL IN ~ BEZAGUETIDEGRANGEIr (E~ POLYtUC)
67 BAPS 12 567 BAGL IN s BEZ AGUE T ~ DEGRANGE I r IE ~ POLY+UC)
67 PRL ),9 1495 BALTAY ~ FRANZ IN I IKIH ~ NEWMAN& {COLUM+BRAND)
67 PRL 19 1498 BALTA'Yr FRANZ INI ~ KIMI NEWMANr (COLUM+STONY BK)
6T PL 258 380 BEHPORAD I BRACC I NI ~ FOA ~ LUBE L5 MEY+ ( P I SA ~ BONN)

PRIVATE COMMUNICATION
67 PL 258 435 SILLIGIBULLOCK ~ ESTEN ~ GOVANrt (UCLIOXF)
67 HE IDELBERG CONFe SONAMY ~ SONDEREGGER (SACLAY)
67 PL 258 560 BUNIATQV ~ ZAVATTINt ~ DEINE'(I+ (CERN ~ KARLS)
67 PRL 19 1393 CENCEsPETERSON ~ STENGER ~ CHIU+ (HAWAII+LRL)
67 PRL 18 868 FELDMANIFRATIIGLEESQNIHALPERNI+ {PENN)
67 PR!. 18 976 SeHeFLATTE (LRL)
67 PR 163 1441 5 ~ M ~ FLATTE AND C ~ G ~ WQHL {LRL)
67 PL 258 574 JACQUETINGUYEN-KHACIBAGLIN+{EC ~ POLY ~ BERGEN)
67 PL 248 486 LITCHFIELD ~ RANGAN ~ SE GAR I SP I THr ( RUTHr SACL AY)
67 THESIS MD BeMICHAEL {UC)
67 PRL 18 1207 LeR ~ PRICEIF ~ 5 ~ CRAMFQRD (LRL)

by Sosnovskii et al. has been discarded, since

(i) it is in disagreement with the better and

more recent result of Christensen et al. ,
(ii) the value of gA/g derived from the new

value of the neutron lifetime agrees better

with the one obtained from. the free neutron

data.
The ang1e 6 is defined by the reIation

i5
gA/gV = [gA/gv)e .

and is equal to 0 + nTI if time -rever sal invari-

anc e holds ( s ee JAC KSON 5 7).
We list below the values of gA/g& ca.icu-

lated under the assumption of time-reversal
invariance and the values for the phase angle 5.

BASTIEN
CARMONY
ROSENFEL

62 PRL 8 114
62 PRL 8 117
62 PRL 8 293

REFERENCES ON ETA ASYHMETRY PARAMETERS

BAST I EN ~ BERGE ~ DAHL I F ERRO t. UZZI I NILLER+ (LRL)
D CARMONY ~ A RQSENFELD ~ VAN DE WALLE (LRL)
A RQSENFELD AD CARMONYIVAN DE WALLE (LRL)

17 NEUTRON LIFET(HE (UNITS 10113 SEC)

I' ( 1~ 012) {Oe021) SOSNOVSKI 59 PILE SEE NOTE E
E ERROR CHANGED BECAUSE ERROR IN CROSS SECTION FOR NEUTRON ABSCRPTION
E IN GOLD HAS BEEN REDUCED

T Oe 932 Oe 0L4 CHRISTENS 67 PILE

7/681

3/681
SALTAY
CHOPS
CRA WFORD
FOMLER
LARR I BE
OTHERS

BQWEN
LITCHFI E
CORM(. EY2
GORMLEY 3

66 PRL 16 1224
66 PL 22 546
6e I RL le 333
66 BAPS 11 380
66 PL 23 600
66 PR 149 1044

67 PL 2IIB 206
67 PL 248 486
68 PRL 21 399
68 PRL 21 402

BALTAYIFRANZINIIKIM ~ KIRSCHr(COLUM+STONY SK)
CNOPS ~ FINQCCHIARS ~ LASSALLEI+(CERN+ZUR+SACL)
F ~ 5 ~ CRAWFORDrleRePRIGE {LRL)
EeC FOWLER {DUKE)
LARRIBE ~ LEVEQUEIHULLER ~ PAULlr+ (SACL+RUTH)
COLUMBIAILRLIPURDUEIWISGONS(NIYALE

SOMENICNOPS F INOCCHIARO + tCERN+ZUR+SACL)
LITCHFIELD' RANGAN ~ SEGAR ~ SMITHr(RUTHrSACLAY)
GQRMLEY ~ HYMAN ~ LEE ~ NASHIPEOPLES+ (GOLU+BNL')
GQRMLEYIHYMAN ~ LEE ~ NASH ~ PEQPLES+ (CQLU+BNL)

tttttt 111411111111111111111111111ttttttttt ttttttttt 111111111tttttttt
111111 ttttttttt ttttttttt ttttttttt 111111111111111111111111111tt111111

16 PROTON {938IJeL/2) Ie(/2

16 PROTON MASS (HEV)

AV

AV 8
8

AV

AV C
AV
AV O

AV

AV AVG

F 1 '
PHASE ANGLE OF GA RELATIVE TO GV (DEGREES)

F 176% 1 6e4 CONFORTO 67 RVUE
VALUE DERIVEO FROM FREE NEUTRON DECAY CNLY

1T SETA DECAY COUPLlNG CONSTANTS. .
GA/GV (SEE TEXT FOR SIGN GCNVENTION)

Le 18) {0~ 02) BHALLA 66 RVUE
THIS VALUE NOT USED SINCE CORRESPONDING LIFETIME HAS SEEN DISCARDE-I ~ 250 Oe 044 CONFORTO 67 RVUE SEE NOTE C BELOW

CQNFORTO VALUE COMBINES All FREE NEUTRON DECAY DATA-I ~ 23 Oeo1 CHRISTENS 67 CNTR SEE NOTE C BELOW
CHRISTENSQN MEASUREMENT NQT SENSITIVE TO SIGN OF GA/GV
~ ~ ~ ~ ~ ~ ~ ~ ~

I ~ 2310 ~ 0098 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0)

11/67

11/681

11/681

938' 256 De005 COHEN 65 RVUE 7/66 111111ttttttttt 111111111111111111ttttttttt 111111111ttttttttt tttttttt

T
T
T
T
T
T

16 PROTON llFETIME (UNITS 101126 YR)

OVER 101120 YRS GQLDHABER 54 TH 232 FISS~ HODE INDEPEN
OVER 2 ~ 0 1 101123 YRS FLEROV 57 TH 232 FISS MODE INDEPEN

OVFR 1 5 BACKENSTO 60 CNTR
OVER 60 ~ 0 KROPP 65 CNTR

KROPP AND BACKENSTQSS SENSITIVE TO PARTICULAR DECAY NODES OF PROT
OVER 200 0 GURR 67 CNTR OEP ~ ON DECAY HOOL'

16 PROTON MAGNET ~ HQMENT(E/2HP)

6/66

6/681

REFFRENCES
17 NEUTRON (939IJ 1/2) I 1/2

COHEN 56 PR 104 283 V M COHENI CORNGQLD ~ RAMSEY lBNl+HARVARD)
JACKSON 57 PR 106 5LT JACKSQNITRIEHANIWYLO {PRINCETON)
SOSNQVSK 59 JtTP 9 TLT SQSNOVSKII ~ SPIVAK ~ PROKQFEV + ( IAF. MCSGQM)

BQNDELIO 60 PR 120 887 BQNDELIDIBUTLERIKENNEDY + {USNRL+GATH UNIV)
SALGO 64 NP 53 457 R SALGO ~ STAVE )IINKLER ~ ZAPBONI (ZURICH)
COHEN 65 RHP 37 537 E R COHENIDUMQNO . (NAASC+CAL INST TECH)
BHALLA 66 PL 19 691 C P SHALLA (ALABAMA)
CHRISTEN 67 Pl 268 11 +NIELSENI BAHNSENr BROWNI RUS TAO {RISO-DEhHARK)
GCNFORTC 67 ACTA PHYS ACAD

HUNCARICA 22 15 Ge CQNFQRTO (CERN)

GOL QHAB ER

REFERENCES
16 PROTON (938 ' J=l/2) t=l/2

54 PR 96 1157 FNOTE2 P GOLDHABER F REINES+ (LQS ALAMOS ~ BNL)
FLEROV
BAGKENST
COHEN
KRQPP
GUR R

57 SQV PHYS DOK 3 78 FLEROV ~ KLOCHKOV ~ SKQBKIN ~ TERENTEV (USSR)
60 NC 16 749 BACKENSTQSS ~ FRAUENFELDER HYAMS + (CERN)
65 RMP 37 537 E R COHEN J W I' DUMOND (NAASC+CALTECH)
65 PR 137 8 740 W R KROPP ~ F REINES {CASE INST TECHNOLOGY)
67 PR 158 1321 GURRIKROPPIREINES ~ MEYER (CASEIJOHANNESBURG)

2 792763 0 000030 COHEN 65 RVUE
I

~tttttttt 111111111ttt tttttt tttttttt1 1tt tttttt 111111111111111tt
7/66 111111111111111ttttttttttttt1tttt ttttttttt 1111111111tttttttt 11111111

tttttt ttttttttt ttttttttt 111111111111111111111111111111111111tttttttt
18 LAHBOA t 1115rJPeL/2+) IeO

18 LAMBDA HASS (HEV)

N SINCE OUR FINAL VALUES FCR THE SIGMA AND LAHBDA MASSES COME FROM

N DOING AN OVERALL FIT TO ALL HEASURED MASSES ANO IIASS DIFFEREhGES ~

N WE HAVE USED THE UNCORRELATED MEASUREMLNTS FRQH SCHHIDT 65 RATHER
N THAN THE ONES CQM(NG FROM THE OVERALL FIT REPORTED IN THAT PAPER
N SINCE THERE SEEMS TO SE NO CONVINCING ARGUMENT AS TQ MHY ONE SHOULD
N IGNORE DATA US(NG RANGE MEASUREMENTS' WE HAVF. INCLUDED HERE VALUES
N DEPENDING ON PROTON ANO PION RANGES

0
0
0
0 AVG

0 FIT
D FIT

le2939
I 2933

I 2933
I 2923
I ~ 2923

111111111111111111ttttt1111 111111111tttttttt
ttttttttt tttt11111 ttttttttt 11111111

17 NEUTRON {939' Jet/2) l=l/2

17 NEUTKQN-PROTON MASS D(Fe(HEV)

BONOEL I 0 60 CNTR
SALGO 64 GNTR

0 0004
0 F 0001

~ e e e
~ 0001 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

0 0001 VALUE FROM CONSTRAINED FIT
0 ~ 000L VALUE FROM CONSTRAINED F LT

H

M L
M

H 5
H

H 5 1
M 5
H

H

M

M 5

M AVG

M FIT

1115~ 44 Oe 12 BHQWMIK 63 RVUE + SEE NOTE L BELOW
ABOVE LAHBDA HASS HAS SEEN RAISED 35 KEV TO ACCOUhT FOR 46 KEV
INCREASE IN PROTON MASS ANO 11 KEV DECREASE (N CHARGED PION PASS ~

635{1115F 86) (0 09) BALTAY 65 HSC ERRCR IS

STATIST'

488 1115' 63 0 07 SCHMIDT 65 HSG SEE NOTE N

147(1115 T4) (0 04) CHIEN 66 HBC 6e9 PBAR P
972{1115~ 69) {0' 05) CH(EN bb HSC 6 ' 9 PSAR PANT IL

1115~ 6 0 ' 4 LONDON 66 HSC
{1116' 0) {0 2) BADIER 67 HSC 2 4 PBAR P ~ LLBAR

195 1115' 39 0 (2 MAYEUR 67 EMUL
'ERROR PURELY STATIST ICAL
e e e ~ e ~ e ~ e
1115~ 5440 ~ 0748 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 4)
115' 60 Oe08 VALUE FROM CONSTRAINED FIT

(SEE IDEOGRAM BELOW )

6/66
6/eet
9/67
9/67
6/66
8/bf

}1/67

6/681
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Data is parcsthcscs haec sot

weighted aver-
or readers

data were
by program

atee ite own
x, and 5(x)

nt from the

7 EllUL
6 HBC

6 HBC

3 RVUE

LAIIBDA llASS (flEV)

IIEIGHTED AVER4GE K 1116.6440 4 0.0748
ERROR SCALED BY 1 ~ 40

CHIS4 ~ 3.9 CDNLEU e 0.142

STABLE PARTICLES
bccs iscludcd is our aYtcragcs.

18 LAHBDA BRANCHING RATIOS

Rl 4 LIHBOA INTO tP PI-I/I (P
RL 0%627 0%031
Rl 0% 65 0% 05
Rl U (0 685) (0%017)
Rl 903 0%643 Oe016
Rl ~ ~ ~ ~ % % ~ ~ ~

Rl AVG ~ 6404 %0137
Rl FIT ~ 653 ~ 013

R2 4 LAHBOA INTO (N PIO)/t I P
R2 0% 23 0%09
R2 0%43 0% L4
R2 0%28 0%08
R2 0%35 0%05
R2 T5 0% 291 0%034
R2 ~ e ~ % % % ~ ~

R2 IVG ~ 3044 ~ 0250
R2 FIT ~ 34T ~ 012

Pl-I+(N PIO) )
CRAWFORD 59 HBC
COLUMBIA 60 HBC
ANDERSON 62 HBC
HUNPHREY 62 HSC

(P 1)/(PI+P2)

AVERAGE (ERROR LNCLUOES SCALE FACTOR OF I~ Ol
VALUE FROH CONSTRAINED FIT

PI-)+(N PIO) )
EI SLER
CRAWFORD
BIGL IN
BROWN
CHRCT IEN

(P2)/(PL+P2)
57 PBC
59 HBC
60 PSC
63 XBG
43 PBC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)
VALUE FROM CONSTRALMED FIY

R3 4 LAHBOA INTO tP E- NEU)/TOTAL (UNITS 1044-3) (P4)/(Pl+P2)
R3 15 2 ~ 0 0%5 HUHPHREY 61 RVUE
R3 8 2 9 1~ 5 1~ 2 AUBERT 62 FBC
R3 150 Oe82 Oe12 Oel3 ELY 63 FBC
R3 20 I ~ 55 0» 34 LIND 64 HBC
R3 102 0%78 0 12 BAGL IN 44 FBC
R3 137 0%8 Oe 1 HALONEY 68 HBG PRELIMINARY
R3 ~ ~ % ~ ~ ~ ~ ~ ~
R3 AVG ~ 8500 %0813 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 3)

(SEE IOEOGR4H BEL()W )

11/684

ON

OH

PM
OM AVG

18 LANDA ANTILANBOA HASS DIFFERENCE (NEVI
0%05 0%06 CHIEN bb HBC 6%9 PSAR P
0%29 0%L5 BAOIER 67 HBG 2%4 PSAR P

~ ~ ~ ~ % ~ ~ ~ ~

~ 0831 ~ 0828 AVFR4GE (ERROR INCLUDES SCALE FACTOR OF I ~ 5)

18 LAHBOA LtFETIMF (UNITS 1044-10)

9/67
8/67

RC 4 (.AMBOA INTO (P HU NEU)/TOTAL (UNITS
R4 4 1 0%2 OR GREATER GOOD

R4 4 1 1%0 OR I.ESS AI. STON
R4 4 2 I ~ 0 OR LESS KERNAN
RC 4 BETWEEN 1 3 AND 6 0 I.I NO

RC 3 I~ 3 OeT LIMO
RC 2 le 5 1 ~ 2 RONNE
R4 ~ ~ ~ ~ ~ ~ ~ % ~

RC IVG 1%3508 ~ 6046 AVERAGE (ERROR

1044-4l (P3)/(Pl+P2)
62 HBC
63 HBG
64 FBG
64 HBC
44 RVUE
64 FBC

INC(. UDES SCALE FACTOR OF 1~ 0)

7/66

SDLDT
CRAWFORD
BOWEN
CHANG
HUMPHREY
BLOCK
CHRETIEN
HUBBARD
KREI SLER
SCHWARTL
SALTAY
HILL
BUR4N
CHI EN
CHI EN
ENGELHANN
AUERBACH
SAOIER
BAD ICR
GRINM
HEPP

0'21
0% 16
0% 27
0 20
0% 11
0%06

7 188
T 825
T 140
T 186
T 799

2 239
T 706
T 794
T 2260
T I 3'78
7 435

2534
916

T S 1147
T S 972
7 2213
T 585
Y

T
T G 8342
T 2600
7 S
7 G
7
7 A

2%63 0%21
2%72 Oelb
F 72 0%29
2%40 0%28
2%49 0%LL
2%36 0%04
2%76 0%20
2%59 0%09
2%3L 0%10
2% 59 0%07
2e5L 0%16
2%6 Oel
2 ' 35 0%09

(2% 50 I (0%1Cl
(2%70) (0%20)

2%452 Oe056 0%054
2%68 0%13 0%11
2 ~ 44 0%15
2 ~ 55 0%15

(2 ' 535) (0%035)
2 ' 47 0%08

ERROR PURELY STATISTICII.
TEHPORARELY NDT AVERAGED SINCE ERROR
o e ~ ~ ~ ~ % ~ ~

VG 2 ~ 5141 + ~ 0300 %0294 A VERIGE
(SEE IOEOGRAH BELOW )

58 CC
59 HBC
60 CC
62 HBC
62 HBC
43 HESC
63 PBC
64 HBC
64 SPRK
64 HBC
65 HBC
65 SPRK
46 HLSC
66 HBG
66 HBC
bb HBC
67 SPRK
47 HBC
67 HBC
68 HBC
68 HBC

bibb

bibb
6 ~ 9 PBAR P 9/67
4%9 PBAR PeINTI 9/67

9/66
8/47

2e4 PSAR P 6/484
2%4 PBAR P ~ ANTIL 6/484

6/684
8/484

S ARE ONLY STATISTICAL ll/684

(ERROR INCLUDES SCALE FACTOR OF 1~ 3)

18 LAMBDA DECAY PARAHETERS

4 4LPHI
I 1154
A-
A- LO L30I 3520I- H 2529
A-
I AVG

LAHBCA-
Oeb2

t0%663)
0.645
0%67

(OeTCT)
~ % ~ ~

~ 6455

(LAHBOI INTO Pl- PROTON)
0%07 CRONIN 63 CNTR LANBOA FRDH PI-P

(0%022) BERGE 66 RVUE INCLUDES ABOVE
0 017 OVERSETH 67 SPRK LAMBDA FROM PI-P
0%06 DAUBER 68 HBG FROM XI DECAY

(0%086) MERRILL 68 HBC REPL BY DAUBER 68
~ ~ % ~

~ 0159 AVE)(AGL' (ERROR INCLUDES SCALE FACTOR OF 1~ 0)

AL
AL

ASYNHETRY PARAMFTER IN ELECTRON - LAMBOASPIN CORRELATION
0%06 0 19 SARI. OW 65 SPRK

AO 4 ALPHAO /ALPHA- FOR LAMBDA (L INTO PIO N/L INTO PI- Pl
10 le 10 0%27 CORK 60 CNTR

F- 4 PHI ANGLE (SIN(PHI)/GDS(PHI)~BETA/GAMMA) (DEGRESS)
F- I 156 13%0 17e0 CRONIN 63 SPRK LAMBDA FROM PI-P
F- 10130 ~8%0 6%0 OVERSETH 67 SPRK LANBOA FROM PI-P
F- 4 7377 (-9e2) t5 ~ 2) CLELANO 67 SPRK REP BY ANOERSSOlli
F- -6%7 4 ~ 5 ANDERSSON 68 SPRK
F- ~ ~ ~ ~ ~ ~ ~ ~ ~

F- IVG -6%3024 3%5219 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 0 I

8/67
9/66
8/67
6/684
6/684

11/67
ll/67
ll/684
11/684

7/66

OT

HM

NH
HH 8553
NH 151
NH

NH
HM IVG

18 LANBOA MAGNETIC I(GHENT (NAGNETONS ~ 938' 26 HEVl

-1%5
0%0

-1%39
0% 5
0%75

~ ~ ~ ~ ~
F 7289

0%5 COOL 62 SPRK
0%6 KERNAN 43 CC
0%72 ANDERSON 44 HBC
0%28 CHARRIERE 45 EMUL
0% 19 HILL 46 SPRK

~ ~ ~ ~

«165C AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
(SEE IDEOGRAM BELOW )

18 L IFETIHE DIFFERENCE I (LAMBDA-ANT ILAMOI) /AVERAGE
0%044 0%085 SADIER 47 HBC 2 4 PBAR P 8/67

9/bb

AV 4 GA/GV FOR LAHBOA SETA DECAY (SEE TEXT FOR SIGH CONVENTION)
AV C 22 (-I~ 03 ) LI ND 64 HBG
AV C 102 IBS VALUE GREATER THAN 0 6 BAGLIN 65 HLBC
AV C BETW 0 ~ ANO -1~ L BARLOW 65 SPRK
AV 1 14 0 23 0 ' 33 CONFORTO 65 RVUE
AV C 102 ABS VALUE GREATER THAN 0 7 ELY 65 HLBC 95 PCT CCNF LEV
AV H 137 -OeTT Oel7 0 ~ 25 M4LONEY 68 HBC PRELIMINARY
AV 4 30 I-0%23) (0~ 20) (0~ 33) CHU 68 SPRK PREL IMINARY
AV I I-0~ 97) t0%LC) (-0 22) AVERAGE OBTAINED SY ADDING LOG OF
AV I LIKELIHOOD FUNCTIONS OF CONFORTO 65 AND PALONEY 68
AV C EXPTS INCLUDED LN GONFORTD 65 ~ RVUE
AV M MAI. ONEY 68 NEASURES THE ABSOLUTE VALUE OF I/V
IV ~ ~ ~ ~ % ~ % ~ ~

AV AVG ~ 9032 ~ 1776 4VEltAG'E (ERROR INCLUDES SCALE FACTOR OF I ~ I)
444444 444444444 444444444 444444444 444444444 444444444 444444444 44444444

REFERENCES
LB LAHBOA (1115~ JP%L/2+) I~O

6/684
6/684
6/684

11/67
6/684

11/684
11/684
11/684
11/684
6/684

Pl
P2
P3
P4

18 LAMBDA PARTIAL DECAY MODES

LAMBDA INTO PROTOlll PI-
LAHBOA INTO MEUTRON PIO
LANBDA INTO PROTON MU- NEUTRINO
LINSDA INTO PROTON E NEUTRINO

DECAY IIASSES
938+ 139
939+ 134
938+ 105+ 0
938+ .5+ 0

EISLER 57 NC
BOLOT 58 PRL
CRAWFORD 59 PRL

5 1700
I L48
2 266

BAGLIN 60 NC 18 1043
BOWEN 60 PR 119 2030
CORK 60 PR 120 1000
GOLUNBII 60 ROGH CONF 726
HUMPHREY 61 PRL 4 478

EISLER ~ PLANOe SAIIIOSl SCHWARTZ + (COLUV+BNL)
E SOLOED D CALOWELLeY PAL (MIT)
CRAWFOROvcRESTIvOOUGLASSvGOOO + (LRL)

BAGLINI BLOCH ~ BR I SSDNIHENNESSY + (PARIS-EP)
BOWENeHARDYIREYNCLOS ~ SUN + (PRINCETON)
CORK KERTHv WENZELvCRONINv COOL (LRL+PR+BNL)
H SCHWARTZ + (COLUMBIA)
HUMPHREY IK IRZ v RDSENF ELD ~ RHEE + (LRLt SYRAC)

)IEIGHTED AVERAGE ~ 0.39776 4 0.00470
FRRDR SCALED SY 1.26

CHISO & 26.7 CONLEV o: 0.062

IIEIGHTED AVER4GE
ERROR SC4LEO

CHISO ~ 64
-0.729 4 0.165

BY 1.16
COHLEV ~ O. 261

WEIGHTED AVER4GE 0.8600 4 0.0813
ERROR SCALED BY 1.2B

CHISQ e 4. .9 CDNLEV ~ 0.180
HEPP
BADIER
.840IER
AUERB4CH
EHGELIIAHH. .BURAM
HILL.B4LT4Y

' 'SCHWARTZ
KREISLER
HUBBARD
CHRETIEN
BLOCK
HUIIPHREY
CH4HG
BDUEH
CRAWFORD
BDLDT

68 HSC
67 HBC
67 HBC
67 SPRK
66 HSC
66 HLBC
66 SPRK
66 HBC
64 HBC.
64 SPRK
64 HBC
63 PBC
63 HEBC
62 HBC
62 HBC
60 CC
59 HBC
SS CC

~ ~ HILL 66 SPRK
~ . ~ ~ CHARRIERE 66 EIIUL
~ ~ ~ ~ 4HDERSOH 64 HBC

~ ~ .KERHAH 63 CC
~ ~ ~ COOL 62 SPRK

~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~

~ lIALDHEY
~ BAGL IN
~ LIMO
~ ELY
~ AUBERT
~ HUIIPHREY

SB HBC
64 FBC
64 HBC

63 FBC
62 FBC
61 RVUE

O
O
O

O
LAMBDA

Do

DECAY

D
O
O

O
RATE

CIo

O
(UNITS

CIo
O
ill

O
10ee10

O
III
N

SEG -1)

o CI O
D O O
O O O
Pl ro ee
I I I

L4llBD4 MAGNETIC

O
O
O
o

MDIIEHT

O
Oo

D
O
O

o
O
ln

O
O
O

CIo
O
%I

O
O0
I

LAIIBDA B .F INTO P E- NEUTRINO
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STABLE PARTIC LES

ANDERSON
ARHENTER
IUBERT
SALTAY
CHANG
COOL
GOOD
HUMPHREY

ALSTQN
SERGE
BHOMHIK
BLOCK
SRONN
CHR Et IE N

CROHIN
ElY
KERNAN

ANDERSON
BAD IER
BIGL IN
HUBBARD
KERNAN
KRE ISLER
L IHD
RONNE
SCHMARtZ

BAGL IN
BALTAY
BARLON
CHARR IE R

ALSO
CONF QRT 0
ELY
H IL t.
SCHMIDT

62 CERH CONF S32
62 CERN CONF 236
62 NC 25 479
62 CERN CONF 233
62 THESIS DUKE
62 PR 12'l 2223
62 I'RL 9 518
62 PR 127 1305

63 UCRL L0926
63 THESIS (BERKEL'EY I
63 NC 28 1494
63 PR 130 766
63 PR 130. 769
63 PR 131 2208
63 PR 129 1795
63 PR 131 868
63 PR 129 870

64 PRL 13 167
64 DUSNA CONF 1 593
64 MC 35 977
64 PR 135 8 183
64 PR L33 8 1271
64 PR 136 8 1074
64 PR 135 8 1483
64 PL 11 357
64 UCRL 11360 THESIS

65 NC 35 977
65 PR 140 8 1027
65 PL 18 64
65 PL 15 66

NC 46 A 205
65 EC INT HERLEGNOVI
65 PR 137 81302
65 PRL 15 85
65 PR 140 8 1328

Data is pa rcs th cscs ha vc
ANDERSONeCRANFORDeGOLDENeLLOYD + tlRL)
ARHEHTEROS+{CERN+EP+LOHDON+BIRH+CEM-SACLAYI
AUBERTeBRISSOHeHENNESSYeSIX + (PARIS-EP)
BAlTAYeFOMLEReSANOMEISS ~ CULNICK+ (YILE+BNL)
CHUEN CHUEN CHANG {DUKE)
COOLeHILLeHARSHALL + IBHL+HIT+NYU+ANL)
M L GOODeV G LIMO (MI SCONS IH)
I{ E HUHPHREYeR R ROSS {LRL)

ALSTON ~ K IRZeNEUFFLO ~ SQLHITZeNOHLHUT {LRL)
J PETER SERGE (LRL)
8 SHONHIK AD P GOYAL I QE{.HI )
BLOCK e GE SSAROL I ~ RAT T I e K IKUCH I + I NN+BLGNA )
BRONNeKADYK tRILLING ROE + (LRL+MICHIGAN)
CHRETIENeCROUCH+ (SRANQ+BRQNN+HARVARC+MITI
J M CRONINeO E OVERSETH (PRIMCE TON)
ft-YeGIDAL ~ KILMVSeOSNALDePQNELI- + (LRL)
KERNAN NQVEY ~ NARSHAN ~ MATTENBERG {ANL+ILL)

J I ANDERSONeF 5 CRANFORD (LRL)
BADIER ~ 84RLOUTAUO + (EP+SACLAYtAHSTDH)
SAGLINeSINGHAH+ (EP+CERNtUC LQHD+RHEL+SERG)
HUSBARDeSERGEeKALSFLEISCH ~ SH4FER + {LRL)
KERNANePQNElleSANDLER + (LRL+UH-COLL LQNDI
H H KREISLEReO OVERSETH ~ J CRONIN {PRINCE)
L IND ~ 8 INFOROe GOOD ~ STERN t NI SCQNS IH)
IIONNE+ {CERHtfptUCOL-LQNDQNtUHIV ~ SERGCN)
JOSEPH ADAM SCHNARTL (LRL)

BAGL IN + IEP ~ CERNeUC I.OHDQN ~ RUTHeBERGEN)
BALTAY ~ SANDNEI 55 CULNICK ~ KOPP + IYALE+BNL)
J BARLON ~ BLAIR ~ CCNFORTO+ ICERM+RUTH+PEHNA)
CHARRIEREeGISSON+ (EPUL+BRI5T+CERH+HPI I
CHARRIERE ~ GIBSON + {EPUL~ SRIST ~ CERN ~ HPt)
G CQNFORTO (CERN)
ELY ~ GIDAL ~ KALHUS ~ PDMELL + (LRLeUC LONDON)
D A HILLeK K Ll {HIT)
P SCHMIDT {CQLUHBf4)

sot bccs iscludcd is our ave rages.
19 SIGHI+ MAGNETIC HQHENT tHAGHETQNS ~ 938»26 HEV)

HH

HH
HH

HH

HH 29
HH

HH IVG

381 1' 5
52 3e5
51 3»0
69 3~ 5

333 2» 1
» e ~ ~ e ~

2»5710

7/66
K-P AT L.158EV/C 8/67
PHOTOPROCUCTIQM 8/67

10/680
6/680

1»1
1' 5
I 2
1 2
1»0

COOK 66 SPRK
KOTELCHUC 67 EHUL
SULLIVAN 67 EHUL
CERN 68 EHUL
HAST 68 HBC

e ~ ~

»5227 AVLRIGE {ERROR IMCLUDE5 SCALE FACTOR OF L ~ 0)

Pl
P2
P3
P4
P5
P6
Pl

SIGMA + INTO
5 IGH4 + INTO
SIGMA + INTO
SIGMA + INTO
SIGMA + INfO
SIGMA + INTO
SIGNA + INTO

19 SIGMA+ PARTIAL DECAY MODES

PROTON P I 0
NEVI'RQH Pl+
NEUTRON PI+ GAHHA
LAMBDA E+ NEU
PROTON GAHHI
NEUTRON HU+ NEUTRINO
NEUTRON Et NEUTRINO

DECAY PASSES
938+ 134
939+ 139
939+ 139+ 0

1 115+ ~ 5+ 0
938+ 0
939+ 105+ 0
939+ 5+ 0

L9 5 IGHA+ BRANCHING RAT I CS

RZ 0 SIGMA+ INTO (MEUT Pl+ GAP)/(PI+M) {UNITS 1000-3) (P3)/(PZ)
R2 0 ABOU1 1 ~ II BAZINZ 65 HBC
R2 0 FOR Pl+ HOH Ls'. e tHAN 166 HEV/C
R2 19 0»18 0»05 ANG 68 HBC
R2 I FOR Pl+ HUH» LESS TH4H LOO HEV/C

PREL ~ SEE NOTE I

6/66

8/67

ll/680
11/680

Rl 0 SIGM4+ INTO (NEUTRON Ptt)/(NUCLEON Pl)
RL 308 0»490 0»024 HUHPHREY 62 HBC
Rl 534 0»46 0»02 CHANG 65 HSC
RL ~ e ~ ~ e ~ ~ ~ ~

R1 AVG ~ 4723 ~ 0154 AVERAGE (ERROR INCLUDES SCALE FACTOR OF le0)

SERGE
BUR AM

CHI EM

ENSE LHAH
HILL
LONDON

66 BERKELEY CONF'
66 PL 20 318
66 PR 152 1171
66 NC 45A 1038
66 BERKELEY CONF
66 PR 143 1034

AUERBACH 67 NC 47A 19
SADIER 67 PL 258 152
HAYEUR 6T UeLISR ~ SRUX ~ BUL3Z
CLELAND 6T PL 268 45
QVERSETH 67 PRL 19 391

SERGEeCABISBO (RVUE)
SURANeEIVINOSON ~ SKJEGGESTADeTOFTE + (OSLO)
+LACHeSINDMEISS ~ TAFT ~ YEH ~ OREH + t YALE+BNL)
ENGELHANHeFILTHUTHeAI. EXAMDER+(HELDBG+hf(ZH)
HILLeLI JENKIHS KYCIAeRUDERHAM (BHL)
LQNDGN ~ RAUeGOLOBERG ~ LICHTHAN+ {SNL+SYRACUSI

AVERBICHe BONEN ~ QCBBS LANDE ~ IeANHt ( U CF PA)
+SONNET BRIAHDET SADOULET {EI' IPARIS))
CeHAYEUReE ~ TOMPA ~ J~ MICKENS {UL~ BRUX+UC ~ LQN)
ClEL AND ~ 8 I ENLE INeCOHFORTO+ t CERN ~ GVA ~ LUND)
Q E QVERSETHe R F ROTH {MICHIGAN+PRINCETON)

R3
R3
R3
R3
R3
R3
R3 IVG

5 I GHA+ INTO
3»3

6 2 ' 0
1~ 6
2»9

~ ~ ~ ~ e
2 1078

{LAHBDA E+ HEUI/TOTA{. (UN I T 1000-5) {P4) /TOTAL
I~ 7 NILLIS 64 HBC STOP
0»8 84RASH 67 HBC STOP K-
0 SALTAY 68 HBC
1 0 CI SELE 68 HBC PREL IMINIRY

~ ~ ~ ~

4495 AVERAGE {ERROR INCLUDf 5 SCILE FAC1'OR OF 1~ 0)

R4 0 SIGHA+ INTO {P GAMHA)/(P PI0) (UNITS 1000-2) (P5)/{PL)
R4 0 1 Oe68 OR LESS CARRAR4 64 HBC
R4 24 Oe37 0 08 BAZIN 65 HBC
R4 0 ~ 17 QUARENI 65 EHUL

9/66
8/6T

10/680
10/680

6/66
AHDERSSQ
CHU
DAUBER
GRI HH
HEP P
MALQNEY
HERR ILL

68 VIENNA AS' 270
68 VIENNA POSTDEADLN
68 UCRL 18388
68 NC 54A 187
68 LEIT PHYS TQBEPUB
68 VIENNA 485» 373
68 PR 167 LZ02

ANOERSSONeSIEHLEINeCLELAND +(CERNeCV4 ~ LUMD)
CI.Ue PHILLIPS ~ + t ARGCNME ~ CHICAGOeOHI 0 ~ NASH)
+BEN GE e HUBBIRD e HERR ILL ~ HILLER {LRL)
He-J»GRIMH {HEIDELSERG)
V HEPP ~ He SCHLEICH (HEIQELBERGI
HALQNEYeSECHI-LORN {MARYLAND)
HERRILLeSHAFER (LRLI

R5 0 SIGHA+ INTO {H E+ NEV)/{M Pl+) {UN ITS 100'0-4) - fPT)/{PZ)
R5 0 16220 EFFECTIVE DEMON COURANT 64 HBC SfE NOTE E
R5 0 2720 EFFECTIVE OEHOH» HURPHY 64 HBC SEE NOTE E
R5 1 9690 EFFECTIVE DENOH HAUENBERG 64 HBC SEE NOTE E
R5 0 25000 EFFECTIVE DENOH» EISELE 67 HBC
R5 EFFECTIVE DENQH» TAKEN FRQH EISELE 67
R5 0 32406 EFFECTIVE DEHQMe SIERMAN 68 HBC

ll/67
11/67
6/680
6/680

11/67
6/680

000000000 000000000 eteteeee0 000000000 000000000 0000 00000 000000 00
000000 000000000 000000000 teeeteeee 000000000 000000000 eeetteeee teetts 00

+ 19 SIGHAt {LLS9eJP~L/Zt) I~I

19 SIGNA+ HASS (HEV)

R6 0 SIGHA+ INTO {M MU+ NEU)/{PI+N) (UNITS 1000-4)
R6 0 L 120 ANALYSED' EVL'NTS GALTIERI 62 EHUL
Rb 0 10150 EFFECTIVE DEMON ~ COURANT 64 HBC
R6 0 L710 EFFECTIVE DEMON» HAUENSERG 64 HBC
R6 I L8750 'EFFECT IVE DENOM» EI SELE 67 HBC
R6 EF FEC1'IVE OENOH» TAKEN FRQH E ISELE
Rb 0 32900 EFFECTIVE DENQH» BAGGETT 68 HBC

(P6)/(P2 I
NO RATIO QUOTED
SEE HQTE E
SEE NOTE E

67
PRELIMINARY

11/67
11/67
11/67
11/67
11/67
11/680

N M SEE NOTE PRECEDING LAMBDA MASS LISTING5

N

H

S
M S
H 4

M

H IVG
H FIT

l4EIGHTEQ AVERAGE 1188.4S2 0 0.127
ERROR SCALED BY 1.SS

C {IS() s 11.4 COHLEV e 0.010

Values above of weIghted
average, scale. etc. for
readers convenience. The
data were actually proc-

ssed by program AHR,
which calculates its own
values of SCALE, x, and
6(x) (which are different
rom the values shown here).

I{AN 67 HEBC
HI)LOT 6S HBC

QMIIIK 64 EIIUL
RKAS 63 EMUL

Cl

SIGMA t

n
OlI eI

~e

IIASS (MEV)

o
ee

19 SIGMA+ LIFETIME (UNI TS 1000-10)

144 1189»38 0 ~ 15 BIRKAS 63 EHUL + SEE NOTE 5 BELCM
58 1189»48 0 ~ 22 BHONHIK 64 EHUL + SEE NOTE 5 BELQN

ABOVE SIGMA+ MASSES HAVE SEEN RAISEO 30 KEV TQ ACCOUNT FOR 46 KLV
INCREASE IN PROTON MASS AHO 21 KFV DECREASE IH PIQM HASS
205 1189e68 0» 10 SCHMIDT 65 HBC SEE NOTE N

1189»16 0 ' 12 HYHAN bl HEBC
e ~ ~ ~ ~ e ~ ~ e
1189~ 4516 ~ 1271 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 9)
1189»40 0»19 VALUE FROI" CONSTRAINED FIT

(SEE IDEOGRAM BELON )

6/680
6/68 0

6/6Se

RT 0 SIGHA+ IMTQ LEPTOMS / SIGHA- ENTO LEPTOMS
R7 N 3 (Oe04) (0»04) (0' 02) AVERAGE
Rl N AVERAGE OF ALL DATA IN R4 ANO R5 UP TO SIERHAN 68 '
Rl 0 0»034 OR LESS SIGGETT 67 HBC
Rl 0 0 0»026 OR LESS ANG 68 HBC PRELtHINIRY

19 SIGHA+ DECAY PARAMETERS

AO 0 ALPHA SLGHIO {5IG+ INTO PID PRCTON)
AO -Oe 80 0» 16 BEALL 62 CNTR
AO {-0' 90) (0' 25) TRIPP 62 HSC
AO 5200 -0»986 0 F 072 BANGERTER 66 HBC
AO ~ e ~ ~ e ~ ~ e ~

AO AVG ~ 9547 »0696 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1~ 1)

REPLACE BY BARGE
K-P TO SIG+ PI-

F+ 0 PHI ANGLE (SIH(PHI I/COS{PHI )e:BETA/GAMMA) (DEGREES)
F+ 370 180e 30 BER{.EY 66 HBC + NEUTRON RESCATT ~
F+ 560 144' 29» BAHGERTER 6S HBC + NFUTRON RESCATT ~
F+ ~ ~ ~ ~ ~ » ~ e ~
F+ AVG 161~ 3900 20e850l AVERAGE {ERROR INCLUDES SCALE FACTOR OF I ~ OI

000000 000000000 eeteeetee eteeeeete eeteeteee teeeeettt eeeeettee teteeeet
REFERENCES

19 SIGMA + {1189~ JP 1/2t) I 1

GLASER
EVANS
FREOEN
KAPLQN
CORK
PUSCHEL

58 CERN CONF 270
60 NC 15 873
60 NC 16 611
60 ANP 9 139
60 PR 120 1000
60 NP 20 254

GLASEReGQODeHQRRISQN (MICH+LRL)
SR I ST+SRUSSt I AS Ue COL-DUBL IH+LQH {MILAN+PAD]
5 FREDENeH KQRNBLUH ~ R NHITE (LRL)
H KAPLONeA MELI55IMOSeYAMAHCUCHI {RCCHES)
CORK ~ KERTH ~ NEMZELeCRQHIH ~ COOL (LRL+PRI+BNL)
M PUSCHEL (MAX PLANCK INST)

BIRKAS 61 PR 124 1209
SERTHELQ 61 HC 2L 693
CHIESA 61 NC 19 1171

BIRKAS ~ DYER e MASON e Ml CHQL 5 ~ SP I TH (LRL)
BERTHELQT ~ DAUOIHeGOUSSU + (SACLAY+CRSAY)
CH I ESAe QUASS I AT I e R INAUDQ {IHFN-TURIN)

4t 0 ALPHA+/ILPHAO FOR SIGMA+ (SIG+ TO Pl+ M)/(SIG+ TC PI0 P)
I+ t0 ~ 04 0 11 CORK 60 CNTR SIG+ FRQH Pf+P
4+ 0 {+0 20) (0 24) TRIPP 62 HBC + REPLAC»BY BANGER
A+ 3500 —~ 014 0»052 SANGERTER 66 HBC + SIG+ FROM K-P
I+ 2600 -~ 04'l »07 SERLEY 66 HBC + SIG+ FROH K-P
I+ ~ e ~ ~ e ~ e e ~
At IVG —~ 0175 »0390 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L ~ 0)

6/680
6/680
6/680

11/680

9/66
9/66

l/66

9/66
11/680

127
41

117
54
23
49

140
192
456
203
181
900

AVG

0 ~ 98
0 ~ 82
0 ~ 85
0 ~ 80
0» 76
0» l5
0» 82
0» 749
0 765
Oe 84
0» 84
0 76
0» 83

5 L25 {0»86)
5 117 {1~ 10)

381 0 F 80
5 ERROR PUR

~ ~ e ~ ~

~ 8099

58 RVUE
60 EMUL
60 EHUL
60 EMUL
60 CHUL
61 EHUl
61 PSC
61 EHUL
62 HBC
62 HBC
64 EHUL
65 HSC
65 HBC
65 HBC
66 HSC +
66 HSC
66 SPIIK

GLASER
PUSCHEL
EVANS
FREDEN
KAPLOH
CHIESA
SERTHELQt
BARK45
GRARO
HUMPHREY
BHONHIK
SAL TAY
CARAVAN
CHANG
CHIEM
CHI EN
GOOK

0»12
Oe20
0»11
0» 067
Oe 14
0»09
0» 08
0» 052
0» 04
0 ~ 08

0 ~ lb
0 ~ 34
Oe 14
0 ~ 10
0 ' 22
0 13
0 ~ 10
0» 056
0» 04
0» 12
0 09
Oe03
Oe018

{0~ 15)
(0' 24)

0 F 07
ELY STATIST(CAL

e ~ ~ »
+ ~ 0131 - e 012 l AVER4GE

F 9 PSAR P
6 ~ 9 PBIR P ~ ANTI

{ERROR INCLUDES SCALE FACTOR

8HQNHIK
CARR4RA
CDURANT
MURPHY
HAUENBER
HILLIS

bibb
6/66
bibb
9/67
9/67
Tlbb SALTAY

BAZ IN
BAL IN2
CARAYAN
CHANG

ALSO

OF 1 ~ 0)

64 NP 53 22
64 PL 12 72
64 PR 136 8 1791
64 PR 134 8 188
64 PRL 12 679
64 PRL 13 291

65 PR 140 8 L027
65 PRL 14 154
65 PR 140 8135S
65 PR 138 8 433
65 NEVIS 145 THESIS
66 PR 151 1081

BEALL 62 PRL 8 75
GRARD 62 PR 127 607
GALTIERI 62 PRL 9 26
HUMPHRE Y 62 PR 12'l 1305
TRIPP 62 PRL 9 66

BARKAS 63 PRL 11 26
ALSO 61 UCRL 9450

BEAlleCQRK ~ KEEFE ~ MURPHY ~ NEHZEL . (LRL)
F GRARD ~ G I SMITH {LRL)
GALTIERIeBARKAS»HECKHAN ~ PATRICK ~ SHITH {LRL)
N E HUMPHREY' R R ROSS (LRL)
R 0 TRIPPeH 8 NATSONeH FERRC LUZLI (LRL)

H BARK45 ~ J N DYER eH H HECKHANN
JGHM OYER t THESIS ~ BERKELEY)

{LRL)
(LRL)

8 SHOMMIK ~ P JAIME P MATHUR ~ LAKSHMI IOELHt)
CARRARAeCRESTI ~ GRIGOLETTQ ~ PERULLQ+ (PIDQVI)
CQURANfeFILTHVTH+ {CERN+HEIDLB+HD+HRL tSNL)
C THORNTON MURPHY {NISCQHSIH)
NAUENBERGeMARATECKeBLUMEHFELOt {CDL+RI.T+PR)
MILL IS ~ COURANT eENGELHANt {BIILtCERHtHE ID+MD)

SALTAYe SAMDNE I SS,CULNICKeKOPP + I YALE+SNL)
SALINeBLUHENFELOeNAUENBERG + t PRINCE+COLUM)

BAZIMePLAMQe SCHMIDT+ (PRINCE ~ RUTGeCQLVH)
CARAYANHQPOULOSe TIUTFEST ~ NILLMANN (PURDUE)
CHUNG YUN CH4HG {COLUHSIA)
CHUNG YUN CHAMG (COL4HBII)



PARTIGLE DATA GRoUP Eeoieeos of Particie Properties 139

SANGFRTE 66 PRL 17 495
BERLEY 66 pRL 17 107L
CHIEN 66 PR 152 1171
COOK 66 PRL 17 Z23

SANGERTER GALTIERI SCRGE ~ PURR4Y+ tLRll
+HERZBACH ~ KOFLER ~ YAMAMOTO + (BNI.+MASS+YALEI
+LACHeSANOWEISS ~ 71FT ~ YEH ~ DREN + tYALf+BNL)
V COOKeEWARTeMASEK ~ ORRePLATNER (WASHINGTON)

SAR 15H
SRISTOl
E ISELE
HYMAN

KOTELcHu
SULLIVAN

ALSD

67 PRL 19 181
67 HE IDELSERG CONF
67 ZEIT ~ PHYS ~ 205e409
67 PL 25 8 376
67 PRL 18 1166
67 PRL 18 1163
64 PRL 13 246

BARASH ~ DAYeGLASSER ~ KEHOF. ~ KhtOP + (MARYLAND)
BR I STOL-CERN-LAUSANNE-MUNICH-ROHE {COLL ABOR I
+ENGELMANN ~ F I(.THUTH ~ FOL I SHeHEPP+ ( HE IDELS ~ )
+LOKEN ~ PEW I tt e MCKENZ IE eKE YES+ ( ARG+CARN+NWU)
KOTELCHUCKeGOZAeSULLLVANeRO'55 (VANDERBILT I
SULL IVAN ~ HC INTURFF ~ KOTELCHUCH ( VANDERBILT)
A D MCINTURFF ~ C E RODS (VANDERBILT)

ANG

ALSO
SAGGETT

ALSO
ALSO

SAlTAY
BANGERT E
8 IERHAN
CERN
EISELE
HAST

68 VIENNA ASS ~ 570e 2 ANG ~ EISELE ~ ENGELHANN ~ FILTHUtH + (HE IDELSCRG)
68 PR IVAT E COMMUNICAT I ON FROM M ~ L ~ STEVENSON {LRL)
68 VIENNA ABS ~ 374 SAGGETTeKEHOE (HARYLAND)
67 PRL 19 1458 SAGGETT ~ 01YeGLASSER ~ KEHOE ~ KhCP& (MlRYLANO)
68 PRIVATE COMMUNICATION FROM Ne SAGGETT {HARYLANO)
68 TO SE PUBL» FRANZINjeSALTAY+ VIENNA 263 (COL STONYBRKI
68 PR TO BE PUBS SANGERTEReGARNJOSTeGALTIERI+ (LRL)
68 PRL 20 1459 8 IERHANe KOUNOSU ~ NAUFNBERG + I PRINCETON)
68 NC 56A 54 CERN-BRISTOL-LAUSANNE-HUNICH-ROME-COLLAB
68 VIENNA ABS ~ 569 EISELE ~ ENGELHANN ~ FILTHUTH + {HEIDELSERG)
68 PRL 20 1312 MAST ~ GERSHWIN ~ ALSTON-GARNJCST + {LRLI

QUANTUM NUMBER OftERHINATIONS NOT REFERRED TO IN THE 01TA CARDS

TRIPP 62 PRL 8 175 R TRIPP ~ H WATSON ~ M FERRO-LUZZI (LRL)
AlFF 63 5I ENA CONF 1 205 ALFF eNAUENBERG ~ KIRSCHeBERLEY+ICOLU+RUT+BNL)

ALSO 65 PR 137 8 1105 ALFF GELFANO SRUGGER ~ BERLEY+(COLUH+Rut+BNL)
COURANT 63 SIENA CONF 1 73 COURANT ~ FILTHUTH ~ BURNSTEINeDAY+ {CERN+HARY)

Data itj Pares( tI) uses ka ttc IDt

QUARENI 65 NC 40 A 928 QUARENI e CARtACC I + I BOL+F IR+GEN+PARHA)
SCHHIOT 65 PR L40 8 1328 P SCHHIDT (COLUMBIA)

STABLE PARTICLES
bees ittcl{{ded i}I our attcrages.

20 SIGMA- PARTIAL DECAY HCOES

Pl
PZ
P3
P4
P5

SIGHA-
SIGMA
SICHA
SIGMA
SIGMA

INTO NEUTRON P I-
INTD NEuTR0N pl- GliHA
INtO NEUTRON HU NEUTRINO
INTO NEUTRON E- NEUTRINO
INTO LAMBDA E- NEUTRINO

DECAY IeASSES
939+ 139
939+ 139+ 0
939+ 105o 0
939+ »5+ 0

11151 ~ 5+ 0

20 SIGHA- BRANCHING RATICS

RL 1 SIGMA - INTO (N MU- NEUI/(h( Pl-) (Uh(! TS 1011-3} (P3)/IPLl
Rl 22 0 ~ 66 0 ~ 15 COURANT 64 HBC
Rl LL 0 ' 56 0 ' 20 BAZ IIII 65 HBC

RL 0 ~ 45 0 ~ 08 ANG 68 HBC
RL 57 0 ~ 44 0 ~ 10 BAGGETT 68 IISC
Rl ~ ~ ~ ~ ~ o ~ ~ ~

RL AVG ~ 4840 ~ 0554 4VERAGE I ERROR INCLUDES SCAlE FACTOR OF 1 0)

F ROlr S TCP o K- 6/66
PRELIMINARY 10/681
PRELIMINARY 10/68i

10/681
Lo/681

RZ 1 SIGHA - ENTO {N E- NEU)/(N Pl-) (UNITS loii-3l (P4l/(PL)
R2 9 1 ~ 0 0 ~ 4 0 ~ 3 H(IRPHY 64 PBC
RZ 16 I ~ 37 0 ~ 34 NAUENBERG 64 HBC
R2 L6 1 15 0 HILLER 64 FBC
R2 31 1~ 4 0 ~ 3 coURANT 64 Hsc
R2 180 1 11 0 ~ 09 8(ERMAN be HBC 6/681
RZ 0 F 99 0 ~ 09 4NG 68 HBC SEE NOTE 5 BELCW 10/681
R2 5 ERROR INCREASL'0 FROH 0 F 06 TO 0 ~ 09 FOLLOWtNG SUGGESTION BY
RZ 5 . Ie ~ L STEVENSON (LRL)
R2 loll 0 15 SALTAY 68 HBC
R2 l»11 0 ~ 15 SECMIZOR 68 HBC PRELIMINARY
RZ ~ ~ ~ ~ ~ ~ e o
R2 AVG 1~ 0830 ~ 0520 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ OI

tttiii itiittiit 111111111111111111tiittitii 1~iititit titttiiit titttiit
ii1 ~11111111iiiiiiiit 111111111iittttiii ttttttttt 111111111iitiiti ~

20 SIGMA- (LL98eJP~L/2+) I~L

20 SIGMA- HASS (Ief v I

N SEE NOTE PRECEDING LAMBDA HASS LISTINGS

M 3000 1197»47 0 ~ 11 SCHMIDT 65 HBC SEE NOTE N

M ~ ~ ~ ~ ~ ~ ~ ~ ~
M Fl'I 1197 32 0 ~ 11 VALUE FROM CONSTRAINED Flt

6/681

6/681

R3 1 SIGHA - INTO (LAMBDA E NEU)/(N P I-) (Uh(TS 1011-4)tPS I/(Pl I

R3 11 0 75 0»28 COURANT 64 HSC STOP» K-
R3 35 0 ~ 64 0 ~ 12 BARASH 67 HSC STOII K

R3 0 ~ 52 0 ~ 09 BALTAY 68 HBC
k3 0.69 0 ' 12 EISELE 68 HBC 'PRELIHINARY
Rs ~ ~ ~ ~ ~ ~ ~ ~ ~
R3 AVG ~ 6039 ~ 0603 AVERAGE (fRROR INCLUDES SCALE FACTOR OF lool

R4 1 SIGM4 - (NTO (N PI- GAHHA)/(NPI-) {UNITS 1011-3)(P2)/(Pl)
R4 1 ABOUT le 1 BAZIN 65 HBC
R4 1 FOR Pl- MOI LESS THAN 166 MEV/C

20 SIGHA- DECAY PARAMETERS

8/67
10/681
10/681

8/67

D
D
0
D AV

0 FI

20 5IGMA- MASS DIFFER I-)-t+) t)efv)

S7 8 ' 25 0 F 40
2500 8 25 0 25

~ ~ ~ ~ ~ ~ ~ ~ ~

G 8»2500 e2120
T 7»92 0 ~ 18

BARKAS
DOSCH

63 EMUL
65 HBC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ Ol
VALUE FROH CONSTRAINED FIT

20 (SIGHA-) (LAHBOA) M155 DIFFEREhcf {MEV I

6/681

4- 1 ALPH4 SIGMA
4- I -0 ~ 16) t 0 ~ 21) TR IPP 62 HBC
4- 6500 -0 F 010 0 ~ 043 BANGERTER 66 HBC

eo68 -o. lo4 o.o4 BERLEY 67 HBC
A- e ~ ~ ~ e ~ ~ o
A- AVG ~ 0604 F 0469 AVCRAGL {ERROR tNCLUDES SCALE FACTOR OF 1 6)

RE PL ~ BY BANC&ERTE
K-P TG 5IG- Pl+ T/66
K-p To 5{G pl+ 1 I/67

F- ~ PH( ANGLE (SIN(PHI)/COS{PHI)*SETA/GAHMA) {DFGREES)
F- 1006 -22» 30' BCRLEY 67 HSC K-P TO SIG- PI+ 11/67
F- 1 385 15~ 20» BANGERTER 68 HSC - htfuTR» RESCATT ~ 11/681
F ~ ~ ~ ~ ~ ~ ~ ~ ~
F- AVG 3 ~ 6154 17~ 0769 AVFRAGE {ERROR INCLUDES SCALE FACTOR OF I 0)

GV/GA FOR SIGMA TO LAMBDA BETA DECAY (SEE tEXT FCR SIGN CONVENTION)
PREDICTED TO RC ZERO BY CONSERVED VECTOR CURRENT THEORY
45 0 ~ 31 0 ' 30 84RASH 67 HBC

(-0»7) lo»4) BALTAY 68 HSC
t-0» 22 I I 0» 28) E{SELE 68 HSC PRELIHINARY

SIGN CONVENTION NOt CLEAR —TEHPORARCLY NOT USEC--

1V
AV

Av
AV 5
AV 5
AV

DL N SEE NOTE PRECEDING LAMBDA HASS LISTINGS»
11/67
10/681
LO/68t

9/66
6/681
8/681

81 70
85 81 80

279 81.64
e ~ ~ ~ »

8' 6663
81~ 72

BURNSTEIN 64 HBC
SCHHIDT 65 HSC SEE NOTF. N

HEPP 68 HBC

oe 19
0 ~ 24
0»09

~ ~ ~ ~

~ 0770
Oo 09

OL
OL
DL 2
DL
OL AVG
OL F IT

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1 0 I
VALUE FROM CONSTRAIIIIED FIT 6/e81

11/68120 SIGMA- LIFETIME (UNITS 1011-10)

0 ~ 28
0~ 25
0 ~ 17
0030
0 F 06

58 PBC
58 PBC
el EMUL
61 EHUL
62 HBC
65 HBC
66 HSC
be Hsc

BROWN
EISLER
CHIESA
SARKAS
HUHPHRCY
CHANG
CMIEN
CHI EN

1»67 0 ' 40
F 89 0 ~ 33
LE 35 0 ~ 32
1~ 75 0»39
1' 58 0 F 06
l»666 0 ~ 026

(F 08) {0»22)
( LE 46 I (0~ 3L)

ERROR PURE(. Y STATISTICAL
l»38 0 F 07 WHITESIOE

~ ~ e ~ ~ ~ ~ » e
1»6385 + ~ 0551 — 0536 AVERAGE

(SEE IDEOGRA)e BELOW I

T
T

T

T
T
7

T
T QVG

45
41

1208
3267

5 6L
5 e4
5

506

ttiitt itttttttt titiitttt tiiittiii iiittiiii iiiiitiii iiiiiiiii iiitiiii
6/66

6 ~ 9 PBAR P 9/67
+ 6 ~ 9 PBAR P ~ ANTI 9/67 REFERENCES

20 SIGMA (LL98eJP=L/Ze)lel6/68168 HBC

(ERROR INCLUDES SCALE FACTOR OF 2 ~ 4)i E (5L FR
BROWN

BROWN

58 CERN 'CONF 270
58 NC SER10 10 150
57 PR 108 1036

BROWN ~ GLASER ~ GRAVES ~ PERLeCRChtN + (HICH)
EISL.ER ~ SASSI ~ CQNVERS I + (COL+BNL+BOL+P(54)
J SROWNe 0 GlASERe M PERL (M(CHIGAN e BNL)

AVl 1 Gi/Gv FOR SIGMA TO NEUTRON BETA DECAY (SEE TEXT FCR SIGN CchVENTICI
ivl 57 0 ~ 05 0 ~ 23 0 ~ 32 GERSHW IN 68 HSC POLARIZED SICeMAS 6/681
Avl 0 ~ 45 0 ~ 35 0 ~ 22 EISFLE 68 HBC PREL SEE NOTE. C

lvl 23 0.34 0.27 0.2e COLLERAIN 68 HSC PREL. SEE NotE C

AVL C CDLLERAINE ANO EISEL.E HEASURC THE ABSOLUTE VALUE CF GA/Gv
Avl e ~ ~ » ~ e ~ ~
Avl AVG F 2776 1586 AVERAGE {ERROR INCLUDES I%ALE F4CTOR OF LE 0)
AVL A (0~ 28) (0»16) DUR AYERAGE
AVL A AVERAGE 08tA(kfO BY ADDING LOG OF MAXI LIKEllHOOD FUNCTIUNS

IIHITESIDE'
~ ~ CHANG
~ ~ ~ HUMPHREY
~ ~ BAAKAS

~ CHIESA
ER
N

68 HBC

65 HBC

62 HBC

61 EIIUL
61 EIIUL
58 PBC
58 PBC

O
O

O

O
O
Me

O

o
O

O

O
Otl
O ire

SIGMA - DECAY ({ATE (UNITS 101110 SEC -1)

LlEIGHTEO AUERAGE 0.6103 1 0 ~ 0202
ERROR SCALED BY 2.41.

CI{ISQ & 11.7 CONLEU t 0.003 84RKAS
SURNSTE I
couRANT
HILLER
HURPHY
NAUENBE R

63 PRL Ll 26
64 PKL 13 66
64 PR L36 8 179L
e4 pl LL Zez
64 PR 134 B 188
64 pRL 12 679

65 PR 140 8 1358
65 NEVIS 145 THES(5
65 PL 14 239
66 PR 151 108L
65 PR L40 8 1328
ee pRL 17 495
66 Pt{ 152 1171

BAZ IN
CHANG
OOSCH

ALSO
SCHM I DT
BANGFRT E
CHIEN

BARASM
SfR(.EY

67 PRL 19 181
67 PR{. 19 979

68 VIENN4 ABS ~ 572
68 VIENNA ABS» 374
68 TO BE PUBS
6S PRIVATE COM ~

68 PR TO BE PURL ~

68 PR(. 20 1459
68 TO BE PUBS
68 VIENNA ABS ~ 569
68 VIENNA ABS ~ 571
68 PRL 20 1270
68 ZEIT ~ PHYS ~ 214 71
68 TO BE PUBL ~

68 Nc 54A 537

ANG
SAGGETT
SALTAY

ALSO
SANGERTE
8 IE RMAN

COLL ERA I
EISELE

ALSO
GER 5 HII I N
HL'P P
SECH I ZOR
WHI TE5 ID

SARKAS 61 PR 124 1209
CHIES4 61 NC 19 LL71
HUMPHREY 62 PR 127 L305
TRIPP 62 PRL 9 66

BARKAS ~ OYER ~ MASCN N(CKOLS SV ITH tlRL)
4 M CHllSA ~ 8 QU455IATI ~ G RlhAUDO (TURIN)
W E HUHPHREY ~ R R ROSS (LRL)
R D TRIPP AM WATSON AH FERRO-LUZZI (LRL)

W H BARKASeJ N DYEReH H HECK)eAN (LRL)
BURNSTEINeDAYeKCHOEe ECH( ZCRN ~ SNDW (MARY)
COURANT ~ FILTHUTH+ (CERN+HEIDL8+HoeNRL+BNLI
MILLER ~ STANNARDe BEZA(iuFT+ {Lohlo+PAR I 5+BCRG}
C THORNTON MURPIIY ( W I SCCNS I N )
NAUENBERG ~ SCHMIDT ~ MARATECK+ tCDL+RUT+PRINC)

BAZ IN ~ PLANO SCHle(DT + (PR INC+RUTG+COLUM)
CHUNG YUN CHANG (CGLUMB{AI
DOSCH ~ ENGE LHANN ~ F I l T HUTH e HEP 0 e K LUGE+ ( HE I D )
CHUNG YUN CHANG (COLUMBIA)
P SCHMIDT (COLUMBIA)
BANGERTER ~ GALT I ERI e BERGE e ML, RRAY+ (LRL )
+lACH ~ SANDWEISSeTAFT ~ YEHeDREN + (YALE+BNL)

BARASH ~ DAY ~ GLASSBR ~ KEHOEeKhCP + (MARYLAND)
SERLEYeHERTZBACHeKOFLER & (BNLeleASSeYALE)

ANGe E ISELE ~ ENGELVANN eF ILTHUTH + (HE I DELBERG)
N ~ BAGGFTT ~ 8 ~ KEHOE (MARYLANDI
FRANZINI BALTAY+ VIENNA 262 ' 3(COL STDNYBRK)
FRANZINI OCT ~ 68 (COLUMB I A)
84."IGERTERe GARNJOST ~ G ALT IER I+ (LRL)
BIERMANeKOUNOSUeNAUENBERG + (PR(NCCTON)
COLLERA INE e DAY+ VI ENNA 811tPARYLAhIDe PR INCE I
EISELEe ENGELMANN ~ FILTHUTH + {HC{DELBERG)
E ISELE e ENGELMANNeF ILTHUTH + {HE IUELBERG I

GERSHW lN e ALSTON-GARN JOST e 8 ANGERTER+. {LRL )
VS HEPPeH ~ SCHLEICH (HEICELBERG)
DAYeGL155ER ~ KNOP+ VIENNA 375 {MARYLAND)
He WHITES(DENT GOLLUB (OREAL IN)

tttiii ttiitiiii ttttttttt ttttttttt ttttttttt tttiiiiit titiiiiii tttttttt
11itttiti ttit11111 1tiiiitii iiiiitiii iiitiiiii 1~ iiiiiti ttittiti
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STABLE PARTlC I ES
Data is parentheses have sot

SIGHA 0 {11930JPet/2+) I 1

Di
Di
01
DL
Dl AVG
DL FLZ

18 4»75
37 4 ~ Br
L2 4 ' 99

~ ~ ~ ~ ~

4»8486
4.8e

Qe 1
0.12
0»13
e e e

e 0692
0»Qr

BURNSTEIN 64 HBC
DOSCH 65 HBG
SCHHIOT 65 HBC SEE NOTE N b/681

AVERAGE {ERROR INC{.UDES SCALE F4CTOR OF I 0)
VALUE FROM CONSTRAINED FIT 6/681

21 {SIGMA 0) {LAMBDA) HASS DIFFERENCE (HEV)

DL N SEE NOTE PRECEDING LAMBDA MASS LISTtNGS ~

21 (SIGMA-) — {SIGHAO) HASS DIFFERENCE tHEV)
Di N SEE NOTE PRECEDING LAHSOA MASS LISTINGS

bees

RL
Ri
Ri
RL
Ri
Ri
RL
Ri
Ri

R2
R2
R2

Rf
R3
R3

Included In our averages.
22 Xl- BRANCHING RAZIOS

Xl- INTO (lAHBOA E- NEU)/{LA)0804 Pl-) tUNI TS 1011 3) IP21/tPL)
1 155 EFFECTIVE DENDH. CaRHONY s3 HBC
0 260 EFFECTIVE DENOH» JAUNEAV 63 HBG
0 220 EFFECTIVE OENOMo SERGE 66 HBC
1 L55 EFFECTIVE DENOH» LONDON 66 HBC
0 117 EFFECTIVE DENOHe TRIPPE 67 HBC
2 1976 EFFECTIVE DENOH HUBBARD 68 HBC
4 0 90 0 71 0 43 HUBBARD 68 RVUE

HUBBARD 68 {RVUE) INCLUCES ALL ABOVE EVENTS

XI- INTO (hIEUZRON Pt-1/((. AHBDA Pl ) {UNIT 5 1011 31 (P3)/{Pl)
5 ' 0 OR LESS FERRO-LUZ 63 HBC
10 1 OR LESS DAUBER 68 HBG

Xl- fNTO {LAH804 Hu- NEUTRINO)/TOTAL fuhITS 1011-3) {P4)/TOTAL
L2»0 OR LESS BERGE 66 HBC

I ~ 3 OR LESS DAUBER 68 HSG

11/67
li/67
11/67
11/67
11/6r

IS/684
6/681
6/(8»t

6/681
6/681

6/e81
6/481

DL 208 76»63 Qe28 SCHH(DT 65 HBC SEE NOTE N

DL ~ ~ ~ ~ e o ~ ~ ~

DL FIT 76 86 0 09 VALUE FROM GONSZRAINED Ft'f

6/681

6/681

R4
R4
R4

XI- INTO {SIG)040 E- NEUTRINO)/TOTAL (UNITS 1011-3) {P5)/TOTAL
3 ' 0 OR LESS SERGE 66 HSC
0 ' 5 OR LESS DauSER eB HBG

e/681
6/681

R&
R5

X I" INTO I S f GMAO HU NEUTR I NO) ITOTA{.
0 005 OR LESS SERGE 66 HBG

{pb)/rcral
7/66

T 1 loo OR LESS DAVIS 62 EHUL

21 SIGMAQ {.IFETIHE {UNI TS 1011-14)
R6
(lb

XI- INTO {N E- NEUTRINO) I {LAMBDA PI-1 IPZ)/(Pl)
0 01 OR LESS BINGHA)I 65 RVUE CONF ~ LI)017 0 9 9/66

Pi
P2

21 SIGMA 0 PARTIAL DECAY MODES

SIGMA 0 INTO LAHSDA GAMMA

SIGMA 0 INTO LAMBDA E+ E-

DECAY PASSES
1115+ 0
1115+ ~ 5& ~ 5

Rf
R?
Rf
R7
R7

XI- INTO {5IGHAO E NEV + LAMBDA E NEU)/TOTAL (1011-3) tP2 +P5)/TOTAL
14 0 62 0 20 0 30 DUCLOS 68 SPRK PREL SEE NOTE 0 10/6&1
THIS EXPERIHENT CANNOT DISTINGUISH 'SIGHAO FROH lAHBOA ~ THE CABIBBO
THEORY EXPECT SIGHAO RATE ABOUT A FACTOR 6 SMAL(, ER THAN THE {.4MBCA
TO GET A VALUE FOR THE rABLE R7 HAS BEEN AVERAGEC WITH Rl

R1 1 SIGMA 0 INTO{LAHBDA E+ E-1/TOTAL t P2) I t PL+P21 22 Xj- DECAY PARAHETERS

Ri 1 0»00545 THEORET ~ CAL ~ FE INBERG 58 QUANTUM ELECr. 9/66

1111 111tttttt ttttttttt 111111111Otttttttt ttttttttt ttttt'tttt 11111111

F EINSERG
DAYI 5
COURANt
SURNST I I
DOSCH
SCH)IIOT

58 PR LO9 LQL9
62 PR 127 605
63 PRL io 409
64 PRL 13 66
65 PL La 239
65 PR 140 8 1328

REFERENCES

21 SfGMA 0{1193~ JP~L/2t) lti
G ~ FEINBERG I BNL)
0 OAVISOR SETTI ~ H RAYMOND ~ G TOHASIN tCHI)
COURANT 1F I L THUTH e F RANZ I N I + {CERN+ UMD+ U SNRL )
BURNSTEINeDAY ~ KEHOEeSECHI ZCRNe SNOW {MARY)
DGSCH0 ENGELMANN ~ F ILTHUTHyHEPP ~ KLUGE+ t HE ID)
P SCHMIDT {CDLUHBI A)

QUANTUM NUMBER DETERMINATIONS NDT REFERRED TO lh THE DATA CARO&

ALFF 65 PR 137 81105 ALFF eGELFAND ~ NAUENBERG+ I CCLUHS I A+RUTG+BNL 1 P

ALPHA X I-
0 I-0 441 {0~ 12) JAUNEAU 63 FBC SEE NOTE D BELOW
0 62 {-0~ 73) (0»23) SCHNE IDER 63 HBC SEE NOTE D BELOW

240 -0 ' 5 Q»38 BAOIERL 64 HBC SEE NOTE 0 BELOW
356 -0»62 0»13 GARHONY 64 HBC SEE NOTE 0 BELOW

Loo4 -0.365 o.os8 SERGE 66 HBC SEE NOTE 0 BELOW
364 -0»47 0»13 LONDON 66 HSG SEE NOTE D BELOW

L LONDON 66 USES ALPHA-L. AHSDA ~ 0»62
1 {-00391) ( 00032) SERGE 2 66 RVUE INCLUDES ALL ABOVE

2781 -0 ~ 391 0 045 DAUBER 68 HBC SEE NOTE 4 BELOW
A USED ALPHALAPBDA 0 647 PLUS OR HINVS 0 Q20
H 2529 {-0 375) {0 05L) HERRILL 68 HSC
H DATA OF MERRlll 68 INCLUOEO IN DAUBER 68 ~
0 OLD DATA NOZ {NCLUOED IN AVERAGE ~
0 ERRORS MULTIPLIED SY fel DUE TO APPROXIMATIONS USED FOR Xl
0 PGLARIZA ZION» {SEE DAUBER 68 FOR DETAILED DISCUSSION)

~ ~ ~ ~ ~ ~ e e ~
—~ 4C70 ~ 0370 AVERAGE (ERROR INCLlOES SCALE FACTOR OF ILL)AVG

6/481
6/681
6/681
6/681
6/681
6/681

9/44

6/eet

6/681

22 Xl- {1321~ JP~L/2 1 I&L/2

22 XI- MASS (HEV)

H H.

H H
H

H 1
H

H

H

H 1
M

H

H

H

H S
H

H AVG
M Fff

11{1311~ 0) t 2 ~ 2) WANG 6L PBC
18{1317~ 91 {L ~ 91 FOWLER 61 PBC

OL.D DATA ANO LUW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD)
1{1322F 01 {1~ 3) BROWN 62 HBC ANTI XI-

511 1321~ 4 Qe4 JAUNEAU 63 FBC
62 1321 1 0 ' 65 SCHNE I OEM 63 HBC

241 1321~ 1 Qo 3 BADIERI 64 HBC
ALL MASSES ABOVE WERE RAISEO 0 ~ 09 MEV BECAUSE LAHBCA MASS RAISED
149 132L 3 0 4 PJERRDU 65 HBC

5 1320' 69 Qe93 CHIEN 66 HBC + b»9 PSAR P ~ ANTI
6 1321~ 67 0»52 CHIEN 66 HBC 6»9 PSAR {

299 1321F 4 Lei LONDON 66 HSC
12{1321 1) {006) SHEN 67 HBC ANTI-XI-
THE ERROR IS STATISTICA{. ONLY

e e ~ ~ o ~ o ~ ~

1321»2582 »1777 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
1321 25 0 18 VA{,UE FROM CONSTRAINED Flr

22 MASS DIFFERENCES (XI-)-{ANTI-Xl-) IN HEV

111111 111111111ttttttttt 111111111Otttttttt 111111111OOOtttttt OOOOOOOO

111111 Otttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt 11111111

7/66

Ll/67
9/67
9/(i 7
6/66
0/61

6/681

0 BELOW
D BFLCW
D BELOW
0 BELOW
D BELOW

SEE NOTE
SEE NOTE
SEE' NOTE
SEE NOTE
SEE NOTE

A BELOW

UF I ~ 3)

WEIGHTED AVERAGE = -2.8e o 8.14
ERROR SCALED BY 1.26

CHISQ o 4»? COHLEV 0.186

PHI ANGLE (

SIN�(

PHI ) ICOS IPHI )~BETA/GAMMA) {DEGREES)
O {-16»O) {45.O) JAUNEAU 63 FBC
0 62 {45' 0 1 t 36' 0) SCHNEIDER 63 HBG

356 54 0 30 0 CARHONY 64 HRC
1 004 Oe 12» SERGE 64 HBC

364 Qoo 20»4 LONDON 6(i HSG
L LONDON 66 USES ALPHA LAPBDA & 0 62

2781 DAUBER 68 HBC SEE NOTE
A USED ALPHALAHSDA e 0 ~ 647 PLUS OR MINUS 0 ~ 020
H 2529 {9~ 81 {iles) MERRILL 68 HBC
H DATA OF HERRILL 68 INCLUDED IN DAUBER 68 ~

0 OLO DATA NOZ INCLUDED IN AVERAGE ~
0 ERRORS MULTIPLIED SY 1 2 DUE TO APPROXIHAZIONS USED FOR XI
0 POLAR I ZAT ION ~ {SEE DAUBER 68 FOR DE fAILED DISCUSSION)

~ ~ ~ o o ~ ~ ~ ~

4VG 2 ~ 9751 9» 1417 AVERAGE {ERROR INCLUDES SCALE FACTOR
{SEE IDEOGRAP BELOW )

6/681
6/681
e/681
6/681
6/481

e/681

PH I ~ 0 1~ 1 CHIEN 66 HBC be9 PBAR P 9/67

22 XI- LIFLTIME (UNITS 1011-LO)

T H
f H

T H {
r
I'

f
Z

Z

f S
T S
f
T S
T 2
T
T
7 AVG

1L (3~ 5) (3~ 4) {1 23) WANG 61 PSC
18 (L~ 28) toe41) (0»25) FOWLER 61 PBC

OLD DATA AND LOW STATISTICS DROPPED ON SUGGESZ ION OF J R HUBBARD)
517 1 86 0 15 0 14 JAUNEAU 63 FSC
62 1~ 55 Q ~ 31 0»31 SCHNEIDER 63 HBG

35(i Il 77) {0 12) CARHONY 64 HBG REP BY PJERROU 65
794 1~ 69 0»07 HUBBARD 64 HBC
246 I 70 oel2 PJERROU 65 HBC 11/67

6 (1~ 37.) t 0»511 GHIEN 66 HBG - 6 ~ 9 PSAR P 9/67
5 {1~ 511 {0»55) CHIEN 66 HBC t 6 9 PBAR POANTI 9/67

299 F 80 0 16 LONDON 66 HBC 6/66
12 (I ~ 9) foe?I 'fo»5) SHEN 67 HBC ANZf Xt 0/67

610 i»61 0 ~ 04 DAUBER 68 HBC 6/681
THE ERROR IS STATISTICAL ONLY

1 6603 + 0366 ~ 0352 AVERAGE (ERROR INCLVOES SCALE FACTOR OF 1 1)

o O O
O O O

0

0

PHI ANGLE (DEGREES)
tttttt ttttttttt ttttttttt ttti ttttt ttttttttt

REFERENCES

~ ~ ~ OAUBER
- ~ LONDON

~ ~ SERGE
~ CARnDNY

6B HBC
66 HBC

66 HBC
64 HBC

o O
»

O O
Ill

ttttttttt 1111ttttt tttttttt

22 XI- PARTIAL DECAY MODES 22 XI - {13210JPoI/2 ) t~t/2

P1
PZ
P3
P4
P5
P6
Pr

Xl INZD LAMBDA Pl
xl- INTQ LaH804 E- NEVTRIND
XI- INTO NEUTRON Pj-
XI- tNT'0 LAMBDA MU NEUTRINO
XI- INZD SIGHAQ E- NEUTRINO
xt- toro StGHao HV- NEUTRtNO
XI- INTO NEUTRON E- NEUTRINO

DECAY PASSES
LLL5& 139
11151 ~ 51 0

. 939+ 139
LLL5& 105+ 0
11921 -5+ 0
LL92+ 105+ 0
939+ ~ 5+ 0

FOWLER 61 PRL 6 134
WANG 61 JtrP 13 512
BERZANZA 62 PRL 9 229
BROWN 62 Pkl 8 255

CARHCNY 63 PRL 10 3BL
FERRQLUZ 63 PR L30 1548
J4UNEAU 63 S IENA CONF 4
JAUNEAUL 63 PL 5' 26i
SCHNEIOE 63 PL 4 340

FOWLER0BIRGE0EBERHAROyELYyGCOD ~ POWELL+(LRL)
K HANGOUT WANG»VIRYASOV TING SOLOVEV+ {JINR)
BERZANZA ~ BRISSON0GOLOSEKG ~ GRAY+{BNL+SYRACU)
BROWN ~ CULWICK ~ FOWLERyGAILLCUO + {BNLOYALE)

GARHONY0PJERROU {UClA)
FERRO-LUZZ I »ALSTCN ~ ROSEhlFELC ~ WO JC I CK I {LRL {
JAUNEAU& (PAR I S+CERN+LCND+RUT H+SERGEN)
JAUNEAU 0 MOREt. LE f 1 (E P ~ CERN ~ LCN ~ RUT He BERGEN )
H SGHNEIOER (GERM)



P&RT&cLE DAT& GROUp Reueews of Purtecle ProperJ»es

CAR HOMY
BAD IERL
HUBBARD
8 INGHAH
P JERAQU
P JKRROU

SERGE
BERGE
LONDCM
GH(EN
SHEN
TREPPK
DAUBER
DUCLOS
HUBBARD
JIERR Ill

64 PRL 12 482
64 DUBNA CONF I 593
64 F'R 135 8 183
65 P'RSI. 285 202

: 65.J»RL 14 275
65 IHESIS

66 PR 147 945
46 BERKELEY CONF 46
46 PR 143 1034
66 PR 152 117L
67 PL 25 8 443
67 PREV ~ COMM ~
68 UCRl 18388
68 TO BE PUBlo
68 PRL 20 485
68 PR 167 1202

STABLE PARTICLES

MEZGHTEO AVERAGE ~ 24.8 0 20.8
ERROR SCALED BY 1.30

CHZSQ ~ 1.7' CQMLEV o 0.186

SERGE ~ EBKAJIARO ~ HUBSAAO» HERA ILL + {LRL}
SERGE ~ GASEBBO (RVUE)
LONDCN ~ RAU»GOLDBERG»LICHTMAN+ (BNL+SYJIICUS)
+LACH»SANDMEISS»TAFT»YEH»CREN + (YALE+SML)
8 C SHEN I~ FIRESIONK G GOLDHABER (UCS+LRL)
T ~ TRI PPE (UGLA)
+SFRGE»HUBBARO ~ HERRILL»MELI. ER (LRL)J
DUGLOS ~ FREYTAG+ VIENNA Z53(CERN HEEDELBERG)
HU884RO»SERGE ~ OAVSER (LRL)
JIERR Ill e SHAFER (LRL) J

Data iw pa res thcscs have Jtot bccn included il our ave rages.

CARHCNY ~ PJERROU» SCHL KIN» SLAYER ~ SfORK+(UGLA)
SADIER »OEMOUL IN»84RLCUTAUD+ t PAR I S+SAG+ZEE)
HUBBARD»BERGK ~ KALSflEESCHeSHAFER + (LRL)
H H BINGHAH {CERN)
+ SCHLEIN SLATER SMITH STCRK ~ TICHO (UCL4)
G H PJKJIRCU (UGLA)

(}UINTUH NUMBER OETERJIINATIONS NOT Rf FERREO TO IN THE DATA CARDS

CA'RMCNY 64 PRL 12 482 CARHONY ~ PJERROU ~ SCHLEIN»SLAYER»STORK+{UG(. A) J
»ttttt 000000000 0000»0000 000000000 000000000 ttttttttt ttttttttt 00100111
tttttt 000»»1010 0»101»ttt 001»ttt»0 tttt»1000 00001»00» 100001001 Ottt»100 . ~ DAUBER 68 HBC

SERGE 68 HSC

JI 1 1313~ 4
JI ~ ~ ~ ~ o
JI F IT 1314~ 69

le&

Oe 70

23 XE

PALHER 68 HBG

VA(. UE fROM CONSTRAINED F I I
MASS DIFFERENCE I- )-t0)tÃEV)

23 XI 0 (1314~ JP~L/2 ) t&l/2

23 XI 0 HASS (JIEV)

3/6& 1

bib&0

O
O
Lh
I

C»

Oo
I

FZ ANGLE

o
O

o
O
Ul

(DECREES) MX 0

O
O
O
oe

C»

O
lh

D

D 0
D

0
0
0 AVG

0 FIT

23 6%8
45 le. 1)
88 be 1
29 6 ~ 9

~ ~ ~ ~ ~
6o 3395
4o54

le6
{lee)

Oe9
2 ~ 2

e ~ ~ o
~ 7389

Oe 68

JAUNEAU 63 FBC
CARHONY 64 HBG REP BY PJERROU 45
PJERROU 4I5 HBG 11/67
LONDON 66 HBC bleb

AVERAGE tERROR IMCLUDES SCALE FACTOR OF I ~ 0)
VALUE FRCH CONSTRAINED Ftf

4lVAREZ 59 PRL 2 215
JAUNhAU 63 SIENA COMF 1 1

ALSO 63 Pl 4 49
TICHO 63 SNL CONf 410

ALVIREZ ~ EBERHARD ~ GOOO»GRAZIINO»TICHO+ (LRL)
JAUNEIU+ (PARI S+CERN+LONO+RVTJI+BKRGEN)
JAUNEAUe {PARIS»CERN»LCNO»RUTH»BERGEN}
HAROLD K YICHO (UCLA}

101 1000»0100 00010»ttt 10000»ttt 000000000 000110001 ttttt»000»0001»00

REFERENCES

23 Xl 0( 1314»JP~L/2} I&L/2

T 24
T 0 45
T 101
T 80
I 340
I
I AVG

3~ 9 1 ~ 4
(3' 5) {le0)
2 ' 5 Oo4
3 ' 0 0 5
3 ' 07 0 ' 22

~ ~ ~ ~ ~ ~ e e ~

3 ~ 0327 + 1815

0 80 JAUNEAU
(0 A &) CARMONY
Oe3 HUBBARD

PJERROU
Oo20 DAUBER

63 FSC
64 HBG
64 HBC
65 HSC
68 HSC

- .Ie21 AvERAGE (ERADR

23 XI 0 PARTIAL DECAY MODES

23 Xl 0 L(PET(ME (UNITS 1001-10}

REP BY PJKRROU 45

CARHONY 64 PllL 12 482
HUBBARD 64 PR 135 8 183
PJERRCU 65 PRL 14 275
P JERROU 65 'THESIS

66 PR 147 94$
66 UCRL 11510
66 PR 143 1034
66 BERKELEY CONF
64 UC(lL 14455

DAUBER 68 VCRL 18388
PALHER 68 PL 248 323

Lt/67 SERGE
HUBBARD
LCNDON

I hCLUDES SCALE. FACTOR Of 1 ~ 0) MERRILL
CF ~

GARHONY ~ PJERROU»SCHLEIM»SLAYER»STORK»{VCLA}
HUBBARD ~ SERGE»KILAFLKI SCH ~ SHAFER + tlRL)
+ SCHLE IN» SL4TER e SMI TH ~ STORK ~ I ICHO I VCLA)
8 H PJERROU (UCLA)

BERGE» EBERHARD»HI BBAAO» MERRILL + . (LRL)
J RICHARD HUBBARD {THESIS~ BERKELEY} tLRL)
LONDON»AAU»GOLDSEAG»l(CHTVIh» (BNL+SYAACUS)
MERRILL e SHAFER ~ SERGE {L,RL)
DEANE MEJlRllt. tTHESES» BERKELEY) tLRL)

+SERGE e HUBBARD ~ JeERRE LL ~ HlllER (LRL)
PALMER»RADOJICIC»RAU»RICHARDSON+ ISML ~ SYR)

PL
P2
P3
P4
P5
P6
Pf
PB

XE 0 INTO
XI 0 INIC
XI 0 ENTO
Xt 0 INTO
XI 0 INTO
XI 0 INTO
XI 0 INTO
XI 0 INTO

LAMBDA P{0
PROTON PI-
PAOTON E- NFU
SIGMA+ K- NEU
SIGMA- E& NEU
SIGMA» MU- NKUTRtNC
SIGMA- HU+ NEUTRINO
PROTON MU- NEUTRINO

DECAY PASSES
1115+ 134
938+ 139
938+ e5+ 0

11S9+ 5+ 0
1197+ ~ 5+ 0
1189+ L05» 0
1197+ 105+ 0
938+ 105& 0

»0»000 010000000 tttit»ttt 010011000 0000»0000 100000000 tttt»»001 0000»»»1
»»0»tt 11»100000 000»1»000 000110»tt t»00100»0 0000»tttt 1001»tttt 001ttttt

24 OHEGA- (1675» JP&3/2») 1&0

QUANTUM NUMBERS ASSIGNED FROM SU3

24 OMEGA- HISS {HEV)

H2
R2
R2
A2

R3
R3
R3
R3

R4
R4
R4

R5
R5
Jlb

XIO INTO (PROTON K- NCU) /(lAMSCA PIC) I UNITS 101»-3) I P3) /I Pl)
27 ' 0 OR LESS TIGHO 63 HSC

6 ~ 0 OR LESS HUBBARD 66 HSG
I ~ 3 OR IKSS DAUBER 68 HBC

XEO INTO (SIGMA+ E NEU)/(LAMBCA PIO) (4N}YS 100»-3) {P4)/(Pll
13' 0 OR (.ESS Tl CHO 63 HSC

7 ' 0 OR LESS HUBBARD 66 HSC
LE 5 OR LESS DAUBER 68 HBC

XIO INTO (SIGMA- E+ NKU)/(LAM804 PIO) (UNITS 100»-3) (P5)/(Pl)
6eo OR LESS HUBBARD 46 HBC
1 5 OR LESS DAUBER 68 HBC

XIO ENTO (SIGMA+ HU- NEU)/TOTAL (UNITS 1000-3) (Pe)/TOTAL
7e 0 OR lESS HUBBARD 66 HSC
1 ~ 5 OR LESS DAUBER 68 HBG

23 Xt 0 BR4NGHING RATIOS

RL 0 XIO INTO (PROTON PI-)/tLAMBDA PIC) (UMIIS 10»»-3) tP2)/(Pl)
RL 27 ' 0 CR LESS I I CMO 63 HBC
AL 5 ' 0 CK LESS HUBBARD 66 HBC
RL Oe9 OR LESS DAUBER 68 HSC

6/680
bib&»
6/481

6/681
6/480
e/e&0

6/681
6/681
4/680

6lbSO
6/68»

6/6S»
6/681

0
I(
M

H

M

M P
M P
M P
H P
H

M

H

M

H

M

M

H

H

M

1(1620e0) {25oO) t LOo0) EISENSERG 54 EJIUL
I 1673' 0 So0 ASRAMS 64 HBC INTO Xl- PID
I 1469e0 4e0 ASCLV 68 HBC INTO LAJ»BDA K-
I 1671' 0 5 ' 0 ABCLV 68 HBG iNTO LA)eBDA K~
1 1676e0 14e0 ASCLV 68 HBC INTO LAMBDA K

1 1670' 0 2o0 ASCLV 48 HBC INTO LAMBDA K-
Lt 1675~ 6) (5»4} PALMER 6& HSC INYC XID Pt
l{1673eb) {1~ 2) PALHER 68 HSC INTO LAHBDA K

1(1672~ 5) I I ~ 8) PALMER 68 HSG INTO LAJ»BDA K-
THE 3 ABOVE EVENTS MERE ClllGINALLY PUBLISHED WITH P4SSES 16&6(+-12)~

1474(+-3) AND 1671(t 5) IM SARNESL(64) ~ SARMES2(64) ~ AND RECH4RDSON 45
ALL ARE INCLUDED IN THK J»ASS GIVEN ON IHE FCLLOMING LENE-

3 1673~ 3 Le0 PALHER 48 HBG
1671' 8 Oo9 SCHULTZ 68 HBC ALL 3 LAP&CA K

I 1646e 0 Bo0 SCOTTER 48 HBC INTO XIC Pl-
1 1674~ 0 2 ~ 0 SGOTTER 48 HBC INTO LAHBDA K

THE AJIOVC EVFNT MAS ORIGINALLY PUBLISHED AS COLLEV 65
1 1642 ~ 0 L5e0 SCOTIER 68 HBC INTO Xlo Pl-
I lbbfe0 be0 SCOTTER 68 HBC INTO XIO Pl-
1 1678e0 3eO SCUTTER 68 HBC INTO LAI»804 K

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 1472~ 414S ob4&5 AVERAGE lERROR {NClVOES SCALE FACTOR OF I ~ 1)
(SEE 1OKOGRAH SELOM )

3/680
3/48»
3/680
3/681
3/68»
3/681
3/48»

3/681
3/e&0
3/68»
3/48»

3/680
3/68»
3/6S»

R6
Jl6
Rb

Rf
Af
R7

XIO INTO (SIGMA- JIU+ NEU)/TOTAL (UNITS 1001-3) tP7)l'TOTAL
6o0 OR LESS HUSSARO . 66 HSC.
Lo5 OR LKSS DAUBER 68 HSC

XIO INTO (PROTON MU- NKU)/TOTAL (UNITS 10»»-3) (P&)/TOTAL
6 ~ 0 OR LESS HUBBARD bb HBC
1' 3 OR LESS DAUBER 68 HBC

6/68»
e/bet

6/68»
6/68 ~

MEZGHTKO AVERAGE ~ 1872.416 0 0.648
ERROR SCALED BY 1.13

CJIESQ ~ 7.8 COHLKV e» 0.268

23 XI 0 DECAY PARAMETER

A ~
I
I
A

A LI M

A

A 0
A D
A

A II
A AVG

ALPHA XI 0-0.09 Oe46 PJFRROU 65 HBC
146 -0 ' 13 Coif BERGE 66 HBC
46 -0~ 2 Oe4 LONDON 46 HBG
LONDON 66 USES ALPHA-LAMBDA ~ Oe62

490 {-0e33) (0 11) MERRILL ee HBC SEE NOTE
HKRR ILL 66 REPLACED BY CAUBE'R 68
ERACJlS JIULTIPL IED SY 1 ~ I DUE TO APPROXIMATIONS USED FOR Xl
POLARIZATIONe (SEE DAUBER 68 FOR DETAILED DISCUSSION)

739 Oe 43 Oe 09 DAUBER 68 ~ SEE NOTE
USED AlPHALAMBOA ~ Oeb47 PLUS OR MINUS Oe020

~ e o ~ e ~ o ~ e
~ 3504 ~ 0769 AVERAGE (KRJIOR INC). VDFS SCALE FACTCII

SEE NOTE
SEE NOY E
SEE NOTE

0 BELCM 6/68»
0 BKLOM 6/48»
0 BFLOM 4/481

0 BElOM 4/68»

I BELOM

OF 1e0)

OTTER
OTTER
OTTER
OTTER

TIER
VLTZ
JIER
I.V
LV
LV
LV
A JIG

88 HSC
88 HBC
68 HBC
68 HBC

68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
64 HBC

PHI ANGLE (SIN {PHI )/COS IPHE) ~BETA/GAMMA) (DEGREES)
146 -8~ 30e BERGE bb HBC SEE NOTK

M 490 I 107~ 0} I 46e0) HERRILL 4lb HBC SEE NOTE
H MERRILL 44 REPLACED BY CAUSER 68
0 ERRORS MULTIPLIE'0 SY I ~ 2 DUE TD APPRUXIHATICNS USED FUR XI
0 POLARIZATION ~ (SEE DAUBER 68 FOR DETAILED DISCUSSION)

739 38 e 19e DAUBER 4IB HSG SKE NOTE
IJSKD ALPHALIMSDA ~ 0 ' 447 PLUS OR MINUS 0 ' 020

~ e ~ ~ ~ ~ ~ ~ ~
AVG 24 ' 8311 20 7930 AVERAGE (ERROR INCLUDES SCALE FACTOR

t SEE IDECGRIJ» SElOM )

0 BkLCM
D BELCH

A BELCM

OF I e 3}

6/680
b/68»

o O
EO

OJIEGA- JIAGS

o
ee»
%0

o
O
O
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MESON RESONANCES
Data in parentheses

24 OMEGA- LIFETIME (UNITS 1000 10 SEC)

have not been incls(ded in ou r averages.

24 OMEGA- BRANCHING RATIOS
ABRAMS
BARNES 1
BARNES 2.
COLLEY
RICHAROSO
ABCLV COL
ABCLV COL
ASCLV COL
ASCLV COL
SCHULTZ
SCHULTZ
SCHULTZ
SCOTTER
SCOTTER
SCOTTER
SCOTTER
SCOTTER
SCOTTER
MORE BNL E
ALLISON

64 HBC
64 HBC
64 HBC
65 HBG
65 HBC
68 HSC
68 HBC
68 HBC
68 HSC
68 HSC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HSC
68 HBC
VENTS' UNPUBLISHED ~
68 RVUE

24 OMEGA- PARTIAL DECAY MODES

A I {I~ 63)
A 1' {0~ 7 I
A I' {Lo4)
A 1 (1~ 85)
A 1 {1~ 5)
A 1 {Oo93)
A 1 (2 ' 6I
A 1 .{Lob)
A 1 (Oo21)A, 1 {1~ 20)

{Oo06)
A I {Oo63)

1 {0' 25)
A 1 {Oo30)
A I {Oo71){0.08)
A I {lo04)
A I {2~ 38)
A ALLISON INCLUDES ALL ABOVE + 3

21 1~ 31 Oo37 Oo24

7/66
7/66
7/66
7/66
7/66

ll/67
11/67
11/67
11/67
11/67
11/67
LL/67
6/680
blb80
6/680
6/680
6/680
6/680
6/6SO
6/680

E I SENSE R
ABRAMS
SAR NES I
BARNES 2
COLLEY
R IC HARD S
SAM IOS

54 PR 96 541
64 PRL 13 670
64 PRL 12 204
64 PL 12 134
65 PL 19 152
65 BAPS 10 115
65 ARGONHE CONF 189

Y EISENBERG {CORNELL)
+ SURHSTEIN ~ GLASSER + (MARYLAHD+USNRL)
V E BARNEStcONNO(. LY ~ CRENNELL ~ CULM{CK+ {SNL)
V E SARNEStcONNCLLY ~ CRENNELLyCULWICK& (BNL)
COLLEYeDODO + {BIR&GLA+IC&MUH+OXF+RHELI
RICHARDSON' SARNESocRENNEL+ {BHL+SYRACUSEI
N P SAMIOS ( {RVUE) BNL I

ABCLV 68 NUC PHYS 84 326
ALL I SCN 68 PRIV ~ COMM ~

PALMCR 68 PL 268 323
SCHULTZ 68 PR 168 1509
SCOTTER 68 PL 268 474

AAGHEN+BERLIN+CERNOLONDON IVPo {OLLo+VIEHNA)
JOHN AI.L (SON (LANCASTER)
PALMER yRADOJIC IC yRAU eRICHAROSON+ {BNLI SYR)
SCHULTZ+ ( ILL oARGONHE oNCR THMESTERN ~

MISC�

)
SCOT TER+ {S IRMo GLASGOWo I C LCHDONt MUNICH o OXF I

25 EXA'MPLES OF OMEGA PRODUCTION HAVE BEEN REPORTED ~ 13 HAVE
DECAYED INTO LAMBDA K-o 8 INTO XIO I'I- ~ 3 INTO XI- PION AND ONE (S
AMBIGUOUS BETWEEN LAMBDA K- ANO XIO Pl-o

Oft ttt fOttttttf tttf 00000 tttf ttttt Ottttttttttttttttf tf0000000 ttttPtf0
REFERENCES
24 OMEGA-{ 1675 ~ JPo3/2+) (~0

P1 OMEGA- INTO LAMBDA K-
P2 OMEGA- INTO XI 0 Pl-
P3 OMEGA- INTO XI- Pl 0

DECAY PASSES
9380 105+ 0
938+ 105+ 0
938+ 105+ 0

000000 Otttttttt tftfttttt 000000000 Otftttttt tttfttttt tfttttjtt ttttttttttfttt fttttfftt tttfttftf ttttttfft ttftttttt 000000000 000000000 tttttttf

MESON RESONANCES

CODE EVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TECH SIGN COMMENTS DATE
ABOVE PUNCHED

BACKGROUND

Pl MESON {JPG00 —I I~L

SEE LISTINGS OF STABLE PARTICLES

ftttt Ofttttftt tftttfttf ttttttttt Otttttfff tttttttft tttttttff tttttff0
000000 ttftftfff 000000000 ttttttfff Oftttfttt ttftttttf Offfttttt tttttttt

g {410) 7 SIGMA MESON {4LOg JPG~Ott) I & 0

HO EV(DENCE FOR RESONANCE
OMITTED FROM TABLE ~

SEE NOTE ON ETA Ot(720)

000000 000000000 ttttttttt ttftttttt ttftttttt 001000000 ftfttttft tttttttt
REFERENCES OII{ SIGMA

5AM I OS
SLOKHIN T
BOOTH
K IRZ
BAR I SH
CRAWFORD
DEL FASR
KALMUS
8IRGE
BROWN
MOLF
JACOBS
KOPEL MAN

LOVEL AC E
ANDERSON
CORBETT
MAL A MUG

WALKER
BANDER
BISWAS
E ISENHAN
FOSTER
GUTAY
JONES
MARATECK

62 PRL 9 139
63 JETP L7 80
63 PR 132 2314
63 PR 130 2481
64 PR 135 8 416
64 PRI. 13 421
64 PRL 12 674
64 PRL 13 99
65 PR 139 8 1600
65 CORAL GASLES 219
65 PL 19 328
66 PR(. Lb 669
66 PL 22 118
66 PL 22 332
67 PRL LB 89
67 PR 156 1451
67 PRL 19 1056
67 PRL 18 630
68 PR L68 1679
68 PL 27 8 513
68 PRL 20 758
68NP86107
68 COO-1428-65
68 PR 166 1405
68 VIENNA ASSo 803

+SACHMAN&LEA+ {BNL+CCNYOGO+KY)
BLOKHINTSEVASGREIBINNIKs ZHUKOV +'

~ {OUBNA)
+ ASASHIAN {LRLI
+SGHWARTZ + TRIPP (LRL)
BARISH ~ KURZyPEREZ-MENDEZ ~ SOLOMON (LRLI
+GROS SMANI LLOYD t PR IcE ~ FOWL ER {LRL I
DEL FASROoDE PRETISo JONES+ FRA{CATI )
+KERNAN ~ PU ~ POMELLIDOWD {LRL+Ml SCONSINI
+ELY+G IDAL+KALMU 5+CA HER IN I 0 {LRL+MI Sc I
BROMH+FA IER {NORTHWESTERN)
WOLF (OESY)
tSELOVE' {LRL)
+ALLEN' GOODENoMARSHALL + '{COLORADO+IOWA)
LOVELACEoHEINZ ~ DCNNACHIE {CERN)
+FUKUI+KESSLERt {CHIG+ANLOOTT+MCGILL+QMC)
+OAMERELL+MIOOLEM{S+NEMTON OXF+RUTHERF)
EoMALAMUO + P E ~ SCHLEIN {UCLA I
+CARROLL tGQRF IHKEL ~ OH {Ml SCONS IN)
Mo SANDERo Go L ~ SHAM ~ J~ R ~ FULCO {UC I+UCSB)
+CASON ~ JOHNSONy KENNE Y ~ P01R IER+ {NOTRE DAME I
E ISENHANDLER ~ MISTRYy MOSTEK 0 (CORNELL)
+GAVILLET+LABROSSE+MONTANET+ {CERNOPARIS)
+CARMONY oc SONKAo LOEF FLER o ME (ERE {PURDUE I
+CALOWELL+ZACHAROV+HARTIHGtSLEULER+ {GERM)
+HAGOPIANeSELOVE l PENN)

14 ETA l549 ~ JPG~O-&) I~O

SEE LISTINGS OF STABLE PARTICLES

Otttf0 000000000 000000000 000000000 Ottf ttttt ttttf tttt Otf tttttt Otf f0000
000001 000000000 Otftttttt tftfftftf Otttttttt ttttttfff ttttttttt tttttttt

(7PP) 14 ETA 0+{720&JPG~O++I I ~ 0

0+ OMITTED FROM TABLE ~

P +Narrow J = 0 ~m resonances have been
claimed around 400 MeV ("o' meson" ) and 700
MeV ( {I«"), but &bc evi, dq&cc is unconvincing.

000000 000000000 Otttttftf 000000000 000000000 000000000 000000000 tttttttt:
000100 Otttttftt Otffttttt 000000000 000000000 tlffttttt ttttttftt 00000000

It is, however, suggested from several re-
cent attempts at determining the z~ phase
shifts (CLEGG 67, MALAMUD 67, GUTAY 68,
JONES 68, MARATECK 68) that 5pp (the I = 0,
S-wave mm phase shift) may have the behavior
characteristic of a wide resonance in the re-
gion between 650 and 850 MeV. Such a possi-
bility was first advocated by LOVELACE 66,
who observed that to interpret zN elastic scat-
tering data in a dispersion theoretic frame-
work one has to assume the exchange of such

a ~+ resonance in the t channel.
The mm phase -shift analy se s yield two ( or

three) different possible solutions for 600, all
of which are quite large in the region 600 to
900 Me V; for one ( o r two) of the se solutions,

500 pas ses through 90 deg somewhere near
700 MeV. From the small rate of rise of

600( m ) one e stimate s that the width of this
P +possible J = 0 resonance may be 400 to sev-

eral hundred MeV.
There is even more uncertainty about the

behavior of 600 in the lower energy region
m & 600 MeV. At present, there is no in-

'IT7r

dication for 600 to be as large as 90 deg any-
where here.



Data in parcnthcscs have not

CLARK
CGHN
DURING
FEL DHAN

FGR ING
HAGOP IAN
NGL'F

65 PR 139 81556
65 PRL 15 906
65 PRL 14 329
eS PRL 14 Se9
65 PL 19 65
65 PRL 14 1077
65 PL 19 328

REFERENCES

+CHRISTENSON+CRONIN+TURLAY (PRINCETON)
H G CGHN ~ BUGG+ {ORNL+TENN+UNCAR+CGLuef F INS)
L ~ DURANO ANQ Ye Te CHIU (YALE)
FELDHAN ~ FRATI» HAI-PERM»CHGUORY+{ PENNA+COLUM)
+GESSARDLI eLENDINARA+ (SGL»GRSAY+SIGLAY)
HAGGPIAN » SfLOVE »AL I T+(PENNA» SACLAY&BGLGGNA)
G WOLF {DESY)

BANDER 67
BUHLER 67
CLEGG 47
CORBETT 67
GUTAY 67
JOHNSON 67
HAL AHUD 67
STRUCALS 67

(SEE ALSO
WALKER 67
NIL K ER 67

PR 155 1675
NC 494 183
PR 163 1664
PR 156 145L
PRL 18 142
PR 163 1497
PRL 19 1056
J INR E1-3100

G ~ GOLDHASER ~

PRL 18 630
RHP 39 695

M%BANDER + GeL%$HAN {UCI )
+DALPIAZ»HASSiH»ZICHtcHI+ (CERN+BOLOGNA)
AeS ~ CLEGG (LANCISTER)
+DIHERELL+HIDDLEHAS+NEWTGN IGXF+RUTHERF)
+JGHNSON+LGEFFLER+HG IL MAIN+ ( PURDUC+UGRL )
+EI SNER+GUTAY+KLEIN»PCTERS+5AHNI+ (PURDUE)
E ~ HALAMUD + PaEaSCHLEIN (UCLA)
STRUGAL SK I+CHU V ILG+ I VANGVSKI JA+ ( DUBNA)

MESON REVIEW, PROC. 19eb BERKE(.EY CoNF. )
+CARROLL » CARF INKEL ~ GH (NISCGNSIN)
N D WALKER INISCGNSIN)

4RMENIS E
BISMIS
SRAUN
SUN I ATO V
DUTTI-RG
FDS TER
GUT IY
JONE 5
HAR ATEC K

SMI TH

68 NC 54 I 999
68 PL 27 8 513
68 PRI. 21 1275
68 VIENNA ABSe
68 PR 169 1357
68NP 86 107
68 CGG-1428-65
68 PR 166 1405
418 VIENNA ASS ~

68 PR 171 1399

+FOR INO+CARTACCI+{ BARI+BGLGG+FIRENZE+CRSAY)
+CASGN ~ JGHMSGN ~ KENNEY ~ PGIR tER+ I NGTRE DAME)
BRAUN ~ CL INE ~ SCHCRER ('N I SCGNS IN )

714 +SCHHITT»DEINET»HENZIGNE ~ HULLER+(CERN»KARL)
8 ~ DUTI'A-ROY I R LAPIDUS IHGBGKEN ~ NJ)
+CA V I LLE T+LASROSSE+HGNTINE Te {GERM+PAR I 5)
+CIRHGNY»CSDNKA»LGEFFLER ~ HE I ERE (PURDUE)
+CALDNELL+LACHARGV+HARTtNG+BLEULER+ (CERN)

803 +HAGGPIAN ~ SELOVE ( PENH)
G%A PSMITH» R%J ~ HANNING UCRL)

GDLDHASE 66 BERKELEY'CONF 102 G GGLDHABER» MESON REVIEN ILRL)
JAB I GL bb PRL 17 1065 +JAHES+NGUYEN HUU KHANH I SACLAY+YALE+GRSAY)
JAC085 66 UCRL-16877 LeJ ~ JACOBS {LRL)
LOVELACE 66 PL 22 332 LGVELiGE»HEINZ»OCNNAGHIE (GERM)

bccn inclt{dcd in ot{r a v crages.
SiCON
BARLQW
QANYSZ
GANYSZ

Le SEE BELOW UNDER
SANYSZ

(2~ 0)
9%

10%
l5%)

LLY SHAL
{10~ )

OMEGA%
3~

(6~ Ql
3%

(3~ )
(4~ 0)
(2 ' 0)
{4' 0)
(5 ' 0)
3 0

ILL 0)
(7' 0)
(6 ' 0)
(9' 0)
15~

5 ~ 0
5 ~

3~ 0
le 0)

{13%0)
(9~ 0)
(5~ 0)
I6%0)
I'D)

( 10~ 0)
l5 ~ 0)
4 ~

{Loeol
{8~ 0)

I 15%0)
e ~ ~ ~

3% 1213

HO
HQ
HO

MQ

HO
Ho
NO
No
NQ
MO

Ho
NO
MO

MO

HO
HO
HO
MO

Mo
HO

HO
HO
HO
HO
Ho
Ho
Ho
HO
Ho
MO

HO

Ho
NO
Ho
HO

MO

Ho
NO

l768ao)
745 ~

327 750a
N 184 l 755 )
W 'NIOTH UNUSUI
Q 240 (752% )
G SELECTION DN

781~
P (728 ' 0)

1500 774 '
R (761~ )
Q I 765 ~ 0)
0 (767 0)
R l 770 ~ 0)

(777 0)
770 ~ 0

R l775 ~ 0)t {762%0)
l760.0)
l754.0)
763'
745%0
776
775 ' 0

5 {765' 0)
5 (745 ' 0)
5 (760 ' 0)
5 (749%0)

l761 0)
5 (750' 0)
5 t780 0)

l760.0)
766%

P (740 0)
1 l749 ~ 0)
1 {755%0)

~ ~ ~ ~ ~
AVG 770 7016

67 HSC
67 HSC
67 HBC
67 HSC
N IOTH
67 HSC

0 1%7 PI-P
0 La2 PSIR P
0 3%0 PS Peb Pl
0 3aoPB P ~ 7 PI

9/67
1)lbb
7/67
7/67

blb8103~ OPBP ~ 7 PI

0 4 ~ 2 Pl-P
0 3' 5-5 ' 8 GAHMA P
0 1%4-5' 8 GA)IHA P02 ~ 4PI-P
0 Pl+P»SFE NOTE 0
0 Pl-P ~ SEE NOTf 0
0 2a7 Pl-»T CUT20
0 8%0 Pt- P
0 8 Pl+P To P+3PI
0 5al PI+D
0 9%0 Pl+ D
0 E+E- COLL ~ BEAPS
0 E+E- COLL CBEARS
0 GAMMA P (SREHS)
0 La2 PB P»4 PR%
0 PSAR P AT REST
011%2 Pl P
0 12PI- ~ T LT 2a5
0 LSPI- ~ 7 LT 2 ~ 5
0 LSPI- ~ T2 ~ 5 TD 5
0 12PI- ~ T 5 TO 10
0 LBPI-»T 5 TG 10
0 12Pt-, TLO TO 15
0 LBPI- Tlo To 15
0 3%0 PI- P
0 8 ~ 0 Pl-P
0 GAMMA P{SREHS)
02 5 PBiR P
04 ~ 1-5~ 5 K- P

67 HSC
67 HSC
67 HSC
67 HSC
67 RVUE
67 RVUE
67 HSC
67 HSC
68 HBC
eB osc
e8 osc
68 SPRK
6S SPRK
68 HBC
6S HBC
68 HBC
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 HSC
68 HBC
68 CNTR
68 HBC
68 HSC

E I SNER
ERSE
ERBE
HUNE
HILAHUD
HALAHUO
HILLER
PGIRICR
ABC COLL%
ARHENI SE
ARMf NI SC2
AUGUSTIN
iUSLENDER
BLECHSCHH
DONALD
FOSTER
HY4MS
JONES
JONES
JONES
JONES
JONES
JONES
JONES
KEY
LAHSA
LANZERGTT
HASGN
HGTT

9/67
0/64I
7/67
7/67
7/67
7/67
9/66

11/67
5/681
6/681
9/681
9/4 81
6/681
blb81
9/68 1
6/681
9/681
5/681
5/681
5/681
5/681
5/681
5/681
5/68t
5/681'

I 1/67
0/66
9/681
9/681

AVERAGE (ERROR INCLUDES SCILE FiCTGR OF 2%5)
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MESON RESONANCES

11111111111111111111111t 1111111111111111111111111111~111111111111111tttttt 111111111111tttttt 111111111111111111ttttttttt 111111111tttttttt

9 RHO (765» JPG ~ 1-+) I~l
p {765)

H+ R
H+
H+ R
H+ R
H+ R
He
He
H+ AVG

(76O 0)
760 ~

( 765%0)
(783~ 0)
(758 0)
777~ 0

~ e e e ~

771 4094

I 9eo)
10%
15%0)
{6~ 0)

( 10%0)
7 ~ 0

e ~ e e
7 ' 9866

CARHGNY 64 HSC
ARMENISE 65 HSG
ALFF-STEI 66 HBC
JAMES 66 HSC
JAMES 66 HSC
IBC COLL' 68 HSC

3 ' 5 Pt+P ~ TCUT
2 ~ 8 PI+P
2-3 PI+ P
2 1 P I+ P
2 ' I PI+»TCUT2 ~ 5
8 Pl+P TG P+3PI

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1%4)

9 RHG MASS (HEVl

THERf ARE Nlof FLUCTUA'IIGNS IN THf NEASUREO VALUES FOR P4$S INO NIDTH OF
THE RHG DUE TG DIFFERENCES IN PRODUCTION HECHANISH BACKGRGUNQ METHOD
OF ANALYSIS AND PARAMETRILAT IGNe UNCERTAINTIES IN THEORY GI VE RISE TO
SYSTEMATIC ERRORS OF ABOUT 20 HEV )N HASS ANO WIDTH

THE FOLLGMING FIVE ENTRIES ARE THE HOST SIGNIFICANT ONES ~ THEY II.LUSTRATE
tHE DtSGREPANCIES» AND ARE ALSO REPEATED IN FGGTMGTE IH) CF THE HESGN
TABLE%

AUSI. ENDER 68 {RHG 0 FROH E- Ee COLLIDING SEAMS)
BATON 67 (RHG - IN CHEN LGW CXTRAPOLATION AND PHASE SHIFT AhALYSIS)
HAR ATECK 68 I RHG 0 IN CHEM-LGW EXTRAIIGLAT ION AND PHASE SHIFT ANALYSIS)
PISUT 68 I COMP ILATIGN AMD DISCUSSION OF RHG+-0 th Pl N CGLLIStGNS

AND DISCUSSLGN OF RHO 0 IM E+ E- CGLLlolNG SEAMS)
SCHLEIN 68 IRHG 0 FROM PION-PION PHASE SHIFT ANALYSIS)
SEf ALSO IUGUSTIM 68 (UNPUBLISHED RHO 0 FROM E+ E- COLLIDING SCIHS)

6/66
6/eb
8/66
5/681

9 RHG(0) - RHG{+-) MASS DtFFERENCE (PEV)

2 4 2 ~ 1 PISUT 68 RVUE PI N To RHG M

w ww w % % & & '% a a

9 RHG NIDTH {HEV)

N 1 SEE MOTE ON RHO HASS ABGVE

M+
W+

N+
N+
N+
N+
N+
N+
N+

R

R
R
R

AVG

90 ' 0
{77%0)
160%

{100~ 0)
l)77 0)
{147%0)
149a0

e e ~ e ~

127' 2472

Loco
I 20e 0)

10%

(15~ 0)
(19%0)

22% 0
e ~ ~ e

24 ~ 0747

SAC LAY
CARHONY
ARHENI SE
ALFF-STE I
JAMES
JAHE 5
ABC

COLLIE

63 HSG
64 HSC
65 HBG
66 HSC
d6 HBC
66 HSC
68 HSG

2 ~ 8 Pl+0
3 5 PI+Pe TCUT 4
2%8 PI+P
2-3 Pl+ P
2 1 Pl+ P
2 ' I PI+ ~ TGUTZ ~ 5
8 Pl+P TO P+3PI

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3%6)

240 752%0 4LITTI 63. HSC 0 1 ~ 6 Pl-P
290 755 ' 0 CHADNICK 63 HBC +-0 0%0 PBAR P

744% 9% FRENCH 67 HSC +-0 3-4 PSAR P

-NOTES-

FRON CHEN-LGN EXTRAPOLATION
PHOTOPRGDUCTtON UNCORRECTED FOll PRODUCTION E-DEPENDENCE

GR BACKGROUND INTERFERENCE
FRGH PHASE SHIFT ANA'LYSIS
INCLUDED IN PISUT 68 RVUE
5-WAVE BREIT-MIGNER FIT ~ CANNOT Bf COMBINED NITH CTHER VAI. UES

6/67

6/681

b/66
7/{sh
8/66
5/681

M+ 5
H+
H+
H+
H+
H+ IVG

(750%0)
755%
730%
782 '

~ ~ e ~ ~

769%9901

I 3.0) BALTAY 44I HSC
10% ALLES-BGR 67 HBC
11~ BARLoM e7 Hsc

5 ~ FOSTER 68 HSC
~ e e e

13F 4986 AVERAGE (FRROR INCLUDES

+- oao PBIR P
+- 5 ~ 7 PBAR P
+ 1%2 PSiR P
+- PBAR P AT REST

SCALE FAIGTGR OF 3% 3)

bleb
12/66
11/66
6/681

H- I 748%0)
M- 1 130 (775 0)
H- R (768eo)
H- 772 0
H R (760' 0)
H- R (770' 0)
H- R (765 0)
H- R 6014 t 757eb)
H- R 2775 (753~ 5)
M- R (749 0)
H- 752 ~ 0
H- C (75S'%0)
H- 751
H- 764%
H- R (777 ' 0)
H- R (775 ' 0)
H- R (768 ' 0)
H» R (78' Q)
M- 12773 764%3
H- A12773 I764 3)
H- A ERRORS ARE 2
H ~ % e ~ ~
H- AVG 762 ' 8290

(5eo)
19%0
(5~ 0).
(5~ 0)
le 0)
{6%6)

lion 5)
le 0)
14' 0
tS ~ 0)

5%
4 ~

{6%0)
(5%0)
l5 ~ 0)
I2 ~ 0)

1%9
(19~ 2)
STO AMO
e e e e

2 ' 8006

1~ 8
(3~ 3)

INCLUDE

KENNEY
CUIRAGOSS
SL )EDEN
F IOECARO
HAGOP IANL
HAGOP I 4lll2
HAGOP IAN2
JACOBS
JACOBS
MEST
SANNER
BATON
CLEAR
C I SNCR
HILLER
HILLER
MILLE l{
BATON
PISUT
PISUT

SYSTEMATIC

62 HBC
63 HSG
65 MMSP
66 SPRK
66 HSC
66 HBC
bb HSC
64 HSC
66 HBC
66 HSC
67 HHS
67 HBC
67 HBC
67 HSC
67 HSG
67 HBC
67 HBC
68 HBC
eB RVUE
68 RYUE
UNCFRTAI

I ~ 2 PI P
3 ~ 3PI P
3-5 Pt- P
2 ~ 5 Pl-»T CUTL8
3 ' 0 Pt P
F 14 PI P
2 14 P I- ~ TCUT 12
2-3P I
2-3P I-e T GUT 20
2%1 PI P
)%8 Pl Pe P+PH
2 ~ 8 PI- P
3 PI-P
4%2 Pl P
2e7 Pl- AT CUT 5
2e7 Pl- ~ T CUTIO
2 7 Pl-»T CUTZQ
2%8 Pl- ~ T CUT13
I 7-3~ 2PI-»CTLO
1~ 7-3~ 2P I- ~ CT 10

IES FROM THEORYNT

AVERiGE (ERROR INCLUDES SCALE FACTOR GF 1~ 8)

bleb
11/66
6/66
9/67
9/67
6/681
6/681
0/66
9l67
0/67
7/6 7
9/67
9/66
9/66
9/66
4/6St
blb81
6/681

HO 1 190 (750 0) (20 ' 0)
HO R 300 l760%0) ( 10%0)
Ho 1 160 (775'0)'
MQ R 500 I770%0) ( 10 0)
Mo 1 (735~ 0) l 10~ 0)
Mo 750 ' 0
Ho N (736' 0)
HO N AT Pl PI SCATT ANGLE
MO H {753' 0)
Ho k iT PI Pt SCATTeANCLE
HO 763%0 .
MO 5 (750~ 0) I 15~ 0)
HO 768 ~ 0 14%0
HO R I 750%0) ( 5 ~ ol
Mo 5 (751~ )

tee�)

HO P I 728 ~ 0) I 8 ~ 0)
HQ 5 l773 0) t 12~ 0)
Ho R {775%0) (5' 0)
HO R t770 ~ 0) I'D)
Mo R (770 ) (5 )
HO R 7760 I763 3) (6 0)
HQ R 4207 (758%0) {7%5)
HO R (765 ~ 0) (8~ 0)
HO R (760 0) l3 ~ 0)
HQ 765 ~ 5%
HQ 8 {764 ~ 0) I 11~ 0)
HQ 8 AUSLENDER 68 IS U

6/66

0/66
12/61
0/66

12/61
6/66
6/66
6/66
4/66
e/eb
0/66
9/66
4/66
9/67
2/&7
6/681
6/681
6/66
0/64
8/67
0/67

SANIOS 62 HBC 0 4%7 Pl-P'
ABOLINS 63 HBC 0 3a5 Pt+P
GUIRAGGSS 63 HSC 0 3 3 Pl P
GGLOHABER 64 HSC 0 F 7 Pl+P
ALYEI 65 DSC 0 2 2 K- P
CLARK 65 SPRK 0 1.5 Pl-P
CLARK 65 SPRK 0 1~ 5 PI- P

OF 90 DEG%MITHOUT INTERFERENCE NITH NGNRESe SACK
. CLARK 65 SPRK 0 I ~ 5 Pl- P

OF 90 DEG. ALLOWING FGR tNTERF. WITH NGNRES. BACK
DERADG 65 DSC 0 4%0 Pl- P
GUTAY 65 HBG 0 2 ~ 0 Pl- P
ACCENSI 66 HSG 0 5 ' 7 PBARP
ALFF-STCI 66 HSC 0 2-3 Pl+ I
BiLTAY eb HBC 0 Oeo PRIRP
CAHSRIDGE 66 HBC 0 1 ~ 0-6 ~ 0 GAHMI P
CASON 66 HSC 0 7%0 PI- P
HAGGPIANL 66 HBC 0 3%0 Pl- P
HAGOPIAN2 66 HSC 0 2e)4 Pl-P
HIGOPIAN2 66 HSC 0 2 1 Pt- TCUT 12
JACOBS 4lb HBC 0 2-3PI-
JACOBS 66 HSC 0 2-3PI- AT CUT 20
JAMES 66 HSC 0 2a) Pl+ P
NEST db HBC 0 2 1 Pl P
ASSURY 2 67 CMTR 0 GiHHA + PS
AUSLINOER 67 SPRK 0 E+E- COLL ~ Bfi)»5

PDATING OF AUSLANDER 67

W+

N+
N+
Wt
Mt
N+
N+

N

M

N-

N-
N-
N

M-
N-
N-
N-
N-
N

N-
N-
M-
N-
N-
N-

NO

NQ

NO
NO
No
MO

MQ

MO

NO
~NO
No
NO

Wo
NO
NO

WO

MO

MO

'MO

'MO

WO

NO
MO

NO

NO
MO

WO

No
NO
Wo
No

5
5

AVG

( 150~ 0)
(150~ 0)
14e.
130%
145~

~ ~ ~ ~ ~

143' 1837

(30%0)
(30eo)
31~

25
)0%

~ ~ ~ ~
Sa8944

SALTAY 66 HSC
BALTAY 66 HBC e-
ALLES-BGR 67 HSG
SARLOM 67 HBC +-
FOSTER 68 HSC

0 ~ 0 PBARP
0%0 PBARP
5 ' 7 PSAR P
I F 2 PBAR P
PSAR P IT REST

IVLRAGE IERRDR INCLUDES SCALE FACTOR OF I 0)

6/66
6lbd

12/66
11/66
6/681

130 tl25 ~ 0)
98 180ao

R {127~ 0)
R (150~ 0)
R (130~ 0)
R (135~ 0)
R 6014 t 139%5)
R 2775 I 137~ I )
R l 149~ 0)

100~ 0
C l110~ 0)

133
R (137~ 0)
R I 145~ 0 I
R I 153~ 0)
R I)32 ' 0)

12773 147~ 3
~ ~ ~ ~ ~

AVG 144 ' 9760

(5%0)
{20%0)
{20%0)
(20 0)
(15%0)
{2000)
(13' Ol
30%0
t 9e0)
11~

{17.O)
{12%0)
{13%0)
(3 0)
4%0

~ e ~ e
4%5657

3%9

Cu I RACOSS
BGNDAR
SL I EDEN
HAGGPLANL
HAGDPIAN2
HAGGP I AN 2
JACDBS
JACOBS
WEST
BANNER
BATON
EISNER
NILLER
HILLER
HILLER
84TGN
PISUT

63 HSC
64 HSC
66 HMSP
66 HBC
66 HSC
66 HSC
66 HSC
66 HSC
66 HBC
67 l»HS

67 HSC
67 HSC
67 HBC
67 HSC
67 HBC
68 HBC
68 RVUE

3 ~ 3 Pl-P
4el Pl-P
3-5 PI- P
3 ~ 0 PI- P
2 ~ 14 Pl-P
2 ~ 14 Pl- ~ TCUT12
2-3PI-
2-3PI-»T CUT ZQ
F 1 PI- P
1%8 Pl-PE P+PH
2%8 PI- P
4a2 PI-P
2 ~ 7 Pl-e T CUT 5
2.7 pt-, T curio
2a7 PI-»T CUT20
2 ' 8 Pt- P
1 ~ 7-3 ~ 2P I- ~ CT 10

bled
6/66
9/67
9/67
6/681
6/681
0/66
9/67
0/67
9/67
9/66
9/66
9/bd
4/681
6/681

190 ( I'Soe 0)
R 300 {90' 0)

160 (175aM
R 96 I 210~ 0)
R 508 {130' 0)

110%0 20%0
130ao
150' 0

5 (80%0) {1' 0)
72 ' 0 30%0

R ( 100~ 0)
5 I 174 ~ ) (31% )
P t 175%0)
5 . {57 Ql {25%0)
R {120~ 0) ( 10%0)
R I 130~ 0) {20%0)
R {135 0) (Zoeo)
R 77eo (136%4) {12.0)
R 4207 {122~ 2) {15%0)
R {103,0) (13 0)
R {173 0) {13eo)

130' '

5~
8 (93%0) (15%0)
8 IUSLENGER 68 IS UPDATING
8 I 148~ 0) (8%0)

92 42%
3Z7 135% 25e

N 184 (28a ) (15a)
N WIDTH UNUSUALLY SHALL
0 240 (8' ) I30a)
G SELECTION ON OMEGA%

(20 0)
II 10%0)

(15 0

0 4 ~ 7 PI-P
0 3 5 PI»P
0 3 ' 3 Pt-P
04 1 PI-P
0 3 ~ 7- PI+P
02 ~ 2 K- P
0 I ~ 5 PI-P
0 4%0 Pt- P
O 2.0 Pr- P
0 5 ' 7 PBARP
0 2-3 Pte P
0 0 ~ 0 PBARP
O 5-6 GAH
0 7 ' 0 Pt- P
0 3 ' 0 Pt- P
0 F 14 Pt-P
0 2 14 PI-P ~ LOM T

.0 2-3PI-
0 2-3PI- ~ 7 CUT 20
0 2 1 Pl+ P021PI-P
0 GAMMA + PB
0 E+ E- CCLLIDaB)'

SAMIOS 62 HBC
ABOL INS 63 HBC
GUIRAGGSS 63 HSC
BGNDAR 64 HBC
COLDHABER 64 HBC
iLYEA 65 DBC
CLARK 65 SPRK
DERADO 65 HSC
GUTAY 65 HBC
ACCENSI 66 HBC
ALFF-STEI 66 HBC
84LTAY bb HBC
CAMBRIDGE 66 llBC

) CASDN 66 HBC
HAGOP IANL 66 HBG
HAGOPIAN2 66 HBC
HAGop I AN2 ee HBG
JACOBS 66 HSC
JACOBS 66 HBC
JAHES 4I6 HSC
NEST 66 HBC
ASBURY 2 47 CNTR
AUSLANDER 67 SPRK

OF AUSLANDER 67
SACGN 67 HSC
BARL'ON 67 HSC
DANYSZ 67 HSC
DIMYSZ 67 HSC

6/66

bleb
6/66
6/66
6/66
6/66
9/66
9/66
6/66
9/e7
9/67
6/681
6/68 II

6/66
0/66
8/4 7
0/6 7

9/67
11/66

7/67
7/67

0 Le/ Pl-P
0 1 ~ 2 P BAR P
0 3 0 PB PE 6 Pt
0 3' 0 PS P»7 Pl

6/681DANYSZ 67 HSC 0 3eQ PB PE 7 Pl

AVERAGE IERRGR INCLUDES SCALE FACTOR OF 1%2)
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MESON RESONANCES

Data in parentheses hase not been included in our aYjerages.

REFERENCES fOR RHO

WO

WO

MO

MO

WO

WO

WO

WO

WO

WO

MO

WO

, WO

. MO

WO

MO

WO

WO

WO

WO

MO

WO

WO

WO

WO

WO

WO
'WO

WO

WO

WO

WO

WO

M

W

W

W

W

Pl
P2
P3
P4
P5
Pb

Rl

Rl
Rl
Rl
Rl
Rl

R

H

H

R

R

5
5

5
5
5
5
5
5
5
5

5
C14 890

Q

AVG

E I SNER
HUWE
HAL4HUO
HALAMUD

OF VALAMUO 67
HILLER
PGIRIER
ABG

COLLIE

ARMENISE
ARMENI SE2
AUGUSTIN
AUSLENDE R
BLECHSCHH
DONALD
FOSTER
HYAHS
JONES
JONES
JONES
JONES
JONES
JONES
JONES
KEY
LAMSA
LANZEROTT
MARATECK
MASON
HCCLELLAN
MOTT
SGHLE IN

11
(15~ l
(5~ 0}
(8 ~ 0)

68 IS UPDA
I 15~ 0)
t 10.0)

10~ 0
(6 ~ 0)

(10.0)
{12.0)
{20.0)
20 ~

13 0
10'

0
( 19» 0)
(41' 0)
(30»0}
{16' 0)

0}
(25 ' 0)
(31 0)
tl6 ~ 0)

8%
(10%0)
{15~ 0)
t 12 ~ 0}
(10 0)
(40 ' 0)
t 10~ 0)
~ ~ ~

54 5 ' 6920

16&%
( 152% )
(149' 0}
(154%0)
SCHLE IN
I 160%0)
{135 0)

165~ 0
( 167»0)
(110~ 0)
(112~ 0)
(105~ 0)

126~

150~ 0
132'
145' 0

(129%0)
(1&9»0}
{175' 0)
(15' 0)
(157»0)
(102~ 0)
(157%0)
(113~ 0)
111»

It 160~ 0)
(105~ 0)
(67~ 0)

(120 0)
(130%0)
(135%0)

~ % ~

134~ 85

61 HBC
67 HBG
67 RVUE
67 RVUE

042 PI-P
02 ~4PI-P
0 Pt-P
0 Pl+P

1 IMG
0 2 ' 7 Pj-yl' CUT20
0 8 0 PI- P
0 8 Pl+P TO P+3P 105 I PI+0
0 9 0 Pl+ 0
0 E+E- COLL ~ BkAVS
0 E+E- COLL ~ BEAVS
0 GAHHA P (BREHS)
0 1 ' 2 PB PE 4 PR»
0 PBAR P AT RFST
011~ 2 PI- P
0 12PI- ~ T LT 2 ~ 5
0 18PI- ~ T LT 2 ~ 5
0 18PI-eT2 ~ 5 TO 5
0 12PI- ~ T 5 TO 10
0 1BPI-~ T 5 TO 10
0 12PI e T10 TO 15
0 18P)- ~ 110 YO 15
0 3 ' 0 PI- P
0 8 ~ 0 Pf-P
0 GAMMA P
0 1 9-3 ' 0 Pl- P
0 2 ' 5 PBAR P
010»GAH ~ C {BREHS)
04 ~ 1-5~ 5K- P
01~ 6 ~ 4 ~ ~ 8 ~ Pl P

67 HBC
67 HBC
68 HSC
68 nSC
68 DBC
68 SPRK
&S SPRK
68 HSC
68 HSC
68 HSC
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 SPRK
68 HBC
68 HSC
68 CMTR
68 HSC
68 HBC
68 SPRK
68 HBC
68 RVUE

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 9)

9/67
7/67
1/61
7/61

9/bb
11/67
5/680
6/68+
9/68et

6/&BIi
6/680
9/6 8e'
6/68+
9/6 8e'
5/68y
5/&BI'
5/68 I'
5/68y'
5/680
5/68~
5 /68 4'

5/68 I'
11/61
5/68 4'

9/68+
9/&8+
9/68 I'
9/&BI'
9/68'i

9 RHO PARTIAL DECAY MODES

RHG INTO ZP I
RHO INTO 4PI
RHO INTO Pl GAMMA

RHG INTO E+ E-
RHO INTO Pl ETA (VIOLATES G)
RhO INTO HU+ HU-

DECAY PASSES
139+ t39
139+ 139+ 139+ 139
139+ 0

5+ 5
139+ 548
105+ 105

9 RHD BRANCHING RATIOS

RHU INTO 4PI/2PI

RHG+- INTO (PI+- Pl+ Pl- PI0)
0 ' 026 OR LESS
0F 01 OR LESS
0»002 OR LESS
0 ' 0035 0%004

/ (Pl+- Pto)
BLIEOEN 66 HHSP - 3-5 P I- P
DEUT'SCHHA 66 HBC + 8 ~ 0 PI+ P
FERBEL 66 HSC +- Pt+- P ABOVE 2 ' 5
J4HES 66 HSC + F 1 PlyP

bleb
bleb
Ol&6

11/ee

290 110%0 CHADWICK 63 HBC +-0 0%0 PBAR P
98 ' 30 ' FRENCH 67 HSG +-0 3-4 PBAR P 6/67

--————NOTES —-—--—-
FROM CHEM-LGW EXTRAPOLATION
PHOTOPRODUCTIONe UNCORRECTED (SEE NOTE P UNDER RHO HASS)
FRCH PHASE SHIFT ANALYSIS
INCLUDED IM PISUT 68 RVUE
5-WAVE BRE IY-WIGNER F ITy C4NNOT SE COVBIMED WITH CTHER VALUES

ALYEA
ARIII E N I 5 E
Bt.I EDEN
CLARK
DER 400
GUTAY
LANZ ERG T
WOLF
ZDAN I 5

65 Pl 15 82
65 NC 37 361
65 Pl 19 444
65 PR 139 8 1556
65 PRL 14 872
65 NC 39 381
65 PRL 15 210
65 PL 19 328
e5 pRL 14 121

ACCENSI 6&
ALFF-STE 66
BALTAY 66
BLI EDEN 66
C4HBRIOG 66
CASON 66
Df PAGT E 66
DEUTSCHH 66
FERSEL 66
FIDEGARO 66
HAGOP)AI 66
HAGGPIA2 66
HUSON 66
JACOBS 66
JAMES 66
WEST 66

(IL 20 557
PR 145 1072
PR 145 1103
NC 43 71
PR 14(i 994
PR 148 1282
PRL 16 35
PL 20 82
PL 21 111
PL 23 163
PR 145 112S
PI( 152 1183
PL 20 91
uc Rl-le811
PR 142 896
PR 149 1089

ALLES-80 &1 NC 50 4 716
ASBURY 1 67 PRL 19 869
ASBURY 2 67 PRl 19 865
AUSLANDE 67 PL 25. 8 433
BAcoN 67 PR 157 12&3
BANNER &7 PL 25 8 300
BARLOW 67 Nc 50A 701
BATON 67 Pl 25 S 419

ALSO 67 NP 8 3 349
CLEAR 61 Nc 49A 399
DANYSZ 67 NC 51 4 801
EISNER 67 PR 164 1699
ERBE 67 Mc 48A 262
FRENCH 67 NC 524 442
HERTZBAC 67 (IR 155 1461

(SEE ALSO ZDANIS 65)
HUME 67 pL 248 252
HYAHS 67 PL 248 634
KH4CHATU 67 Pl 248 349
LOHRHANN 61 SLAG SYHP ~ P 199
MALAHUD 67 PRL 19 1056
HILLER 61 PR 153 1423
POI R I ER 67 PR 163 1462
WEHHANN 67 PRL 18 929
WEINSTE I. 61 SLAG. SYMPOS»P ~ 424

ANDERSON 61 PRL 6 365
KENNEY 62 PR 126 736
SAHIOS 62 PRL 9 139
XUONG 62 PR 128 1849

ASOLIMS 63 PRL 11 381
ALITTI 63 NC 29 515
CHADWICK 63 PRL 10 62
GUIRAGOS 63 PRL 11. 85
SACLAY 63 SIENA CONF I 239

BATON 64 NC 35 713
BONDAR 64 Nc 31 729
GARVGNY e4 DUSN4 CONF 1 486
GDLDHABE 64 PRL 12 336

ANDERSON ~ SANGeBURKEeCARMONY ~ SCHHITZ (LRL}
V P KENNEY ~ W D SHEPHAROyc D GALL (KENTUCKY)
SAHIOS ~ BACHHAN ~ LEA+ (SNL+CCNY+COLUM+KENT)
NGUYEN HUU XUONG GERALD R LYNCH (LRL)

ABOLINSelANDER ~ HEHLHGP»NGUYEN ~ YAGER (UCSO)
ALITTf BATON ARHENISE+I SAC+ORSAY+BARI+SOLO)
CHAD'WICK ~ OAVIE 5 ~ DERRICKyCRESTI + lGXF+PAD)
ZAVEN GUIRAGOSSIAN {LRL)
SACLAY+ORSAY+BAR( + BOLOGNA(COLLASORAt IGN))

BATON ~ BERYHELOT ~ ALlf SeSORELLI + (CEN+BOLOG)
BONDAR+ {AACHEN+Bl RH+BONM+OESY+ IMP-CGL+HP I )
GARHGNYyHGA ~ LANDERyNG»HeXUGhlG ~ YAGER (UCSD)
GGlOHASEReBROWN ~ KADYK ~ SHEN ~ TRILLING(LRL+UC}

ALYEAyGRITTENDEN ~ HART INeRHGOE + {INDIANA)
SACt. AY+ORSAY+BAR I+BOLOGNA (COLL AS I RAT IDN ) )
CERN MISS(NG MASS SPECTROMETER GROUP (CERN)
4 CLARK ~ CHRISTENSONe CRONIN ~ TURLAY{PR lhCETG)
DERADG ~ KENNEY ~ POIRIER ~ SHEPHARD (NOTRE DAME}
GUTAYy LANNUTT I y TUL I (FLCRIOA)
LANZEROTTI ~ BLUMENTHAL y EHN ~ F A ISSLER + {HARVD)
G WOLF ( DESY)
ZDANIS ~ HADANSKY ~ KRAEMER + IJHU+SNL)

ACCENSI ~ ALLES SGRELL I ~ FRENCH ~ FRISK+ {CERN)
ALFF-STEINBERGERySERLEY ~ BRUGGER+ {COLeRUTG)
+FR4NZ INI ~ LUT JEWS ~ SEVER IN 5 y TYCK0+(CGLUNB I A )
CERN MISSING MASS SPECTRGVETER GROUP {CERN)
CAMBRIDGE BUBBLE CHAMBER GRGUP t

HIT+HARV+�)

N M CASON t WISCONSIN)
DE PAGTER+ (CAM El AccyHIT+NGRTHEAST+ SLAG)
DEUTSCHH4NNe STEINBERG + {AACH+BERLIN& CERN)
FERSEL (ROCHESTE R)
G&M FIDECAROe J PGIRIER ~ P SCHIAVON (CERN)
HAGOP I AN e SELOVE ~ AL I T T I eBATCN+ {PENN+SACLAY )
HAGOPIAN PAN {PENNSYLVANIA LRL-SERKE(.EY)
HUSONe ALLARDeDR I JARD ~ HENNESSY + (GRSAY+EP )
AD»JACOBS (LRL)
F E JAMES' KRAYB(ll {YALE+BROGKHAVEN}
WEST ~ SOYD ~ ERMIN ~ WALKER (WISCCNS IN)

AL( FS SOREL'L I ~ FRENCH ~ FR I SK e+ {CERN+ BONN )
+BECKER+SERYRAH+JOOS+ JORDAN+TING+(DES i+COL)
+BECKER+BERTRAH+JOOSyJOROAN+TING+(DESY+GDL)
AUSLANDERyBUOKFRePESTOV ~ SIDOROV+(NGVGSISIR)
+F(CKINGEReHIll ~ HOPKINSyRGBINSON+ {BNL)
+FA YOU X ~ HAMEL ~ Z SEMBE R Y ~ CHE ZE+ ( SACLAY+CAEN )
+LILLESTOL+MONT4hET+ {CERN+CCF+IR+LIVERPOOL)
J ~ SAYONyGe LAUREN 5 ~ J ~ RE IGNI ER (SACLAY)
Je84TGNeG» LAURENS ~ J» RE IGMIER (SACLAY)
+JOHNSTON+COOPER+MANNER+WALKER+(TG+ANL+WIS)
DANYSZ+FRENCH+S(VAK ( CERN)
yJOHMSON+KLEINyPETERS+SAHNIyYEN+ (PURDUE)
+BDTTCHER+MOEBES+HAR IGEL+lUKE+ IABBOHHM)
+KINSON+MCDDNALDyRIDDIFORDy (CERNySIRH)
HERTZSACHyKRAEHERyHADANSKI ~ ZDANf5+{JI'U+SNL)

+HARQUIT+OPPENHEIMEA+SCHULTZ+WILSGN {COL)
+KOCH+PELLETT+PGTTER+VGNllhCERN+ (CERI(+MUM)
KHACHATURYAN+AZ t MOV+BALOIN+BELOUSGV+ (OUBNA)
+HILPE RY+ {AACH+Bf RL+BGNN+HAHB+HEID+MUNICH)
E»HALAMUOyP ~ E ~ SCHI. E IN {UCLA)
HILLERyGUTAYeJOHNSON ~ LOEFFLER + {PURDUE)
+BISMASyCASGN ~ DERADOyKENNEV+ (NOTRDAH+PENN)
+ENGELS+ {HARVARO+CWRU+SLAC+CORN+VCGILL)
RE MEINSTEINyRAP ~ TAlK {CEA+NORTHEASTERN)

Rl
R1
Rt
Rj

R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
iR3
I!3
R3

RHG 0 INTO {PI+ Pl- Pl+ Pj-) l tPI+ PI-}
0 F 008 OR LESS JAHES 66 HBC 0 2 1 Pl+P
Oe0015 DR LESSyCL~O ~ 90 LOHRHANN 67 HSC 0 2 5-5 ' 8 GAHHA P
0 ' 002 OR LESS CHUNG 68 HBC 0 3 2 ' 4 ' 2 Pi-P

RHG INTO Pl GAIIIHA/2PI
H 0 ' 02 OR LESS LANZEROTT

0 ' 005 OR LESS FIDECARC
0 007 OR LESS HUSON
Oe004 OR LESS ERBE

H ONE PION EXCHANGE MOOEl USED IN THIS

65 CNTR GAMMA P(SREHS)
bd SPRK . - 0 ' 97 CCNF LEV
66 HlBC 15 Pt-PS
67 HBC - 3 5-5 5 GAMMA P
ESTIHAT ION

RHO INTO{ E+ E-)/(Pl+Pl-) (UNITS IOI'y-4)
P SEE NOTE P ON LEPTONIC DECAY MODES BFlO'W

94 0»65 0 ~ 14 ASBURY I 67 CNTR PHOTUPRCDUCYIGN
T . ASBURY 1 HAS MASS RESOLUT(ON OF +-15 MEV»
8 {0'49) (0F 08) AUSLANDER 67 SPRK E+E- CGLLID ~ SEAM
8 FROM SIGMA(RHO) ~1 ~ 2+-0 ~ 2 HIGRGBARNS ~ SEE HE tOELB»CONF ~ P ~ 353
8 AUsLENDER 68 ts UpDATING 0F AUsLANDER 67

0%50 . 0%10 AUSLENDER 68 SPRK E+E- CGLlfD ~ BEAM
H (De&5) I l»1) {0~ 5) HERTZBACH 67 SPRK ASSUHE SU(3)+MIXING
H NOT SEPARATED FROV OMEGA DECAY ~

K 13 (0»39) (0»12) {0»39) KHACHAYUR 67 SPRK ASSUME SU(3)+MIXIMG
K SUPERSEDED BY ASTVACATURGV 68 BELOW

0 ' 65 0%07 AUGUSTIN 68 SPRK Eef- CGLLID BEAM
A 33 (0 53) {0~ Il) ASTVACAYU 68 SPRK ASSUME SU(3)+VIXING
A MOT SEPARATED FROH OHEGA DECAY ~ ERROR STATISTlCAL ONLY ~

~ % ~

AVG ~ 6078»0531 AVERAGk {ERROR INCLUDES SCALE FACTOR OI. I 0}

e/66
0/67
7/e1

11/66
Olde
6/66
0/6&

9/61

0/67

9/68e'
0/be

5/67

9/&8+
6/68+

ABC COLL 68 NP 84 501
ARIIIENISE 68 NC 54A 999
ARMENI52 68 VIENNA ABS ~ 412
ASTVACAT 68 PL 27 8 45
AUGUSTIN 68 PRL 20 126

ALSO 68 VIENNA CONF ~

AUSLEyIOE 68 NOVOS IB~ PRC ~ 243
(SEE ALSO AUSLANDER 67)

BATON 68 pL 268 471
BLECHSCH 68 NC 53 4 1045

(SEE'ALSO NC 52 A 1348 )
CHUNG 68 PR 165 1491
DAY IER 68 PL 27 8 27
DONALD 68 NP 8 6 174
FOSTER 68 NP 8 6 107
HYAHS 68 N( 8 1 1
JONES 68 PR 166 1405
KEY 68 PR 166 1430
LAMSA 68 PR 166 1395
LANZEROT 68 PR 166 1365
MARATECK 68 VIENNA ABS ~ 803
MASON 68 VIENNA ABS» 215
HCCLELLA 68 VIENNA ABS»
MOTT 68 VIENNA ASS» 351
PARSONS 68 PRL 20 1314
PISUT 68 NP 8 6 325
SCHLEIN 68 ' UCLA-1029

ISEE ALSO HALAMUD 61)

(AACHEN+BERL(hi+CERN COLLABORATION)
yGHIDINIeFORINGy (BARI+SGLGGN+FIRENZ+CRSAY}
ARMENISE ~ FORINDeCARTACCI+ {BARI+BGNA+FIRZ)
ASTVACATUROVeAZ(HOVyBALOINy (JINR+VCSCG'W)
+BIZOT+BUON+HAISSfNSKI+LALANNE+ (ORSAY)
5 ~ TINGE RAPPORTEURy5 TALK {CRSAY}
AUSLENDEReBUDKERePAHTUSOVAePESYGV+ {NOVO)

JAP» BATONS G» LAURENS {SACLAY)
BLECHSCHMIDT ~ DGWD ELSNER ~ + (OESY+VANCH)

5 ~ U CHUNGe 0 ~ I» OAHL ~ J ~ Kt RZ y De H» H I LLER ILRL )
M» DAVI ER {SLAG)
+EOMARDSeFRGOESEN ~ BETTINI+ {LIVP+OSLG+PADO}
&GAY ILL ET+ LABROS Sf+MONTANE 7+ ( CERN+ PAR I 5 }
+KOCH ~ POTTERy WI L SON ~ VON L lhDERN+ {CERM+MP I M)
+BLEULERyCALDWELL ~ ELSNERyHARTING+ tcFRN}
+PRENY ICE+COOPER+MAMMER+WALKER+ t TO+ANL+WI S)
+CASON+BISWAS+DERADO+GROVES+ (NOTREOAME)
LANZEROTTIyBLUHENYHAL ~ EHN ~ FAISSLER +(HARVD)
+HAGOPIANeSELDVE PENN}
+VUIRHEAOePGPPLETONyR(GDPGULOS+ (LIVP+ATEN)
HCCLELLAN ~ MISTRYyHOSTEK+ {CORNELL+LEBEDEV)
+AMHAR ~ DAY 1 Sy KRGPAC y SLATE ~ DAGAN+ (NWE 5+ANL )
RONALD E ~ PARSONS ~ RDY 'WEINSTEIN(NORTHEAST)
J ~ P I SUT e He RGOS {CERN)
PETER E ~ SCHLEIN ( UCLA)

RHD INTO {PI ETA) l(2P I l
0 ~ 03 OR LESS DEUTSCHHA 66 HBC + 8 ~ 0 P I+ P
0~ 008 OR LESS FERBEL 6& HBC +- Pt+- P 480VE 2 ' 5

6/db
11/bb

I(5
'R5
R5
R5
45
R5
R5
R5
R5
R5
R5
R5
R5

P
0
0

W

c

AVG

RHD INTO (MU+ MU-)/(P(+ Pl-) (UN 10+e-4)
SEE NOTE P ON LEPTON jc DECAY MODES BE(.OW

(0 33) (0 Ib) (0 07) DE PAGTER 66 CNTR 0 5 2 GAV P
DE PAGTER 66 SUPERSkDED BY WEINSTEIN 67 BELCW

14~ 0 OR LESS HERTZBACH 67 SPRK 3 ~ 0 PI P
0 91' 0 ~ 31 0 33 HYAHS 67 SPRK 11 Pl- LI H

HYAHS HASS RESOL ~ 15 20 HEV» THE OMEGA REGION WAS EXCLUDEDe
(0~ 51) (0~ 12) WEHMANN 67 SPRK 0 12 Pl- CN CyFE

NOT SEPARATED FROM OMEGA DECAY ~ CORRECTION ASSUMING SU(3}~

0%59 0 15 WEINSTEIN 67 CNTR PHOTOPROCUCTION
DE PAGTEH 66 GIVES MASS RESOL OF THIS EXPT ~ AS 35 MEV ~

~ ~ % ~ ~ ~ ~ ~
~ 6585 1460 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 1)

6/eb

10/6&
6/67

6/67

0/67

P

P
P
P

NOTE P ON LEPTONIC DECAY HOOKS
IM EXTRACTING THE BRANCHING RAT IOSy THE PDSSIS(t. t TY OF INTERFERENCE
hjTH LEPTONIC DECAYS OF 'YHE OMEGA HAS TC BE TAKEN INTO ACCOUNTS
SEfe IN PARTICULAR FOR DATA FROM PHOTOPRDOUCED RHCS ~ OAVIER 68 ANO
I'ARSONS 68 WHERE CORRECTIONS PQSS(BLY AS HIGH AS &0 PERCENT ARE
SUGGESTEO ~

~ 0041' Ot4ttOyy ~ 4ttf+&OItg gg&Ii+gggP ggiytfbty ~ Oi ~ 000tff OftOOi000 1liyyOyt

(4} (78$} I GHEGA (783eJPG~I--) I%0

OHEGA MASS {HEV)

400
64

650

220

H

M

M

H

M

H

H
M

H

H

M

M

H

H

H

H. AVG

666
2 198

155

182»0 1%0
779 4 I
782 ~ 0
784 ' 0 1~ 0
781» 0 2 ~ 0
785% ti I ~ 2

t780 ~ 8) . (2%9)

ALFF 62
ARMENTERG 62
HURRAY 63
ARMENTERG 63
KRAEVER 64
MILLFR D 65
HILLER 0 65

HSC 2 ' 3 2 ' 9 Pt+P
HSC 0 ' 0 PBAR P
HBC 1 ' 5 K-P
HBC 0 ' 0 PBAR P
DBC I 2 PI+C
HSG . SEEN WITH K+K
HBC Sf fy{ WITH Kl Kl 8/66

DATA INCLUDED IN BARASH 61 BELOW
2 1 Pj+P

0 ~ 0 PSAR P
0 PBAR Tc K1K10}e

3 ' 9 Pl- P
0 ' 0 PB P
1 ~ 2 PB P
3 P I-P

HBC
HBC
HBC
HSC
HBC
HBC
HBC

786 ~ 0 1 0
783%4 0 1
779» 5 1% 5

(784 ~ 0) t I 0)
{782~ 3) (0%5)
(183~ 7) (I ~ 0)
184 ~ 8 1 1

~ % ~ ~ ~ ~ ~ »
183%4142 6998

JAMES 66
SALTAY 67
SARASH 67
BLUMENFEL 68
DIAZ 68
DONALD 68
KEY 68

AVkRAGE (ERROR (NCL UDES SC4lE FAC'YOR OF 2 0)
(SEE IOEOGRAV BELOW )

6/(e
9/66

11/66
9/684
9/68i
9/68+

I I/&7

Oet00eei 1000toy to 4+444Pfe 0 40t104400 0004yt0144 ~I Oy4404t 444444041 yliy4ty40
44440044 j 0440444to oty40f 444 iyf440t44yt 44yyf f044 t44ytt4ty y040yy40



PARTIGLE DATA GRoUP ReyieIos of Particle Properties 145

MESON RESONANCES
Data in parentheses have not been inclN led ift our averages.

KEY
BARASH

BALTAY
JAMES
MILLER D

KRAEMER
ARflEHTERO
ARflEHTERO
ALFF

6B HBC
67 HBC

67 HBC

66 HBC

6S HBC

64 DBC
63 HBC

62 HBC

62 HBC

NEIGHTEO AVERAGE = 7B3.414 t 0.70D
ERROR SCALED BY 1.95

C eISQ ~ 30.4 COHLEV -" 0.000
R 13 t OMEGA
R13
R13 8
R13 H

R13 H

R13 K 13
R13 K

R13 A 33
R13
R(3
RI3
R13 Z
R13 Z

R13 Z
R13
R13 AVG

INTO (E+ E-) /TOTAL (UNITS lot t-4)
2 ~ le2 BINNIE 65 SPRK Pf-P NEAR THLC ~

I{ASS RESOLUTION OF SINMIE 65 IS ABOUT 15 PEV ~

(1 0) (1 7) to 75) HERTLSAGH 67 SPRK ASSUME SU(3)+MIXlhG
NOT RESOLVED FROH RHO OECAYe

(oe48) toel5) (Oe4S) KHAGHATUR 67 SPRK ASSUME SU(3)+MIXING
SUPERSEDED BY ASTVACATUROV 6S SELOM

(0~ 65) {oe13) ASTVACATU 68 SPRK ASSUHE SUl3)+MIXIhG
NOT RESOLVED FROM RHO DECAY ~ ERROR STATISTICAL ONLY ~

0 ~ 85 Dele AUCUSTIN 68 SPRK Et E- COLL ~ BEAHS

oe40 oe15 BOLLINI 1 68 CNTR 1 7PI-PeNOTE Z

HASS RESOI.UT(OM OF BOLL INI 1 IS +-10 MEVe ABOVE NUMBER IS
WITHOUT RHO-OHEGA INTERFERENCE ~ COHPLETE INTERFERENCE MOULD

CHANGE IT BY +-35 PKR CENT ~

~ 6220 ~ 2239 AVERAGE (ERROR IMCLUDES SCALE FACTOR OF 2 ~ I)
(SKE IDEOGRAM BELOW )

6/66

0/66

5/67

6/6Bt

9/68t
9/68e

O o
O
Ig Ql

OMEGA MESON flASS (Mf V)

o
ey
ty

)IEIGHTED AVERAGE y: 0.622 t 0.224
ERROR SCALED BY 2.06

CHISQ ~ 4~y CONLEU 0.040

1 OHEGA FULL IIIIDTH (HEV)

W

W'

W

N

W

'W

N

M

M

666
155

AVG

9 ~ 0. 3 0
13~ 4 2eo

t1le6) (3~ 0)
DATA INC{.VDED IN
20 ~ 0 OR LESS
12 ~ 3 2 ~ 0
14 ' 0 2 ~ 4

e e e e e ~ ~ e e
12 ' 5593 I F 1289

ARHENTERC 63 HBC
MILLER 0 65 HBC
HILLER D 65 HBC

BARASH 67 8'ELOW
JAMES 66 HBC
BARASH 67 HBC
AUGUST(M 68 SPRK

Oeo PBAR P
SEEN WITH Mt K-

SEEN MITH Kl Kl .8/66

2.1 PltP 6/66
SEEN WI TH Kl Kl 6/66
E+ E CCLL ~ BEAHS 9/68t '

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0) . ~. . . ~ . . ~ BOLLINI 1 68 CNTR. ~ ~ ~ ~ ~ AUGUSTIN 68 SPRK
8IMNIE 66 6PRK

Pl
P2
P3
P4
P5
P6
P7
PS
P9
P 10
Pll

OHEGA
OHEGA
OMEGA
EHEGA
OHEGA
OHEGA
OMEGA
CHEGA
OHEGA
OMEGA
OHEGA

INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO

1 OMEGA PARTIAL DECAY MODES

P t t P'I- Plo
Ply P I- t VIOLATES GI
PI+ PI- GAMMA

P I 0 GAHMA

2P I 0 GAHHA
MU t HU-
E+ E-
ETA GAHMA

ETA PIO (VIOLATES C)
3 GAMMA

P 10 HUt HU

DECAY PASSES
139t 139+ 134
139t 139
139+ 139+ 0
134+ 0
134+ 134+ 0
105t 105

~ 5+ ~ 5
548+ 0
548+ 134

ot 0+ 0
134+ 105+ 105

I OMEGA BRANCHING RATIOS

R I 4 OMEGA
Rl
Rl 20
Rl 35
Rl
Rl 65
Rl 850
Rl 348
Rl
R I 19
Rl
R 1 AVG

INTO ME

0 17
0 ~ 11
oe 08

(oe 13)
oe 10
0~ 134
0 ~ 097
0 F 06
De 10

~ ~ ~ ~
F 1043

U TRAL/ t P I+
0 ~ 04
0 ~ 02
oe 03

(O.O35)
0 F 04
0 ' 026
Oe016
0 ' 05
Oe03

~ ~ ~ e
e0091

Pl- Plo)
ARHENTERC
BUSCHBECK
KRAEHER
MILLER 0
ALFF-STE I
DIG I VGNO

FLATTE
Oe02 JAMES

BARASH

63 HBC
63 HSG
64 DBC
65 HBC
66 HBC CCRkeBY SGHULTZ{COL)
66 CNTR le4 Pl P
66 HBC 1 8 K-P
66 HBC 2 1 Pl+P.
67 HSC 0 ~ 0 PBAR {y

AVERAGE (ERROR IMCLUDES SCALE FACTOR OF 1~ 0)

R3
R3
R3 N

R3 N

R3

OliIE GA

13

INTO (PIO GAMMA) / (PI+ Pf PIO)
0 125 0 ~ 025 OR GRTRe BARMIN 64 PXSG

{0 15) (oe06) BAGLIN 66 HLBG
BAGLIN 66 SUPERSEDED BY JACQUET 67 BELOW
0 13 oe04. JACQUET e7 HLBC

2 ~ 8 Pf-P
'2 1 PttP

OMEGA INTO {PI+ Pl- GAMMA)/(PI+ Pl- PIOI
0.0'5 OR LESS FLATTE 66 HBC 1es K-P

R2 t OMEGA INTO (PI+ PI-)/(PI+ PI- Plo)
R2 0 010 OR LESS BUTTON 62 HSC 1.6 PSAR P
R2 Oe07 ALITTI 63 HSC I ~ 6 Pl-P
82 0 ' 05 OR LESS ARHENTERO 63 HBC 0 0 PBAR P
R2 100 oe05 OR GREA)'ER FICKINGER 63 HBC 1 7. PI-P
R2 oe05 OR LESS KRAFMER ' 64 DSC le2 PltC
R2 ~ 0.005 OR I.ESS LUTJEMs e4 RYUE Mc INTERFERENcE
R2 Oe018 oe012 Oe006 'NAI. KER 64 RVUE 2 1 Pt-P
R2 oe04 OR GREATER BATON 65 HSC 2 ' 8 P(-P
R2 0 010 OR LESS CLARK 65 SPRK le5 PI-P
R2 0 035 OR LESS IIILLER 0 65 HBC
R2 0 02 OR LESS ALFF-STEI 66 HBC 2 ' 9 PltP
R2 {0 ~ 082l (0~ 020) FLATTE 66 HSC MO INTERFERENCE
R2 0 ~ 029 0 011 0 009 FLATTE 66 HBC INTERFERENCE
R2 t NOT ESTABLISHED WHETHER ANY PItP I-' SIGf(AL HAS I&oy SEE PISVT 68~

RZ ~ ~ e e ~ ~ ~ e e
R2 AVG e0229 ~ 0067 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0)

9/66
9/66
9lbb
6/66
7/67

6/66

11/66
9/66
9/66

9/66
0/67
0/67

9/66 '

ooo
I

Df)EGA

o
O
O
ey

o
O
O O

lty

INTO (E+ K-) iTDTAL (UNITS 1OEE-4)

HAGLIC 61 PRL 7 178
PEVSNER 61 PRL 7 421
XUONC 61 PRL 7 327

ALFF 62 PRL 9 325
ARHENTER 62 CERN CONF 90
BUTTON 62 PR 126 1858
STEVENSO 62 PR 125 687

ALITT( 63 NG 29 515
ARHENTER 63 SIENA CONF 1 296
SARHIN 63 SIENA CONF 1 207
BERTHELO 63 SIENA CONF 2 60
BUSGHBEG 63 SIENA CDNF 1 166
F ICKINGE 63 PRL 10 4I57
GELFAND 63 PRL 11 436
HURRAY 63 PL 7 358

BARMIN 64 JETP 18 1289
BEZAGUET 64 PL 12 70
KRAEMER 64 PR 136 8 496
LUTJENS 64 PRL 12 517
WALKER 64 PL 8 208

BATON 65 NC 35 713
SINMIE 65 PL 18 348
CLARK . 65 PR 139 8 1556
GALTIER I 65 Pl)L 14 279
HILLER 0 65 CU-237(NEVIS 131)

MILLER 65 INCLUDES DATA OF
ZDANIS 65 PRL 14 721

ALFF-STE .66 PR 145 1072
BACLIN ee PL 23 286
DIG IUGNO 66 NG 44A 1272
FLATTE 66 PR 145 1050
JAMES 66 PR 142 896

8 MAGLIC ~ ALVAREZyROSENF'ELDySTEVENSON tLRLI
PEVSNERyKRAEMERyNUSSSAUMyRICHARD+ (JHU+NNI
NGUYEN HUU XUONG ~ GERALD R LYNCH {LRL)

ALFF ~ SERLEY COLLEYyGELFAND + (COLUtRUTGERS)
R ARMCNTEROSeR BUOOE t (CKRNtCOLL+FRANGE)
BUTTONyKALBFLEISCHyLYNCHyHAGLIC + (LRL)
STEVEMSONyALVAREZyMAGLICyRCSENFELO (LRL)

ALITTI ~ BATON BERTHELOT+ (LPCHEtPARtSAttlt80)
ARHKNTEROS ~ EO'NAROSy JACOSSEN+ (GERM+PARIS)
SARHIN y OOLGO(. ENKOy KRESTNIKCV+ (ITEP)
A SERTHELOT (CEN-SACLAY)
BUSCHSECKeCZAPP+ (VIENNA+CERN+AMSTERDAM)
M J FICKINGERyO K ROBINSDNeE SALANT tBNLI
GELFAND ~ MILLER ~ NUSSBAUMyRATAU+ (CDLUHtRUTG)
HURRAY FERROLULZI ~ HUWE ~ SHAFER SOLHITLt(LRL)

BARMIN ~ OOLGOLENKOyKRESTNIKOV + (ITEP)
BEZACUETyNGUYEN KHAC ~ ROUSSFT+ ( PAR+8ERG+LO)
KRAEMERyMADAMSKY ~ NEER ~ F IELDS+ t JHUtNkt MOOD)
G LUTJENSyJ STEINBERGER (COLUHBIA)
WALKKR ~ SOYDyERN(NySATTERBLO)r + (NISCONSIN)

BATON ~ BERTHELOT DELER ~ BENEDETTI+ t SAC+ BOLOG )
BINNIE DUANEy JANE ~ M JAMES+ (IC-LOND+MANGHS)
CLARK ~ CHRI S TENSON ~ Cl(CNINe TURI. AY t PRI NCETON )
A BARSARO CALTIERI ~ R D TRIPP tLRLI
DAVID G HILLER (THESIS) (COLUMSIAI
GELFAND 63 ABOVE
LDANIS HAOANSKY ~ KRAEMER HFRTZSACH+(JHV+BML)

ALFF-STEINSERGERySERLEYyBRUGGER+ (GOL+RUTGI
+BEZAGUFTyOEGRANGKyHAATUFT + (EP+BERGENI
DI GIUGNOyPERUZLf ~ TROISE+ (NAPLtFRAS+TRSTI
+HUMEyHURRAYySUTTON-SHAFEReSOLHITZ+ {LRL)
F E JAMESyKRAYBILL (YALEtSROOKHAVEN)

R14 t CMEGA INTO NEUTRALS I TOTAL
R14 Oe084 oe015 BOLL INI 68 CNTR' 2e 1 PI P

ttyttt ttitttitt ttttttttt ttt ~ tettt tittttttt ttttttttt ttttttttt tttttttt
REFERENCES FOR OMEGA

6/68 y

R6
Re
R6

R7
R7

RS t
R8
RS

R9
R9

R 10
R 10

Rll
Rll

R12
R IZ

OMEGA INTO (MU+ MU-)/(PI+ PI- Plo) (UNITS 10tt 3)
I 2 OR LESS GALTIERI 65 HBC
le7 OR LESS FLATTE 66 HSG

OMEGA )NTO (2P IO CAHH) /(Pl 0 GAfyHA)

Oel OR LESS SARMIN 64 PXBC

OMEGA INTO( ETA P(O +ETA GAM)/(PI+PI-PIC)
0 ~ 017 OR LESS FLATTE 66 HSG
0 ~ 026 OR LESS JACQUET 67 HLBC

OMEGA INTO (NEUTRALS) / {CHARGED)
oel24 0 ~ 021 FELDMAN

CHEGA INTO (2PIO GAMMA)/{PI+PI-P(0)
0 ~ I OR LESS JAGQUE T

OMEGA INTO {3 GAMMA)/(PIO GAMMA I

0 ' 35 OR LESS KANAREK

67 SPRK

67 HLSC

67 XEBC

CMECA tNTO tarO Mut Mu-) / TOTAL {UNITS IOtt-3)
2 ~ OR LESS NEHHANN 68 SPRK

2e7 K-P
leS K-P

1' 3-2.8 Pf-P

I ~ 8 K-P
CL~O ~ 90

1 ~ 2 PI- P

CLioe90

2«34 PltN

12 PI- FE

9I66

9/66
0/67

3/67

0/67

11/67

6/68i

BALTAY 67 PRL 1S 93
SARASH '67 I'R 156 1399
FELDMAN 67 PR 159 1219
HERTLBAC 67 PR 155e 1461

{SEE ALSO ZDANIS 65)
JACQUET 67 HEICBG CONF P ~ 364
KAMAREK 67 YADERNeF IZe6 786
KHACHATU 67 PL 248 349

ASTVACAT 68 PL 27 8 45
AUGUSTIN 68 VIENNA CONF ~

(SEE Se TINGE RAPPORTEURS T
BLUMENFE 68 VIENNA ASS 272
BOLL(NI 68 NC 56 A 531
BOLLINII 68 NC 57 A 404
DIAZ 68 VIENNA ABSe 676
DONALD 68 VIENNA ABS ~ 323
KEY 68 pR 166 1430
PISUT 68 NP 8 6 325
MEHMANN 68 PRL 20 748

+FRANZ INI ~ SEVER IENS ~ YEH ~ ZANELLO t CDLUMB I A I
BARASH y K IR'SCHy MILLER ~ TAN (COLUMBIA)
+FRATlyCLEESONyHALPERNyNUSSBAUMt (PENNA)
HERTZBAGHyKRAEMKRyHADANSKI ~ ZDANIS+(JHU+SMLI

+NGUYEN-KHAC ~ SACLINiHAATUF Tt (EPP+BERGENI
+LOSKEVICHyHARTYNOVyNICHIPCRUK+ (CUSNAI
KHACHATURYAN+ALIPOV+SALDIN+SELOUSOV+(CUSNAI

ASTVACATUROVeAZIMOV BALDIN+ {JINR+MOSCUW)
+LEFRANCOIS ~ LEHMAMN ~ HARING + . lCRSAYI
ALKy DESY F31/4)
BLUMENFELOySRUYANTyABRAMOVITCH+ (CERNtSACLI
+BUHLEReOALPIAL ~ MASSAH+ (CERN+BGNA+STRB)'
+BUHLERyDALPIAZyMASSAM+ (CERN+BGNA+STRBI
+GAVILLETeFOSTERyHOLTHUIZEh+ (CERMtGOEFI
+EDMARDS ~ SURANyBET'Tlhl+ ' (LIVPtOSLO+PADO)
+PRENTICE+COOPER+MANNER+MALKER+{TO+ANL+MISI
J ~ PI SUT ~ He RODS (CERN I'
+ENGKLSt {HARVARO+CASF+SLAC+CORNELL+HCGILL I

tttttt tttytyttt ttttitttt ttttttttt ttiettttt ttttttttt ttttttttt ittttttt
ett ~ «t ~it tet ttt t ttetttf t ttt it ttit tttttttttttttttttt ttttttttt ttttt it t



l46 RzvIRws oR MUURRN PHYsIcs ~ JANUARY 1969

Data is parcsthcscs haT/c sot
2 ETA PRIME (958e JPG&0-e) I ie0

KHOMH ALSO AS XO//aj-Ol I JP e 2- HOT YET EXCLUOEO ~ )(958) (SEE NOTE ON QUANTUM NUMBERS AT END OF LISTING)

bccs

Rl
RL
Rl
Rl

MESON RESONANCES
iscladcd is oar aTIcragcs.

2 ETA PRIME BRANCHING RATIOS

ETA PRIME ENTO IPI+ Pl- ETA {NEUTRAL OEC ) )/TOTAL
48 0 ' 36 De05 KALBFLEIS 6C HSC 2 ~ 7 K P

o e e e ~ ~ e ~ ~
FIT ~ 308 ~ 025 VALUE FROM CONSTRA(NEO FLT

0/66

H
H

H

H

H

H

H

H

M AVG

85 957e0
958 ~ 0
957e 0

8 960 ' 0
7 955 ' 0

959' 0
(940e 0)
~ ~ ~ ~ ~
958 ~ 3171

2 ETA PRIME MASS {HFV}

1 0
3e0
2 ~ 0

10e0
3~ 0

(5 ' 0)
~ ~ ~ e

~ 8214

DAUBER
KALBFLEIS
BAD) ER
TRILLING
COHN
LONDON
MOTT

64 HSC
64 HBC
65 HBC
65 HBC
66 OSC
bb HBC
68 HBC

1 ' 95 K P
2 ' 7 K-P
3 ' 0 K-P
3 65 PL+ P
3.3 Pj+C
2 ' 2 K-P
4 ~ 1-5' 5 K-

6/eb

9/66
6/66
6/66

P 9/68+

2 ETA PRIME MIDTH IHEV)

AVERAGE (ERROR INICLUDES SCALE FACTOR OF 1' 0}

R2
R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3

ETA PRIHE
s Pl+

33 Oe35
39 Oeh

~ ~ ~ e ~
AVG ~ 3632
FIT ~ 389

AVG

FIT

ETA PRIME INTO (PI+
44 Oe 12 Oe02

7 Oe07 Oe04
10 0~ I Oe04

~ ~ ~ ~ ~ ~ ~ ~ ~
~ 1083 ~ 0163
~ 125 ~ 010

Pl- ETA (CHRGDeDECAY) )/TOTAL
KALBFLEIS 6C HSC 2 ~ 7 K-P
BADIER 65 HSC 3 0 K-P
LONDON 66 HBC 2 ~ 2 K-P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 0)
VALUf FROH CONSTRAIHKO FLT

INTO (P I+ PI- NEUTRALS ~ fXCLUDING
PI- GAMMA) /TOTAL

Oe06 SAOIER 65 HBC 3 ~ 0 K-P
Oe 1 LONDON 66 HSC 2.2 K-P

~ ~ ~ e
~ 0514 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
F 020 VALUE FROH CONSTRAINED FIT

0/66
0/66

0/eb
0/66
0/db

85 4 ~ 0 OR LESS DAUBER 44 HSC
7 0 OR LESS KALBFLELS 64 HBC

30~ 0 OR LESS BADIER 65 HBC
15~ 0 OR LESS LONDON 66 HBC

1 ~ 95 K-P
2 ~ 7 K-P
3 ' 0 K-P
2e2 K-P

6/66

6/66

R4
Rh
RC
Rh
RC

0

FLT

2 ' 7 K-P

ETA PRIME INTO (PI+ Pl- NEUTRALSo EXC(.UOENG Pl& P'I- ETA
ANO Pl+ PI- GAHHA I/TOTAL

10 Oe OS Oe04 KAL BF LE I S 44 HSC
~ ~ ~ e ~ ~ ~ ~ ~

~ 082 ~ OL5 VALUE FROM CONSTRAINED F IT

0/66

PL

P2

P3

P3
P6
F10
Pll
F12
P13
P 14
PLS
Pjb

P17

PLB
PL9

2 ETA PRIME PARTIAL DECAY MODES

ETA PRIHE INTO Pl+ Pl- ETA
PL{M) ETAS DECAY INTO ALL NEUTRALS
PLIC} KTAS DECAY CHARGED

ETA PRIHE INTO PIO Plo ETA
P2{H) ETAS DKCAY INTO ALL NEUTRALS
P2{C) E'TAS DECAY CHARGED

ETA PRIHE INTO PI+ Pl- GAMMA

{INCLUDING RHOO GAMMA)
ETA PRIME INTO GAMHA GAHHA
ETA PR LHE INTO RHOO GAMMA

ETA PRIME INTO Pl+ PI- E+ E-
ETA PRIME INTO 2 PI
ETA PRIME INTO 3 PI
ETA PRIME INTO 4 PL
fTA PR IME INTO 6 PI
ETA PRIME INTO PIO GAMMA GAMMA

ETA PRIME INTO PIO E+ E- {VIOLATES C (N
BORH APPROXe)

ETA PRIHE INTO ETA E+ E- (VIOLATES C LH
BORN APPROXe)

ETA PRIME INTO PIO RHO 0 {VIOLATES C)
KTA PRIHE INTO PIO OHEGA {VIOLATES C)

DECAY PASSES
139+ 139+ 548

134+ 134+ 548

139+ 139+ 0

0+ 0
0+ 770

139+ 139+
139+ 139
139+ 139+
139+ 139+
L39& 139+
134II+ 0+
134+ .5+

~ 5+ ~ 5

134
139+ 139
139' 139

0
5

548+ ~ 5+ ~ 5

134+ 770
134+ 783

In our previous calculation of the con-
strained branching fractions of the p'(958)
[RMP 40, 77 ((968), see note on 0', p. (00],
we assumed the following decay modes to
exist:

(I) pmz (including p& 7f 7f% of the 77(s
0 0

neutral).
0(p) ~ ~ y (including p y).

(3) Other neutrals, not yet identified.
Since the yy mode now appears to have been
directly observed, we redetermine the branch-
ing fractions under the assumption that cate-
gory (3) above consists entirely of yy decays.
Note that the yy value measured, by BOLLINI 68

+ 3.6
( 5 5 3 0 %) 1s slightly diff e rent from the

result of the overall fit (6.i+ 3.l%) because of
independent Ineasurernents of U' ~ all neutra. ls/
q' ~ total. In the fit we do not use the con-

+ -, 0 0straint R = QU' Uw w )/1(U' Uw w ) = 2

from I-spin conservation. The result of the
fit is in reasonable agreement with it,
R = 4.64 + 0.3Z.

RS
R5
RS
R5
R5
R5
R5

d ETA PRIHE INTO (NEUTRALS) / TOTAL
54 0 ' 25 Oe05 KALBFLEIS 64 HBC
lb 0' 24 Oe17 BAOLER 45 HSC
32 0 ~ 3 Oe 1 LONDON 66 HBC

~ ~ ~ ~ ~ ~ e ~ ~
AVG ~ 2587 ~ 0432 AVERAGE (ERROR INCLUDES
FIT ~ 243 ~ 029 VALUE FROM CONSTRAIHEO

2 ' 7 K-P
3 ' 0 K-P
2 ' 2 K-P

SCALE FACTOR OF 1~ 0)
FIT

0/66
0/bd
0/66

R6
Rb
Rd
R6
R6
Re
R6
Rb

8
8

AVG

FIT

ETA PRIME INTO {Pl+ Pl- GAHHA I INCI. UDING RHO GAMMA) )/TOTAL
42 0' 22 Oe04 KALSFLEIS 44 HSC 2e7 K-P
35 {0' 34) (Oe09} SADIER 45 HBC 3 ~ 0 K-P

CONTROVERSIAL BACKGROUND SUBTRACTION
20 Oe2 De 1 LONDON 66 HBC 2 ' 2 K-P

o ~ e e e e e e
~ 2172 ~ 0371 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
~ 223 ~ 028 VALUE FROH CONSTRAINED FLT

0/66
0/db

0/66

R7
R7
RT
R7

ETA PRIHE LHTO (Pl+ PI- GAMHA (INCLUDING RHO GAHHA) }/(PL Pl ETA)
Oe 25 Oe 14 DAUBER 44 HBC 1 ~ 95 K-P

~ ~ ~ ~ o ~ ~ e ~
F IT ~ 312 ~ 051 VALUE FROM CONSTRAINED FLT

0/66

RB
RB

R9
R9

RLO
RLO

RLL
RLL

R12
R12

R13
RL3

R14
R14

R15
RL5

RL4
Rlb

ETA PRIME ENTO IPIO f+ E-)/TOTAL
0 ~ 013 OR LESS RITTENBER 65 HSC

ETA PRIME INTO (ETA E+ E-I/TOTAL
Oeoll OR LESS RITTENSER 65 HBC

KTA PRIME INTO (PLO RHOO)/TOTAL
Oe04 OR LESS RITTENBER 65 HSC

ETA PRIHE INTO (PIO OMEGA) /TOTAL
Deos OR LESS RETTENSKR 65 HBC

ETA PRIME INTO {Pl+ Pl K+ E-)/TOTAL
0 ' 006 OR LESS RITTENBER 65 HBC

EI'A PRIIIIE INTO (2 PI )/TOTAL
0 07 OR LESS COHP ~ BY LONDON 46 HSC

ETA PRIME INTO (3 Pl)/TOTAL
0 07 OR LF.SS COMP ~ BY LONDON 66 HSC

ETA I'RIME INTO (C PI}/TOTAL
0 01 QR LESS COMP BY LOHDOH 64 HSC

ETA PRLHE INTO ((i Pl)/TOTAL
0 01 OR LESS COMP ~ SY LONDON 66 HSC

2 ' 7 K-P 0/66

0/66

2 ~ 7 K-P 0/66

2e7 K-P 0/66

2 ' 7 K-P 0/66

0/66

0/66

0/66

0/66

RL7
RL7

RLB
RLS
R18
RLB

ETA PRIHE INTO IPIO GAMMA GAHHA) / TOTAL
21 (POSSIBLY SEfN IPRKLIM ~ ) } STRI)GALSK 67 HLBC 2e3 Pl+ h

0 ETA PREHE INTO {RHOO GAHHA)/(Pl PI ETA)
0 ~ 31 Oe15 DAVIS 68 HBC. 5 ~ 5 K P

~ ~ ~ ~ ~ ~ ~ ~ ~
FIT ~ 312 ~ 051 VALUE FROM COHSTRAINEO FIT

7/67

9/48a

R19 4 ETA PRIME INTO (2 GAVMA)/TOTAL
R19 (Oe03) (0' 05) AZIMOV 68 SPRK 4 ~ 0 Pl P
Rl'9 5 Oe055 Oe036 Oe030 SDLLINL 68 CNTR le9 Pl- P
R19 o ~ ~ ~ ~ ~ e e
R19 FIT ~ 062 ~ 031 VALUE FROM CONSTRAINED FIT

THf FOLLOMLNG BRANCHING FRACTIONS HAVE CORREI.ATKO ERRORS GREATER THAN ~ 5

9/68s
9/68+

Pl P2
P2 }'4

-~ 631
-e 652

UNCERTAiNTY IN THE J ASSIGNMENT
q'(958)

The dominant ( 70%) decay of p' is to pzz,
but because the Dalitz-plot population is rather
flat, exhibiting no significant zeroes, analyses
of this mode have not permitted a unique J
assignment (GOLDBERG 66, DAUBER 64,
KALBFLEISCH 64). The flat
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Data iw parc¹tkcscs have sot bccw iscl¹dcd ia oar avcragcs.

Dalitz plot distribution doe s rule out the
J = normal series. Thus, using the notation
of the sketch, any normal matrix element M
needs a factor sin g so as to go to zero at the
edge of the Dalitz plot [A. C. Zemach, Phys.
Rev. i33, Bi20i ((964)].

We must still try to distinguish between
0, 1,2, ~ ~ ~ . In the discussion below, the
confidence levels are preliminary values from
Alan Rittenberg (LRL) based on fits of 314
m m pneut decays (see 100 more in the com-
pilation of LONDON 66) and 484 & z y decays
(including the 40 in the Letter of KALB-
FLEISCH 64).

J = 0: The simplest M is constant. Conf.
level = 5(%.
M = k. This simply does not fit.
Of course a strong ~~ final-state
interaction could help; it seems
unlikely but further work is needed.

2 M = akk + bpp, where a and b are
arbitrary. Here according to
London et al. , )M) 2 gives a good
fit to the data wi% b 3a. Accord-
ing to Rittenberg, it gives a poor
fit.

Hence, to rule out J = 2, one turns to
the 25% mode q' ~ v v Y, and the usual
JP = 0 assignment is based primarily on this
Dalitz plot (KALBFLEISCH 64). It shows that
the decay is mainly p y, and the 8 distribution
show s a pre fer enc e for equatorial decays
(again, a11 the figures quoted are from Alan
Rittenbe r g):

da +3 0 . 2
d( g)

— 0. 0'5) + sin g.

J = 0 fits well. The only matrix element
is magnetic dipole, M~. )Mg)
predicts da/die cc sin28, and the
confidence level is -80%%uo, BUT

J = 2 also fits well. Again the simplest
transition is M~, and this time the
predicted distribution is 6 + sin e,
with a confidence level of 40%)

So all available Dalitz-plot data for both
modes seem to permit J = 2 I London et al.
have a qualitative remark that the 2 hypothe-
sis is inconsistent with the observed 3:& ratio
of +mr): ~~, but if all the evidence against 2
is ta be based an this consideration, it should.
be checked carefully.

One can return to the z~ Dalitz plot and
ask if it confirms the "ruling out" of JP = 1
Rittenberg assumes an El matrix element and
finds a confidence level of 8%, which on its
own would not be enough to rule out 1+. Fur-
ther, we should warn that the z~ decay has a
very high Q value (0 & k & 460 MeV) with the
average experimental value of k about 250 MeV.
Hence we must not be too quick to consider
only the smallest powers of k/M in matrix
elements. Specifically this warning means
the following. KALBFLEISCH 64, and we in
this note, have considered only the lowest

SADIER 65 PL 17 337
KIENZ(. E 65 PL 19 438
RITTENBE 65 PRL 15 556
TRILLING 65 PL 19 427

BADIER ~ UEMOUL IN ~ BARLOUTAUO + (P1R+SAC+LEEMA)
KIENZLE ~ MAGLIC ~ LEVRAT ~ LEFEBVRES + (CERN)
RI TTENBFRGtKALSFLE ISCH (LRL+SNLl
+SRONN ~ GOLOHASERS ~ KAOYK ~ SCANIO (LRL)

COHN 66 PL 21 347 COHN ~ MCCULLOCHtBUGGtCONDO (CRNL+TENN+UNCAR)
LONDON 66 PR 143 1034 LONDON' RAVED SAMIOStGOLDBERG + (SNL+SYRACUSE) IJP

STRUGAL 5 67 JINR E1-3100 STRUGALSKI+GHUVILO+I VANOVSKA JA+ (OUSNAl
ALI MOV 68 VIENNA ASS ~ '772 +HLAOKY KHACHATURYAN BALOIhe ( JINk+LESD)
SOLL IN! 68 NC 58 A 289 +BUHLER ~ DALP I AZ ~ MASSAM+ (GERNeSGNA+STRB l
DAVIS 68 PL 27 8 532 +AMMAR ~ MOTT ~ OAGAN DERRICK ~ FIELDS (NilES+ANL)
MOTT 68 VIENNA ASS ~ 351 +AMMAR ~ DAVIS ~ KRO( AGe SLATE t DAGAN+ ( N)IES+ANL l

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

MARTIN bb PL 22e 352
SARSARO 68 PRL 20 349
BARLOUTA 68 PL 26 8 674

)IARTINtGRITTENOENt SCHROEOER ( INDIANA Ul I
SARSARO-GALT I ERI MATT I SONe R I TTENBERG+ (LRL ) I 0
SIRLOUTAUD+ ( SAG( AY+AMSTO+BCLOG+)(EILMtEeP~ ) Ie0

010100 000000110 100001010 000000000 000000000 000000000 000000000 iiiS1001
001100 000001010 100000000 000000000 000000000 000000100 000010100 00000000

36 DELTA MESON (962 ' JPGe ) I e lt2

8 (963} The original 5 (962) was s e en with

the CERN MMS with I'& 5 MeV.

Several "confirmations" are uncon-

vincing, but as of the 4968 Vienna

Conference, three experiments reported peaks
in m + neutral (probably z r) 1) at 970 toneutral
980 MeV, with larger I s (25 to 80 MeV}.
They did not agree as to details. (See B.
French's Vienna Rapporteur Talk, and
SAMIOS 68).

If we accept that 5 ~ zq by strong decay,
Gthen I = 'i and nonobservation of 3m decay

P +can be explained by choosing J = 0, or
simply by saying that 3z background is too
large to permit detection. These quantum

+numbers 1 (0 ) are then the same as those

possible electric or magnetic multipole tran-
sition. Thus the 8% confidence leve1 just
mentioned for the 4+ hypothesis was based on
an Ei matrix element, which has a lead. ing
term cc (k/M) . But of course M2 is also
possible, and, has an independent coupling
which could be large. It has M ~(k/M}, and
can interfere with E l to give almost any angu-
lar distribution. So the m~ mode is likely to
be unreliable. We waxit to thank V. I.
Ogievetsky and W. Tybor for pointing this out
to us. See Zaslavsky, Ogievetsky, and Tybor,
JINR Preprint E2 -4061, Dubna, 1968.

Since a J = I particle cannot decay into yy,
P +an observation of a yy decay excludes J

BOLLINI 68 observed 5 events of this kind

over a background of only about i event. The

probability that this is due to a statistical
fluctuation of the background is less than 4%,

P +hence at the same level of confidence J
can be excluded.

001000 001000000 000000000 010000000 000100100 000000000 100000001 00000010

REFERENCES FOR ETA PRIME

DAUBER 64 PRL 13 449 DAUBER' SLATERtSMITHtSTORKtTICHO (UCLA)JP
ALSO 64 DUSNA CONF I 418 DAUBER' SLATERtL T SMITHtSTGRKeTICHO (UCLA)

KALSFLEI 64 PRL 13 349 G 8 KALSFLEISCHtO DAHLtA RITTENBERG (LRL)JP
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Data in parentheses have not been included in our averages.

most likely for the KK bump called wN((0{6),
which could then just be the KK decay mode of
6(96?). This would require that I5(962) have a
mass = 975 MeV, I"= 50 MeV (when measured
below KK threshold), and a strong KK coupling,

but these possibilities are not ruled out (see
DEFOIX 68). Defoix et al. see some evidence
for the decay D (4285} ~ 5 Zr, which also0 +

Gsuggests that 5 has I
An unattr ac tive alte r native is to belie ve

36 SIGMA(HICROB ~ ) FOR Pl- P P X

CS 0 15 +- 5 SRANCHeRATIO ABOVEeKIENZLE
CS 0 KIENZLE 15~ REVISEO TO 4 FEMe ~ ~ FOCACCI
CS 17 OR lESS (2 PRONGS) JACOBS
CS 3' 0 OR LESS /{GEV/C)002 BANNER 1
CS 3 ~ 3 +- 1 7 Pl- Pl+ Pl- FTA CHUNG
CS e2 OR LESS Pl- Plf Pl- HM CHUNG
CS 1~ 5OR LESS Pl- PI+ PI- PIO CHUNG

65 HHS
66 HHS
66 HSC
67 HHS
68 HBC
68 HBC
68 HSC

3-5 Pl-
3-5 P I-

3' 2 Pl-
1 8 PE«PE

3e2-4 ~ 2 Pl-
3e2 Pl-

P+VH

TURKOT
K IENZLE
ALLEN 0
F OCACC I
OOSTEN I
ALL I SON
AST IER
AHHAR

SARNES
DEFOIX
JUHALA

REFERENCES FOR DELTA{962)

SIENNA CONF 1
65 PL 19 438
bb PL 22
66 1'L 17
bb PL 22 708
67 PL 2&B 619
67 PL 25 8 294
68 PRL TO BE PUB
68 VIENNA ABS ~
68 VIENNA AB5 ~

68 PL 27 8 257

661 +COLL IN Sr FUJ I I r KEHP+ {BNL+PITTSSURGH)
+ HAGLIC LEVRAT ~ LEFEBVRES + (CERN)
+GP FISHER ~ G GOODENrL HARSHALlrSEARS {COLO)Get
+ KEENZL Er LEVRAT r HAGLIC ~ MART IN (CERN)
+CHAVANONrCROZOhl ~ TOCQUEVILLE f SACLAYrCF) I el
+CRUZ+ {OXF+NUN+8IRH&RUTH+GLASG+LGN {IC) 1

+HONTA'NETrSAUSILLIERsDUBOC+ (CDF+CERN+EDR)
+DAVIS ~ KROPAC ~ MOTT ~ SL4TE ~ WERNER+ (hIWES+ANL)

259 +DORhlANrGUEDONI ~ SAHIDS ~ GOLDBERG+ (SNL+SYR)
653 +SIAUOr R IVETr SHI VELY CONFORTO(CDF+IPN+CERN)

+LEACOCKrRHODE ~ KGPELMAN ~ LISSY+ {IOWA+COLO)

e ~ ~ ~ ~ e ~ e ~ ~ ~ e ~ ~ ~ ~ e ~ e ~ ~ e e e ~ ~ ~ e ~ e ~ e e

ttfftt ttttttttf ftttttttt ttt000000 fttttttft 000000000 000000000 00000000

7/67
7/67
7/67
9/67
5/680
5/680
5/680

that 5 is really very narrow, and guess that
its mp decay is G-violating electromagnetic.
(It is not clear whether there would be com-

JACOBS
WEST
CLEAR
RODS
FRENCH
5 AH IOS

REFERENCES 4GAINST 2PE DECAYS OF DEL'ZA(962)

66 UCRL 16877 ZHES I S +Oe04HL r Je K f RZ ~ OeHe HILLER (LRL)
66 PR 149 1089 MES)' ~ BOYD ~ ERWINrWALKER ( Wl SCONS IN)
67 NC 49A 399 +JOHNSTON+PILCHER+COOPER+(TCRONTO+ANL+WfSC)
67NPS 2 615 Me RODS {CERN)
68 VIENNA CONF' 104 RAPPORTEUR
68 PROC' 1968 UNIVeOF PENNeCONFe ON HESOhl SPECTROSCOPY

petition from mmq decay, which is strong, but

has much smaller phase space. ) However, in

this ele ctr omagne tie ( e m) case, one would

also expect slightly faster decay into Trvr, and

we are not sure whether this mode should

BANNER I 67 PL 25 8 300
BANNER 2 67 Pl 25 8 569

CHUNG S 68 PR 165 1491
GALTIER I 68 PRL 20 349
SABRE CO 68 PL 268 674
0ftf ft 000000000 000000000

tftttfttt fttftffft

REFERENCES 4GAINST DELTA(962)

+FAYOUX ~ HAMElrZSEHBERYrCHEZE+ f SACLAY+CAEN)
+CHEZErHAMEL ~ MAREL ~ TEIGERrCROZON+(COF&SACL)

+OeDAHLr Je KIRZr DeHeHI(. L'ER {LRL)
BARSARO-GALTIERI rHAZISONrRI TTENBERG+ (LRL)
SACL+AMSTDAHf BOLOGNA+REHOVOTHf ECOLE PC( YT )

000000000 fftfttttt tfftttttt 000000000 ffftffet
000000000 ffttftttt ttffftftt ftftftftt fffttff0

have been detected. To see why we expect
0

&m decay, note that these em decays into 7z Zr

or 7z q involve emission and reabsorption of a
4photon, with rates proportional to e (also +77

has slightly larger phase space than mg).

Neutral em decays (as in the familiar q ~ 3m)

H (990)

M

H

M

H

H

H AVG

35 H (990' JPGeA -) le0

IT IS SHOWN BY SARSARO-GALTIERI 68 THAT THE OBSERVED
H ENHANCEMENT IS COMPATIBLE WITH BEING ENTIRELY DUE
ZO MISIDENZEF IED RHOO-GAVHA DECAYS OF ETA PRIME{958) ~

35 H HASS {HEV)

50 975 0 15 0 BARTSCH 64 HBC
30 975e0 APPROX GOLDHABER 65 HBC
30 998e 10e BENSON 66 DBC

980e APPROXe COHN 67 DSC
~ ~ ~ ~ ~ ~ ~ ~ ~
990 9231 10e6154 AVERAGE (ERROR INCLUDCS

4 ~ 0 Pl+ P
3~ 65 PI+P
3 ' 65 PlrD
3 ~ 3 PI+0

SCALE FACTOR OF 1' 3)

8/66
9/bb
9/bb
1/67

have selection rules either
AG = Yes, AI It

or ~G=zo, ~)I) =2,
but charged decays (6 - m vr or m q) have no

such rules (except 6 t I) ~ 2).
36 DELTA (962) MASS (HEV)

P1
P2

35 H W IDZH {HEV)

90 120 0
30 45 ~ 0 30 0

60e OR LE SS

BARTSCH
BENSON
COHN

H lh)TO 3 Pl
H INTO RHO PE

35 H PARTIAL DECAY MODES

64 HBC
66 OBC
67 DSC

4.0 Pl+ P
3 65 Pf+ 0
3~ 3 Pl+ 0

DECAY PASSES
139+ 139+ 134
770+ 139

8/66
0/66
1/I 7

H

H 8
H 0
H 0
H

H

H 4
M 4
H 0
H

H

H V
H V

262 962 ~ 0 5e 0 KIENZLE 65 HHS
NOTE THAT 84hINER 1 AT Ie8 Pl-P DOES NOT SEE

{966' 0) (Be0) OOSTENS 66 HMS
FOR A CONTRADIC)'ORY RESULT SEE BANNER2 67

{939e1 {15~ ) ALLISON 67 HBC
(913e ) (25e) ALL ISOhl 67 HBC
(990 0) AHHAR 68 HBC

MASS+WIDTH OF THIS PEAK HAKE IDENTIFICATION
(975' 0) SARNES 68 HBC
(970e0) DEFOI X 68 HSC

3-5 Pl- P
fT
+ 3.8PP TCOf )M

3~ 8 PP TO 0 + VH
+ 6 K-P ~ (3PI)+~ ee

6 K P ~ (3PI 1+~ ~ ~f- 5 ~ 5 K- PrCTA Pl
WITH DELTA DUBIOUSe

4 ~ 6K-P ~ PI HM
+ 1 ~ 2 PB I rETA Pl

36 DELTA (962) MIDTH (MEV)

262 OR LESS
0 OR LESS

W OR I.ESS
W OR LESS
W A

W

5 0
10~ 0
25 ~
30'

{100~ 0)
(25e0)

NOT ES SCE UNDER I"ASS LIST ING

KIENZLE
OOSTENS
ALL I SON
ALLISON
AHHAR
DEFOEX

65 HMS
66 HMS
67 HBC
67 HBC
68 HSC
68 HBC

3-5 P I- P
+ SEE NOTE 0 ABOVE
+ 6 K Pr (3PI)+~ ~ e

6 K-P ~ (3PI)+~ ee
+- 5e5 K- PrETA PI
+- 1~ 2 PB PrFTA Pf

NOTE THAT THE PI{1016) 4S SEEN BY ASTIER 67 ~ IF INTERPRETED AS 4
VIRTUAL BOUND STATE RESONANCE ~ MOULD CORRESPOND TO 4 NARROW RESO-
NANCE OF M e 975 (+15/-10) HEVe

9/66

9/66
11'/67

1/680
1/68'0
9/680
9/680
9/680
9/680

11/67
11/67

9/66
9/66
1/680
1/680
9/680
9/680

I

H MESON CROSS SECT IOh{ f HICROBARNS)

CS
CS
CS

75 ~ 0 15~ 0
50e

100~ OR LESS

BENSON
COHhI
KIRZ

66 DBC 3 ~ 65 PI+D TC HPP 9/66
67 DSC 3e3 PI+0 TO HPP I/67
67 THRESHOLD TO 2 ~ 3 PI

tffttt 000000000 tftfffttf tfttfffft fftttfftt tfttffftf fffftfftf fffffff0
REFERENCES ON H MESON

BARTSCH 64 PL 11 167 AACHEN-ZEUTHEN-SIRH-BONN-HAVB-HUNCHEN lOLL)
GOLOHABE 65 CORAL GASLES P 76 Ge GOLOHASER (LRL)
BLNSON 66 PRL 17 1234 +VARQUIT ROErSINCLAERrVANDER VELDE (VICH ) IJP

SEN SON 66 ANAL YS IS FAVORS JPe 1+
GOLDH48 f 66 BERKELEY CONF C ~ GOLDHABER ~ SAMIOS ~ ASTI ER ~ SHEN LA( (ESON RE) IEW
COHN 67 NP 81 57 +HC CULLOCHrBUGGrCONDO (CAK R +UNIV TENN)
ROSENFEL 67 RMP 39 I ~ APPENDIX ROSENFELD BARBARO-GALTIERI+(LRL+CERNrYALE)
ARMENISE 68 PL 268 336 +GH (DIN( r FOR INO+ (BARE+SOLCGN+F IRENZ+CRSAY)
BARBARO- 68 OCR{,-18271 Ae BARBARO-GAL TIER I r P ~ SODING {LRL)

AND 68 PROC' 1968 UNIV OF PENN CONF ON HESON SPECTROSCOPY
FUNG 68 PRL 21 47 +JACKSON&PU&BROWN+GEDAL (UeCeRIVERSrLRL)

fffttt tffffftft fftfffftt rffffffft fffrfrfft fffffffft tffffffft ffttfffftfttft 000000000 000000000 000000000 tfftfffff ttttftftt 000000000 ttttfff0

P2
P3
P5

36 DELTA HESON PARZEAL DECaY VODES

DE(.TA VESON INTO 3 Pl
DFLTA VESON fNTO 4 PI
DELTA MESON INTO ETA Pl

134+ 134+ 134
134+ 134+ 134+ 134
548r 134

~„(IOI6) 16 Pl(1016' JPCe0f-) Eef

STILL NOT DECIDED WHETHER (K KBAR) RESONANCE ~ VIRTUAL
BOUND SZAT'E OR ANT(SOUND SZATE ~ H4Y BE RELATED TO
ETA Pl MINUS PEAK AT 975-980r SEE NOTE UNDER
DELTA (962) ABOVE'

16 PI(10161 HASS (HEV)

RI
Rl

RZ
'R2

36 DELTA HESON BRANCHING RATIOS

CHARGED DELTA INTO {I CHARGED) / (3 OR HORE CHARGEO1
1 3 Oe9 Oe7 KIENZLE 65 HHS — 3-5 Pl- P

DELTA MESON INTO (PI ETA) / (PI + HISSING MASS)
Oe30 OR LESS BARNES 68 HSC - 4 ' 6 K- P

H

H
H

9/66 H

H

M

9/680 M

I

143 1003 3 7 0+SYSTEMATIC ROSENFELD
SCATe LENGTH 2 ZO 6 FERHIS ~ BALTAY

100(101be ) ( 10e ) ASTICR
SCATTeLENGTH ALSO FITS ~ SEE BELOW
SCATTeLENGTH +Ze5 +-1~ FERMI ASZIER
OR CMPLX ~ RE PART -as F ~ ~ ~ ~ ~ ~

IM PART~e5F OR LESS eeyore

w Aw~w'e&& w'e w «w ww w~~ww~

67 HBC
~ ~ ~ ~ ~
e ~ eee

+- 0-1~ 2 PSAR P 7/67
~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ 7/67
~ e e e ~ e ~ ~ ~ ~ ~ ~ 7/67

65 RVUE +- 8/66
66 HBC 3e7 PBAR P 8/66
67 HBC + 0 PBAR P 7/67
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16 PI(1016) NIDTH (MEV)

'Il 0 143 57 ~ 0 13oO+SYSTEMATIC ROSENFELC 65 RVUE +-
100 25 ~ APPROXo ASTIER 67 HSC +- SEE NOTE A ABOVE

8/66
9/67

R2 1 PHI INTO (K1 K21/TOTAL
R2 8 25 loe23) Ioeob) SAOjER 65 HBC (SEC NOTE 8 SELONI
R2 167 0 ~ 40 De 04 LINDSEY 66 HBC 2 ~ 7 K-P
R2 0 312 0 016 AUGUSTIN 68 SPRK E+ E COLL BEA(eS
R2 ~ e ~ ~ ~ o ~ e ~

R2 AVG ~ 3241 e0303 AVER4GE (ERROR INCLUDES SCALE FACTOR Of 2eo)
R2 F IT ~ 328 ~ 018 VALUE FROM CONSTRAINED FIT

0/66
0/66
0/680

Pl
P2

16 Pl(1016) PARTIAL DECAY MODES

Pl( lolb) INTO K KBAR
Pl(1016) INTO ETA PI

DECAY PASSES
493+ 49T
548+ 139

R3
R3 8
R3 8
R3
R3
R3
R3 AVG

R3 F lt

2e7 K-P
E+ E- CCLL CBEARS

PHI INTO (Pl+ Pl- PIQ (INCLeRHO Pl))/TOT4L
57 (0~ 51) (oe09) BAOIER 65 HBC 3 ~ 0 K-P

CONtROVERSI AL BACKGROUND SUBTRACTION
30 0 12 0 08 LINDSEY 66 HBC

0 ~ 208 oe04 AUGUStlN 68 SPRK
o e ~ ~ ~ ~ e ~ ~

~ 1904 0358 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
~ 196 ~ 023 VALUE FROM CONSTRAINED F(T

olbe

Olbb
0/680

Rl
Rl

16 Pl(1016) BRANCHING RATIOS

PI( 1016) INTO I ETA P I ) / tK KBAR)
5 ' 0 OR LESS ASTIER 67 HBC 0 ~ PBAR P

ARMENTER
BARASH
RQSENFE L
SiLTAY
AST IER

AST IER
8il L LON
SARLQN
CONF CRT 0

REFERENCES FOR Pl(1016)

65 PL 17 344 ARMF NTERQS ~ EONAROSy JACOBSEh + I CFRN+PAR 15)
65 PR 139 8 1659 +FRANZINI ~ KIRSCH ~ MILLEReSTEINBERGER+ (COLUM)
4I5 OXFORD CONF 58 4 H RQSENFELD ILRL -RVUE)
66 PR 142 8 932 tLACHy SANQNEISSyTAFT ~ YEH ~ STCNEHILL+ (YALE)
67 PL 25 8 294 +MONTANE' BAUBILLIERoDUSOC+ ICDF+CERN+IDR)
67 INCLUDES (NFORMATIQN FROM BARLON 67 CQNFORTC 67( ~ ARMENTEROS)65 '
67 NC 50A 393 +EDNARDS+0 ~ ANDLAU+ASTIER& ICERN+CDF +IRI
67 NC 50 A 701 +MONTANE't ~ D-ANDLAU+t CERN+CDF+ t DR+LIVERPOOL)
67 NP 83 469 CONFQRTOyMARECHAL ~ MQNTANET+tCERN+PARIS+LIV)

000110 000000001 iiiiittii 010100000 001000100 100000011 titiiittt 01010001

9/67

R5
R5
R5
R5
R5
R5 AVG

R5 F IT

R6
R6
R6
R6 F IT

RT
R'T

88 1 PHI INTO (PI+ PI-)/IK KBAR I
RB 0 ~ 2 OR LESS LONDON 64 HBC 2e 2 K-P

PHI INTO (Kl K2)/(K KBAR)10040010 SCHLEIN 63 HBC 2 0 K-P
52 0 ~ 48 oe 07 840)ER 65 HBC 3 ' 0 K-P

0 ~ 44 oeot LONDON 66 HBC 2 ' 2 K-P
~ ~ ~ ~ o ~ ~ ~ e

~ 4482 o0444 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ ol
~ 408 %0)8 VALUE

FROMM
CONSTRAINED F IT

PHt INTO (Pl+ Pl Plo ( INCL ~ RHO Pl) )/(K KBARI
0 ~ 30 oo15 LONDON 66 HSC 2 ~ 2 K-P.

e e ~ e o ~ e o o
~ 244 e034 VALUE FROM CONSTRAINED F lt

PHI INTO (Pl+ PI- Plo (INCLeRHQ

PI)�

)/IKI K2)
oo 3 OR I.ESS BERLEY 65 HSC 2 9 Pl+P

0/66
1 I/67
0/66

0/66

0/64

0/66
110001 001101001 tititiiii tiiiiittt iiitti ~ 01 001010110 001011000 00100010

iii 000000011 100100000 100000111 ttitiitti 010000011 111100101 01000010 R9 0 PHI INTO (E+ E-)/(K+ K-) tUNITS 1001-4)
R9 40 5 ~ 7 1~ 7 SECKER 68 CNT(t GAMMA C 9/681

0 ((0(9) PHI (1019~ JPG~I—I IoO R10 0
R 10
R 10
R 10

PHI INTO (MU+ MU-)/TOTAL (UNITS 1011-4)
53~ OR LESS GALTIERI 65 HSC 2o7 K- P

7 ' 4 OR LESS CHASE 68 CNTR PHOTOPRCOe
3 5 3 5 1 8 NEHMANN 6S SPRK 12 K- C

or be
6/68 '
6/68 ~

M

M

M

M

M

M

M

M

M

M

M

M AVG

1017e0
101900
1018~ 6
1020' 0
1021~ 5
1019o
1021' 0

(1018~ 5)
165 1022 '

(1021' 0)
~ e o e

1019~ 5071

PHI MiSS IMFV)

ARMENTERO
SCHLE IN
MILLER 0
LONDON
ABRAMS
SARLON
DAHI.
HYAMS
MQSTEK
MOTT

0 ~ 0 PBAR P
2 ' 0 K P

oeo PBAR P
2e2 K-P

4 ' 2 K- P
I ~ 2 PBAR P
1-4 Pl- P

11~ 2 P I- P
1 ~ 8 GAMMA + C
4 ~ 1-5~ 5 K P

63 HBC
63 HBC
65 HSC
ee Hec
67 HSC
67 HSC
67 HBC
68 SPRK
68 SPRK
68 HBC

2oO
2 ~ 0
0 ~ 5
2oo
Oo8
3o
4 ~ 0

(1~ 0)
1~ 5

(3~ 0)
~ ~ ~ ~

e5799 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 5)
(SEE IDEOGRAM SELQN

8/66
6/66

11/e?
11/66
9/ee
9/681
blb80
9/4I8 0

Rll
R ll
R11

R12 0
R12

I(13
R13

R14
R14

R15
R15

PHI INTO IETA GAMMA)/TOTAL
0 ~ 2 OR LESS SADIER 65 HBC
0 F 08 OR LESS LINQSEY 66 HSC

PHI INTO (PI+ Pl- GAPMA)/tK KBAR)
0 05 OR LESS

'
LINOSEY 65 HBC

PHI INTO (ETA NEUTRALS)/(K KBAR)
0 ~ 15 OR LESS LINQSEY 66 HBC

PHI INTO I OMEGA GAMM4 I / 'TOTAL

0 ~ 05 OR LESS LINDSEY 66 HBC

PHI INTO IRHO GAMM4) I TOTAL
oe02 OR LESS LINDSEY 66 HBC

3 ' 0 K-P
2 ' 7 K-P

2 ~ 'T K-P

2 ' 7 K-P

2 ~ 7 K-P

2o? K-P

0/66
0/ 66

0/66

0/66

o/be

0/bb

uEZGHTEO aUERaGE 1019.507 0 O. GBO

ERROR SCALED BY 1.53
CiiISQ 14.0 COHLEU = 0.030

R lb
R16 4
R16 4
R 16
R 16
R16
R16
R16 AVG

PHI INTO tE+ E-)/TOTAL (UNITS 1000-4)
5 (be6) (4 '4) (2eSI ASTVACAT(r 68 SPRK 4 Pl P
ERROR OF ASTVACATURQV 68 DOES NOT INC(. UDE SIGMAIPHI) UNCERTAINTY'

27 To2 3e9 SINN(E 68 SPRK 1.6 Pl- P
9 6 I 2eb SOLLINI 68 CNtR 1~ 9 Pl- P

3 ~ 9 oo62 AUGUStlN 6S SPRK E+ E- CQLL ~ SEAPS
~ ~ ~ ~ ~ ~ o ~

4 ' 0927 ~ 5960 AVERAGE IERROR INCLUDES SCALE FACTOR OF leo)

6/680
4I/681
e/4 81
9/680
0/680

THF. FOLLONING SR4NCHING FRACTIONS HAVE CORRELATED ERRORS GREATER THAN ~ 5

Pl P3
P2 P3

-~ 623-~ 634

O

O

PHI IIAS5 I IIEUI

O

ro
O

O
ID

~o

O
O
eo

68 SPRK
67 HBC
67 HBC
67 HBC

66 HBC

0 65 HBC
H 63 HBC

ERQ 63 HBC

000011 000010111 000010100 001010010 000001000 100100100 001001101 10111010

REFERENCES FOR PHI

BERTANZA 62 PRL 9 180 SERTANZAyBRISSON ~ CONNQLLYeHARt 0 (BNL+SYR)
ARMENTER 63 SIENA CONF 2 70 ARMENTEROS ~ EDNARCSeASTIER+ tCERN+CDF-PARIS)
GELFANO 63 PRL 11 438 GELFANooMILLCRoNUSSSAUM KIRSCH+ tCOLU+RUTGI

GELFAND 63 DATA INCLUOEO IN MILLER 65 BELON
SCHLEIN 63 PRL 10 368 SCHLEIN ~ SLATER ~ SMI THo STORK o T ICHQ IUCI. A I

SAD( ER 65 PL 17 337 SAD I ER ~ DEMQUL (N ~ BARLQUTAUD& I PAR+LPCHE+ZEE I
BERLEY e5 IR 139 S lOsT 0 BERLEY,N GELFAND (BNL&COLUMBIA)
GALTIER I 65 PRL 14 2?9 4 BARBARO GALTIERI ~ R 0 TRIPP ILRL)
L (NOSEY 65 PRL 15 221 JAMES S LINDSEY ~ GERALD 4 SP 1TH I LRL)

LINDSEY 65 DATA INCLUDEO IN LINDSEY 66 BELQN
MILLER C 65 CU-237(NEVIS 131) DAVID C MILLER ITHES(5) (COLUMBIA)

PHI NI 0TH IMEV)

HBC
HBC
HBC
HBC
HBC
HBC
SPRK
SPRK

0 ~ 0 PBAR P
2 ' 0 K-P
Oeo PBAR P
2 ' 2 K-P

4 ' 2 K- P
1 ' 2 PBAR P

1.8 GAMPA + C
E+ E- COLL ~ BEAMS

1~ T
OR LESS

1.0
4.0
3~ 0

OR LESS
(3%0)
oe9

~ ~ ~ ~

88 ~ 593r)

ARMENTERC 63
SCHLE IN 63
MILLER 0 65
LONDON bb

le5 ABRAMS 67
SARLQII 67

(2 ' 0) MOSTCK 68
AUGUSTIN 68

N

N 34

N

N

N
~ 165

N

N

N AVG

3 ~ 4
5 0
3 ~ 5
6.0
1 ~ 8

10.
(4 ' 5)
4

3 AD ?2 AVER4GE (ERROR INCLUDES SC4LE FACtOR OF I'D)

4 PHI PARTIAL DECAY MODES

DECAY MASSES
493+ 493
4971 497
139+ 139+ 134
139+ 139

5+ ~ 5
105+ 105
134+ 0
548+ 0
139+ 139+ 0
783+ 0
548+ 134
7?oo 0

Pl
P2
P3
P4
P5
Pb
P7
PB

P 10
F11
P12

PHI INTO K+ K-
PHI INTO Kol K02
PHI INTO Pl+ Pl- Plo (INCLUDING RHQ Pl)
PHI INTO Pl+ Pl- (VIOLATES G)
PH I INTO E+ E-
PHI INTO MU+ MU-
PHI INTO Plo GAMMA

PHI INTO ETA GAMMA

PHI INTO Pl+Pl-GAMMA
PHI INTO OMEGA GAMM4 tVIOLATES C)
PHI INTO ETA PIO (VIOLATES C)
PHI INTO RHQ GAMMA (VIOLATES C I

8/eb
6/66

11/67
11/66
6/681
0/680

GRAY ~ L 66 PRL 17 501
L (NOSEY ee PR 147 913
LINOSEY1 66 PL 20 93

LINDSEY 1 46 DATA INCLUDED
LCNDCN 66 PR 143 1034

+HAGERTYeBIZZARRI ~ CIAPETTI & (SYR&ROME) JPG
JAMES 5 LINDSEY ~ GERALD 4 SVITH ILRL I
J ~ 5 LINDSEY ~ G A SMITH (LRLI

IN LINQSEY 66 ABOVE
LQNDONyRAU ~ SAMIQSyGQLDBERG + IBNL+SYkACUSEI

ABRAMS
SARLQN
CHASE
DAHL
HERTZBAC
KHACHAT'L

ASTVACA T

AUGUST) N

ALSO
BECKER

ALSO
8 INN IE
BOLL INI
HYAMS
MQSTEK
MOTT
NEHMANN

67 Mo TECH REP 720
67 NC 504 '?01
67 PRL 18 710
67 PR 163 1377
67 PR 155 1461
67 PL 248 349

68 PL 27 8 45
68 VIENNA 485 ~

68 VIENNA CONF ~
68 VIENNA ABS ~ 953
67 PRL 19 869
68 PL 278 106
68 NC 56 4 1171
68 VIENNA ABS ~ 765
68 PRL 20 1057
68 VIENNA ABS ~ 351
68 PRL 20 748

GERALD ASRAMS ~ THFS IS IMARYLANDI
. +L ILLESTQL+MONTANET+ICERN+CQF+IR+LIVERPQQLI

R ~ CeCHASE ~ P RQTHNELL ~ R NE(hSTE(NICEAehEAST)
tHAKDY+HESS+KIRZ+NILLER (LRL )
HERTZBACHoKRAEHER~ MADANSKI ~ ZOANI 5+ I JHU+BNL I
KHACHATURYAN+AZIMQV+BALDIN+BELOUSOV+(CUBNA I

ASTVACATUROV ~ AZIMQV BALDIN+ IJINR&MCSCONI
+BIZOT ~ BUON ~ DELCQURT ~ HAISS(hSKI+ (CRSAYI
5 ~ TING ~ RAPPORtEURS TALK
+BERTRAM ~ 8(NKLEY ~ JORQAN ~ KNASEL+ tDFSY+MITI
ASBURYrBECKER ~ BERTRAM ~ TING+ (DESY+CQLUMBIAI
+DUANE+FARUIII+HCRSEY+ I I C ~ LQN+RUTHERFI
+BUHLER ~ DALPIAZyMASSAMt (CERN+BGNAeSTRB)
+KOCHyPQTTER ~ LINDERNoLORENZ+ ICERN+MPI&I
+EISENHANDLER ~ MCCLELLAN ~ MISTRYt (CCRNELL I
+AMMARyQAVISyKROPACySLATE ~ QAGAN+ INNES+ANL)
+ENGELS+ (HARVARO+CASE+SLAC&CQRNELL+PCGtLLI

3 ETA I (070) JPG 0++) I 0

ttttit 010010100 ttitittti tittiiiii 000000000 000010000 000000000 tttttttttiitit 011110001 110111001 000100010 000111011 000000000 111011000 iitttitt

PHI BRANCHING RATIOS

Rl ~ PHI INTO (K+ K-I/TOTAI.
Rl S 27 (0 ' 26) toeob)
Rl 252 oe4S oe04
Rl 0 ~ 48 0 024
Rl ~ ~ ~ ~ e ~ ~ ~

Rl AVG ~ 4800 F 0206
Rl FIT ~ 476 ~ 018

(SEE NOTE 8 BEt.ON)
2 ' 7 K-P

E+ E- CQLLeBEAPS

SAD IER 65 HBC
L I NDSE Y 66 HBC
AUGUST)M 68 SpRK

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)
VALUE FROM CONSTRAINED FIT

0/66
0/66
0/6'

NAMED 50 BY CRENNELL 66
THE DISAGREEMENT SETNEEN SCME OF THE CBSERVED NIDTHS 15

RELATED TO AN AMBIGUITY IN INTERPRETATION OF THIS KS KS PEAK E(THER AS 4
RESONANCE ABOVE THRESHOLD OR AS 4 SCATTERING LENGTH EFFECT HQANG 68 SHQ'N

THAT THE SPRK DATA QF BEUSCH 67 ANQ PHELAN 68 SELQ'N 1115 MEV CAN BE F I TTED
NITH 4 VIRTUAL KKBAR BOUND STATE ~



REVIEWS OE MODERN PHYSICS ' JANUARY 1969

MESON RESONANCES
Data in parentheses have not been inclsded in DNr averages.

H

H

N

N

H

N

H H

N

N

N

P
N A

N A

N 4
N 4
N A

N P
H P
N 4 N

N 4 0
N

N AVG

3 ETA (1070) HiSS (HEV)

1000~ 0 APPROX BINGHAM 62 PBC 6-18 PI-N
1000eo APPROX BIG{ 62 HBC 10 0 PI-P

{1000' 0) ER WIN 62 HSC 2 10 P I-P
1030~ 0 APPROX BALTAY 64 HBC 3 ~ 7 PBAR P
1025 ' 0 APPROX' BARMIN 64 HLBC 2 ~ 8 Pl-P

20 1068 0 10e0 CRENNELL 66 HBC 6 ~ 0 PI- P
120 SCATT (.ENGTH FITS SETTER ~ HESS 66 HBC 1 ~ 6-4 2 Pl- P

35 1045~ 9~ BARLOW 67 HBC I ~ 2 PBAR P
730 1079' 0 6 ' 0 5e0 SEUSCH 67 SPRK 5 ' 7 ' 12 Pl-P

(1030 0) {7 0) D ANOLAU 68 HBC 0 ' 7 PB P 4 BODY
(1050' 0) (10~ 0) HILLER 68 HBC 4 ~ 0 PI- P
(1065~ ) ( 10~ ) PHELAN 68 SPRK 4 Pl-P «KS KS N
(1045~ ) ( 10~ ) . PHELAN 68 SPRK 4 Pl-P - KS KS N

(1035 ' ) (10 ' ) PHELAN 68 SPRK 4 PI-P KS KS N
ABOVE 3 VALUES ASSUHING NO 2PI DECAY ~ 2PI/KKBAR 1 2PI/KKBAR 2
RESPECTIVELY SCATTERING LENGTH (+ 1 I + Oe 241 ) F ALSC F I T5 ~

70(1085' 0) (10' 0) WHI TEHEAD 68 SPRK 3 ~ 1-3~ 6 P I-P
PI+PI- MODE {NOT CLE4R IF THIS IS THE 54 ~ JRO IS NOT FAVORED ~ )'

OTE THAT IN A COHPILATIGN OF Pl N HBC DATA WITH TWICE THE STATISTICS
F WHITEHEADS COHPI(. ATIONi NO Pl+ Pl- PE4K IS SEEN ~ (P ~ SCHLEIN 68)

~ ~ ~ ~ ~ e ~ ~ e
1069~ 4383 9e6955 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 2 ~ 3)

(SEE IDEOGRAM BE{.OW )

WEIGHTEO AVERAGE ~ 1069.44 4 9.?0
ERROR SCALED BY 2.28

CHISQ = 10.4 COHLEV "- O. OOS

0/66

6/66
6/66
0/66

11/66
9/67
9/684
9/684
6/684
6/684
6/68 I'

0/67

10 41 NE50N (1070' JPG~It-) I~I

64 HBC
67 HBC
67 HBC
67 HBC
67 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HSC
68 HBC
68 HBC
68 HBC
68 HBC

1080~ 0 ADERHOLZ
1117e 30 AI. L I SON
lllle 10 ALL I SON
1054' 7 OANYSZ
1060' 15 JUHALA

306(1066 0) (12' 0) ABBCH COL
(1058~ 0) (7~ 0) ABBCH COL
1060' ASCDLI
1089 0 12 0 BALLAM
1080' APPROX' BOESEBECK

(1073eO) (7eO) CASON
10SO APPROX' CASD
1090' APPROX' CHUNG
1042' 21' FR IDMAN

(1119e) I 30e) KEY
SHOULDER ON A2 ONLY
~ ~ ~ ~ ~ ~ e ~ ~
1073~ 5351 ll 2629 AVERAGE (ERROR INCLUDES

(SEE IDEOGRAN BELOW )

H

H

H

H

N

H

N

H

H

M ~

M

M

H K
N K
M

N AVG

4.0 Pl+I
+ 6 K-P ~ L4H +4 Pl
+ 6 K-P LAH +5 Pl

3o3 ~ 6 PBAR P
0 F 6 5 K P458OOY

16 0 Pl- P(3 PI)
16 ~ 0 Pl- P ~ 5 Pl-0 5 PI-P
16~ 0 P I- P

+ BPI+P
+ 18~ 5 P I+P y P+3P I

11 P I- P
3 ~ 2 ~ 4e2 PI-P

+- 5 ' 7 PBAR P
3 PI-P

SCALE FACTOR OF 2 ' 4)

WEIGHTED AVERAGE = 10?3,S 4 11.3
ERROR SCALED BY 2.39

CFISQ = 28 7 COHLEV = 0.000

A (1080~ 10 AI MESON HASS (NEV)

N 4 )IASS AND WIDTH HIGHT HAVE lARGE SYSTEMATIC
H 4 ERRORS OUE TO COHPLICATED BEHAVIOR OF BACKGROUND ~

1/68 i'
1/68 i'
7/67
I/684
9/684
9/68i'
elb84
9/684
6/684
exes*
6/684
2/67
6/684
9/684

o
O
No

o
O
~P
O

o
O
4D
O

O
o
Qk
O
r4

O
oo
~pl

O
O
N

EUSCH 67 SPRK
ARLOW 67 HBC
RENHELL 66 HBC

FRIOMAH

BALLAN
'JUHALA
DAHYSZ

ALLISON
ALLISON

68 HBC

6B HBC

6? HBC

67 HBC
67 HBC
67 HBC

ETA(1070) MASS (MEV) o
O

A1 (1070)

o
O
Ih
O

o
Oo

MASS ((IEV)

O
O
IA

o
O
N

3 ETA (1070) WIDTH (MEV)
10 41 MESON W(DTH (MEV)

W 4 SEE NOTE UNDER Al HESON HASS ~
W

W

W 5
W 5
k
W P
W A

4
A

W 4
W P
W P

W AVG

20 80 0 15~ 0 CRENNELL 66 HBC 6 ' 0 PI-P
35 50 ' 24e BARLOW 67 HBC 1 ~ 2 PSAR P

(168e0) (21~ 0) (19e0) BEUSCH 67 SPRK 5 ~ 7i12 Pl-P
ASSUME ND 5 'WAVE SCATTERING LENGTH WITH 5 WAVE THE W(DTH I 5 NARROWER

(50 ' 0) (15' 0) DeANDLAU 68 HBC Oe7 PB PE 4 BODY
40 ' 0 OR I ESS HILLER 68 HBC 4 ~ 0 Pl- P

(170 ) (40 ) PHELAN 68 SPRK 4 PI-P - KS KS N
(140~ ) (50e ) (30~ ) PHELAN 68 SPMK 4 Pl-P - KS KS N

(140~ ) (40e ) PHELAN 68 SPRK 4 PI-P - KS KS N

SEE NOTE A UNDER MASS ABOVE
25 0 OR LESS WHITEHEAD 68 SPRK 3 I-3e6 Pl-P
PltPI- HODE (NOT CLEAR IF THIS IS THE Ste J&0 IS NOT

FAVORED'�

)
e e ~ ~ ~ ~ ~ ~ ~

71' 5730 13e4831 AVERAGE tERROR INCLUDES SCALE FACTOR OF I 1)

3 ETA (1070) PARTIAL DECAY HODES

6/66
11/66
9/67

9/684
9/684
6/684
6/684
6/684

0/67

W

W

W

W

W

W

W

W

W ~

W

W

'W K

K
k
W AVG

64 HBC
67 HBC
e7 HBC
67 HBC
67 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
6S HBC
68 HBC
68 HBC

80 0 AOERHOLZ
50 ' 50e ALL I SON
50 ~ 25 ~ ALLISON
33~ 19e OANYSZ

120~ 15e JUHALA
306 (146~ 0) (18 8) ABSCH COL

140' 0 31e0 SALLAM
130' APPROX' BOESEBECK
100 ' APPROX' CASD
(4le0) (32e0) {16 0) CASON
125' APPROX' CHUNG
130' APPROX' FR I OMAN
{76~ ) (46e) KEY

SHOULDER ON A2 ONLY
~ e e e e ~ e ~ ~

84 F 8775 21 2552 AVERAGE (ERROR INCLUDES
{SEE IDECGRAH BE{.OW )

4e0 PltP
6 K-P ~ LAH +4 PI

+ 6 K-P, LAH +5 PI
+- 3o3 6 PBAR P

0 4 ' 6-5 K-Pp580OY
16.0 PI- P(3 PI)
16 ~ 0 PI- P

+ 8 PI+ P
11 PI- P

+ 18 ~ 5 PI+P ~ P+3PI
3 ' 2)4e2 Pl-P

+- 5 ' 7 PBAR P
3e0 Pl- P

SCALE FACTOR OF 2 ' 2)

1/684
I /684
7/67
I /68 4'

9/&84
9/684
6/684
6/684
9/684
2/67
6/68 4'

11/67

Pl
PZ

FTA (1070) INT0 KKBAR
ETA t 1070) INTO PIP I

3 ETA (1070) BRANCHING RATIOS

DECAY PASSES
493+ 497
1394 134 WEIGHTED AVERAGE = 84.9 + 21.3

ERROR SCALED BY 2.1S
CHISQ 42 18 ~ S CONLEU ~ 0.001

Rl
Rl
Rl I
Rl
RI I
Rl I

ETA {1070) INTO {Pl Pl )/(K KBAR)
2 ' 5 OR LESS CRENNELL 66 HBC 90 PCT CONF LEV

{0' 92) (0' 57) (0 34) WHITEHEAD 68 RVUE
NOT CLEAR IF THE OBSERVED Pl+PI- PEAK IS 4 MODE OF THE
ETA( 1070)e NOTE THE SHALL WIDTH AND THE PREFERENCE OF JeGT ~ 0

(1~ 0) (Oe6) (Oe3) LA I 68 HSC 6 PI- P

7lee
6/684
6/68 4
b/684

ll/684

BIG I 62 CERN CONF 247
8 INGHAM 62 CERN CONF 240
ERWIN 62 PRL 9 34

A BIG{eS BRANDTi R . CARRARA + {CERN)
H H BINGHAM AH BLDCH + (PARIS+EC POLY+CERN)
ERWIN ~ HOYER ~ MARCH ~ WALKER ~ WANGLER {WIS+BNL)

SALT4Y
BARMIN

64 OUBNA CONF I 109 BALTAYiLACH ~ CRENNEL(. ~ OREN ~ STUMP +( YALE+BNL)
64 OUBNA CONF' 1 433 BARMINi DO{.GOLENKOi YEROFEEV yKRESTNI+ ( I TEP )

CRENNELL 66 PRL 16 1025 CRENNELL ~ KALBFLE I SCH e LA I ~ SCARR 4 SCHU+ ( BNL )
HESS 66 PRL 17 1109 +DAHLf HARDY+KIRI @HILLER {LRL)

HESS REPLACES PRL 9 460 ALEXANDERyDAHLg JACOBSoKALBFLEISCH + (LRL)

ifitff 444444444 fifffieft etie44444 444444444 444444444 444etitee fettttfe
REFERENCES FOR L'TA( 1070)

O
O
LD

I

O
IA

LAM

ALA

YSZ
ISDH
ISOH

68 HBC
6'? HBC
67 HBC
6? HBC
67 HBC

BARLOW
BEUSCH
DAHL

67 NC 50A 701
67 PL 25 8 357
67 PR 163 1377

+LILLESTOL+MONTANET+(CERN+CDF+IR+LIVERPOUL)
+FI SCHERyGOBBI o ASTSURYyMICHELINI+{ ETH&CERN)
+HARDY+HESS+KIRZ+MILLER (LRL)

Ai (1070) WIDTH (MEV)

68 VIENNA ASS 626
68 PREPR INT
68 PHI(. ADEL ~ CONF ~

68 VIENNA ASSe 804
68 THESIS
68 PRL 21 316
68 PRIVY CONH ~

68 NC 53 A 817

0 ~ ANOLAU
HOANG
LAI
M {LLER
PHELAN

ALSO
SCHLEIN
WHITEHEA

+ASTIERyCOHENyAGUILAR-BENI TEZ+ (CDEF+CERN)
T FeHOANG ( ANL)
KWAN WU LA I (BNL)
+GUTAYyJOHNSONsKENNEY+ {PURDUE+NOAME&SLAC)
JAHES J ~ PHELAN (ANL+ST ~ LOUIS UN( V)
HOANG ~ EARTLY ~ PHELAN ~ ROBERTS+(ANL+CHIC+NDAH)
P ~ SCHLE IN UCLA)
CeWHITEHEAD + {HARWELL+STHAMPT+U AC ALON)

tfetfi tttetttet teteeteee ttfifttte eeteietef teetiefef tttfeftet fitfeffe
4 teef i ttf4 eeett etei ttetf 4 ~ tttei 44 444444444 tt444tttt 4 tei 4 ttii fii 4 et f 4

Pl
P2
P3
P4
P5

10 Al PARTIAL DECAY MODES

Al INTO RHO PI
41 (NTO K8AR K
Al INTO ETA P I
Al INTO ETA PR INE Pl
41 INTO 3 PI

DECAY PASSES
7704 139
493k 497
548+ 139
958+ 139
139+ 139+ 139



PARTIGLE DATA GRovp Reeieus of Particle Properties 15i

MESON RESONANCES

10 AL BRANCHING RATIOS

Data i» parentheses have stot been I'ncluded in our averages.

RL 0 Aj INTO {K84R K)/(RHO P I)
RL 0 F 0025 OR LESS OAHL 67 HBG - 4o0 Pj- P
RL 0 AL INTO (KBAR K)/(RHO Pll

ADERHOLZ 64 PL 10 226

ALLISON 67 PL 258 619
DAHL 67 PR 163 1377
DANYSZ 67 NC 51 4 801
JUHALA 67 PRL 19 1355

REFERENCES FOR 4L

AACH+BERL+SIRM+BO{N+OESY+HAMSetHPoCOL+ MPI)

+CRUZ+ (OXF+MUN+SIRM+RUTH+GLASG+LON{ IC))
+HARDY+HESS+K IRZ+MILLER (LRL)
OANYSZ+FRENGH+SIMAK (CERN)
+LEACOCK+RHOOE+KOPELMAN+ I IOWA+COLO)

010010 100000000 tittf tiff fiiitttff tiftttif 1 Otttiiiit 0iitttttt 10iftfit

11 8 MESON

0/66

M

M

M

M

M

M

'WIDTH (MEV)

ABOL INS
GOLDHASER
BALTAY
SISWAS
LEE
BALLAN
BOESEBECK
CHUNG

63 HBG
65 HBC
67 HBC
67 HBC
67 HBC
68 HBC
68 HBC
68 HSG

60 100.0 20 0
80 0

376 100' 30o
(250 )

25 100 EST INATED
(200 ' 0) (50o0)
203 ' 75o
150' 20o

~ o ~ ~ ~ ~ o ~ ~

AVG 122' 7880 16o0668 AVERAGE {ERROR INCLUDES
(SEE IOEOGRAP BCLOW )

+ 3 5 Pj+P
3 ~ T Pl+ ~ PI-P

Oo 0 PSAR P
8 ~ PI- P
3 ' 6 Pl- P

16~ 0 Pl- P
+ 8 ~ Pjf P

3~ 2 ~ 4o2 Pl- P

SCALE FACTOR OF 1 ' 3)

2/67
11/67

1/681
9/680

11/67
9/67

ASSCH CO
ASCOLI
BALLAH
BDESEBEC
CASO
GASON
G HUNG

CNOPS
FRIDMAN
KEY

68 VIENNA ABS
68 COO-1195-121
68 PRL 21 934
6BNP 84501
68 NC 54 4 983
68 VIENNA ASSo
68 PR L65 1491
68 VIENMA ASSo
68 PR 167 1268
68 PR L66 1430

466 COLLABORAT ION AACHEN-BERL IN+ SON (+CERN+HE I 0)
+CRAMLEYeKRUSEeMORTARA ~ SCHAFER ~ + I ll(. INO(S)
+8RDDY ~ CHADWICK ~ FRIES ~ GUIRAGOSSIAN+ {SLAC)JP
BOESEBECKeDEUTSCHMANN ~ +(AACHEN+BERLIN&CERN)
+CONTE+CORDS+DIAZ+ {GENOVA+HAHS+MIL&SACL)

24 +HONESeMCGAHAN ~ BISMAS ~ JOHNSONeKEMNEY+(MDAM)
SoUoCHUNG ~ 0 ~ OAHL ~ J~ K IRZ eD ~ H ~ MILLER {LRL)

210 +HOUGH ~ COHN ~ SUGG+ {BNL+ORNL+ORUC+TENN+PENN)
+PAURER HICH4LON OUDET+(HE IDELB+STRASBOURG)
+PRENTICE+GOOPER+HANNER+WALKER+(TO+ANL+MIS)

LIEIGHTEO AUERAGE = 1,22, B 4 16.1
ERRDR SCALED BY 1.27

C~&ISQ = 4.8 CONLEV e: 0.182

A) 5 (I )70) 44 A 1~ 5 I 1170e JPG~ -) I~I

BUMP IN 3 Pl AND RHO Pl HASS SPECTRA BETWEEN AL 4NO AZo
EVIDENCE FOR RESONANCE MOT COMPELLING' OMITTED FROM

TABlE ~

PAPERS NOT REFERRED TO IN DATA CARDS

SELLINI 63 NC 29 896 BELL INI FIORINI HERZ ~ NEGRI RATTI (IelLAN)
GOLOHASE 64 PRL 12 336 GOlDHABERe BROWN e K ADYKe SHEN e TR ILYING ( LRL+UC)
LANDER 64 PRL 13 346 4 {.ANDEReASDLINS ~ GARHONY ~ HENCRIGKS + (UCSD) JP
ASOL INS 65 ATHENS {OHIO) CONF ~ +CARHOMYeLANDER e XUONG ~ YAGER t LA JOLLA) I~ I
ALITTI 65 PL 15 69 ALITTI ~ BATON DELER CRUSSARD+ I SAC+SOL)
ALLARO 66 MC 46A 737 +DR( JARD+HENMESSY+ (ORSAV+lejLANOSACeSERK)

ALLARO+ 66 GET GOOD FIT TO H{PI RHO) ONLY WHEN (SSUPING ADDITIONAL RES)
NANCES BETMEEN 940 AND 1315 NEV

HESS 66 UCRL-16832 R I HESS (THESIS' BERKFLEY) tlRl)
SLATTERY 67 NC 50A 377 +KRAYBILL+FORMAN+FERSEL (YALE+ROCH) JP
ARMENISE 68 PL 26 8 336 +FORINO+CARTACCI+ (BARI+SOL+FIR+CRSAY)

000010 101000000 Off fifftt Otiffiii1 011001100 i i 00itttf Off tttttf f0101100
Oitftt 000010000 Otfffiftt Ofiffitft 110000010 Otitttift Otffif101 Ofttfifi O

O
o
Oo
oe

8 LIZDTH(tIEV)

O
O
O
CV

CHUHG

BDESE

o
o

6B HBC

68 HBC
67 HBC

63 HSC

o
O
O

MASS {MEV)

(1190 ) (4 )
(1190' 0) (8' 0)

D lll{1194~ 0) t9o0)
0 FROH FLT WHERE THE A2 IS

1170'
A {1250oo) (21~ 0)
A (1231~ 0) (11 0)
4 MO A2 )eESON PEAK, IS SEEN

{1195' 0) (15o0)

CASON 67 HBC
ABBCH COL 68 HBC
ABBCH GOL 68 HBG

FIXED AT MASS 1305
ASCOLI 68 HBC
GASON 68 HBC
CASDM 68 HSC

8 Pl-P- Lboo Pj- Pe5 Pl
16~ 0 Pt- P{3 Pl)

PEV WIDTH 90 MEV
-0 5 Pl-P

+ 18 ~ 5 Pt&PeP&4PI
+ 18 ~ 5 P I+V ~ P+3P t

VON KROGH 68 HBC
" - bo7 Pl- P

6/681
9/680
9/68i'

6/681
9/680
9/680

9/680

Pj
P2
P3
P4
P5
Pb
PT

8 MESON
8 IeESON
8 MESON
8 MESON
8 MESON
8 MESON
8 MESON

11 8 MESON P4RTIAL DECAY MODES

INTO OMEGA+Pl
INTO 2PI+ 2PI-
INTO K KSAR
tNTO Pl PI
INTO Pl PHI
INTO ETA Pl (FORBIDDEN SY G)
INTO K KBAR Pl

LL 8 MESON BRANCHING RATIOS

DECAY PASSES
783+ 139
139+ 139+ 139+ 139
493+ 493
139+ 139
134+1019
548+ 139
493& 4930 139

44 WIDTH (MEV)

RL 0 8 INTO 4PI/{OMEGA Pl)
RL 0 ' 5 Ok LESS ABOLINS 63 HBC t 3 5 PleP

M

M 0
M 0
M

M A

M A

W

(17 ) (12 ) {6 ) CASON 67 HBC
111 {52o0) (20 ~ 0) ASBCH COL 68 HBC

FROM FIT WHERE THE A2 IS FIXED AT PASS 1305
45 ~ L5 ~ ASCOLI 68 HBG

(132~ 0) (60 0) {36~ 0) CASON 68 HBC
{63~ 0) t 12~ 0) CASDN 68 HBC

NO A2 PESON PEAK IS SEFN
(20 ' 0) (10' 0) VON KRDGH 68 HBC

8 PI-P
16.0 Pj- P{3 PI)

MEVe WIDTH 90 HEV
-0 5 Pl-P

+ 18 5 Pl+PeP+4PI
+ 18 ~ 5 P I+P ~ P+3P I

6.7 Pl- P

6/68 ~'

9/6SO

6/681'
9/680
9/681

9/680

R3 0 8 MESON INTO (Pl P I)/(Pl OMEGA)
R3 0 ~ 3 OR LESS AOERHOLZ 64 HBC 4.0 PI+I 7/66

R4 0 8 MESON INTO (Pl PHI) / (Pl OMEGA)
R4 0 ' 015 OR LESS OAHL 67 HSC Lob-4o2 Pl- P 0/66

, R2 0 8 I".ESON INTO (K KBAR)/(OPEGA Pl)
R2 0 ' 02 OR LESS OAHL 67 HSC - 1 ' 6-4 2 Pl- P 0/bb
R2 0 10 OR LESS ICL 90) BALTAY 67 HBC +- 0 0 PBAR P 2/67

010000 Oftffftff Oftfttifi tffittiif ffiffifti Offtitiif fiif ffttf ftifttit

SUTTERMO
CASON
ASSCH CO
ASCOL I
CASON
DONALD
VONKROGH

67 HEIOELS ~ CONF ~ P ~ 28
67 PRL 18 880
68 VIENNA ASS ~ 466
68 PRL 21 L13
68 VIENhA ABS 24
68 PL 26 8 327
68 PL 278 253

REFERENCES ON 4 1~ 5 {LLTC)

REVIEW TALK ON MESONS (AT HEIOELBERG CONF ~ )
+LAVSA ~ 8ISWASeDERADO eGROVE 5 ~ + tNOTREDAHE)
COLLABORATION

AACHEN-BERLIN+SON�(+CERN+HE

IO)
+CRAWLEY ~ KRUSE IeCRTARA ~ SCHAFERe+ ( ILLINOIS)
+HOMES e MCGAHAN e 8 I SWA5 e JOHNSON e KENNEY+ I NOAH)

+FRODESENe BETT IN I ~ + (LIVERPOOL eOSLO ~ PADUA)
+HI YASHITAeKOPELMAN ~ MARSHALL LI SBY (COLO)

ittiii Ottiiifti iitfttiff iitiitttf Otftittii Oiiiiiift tffffitit 01101010
ii0100 Otfffiitt itiiiitff 000000tif fifftttff tiftitttf Ofttttfft 01101001

R5 0 8 MFSON INTO (ETA PI) / (Pl OMEGA)
R5 Oo 25 OR LESS (CL 90) BALTAY 67 HBC +- 0 ~ 0 PBAR P

Rb ~ St- INTO ((K KBAR)e- P(0) / tPI OMEGA)
R6 Oo08 OR LESS tCL 90) SAlTAY 67 HSC &- 0 ~ 0 PBAR P

Rb 0 8+- INTO {KS KS Pj t-) / {PI OMEGA)
Rb 0 ' 02 OR LESS (CL 90) BALTAY 67 HBC + 0 ~ 0 PBAR P

Rb 1 8+- INTO (KS KL Pl+-) / (Pl CHEGA)
Rb Do06 OR LESS {CL 90) BALTAY 67 HBC + 0 ~ 0 PBAR P

100000 ttftttfit Oitfifff f Oitfifiit Otftftftf tfftfttff 1f110ffft tffiifit
RFFERENCES FOR 8 MESCM

2/67

2/67

2/67

2/67

B(1210) Ll 8 HESON {1220~ JPG~L+f) I~L

ASCOLI 68 FINO JP EITHER &I+ ~ OR & 2+e3-e ~ 0 ~

THE SERIES JP~3-e5-e ~ ~ o SEEMS UNLIKELY BECAUSE 2PI AND

K KSAR DECAYS ARE NOT OBSERVEDo

11 8 MESON MASS {MEV)

HSC o 3 ' 5 Pl+P
HSC 3 ' 7 Pl+ ~ Pl-P
HBC - L6 PI P

M

IN

M 8
M 8
N

M

M

H

N

M

N

N

N

N A

HBC +-
HBC
HBC
HSC
HBC +
HBC
HBC

BE DECK
HBG +

60 1220~ 0 ABDL IMS 63
1220' 0 GDLDHABER 65

( 1320~ ) BALLAN 67
BALLAN 68 IS UPDATING OF BALLAN 67

376 1200' 20 SALTAY 67 0 ' 0 PBAR P
(L2TO ~ ) SISWAS 67 8o PI- P

25 1250' ESTIHATED LEE 67 3 ~ 6 Pl- P
(1250 0) (35~ 0) BALLAN 68 16~ 0 Pl- P
1259' 0 27 ' 0 BQESESEGK 68 8 ~ 0 PI+ P
1250' APPROXo CASU 68 11 Pj- P
1220o 20 ~ CHUNG 68 3~ 2 ~ 4 ~ 2 PI- P

IN THE 3-4 PI-P

QATAR'

THE 8 ENHANCENEMT HAY EFFECT (CHUNG 68)
150 1230' APPROX' GtDAL be 3-4 PI+ P

o o o o o o o ~ o
VG 1220 ' 5490 15 5578 AVERAGE (ERROR IMCLUDES SCALE FACTOR OF Lo2)

11/67

2/67
IL/67

1/680
9/680
0/67
6/680
9/67

6/680

ABOL INS 63 PRL 11 381
ADERHOlZ 64 PL 10 240
GOLDHASE 65 PRL 15 118

ABOL INS ~ LANDEReMEHLHOPe XUChG ~ YAGER {UCSD)
4 AC HEN+8 ERL I M+8 I R M+SONN+Hhle BUR+ I G-LD ( C+MP I )
G GDLOHASER AS GQLDHABEReKADYKeSHEN (LRl)

BALLAM
BALTAY
8(SWAS
DAHL
FOSTER
I.EE

67 HEIDBG CONF PE 33
6T PRL 18 93
67 HEIDBG GDMF PE 33
67 PR 163 1377
67 HEIDELS ~ CONF ~ P 33
67 PR 159 1156

+BRDDY ~ GHADWICKe FRIES ~ GUIRAGOSSI AN+ (SLAC)
+SEVERIENS+YEH+ZANELLO (GOL+SNL)
+GRDVES ~ CASONeKCNNEY POIRIER+ (NCTRE DAME)
+HARDY+HESS+KIRZeNILLER {LRL)
+GAVILLET ~ LABROSSEeNONTANET+ (CERM+C ~ OE F)
+MOEBS ROEeSINCLAIR ~ VANDERVELDE {MICHIGAN)

ASCOLI 68 PRL 20 1411
BOESEBEC 68 NP 8 4 501
CASO 68 NC 54 4 983
CHUNG 68 Pk 165 1491
GIOAL 68 UGRL-17984

+CRAWL E Y ~ HORTARA ~ SHAPIRO (URBAMII) JP
SDESEBECK ~ DEUTSCHNANN ~ +(AACHEN&BERL(NeCERN)
+CONTE+CORDS+DIAZ+ (GEMOVA+HAMS+NIL+SACL)
S ~ U ~ CHUNGeO ~ DAHL e J ~ K IRZ ~ 0 ~ H ~ MILLER (lRL)
+BROWN ~ 8 IRGE ~ BACA STOW e FUNG+ ( LRL+U C ~ R {VERS )

PAPERS NOT REFERRED TO Ik DATA CARDS

BONDAR 63 PL 5 209 BONDAReDODD+ {AACHEN+8 IRM+HAHB+ IC-LOND+MPI)
CARNONY 64 PRL 12 254 CARHONY ~ LANDER ~ R INDFLE I SCH ~ XUONG ~ YAGER {UC ) JP
SLATTLRY 67 NC 50A 377 +KRAYB ILL+FORMAN+FERBEL (YALE&ROCH)
SALLAM 68 VIENNA ASST 919 +BRDDY CHADWICK ~ GUIRAGDSSIAN ~ LEITH+ (SLAC)

iftfi 0 0tftti fit fftitfitt Off tf fiff Oiii f if tf Off Oi fifi 0011iif01 Otiiitti
0010tf 101011011 000011000 tt1000011 010010111 010110101 011100ttt 00011'if'0



152 REVIEVIt8 OP MODERN I HYSICB JANUARY 1969

MESN RESONANCES
Data in parcsthcscs have not bccs included is our avcragcs.

REFERENCES FOR F

f(taco)

I{
H

M

M

H

H

H

H

H

M

H

H

H 5
H

H

M

H

H

M

H

H

H AV

1250 0
5{1260»0)

1260 0
5 1250 0

1250 0
1270»0
1240»0

L416 L24I7%0
1275 0

(1255%)
( 127 L% )

1264 '
(1262»0)
(IZ76»)

5-WAVf
1261%
1270%

{1267»0)
1265'
LZ4L ~
1267%

(1291%0)
(1270%0)

a ~ ~ ~
G 1264 ' 17

5 F HASS tHEV)

0 Pf-P
4 ~ 0 Pl P
ba I PI-P
3»3 PI-P

7 Pr-P
DPI- P

5»7 PBAR P
2-3 Pl-P ~ 7 CUT20

10«0 PI-P
(Kol KOL MODE)

4 2 Pl P {Al{. T)
4»2 Pl-P {7 CUT 20)

Bao PI- P
8.5 Pl+ P

62 HBG
63 HBC
63 FSC
63 HSG
64 HSC
e5 HBC
ee HBG
4I6 HBC
66 SPRK
67 HSC
4ll HSG
67 HBC
67 HBC
er HBG

SELOVE
BONDAR
VE ILLE T
GU IR4GOSS
LEE
DERAOO
ACCE NS I
JACOBS
MAHL IG
SARLOM
EISNER
E I SNER
POIRIER
R4SIN

25 ' 0

5 ~ 1 PI+NtP Pf+
5 ~ 1 Pl+NtP PIQ 0

9%0 Pl+ 0
8 PI+ P
PBAR P AT REST
8 Pl-P

2 ' 5 PBAR P
3~ 2 Pl-PrP I+Pl-H

DBC
DBC
OSC
HBC
HSC
HBC
HSC
SPRK

ARHE Nl Sf 68
ARMENI SE 68
ARHENISE2 68
BOESE8EGK 68
FOSTER 68
LAHSA 68
MASON 68
WHITEHEAD 48

UOES SCAlf FACTOR OF I ~ 0)

20 ' 0
10%0
25 0

(13%)
(9~ )

7»
t 7»0)

(11«)
BREIT-MIGNER FIT

4%
5 ~

(9»0)
8%

38'
15~

t35 ~ 0)
(15»0)

~ ~ ~ ~
15 2«4985 AVER4GE (ERROR IHCL

6/66
6/66
0/67
6/66

11/66
9/67
9/67

11/67
9/6'7

6/681
6/680
9/680
6/680
6/68'1
0/67
9/eet
4/681

ACCENSI
JACOBS
kAHL IG

BARLOM
BEUSCH
DAHL
E ISHER
POIR I ER
RABIN

ABCCW CO
ARMEN{SC
ARMENI 5 2
BOf SES(C
FERBEL
FOSTER
LAMSA
HASON
WHI TEHE A

66 PL 20 557
66 UCRL-16877
66 PR 14l 941

67 NC 50A 701
67 Pl 25 8 357
67 PR,L&3 13ll
67 PR 164 1699
67 PR 163 14&2
67 THESIS

48 VIENNA ABSe 454
4IB HC 54 4 999
6S VIENNA ASS ~ 412
e8 NP 8 4 501
68

PREPS�

-PHILA ~ CONF
&8NP 86 107
68 PR 166 1395
68 VIENNA IBS» 275
68 NC 53A 817

SELOVE 62 PRl 9 272
BONDAR 63 PL 5 153
GVIRAGOS 63 PRL ll 85
vfllLET e3 PRL 10 29
Lff 44 PRL 12 342.

BARHIH 65 SJNP 1 623
CHUMG 65 PRL 15 325
DERAOO 65 PRL 14 872
GUIRAGOS 65 PRL 11 85
WANGLER 65 PR 13l 8 414

SELOVEtHAGOPIANt BROOYt BAKER ~ LESOY {PENNA)
BONDAR+ (4ACHEN+SIRM+BOMN+DESY+ IC-LOHG+HP I )
Z«G» Te GUIRAGOSSfAN (LRL)
VfllLET ~ HENNESSYtSIHGHAMtBLOCH+ (PARtPILAN)
LEE t ROE ~ 5 INClA IR t VANDERVELCE (IIIChlGAN)

+OOLGOLEHKO+EROFEEV+KRE 57HIKOVt t LTEP HOSC)
CHUNG»DAHL ~ HARDY tHESS ~ JACOBS ~ KIRZ (LRL)
OERAOO ~ KENNEYtPOIRIER ~ SHEPhARD tNOTRf DAME)
2 G T GUIRAGOSSIAN (LRL)
7 P WANGLER ~I R ERklN»M MILKER (MISCONSfM)

ACCENSI ~ ALLES-BORELL I ~ FRENCht FRISK+ (CFRN)
LaD JACOBS ~ THESI 5 {LRL)
+SHISATA GORDON FRISCH MAHHf ill f HIT+PISA) J
+llLLESTOL+MONTAHET+ (CERH+CCF+IR+LIVERPOOL)
+Fl SCHERr GOBS I t ASTBVRYt Hl CHELINI+(E TH&CERN)
tHAROY0HESS+KIRZ0MILLER (LRL)
+JOHNSON+KLEINtPETERS+SAHHI+YEN+ tPUROUE)
+SISWAS CASON OERADO KENMEY+ INOTRDAH+PEMM)
H ~ RABIN tRUTGERS)

COLL ABORAY I OH AAGHEH-BERL I h+CERM+ t RAK+MAR5)
+FOR I NO+CAR TACC I+{BAR I+BOLOG+F I RENZE+ORSAY)
ARMENI SE t FOR INC t C4RT ACC I+ ( BAR I+BGNA+F IRZ )
BCESEBECK ~ DEUYSGHHAMMt+ f AAGHEM+BERL IH tCERN)
T ~ FERBELtQUOT»RES ~ OF IIIORTARA+I ILL») {ROCH)
tGAVILLETtLASROSSE+HONTAMET+ (CERN+PARIS)
+CASON+BISWAS+DERADO+GROYES+ INOTREDAME)
+HUIRHEAOtPOPPLETONtRIGOPCULOS+ (LIVP&ITEN)
+HCEWEMtOTTtAITKEN+ (AERE+SHAHPT+UG ~ LONO)

5 F WIDTH (HEV)

M

M 0
M

M

M

M

1
M

W

M

M

M

M 5
5

W

W

M

'M

M

k
M

AVG

eZ HBC
63 HSC
63 FBG
64 HSC
65 HBG
bb HSC
66 HBC
66 SPRK
67 HBC
67 HSC
67 HSC
67 MSC
47 HSC

SEI.OVE
BONDAR
VEILLET
LEE
DERAOO
ACCENSI
JACOBS
MAHL I G

BARLOW
E I SHER
E I SNER
POIRIER
RAS IH

3%0 Pl-P
4%0 PI P
6 ~ 1 Pl-P
3 7 Pl-P
4%0 Pl- P
5»7 PBAR P

2-3 Pl-Pr T CUT20
10~ 0 PI-P

(KOL KOL PODE)
4%2 PI-P {ILL T)
4 ~ 2 Pf-P (T CUT 20)

8»0 Pl P
8%5 Pl+ P

100»0 25«0
85 t 140%0)

200 ' 0 OR LESS
130»0 20 ' Q

150»0
102~ 0 46%0

416 99 0 10 0
100%
(82 ) (34~ )

(219% ) (39~ )
173% 25 '

(163~ 0) t 16~ 0)
(155») (17«)

5-WAVE BREIT-MIGNER FIT
216» 13~ ARNE HI SE'

188» 15' ARMEIIIISE
(Z72»0) (2Q ~ 0) ARIIE II I SEZ

128» 23 ' BOESESEGK
172e 49% FOSTER
113a 30' LAHSA

(181 0) (40 0) HA SON
(160~ 0) t 20 ~ 0) WHITEHEAD
e e e e ~ e e ~

145~ 3259 15~ 7796 AVERAGf (ERROR IMGLUOES SCALE FACTOR OF 2 7)
(SEE IDEOGRAM BELOW )

5%1 Pl+N ~ P Pl+
5%1 PltNrP Plo 0
9 0 PI+ 0

8 Pf+ P
PBAR P AT REST
8 Pl-P

Za5 PBAR P
3~ 2 Pl PyPI+Pl-H

68 DBC
eB DBG
68 DSG
68 HSC
68 HSC
68 HSC
e8 HBC
68 SPRK

e/eb
6/66
O/67

11/66
11/66
9/67
9/67

1l/67
9/67

6/68'1
6/680
9/680
6/680
4/680
0/67
9/680
4 /680

PAPERS NOT REFERRED TO IN DATA CARDS

HAGOPIAN 63 PRL 10 533
AOERHOLZ 64 PL 10 240
BRUYANT 64 PL 10 232
SODIGKSO 64 PRL 12 485
BARHIN 65 SJNP I 230
STRUGALS 67 JINR EL-3100

V HAGCPIAN ~ k SELOVE {PENNA)
AACHEM+BERLIH+BIRHASOMN+HAPBUR+IC-L{MO+HPI) IJ
BRUYANTtGOLOBERG HOLDER ~ FLEURY HUCtCERN+PA) I
SCOICKSON MAHLIG ~ HANNELLI ~ FRISCH+ (HIT) f
+COLGOLENKO ~ ELENSKY ~ EROFEEYt {ITEP HCSCOM) JP
STRUGALSKI+CHUVILO+I VAHOVSKAJA+ (OUSNA)

D ()P 85) 8 0 HESON {L285rJPG0 0) 1~0

(JPao- ~ I+ F 2 MIYH 1+ FAVOREOe)

8 0 MESON N455 (IIIEV)

H

H

H

H 1
H 1
H

H AVG

1290 APPROX'
1283~ 0 5%0
1290' 7»

46 t 1270~ 0 I ( 10 0 )
(1300' 0)

~ ~ ~ ~ ~ ~ ~ ~ ~
1285a 3649 4» 068$

SARLOM 67 HBC
DAHL 67 HBC
D»ANO(. AU 68 HBC
O«ANOLAU2 68 HBG
OEFOIX 68 HSC

1' 2 PBAR PE 48OOY 5/67
1 ~ 6 4«2 Pl P 0/bb

1' 2 PBAR PE 5-68OCY 6/680
0 ~ l PB P ~ 5 BODY 9/6St
1 ~ 2 PB Pt 7 Pl 9/680.

AVERAGE fERROR INCLUDES SCA(.E FACTOR OF 1 0)

000111 tttttttt1 000001010 001000ttt 000101001 000111010 ttttttttttttttt ttttttttt ttttttttt 000000000 ttttttttt 101100100 ttttttttt 01001001

UEIGHTEO AVERAGE 145.3 I 1S.B
ERROR SCALED BY 2.73

CHISQ ~ 67 ~ 1 CONLE V 0 ~ OOO 8 D MESON WIDTH IHEV)

M 35« 0 10» 0
M 30« 5%

46 (65ao) {20»0)
M {40eo)
M ~ ~ ~ ~ ~ ~ ~ ~
W AVG 3 ~ 4I QQOO ~ 721 AVERAGE (ERROR INCLUDES

I 6-4«2 Pl- P 0/'BB
1 ' 2 PSAR PE 5-6 PFS 6/680

0 ' 7 PB Pt5 BODY 9/680
1 «2 PB Pr 7 Pf 9/&St

SCALE FACTOR OF 1 ' 0)
~ ~ ~ ~ ~ ~ ~ ~ ~ .LA{ISA

~ ~ ~ FOSTER
OESEBECK
RIIEMISE
RIIENISf
ISMER
RCDBS
CCf NSI
Ef
ELOVK

6B HBC

6B HBG

6B HBC
6B OBC
6B DBC
67 HBC

66 HBC

66 HBC

64 HBC

62 HBC

Pl
P2
P3
P4

8 D HESON P4RTIAL DECAY PODES

D MESON INTO K KBAR I'I
0 MESON INTO Pl Pl RHO
D HESCN INTO ETA Pl Pl
D MESON INTO DELTA{962) Pl

8 D HESON BRANCH(INC RATIOS

DECAY PASSES
497+ 4970 134
134+ f34+ 770
548+ L34& 134
962+ 134

O
O

O
O
O

O
O
O

O

O
Pl

O
O

0
RL
RL B
RL D

D MESOH INTO {PI Pl RHO) / (K KBAR Pl)
2 0 OR LESS DAHL 47 HBC
4«0 OR LESS DONALD 48 HBC
THIS 15 FOR (RHOO Plt Pl-)/tK K{FIR Plo)

CHARGED PI ONLY 0/66
1~ 2 PS Pt5 Pl 9/680

PL
PZ
P3

F IIIDTH {IIEV)

5 F PARTIAL DECAY MODES

F INTO Plt Pl
F INTO 2PI+ 2PI-
F INTO K KSAR

DECAY PASSES
139+ 139
139+ 139+ 139+ 139
4970 497

RZ
R2

R3 1
R3

D MESON INTO (K KSAR Pl)/{ETA Pf Pl)
(0«142) to»035) DEFOIX &8 HBC

0 MESON INTO (DELTA PI)/(ETA PI PI)
POSSIBLY SEEN DEFOIX 68 HBC

I ~ 2 PB Pt7 Pl 9/680

1 ~ 2 PB Prl PI 9/680

REFERENCES FOR 0 MESOIII

010000 ttttttttt ttttttttt 00000000t tt0011011 000000000 00101111t 11001011

RL
RL
RL
RL

5 F BRANCHING RATIOS

F INTO (2PI+ 2PI-) / lOYAL
O.QB O. O&
0«04 OR LESS
Qe 01 APPROX ~

SONOAR 63 HSG 4e0 P I
CHUNG 65 HBC 3%2 Pl-P
FERBEL 68 HSC 5 Pl- P 6/681

BARLOW 67 'HC 50 A 701
OAHL 67 PR L&3 1377

SEE ALSO 65 PRL 14 L074
O»AMDLAV 68 NP 8 5 693
D AMDLA2 68 VIENNA ASS &24
DEFOIX 68 VIENNA ABS 653
OONILO 68 VIENNA 485 ~ 323

+HOHTAHE Tt D-ANDL IUr {CE RH+COF+ I OR +L I VER POOL )
+HAROY+HESS+KIRZ+HILLER (LRL) I JP
I{ILLERt CHUNG ~ DAHL ~ HESSt HARDY rKIRZ+ (LRL+UC)
+ASTIER ~ BARLOMtHOMTAMET+ {GDF+CERN+RAC+LIV) I JP
D AMDLAUtASTIER ~ COHEN GANOUMA+ {CDEF+CERN)
+5 IAUD ~ RIVETt SHIVELY ~ CONFCR TO{GDF+ IPMtCERM)
+EDWARDS ~ BUR4N ~ BETT IHI+ (Lf VPrOSLCtPIDO)

R2
RZ
R2
R2
R2
R2 8
RZ N

RZ M

RZ
R2 A

RZ A

TY DF A2 WHICH HAS SAME

HLBC 2 ~ 8 Pl-
HBC 3%0 Pl-P
HSC 1~ 2 PSAR P--KLKL 11/66
SPRK 5 ~ 7 ~ 12 Pl-P 9/67

HSC Led-4 ~ 2 Pl P 0/66
HBC 8 ~ 0 Pl+ P 9/681
(KKSIR)+ PEAKS AT 1320~

F INTO {K KBAR)/{PI Pl)
DETERMINATION DIFFICULT BECAUSE PROXIHI
NEUTRAL {K K84R) MODES

0 F 09 OR LESS SARHIM 65
Oe 16 OR LESS M4HGLER 65
PROBABLY SEEN SARlOM 67
O«047 0«012 + SYST ~ SEUSCH 67
PEAK UNRESOLVED FROM AZ
0%025 OR LESS DAHL 67

(0~ 055) {0«038) ABCCM COL 68
K+K- PEAK IS AT ABOUT 1240 HEV WHILE

Az(igloo)
12 A2 HESOM I L300t JPGi2+-) leaf

THE HASS 4NC WIDTH DATA ARE SCPARATEC INTO 4 GRCUPS
42L CONTAIN5 INFDRMATIOH OH THE LOWER PEAK
AZH CONTAINS INFORMATION ON THE HIGHER PEAK
A2K CONTAINS INFORMATION GM K KBAR (YET UNDECIDED

WHETHER SPL IT I
A2 CONTAINS THE RE){AI NING IIIIFORHAT ION I NO SEPARATION)I

tttttt 10000000t 100000110 10011111t 100111001 000000000 00100tttt 10011110
110411 t00010000 010100100 ttttttttt 0100110tt ttttttttt ttttt1100 00000000

110011 0110100tt 111011001 ttttttttt 010010000 ttttttttt 100011010 10110011
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MESON RESONANCES

12 A2L MESON MASS (NEV I

Data in parentheses have not been incllded in ogr averages.

12 A2L HESON MIDTH (NEV)

ML

HL
Ml. I
HL
ML AVG

1274 ~ 16~
126 I~ 0 5»0

(1266») (8 I
~ ~ ~ ~ ~ ~ ~ ~ ~

1269»4448 4»7724

GHIKDVAHI 67 MMS - 4»7 Pt- 6/48
CRfHHKLI. 68 HBC 6 ~ 0 Pl P ~ X 6/68+
KIENZLE 68 HMS - 2 ~ 65 Pl- P 6/68I'

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)

IIL
ML

ML
ML
ML AVG

29» 10» CHIKOVANI 47 HMS
24»0 10»0 CRENHELL 68 HSC

(28 ' ) (5' I KIENZLE 68 HMS
~ ~ ~ ~ ~ ~ ~ ~ ~

26»5000 7~ 0711 AVERAGE (ERROR INCLUDES

6o7 Pl P
4 0 PI-P)X
2»65 Pl- P

SCALE FACTOR OF 1~ 0)

6/68e'
6/684
6/68+

12 A2H MESON HASS (MEV) 12 A2H MESOH MIDTH (MKV)

NH
HH

MH

MH

HH AVG

1320~ 16»
1315 0 5»0

(1319») I 8 ~ )
~ o ~ ~ o ~ ~ ~ ~

1315»444S 4»?724

GHIKDVAHI 67 MHS
CRENNELL 68 HBC
KIENZLE 68 HHS

6»7 Pl- P
6»0 Pl-P ~ X-
2 ~ 65 P I- P

AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1 ~ OI

6/68+
6/6S4
6/68+

MH

MH

MH

MH

MH AVG

35~ 10e CHIKDVANI 67 HMS
12' 0 10»O CRENNELL 68 HBC

(28») (5») KIENZLK 68' MMS
~ ~ ~ ~ ~ ~ o ~ ~

23»5000 11»5000 AVERAGE (KRROR INCLUDES

de7 PI- P
6 ~ 0 Pl P ~ X
2»65 Pl- P

SCALE FACTOR OF 1~ 6)

6/684
6/68'i
6/68' ~

12 A2 MESON MASS (HEV) ~ K KBAR HOOK

80 1317 0 3 0 BARLDM 67 HBC e- 1 ' 2 PBAR Po KK
HK 60 1333e0 13' 0 BARLOM 67 HBC +- 1»2 PBAR PE KK
HK N (1344»0) t?e) (6~ ) BEUSCH 67 SPRK 0 5 12 PI- P
MK H K01 K01 HOOE» PEAK UNRESOLVED FROM F ~

MK 130 1280' 0 12 0 CONFORTO 67 HBC +- 0 ~ PBAR P IN KK
MK 1317~ 2 4»0 DAHL 67 HSC 2 ~ 7-4 ~ 5 Pl- P
MK 1315~ 7 10e8 DAHL 67 HSC 0 2 ~ 7 4»5 PI- P
HK 1311»0 5»0 CREHHELL 68 HBC - 6 0 Pl-P ~ KIKI
HK o e e ~ ~ ~ ~ ~ ~

MK AVG 1315~ 2943 3»1680 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
(Sff IDEOGRAM BELOM )

UKIGHTKD AVKRABK ~ 1316.29 4 3»17
ERRDR SCALED BY 1.84

CHISQ ~ 11~ B COHLKV o 0.03B

9/67
9/67
7/47

9/67
8/67
8/67
6/684

12 A2 MESON MIDTH (HKV) e K KBAR MODE

MK 60 56 ~ 0 28» 0 BARLD'M 67 HSC +- I 2 PBAR PE KK
ilK 80 56»0 15e0 SARLDM - 67 KBC e- I 2 PBAR PE
MK N I 88 I (23 ) (22 ~ I BEUSCH 67 SPRK 0 5-12 Pl" P
MK N KOI K01 MODE PEAK UNRESOLVED FRDH F ~
MK 130 90~ 0 CONFDRTD 67 KBC +- 0~ PSAR P IN KK
it K 4?o 18~ DAHL 67 HBC 2 ' 7 4 5 PI- P
MK 80~ 5 34»5 DAHL 67 HSC 0 2 ~ 7-4e5 Pl- P
MK 21~ 0 10~ 0 6~ 0 CRENNELL 68 HBC 6»0 Pl-I' ~ KIK1
MK ~ ~ ~ ~ ~ ~ ~ ~ ~
MK AVG 33 9103 8 4596 AVERAGE (fRROR INCLUDES SCALE FACTOR OF 1 4)

(SEE IDEOGRAM BELOM

LJKIGHTKD AVERAGE o 33.91 e 8.66
ERROR SC4LKD BY 1 ' 37

CHISQ ~ 7.6 COHLKV»» 0.109

9/67
9/67
7/47

9/67
Blb?
8/67
6/680

CRK HHKLI.
~ ~ ~ ~ DRHL
~ ~ ~ DAHL
~ ~ . CDHFDRTD

BRRLDll
I- ~ ~ . ~ BARLD4I

6B HBC
6? HBC

67 HBC
67 HBC
67 HBC

67 HBC

.CRKHHKLL 6B HBC

.DAHL 67 HBC

67 HBC

67 HBC
67 HBC

o
o
vo

o
oo

tlASS (flf V)» K

o
o

KBAR tlDDK

0
o
Cl

o»

o
o
lt»

o
o

o
o
jt»

o
o
~e

o
Ul
o»

o
o
e»»

A2 MIDTH ttlKV)» K KB4R tlODK

N

M

H
M

H

H

H
M

H

H

A

A

H 4
M

N

H

H

H

H

M

H 8
N 8
H
M

M

H

H
M

H AVG

12 A2 HESOH HASS (MEV) y 3P I MODE» SPLITTING VHRE SOLVED

64 HBC
64 HSG
e5 osc
65 HMS

65 DBC
66 HBC
66 OSC
66
46 HMS
67 HSC
47 HBC
Al ~ 5)
67 HHS
67 HBC
68 HBG
68 OSC
68 HBC
68 HBG
68 HSC
e8 HBG
e8 HBc
MASS A

68 HBC
e8 HBC
68 HBC
68 HBC
68 HBC
68 HBC

1320»0 ADERHOLZ
1335»0 10»0 GOLDHABE R

130 1310»0 FOR INO
425 1290eO 5»0 LEFEBVRES

1300»0 SEIDLITZ
1290»0 10»0 SARHK S
1310»0 10»0 BENSON

800 1310.0 10.0 COHP. BY FERBEL
060 1286 8» LEVRAT
137 1285' 20» SALTAY

(1288~ ) I 14 CASGH
AHA(. YSIS COMPLICATED SY NEARBY PEAK (

000 1307». 16» CH IKOVAN I
1269» DANYSZ

(1306»0) (7' 0) ASSGH COL
1311' 0 6»0 ARHENI SE

(1304»0) (10»0) ASCOI. I 2
1282»0 15~ 0 BALLAH

(131500) (15»0) BLUHENFEI.
1320e 10» BOE Sf BECK

(12800) (100) BOESEBECK
ASSUMING Al AND Al ~ 5 MESOHS OF FIXED
1300e APPRDX ~ CASD
1310» 20» GHUNG

1287»0 10»0 CRENHELL
1275» 1?e FR I DHAH

1280» 12» KCY
(1301~0) (8»0) VON KROGH

~ e e ~ ~ ~ ~ o ~
1296' 6581 4»4843 AVERAGE (ERROR IN

(SEE IDEOGRAH SELOM )

4»0 PI+P
+- 3»7 P)e- P
+ 0 4 5 Pte D

P - 5eb»b»0 PI-P
3 ~ 2 PI-C
6»0 Pl-P

0 3 ~ 65 PI+0
e- PI+- P

67 PI- P
08~ 5F'I+ PBPI-F

AT 1190 HEV
7 PI P

+- jo3»b PBAR P
1beO PI- P ~ 5 PI

0 5 ' 1 PI+C
5 ~ 0 Pl-

16»0 Pl» P
3 ~ 9 PI P

OBPI+P
e 8 Pl+ P

NO M I 0TH
11 PI- P
2»7-4»5 Pl- P
b»0 Pl P ~ X-

e- 5»7 PSAR P
3 Pl P
6»7 Pl- P

CLUDES SCALE FAC'TOR OF 1 ~ 8)

0/66
bl66
6/66
4/66
bl64

10/66
2/67
?ld?
5lb?

8/67
7/67
9/68+
9/47
9/68+
9/68
9/48I»
6/68+
6/eBI

6/68e'
5/68+
6/48
6/&S+

11/67
9/689

lt
M

M

M

M

M H

M N
'M

M

M

M

M

M

M

M

M

M

M

M

M

lt
M

AVG

1425

+ 1800
1060

137
A

4000

12 A2 HESON MIOTH (HEV)

100~ 0 ADERHOLZ

90e0 10»0 GOLDHASER
99e0 15»0 LKFESVRES

140~ 0 SEIDL I TZ
70 ~ 0 10~ 0 BARNES

(110~ 0) t 45 ~ 0) BENSON
SUPERSEDED SY SfHSON 1 &6
100 15' BENSON 1
80 ~ 0 10»0 COHP ~ BY FERSEL
98~ 5 ~ I.KVRAT

100e 25» BAL ?AY
(84» I (30e) t20») CASON
ANALYSIS COMPLICATED BY NEARBY PEAK
90~ 15» GH IKOVANI
45 ~ 22» DANYSZ
96 0 16' 0 ARHENISE

(108»0) t 10e0) ASGOLI 2
125~ 0 40»0 BALLAN
90» APPROX' BOESKBECK
56» 21» SOESEBECK
80 ~ APPROX' GASO
80» 20» CHUNG
94»0 30' 0 20 ' 0 CRENNELL
80» APPROX» FRIOHAH
91~ 18~ KEY

(40»O) (25»0) VOH KROGH

90»8811 3»4713 AVERAGf (ERROR IN

64 HSC
64 HBC
65 MHSP
65 OSC
bb HBC
66 DSC

4 ~ 0 PI+P
+ 3 ' 7 PI+- P

6»0 Pl-P
3~ 2 Pl-C
6 ~ 0 PI-P

0 3 ~ 65 PIIO

0 3 65 PI+D
+ P I+- P

6 ~ 7 PI- P
0 8 5 P(e P

8 PI P
AT 1190 MEV

7 PI P
+ jej ~ 6 PBAR P

0 5.1 Pl+0
5 ~ DPI- P

16~ 0 Pl- P
4 SPI+P

08 PI+ P
11 PI- P

2 ~ 7-4 ~ 5 PI- P
6 ~ 0 pl-p ~ x-
5 ~ 7 PBAR P
3 PI-P67PI-P

66 OBC
66
66 HMS
67 HSC
67 HSC
(Al»5)

HMS
67 HSC
68 DSC
68 KSC
68 HSC
48 HSC
68 HBC
&8 HBG
68 HBC
68 HBC
68 HSC
68 HBC
68 HSC

CLUDES SCALE FACTOR OF I ~ 1)

e/66
6/66
6/46
6/66

I/67
10/eb
2/67
7/&7
5/67

8/67
7/67
9/67
9/68I'
9/68+
6/68I'
6/68'i
6/68+
5/68e'
6/680
6/68+

i(le?
9/68~

o
o
e»

42

. R
~
'I

' l.

o
IO
oo

tlASS I IIKV)

o
o
co

~ KEY 6B
FRIOIIAH 6B

~ CREHHKLL 6B
CHUHG 68
BOKSKBECK 6B
B4I.LAtl 6S
ARI1K HIS E 68
DANYS2 67
CHIKDV4HI 67

'BALTRY 67
~ ~ ~ LKVRAT 66

BKHSDH 66
'BARHKS 66

~ . LKFEBVRKS BS
GDLDHABER 64

o
o
PJ

C»

HBC

HBC

HBC
HBC

HBC

HBC
OBC
HBC
tlt16
HBC
till S
DBC
HBC
fltlSP
HBC

1SKIGHTKD AVERAGE ~ 1296.66 a 4.48
KRROR SCALKD BY 1.BS

CIIISQ o: 47.'7 CDHLKV»o 0 .000

12 A2 MESON PARTIAL DECAY MODES

Pl
P2
P3
P4
P5

A2 Hf SON INTO RHO PI
A2 HESCN INTO KBAR K

A2 HFSON INTO ETA PI
A2 MESON INTO ETA PRIHE I»I
A2 Hf SON INTO PI& Pl- PIO

Rl ~
Rl
Rl N

Rl N

Rl
Rl
Rl
RI
Rl
Rl
Rl
R I AVG
Rl F IT

12 A2 MESON SRAHCHING RATIOS

A2 HESON INTO (K KBAR) I (RHO Pl)
0 F 08 OR LESS LANDER 64 HSG

(0~ 13) (0~ 03) BEUSCH 67 SPRK
K01 K01 MODE ~ UNRESOLVED FROM F~

(Oe 15) (0~ 05) SOCKHANN 67 HBC
(0»09) (0»05) BOCKHANN 67 HBC

11 F 09 0 F 06 0»09 ASCDI. I 68 HBC
0»022 0»008 SOESKBECK 68 HBG
Oe054 0 ' 022 CHUNG 68 HBC
0»03 0»012 DONALD 68 HBC

~ 0274 ~ 0063 AVERAGE (ERROR INCLUDES
~ 027 »006 VALUE FROM COtISTRAINKD

R2 A2 MESON INTO tETA Pl)/TOTAL
R2 0»084 0 ' 023 SOESEBECK 48 HBC
R2 o ~ ~ ~ ~ ~ ~ e ~

FIT q IOS ~ 021 VALUE FROM COHSTRAINE D

DECAY MASSES
770+ 139
493+ 497
548+ 139
958+ 139
139+ 139+ 134

+ 3' 5 Pt+P
0 5v7 ~ 12 PI-+

0 5e0 Pl+P
5 ~ 0 P I+P
5 PI-P
8 Pte P
je2 PI-P
1»2 PSAR P

FIT

S PI+ P

SCALE FACTOR OF 1 ' 0)
FIT

0/66
9/67

9/67
9/67
6/684
6/68e'
I/47
e/be~
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MESO N RESONANCE S
Data in parentheses have not been included in our averages.

R3 ~ 42
R3
R3 0
R3 0
R3
R3-
R3 22
R3
R3 t
R3 1
R3
R3 AVG
R3 FIT

MESON LNTD {ETA PI) / (RHO Pl)
oe3 Oe2 ADERHO(. 7 64 HSC

(0~ 24) (oe 08) OUSOVIKOV 66 HBC
VETLITSKY 68 IS UPDATING OF OUSOVIKCV 66

(oe24) (oe08) SQCKHANN 67 HSC
{)~ 22 oa 09 CONTE 67 HSC
0%23 oe08 ASCQLI 68 HSC
0 ~ 12 oe08 CHUHG 68 HBC
0 ~ 072 OR LESS DONALD 68 HSC
o. 1e o. Lo KEY 68 HBC

toe18) toeob) VETLITSKY 68 HSC
~ e e e ~ ~ a e e

~ 1878 «0422 AVERAGE (ERROR INCLUDES
~ 126 ~ 027 VALUE FROM CONStRAIHEO

Ceo PI+P
3 ~ 3 Pl-P

5 ' 0 PL&P
11eo PI-P
5 Pl-P
3~ 2 Pl-P
1 ~ 2 PBAR P

PI-P
3 ~ 3 PI P

SCAI.E FAG'TCR OF 1~ 0)
F lt

RC 1 A2 MESON INTO (ETA PRIME Pl) / TOTAL
R4 oel OR LESS CHUNG 65 HSC 3'e2 Pl-P
RC 0 ~ 904 Oe OOC BOESESECK 68 HSC + 8 Pl+ P
RC a a e e ~ ~ ~ ~ a
R4 F IT ~ 005 ~ 004 VALUE FRON CONSTRA(NED FIT

11/66

9/67
8/67
6/681

12/66
6/681

11/67
9/681

6/681

M

M

M
'

M

M

M

6 E MESON MASS {MEV)

1425e
1420eo
1423~

BC(1415eo)
105t1428ao)

3%(LCOL ~ 0)
~ e ~ ~ ~

AVG 1424e0124

7e
20 0
10

{LoaO)
(15eo)
( 18~ 0)

~ ~ a
5e5125

BA ILLON
DAHI.
FRENCH
DeANOLAU
DeAHDLAU
HCDGE

67 HBC
6T HSC
67 HBC
68 HBC
68 HBG
68 HBG

oe PBAR P
1~ 6-4 2 Pl- P
3-4 PBAR P
0 ~ 7 PB Pe4 BODY
0 7 PS Pe5 BODY

0 5 ' 5 K- P

AVERAGE tERROR INCLUDES SCALE FACtOR OF leo)

6 E MESON {1420eJPG~A +) I~D

E ( l 4 2.0 j BAILLQN 67 FAYDR JP=O- ~ DAHL 6T FAvcR 1+ BUT QG NDT
EXCLUDE 2-e 0- ~

11/66
0/66
6/67
9/681
9/681
9/681

R5 1 A2 MESON INTO (ETA PRIHE PI)/(RHO PLI
R5 14 oe 07 Oe 03 ASCQLI 68 HSC - 5 ~ 0 Pl P
R5 ~ ~ ~ ~ ~ ~ e ~ ~
R5 FIT e006 ~ 005 VALUE FROM CONStRAINED FIT

Rb 1 A2 MESGN INTO (Pl+ Pl Plo) / tRHQ Pl I
Rb oe 17 OR LESS BENSON 66 DBC 0 3~ 7 PI+0

THE FOLLOWING BRANCHING FRACTIONS HAVE CORRElATED EltRQRS GREATER THAN ~ 5

PL P3 -«950

6/681
N

N

N

N 1 84
N 1 105

35
N

4VG

80 '
60eo
45

(50eo)
{105 0)
(75eo)

~ e ~ ~ e
Toe8333

6 E MESON WIDTH {MEV)

loe
20a 0
20e

(20%0)
(25eo)
{100)
~ e ~ e

9ee645

BA ILLOH
DAHL
FRENCH
DeANDLAU
DeANDLAU
HDDGE

67 HBC
67 HBC
67 HBC
68 HBC
68 HBC
68 HBC

oe PBAR P
1 6-4 2 Pf- P
3-4 PBAR P
0.7 PS P, C BODY

7 PB Pe5 BODY55K-P
AVERAGE (ERROR INC{.UDES SCALE FACTOR OF 1 2)

11/66
o/et
6/67
9/681
9/681
9/681

iiiitt 111~ itiii ttitttitt itti11111 iiitititt 111111111ttitiiitt tiiiiiit
REFERENCES FOR A2

ADERHOLZ 64 PL 10 248 AACHEN+BERL IN+SIRM+SCNN+HA t Sile-LONOCH+MP I )
GOLDHABE 64 OUBNA CONF 1 480 G GOLDHABER ~ 5 GCLOH48ER ~ OHALLORANeSHEH(LRL)
LANDER 64 PRL 13 346 +ABQLLNS CARMONY HENDRIKS XUQNGe t t.A JOt.LA)

ABOLINS 65 ATHENS(OHIO)CONFe +CARMCNYelANDEReXUONGeYAGER (LA JOLLA) ItL
CHUNG 65 PRL 15 325 +DAHL HARDY HESS ~ JACOBS KIRZ HILLER (LRL)
FCRIHD 65 Pl 19 68 +GESSAROLI+LEHOIMARA+{BOL+BARL+FIR+ORS+SAC)
LEFEBvRE 65 Pl 19 434 GERM HISSING MASS SPECTROMETER GROUP (CERN)
SEIDLITZ 65 PRL 15 217 L SEIDLITZ ~ 0 I DAHL 0 H MII.LER l(LRL)

Pl
P2
P3
PC
P5

6 E HESON PARTIAL DECAY NODES

INTO K Kt{S90)
E INTO K KBAR Pf
E MESON INTO Pl PI RHO
E INTO PI {1016) PI
E INTO ETA Pl Pf

6 E MESON BRANCHING RATIQS

DECAY IIASSES
493+ 892
497+ 497+ 139
1.34+ 134+ 770

1016+ 139
548+ 139+ 139

BARNES
BENSON
BEHSCH I
DUBOVIKC
CHRL ICH
FERBEL
LEVRAT

66 PRL 16 41
66 PRL 16 1177
66 MICH CQO-1112-4
66 Pt. 23 7161PRI V ace
ee pR 152 1194
66 PL 21 111
bb PL 22 714

BARNES ~ FONLEReLAI eORENSTEIH + (BNL&CCNY)
G SEHSOkeLOVELL ~ PARQUITeRCE + (N(CHIGAH)
G ~ Ca SENSONe THESIS t MI CHLGAM)
DUSOVIKOVeGRIGORIEVe VLADIP IRSKY + (LTEP)
RE EHRLICHeN ~ SELOVEeH ~ YUTA (PENNSYLVANlA)
FERBEl (ROCHESTER)
CERN MISSING MASS SPECTROMETER GROUP (CERN)

ARMENf SE
BALTAY
BARLC'W
BARTSCH
BEUSCH
BOG K MANN

CASDN
CHI KQVAM

C HUNG
ALSO

COHN
CCNFORTO
CONTE
DAHI.
D4NYSZ

67 PL 258 53
e7 Pl. 258 160
67 NC 50A 701
67 PL 258 48
e7 pL 25 8 357
67 HEIOBG CCHF P ~ 20
67 pRL 18 880
67 PL 258
67 PRL 18 100
66 UCRL-16832
67 NP 81 57
67 NP 83 469
eT Nc 51 4 175
67 PR 163 1377
67 li{C 51 4 801

ABSCH CO
ARMEMI5E
ASCQL I
ASCOL I 2
BALLAM
SLUMENF E
SOESEBEC
C450
C HUNG
CRE NNEL L
DONALD
FRIDMAN
KEY
K IENZLE
VETLITSK
VONKROGH

68 VIENNA ABS ~ 466
68 Pl 268 336
68 PRL 20 132L
68 VIENNA ABSa 509
68 PRL 21 934
68 VIENNA ASS ~ 272
68NP 84501
68 Nc 54 A 983
68 PR 165 1491
68 PRL 20 1318
68 PL 26 8 327
68 PR 167 1268
68 PR 166 1430
68 PHILADELPHeCDNFe
68 VIENNA ABSe 928
68 Pl 27 8 253

PAPERS NQT REFERRED TO IN DATA CARDS

ARMENI SE FOR INC ~ + I SAR I+BOL+F IR+CRSAY)
+K IRSCH+KUNG&YEH+RASIH (CCLUH+BHL+RUTGERS)
+LLLLESTOLeMOHTANETt{CERN+COF+IR+LLVERPOQL)
+OEUTSCHHANN+GROTE+CQCCQNI+{AACH+SERL+CERN)
+FISCHEReGDSBfeASTBURY ~ MICHELIHI+(ETHeCERNI
tKOBEeROSTePOLS+ tSOHN+OURH&HLJM+EPP+TURIN)
+I.AHSA BISWASeDERADQeGROVES + tNOTREDAME)
CERM MISSING MASS SPECTROMETER GROUP {CE)tN)
+DAHL ~ HARDY ~ MESS ~ K IRZ ~ MILLER (LRL)
RICHARD I HESS—THESISeBERKELEY (LRL)
+MCCULLOCH+BUGG+CONDO {ORNL+UNLV TEHH )
+MARECHAL MCNTAHET+ tCERN+CF+IPN+LLVERPOOL)
+TOMAS(kl ~ CDRDS+ {GEHQVA+HAN+HILANO+SACLAYI
+HARDY+HESS+KLRZ+MILLER (LRl)
DANYSZ+FRENGH+SIMAK (CERN)

COLL AS ORAT I Ok AACHEN-BE RL I M+ BONN+GER (+HE I 0)
ARNE'NISgeFQRINOe+ (BAR I+BOL+FIR+CRSAYI
+CRANLEYeMORTARA SHAPIRO BRIDGES+( IlL INOIS I JP
+BRIDGES CRAWLEY EISENSTEIN HANFT+ ( Ill)
+BRODYe CHADWICK ~ Fit lES ~ GULRAGOSS IAN+ (SLACI
SLUMENFELDe BRUYANTeABRAMOV ITCHe {CERkeSACL I
BCESEBECKeDEUTSCHMANHe+(AACHEN+BERL(M+CERN)
+CONTE+CORDS+DIAZ+ {GENCVA+HAMB+N(L+SACL)
5 ~ UeCHUNGeOe'OAHL ~ J ~ KIRZ ~ OeH ~ HILLElt {LRL)
+KARSHON+KNAH LAf eSCARR ~ SK Ill. ICCRH (BNLI
+FRQDESEN+BETTIHI+ {LI VERPOOL+DSLC+PAOUA)
+MAURE R ~ M I CHAL ON e DUD FT+ (HE I 0 El.8+ ST RA 5 BOURG I
+PRENT ICE+COOPER+HANkER+NALKER+ l TO+ANL+NI 5)
REVIEW GIVEN AT PHec ~ ON MESON SPECT ~ (CERN)
VETLITSKYeGRIGOREYEV ~ GR ISHIH eGUZHAVIH&( I TEP)
+MIYASHIT4 ~ KOPELMANeMARSHAlL LIBBY (COLO)

Rl
RL

R2
R2

E INTO K Ki(890)/({K Kt)+{PI(1016) Pf ))
~ 50 ~ 1'0 SAILLQN 67 HBC Oeo PS4R P 11/66

E HESQH LHTQ {Pl Pl RHO) / '{K KBAR Pl )
2 ' 0 OR LESS EAHL 67 HBC 0 CHARGED Pl ONLY 0/66

itiitt ttiitiitt ttittttit 111111111ttttttttt itiiti tti itttttiit titittti
REFERENCES FOR E MESON

BAILLON 67 NC 50A 393
SARASH 67 Pk 156 1399
DAHL 67 PR 163 1377

SFE ALSO 65 PRL 14 1074
FREMCH 67 NC 52A 442
0 ~ ANDLAU 68 VIENNA 485 ' 626
HCOGE 68 VIENNA 485 ~ 291

+EDWARDSeoeAHOLAU+ASTI ER+ (CERN+CQF+IR)
BARASH ~ K IR SCH'e MILLER e TAN {GCLLMBIA)
+HARDY+HESS+KIRZ+HILLER (I.RL) I JP
M(LLFR ~ CHUNGeDAHLeHESS ~ HARCY ~ KIRZ+ (LRL+UCI
+Kf NSQH+MCDOHALD+R I Do{FORD+ {GERM+BIRN)
+ASTIEReCQHEN ~ AGU{LAR-BENITEZ+ (CDEF+GERHI
HQDGE ~ KRAUSS BREEDER ( NI SCCN5 I H)

29 KSKS AND RHORHO MASS IMEV)

M —- —SHOO RHOO MODE —-——
M 1410 0 BETTINI 66 QBC 0 oe P84RP TO 5PR 9/66

-a—KS KS MODE
POSSIBLY SEEN ABRAMS 67 HBC Ca 25 K- P
THE AUTHORS ASSOCIATE THE PEAK WITH THE F PRIliE SUT BACKGROUkO
EST(MATION IS DIFFICULT
1412e 23a BAR{.QN 67 HBG 1a2 PBAR P
1439eo 5~ 0 bao SEUSCH 67 SPRK 5e7e12 Pl-P
~ ~ ~ ~ e ~ ~ ~ ~

1437~ 5396 5e3492 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 0)

M 8
M 8
M 8
H
M

M

M AVG

5/e7

5/67
9/67

ttttii titttiiii tttttttti ittttttit iititttii iiittttii ttttttttt ttttitttitttt 111111111ittiiitii ttitttitt 111111111ttiiititi ttiiittii 11111111
I ~

~s (~44oj .29 KSKS(1440) AND RHORHO(1410) t JPC k +) I CTE 0

EV t DENCE NOT YET GOMPELL INGe OMITTED FRQH TABLE

Pj (14)Oj IF RHOO RHOO AND KS KS ARE MODES OF THE SAME RESONANCE
THEN I=0 ~

ww m wham Ww m ww ~ w e w

LANDER
AOE'RHOLZ
ALITTL
GOLDHABE
SLATTEltY
LAMSA

64 PRL 13 346 4
65 PR 138 8 89T
65 Pl 15 69
66 BERKELEY CONF'
67 Hc 50A 377
68 PR 166 1395

lANDER ~ ABOLINSeCARHQNYeHEHDRICKS + (UCSD) JP
AACHEN+SERL I k+8 IRM+SCNN+HAIi8+LOHD+MU(HCHEHI
ALITTI eBATONeOELLRecRUSSARC+ {SACLAY+BOLQG) JP
G GOLDHABER ~ MESON REVIE'W {LRL)
+KRAYB ILL+FQRMAN+FERBEL (YALE&RQCH) JP
+CASON+BISNAS+DERAOO+GROVES+ (NOTREDAME)

29 KSKS AND RHQRHO WIDTH (MEV)

N -RHOO RHOO MODE
N 90e0 BETT INI 66 DBC C 0 PBAR P TQ 5plt 9/66ititii iii ttti 11 tttt11tii 111111111111111111iti ttittt ttitittit 11iiittt

111111111111111111111ttt 111111111111111111titttttit ttitititt 11111111

~~ g ~ P ( ~ ~O j 37 A2e2 t1320) 1~2 OR GREATER

N

N

N

N
N AVG

—-KS KS leOOE
100 70e BARLCN 67 HBC 1' 2 PBAR P
43 0 17~ 0 18~ 0 BEU5CH 67 SPRK 5 7 ~ 1Z Pl-P

~ ~ ~ ~ ~ ~ ~ ~ ~
46 ' 3529

fbi'

9775 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

5/67 .
9/67

SEEN AS A BUMP IN RHO- PI.- MASS SPECTRUMe
EVIDENCE NOT COMPELLING ~ OMITTED FRDP TABLEa
FOlt 4 DISCUSSICN SEE ROSEHFELD 68

tttt11 tttttittt ttittttti 11111111t111111111titititttiitttittt 11111111

REFERENCES FOR KSKS(1440) Agio RHC RHD{ 1410)

37 MASS (MEV)

H 34 1320a 25a VANDERHAG 67 DBC —5 Pf-D

37 WIDTH (MEV)

N 34 150' APPROX' VANDERHAG 67 DSC -- 5 Pf-D 5/67

BETtlkl 66 NC CZA 695 +CREST I e LIMENTANI e lOR{Ae PERUZZQ+ {PAD+PISA)
ABRAMS 67 PRL 18 620 +KEHOE ~ GLASSEReSECHI-ZCRN ~ LCLSKY lMARYLAND)
SARLCN 67 NC 50 4 701 +MQNTANET ~ 0-AHDLAUe(CERN+COF+IOR+LIVERPODl)
BEUSCH 67 PL 25 8 357 +FLSCHEReGOBBleASTBURYeMICHELIHI+{ETHeCERN)

tiiitt titiiitit tittttiti 11111ttit itttttiit titittitt ttttttttt tttttttitttttt ttiittttt ttttttttt ttttttttt iiiiitiii tttttitii ttttttttt ttttttit
I

13 F PRIHE {1515eJPG&2+e) I=0

37 CROSS SECtlCN (MLGROBARHS) 13 F PRIME{1515) HASS (MEV)

CS 34 15~ 5e VANDERHAG 67 DBC —5 PI-0
tititt 111111111111111111111111111111111111titttittt tititttii 1ttiittt

REFERENCES FOR A2e2

VANDERH4 67 PL 248 493
ROSENFEL 68 UCRL-18266

VANDERHAGEkeHUC+FLEURY+ {Epetpk+SARI+BOLOG)
A ~ HeRQSENFELD tPHLLADeCONF ~ HESCN SPe I(LRI-)

111111111111111111111111111111111tittititi 111111111iiitititt 11111111
~tttit 111111111tttt11tit titttttii ttitittit titiitttt ititiitii ttttitti

5/67
M 8
M

H
H

H

H AVG

14 1480eo
5(1460 ) (10 )

BACKGROUND ESTIM4TIQH
1515~ 0 Tao

70 1513ao Teo
20(1500eo) {100)

~ ~ ~ ~ e ~ ~ ~ ~
1514F 0000 4a9497

CRENNELL 66 HSC
ABRAMS 67 HBC

DIFF ICUL I~

AMHAR 67 HSC
BARNES 67 HBC
DeANDLAU 68 HSG

beo Pl- P
4e25 K- P

5 ' 5 K-P
4a6e 5e K- P
oeT PS PE 3 SOOY

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1' 0)

8/66
5/67
5/et
9/67
0/67
9/681



PARTxcLE DxTx GRDUp ReoseursofPartieleProperties (55

Data in .parcnthcscs have not

MESON RESONANCES
bccn included in our avcragcs.

NEIGHTED AVERAGE & 1633.47 t 8.08
ERROR SCALED BY 1.21

CIZSa CQHLEV » 0.221

13 F PRIME(f515) NLDTH (MEV)

N 8 5 l53 ) {18~ ) ABRAHS 67 HBC
8 BACKGROUND EST IMAT(QN DfFFICULT»

N 35 ' 0 25»0 AHMAR 67 HSG
ii 70 87 ~ 0 15 0 BARNES 67 HSC
N 0 20 {50 0) (10 0) D»ANDLAU 68 HSC
N ~ ~ ~ ~ o ~ ~ ~ o

AVG 73~ 2353 22»9412 AVERAGE (ERROR INCLUDES

4»25 K- P 5/67
5/67

5 ' 5 K-P 9/67
4 ' be 5 ~ K- P 0/67
0 ~ 7 PB P ~ 3 BODY 9/680

SCALE FACTOR OF 1~ 8)

PL
PZ
P3
P4
P5
P6

13 F PRIHE PARTIA(. DECAY MODES

F PRIME INTO Pl+ Pl-
F PRIME INTO K KBAR
F PRIME INTO K Kf(890)
F PRfME INTO ETA ETA
F PRIHK INTO PI Pl ETA
F PRIME INTO PI K KBAR

13 F PRIHF. BRANCHING RATIOS

DECAY PASSES
139+ 139
497+ 497
493+ 892
548+ 548
139+ 139+ 548
139+ 497+ 497

CI

cs

PZ {1640)

Cl

O
cs
O
Lt
IO

MASS (HEV)

a
o
CI

el

SA 6B HBC
SEBECK 6B HBC
TAY 6B HBC

LITSKY 66 HBC

o
LO

~4

RL
RL
RL
RL M

R3
R3

F PRfMK 1NTO tPI+ PI-)/(K KBAR)
0 ' 2 OR LESS AHMAR 67 HSC 5»5 K-P yCL» ~ 67 9I&7
Oe 18 OR LESS BARNES 67 HSC& 4»bt '5»0 K- P 0/67

~ 03 ESTIMATE FROM SU3 GLASHON 65 SU3

F PRIME INTO (ETA ETA)/(K KBAR)
0.50 OR LESS SARNES 67 HSC 4 F 6 ' 5 ' 0 K- P 0/67

R4
R4
R4

F PRIME INTO (Pl PI ETA)/(K KBAR)
0~ 3 OR LESS Al(MAR
0 25 0»13 BARNES

67 HSC
67 HBG

GL~O»67 0/67
4 ' de 5 ~ 0 K P 0/67

R5 0 F PRIME LNTO (PI K KSAR 0 K Kf(890))/(K KSAR)
R5 0»4 OR LESS AHHAR 67 HBG
R5 0»14 OR LESS BARNES 67 HSC
R5 8 OR AS 0»14 Oe14 SARNES 67 HSC

CL~O»67 0/67
4 ~ & ~ 5 ~ 0 K- P 0/67
4 ' de 5 ' 0 K- P 0/67

000f11 011f0tf 01 000f11000 100010011 100010f00 00000tf0'1 100010000 00tf 0t tf
REFERENCES FOR F PRIHE

N R
'N R
N

N Q

N Q
N

N

N

N

N

N

N

N

N

{)
N 4

N AVG

34 PI {L640) NIOTH {HEV)

21» OR LESS LEVRAT 66 MMS — 7» LZ Pl- P
RL PEAK FROM CERN HHS EXPT' ~ DECAY HOOKS ANO G PARITY UNKNQNN»
20 100» VETLITSKY 66 HBC - 4 ~ 7 Pl-P

{38 ) {18») DANYsz 67 HBc 0 3 ~ 3~ 6 peAR p
OBSERVED IN (QHEGA Pl+ PI-) lAND POSSIBLY (OMEGA RHQ(0))) HQDE

218 (278»0) t 70»0) AeecH cOL be Hec - lb. 0 Pl- P(3 Pl)
70» 40» BALTAY 68 HSC + Ty 8»5 Pl+ P

(lib ) (30~ ) (23 ~ ) SISNAS 68 HBC 0 8 Pl- P
115» 45e BOESEBFCK 68 HBC + 8 PI+ P

(152»0) (51»0) SQKSEBECK 68 HBC + 8 0 Pl+ P Pf+F
L30e CASO 1 68 HBC - 11 Pl- P

(15000) C4SD L 68 HBC 11»0 Pl P ~ Pl F
IL70»0) (50»0) CHOPS 68 DBC + 8.0 Pl+0, 3 Pl
100' 50» 30» LAMSA 68 HBC - 8 ' 0 Pl-P PI-F
(50 0) ( 15 0) YOST 68 HSC 04 3 K-P ~ LMBD 5PI

OBSERVED IN {OMEGA Pl+ Pl-) BUT NOT IN (OHFGA RHO 0)
o ~ ~ ~ o ~ o e ~

93F 4956 23 9468 AVER4GE (ERROR IMCLUOES SCALE FACTOR OF I 0)

7/6'7

6/66
7/67

9/680
6/680
6/680
6/680
5/680
6/680
6/680
9/6So

11/67
9/&81

CRENNELL 66 PRL Lb 1025 + KALBFLEISCH ~ LAI ~ SCARR ~ SCH(. MANN + (SNL) I
ABRAMS 67 PRL 18 620 +KEHOEeGLASSER ~ SECHI-ZORN)NOLSKY tM4RYLAND)
AMHAR 67 PRL 19 1071 +DAVIS HNANG ~ DAGAN DERRICK t (NNU+ANL) JP
SARNES &7 PRL 19 964 +DORNAMoGQLDBERG ~ LEltHER + {SNL+SYRACUSE) ICJP
0 ANOLAU 68 VIENNA 4BS 626 +ASTLEReCOHKNeAGUILAR-SKNITEZ+ {CDKF+CERN)

011110111tttf1 Off 0 000011001 tfffttfff 010000001 000001111 10000001
000000 000000000 000000000 000000000 fftftftff 000004100 fftttfftt 00000000

( o)
K K 7r PRELIMIN4RY EVIDEMCEyOMITTEO FROH TABLE

PL
P2
P3
P4
P5
Pb
Pl
P8

P I (1640)
Pl (1640)
P I I 1640)
PI {1640)
PI {1&40)
PI(1640)
Pl(1640)
P I (1640)

34 Pl l 1640) PARTIAL DECAY MODES

INTO 3 Pl
INTO RHO Pl
INTO ET4 PI
INTO 5 Pl
INTO K Kt(890)
INTO K KBAR Pl
INTO K KSAR
INTO F Pl

DECAY MASSES
134+ 134+ L34
134+ 7l0
134+ 548

497+ 892
497+ 497+ 134
497+ 497

1263+ 134

47 PI/RHO (1550) )IIASS (HEV)
34 Pl ( 1640) BRANCHING RAT (OS

H 0 1550' 0 APPROX' AGUI(. AR 68 HBC 0 ~ 7 PR P 9/68 1
i(1 0 Pl(1640) IMTQ (K KSAR) I (ALL 3 Pl)

47 P I /RHQ (1550) NIDTH (HEV)

40 ' 0 4PPROX ~ AGUILAR 68 HSC 0»7 PB P 9/&81

R2
R2
RZ
RZ C
R2 G
R2 ~
RP ~

Pl{I&40)+- INTO {PI+ RHOO)/(ALL Plt- Pl+ Pl )
002 OR LESS SALTAY 68 HSC 0

BUT CQIIIPILED AS 0 4 OR LESS BY FERBEL 68~

0»35 Ok LESS CASD I 68 HBC
CASO 2 68 ls Ul DATING OF CASO I &8

(0»03) {0»36) (0 ' 03) CASO 2 68 HBC
COMSISTENT 'NITH 0 0 IQFFRKOO 68 HSG

7-8 5 PI+P

Ll»0 Pl-P

11»0 Pf- P
13-20 Pl-P

5/68'0

6/&80

9/680
9/680

47 PI/RHO {1550) PARTIAL DECAY MODES

PL
P2

PI/RHO (1550) INTO K KBAR Pl
Pl/RHO (1550) INTD Ktt890) KSAR

DECAY PASSES
134+ 497+ 497
892+ 497

tftttt 000000001 000110000 000110000 000010010 Otfttff 00 00001011t tffftttf
REFERENCES FOR Pl/RHO (1550)

Rl
Rl ~
R)
k3
83
R3 G
R3 C
R3
R3

Pl (1640)+- INTO tPI+- F)/(ALL PI+- PI+ Pl-)
{NLTH F INTO Pf t Pl-')

(NO(CATION SEEM LUBATTI 66 HLBC
0»35 0»20 BALTAY 68 HBC
SEEN BQESEBECK 68 HBC
CONS(STENT N(TH leO C4SO 1' 68 HSC

CASQ 2 68 IS UPDATING OF CASO 1 68
(0' 94) {0»06) (Oe29) CASO 2 68 HBC

SEFM IOFFREDO 68 HBC

16 Pl-
7-8 5 Pf+P

+ S P I+ P
Pl- P

Ll ~ 0 P I- P
13-20 Pl-P ~ Pl-F

11/66
5/681
6/680
6/&81

9/681
9/680

AGUILAR 68 VIENNA ASST 760 +BARLQN ~ JACQSsyMALECKIyHQNTANETt(CERN+CDEF)

010ft ttfttf ttt 010110001 001ttttft tttf 1f100 100ttf0 01 011111000 ttttttttit 001 ttf 0tf11f 000 fftf tt ftf ff00tf Ottf 1000f ttf ff10ft 0010tttff 1011tf tt

R4
R4

R5 ~
R5
R$

Rl HESON FRACTION INTO ONE I THREE I FIVE OR PCRE CHARGEC TRACKS
0»37 I O»59 I 0»04 FOCACCI 66 HMS 3-12 Pl-P

Pl t1640) +- INTO tPI+- ETA)/IALL PI+- PI+ PI-)
I{ ALL ETA DECAYS)

0»09 OR LFSS 84LTAY 68 HBC + 7-8 5 PI+P

0/66

5/&80

( 640
34 Pl (L&40y JPG -) 1 0 1)64p
(ALSO CALLED A3 )
THIS ENTRY CONtAINS G~-L PEAKS ANO THK RL PEAK

R6 1 PI(1640)& INTO (Pl+ 2PI+ 2Pl-)/(ALL Pl+- Pl& P(-)
ltd Oel OR LESS 8ALTAY 68 Hec + 7 ~ 8»5 PI+ P

Ott001 ttftttff0 000100010 Offff1 tff 0fftff 000 0ftft1fft 000001ttf 0tttttf1
REFERENCES FOR PI{1640)

6/680

34 PI (1640) MASS (HEV)

H

N

M 0
M 0

0
H R
M R
H R

H

H

H

M

H

M 1
H

H

H {)
M t)

H AVG

30 1&00»0 FOR(NO 65 DBC 04 5 PI+ 0
20 1&30' 0 30»0 YETI. I (SKY 6& HBC - 4 ~ 7 Pl- P

(1689») {10») DANYSZ 67 HSC 0 3r3»& PBAR P
OBSERVED IN (OHEGA Pl+ PI-) {AND POSSIBLY {OMEGA RHO(0))) PCOE
NOTE THAT THE NIOTH OF THIS PEAK fS SHALL

(1630») ( 15 ) DUBAL 67 MMS 7 ~ 11 5» L2PI P
RL PEAK FROM CERN HMS EXPT» DECAY MODES AND G lARITY UMKNQNhe
NOTE THAT tHE Rl HAS SMALLER IilDTH THAN THE OTHER ENTRIES'

218(1&59 0) t32e0) ABSCH CQL &8 HBC — 1& 0 Pf- P(3 PI)
1630e 10» SALTAY 68 HBC + 7» B»5 PI+ P

(1708») t 10») SISNAS 68 HBC 0 8 Pl- P
1&&0» 16» BOESEBECK &8 HBC + 8 Pl+ P

(1700»0) {16 0) SQESEBECK &8 HBC + 8 ~ 0 Pf+ P ~ PLOF
1660' CASO 1 68 Hec 11 Pl- P

(1680»0) CASO 1 &8 HSC - 11 Pl-P ~ Pl-F
(1710»0) (22»0) CNQPS 68 OBC t 8 ' 0 PIOCy3 Pl
1650»0 IQFFREDD 68 HBG 13-20 PI-PyPI-F.
1610» 19e LAMSA 68 HBC - 8»0 PI-P ~ Pf-F

(1670 0) {18 0) YOST &8 H{IG 04»3 K-P»LHBD»5PI
OSSERVEO IN (OMEGA Pt+ Pl-) SUT MOT IN {OMEGA RHO 0)
~ ~ ~ ~ ~ ~ ~ ~ ~
1633 4738 9 0898 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 2)

(SKE IDEOGRAM 8ELON )

0/66

7/67

7/67

9/&e*
6/bet
6/680
6/680
0/67
6/680
6/681
9/681
9/&S!

11/67
9/681

FOR INQ
FERSEL
FOCACCI
LEVRAT
LUBATTI
VETLITSK

&5 PL 19 68
66 BERK ~ CONF ~ P 131
66 PRL 17 890
66 PL 22 714
66 THFSIS BERKELEY
66 PL 21 579

OGESSARQLI+LENDIMARA+ f BQL+BARI+Ff R+QRS+SAC)
SEE G GOLDHASER RKVIEN ON HESONS (LRL)
CERN P I 5 SING MASS SPEC TRQle E IKR GROUP {CERN )
CERN MISSING MASS SPECTROPETER GROUP (CERN)
H»J ~ LUBATTI ( LRL I 1-2-
VETLITSKY GUSZAVIN KLIGER ZOLGANOV+ (ITEP)

DANYSZ 67 Nc 51 4 80L
DUBAL 67 NP 83 435

A{.SO 68 THESIS 1456

DANYSZ+FRENCH+SIPAK (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
L ~ DUBAL (GEMEVE)

ASSCH CO
SAL TAY
BARTSCH
BISNAS
BQESEBEC
CASQ 1
CASQ 2
CHOPS
FERBEL
fQFFREDO
LAMSA
YOST

68 VIENNA ABS» 466
68 PRL 20 887
68 CERN 68-10 -NP
68 PREPRINT -ATHENS
68 NP 8 4 501
68 MC 54 4 983
68 VIENNA ABS 325
68 VIENNA ABS ~ 210
68 PREP ~ -PHILA»CONF
68 PRL 21 1212
68 PR 166 1395
68 VIENNA ABS» 65

COLLABORATION AACHKN-BF RL Iht SONNO C t RN+HK I 0)
+KUNG+ YEH+FERBKL+ (COLHBO ROCH+RUTGO YALE) (&I
+KEPPELyGROTE»BOTTCHER ~ + {AACH+BERL+CERM)JP
+CASONrGROVKSeKENNEY ~ PO(RIERO {NTRDAHE)
BQESEBECK~ DKUTSCHNANN +(AACHEN+BERL(N&CERN)
+CONTE+CORDS+DIAZ+ '{GENCVA+HAHB+MIL+SACL)
+CO'{TE

ACCORDS»RATTI+

(GEMOA+HAHB+MILAM+SACL)
+HQUGHycOHN ~ BUGG& {BNL+QRML+ORUC+TENN&PKMM)
T ~ FERBEL {ROCHESTER)
+BRANDENSURG»BRENNER»K(SENSTE(N+ (HARVARD)
+CASQN+BISNAS+DERADO+GRQVES+ {NOTRKDAHE)
OYODH»EINSCHLAG ~ CAY ~ GLASSER tMARYLAND)

0tttft ttftftttt Otftffttt ffffftttf fttfftftf 000000000 011000110 ttttfttftff Off tfftttftt ~011110tf tffttffff 000000000 100010011 010*t111t tttttttf
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MESON RESONANCES
Data is pares theses ha T/e sot bees isc'luded is our aT/e rages.

$ (l650)L,o 0
v «««» «Cm

45 PHI (1630fJPG~ "I I ~ 0

PRELIHlHARY EVIDENCE ~ OHlTTEO FROM TABLE
THIS ENTRY CONTAINS NEUTRAL 3 PI ENHANCEMENTS FOR HHICH
A (RHO 0 Pl 0) DECAY HODE HAS BEEN SUGGESTEO IF TRUE ~

l~o SO THAT IT CANNOT BE THE RHOt 1650)~ HOWEVER» THE
EXISTENCE OF THE (RHO 0 Pl. 0) MODE HAS NOT BEEN PROVEN'

45 PHI (1650) HASS I NEV)

II
M

N

N

N t
H

H

AVG

108~

(200 0)
I 173~ 0)
(200 ' 0)
(200»0)
(79~ 0)
80 ' 0

~ ~ ~ ~ o
109' 9948

BOESESECK 68 HSC
CASO 68 HBC
CNOPS 68 DBC
CRENNELL 68 HSC
CRENNELL 68 HBC

(25 ' 0) CRENNELL 68 HSC
JOHNSTON 68 HSC

40»

(65»0)
( 00 ~ 0 I
(00»0)
(70»0)
20»0

~ ~ ~ o
25»0588 AVERAGE ( ERROR INCLUDES

lSEE IDEOGRAH BELOW )

+ 8 PI+ P
oil 0 PI-P ~ 2 Pl
0 8.0 PIODSPIOPI-

boo Pl- P06 DPI- P
+- 6 0 PI-.P »KSAR K07 ~ OPI P

SCALE FACTOR OF 1 ~ 6}

6/684
9/684
9/684
9/684
9/684
9/681
6/681

N

N

1636 ' 0
(1667F 0)

20» 0
( 16»0)

ARMENI5E 68 DBC 0 5 ~ 1 Pl+0 9/681
CNOPS 68 DBC 0 8 ' 0 PI+C ~ Pl RHO 9/681

45 PHI (1650) WIDTH IHEV)

WEIGHTED AVERAGE 110.0 4 25 1
ERROR SCALED BY 1.62

CHISQ 4 7-A CONLEV R 0.048
112~ 0

(118.0)
60 0

t 39»0)
ARNENISE 68 OSC 0 5 ~ l PI+D 9/681
CNOPS 68 DSC 0 8 ' 0 P(+G»PI RHO 9/684

Pl
P2

45 PHI (1650) PARTIAL DECAY NODES

PHI (1650) INTO RHO Pl
PHI (1650) INTO RHOO PIO

DECAY PASSES
139+ Tlo
134+ 770

P«

Rl
Rl

45 PH( (1650) BRANCHING RAT I CS

PHf I 1650) INTO(RHOO PIO)/(RHO Pl )
(0~ 35) to»08) CHOPS 68 OSC 0 8 ~ 0 Ptfo

114144 144414141 ttttttfft 111411411Oftf11411 114iffff1 41114111114114411

REFERENCES FOR PHI ( 1650)

ARHENISE 68 PL 268 336 +GHIOINI ~ FORIMO+ (BARI+BOLCGN+F IRENZ+CRSAY)
CNOP5 68 Vf ENNA ASS ~ 210 +HOUGH ~ COHN ~ BUGG+ (BHL+ORML+ORUC+TENM+PENN)

9/e81

D
D

D
D
D
o»

D
D
D

D
Ci
Pl

TON 6B HBC
BECK 68 HBC

ISE Se DBC
ERG 65 HBC

'tftt41 Otff4 tiff 444411144 114444441 411tttf 14 441441144 1 Off ftftf 44144441

( I65O)
15 RHO l1650 ~ JPG~ N+I tof

N THIS EMTRY CONTAINS THE RtyG(2 Pl) ANO K KBAR PEAKS ~

IS FOR POSSIBLE 4 Pl NODES SEE RHO(1700)
g —2m

CRENNELL 67 SUGGEST JP~3 FROM THE Pl Pl SCATTERING ANGLE DISTR ~

RHO (1650) ((IOTH (MEV)

15 RHO l 1650) PARTIAL DECAY MODES

H

N

N

C
H C
H C
H R
H R
N R

N

H

H

N

N

N

H

M

H 1
H

N

H AVG

15 RHO (1650) MASS (HEV)

0 6 ~ 1 PI-P
0 4.5 Pl+0
0 6 Pl+Do 8 Pl-P

6 0 Pl-P
0 6 ' 0 Pt"P

l4EIGHTED AVERAGE ~ 1660.1 4 11.3
ERROR SCALED BY 1.58

CHISQ ~ 7.5 COHLEV = 0.058

1700~ 0 100» 0 BELL IN( 65 HI. BC
1640»0 FOR INO 65 OSC
1670~ 0 30» 0 GOLDBERG 65 HSC

50(1630~ ) CRENNELL 67 HBC
70(1700 ' ) CREHNELL bl HBC'

CRENNELL 68 f 5 UPDATING CF CRENNELl. 6T
(1630~ I ( 15» I DUSAL 67 MMS - 7 ~ 11»5~ 12PI" P
Rl PEAK FROM CERN MHS EXPT» DECAY MODES ANO G PARITY UNKhOWN»

NOTE THAT THE Rl HAS HUGH SMALLER WIDTH THAN THE OTHER EhiTRIES ~

( 1680~ 0) I 20» 0 I POIRtER 6T HBC 0 8 ~ 0 Pt- P
1483~ 13~ ARHENI SE 68 OBC 0 5 ~ 1 P I f 0

(1737~ 0) (35»0) ARHENISE2 68 OSC 0 9 ~ 0 Pl+ 0
16200 200 BOESESECK 68 HSC + 8 Pl+ P
1750~ 0) CASO 68 HBC 011~ 0 P t-P»2 Pl

(1707 0) ( lb»0) CNOPS 68 OBC 0 8 0 P(+C»PI+PI
( ll20 ~ 0) (20 ~ 0} CRENNELL 68 HBC 0 6 ~ 0 PI- P
( 1640~ 0) (25» 0) CRENNELL 68 HBC - 6 ~ 0 P I- P
(1640»0) (20»0) (25 ~ 0) CRENNEL(. 68 HBC +- 6 ~ 0 PI-P ~ KBAR K

1655.0 1O.O JOHNSTON 68 HBC 0 7»OPI-P

1660' 0614 ll 2795 AVERAGE tERROR INCLUDES' SCALE FACTOR OF I ~ 6)
(SEE IDEOGRAM BELOW )

Pl RHO (165O) INTO Pf Pl
P2 4 RHO ( 1650} INTO 4P I
P5 RHO (1650) INTO K KBAR

6/eb
6/66 «» ««««««««\«

DECAY PASSES
139+ 139
139+ 139
497& 497

3/67
3/4 7

7/bl
Rl
Rl

15 RHO (1650) BRANCH(NG RATIOS

Rl MESON FRACTION tNTO ONE / THREE / FIVE OR PCRE CHARGEC TRACKS
0»37 / 0»59 / O»04 FOCACCI 66 MMS 0/66

1 1/67
e/e84
9/e81
6/681
9/681
9/681
9/681
9/68 '
9/681
6/681

R3
R3
R3
k3 C
R3 C
R3

RHO(1650} INTO (K KBARI / (2 Pt)
INDICATION SEEN EHRL(CH
)'ROBABLY SEEN ABRAMS
oo 10 OR LESS CRENNEL

CRENNELL 68 IS UPDATING CF CREMMELL
(0F 08) (0»08) (O»03) CRENNELL

66 HBC +-0 7 ~ 9 Pl- P
6'l HSC 0 4 ' 25 K- P
67 HBC 6 0 Pl-P

67
68 HBC 6 ~ 0 PI- P

3/67
6/67
4/6l

9/684

SELL INI
FOR INO
GOLOBER G

EHRL ICH
FOCACC I
LEVRA)'
ABRAHS
CRE NHEL L
DVSAL

AI. 50
POIRIER
ARNENI 5 E
ARMENI 5 2
SOE SESEC
CASO
CNOPS
CRENNEL L
JOHHSTON

65 NC 40 A 948
65 PL 19 65
65 P(. 17 354
66 pk 152 1194
66 PKL 17 890
66 PL 22 7(4
67 PRL 18 620
67 PRL 18 323
67 MP 83 435
68 THE515 1456
67 PR 163 14i62
68 NC 54 A 999
68 VIENNA ASS ~

68 NP 8 4 501
68 VIENNA ABS»
68 VIENNA ASS ~
68 VIENNA ASS ~
68 PRL 20 1414

REFERENCES FOR RHO(1650)

BELL INI ~ Dl CORATO ~ DUININO ~ F (ORIN( tH (LAND}
FOR(NO ~ GESSAROL I + (BCLCGNA+ORSAY+SACLAY)
GOLDBERG+ ( C ERN+P AR I 5+OR SAY & )i I L AMO+CE 4-SACL )
R ~ EHRL (CH» W ~ SELGVE ~ H ~ YUTA (PENNSYLVANIA)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
CERN MISS(NG MASS SPECTROMETER GROUP (CERHI
OKEHOE»GLASSER+SECHI-ZORN+WCLSKY (MARYLAND)
+HOUGH»KALBFLEISCH, LAI. BACHI AN+ (BNL, CCNV) I JP
CERN MISSING MASS SPECTROMETER GROUP (CERN)
L ~ DUSAL (GENEVE)
+BISWASoCASOM ~ DERADO»KENNEYt (NOTROAH+PENN)
+FokfNO+CARTACCI+(SAR(+BOLCG+FIRENZE&CRSAYI(

412 ARMENISE ~ FORINO ~ CARTACCI+ (BARI+BGNAOF(RZ)
BCESEBECK~ DEVTSChMANN ~ +(AAC)iEN+SERLIM+CERH)

907 +CONTE BENZ CORDS+ (GENCVA+HANS+)i(LA»SACL)
210' +HOUGH ~ COHN ~ BUGG+ (BNL+ORKLOORUC+TENMoPENN)
148 &KARSHON»LA( ~ SCARR ~ SKILLICCRN (SNL)

+PRENT ICE ~ STEENBERG ~ YOON (TORONTO+MISC)

1ttf 14tf1 fit tt4t1 ~ 14tf Oftf t f141444 41 Off tif Of 1 Off tf 14 ft Of OOOO tf
Off ttf if 4tf Of tf tff if Ottf Ottf 4 Of 44 Off tf4 tf 4 114fif ftf Off 14 4 4 ff 4 Off f1tt

4ttf Ot 11411Of tt 11114111ftf tf fOf 4 4 Otf tf Off 4 f44444441 44114tf Ot Of ttf 111

W

W

k R
jI R

C
C

M C
W

k
H

D
D D
Ih

oo

RHD (1650) MASS

D
D
lA

»4

(HE V)

Ci

ill
ID
c4

15 RHO ( 1650) H I 0TH ( HEV)

40 ~ 0
180 0
21

Rl PEAK
50 (100 ~ )
TO (2OO

CREHNELL
(226 ' 0)

188»
(131~ 0)

FOR I NO 65 OBC
40 ~ 0 GOLOSERG 65 HSC

OR LESS LEVRAT 66 HMS
FROM CERN HHS EXPT» DECAY MODES AND

CRENNELL 67 HSC
CRENMELL 6T HBC

68 IS UPDATING OF CRENNELL 67
( 68 ~ 0) ( te ~ 0) POI R IER 67 HBC

49» ARHENI SE 68 OSC
(, 20»P) ARNENI $E Z 6(} PSC

8 HBC

8 HBC
8 OBC
5 HBC

5 HLBC

0 4.5 P(OG
0 6 Pl+Do 8 Pl-P

7 ~ 12 P I- P
G PAR I TY UNKNOWN»

6 ~ 0 Pl-F
0 6 ' 0 P(-P

08 ~ 0PI-
0 5.1 Pl+ 0
0 9op P(+

6/66

7/4'l

3/67
3/bl

11/67
6/684
9/684

38 HASS (MEV)

M

M k
H

H
H K
H K
H 1
H
H 1
H C
M

N

H

N

N 0
H O
H J
H J
H

H AVG

BO 1717 OANYSZ bl HBC OSEE NOTE R BELOW
SEEN fN 2 ~ 5-3 PSAR P 2PI+2PI- WlTH 0 ~ lt2 PI+Pl- PAIRS IH RHOO BAND

( 1700~ I ( 15» ) DUBAL 6l NMS 7 ~ 11 5»12PI- P
k2 PEAK FROM CERN MMS EXPT DECAY NODES ANO G PARITY UNKHOWh

(1700 FRENCH bl HBC 0 3»3 ~ 6 PBAR P
OBSERVED IN HEUTRAL (KO, KBAR) MODE (G-PARI TY UNKNOWN)

(1700»O) ,(35»OI BALLAM 68 HBC 16~ 0 Pl P
1720» 15 BALTAY 68 HBC + lo 8 ~ 5 PI+ P

( I lloo I (23» ) SI SWAS 68 HBC - 8 P (- P
( 1720» 0) CASO 1 68 HBC - It ~ OP(-PyRHO 2Pl
(14 Too 0 I CASO 1 68 HBC - 11.0 Pf-P ~ 4PI
(1700' 0) CASO 2 68 HSC — ll ~ 0 Pf- P

SEEN IN RHO- Pt- Pl+ AND RHO- RMOO (OMEGA ANT ISELECTEO)
CASO 2 68 IS UPDAT(NG OF CASO I 68

18(1630 0) CASO 2 68 HBC 11 0 PI- P
SEEN IM THE OMEGA Pl- SYSTEH

(1675~ 0) (10»OI JOHNSTON 68 HBC - l ~ 0 Pt- P
NOT SEPARATED FRON 2 Pt DECAY

~ ~ ~ ~ ~ ~ ~ ~

1717 5365 6 3433 AVERAGE (Ekkflk INCLUDES SCALE FACTOR OF I 0)
e«»« «««t«««« r « ««« «« « « «t «« «p , e

1

P (I700) 38 RHO(1700o JPG~ +) I ~ 1 OR 2

THt 5 ENTRY COMTA(NS 4P I y RHO 2P I 2RHO» OMEGA P I y AND Kf KBAR
EHHAHCEMENTSy ANO THE k2»

5/bl

7/el

7/6'T

9/681
6/681
6/681
6/681
6/681
9/684

9/681

6/6So



38 WIDTH (HEV)

I'ARTrcLE DATA GRovr Re))eus of Particle Properties 15)

MESON RESONANCES
Data in parcsthcscs haec not bees included is our avcragcs.

R ( l750) 39 R{1750) I 1

M

M H

N

N R

N

N

N C
N C
W C
'N C
N C
N 0
N 0
N J
N J
N

N AVG

30' OR LESS LEVRIT 66 MMS 7-12 PI- P

R2 PEAK FROH CERN HHS EXPT ~ DECAY HODES ANO G PARI T'Y UNKNOWN ~

80 40 12 DANYsz 67 Hsc 05EE Notf R BELow
SEEN IN 2 ~ 5 3 P84R Po 2PI+2PI ~ WITH 0 ~ 1~ 2 Pl+Pl PAIRS tN RHOO BAND

I 180eOI {50e0) SALLAH 68 HBC 16~ 0 Pl P
100' 35» BALTAY 68 HBC» 7 ~ 8 ~ 5 Pl+ P

{16Z» I . {58~ ) {40e) SISWAS 68 HBC - 8 Pl- P
{120~ Ol ' CASO 1 68 HSC - L.L ~ 0 Pl "P~ 4PI
{100 0) CASO 1 68 HBC - LL ~ OPI-P)RHO 2PL
tZOO»0) CASO 2 68 HBC 11~ 0 Pl- P
SEEN IN RHQ- Pl- Pl& ANO RHO RHOD {QHEGA ANTLSELECtEOI

GASO 2 68 15 UPDATING OF CASO 1 68
18 {40»0) CASO 2 68 HSC - lle0 Pl- P

SEEN IN THIE OHEGA PI- SYSTEM
{90~ Ol (20e0) JOHNSTON 68 HBC 7 ~ 0 Pl P

NOT SEPARATED FROM 2 PI DECAY

~ ~ ~ ~ ~ ~ ~ ~ ~
46 ~ 3112 18~ 4076 AVERAGE {El{ROR INCLUDES SCALE FACTOR Of 1 ~ 6l

{SEE IDEOGRAM BELON )

4EIGHTED RVERRGE ~ 46.3 0 18,4
ERROR SCRLED BY 1.62

GHISQ ~ 2.6 CQHLEU ~ 0.106

7/67

5/67

9/680
6/68 ~
6/680
6/680
6/680
9/680

9/6'
6/680

THIS ENTRY CONTAINS I I PEAKS IND THE R3 PEAK

NQT I FIRMLY ESTABLISHED RESONANCE - OMITTED FAOH TABLE

39 R{1750) WIDTH (I{EVI

38 OR LESS LEVRAT 66 HMS » 7 12 Pl- P

39 RI LT50) BRANCHING RATIOS

R3 0 R3 MESON FR4CTION INTO ONE / THREE / Fl V'E OR PCRE CHARGEC TRACKS

R3 C 0 ~ 14 / 0»80 / 0»05 FOCICCI 66 MMS

R3 C FRACTION INTO ONE CHARGED PROB»LARGER THAN GIVEN ISOVE ~ CF»OUBAL»67

000000 fifiiiiif Otiifitti 00000»100 fitiiiiff Oifif»000 000~ ii»ff »tiff»»»

REFERENCES FOR R (1750l

39 R(1750)

HASSLE

HFVI

H 1748~ lee OUBAL 67 HHS 7 ~ 1 I ~ 5 ~ 12 P I- P

M F (1740~ I FRENCH 67 HBC (KO K+-) 3-4 PBAR P

F SEE FIG ~ 9 OF FRENCH 67

7/67
7/67

7/67

0/eb

f OCACCI 66 PRL 17 e90
LEVRAT 66 PL 2Z 714
DUBAL 67 NP 83 435
FRENCH 67 NC 521 442

CFRN PISSING MASS SPECTROIIIETER GROUP (CERN)
CERN PISSING MASS SPECTROPETER GROUI {CERNI
CERN HISSING PASS SPECTROPETER GROUP (CERN)
+KINSON+HCDONALO+RIDOIFORD+ {CERN»BIRN I

68 HBC

67 HBC

o
O
lo
I

O
O

o
O
U7

o
O
O

o
O
Ml

O
O
O
r»

RHQ {1700) 4ZDTH

38 RHO (1700) PARTIAL DECAY MODES

fttftf iifiiiiii tiitifit1 0001itfif tiftitiif Ofiiiiftt f001»fttf iiiftfi 0
0100 11010000t ittif 0000 000000000 ~ 0tttif 00 iif Oit »i

, (telo)
~ ~ 0 w )r+R ETA OR RHQ I 1830) G&+I I JPG~ +) \~0 OR GREATERt ~iK

THIS ENTRY CONTAIIIS 4 Pl AND K PI KBAR AND THE R4 HHS PEAK ~

R4 15 ONLY A 3 STANDARD DEVIATIONS EFFECT ~

OHITTEC FROM TABLE

42 MISS (MEV)

110 1832~ 6. DANYSL 67 HBC OSEf NOTE R BELOW

R SEEN IN 2 ~ 5 3 PSAR P ~ ZP I+2PI ~ MITH 0) I ~ 2 PI 0PI PAIRS IN RHQO BAND

M {1830eI {15e) DUBAL 67 MMS - 7 ~ 11~ 5)12 Pl- P

H P(SSING MASS R4 PEAK

AFFINAL

STATE UNKNOWN

1820 '' 12' FRENCH 67 HBC OSEE NOTF. K BELOW

K SEEN IN 3 ' -3 ' 6 PBAR P TG {KS KO P(0 ~ ~ o I' G PARITY UNKNOWN

~ ~ ~ ~ o ~ ~ ~ ~

AVG 1829 6000 5 3666 AVERAGE {fkROR INCLUDES SC4Lf FACtCR Of 1 Ol

5/67

6/680

7/67

Pl
PZ
Pj
P4
P5

RL
RL

RHQ{1700) INTO 4 Pl
RHQtl700l INTO 42 Pf
RHO{LYOOI ENTO OMEG4 Pt
RHQ{ L700) INTO PHI Pl
RHO{ 1700) INTO 2 RHO

DECAY PASSES
139+ 139+ 139+ 139
139+1305
139+ 783

1019+.139
770+ 770

38 RHO{1700) BRANCHING RATIOS

R2 MCSCN FRACTION INTQ ONE / THREE / FIVE OR IICRE CHARGEC TRACKS
'

0»42 / 0 ~ 56 / 0»01 FQGACCI 66 MHS 0/66

N

W

M

'N

N

M

42 WIDTH (HEV)

110 42 ~ LL ~ OANYSZ 67 HBC OSEE NOTE R BELOW

R SEEN IN 2 ~ 5 3 PBAR P 2PI+2PI ~ WITH 0 ~ 1)2 Pl+Pl PAIRS (N RHOO SANO

M 30 0 OR LESS OUSA(, 67 MHS 7~ LL ~ 5 ~ 12 Pl-P
M MISS(NG HASS R4 PEAK)FINAL StITE UNKNOWN

50 ~ 2 3e FRENCH 67 HBC OSEE NOTE K SELC'N

K SEEN IN 3 ~ -3»e PSAR P TO {KS KC P IO ~ ~ ~ I ~ G PARITY UNKNONN

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 43 ~ 4892 9 9235 AVERAGE tfRROR INCLUDES SCALE FACTOR OF 1 Ol

5/67

6/680

7/67

RZ 0
RZ
R2
I{2
R2

R3
R3
R3
R3
R3
R3
R3 AVG

RHQ{ 1720)+- INTO {PI+- A20l/(ALL P(+- PI+ Pt- PIOI
{WITH A20 INTO I P I+ Pl- PIO) )

NOT SEEN BALLAN 68 HSG 16 ~ 0 Pl- P
Oe40 0» 20 BALTAY 68 HSC 0 7 ~ 8 ~ 5 P I+P
NOT SEEN JOHNSTON 68 HBG - 7 PI- P

RHO{1720)+- tNTQ {Pl OHEGI)/{ALL Plf Pl+ Pl- PLOI
{WITH OMEGA INTO{PI+ PI PIO) I

(0017 I (0~ 30I BA{.LAH 68 HSG - 16 0 P I- P
0»25 0» 10 BALTAY 68 HSC 0 7-8~ 5 Pl+P

~ 25 0 ~ 10 JOHNSTON 68 HSC - 7 ~ 0 Pl- P
o ~ o ~ ~ ~ ~ ~ ~

~ 2500 ~ 0707 AVERAGE {ERROR INCLUDES SCALf FACTOR OF 1 ~ 0)

9/680
6/680
6/680

9/68 0
5/e80
6/680

PL
P2
P3
P4

42 PARTIAL DECAY MODES

ETA OR RHO (1830) INTO 4 PI
ETA OR RHO (L830) IIITO RHQ Pt PI
ETI OR RHO {1830) INTO RHO RHO

ETA OR RHQ (1830) INTO K KSAR Pl

Df CAY PASSES
139+ 139& L39» L39
139+ 139+ 770
770+ 770
134+ 497+ 497

~ 00000 ifiiiffti fffiififi ftfiiitt1 001101000 ifiit0011 ~ tfftffii 00000000

REFERENCES

R4
1

R5
R5

RHO{ 1720)+- INTO {PI PHI)/{ALL PI+- Pl+ PI- P IO)
0»11 OR LESS FHRLICH 68 HSC + 7 ~ 8 ~ 5 Pl+P

RHO{L720)»« INTO {RHO 2PII/{ALL 4PI)
CONSISTENT NITH 1~ C450 1 68 HSC - 11 PI P

RY 0 RHO(1720)
RY SEEN
RY 0 33 {0»83)
R7 SEEN
R7 SEEN

INTO {2 RHOI / I ALL 4PI)
DANYSZ 67 HSC 0 3 4 PBAR P

I0030) 84LLIM 68 HSC Lb ~ 0 Pl- P
BALTAY 68 HSC + 7 ~ 8 ~ 5 PI+ P
JOHNSTON 68 HSC - 7 Pt-P

R6 ~ RHQ(1720)e- INTO tRHO+- RH00)/(ALL RHO 2PI)
Rb ~ IO»48) IO» Lbl CASO I 68 HSC 11 PI P

6/680

6/680

6/68'0

5/e80
9/680
6/680
6/68 '

DANYSZ 67 PL 248 309
OUBIL e7 NP 83 435

ALSO 68 THESIS 1456
FRENCH 67 NC .52A 442

+FRENCH»KINSON+5(MIK+ {CFRN+LIVERPOOLI
CERN MISSING HISS SPECTROMETER GROUP lCERN)
L ~ DUBAL {GfNFVEI
+K INSON+HCDQNALO»R IDDIFQRO+ I CERN»BIRM I

0 ~100~ 010f0001i 00000 00tf 000000000 ~it tf tf tf 000000010 iifiotif 0 if if 0 i 00
Othe 1iii 000»1 000000000 0tiiif Oft 0 fOttitti iii iif ff

QA sop {I850),
»eB)1F)K % I Hl OR P I {'1830) 6+ I t JPG+ I I»0 OR GREATER

THIS ENTRY CONTAINS OMEGA Pl PI ANO K Pl KSAR IND THE R4 PEAK ~

R4 IS ONLY I 3 STANDARD DEVIATIONS EFFE'CT ~

.Iet lf (OMEGA RHQ) HODE EXISTS~

OMITTED FRQP TABLE»

RS
RS

RHQ(1720)+- INTO {Pl+- 2PI+ 2PI- PIO)/I ALL Pt»- Pl+ Pl- PIO)
0» L5 OR LESS BALTAY 68 HSC» 7 ~ 8 5 Pl+ P 6/e80

43 HASS (HEV)
R9 ~
R9 0
R9 D

RHOI1720)+- INTO {PI+- PIO) / {ALL Pl+- Pl+ Pl- P(0)
0»08 OR LESS BALTAY 68 HSC + Y-ST 5 Pl+ P
USING DATA Of DEUTSCHPANN 65 ON Pl+P TQ Pl+ PIO

00110~ »500000000 00tt00100 iit tttit ~ Otf 000000 fif ifttf 0 iif iioii 0 01» if f00

REFERENCES FOR RHQ(1700)

6/680
6/681

H C
H 0

M K

M M

H M

(1848» I I Ll ~ I
OBSERVED IN (QHEGI

{1820~ ) {12 )
OBSERVED IN (KS KO

.{1830~ I I 15» I
MISSING HASS R4

OA'NYSZ 67 HSC 0 3 ~ 3 ~ 6 PEAR P

Pl+ Pl- I {AND POSSIBLY tQHEGI RHQ{0) I I MGDE

FRENCH 67 HBC
' 0 3 ~ 3 ~ 6 P84K P

PIO ~ ~ I MODE {G-PARI TY UNKIIOI»NI
DUSAL 67 MMS 7)LL ~ 5)12' Pl- P

PEAK ~ F INIL STATE UNKNOWN

7/67

7/67

6/esf

OEUTSCHM
FOCACCI
LEVRAT
OANYSZ
OUSAL

ALSO
FRENCH

BAL(.AH

SALT IY
BISNIS
C450 L

CASO 2
EHRL (CH
JOHNStON

65 Pl. 18 351
66 PRL LY 890
ee PL 22 714
67 PL 248 309
67 NP 83 435
68 THESIS 1456
67 NC 524 442

Il»QEUTSCHMANN Et AL {AICHEN+BERL (M+CERN)
CERN MISSING MASS SPECTROMETER GROUP {CERN)
CEKN MISSING MASS SPECTROI'EYER GROUP tCERNI
+FRENCH»KINSON»SIMAK» tGERN+LIVERPOALI
+FOGACCI+KIENZLE+LECHANOINE+LFVRAT+ {GER)tl
L»DUBAL (GENEVE)
+KINSON»MCDONALOORIDOIFORDO (CERN+8(RM)

68 VIENNA ASS ~ 919
e8 PRL 20 887
68 PREPR INT
68 NC 54 I 983
68 VIENNA ABSe 325
68 {)Ut~ SY SALTIY 68
6S PRL 20 1414

+SRODY)CHADWICK)GUIRAGOSSIAN ~ (.f (TH+ I SLAG I
+KUNG+YEH»FERSEL+ ICQLVS»ROCK»RUTG»YALE) I&l
+CASON)GROVES)KENNEY ~ PQ1RIER+ {NTRDIHE)
+CONTE»CORDSOOIAZO {GENOVAOHAHS+MIL»SACLI
+CONTE)CORDS)RATTI+ {GENOA»HAMS+MILAN»SACL)
R»EHRL ICH (RU')GERS)
+PRFNTICE ~ STEENBERG ~ YQQN {TORCNTO»MISC) I JP

N 0
M 0
N K

N K

M

M

43 MIDTH {HEV)

{67») I 27e I
OBSERVED IN {OMEGA

{50' I {20»)
OBSERVED IN {KS KO

30 ' 0 OR LESS
HISSING MASS R4

43 PARTIAL DECAY MODES

OANYSZ 67 HBG 0 3 ' 3 6 PBAR P

Pl+ Pl-) {ANO POSSIBLY (OMEGA RHO{0))) MCDE

FRENCH 67 HBC 0 3-s) PSAR P

P10~ ~ e I MODE (G PARITY UNKNOWh)
OUBIL 67 MHS 7)llo'5)12 Pl-P

PEAK

AFFINAL

STATE UNKNONN

7/67

7/67

elbe»

ifiiif ~00000000 110001101 0010titti 000000100 000000101 11000000f tfiiitti
100000 ~ 00110011 100001001 100f11000 ftitftt10 tf0010000 fit ~ttiti 00000000

Pl
P2
P3
P4

PHI I 1830) INTO 5 Pl
PHI I 1830) I»(TQ OHEGA Pl Pl
PHI {L830) INTO OMEGA RHO

PHI (1830) INTO K KBAR Pl

DECAY lASSES
139+ L39» L39» 139
139+ 139& 783
783+ 770
L34» 497+ 497

tittti itif 00000 0010~ 1001 fif 000010 fititftii 0100010t~ ~01000fit ~ tiiit it
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MESON RESONANCES

REFERENCES

Data is parentheses have sot been isclsdcd in our averages.

hL MIDTH
140e ABRAHS 67 CNTR 5 CHANNEL NSAR N 7/67

DANYSZ 67 MC 51A 80L
DUBAL 67 NP B3 435

ALSO 68 THESIS 1456
FRENCH 67 NC 52A 442

OANYSZ+FRENCH+SIHAK {CERN)
CERN HISSING MASS SPECTROMETER GROUP (CERN)
L»OUBAL (GENEVE)
+KINSOM+HCDONALDtR IDD IFORD+ ICERN+ 8 IRH)

tftfit ftttttttf iffttttft ttttttttt ttttttitf 111111111ttttftttt tttf tiff
tftttf ttfttfttt 111111111ttfittttt ttttitti1 11111111i111111111tttttttt

CS {2»)

41 SIGHS {HB) fOR FORMATION BY. NUCLECN ANTINUCI. KON

ABRAVS 67 CNTR

ttftft fittttftt ftitttttt 111111111ttttttiti tittif fit 111111111iittftit
7/67

S(1950) 31 S{1930~ JPG 1 I~L OR 2

THIS ENTRY CONTAINS» BESIDES THE S(1930) SEEN BY
CHIKOVAMI 66 ){ITH A HMS» VARIOUS OtHER PEAKS NEARBY»

REFERENCES FOR N NBAR t2380)

ABRAHS 67 PRt. 18 1209 +COOL+G IACOHELL t+KYC IA+(.ECNT IC+L I+ t SNL. )

111111111tittititt ittttftti tttttftti ttffittt1 111111111itttitii
tiff it ttfttittt tti ttfttt ttftttttt ititfiftt tttfttttt i 11111111iti ti 111

H

M

C
H C
H

H

H AVG

31 5 (1930) MASS {MEV)

~ 3 ~ 7 PB P ELAST
~ 3-»7 PS P ELAST

31 S {1930) ){IOTH (MEV)

1929~ 0 CHIKOVANf 66 HHSP 12~ 0 Pj-P
1900' SOESEBECK 68 HBC + 8 Pl+ P ~ Pl+ PIO

(1985~ 0) CASO 68 HSC - LL»0 Pf- P
SEEN IN RHO- Pft Pt- (OHEGA ANTISELECTkD)
1945~ 0 CLIME 68 HBC
1925~ 0 CLINE 68 HBC
~ ~ ~ ~ ~ ~ ~ o o
1925 8352 13~ 2140 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

8/66
6/681
9/681

9/68 i'
9/681

U (2gsP) 33 U(2380 JPG ) I 1 OR 2

THIS ENTRY CON'TAINS (A2 OMEGA) y N NBAR (I~L) i AND

THE U {HMS)

PEAKED

H
H 8
H 8

H
H AVG

33 U(2380) HASS tHEV)

2382»0 24»0 CHIKOVANI 66 MMSP 12~ 0 PI-P Bibb
t 2345» ) ( 10» ) ABRAMS 67 CNTR 5 CHANNEL NBAR M 7lb7

SEkN AS BUMP IN I~L STATE» illOTH MUCH LARGER THAh IN THE VHSP EXP'
2380» 0 10e0 CLAYTON 67 HBC +- 2»5PBAR»AZ+DHEGA 0/67
~ ~ ~ ~ o ~ o ~ »
2380»2959 9»2308 AVERAGE tERROR INCLUDES SCALE FACTOR OF I ~ 01

w C
C

W

35 ' 0
216»

I 100~ 01
SEEN IN

22 ~ 0
10~ 0

»3-»7 PB P ELAST
~ 3-~ 7 PB P ELASt

CHIKOVANI 66 HHSP - 12~ 0 Pl-P
SOESEBkCK 68 HBC & S Pf+ P»PI+ PIO
CASO 68 HBC - 11~ 0 Pl- P

RHO- PI+ PI- {OMEGA ANTI SELECTED)
CLIME 68 HSC
CLINK 68 HBC

8/66
6/681
9/681

9/68 1
9/681

33 U(2380) QIDTH {HkV)

)I 30»O OR t.KSS CHIKOVANI bb HHSP 12»0 PI-P 8/66
if 8 {140») ASRAMS 6? CNFR 5 CHANNEL PSAR N 7/67
f( 8 SEEN AS BUMP IN Iof STATE» WIDTH HUCH LARGER THAN IM THE MVSP EXP'

31 O(SIGMA)/D(T) t VICROSARNS/(GEV/C) 112 )

CS 35~ 0 L2e0 FOCACCI 66 MHS F 22 LTE 7 LTE ~ 36 9/66

tttttt i iffitiif iititttti tiittiiit tftftttff ttfittttt fttitiift tftftftt
REFERENCES FOR S(1930)

CS 42»O

33 D(SIGHA)/Dt 7) t HICROBARNSI (GEV/C)112 )

14»0 FOCACCI 66 HHS ~ 28 LTE T LTE ~ 36 9/66

CHIKOVAN 66 PL 22 233 CERN Vf SSING MASS SPECTROMETER GROUP {CERN)
FDCACCI 66 PRL 17 890 CERN MISSING MASS SPECTROMETER GROUP {CERN)
BOESEBEC 68 NP 8 4 501 BDESEBECK»DEUtSCHHANh»+ (AACHLN+BERL IN+CERN)
CASO 68 VIENNA ABS ~ 325 +CONTE ~ CORDS ~ RATTI+ (GENOA+HAMBtMILAN+SACL)
Cl. I NE 68 PRL 21 1268 +ENGLISH»REkOER» TERRELL ~ ThlttY tl{ISCONSIN)

tttttt tiitiiiti ttiitiitt tttttttit ttittttft 111111111ftttittii ittitttt
ttttti ttttttttt ittftitit ttttttitt ttittiiti 111111111iitiitftt ttttittt

CS (3»1

33 SIGMA (HB) FOR FORMATION BY NUCLECN ANTINUCLEON

ABRAMS 67 CNTR S CHANNEL NSAR N 7/67

33 U MESON BRANCHING RATIOS

RL ~
RL

U HESCM FRACTION INTO ONE / THREE I FIVE OR VCRE CHARGED tRACKS
O»30 I 0»45 I 0»25 FOCACCI 66 VMS 0/66

T ( 2 ) 95 ) 32 T{2200 JPG ) I 1 OR 2

THIS ENTRY CONTAINS BESIDES THE T{22CO) SEEN BY
CHIKOVANI 66 ){1TH A HHSy VARIOUS OTHER PEAKS NEARBY

32 T(2200] HASS tHEV)

1111111111111111111111ttitttttitt iitittiii ttttiittt tfititttt tittttit
REFERENCES FOR U(2380)

CHfKOVAN 66 PL 22 233 CERN VISSING MASS SPECTROVETER GROUP {CERN)
FOCACCI 66 PRL 17 890 CERN HISSING HASS SPECTROMETER GROUP (CERN)
ABRAMS 67 PRL 18 1209 tCOOL+GIACOMELLI&KYC( A+LECKT IC+L I+ (BNL)
CLAYTON 67 HE ID BG»CONF»P» 57 +1 ASON y HUIRHEAD» F IL I PPAS+ ( LI VPOOL+ATHENS 1

AVG

2195 ' 0 15' 0 CHIKOVANI 66 MHSP 12»0 Pl-P 8/66
(2190 ) {A ) ABRAMS 67 CNTR 5 CHANNEL NBAR N 7/67

SEEN AS BUMP IN I=L STATE ~ kfDTH MUCH LARGER THAN IN THE VVSP EXP'
SEE ALSO COOPkR 6&~

2207 ' 13' ALLES-BOR 67 HBC 0 5 ' 7 PBAR P 12/66
ALLES-BORELL I 67 SEF. NEUTRAL HODE ONLY (P(+PI-PIO)

2190' 0 10»0 CLAYTON 67 HSC &- 2 ' 5PBARtA2+OHEGA 0/67
{2200' 0) CASO 68 HSC - LL»0 Pf P 9/681

SEEN IN RHO- Pl+ PI (OHkGA ANTISELECTED)
~ ~ ~ ~ ~ ~ ~ ~ ~
2196~ 0316 7 0080 AVERAGC (ERROR INCLUDES SCALE FACTOR OF I ~ 0)

tttttt fttfffttt fttiftftt fttifttti 11111fttf ttttttttt iffitfttt 11111111
11 111111111tttittitt tiff ttfif ftttftttt iitttttft ttffiftft iftftfit

K MESON (JP~O-) I ~ I/2

SEE LISTINGS OF STABLE PARTICLES

W

B
8

W

C
ff C

13' 0
{85 )

SEE NOTE 8
62.

(130~ 0)
SEEN IN

32 T{2200) iIIDTH (HEV)

OR LESS CHIKOVANI 66 HHSP
ABRAMS 6F CNTR

UNDER T(ZZOO) MASS ABOVE»
52 ' ALLES-BOR 67 HSC

CASO 68 HSC
RHO- PI+ Pf- (OMEGA ANTISELECTEO)

0 F 7 PBAR P- -Ll ~ 0 PI- P
12/66
9/681

12»0 PI P 8/66
5 CHANNEL NBAR N 7/67

i tttft ttiitttit iitittiit titttittt titiiftfi tiitttiff tffttiti1 fttttttt
tti 111 111111111tttti tttt ttttiii 11 tiiitfttf tttiftitf if ittttii tittttit

(725 } 17 KAPPA (7251JP* ) f~l/2

EVIDENCE NOT COMPELLING ~ OVITTED PROV TABLE ~

FOR A COMP(LATION ~ SEE APPENDIX A OF JAN 67 EDITION
(RHP 39» 11 Of- THIS DATA SUMMARY»

SEE A(.50 ROSENFELD PROC 1968 UN(V OF PEhN CONF ON MESON SPECTROSCOPY

Cs

CS

29 ~ 0

6»

32 D(SIGHA)/D{T) { HICROBARNS/(GEV/C)112

10»0 FDCACCI 66 MHS»22 LTE T LTE ~ 36 9/66

32 SIGMA {MB) FOR FORMATION SY NUCLECN ANTINUCLEON

ASRAMS 67 CNTR 5 CHANNEL NBAR N 7/67

111111ttifttttt tttttttti tttiiftti tttttittt ttttttttt 111111111itttiitt
tftfti ttttttitt 111111111tttttitif 111111111ftttfiftf titttiti1

(892) 18 Kt (890'JP»»L- ) f~f/2

18 Kt (8901 MASS (HEV)

ftttft tfttittti tiittittt ittttttti ittttifft ttiititit ititittit ttftittt
REFERENCES FOR T(2200)

CHIKGVA N

FOCACCI
ASRAMS
ALLES-BO
CASO
CLAYTON
COOPER

66 PL 22 233
66 PML 17 890
67 PRL 18 L209
67 NC 50 A 776
68 V I ENNA AB5 ~ 325
67 HEIDBG ~ CONF ~ P ~ 57
68 PRL 20 1059

CERN HISSING MASS SPECTROVETER GROUP (CERN)
CERN HISSING MASS SPECTROMETER GROUP (CERN)
+COOL+GIACOHELLI+KYC IA+LECNT IC+LI+ (BNL)
ALLE 5-SURELL I » FRENCH» FRISK»+ (CERN+ BONN) Go-
+CONFEfCORDS ~ RATtl+ (GENGA+HAVB+MILAN+SACL)
+MASONS VUIRHEAD ~ FILI PPAS+ t LIV POOL+ATHENS)
+HYHANyHANNEReHUSGRAVE» VCYYOOIC {ANL)

tiff if tfiftiiit tttittttf 111111111ititftttt itftiittf iiitttttt tttitttt
ttt tti itttttiit itiitiii 1 tttttiiit fitf tiitt tittiitti i i fiiiii 1 ittiittf

N N z 0 (2580) M NBAR (2380)

EVIDENCE FOR RESONANCE PRELIMINARYt
OMITTED FRQH TABLE ~

41 MASS

H 2380» LO» ASRAHS 67 C)(TR 5 C~ANNEL NSAR N 7/67

898 ' 0
891 0
895'
891'
892 ' 5
898'
883'
890'
889»
896' 0

870 891' 0
889 ' 5
895' 0
893»
891~
887 '
896»0
892 ~ 0

~ o ~ ~ ~ ~
891' 4197

li
H
H

H

H

H

H

H

H

H
H

H

M

H

H

H

M AVG

)I 200 880 ' 0
H 895 0
H 895~ 0
N 894 ~
H ~ o ~ ~ ~ o
H AVG 894»8621

5»0
3' 0
3»
2»
2»5
ho
5»
2»
3»
5»0
1»0
2»5
3 0
4»
4»
3»
heO
2»0
o o ~
05778

2»0

5»
o o ~
1» 8570

CHADWICK
FERRO-LUZ
BOMSE
DE BAERE
DE BAERE
SALLSTROM
SALLSTROV
SARLO)f
BARLOW
CONFORTO
MOJC ICKI I
ADELVAN
GELSEMA
ADERHOLZ
FICENEC
FICENEC
SCHWE INGR
SCHif E I NG R

63 HBC
65 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HSC
67 HSC
67 HBC
64 HBC
65 HBC
65 HBC
68 HBC
68 HBC
68 HBC
6S HBC
6S HBC

+ 1~ 5 K+P
+ 3.0 K+P
+ 2»3 K+P
t 3~ 5 KtP (KO PI+)
+ 3 5 K+P (K+ PIC)
+ 3» K+ P {KO Pl+1
+ 3» K+ 'P {K+ P{01
+ I ~ 2 PAAR P
1- 1 ' 2 PSAR P
+- 0» PBAR P

1»7 K-P
I ~ 5 K-P
I ~ 5 K-P
10 K- P
1~ 3 K-P (K-PI01
1»3 K-P {KOPI-1
4 ~ I K-P
5 ~ 5 K-P

AL, EXANDER 62 HSC
FERRO-LUZ 65 HBC
WANGLER 65 HBC
FRENCH 67 HSC

+ 02 ~ 2 Pl-P
+ 0 3 ' 0 K+P .
1 03~ OPI-P
+-0 3-4 PBAR P

AVERAGE (ERROR 1NCLUOES SCALE FACTOR OF I 0)

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 01

7/67
7/67
7/67
7/67
7/67

11/66
LL/66
9/67

6/66

6/68
9/67
9/67
9/67
9!67

6/66
6/66
6/67
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MESON RESONANCES
Data in parentheses have noi been included in our averages.

H

H

H

N

H

N

H

M

H

N

H

H AVG

70 897' 0
200 892»0
150 885»0

899'
897'
889' 0
894»7
892 ~ 0
895'
896 ' 0
903' 0

~ ~ ~ ~ e
894 ' 7266

10~ 0
2 ' 0

4 ~

4»
5»0
1»3
4 ' 0
2 ~

4 ~ 0
4»0

COLLEY
KRAEMER
SNITH
BAR LO'W

BARLOW
CONFORTO
DAUBER
GEORGE
FICENEC
SCHWE INGR
SCHME INGR

62 HSC
63 HBC
63 HSC
67 HSC
67 HSC
67 HBC
67 HSC
67 HBC
68 HSC
68 HBC
68 HSC

0 2 ~ 0 Pl-P
0 2 ' 3 K+P
0 2»3 Pl-P
0 1 ~ 2 PSAR P
0 LE 2 PBAR P
0 0 ~ PBAR P
0 2»0 K- P
0 5 ' 0 K+ P
0 1»3 K-P {K-Plt)
04 1 K-P
0 5 ' 5 K-P

~ 9036 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1~ 1)

11/66
11/66
9/67

12/66
11/67
9/67
9/67
9/eT

DE BAERE e7 Nc 51 A 401
TRI PPE 68 UCLA-1024

REFERENCES

+DESAI 5IEUX ~ GOLDSCHHIDT CLERM ~ + (CERN+SRUX)
+CHIEN ~ NALAHUOv MELLENA ~ SCHLE INv SLATER(UCLA I 0+

Kggg (II75) 24 KA 3/2 (1175 JP ) I 3/2

EVIDENCE NOT COMPELLINGv OMITTED FROM TABLEe
FOR A DISCUSSION SEE ROSENFELO 68

REFERENCES FOR KA3/2( 1175)

110001 100010010 ttttttttt 000000000 000111101 100000010 ttttttttt 00011100tttttt t00100000 010000100 10000000t 001011000 100101001 ttttttttt

18 KtlDI - Ktl+I MASS DIFF ~ (NEV)
WANGLER 64 PL 9 71
NILLER 65 PL 15 74
ROSENFEL eB UCRL-18266

7 P MANGLERrA R ERIIINrM 0 WALKER {WISCONS)
HILLERvKOVAGSvHCILMAINvPALFREY + {PURDUE)
A ~ HeROSENFELD t PHILAO ~ CONF ~ MESON SP ~ I (LRL)

6 ' 3 4»1 SARASH 67 HBC 0 PSAR P 8/67 tttittttt ttttitttt 00000010100000ttit itttttttt titi ttttt ttittttt
ti1041100 ttttttttt t1tittttt tittitiit tiitiiitt ttttttttt ttitittt

200 60 0
51~ 8
40 ~ 0
60 '

46 ~ 0
47»0
50 '
56 '
53
68»
47»
44 ~

43 ~

53~

43 ~

70 46 ~ 0
51 ' 0
50»0
58 '
58 '
44»
41 0
47e0

8 ~ 0
4 ' 0
5 ~

4»5
8 ~

10»1'
7»
9~
7»

3~ 0
3 ~ 0

15»0
7 ~

16»
13~

8 ~ 0
4 ' 0

CHADWICK
FERRO-LUZ
SOMSE
DE BAERE
DE BAERE
SALLSTROH
SALLSTROM
BARLOM
SARLOM
SARLOM
CONFORTO
MD JCICK I I
AOELMAN
GELSENA
ADERHOLZ
FICENEC
FICENEC
SCHWE INGR
SCHWE I NGR

63 HSC
65 HBC
67 HBC
67 HSC
67 HBC
67 HSC
67 HSC
67 HSC
67 HBC
67 Hsc
67 HSC
64 HSC
65 HSC
65 HSC
68 HBC
68 HBC
68 HBC
68 HSC
68 HBC

5 ~ 0
3»5

10'

ALEXANDER 62 HBC
FERRO-LUZ 65 HBC
MANGLER 65 HSC
FRENCH 67 HBC

18 Kt t 890) MI 0TH t NEV l

+ l»5 K+P
+ 3eO K+P
+ 2 ' 3 K+P
+ 3 5 K+P (KO Pit)
+ 3~ 5 K+P (K+ PIOI
+ 3» K+ P lKO Pl+I
4 3 ~ K+ P lK+ P[0)
+- I ~ 2 PBAR P
+ 112 PSAR Pt- 1 2 PBAR P

0 ~ PBAR P
LE 7 K-P
1 ' 5 K-P
1 ~ 5 K-P
10 K- P
1 ~ 3 K-P {K-PIOI
1 ~ 3 K-P {KOPI-I
4 ~ 1 K-P
5 ~ 5 K-P

0 2 ~ 2 PI-P
0 3 ' 0 K4P

+ 0 3 0 PI- P
+-0 3-4 PSAR P

7/67
7/67
7/67
7/67
7/67

11/66
11/66
1L/66
9/67

6/66

6/680
9/67
9/67
9/67
9/67

6/bb
6/66
6/67

Ks 2 (I270) ' KA3/2l1265 ~ JP ) I 3/2
5/2

EVIDENCE NOT COMPELLING ~ OMITTED FROM TABLE»
FOR A DISCUSSIGN SEE ROSENFELD 68

FRf NGH 67 NC 52A 442
ROSENFEL 68 UCRL-18266

REFERENCES FOR K13/2 ( 1265)

+K INSON4NCOONALD+R [DO IFORD+ l Cf RN48[RN)
A ~ H»ROSENFELD {PHILAD»CONF» MESON SP ~ I {LRL I

THERE EXIST HANY PAPERS REPORTING A BROAD 1=1/2 (K PI PII ENHANCEHENT
IN THE HASS REGION 1 ' 23-1' 36 GEV IT IS PROBABLY DUE TO SOPE
COMBINATION QF DECK EFFECT ANO ONE THO ~ OR THREE REAL RESONANCES'
FOR CONVENIENCE OF PRESENTATIONS Wf HAVE GROUPED THE CATA UNDER THE NAH
OF THREE PARTICLES AND ONE PSEUDO-PARTICLEr RESPECTIVELY KA(1230) ~

KA( 1280) ~ KA l 1320) ~ ANO KAl 1200 1350) ~ UNDER THE LAST CATEGORY WE

HAVE LISTED ALL EXPERIMENTS THAT REPORT A BROAD PEAKs 'WITH A 'WIDTH
GRE ATER THAN 100 MEV»

ttttttttt ttttttttt 000100001 ttttttttt 111111001ttttttttt tttttttt
~ titt ttttttitt ttttttttt ttitttttt tittittit titiititt tttititit titttttt

70
200
150

AVG

60»0
50 ' 0
50~ 0
53~
34 '
43 ~

44»
52 ~
5L ~ 0
53 ~ 0

10' 0
5 0

13
8 ~

4»
12'
11~ 0
11 0

COLLEY
KRAEPER
SHI TH
SARLO'W
BARLOW
CONFORTO
DAUBER
FIGENEC
SCHWE INGR
SCHWE INGR

62 HSC
63 HSC
63 HBC
6T HBC
67 HSC
67 HSC
67 HSC
68 HBC
68 HBC
68 HSC

2 ' 0 Pl-P
2 ' 3 K+P
2»3 PI-P
I ~ 2 P BAR P
I ~ 2 PBAR P
0 ~ PSAR P

2 ' 0 K

1»3 K-P (K-Plt)
5 ' 5 K P
4»l K-P

e ~ e o e e e e o
49 ' 7498 1' 0657

18 Kt l890) PARTIAL DECAY MODES

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1~ 0)

11/66
11/66
9/67

12/66
9/67
9/67
9/67

K ( I200- )350) KA(1200-1350) I 1/2
A

28 KA{ 1200-1350) MASS (MEV)

H

M 8
M A
N

H

H

200 1280' 20e BERLINGHI 67 HBC t 12 7 K+ P
ERLINGHIERI VALUE IS FROM (Kt PI) MODE ~ THE tK RHOI PASS PEAKS AT 1320
N EFFECT THAT THEY ATTRIBUTE' TO KINEMATICS NEAR {K RHO) THRESHCLD ~

1270' APPROX» DE BAERE 67 HBC 4 3 5 K+ P
(1325 0) {6»0) ABCLV COL 68 H8G — 10»0 K- P(K 2P I)
( 1335~ 0) (6e0) ABCLV CCL 68 HBC - 10~ 0 K- P(K NPI)

7/67

7/67
9/680
9/681

P1
P2

Kt INTO K Pl
Kt t 890) INTO (K Pl Pl I

DECAY PASSES
493+ 139
493+ 139+ 139 28 KAt 1200-1350) WIDTH (VEV)

ALSTON 61 PRL 6 300
ALEXANOE 62 PRL 8 447
COLLEY 62 CERN CONF 315

CHADWICK 63 PL 6 309
GOLDHABE 63 ATHENS CONF 92
KRAEMER 63 ATHENS CONF 130
SHITH 63 PRL 10 138

ALSTCN ~ ALVAREZ ESERHARD GOCO ~ GRAZIANO4(LRL)
ALEXANDERyKALBFLE[SCH ~ HILLER rG SMITH tLRL)
D COLLEEN GELFAND + {CGLUMBIA+RUTGERSI

CHADWICK vCRENNELL ~ DA V I ESy BETT[HI+(OXF+PADU)
SULAMITH GOLDHABER {LRL)
R KRAENER L HADANSKY + l JOHNS HOPKINS I
SNITH ~ SCHWARTZ ~ MILLER ~ KALBFLEISCHyHUF4 {LRLI

18 Kt l890) BRANCHING RATIOS

RL 1 Kt( 890) INTO (K Pl Pl I/tK Pl)
RL 0 0 ' 002 OR LESS WOJCICKI2 64 HBC - I ~ T K-P

tt 0tttttttt ttttttttt 001101001 ttttttttt ttttttttt ttttttttt 10111100

REFERENCES FOR Kt

W 200 130~ 15»
W 200 ' APPROX»
W 1 {186~ 0) (15 0)

l 196~ 0 I t 16~ 0)

BERL INGHI 67 HBC 4 12 ~ 7 K+ P
DE BAERE 67 HBC + 3~ 5 K+ P
ABCLV GCL 68 HBG - 10' 0 K- P{K 2PI)
ABCLV COL 68 HSC - 10 ' 0 K- P(K NPI)

PL
P2
P3
P4
P5
P6

KA l 1200-1350)
KA(1200-1350)
KA(1200-1350)
KA( 1200-1350I
KA( 1200-1350)
KA{ 1200-1350)

[NTO Kt(890) Pl
INTO K RHO
INTO K P I
INTO K ETA
INTO K OlrEGA
INTO K Pl Pl

DECAY PASSES
493+ 139t 139
493+ 139+ 139
493+ 139+ 139
4934 139+ 139
493+ 1394 139
497+ 139+ 139

28 KAI1200-1350) BRANCHING RATIOS

28 KA( 1200 1350) PARTIAL DECAY MOOF. S

7/67
7/67
9/6 8 i'
9/68i'

WOJC[CKI 64 PR 135 8 484
HOJCICK2 64 PR 135 8 495

STANLEY G 'HOJCICKI
S MDJCICK[yN ALSTON ~ G KALBFLEISCH

(LRL I
{LRLI Rl

RL
KA( 1200-1350) INTO Ki'(890) PL AND K RHO {OVERLAPPING BANCS)

200 1~ 0 SEPLINGHI 67 HBG 4 12~ 7 K+ P 7/67

67 PR 156 1399
67 NC 50 A 701
67 PR 158 1298
67 NP 83 469
67 PR 153 1403
67 NC 51 A 40L
67 NC 42A 442
67 NC 49A 9
67 NC 49A 348

BARASH
BARLOW
BOHSE
CONFGRTO
DAUBER
DE BAERE
FRENCH
GEORGE
SALLSTRO

ADELMAN 65 ATHENS 527
FERRO-LU 65 NC 36 LLOL
FERRO-LU 65 NC 39 417
GELSEMA 65 THESIS
WANGLER 65 PR 137 8 414

STUART LEE ADELNAN (CAVENDISH)
FERRO-LUZZ[vGEORGE ~ HENRI ~ JONGEJANS (GERNI
FERRO-LUZZIyGEORGE ~ GOLOSCHPIOT-CLERt (CERN)
EBS GELSEHA {SEE ALSG PL 10 341I (AMSTERDI
WANGLER ~ ERWINyMALKER l 'Wl SCQNS I N I

BARASkyKIRSCH ~ HILLER ~ TAN {CQLUMB I A)
4MDNTANETr D-ANDL AU+ l CERN+C OF+ I DR+LIVE PPOOL)
+BORENSTE IN+COLE4G ILLESP IE 4 ( JOHN HOPKINS I
tMARECHALo NONTANET+ (CERN+CF+IPN+LIVERPOOL)
+SCHLE IN SLATER ~ TICHO (UCLA)
4GOLOSCHMIDT-CLERMONTyHENR[t (BRUX+CERN)
+K INSON+MCDDNALD+R [COIFORO4 {GERN4BIRMI
+GOLDSCHM[DT-CLERNONT+HENR [+ [CERN+BRUX)
SA[.LSTROM+OTTER+EKSPCNG (STOCKHOLM)

R2-
R2
R2

R3
R3

R4
R4
R4

R5
R5
R5

KA(1200-1350) INTO {K PI) / TOTAL
0 ' 02 OR LESS BERLINGHI 67 HBC
0»02 OR LESS' C ~ L ~ =»95 ABCLV COL 68 HSC

+ 12~ 7 K+P
10~ 0 K- P

KA{ 1200-1350) INTO {K ETA) / TOTAL
0 02 OR LESS BERLINGHI 67 HBC + 12' 7 K+ P

KA( 1200-1350) [NTO (K ONEGAI / TOTAL
0 ' 02 OR LESS SCRL INGH I 67 HBC 4 12~ 7 K+ P

12 (0»01) l0 005) ABCLV CO[. 68 HBC - 10' 0 K- P

KA{ 1200-1350) INTO (K RHO) / t Kt(890) P I )
0» 91 0»25 BERLINGHI 67 HBC 4 12~ 7 Kt P

701 (0»4) (0' I) ASCLV COL 68 HSC - 1' 0 K P

11/67
9/68 i'

11/67

11/67
9/681

11/67
9/681

AOERHOLZ 68 NP 8 5 567
F [GENEC 68 PR 169 1034
SCHWEING 68 PR 166 13LT

+CEUT SGHMANN+ t AACH+BERL4 CERN+ I C ~ 4 V IENNA)
+HUL S I ZER+ SWANSON+TROWER (URBANA)
SCHHE INGRUBER ~ DERRICK ~ FIELDS r AMMAR+ ( AhL+NW)

ttttitttt tiii ti i it ~ tttiiitt iti ti ti tt ~ itittti 1 ttiiitttt tttti (ttt ttt )i it
~ 011ttttt tttttttti tttittttt tttittttt tttttittt ttitttttt 01110(110 ttt)ttt

Rb
R6

R7
RT

KA{ 1200-1350) INTO (K P I I / (Kt t 890) PI )
0» 21 OR LESS DE SAERE 67 HBC + 3 ' 5 K+ P

KA{1200-1350) INTO (K PI PI) / TOTAL
201 (0»22) (0»08l ABCLV GOL 68 HBC - 10' 0 K- P

itittt tttttitit titttiitt ttittittt ttittiti1 tttttiitt ttitttttt ttttitit

11/66

9/68i'

KN (I IOO-l 200) 19 KN[ 1100-1200)
t K& OHI TTED FROM TABLE ~

FROM A STUDY OF K P - - K Pl (DELTA) tty TRIPPE 68
FIND THAT THE I 1/2 S-WAVC tK PI ) PHASE SHIFT INCREASES Sl 3TH(Y FROM)
THRESHOLD AND REACHES ABOUT 90 DEG IN THE REGION 1100 — 12' r~ H(V ~ THE)
WIDTH OF I'HIS OBJECT ~ IF A TRUE Rf SONANCE ~ IS ABOUT 400 HEV Ht S NAKIN)
IT UhLIKELY THAT IT HAS ANYTHING TO 00 WITH THC NARROW (K Pll (ASS CNH)NCE
MENT AT 1080 MEV REPORTED EARLIER SY DE SAERE 67

REFERENCES FOR KA [ 1200-135C)

BERLINGH 67 PRL 18 1087 SERLINGHIERI+FARBER+FERBEL4FORMAN+ (ROCH) IJP
DE BAERC 67 NC 49A 374 +DERAI 5IEUX+FASTtF IL IPPAS+ (GERN48RUX I

AND PRIVATE COMHUN[CATION BY 8» JONGEJANS
ABCLV CO 68 VIENNA ABS» 464 COLLABORATION AACHEN-BERLIN+CERl+LOIC+MIEN)
ANTICH 68 VIENNA ASS 493 +BOSCO ~ CALLAHAN COX DENEGRI4(JOHNS HOPKINS) I JP
BOMSE 68 PRL 20 1519 480RENSTEINoCALLAHAN ~ COLEoCCX ~ + lJOHhHOPK) I+
DENEGRI 68 PRL 20 1194 +CALLAHAN+ETT[. INGER+GILLESPIE+ lJOHKHOPK) 1+

110000 000000000 010000000 ttttttttt ttttttttt 0tttttttt 110000001 tttttttttttttt tttttttit 110010000 ttttttitt ttttttttt tttttittt ttitttti1 tttittti



I60 REVIEWS OF MODERN PHYSiCS ~ JANUARY $69

MESON RESONANCES

Data iIL parentheses have 7(ot been incl({ded in our averages.

K (1230)
20 KA {1230IJP~ l I"-I/2

FORHERLY CALLED C MESON

{JP ~ 1+ FAVORED)

SEE NOTE PRECEDING KA{1200-1350)

20 KA & 1230) IIASS (MEV)

Pl
P2
P3
p4
P5

26 KA {1280) PARTIAL DECAY HOOES

KA INTO Ktt 890) Pl
KA INTO K RHO
KA INTO K OHEGA
KA INTC K Pl
KA INTO K ETA

DECAY PASSES
892+ 139
497+ 770
497+ 783
493+ 139
493t 548

H

N

N

M

N H

M H

M

N AVG

1230' 0 15%0 SA 5 SOHP I E 67 HSC
1250' 0 10%0 GOLDHABER 67 HBC

1250 APPROX' BGO COLL' 68 HBG
1242 ' 9~ 10% 4ST IER 68 HBC

{1277.) {9.) {10 l ASTI'ER 68 HBC
FROM FIT WITH A KA{ 1320)~

~ ~ ~ ~ ~ ~ % ~ ~

1243 ' 0447 6%2592 AVERAGE tERROR INCLUDES

+ 5. K+ P
9 ' 0 K+ P

+ 10~ 0 K+ P
&"0 0 PBAR P
+-0 0 PBAR P

SCALE FACTOR OF 1~ 0)

11/67
0/67
9/684
6/680
6/680

26 KA {1280) BRANCHING RATIOS

Rl 0 KAt 1280) LHTO {K PI) / (Kt(890) Pl)
Rl S 0 ' 8 OR LESS SHEN 66 HBC 4%6 K+P
RL S SEEN LN FIVE-BODY FINAL STATE ~ MAY BE ASSOCIATEO WITH KA(1320) ~

044000 ttttttttt ttttttttt 000440444 0400004tt 440044440 000400040 00440040

REFERENCES FOR KA{1280)

11/67

'W

k
W

W M

W

W AVG

&0~ 0
50 ~ 0

127 ~

t 83. l
SEE NOTE

~ ~ ~ ~ ~

86%5789

20 KA (1230) WIDTH {HFV)

20 0 SASSONPIE 67 HBC
20 0 GOLDHASER 67 HBC

7% 25 ' ASTLER 68 HBC
{20 ) ASTIER 68 HSC
N UNDER HASS ABOVE'
~ ~ ~ ~

25%4017 AVERAGE {ERROR INCLUDES
(SEE IDEOGRAM BELOW

+ 5 ~ K+ P
9 ' 0 K+ P

+-0 0 PSAR P
+-0 0 PBAR P

SCALE FACTOR OF F 4)

11/67
0/67
6/684
6/680

SHEN 66 PRL 17 726
BASSOHP I 67 PL 268 30
CRENNELL 67 PRL 19
GOLDHABER67 PRL 19 972

+BUTTERWORTH ~ FU GDLOHASERS TRILLING (LRL)
BASSOHPILRRE ~ GOLDSGHIIIDT+ {CERN+BRUX+BIRM) IJP
+K4LBFI.ELSCH ~ LAIISCARRISGHUHANN {BNL) I
G GOL OHASERIF IRE STONE I SHEN (LRL)

()$PO) 21 KA {L320IJP l l 1/2
A

t JP ~ 1+ FAVOREO)
SEE MOTE PRECEOLHG KA(1200-1350)

040044 ttttttttt ttttttttt 400444000 ttttttt44 440040044 444400444 04444044ttttttttt 4000440tt 044004044 ttttt4000 004444440 ttttttttt 44440444

LIEIGHTEO AVERAGE = 86.6 4 25.4
ERROR SCALED BY 2 ' 40

CI ISQ = 11.N CONLEV = 0.003 21 KA {1320) MASS (HEV)

N 12 1320%0 25%0
M 70 1320%0 10 0
H S (1280~ 0)
M S SEEN LM FIVE-BODY
H 1320~ 0 15~ 0
H N 45{1300' )
M N THESE PEAKS NAY PO
N 1360 0 10%0
H 0 (1330~ l t12 )
H ~ ~ ~ ~ ~ ~ ~
H AVG 1335' 3584 LL ~ 2

ALNEIDA 65 HBC + 3-5 K+ P
SHCN 66 HSC + 4%6 K+ P
SHEN 66 HBC + 0 4 6 K+P

FINAL STATE ~ NAY BE ASSOCIATED illTH KA{ 1280)~
BASSOHPIE 67 HBC + 5% K+ P
CRENHELL 67 HBC 0 6 PI- P

SSIBLY BE ASSOCIATED WITH THE KA(1280)
GOLDHABER 67 HBC 9%0 K+ P
ASTIER 68 HBC +-0 0 PBAR P

317 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 8)
{SEE IDEOGRAM BELOW )

8/66
8/66

11/67

1 I/67
7/67

0/67
6/680

T IER 68 HBC

LOHABER 6? HBC

SSOI1PIE 67 HBC

IIEIGHTEO AVERAGE 1335.4 4 11~ 2
ERROR SCALED BY 1 ~ 81

CHISQ t 8.'-I COHLEV = 0.020

O
O

O
O
III

o
CI
O

O
o
III

O
O

K+A (1230) jiIOTH II{EU)

Pl
P2
P3

20 KA (1230) PARTIAL DECAY MODES

KC INTO K RHO
KC IMTO Kt PI
KC INTO K PL Pl

20 KA (1230) BRANCHING RATIOS

DECAY PASSES
4934 770
892+ 139
497+ 139+ 139

GOLOHABER 6? HBC

BASSOI1PIE 6? HBC
SHEN 66 HBC
ALI1EIOA 65 HBC

Rl 0 KA{1230) INTO tK RHO)/TOTAL {UNITS OF 1044-2)
RL 75 ~ 0 10~ 0 4RMENTERD 64 HBC

R2 0 KA{1230l INTO (Kt Pl)/TOTAL tUNITS OF 1044-2)
R2 25 ~ 0 10%0 ARHENTERO 64 HBC

0 ~ 0 PBAR P

0 ~ 0 PBAR P

6/66

6/66

O

O
Cl

O
O
CV

O
I0

KA t 1320) l1ASS (f1EV)

o
O
O
~I

o
O

~I

REFERENCES FOR KA & 1230)

ARMENTER 64

ALSO
SEE ALSO 66

DUSHA COMF 1 577 ARNENTEROSIEOWAROS ~ D-ANDLAU t (GERh+GDF)
SEE ALSO PL 9I 207

OUBNA CONF 1 617 R ARMENTEROS (RAPPORTEUR)
PR 145 1095 SARASHIKIRSCH ~ HILLER ~ TAN (COLUMBIA)

PL. 268 30 BASSONPIERREIGOLDSCHHIDT+ (CERN+SRUX+SLRM) IJP
PRL 19 972 G%GOLDHASER ~ FIRESTONE ~ SHEN {LRL)

VIENNA ABS ~ 501 +PARECHALIHONTAHET+t COEFACFRN+IPN{P)+LPOO{. )
VIENNA ABS ~ 217 // BIRMINGHAM+GLASGOW+OXFORD

BASSONP I 67
GOL OHAB ER67
AST I ER 68
SGO COLL 68

004040040 ttttttttt 000400040 044440444 400400400 tttttt004 tttttttt
444404 444444444 044444440 444444444 044044040 004440444 444400444 44040004

tttttt 044444400 444444440 4044444tt 444444444 444444444 444440004 40440044

W

il 5
W S

W N
W N

W

W

W AVG

21 KA (1320) WIDTH {HEV)

12 60% 0 20% 0 ALHE{OA 65 HSC 0 3-5 KAP
70 80 ~ 0 20% 0 SHEN 66 HBG + 4%& K+P

(100' 0) {20%0) SHEN 66 HBC + 0 F 6 Kt P
SEEN IN FIVE-BODY FINAL STATE ~ HAY BE ASSOCIATED WITH KA(1280lo

60 ~ 0 20%0 BASSOMPLE 67 HBC + 5 ~ K+ P
45 (60 ' ) CRENNELL 67 HBC 0 6 Pl- P
THESE PEAKS NAY POSSIBLY SE ASSOCIATEO WITH THE KA{1280)~

80%0 20%0 GOLDHABER 67 HBC 9%0 K+ P
t 120~ ) {20%) (30%) ASTIER 68 HSC +-0 0 PBAR P
~ % ~ % % ~ % ~

70 0000 10 0000 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I'D)

8/66
8/66

LL/67

11/67
7/67

0/67
6/68t

(~ p 8p) 26 KA t 1280~ JP~

SEE NOTE PRECEDING KA{1200-1350)

26 KA{1280) MASS {NEV)

Pl
P2
P3
P4
P5

21 KA {1320) PARTIAL DECAY HODES

K4 INTO Kt(890) Pl
KA INTO K RHO
KA IHTO K OHEG4
KA INTO K Pl
KA INTO K ETA

DECAY PASSES
892+ 139
497+ 770
497+ 783
493+ 139
493+ 548

N S
H S
M

N N
H N
H G
N G

W S
S

W

W N
W N
M G
M G

{1280 %0) SHEN 66 HSC 4 0 4 ' 6 K+P
SEEN IH FIVE-BODY FINAL STATE ~ HAY BE ASSOCLATEO 'WITH KA{1320l ~

35 1280' 0 10' 0 BASSONPIE 67 HBC + 5% K+ P
45 {1300% l CRENNELL 67 HBG 0 6 PI P
THESE PEAKS MAY SETTL'R BE ASSOCIATEO WITH THE KA {1320)~

(1250%0) (10 0) GOLDHASER 67 HBC 9 ' 0 Kt P
THIS PEAK HAY SETTER SE ASSOCIATED WITH THE KA{1230)~

26 KA{1280) WIDTH (MEVl

{100%0) (20%0l SHEN 66 HBC + 0 4 6 K+ P
SEEN LN FIVE-BODY FINAL STATE ~ HAY BE ASSOGIATEO WITH KA{ L320) ~

35 80 ~ 0 20%0 BASSOHP IE 67 HBG + 5 K+ P
45 (60 ' ) CREHNELL 67 HSC 0 6 Pi- P
THESE PEAKS HAY BETTER SE ASSOCIATED WITH THE KA{1320)~

(50%0) (20%0) GOLOHASER 67 HBC 9 ' 0 K+ P
THIS PEAK HAY SETTER BE ASSOCIATEO WITH THE KA{1230)~

11/67

LL/67
7/67

0/67

11/67

11/67
7/67

0/67

IRl
RL

R2
R2

RB
RB

R9
R9

RID
RLO

KA INTO{K OMEGA)/(Kt(890) Pl)
0% 1 OR LESS SHEN 66 HBC + 4 ' 6 K+P

KA {1320) INTO tK Pll / (Kt(890) Pll
0 ' 30 OR LESS SHEN 66 HSC + 4%6 K+P

KA {1320) INTO (K+ Pl I / (K+0 PIO+ PL-)
0 ' 2 OR LESS (CL~ 90) CREHNELL 67 HSC 0 6 ' 0 PI P

KA {1320) INTO (KO PL+ PI«PIO) / (K+0 PIO+ PL l
0 1 OR LESS (CL 90) CRENNELL 67 HSC 0 6 0 Pl-P

21 KA (1320l BRANCHING RATIOS

KA INTO Kt&890) Pl AND K RHO (OVERLAPPING BANDS)
70 10 SHEN 66 HSC + 4 ' 6 K+P 8/66

0/66

0/66

7/67

7/67

044400 000000040 044040444 ttttttttt 000404000 000040400 040040000 04044400



PARTrcz, E DATA GROUP Rm'oios of Particle Properfies 161

MESON RESONANCES
Data in parentheses have not been included i» our averages.

REFERENCES FOR KA(1320)

ALMEIDA 65 PL 16 184 ALMEIDA ~ ATHERTONoBYERrOORNAh eFORSON+ (CAMBR)
SHEN 66 PRL 17 726 +BUTTERIoORTH ~ FU GOLDHASERS ~ TRtLLING (LRL)

ALSO 66 (PRIVATE COMMUN)GERSON GOLDHABER (LRL)

BASSOMP I 67 PL 268 30 BASSDNP IERRE ~ GOLDSCHMIDT+ (CERN+BRUX+BIRMI IJP
CRENNELL 67 PRL 19 44 +KALSFLEISCH LAI SCARR ~ SCHUPANN t SNL) I
GOLOHABER&7 PRL 19 972 G»GOLDHABER yF (RE STONE ~ SHEN {LRI,I
ASTtER 68 VIENNA ASS 501 +MARECHAL MONTANET+(CDEF+CERN+IPN{P)oLPOOL)

tttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttittttt
tttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt

((QQO) 22 KN (1420e JP 2+) I 1/2
N

JP ~ 3- IS UNLIKELY BUT NOT YET COMPLETE(. Y RULEC OUT ~

R2
R2
RZ
R2
R2
R2 AVG
R2 FIT

R3 I~

RI
83
R I
R3
R3 AVG

R3 FIT

KNt1420) INTO
~ 41

0» 56
0 ~ 47

~ e o» e ~

~ 4937
~ 330

KN( 1420 ) INTO
0» 14
0» 10
0» 14

~ ~ ~ ~ ~ ~

~ 1222
~ 109

(Kt(890) Pl) I TOTAL
Qe14 BAD I ER
0» 10 BISHOP
0»10 BASSANO
~ o e

~ 0631 AVERAGE {ERROR INCLUDES
»034 VALUE FROM CONSTRAINED

65 HSC
bb HBC
67 HBC

(K RHOI/TOTAL
0 ~ 05 BADIER 65 HSC
0 05 BISHOP 66 HSC
0 ~ 10 SASSANO 67 HBC
~ ~ ~

~ 0333 AVERAGE {ERROR INCLUDES
o031 VALUE FROfe CONSTRA(NEO

3 ~ 0 K-P bibb
3»5 KtP &lb&
4 ~ 6e 5 ~ 0 K- P 0/67

SCALE FACTOR OF leo)
F IT

'3 ~ 0 K-P 6/663.5 K+P 6/66
0 4 F 6 ' 5 ' 0 K- P 0/67

SCALF FACTOR OF I 0)
FIT

3 ' 0 K-P 6/66
R4 t KN(1420) INTO (K OMEGA)/TOTAl
R4 0 ~ 07 0»04 BADIER 65 HSC
R4 ~ e ~ ~ ~ ~ ~ ~ ~
R4 FIT 034 »012 VALUE FROM CONSTRAINED FIT

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

II
M

M

M

II
M

M

22 'KNt1420) MASS (MEV)

1404 0
1390~ 0
1446 0
1427
1440 ~

{1430~ 0
1423'

( 1396~ 0
1405 ~ 0
1401' 0
1397' 0
1427»0

15~ 0
30~ 0

7»9
15»0
24» 0

(20 ~ 0)
21~

{8»0)
18»0

8 ~ 0
19» 0
9»0

40»

FOCARDI
SHEN
DAHL
OE SAERE
DE BAERE
GEORGE
ADERHOLZ
BASSOMPIE
SCH'WEINGR
SCHWE INCR
SCH'WE INGR
SCHWE INCR

65 HSC
66 HBC
67 HBC
67 HBC
67 HBC
67 HBC
68 HSC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC

-0 3 ~ K- P tK Pt)
+ 04 ~ 6 K+ P (K Pl)

0 4 ~ PI- P (KPII
+ 3 5 K+P {Ko Pl&)

3~ 5 K+P (K+ P(0)
0 5 ~ K+ P (K Pl)

10 K- P (K PI)
t 5 ~ 0 K+ P {K Pl)

Q 4»l K P {K Pl)
4 ~ 1 K- P (K Pf)

05 ~ 5K- P {K Pl)
5 ~ 5 K- P (K PI)

1400' 0 20»0
1430' 0 10 0

tl420. 0) (10.0)
SASSDMPIERRE 68 IS
1440 '
1420 0 10 0

(1396~ 0) {5»0 I
(1422 ' 0) (5' 0)

SADIER 65 HSC
SHEN 66 HBC
SASSOMPIE 67 HBC

UPDATING OF BASSCMP(ERRE
CRENNELL 67 HBC
GOLDHABER 67 HBC
BASSOMP IE 68 HBC
BASSOMPIE 68 HSC

3 ~ K- P {Ktpl)
& Q 4.6 K+ P (KtPI)
+ 5. K+ P tK 2PI)

67 AND GEORGE 67
0 6 Pl- P (K 2P I I

9 ~ 0 K+ P(K 2P I I
+ 5 ~ 0 K+ P(K 2P I )

0 5 ~ 0 K+ P(K 2PI)

WEIGHTEO AVERAGE»- 1422.20 t 3.74
ERROR SCRLEO BY 1.29

CHISQ ~ 24.9 COMLEV 0.052

THE FOLLOWfNG VALUES ARE FROM BOTH 'tK Pl ) ANO tK 2PI) MODES
1425 ' 0 10F 0 BtSHOP 66 HBC t 3 ' 5 Ko P
1423' 0 ?»0 SASSANO 67 HSC -0 4 ' de 5 AC K P

20 1440 0 20 ' 0 OUBAL 68 MMS - 11~ 5 K- P
~ ~ ~ ~ ~ ~ ~ ~ o

AVG 1422 ~ 197] 3~ 7401 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF le3)
(SEE IDEOGIIAM BELOW I

0/66
0/66
0/66
o/66
O/66
0/66
6/68t
9/68t
9/67
9/67
9/67
9/67

O/66
O/bb

11/67

7/67
0/67
9/68&
9/68 i'

0/66
0/67
bl&8t

RS
R5
R5
R5 FIT

R6
R6
R6
R6
R6
R6
R6
R6
R6 AVG
R6 FIT

R7
RF
RF
R7
RF
R7 F IT

RB
RS
RS
RS
RS
RH

RS FIT

R9
R9
R9
R9
R9 FIT

KN(1420) INTO (K ETA)/TOTAL
0 02 Qe02 BADIER 65 HBC

~ ~ » ~ ~ ~ e ~ o
~ 020 »01& VALUE FROM CONSTRAINED FIT

3 ' 0 K-P

KN(1
6

420) INTO (Kt(890) Pl) / (K Pl)
0»33 0 ' 33 CHUNG 65 HBC
0»65 0»20 SHEN 66 HBC
0 ~ 63 0»20 SHEN 66 HBC

t le 1) (0» 3) BASSOIIP I E 68 HSC(1.5) (0.3) SASSCMPIE 68 HBC
0»52 0»12 SCHWEINGR 68 HBC

~ ~ ~ ~ e ~ ~
~ 5531 ~ 0882 AVERAGE tERROR INCLUDES

652 115 VALUE FROM CONSTRAINED

'+ Q

0
+
+

0
0

3' 9-4 ' 2 Pl P
Nt PRCDVCEO
NO Nt PRODUCED

5 ' 0 Ki P
5eo K+ P
4 ~ 1+5~ 5 K- P

SCALE FACTOR OF leo)
F IT

KN(1420 I INTO (K RHO)
0»09 OR LESS
0» 2 OR LESS
0 ~ 2 OR LESS
0 ' 26 0»16

~ ~ ~ ~ ~ ~ ~ ~ I
~ 215 ~ 072

/ {K Pl)
CHUNG 65 HBC
SASSOMPtE 68 HBC
SASSOMPIE 68 HBC
SCHWEINGR 68 HBC

+03~ 94 ~ 2PI P050K+ P+5~ OK+ P
0 4 ~ I+5 ~ 5 K- P

VALUE FROM CONSTRAINED FIT

KN(1420) INTO (K RHO) C {Kt{890) Pl)
Oe39 OR LESS IIASSOMPIE 67 HSC + 5» K+ P
O»4C OR LESS {CL»-~ 90) FIELD 67 HBC - 3' 8 K P

~ o e ~ ~ ~ ~ ~ ~
~ 329 F 112 VALUE FROM CONSTRAINED FIT

KN(1420) INTO (K OMEGA) C K Pl
0»08 OR LESS SHEN 66 HBC 4 ~ 6 K+P
0» 1 OR lESS BASSOMPIE 68 HBC + 5 0 K+ P
0»03 OR LESS SASSDMPIE 68 HBC 0 5 ~ 0 K+ P

~ ~ ~ ~ ~ ~ ~ e e
F 068 »026 VALUE FROM CONSTRAINED F IT

6/66

Bibb
Olbb
0/66
9/68i
9/68i
0/67

8/66
9/68i
9/68t

8/66
9/68t
9/68t
0/67

9/67
6/67

68
ANa 67
OP 66
HABER 67

66
ER 65
EINGR 68
EIMGR 68
EIHGR 68
EIMGR 68
HOLZ 68
AERE 67
RERE 67

Sr
66

RDI 65

f(flS
HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBG

HBC

HBC

HBC

Rlo t KN{1420) INTO (K OMEGA) / tKt(890) Pt)
R 10 Oe 10 0»04 FIEI.D 67 HBC - 3»8 K- P
RID ~ ~ ~ ~ ~ ~ ~ o ~
Rlo FIT ~ 104 ~ 036 VALUE FROM CONSTRAINED Fll
Rll t KN( 1420) INTO (K ETA) C (Ktt890) Pf)
R 11 O. OT O.04 FIELD 67 HBC 3»8 K P
Rll ~ ~ ~ ~ ~ ~ ~ ~ ~
Rll F(T ~ 061 »04& VALUE FROM CONSTRAINED FIT

R12 t KN(1420) INTO (K ETA) C (K Pl)
R12 0»025 OR LESS BASSOMPfE 68 HBC
R12 ~ ~ ~ ~ ~ ~ ~ ~ ~
R12 F IT ~ 040 ~ 033 VALUE FROM CONSTRAINED FIT

5 ' 0 K+ P

THE FOLLOWING BRANCHING FRACTIONS HAVE CORRElATED ERRORS GREATER THAN »5

Pl P2 -~ 584

ttttti ttittittt titttiitt ttittttii ttittitit iiiitiitt ttttttttt ttiittit

6/67

6/67

9/68t

a O
O O
Ul O

KN (1420) FIRSS (FIEV)

O

O
LA

O
a
O
Ul
sE

BADIER 65 PL 19 612
CHVNG 65 Pkl 15 325
FOCARDI 65 PL 16 351

REFERENCES FOR KN(1420)

BADIERoDEMOULIN ~ GOLDBERG+ (EP+SACLY+ZEEMAN)
+DAHL ~ HARDY' HE SS r JACOBS o K Ik Z ~ MtlLER (LRL )
FOCAROI eMINGUZZI RANZI ~ SERRA+ (SOLOGNA&CENI

W

W

W

W V
W

W t
W

W

W

W V
W V
W

W

W

W

W

W

W AVG

22 KN {1420) WIDTH {MEV)

92 ~ 0
75 0
61~ 0
90 ~ 0

(110~ 0)
175'

(123~ 0)
107' 0

14 0
25»0
24» 0
28 ' 0

{40eo)
57 ~

(25»0)
20»0

FOCAROI
SHEN
OAHL
DE BAERE
GF.ORGE
ADERHOLZ
BASSOMPIE
SCHWE INGR

65 HBC
66 HBC
67 HBC
67 HBC
67 HBC
68 HBC
68 HSC
68 HBC

03~ OK- P (K PI)
4.6 K+ P

0 3 ' 8-4 ' 2 Pl- P
+ 3 ' 5 K& P

0 5 ' 0 K+ P
10 K- P (K Pt)

+ 5 ~ 0 K+ P(K Pl)
-0 4»1+5 ~ 5 K-P

8/66
9/66
o/66
0/66
6/68i
9/68i
9/67

105~ 0 30» 0
(80~ 0) (20e 0)

BASSGMPIERRE 68 IS
8' 0 20»0

( 110~ 0) ( 10 0)
(110~ 0) t 10»0)

SADI'ER 65 HBC
BASSOMPIE 67 HBC

UPDATING OF BASSCMPIERRE
GOLDHABER 67 HBC
BASSOMPIE 68 HSC
SASSGMPIE 68 HBC

3 ' Q K-P
+ 5 ~ K+ P tKt Pl)

67 AND GEORGE 67
9 ' 0 K+ Pt« 2PI)

+ 5 0 K+ P(K 2PI)
0 5 ~ 0 K+ P(K 2PI)

br 66
11/67

0/67
9/68 4

9/68i

96 ' 0 loco
65 ~ 0 20 0

~ o ~ ~ ~ ~ ~ ~
89 ~ 7795 5»9098

8 I SHOP 66 HBC
SASSANO 67 HBC

3 ' 5 K+ P
0 F 6 ' 5 ' 0 K- P

b/66
0/67

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

BISHOP 66 PRL 16 1069 BISHOP ~ COSHAW ERWIN THOMPSCN+ (WISCCNSIN)
SHEN 66 PRL 17 726 +BUTTERWORTH ~ FU ~ GOLDHABERSe TRILLING (LRL I

ALSO 66 (PRI VATE COMMUN)GFRSON GOLOHABER (LRLI r

BASSANO 67
8 AS SOMP I 67
CRENNELL 67
OAHL 67
SEE ALSO 65
DE BAER E 67
F IELO 67
GFORGE 67
GOLDHASER67

PRl 19 968
PL 268 30
PR(. 19 44
PR 163 1377
PRL 14 401
NC 51 A 401
PL 248 638
NC 49A 9
PRL 19 972

+GOLOBERGoGOZ ~ SARNES ~ LEITNER+(BNL+SYRACUSEI
BASSOMPIERRE GOLDSCHPIDT+ {CERN+BRUX+8(RM)fJP
+KALSFLEISCH ~ LAIoSCARRoSCHUMANN (BNL)
+HAROY+HESS+KIRZoMILLER (LRL)
HAROYeCHUNG ~ OAHL CHESSY KIRZ ~ I ILLER (LRL)
+GOLDSCHMIOT-CLERMONT HENRI+ (BRUX&CERN)
+HENDR I CKS+P ICC ION I+YAGER (LAJOLLA)
+GOLDSCHMIDT-CLERMONT+HFNRI+ {CERN&BRUX)
G»GOLOHASERyF IRESTONEySHEN (LRl)

ADERHOlZ
BASSOMP I
SEE ALSO
DUBAL
SCHWEING

ALSO

&8NP 8 5 567
68 VIENNA ABS ~ 446
66 PL ?2 357
68 THESIS 1456
68 PR 16& 1317
67 THESIS

+DEUTSCHMANNe tAACH+(IERL+CERN+l»C»+VIENNA)
SASSOMPIERREoGOLDSCHfeIOT-CLERMe+(CERN+BRUX)
BARTSCH ~ DEUTSCHMANNe MORRISCN+ (ABCL ( IC) V)
L»DUBAL (GENEVE)
SCHWEINGRUSERoOERRICKoF IELDS ~ AMMAR+{ Ahl+NWI
F L ~ SCHWEINGRUBER (NORTHWESTERN, EVAhSTON)

ttttit ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttttitttt tttititit ttttttttt iitttttit tttittttt tititiitt tttttiii i ttittttt

P1
P2
P3
P4
P5

22 KN (1420) PARTIAL DECAY MODES

KN{1420) INTO K PI
KN(1420) INTO Kt(890) Pl
KN(1420) INTO K RHO
KM{1420) INTO K OMEGA
KN(1420) INTO K ETA

22 KM{1420) BRANCHING RATIOS

DECAY PASSES
493+ 139
892+ 139
493+ 770
493+ 783
493+ 548

KN {IBSDI 27 Ke (1660~ J» l I |/2
~EVIDENCE NOT COMPELLINGe OMITTED FROM TABLE

2T KN ll660) MASS (MEV)

M 1660» 0 CARMONY 67 HSC 3»8 K-PeOMEGA K ll/67
M 1660»0 10»0 JOBES 67 HBC + 5~ K+ P lf/67
M J CLAIMEO SY JOSES IN {K PI) ~ (Kt(890) Pl) e AND (Kt(1420) PI) MODES ~ 11/67
M J JOBES 67 SEES THE K Pl SUMP MOSTLY tN INTERFERENCE WITH Nt t1236) ~ 11/67

Rl
Rl R
Rl R
Rl R
Rl R
Rl R
Rl

KN(1420) INTO (K Pl)/TOTAL
(0 ' 37) to»19) SAOtER 65 HBC 3.O K-P
(0' 33) (0»07) SISHOP 66 HBC 3 ' 5 K+P
(0' 39) (0»11) BASSANO 67 HBC 4»b ~ 5»0 K P

THIS BRANCHING RATIO CONTAINS REDUNDANT INFORMATICNe SINCE Wf.

CONSTRAIN THE SUM OF ALL BRANCHING RATIOS TO BE 1 0

q507 ()4T VALUE FROM CONSTRAIN'ED FIT

6/66
6/66
0/67

60»0

27 KN (1&&0) WIDTH (MEV)

20»0 JOBES 67 HBC t 5 ~ K+ P 11/67
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parentheses have not bccn inclldcd in DNr averages.Data in

27 KM (1660) PARTIAL DECAY HODES INTO (Kt(890) PI)/TOTAL
ID' 244) {0»08) ABCLV COL 67 HSC

ASCLV CGL 68 IS UPDATING OF ABCLV COL 67
2 (0»34) (0 12) ABCLV CGL 68 HSG

(0~ 29) (0~ 09) (0 ~ 14) ANTICH 6S OSC

R3 0 KA
R3 V
R3 V
RS 4 9
R3

10»0 K P
DECAY PASSES

493+ 139
493+ 139+ 139
892+ 139

1420+ 139

10»0 K P
12~6K- D

Pl
P2
P3
P4

'KN»(1660) IMTG K PI
KM»{1660) INTO K Pl PI
KM» I 1660) INTO Kt(890) PI
KN» {1660) . INTO KN»{1430} Pl R4 0 KA INTO IK OHEGA)/TOTAL

R4 V I 0»048) {0 ~ 02) ASCLV COL 67 HSG

R4 V ASGLV COL 68 IS UPDATING GF ABCLV COL 67
R4 0 25 {0»08) {0»05) ASGLV (OL 68 HBC

10»0 K- P

10»0 K«P
REFERENCES FGR KN(1660)

D»CARHONY»T ~ HENGRLCKS»LE LANDER (LA JOL{.A)
tBASSGHPIERRE»DE BAERE + IB(RH+CERN4BRUX)

R5 0 KA INTO IK»(890) ETAI/TOTAL
RS 0 ' 05 OR LESS ,C L 95 ABGLV COL 68 HSC - 10 0 K- PGARHGNY 67 PRL 18 615

JOBES 67 PL 268 49

ttt»tt 444444444 444444044 444400444 444»S»S»t 404444044 tttt ttttt 44404400

0/67

9/680
9/680

0/67

9/680

9/684

40404 ttttt»444 404044444 444040440 4044»tttt tttt»4004 tt»44»tt
04004» 444044044 04444444» 004404400 040400440 400404404 044000440 444404»t

{)78Q) 23 KA (17804 JP~ ) I a 1/2
A

(ALSO CALLED L HESON)
( JP ~ 144 2- SEEH HOST LIKELY}

23 KA (1780) HASS {HEV)

R7 4 KA

R7 V
RT V
R7 0 5
R7

INTO (K»{1420) PI) / TDTA).
(0 1&4) I 0»08) ABCLV COL 6T HBC

ABGLV COL 68 IS UPDATING OF ABCLV COL 67
1 (0' 19) (0»05) ASCLV COL 68 HSC

(0 20) {0 09) l0 ~ 15) ANTLCH 68 DSC

10»0 K- P

10~ 0 K P
12»6 K- C

Rb 0 KA IMTO IK Pl Pl)/(TOTAL)
Rb V (0~ 445) {0 ~ 15) ABCLV COL 67 HBC - 10' 0 K- P

R6 V ABGLV GOL 68 IS UPDATING OF ASCLV GOL 67
R& R TT {0»28) {0 13) ABCLV COL 68 HSC - 10»0 K P

R& R {0 31) {0~ 30) (0»15) ANTICH 68 DBC - 12 6 K- C

R6 R THIS BRANCHING RATIO CONTAINS REDUNDANT INFORHATIONs SINCE ME

R& R CONSTRAIN THE SUH OF ALL BRANCHING RATIOS To BE 1~ 0

0/&T

9/680
9/684

0/67

9/680
9/680

H V
H V

H

H

{1785~ 0) ( 12»0 I ABCLV COL 67 HBC
ABCLV COL 68 IS UPDATLNG OF ABCLV CGL 67

20 1780' BERLLNGHI 67 HBC
1760' 0 15' 0 JOSES 67 HBC

(1789~ 0) (8~ 0) ABCLV GOL 68 HSC

23 KA (1780) HIOTH (HEV)

10~ 0 K P(K 2PI) 6/68»

+ 12~ 7 K+P 7/67
+ 5 ~ K+ qP 11/67

10»0 K P(K MPI) 9/&84

RS 0 KA
RB

INTO IK ETA)/TOTAL
0»01 OR LESS ABCLV COL 67 HBG 10~ 0 K P

R9 0 KA INTO (K PHI)/TOTAL
R9 0 ' 05 OR LESS C L 95 ASCLV COL 68 HSC 10 0 K- P

400040 004004000 404000000 000040040 440440400 404004000 044000040 04440400

REFERENCES FOR KA(1780)

0/67

9/680

){ V
H V

M

i{

(127»0) {43' 0) ABCLV CGL 67 HBC

ABCLV COL 68 IS UPDATING OF ABCLV COL 67
20 80 BERLINGHI 67 HBG

60 ' 0 20»0 JOBES 67 HBC

(132»0) {28»0) ASCLV COL 68 HBC

23 KA (1780) PARTIAL DECAY HGDES

10~ 0 K- P(K 2PI) 6/680

+ 12 ~ 7 K+P 7/67
+ 5» K+ P 11/6T

10~ 0 K- P(K NPI) 9/684

ABCLV CO
SEE ALSO
BERL IMGH
JOBE5
ABCLV CO
ANT ICH
8 GO COL ~

DENEGR )

67' HEIDBG CONF P»43
66 PL 22 357
67 PRL 18 1087
67 PL 268 49
68' VIENNA CONF ~ 464
68 VIENNA CONF» 493
68 VIENNA CONF ~ 500
68 PRL 20 1194

AACHEN+SERL IN+CERN+LONDON (C+VI FNNA COLLAB)
BARTSCH ~ DEUTSCHHANN»HORRISCN+ {ABCLI IC)V)
SERLINGH{ERI+FARBER+FERBEL+FORHAN4 {RGCH) I
+SASSOHPIERREsOE SAERE 4 {BIRH+CERN+SRUX)
COLLABORATLON AACHEN-BERLI (4CERN+LQIC4)IIEN)
+BOSCO ~ CALLAHAN ~ COX ~ OENEGRI 4 {JOHNS HOPKINS) I JP
COLLABORATION BIRHINGHAH +GLISGOH + OXFORD)
4CALLAHAN4ETTL INGER+GILLESP IE+ {JOHNHGPK) 2-

Pl
P2
P3
P4
P5
P6
PT
PB
P9

KA
KA
KA
KA
KA
KA

KA
KA
KA

INTO K PI
INTO K RHO
INTO Kt(890) PI
INTO K OMEGA

INTO K PI PI
INTO Kt{1420) PI
INTO K E TA
INTO K PHI
INTO Kt(890) ETA

DECAY MASSES
497+ 134
497+ 770
134+ 892
497+ 783
497+ 1344 134
13441420
497+ 548
497+1019
548+ 892

44»ttt 004»ttttt 0040400»t 444444040 tt»440004 St»044400 4»ttttttt 04040400
»st»44 41040»ttt ttttttttt ttttttttt ttttt»444 104000000 000044000 00000000

4
K ( ~~4O) 40 Kt (2240 ~ JP } I I/2

ENHANCEMENT SEEN IN {ANTIHYPERGN4NUCLEON)

HASSLE

EVIDENCE NOT COHPELLING OHITTED FROM TABLE

40 Kt I2240) MASS (HEV)

23 KA ( 1780) BRANCHING RATIOS

Rl 0 KA INTO (K PI I/TOTAL
Rl V 0 ' 023 OR LESS ABCLV CGL 67 HBC
Rl V ABGLV COL &8 IS UPDATING OF ABCLV CCL 67
RL 0 ~ 06 OR LESS» C ~ L ~ =~ 95 ABC{.V CGL 68 HBC

Rl 0 1 OR LESS ANTICH 68 DBC

10~ OK- P

10~ OK P
12 ~ 6K C

0/67

9/680
9/684

15 2240»

H 70»

20» ALEXANDER 68 HBC + 0 9 K4P YBAR+N+ ~ ~ 6/684

40 Kt (2240) HIDTH I HEV)

20» ALEXANDER 68 HBC 4 0 9 K4Ps YSAR+N+ ~ ~ 6/684

R2 4 KA INTO IK RHG)/TOTAL
R2 V {0» 0'99) {0» 06) ASCLV CGL 67 HBC

R2 V ABCLV GOL 68 IS UPDATING OF ABCLV CCL 67
R2 0 31 {0 ~ I 1 ) {0»09) ABCLV GGL 68 HBG

R2 (0 2) {0 15) {0 2) ANTICH 68 DBC

10' 0 K P

10~ 0 K- P
12 F 6 K- 0

0/67

9/68s
9/684

tttttt ttt»00000 t»tttt»44 4440044'04 044044444 tttttt»40 4004040»t 00104040

REFERENCES FOR K»{2240)

ALEXANDE 68 PRL 20 755 ALEXANDER' FIRESTCNEsGOLDHASERsSHEM ILRL)

tttttttttttttttttttttttttttttttttttt»0444404040»ttttttttttttt»ttttttttttttt
4 ~tttttttttt»404»tttttttttttt»ttttttttttttttttttttttttttttttt»440»ttttttttt

BARYON RESONANCES

Note on Nucle on Re s onanc e s

There are five "modern" phase-shift
analyses of 7)N elastic scattering, made by

groups at Saclay, CERN (Paper I), Berke-2

ley, Glasgow, and CERN (Paper II) —the3. 4 5

last a reanalysis of the isospin-3/2 phase

shifts using different methods than CERN (I).
Our only source for the Glasgow and CERN (II)
results-and for much of the rest of the last
year's work on nucleon resonances-is the

1968 Vienna Conference rapporteur talk by

Donnachie, which, together with a talk by
6

7Rushbrooke, should be read by anyone inter—

ested in this field. Here we reproduce

(slightly modified) some tables from
Donnachie, and add the CERN (II) phase-
shift solutions to our previous Argand dia-

grams. We have not seen the Glasgow or
recent Berkeley diagrams. W'e have added

a column to the first table giving our evalua»»

tion of the status of the resonances. Those

listed "good" or "fair" are included in the

Baryon Table. Those listed "poor" are not.

In two or three cases, our evaluation is based

in part on the results of a phase-shift analy-
0sis of the reaction vr p ~ K A made by Love-

lace et al. Their Argand diagrams may be8

found in Donnachie. 6
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Partial-wave amplitudes obtained by the CERN analyses.
The CERN (Xj results are the smooth curves (light lines in the isospin-
3/2 diagrams). This analysis used dispersion relations to join and

smooth the solutions found at different energies. The isospin-3/2
analysis was redone using a "shortest-path" method, devised by the
Berkeley group, to join the solutions at different energies {jagged,
lines). Arrows point to approximate positions of rqspnances claimed,

by the CERN group,
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PARTIAL NAVE AMPLITUDES 0BTAINE0 BY THE SACLAY PHASE SHIFT ANALYSIS {BAREYRE et alj

F-cm

l320
l362

3. I390
l443
I470
l50I

7, I524
8. I543
9. )573
IO. I603
II. IOI7
l2. I629
I3. 1658
I4. I673
I5. I688
I O. I7 I6
l7. I738
!8. I769
IQ. I822
20. I862
2I. I896
22. I968
23. 202I

Table I. The status of nucleon resonances as seen in various phase-shift analyses and inelastic channels (there D means definite and

P means probable or possible). The CERN I and II and Saclay phase-shift diagrams are shown in accompanying figures. See
Donnachje, from whom this table ie adapted, for a discussion, We have added a column giving our evaluation of the status

of the resonances.

Possible
resonances Berkeley CERN I Saclay Glasgow

Our
CERN H evaluation qN KA KZ ~b, pN yN

P 3(~236)

S3~{%640)

D 3(4690)

P33{f690)

F3~( f9 40)

P3i( 1930)

F37( i9so)
D»(&9so)

P«( %470)

D&3( iszo)
s«(irido)
Dig( l680)

Fgg{ &690)

S«( l7%0)

D~3(-f730)
P i $( f750)
P i3{4860)

Fi7( 1980)

D~3( 2030)

Gi7(2 i90)

Definite

Possible
Probable
Probable
Probable
Definite

Doubtful

Definite

Definite

Definite
Definite
Definite

Definite

Possible
Probable
Probable
Probable
Definite

Doubtful

Definite
Definite

Definite
Definite

Definite
Definite

Definite

Possible
Definite

Definite

Definite

Ambiguous

Ambiguous
Ambiguous

Ambiguous
Definite

Ambiguous No

Definite
Definite

Definite

Definite

Definite

Definite

Definite
Definite

Definite
Definite
Definite
Definite

No

No

No

No

No

Use imagination
Possible
Possible
Doubtful

Probable

No

No

No

No

No

No

Definite
Definite

Transferred to Q$7
No

Ambiguous Definite

We will not argue about this one

Definite Definite Definite Definite

Definite

Good

Fair
Definite Poor
Definite Fair
Definite Good

Definite Good

Possible Poor

Qood

Good

Good

Good

Good

Good (KA)
Poor
Fair (KP)
Poor
Poor
Poor
Good

P P
P

P P

P D D D

D

D

D
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Table II. Resonances observed in pion-
nucleon scattering with a mass of less
than 2.2 GeV. The masses, widths, a d
elasticities conjectured in the CERN I
analysis and the two results of the Glas-
gow analysis4 are shown, together with
the "average. " In forming this "aver-

age, " the two Qlasgow results were first
combined, and then taken with the CERN I
analysis. The differences in the reso-
nance parameters give some guide to the
uncertainty in extracting these number s
from Argand diagrams.

Partial
wave

Glasgow (A)CERN I Glasgow (8)

Mass rZ t r l/r Mass r r i/r Mass r l /r Mass l 'l /le1 tot tot el tot tot el tot tot el tot

1236 125 1.00 1238 120 1.00 1238 120 1.00 1237 122.5 1.00

Ssl 1640 0.28 1617 141 0.28 1623 140 0.25 1630 160 0.27

1690 269 0.14 1649 188 0.12 1650 174 0.13 1670 2ZS 0.13

Pss 1690 281

1910 350

0.10 1690 280

0.16 1841 136 0.20 18SZ 150 0.19 1880 250

0.10

0.18
' PS1 1930 339 0.30 1914 290 0.18 1843 231 0.24 1905 300 0.25

Fsv 1950 221 0.39 1935 196 0.51 1935 212 0.39 1940 210 0.42

Dls

Sl 1

Dos

FlS

1470 211

1520 114

1550 116

1680 173

1690 132

0.66 1462 391 0.49 1436 224 0.46 1460 260

0.33 1502 36

0.39 1669 115

0.68 1685 104

0.36 1499 53 0.35 1525 80

0.50 1667 115 0.43 1675 145

0.54 1684 123
, 0.54 1690 125

0.57 1512 106 0.45 1512 125 0.49 1515 115

0.57

0.52

0.34

0.43

0.61

Sll 1710 300 ~ 0.79 1766 404 0.56 1671 121 0.51 1715 280 0.66

Dls

PlS

1730?

175Q 327 Q. 32 1770 445 0.43 1867 S2S

1860 296 0.21 1844 449 0.40 1854 307

0.30

1730?.
,

?
I

1785 405

0.26 1855 335

0.34

0.27

Dls

G17

2030? 290

2190 300

0.26

Qs35

2030? 290?

2190 300

0.26?

0.35
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Data in parentheses have not

tion to Intern. Conf. on High-Energy
Physic s, Vienna, 4968.

6. A. Donnachie, 14th Inte rn. C onf. on High—

Energy Physics, Vienna, 1968 {CERN,
Geneva, 1968}, p. f39.

7.' J. Q. Rushbr ooke, 44th Intern. Conf. on

High-Energy Physics, Vienna, 4968

{CERN, Geneva, 1968}, p. 45 8.
8. C. Lovelace, F. Wagner, and J.

Iliopoulos, communication to Intern.

N(fa70)
61 Nt I/2{ 1470' JP~L/2+) I~L/2 Pi i

THE LATCST RESULTS ON NUCLEON RESONANCES PRESENTED AT
THE 1968 VIENNA CONFERENCE ~ ARE NDT INCLUDED Ih THE
CARD LISTINGS ~ BUT ARE DISCUSSEO IN A NOTE PRECEDING
THE Nt3/2(1236) ~

THE MASS AND MIDTH ARE BEST Of TERHINED FROM PHASE-SHIFT ANALYSE S» ME
NO LONGER L!ST THEH AS OETERHINEO FROH PRODUCTION EXPERIMENTS' SEE THE
PREVIOUS EDITION (RHP 40 ~ 77 ~ 1968) FOR SUCH A LIST ~

61 NII 1/2( 14TD) MASS {HEV)

II
H

H 1
1

H

2
2

H 3
3

{1380' 0) ROPER 65 RVUE PHASE-SHIFT ANAL 9/66
t 1370~ 0) BRANOSEN 65 RVUE PHASE-SHIFT ANAL 9/66
tl470 ~ 0) BAREYRE 68 RVUE PHASE»SHIFT ANAL Lj/67

WHERE THE PARTIAL-HAVE TOTAL CROSS SECTION IS GREATEST,
(L505 ~ 0) BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67

WHERE THE VELOCITY OF THE AMPLITUDE ACROSS THE ARGANO DIAGRAII
IS GREATEST»

(1466' 0) OONNACHIE 68 RVUE PHASE-SHIFT ANAL 6/68t
WHERE THE ABSORPTION IS GRCATEST ~

61 Ntl/2{ 1470) WIDTH (HEV)

been included in our averages.

ttitttitt tttttttit tttttpttt titttittt ttititttt tttttttttii ttt ttittttit ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt

Conf. on High-Energy Physics, Vienna,

&968.

M 1 (255 ' 0) BAREYRE 68 RVUE
M 2 t205 ~ 0) BARE YRE 68 RVUE
M 3 (211~ 0) DONNACHIE 68 RVUE

SEE THE NOTES ACCOMPANYING THE HASSES QUOTEO ~

61 Nt1/2(1470) PARTIAL DECAY HODES

11/67
Ll/67
6/68 t

Pl
P2
P3
P4

Nt1/2(1470) INTO Pl N

Ntj/2(1470) INTO N SIGMA (SIGMA MESCN)
Ntj/2 ( 1470) INTO Nt 3/2( 1236) P I
Ntl/2(1470) INTO N Pj Pl

61 Ntl/2(1470) BRANCHING RATIOS

DECAY PASSES
139+ 938
938+ 400

1236+ 139
938+ L39t 139

CODE EVENTS QUANTITY
ABOVE

BACKGROUND

ERROR+ ERROR- REFERENCE YR TECH SIGN COMMENTS DATE
PUNCHED

Rl Ntl/2{1470) INTO (Pl Nl/TDTAL
RL 1 (0~ 68) BAREYRE 68 RVUE
RL 3 (0%658) DONNACHIE 68 RVUE

SEE THE NOTES ACCOMPANYING THE HASSES QUOTE 0

(Pl) /TOTAL
1 I/67
6/68t

Lb PROTON (938' J~L/2) 1=1/2

SEE LISTINGS OF STABLE PARTICLCS

R2
RZ
R2
R2
I{2

Ntl/2(1470) INTO (N SIGMA)/TOTAL (P2) /TOTAL
DOMINANT INELASTIC DECAY THURNAUER 65 RVUE
DOMINANT INELASTIC DECAY NAHYSLOWS 66 RVUE
DOHINANT INELASTIC DECAY I{OSENFELD 67 RVUE
DOMINANT INELASTIC DECAY MORGAN 68 RVUE ISOBAR MODEL

11/67
11/67
1 L/67
6/68 t

tttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttttiitt ttttttttt tttttiitt ttttttti ~ ttttitttt tiiiitttt tttttitit tttilttt
17 NEUTRON t939 J 1/2) I 1/2

SEE LISTINGS OF STABLE PARTICLES

R3
R3
R3

Ntl/2(1470) INTO (Nt3/2(1236) Pl l/TOTAL (P3) /TOTAL
PROBABLY SEEN LAHSA 68 HSC PI-P 8 BEV/G
PROSABLY SEEN JESPERSEN 68 HBC PP 22 BEV/C

tttttt ttttttttt ttttttttt ttttttttt tititittt tittttttt ttttttttt tttttttt
REFERENCES —Nt1/2{14TO)

lj/68t
LL/68t

6 (1256) 81 Nt3/2 t 1236 ~ JP~3/2+) 1~3/2 Ppp.
THE lATEST RESULTS DN NUCLEON RESONANCESs PRESENTEO AT
THE 1968 VIENNA CONFERENCE ~ ARE NOT INCLUDED IN THE
CARO LISTINGS ~ SUT ARE DISCUSSED IN A NOTE PRECEDING
THE Nt3/2{ 1236)%

81 Nt3/2( 1236) MASS t )IE V)

tttttt ttttttitt itttttttt ttttttttt ttttttttt titittttt ititttttt titttttt
bttttt i ~itiittt tti ttitti titittttt iittti

hatt

tttitttit tittittit tttttttt
ROPER
BRANDSEN
THURN AL E
NAMYSLOM
ROSENFEL
BAR EYRE
DONNACH I
LAHSA
MORGAN
JESPERSE

65 PR 138
65 PR 139
65 PRL 14
66 PR 157
67 IRVINE
68 PR L65
68 PL 26S
68 PR 166
68 PIt 166
68 PRL 21

8190
81566
985
1328
CONF
1731
161
1395
1731
1368

LD ROPERyRM MRIGHTyBT FELO {LRL LVHRIHIT) IJP
+ODONNELL ~ HOORHGUSE (DURHAM ~ RTHFD) I JP
P G THUItNAUER (ROCH)
NAHYSL'OWSKIiRAZPI ~ ROBERTS (STAN' EDjhBe IC)
A H ROSENFELDy P SODING (LRL)
P SAREYItE ~ C BRICHAN ~ G VILLET (SACLAY) I JP
A DONNACHIE ~ R G KIRSOPPs C LOVELACE (CERN) I JP
+CASON ~ 8 ISMAS ~ Df RADO GROVES ~ + ( NOTRE DAHE I
D MORGAN (RTHFO)
JfSPERSENt KANGt KERNAN ~ + ( IOWA STATE)

M t
H
Mtt
H++ t
Ht+ t
Htt
HQ

H

D R
D R

I 1234»0l
(1235%8)
1236%0

(1232~ 0)
{1233~ 4)
1236 0
1236 ' 45

t 1241~ 3)

0» 55
(6 ~ Ol
(4 ~ 4l

0 65
(5~ 1)

ROPER
OONNACHIE
OLSSOIII
FERRO-LUZ
G(OAL
DEANS
OLSSON
GIDAL

65 RVUE 0++PHASE-SHIFT ANAL

68 RVUE PHASE-SHIFT ANAL
65 RVUE ++ TOTAL-SIGMA DATA
65 HSC t+ K+P TO KO P PI+
66 OSC ++ 0 D TO NN(NN) PI
66 RVUE ++ PI+P TOTAl
65 RVUE 0
66 OBG

81 Nt(0) - Nt{++) HASS OIFFERLNCE (PEV)

I 0 ~ 45) (0»85l OLSSON 65 RVUE
REDUNDANT WITH DATA IN HASS LISTING»

81 Nt I-) Nt (++) MASS OIFFERL'NCE (PEV)

6/68t

7/66
7/66

7/66

PAPERS NOT REFERRED TO IN DATA CARDS'

BAREYRE 64 P{. 8 137 +BRICHANyVALLADASyVILLETs + {SACl. AY ~ CAEN) IJ
ADELHAh 65 PRL 14 1043 S L ADELMAN tGAHSRtDGE(CERN)l
OALITZ 65 PL 14 159 R H OALITZ ~ R G I{OORHOUSE (OXF ~ RTHFD)
BAREYRE 65 P{. 18 342 +BR(CHAN ~ STIRLING ~ VILLET {SACLAY) IJP
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON tlRL)

THE FOLLOWING ARE THEORETICAL PAPERS CONCERNING THE Ntl/2(147C)
RESNICK 66 PR 150 1292 L RESNICK {NIELS BOHR)
SCHWARZ 66 PR 152 1325 J H SCHWARZ (LRL)
GOLDBERG 67 PR 154 1558 H GOLDBERG tCORNELL)
BAll 67 PR 155 1725 JS SALLe GL SHAW ~ DY MONG (UCLA ~ UCI iUCSO)

ttttttttt ttttttttt ttttttttt ttttttttt itttttttt ttttttttt ttttttttttttttttt ttttttttt tttttti'tt ttttttttt ttttttttt ttttttttt tttttttt
7%9 6 ~ 8 GIDAL 66 DBG

81 Nt3/2( 1236) WIDTH (HEV)

M

M++
M++ t
Mtt
M++
MO
M-

(L25 ~ 1)
120' 0

(125' 0)
( 124~ 0)
121»0
119%6

I 149%0)

2%0
I 30~ 0)
(14%0)

2%4
(18~ 0)

OONNACH IE
OLSSON
FERRO-LUZ
G I OAL
DEANS
OLSSON
G IDAL

68 RVUE
65 RVUE +t
65 HBC ++
66 OSG +t
66 RVUE ++
65 RVUE 0
66 OSC

81 Ni'3/2{ L236) PARTIAL DECAY HODES

Pl Nt3/2(1236) INTO PI N
P2 Nt3/2(1236) INTO N GAHI4A

81 Nt3/2( 1236) BRANCHING RATIOS

DECAY PASSES
139+ 938

Ot 938

6/68 i'

7/66
7/66

7/66

N {f5f8)

H

M

H 1
1

H 2
2
2

M 3
3

62 Nt 1/2{ L5LBy JP~3/2-) j~j/2 0)p
THE LATEST RESULTS ON NUClEON RESONANCES' PRESENTED AT
THE 1968 VIENNA CONFERENCEy ARE NOT INCLUDED IN THE
CARD LISTINGS' BUT ARE DISCUSSED IN A NOTE PRECEDING
THE Nt3/2{ 1236)

62 Ntl/2(1518l HASS (MEV)

(1536' 0) ROPER 65 RVUE PHASE-SHIFT ANAL 9/66
{1530»0) BRANDSEN 65 RVUE PHASE-SHIFT ANAL 9/66
( L510~ 0) BARE YRE 68 RVUE PHASE-SHIFT ANAL 11/67

WHERE THE PARTIAL-WAVE TOTAL CROSS SECTION IS GREATEST ~
(1515 0) SAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67

WHEREE» THE VCLOCITY OF THE AMPLITUDE ACROSS THE ARGANO DIAGRAM
IS GREATEST'

(1541»0) DONNACHIE 68 RVUE PHASE-SHIFT ANAL 6/68t
WHERE THE ABSORPTION IS GREATEST.

Rl
Rl

Nt3/2{1236) INTO {N GAMMA)/TOTAL (PERCENT) tP2)/(P1)
0»55 0» 02 DALITZ 66 RVUE

65 PRL 14 118
65 NC 36 1101
65 PR 138 8 190
66 PR 146 1180
66 PREPRINT
66 PR 141 1261
68 PL 268 161

OLSSON
FERRO LU
ROPER
DALI TZ
DEANS
GIDAL
OONNACH I

H G OLSSON (MISC)
FERR 0-LUZZ I i GEORGE ~ + (CfRN)
L D ROPER' R M 'WRIGHT ~ B 7 FELD (LRLyHIT) JP
OAll TZ ~ SUTHERLAND {OXFORD)
S It DEANS| M G HOLLADAY (VANDERBILT)
G GIOAL ~ A KERNAN ~ S KIM (LRL)
A DONNACHIE ~ R G KIRSOPP ~ C LOVELACE (CERN) IJP

FO)t EXTENSIVE REFERENCES TO DATA AND PHAS'E-SHIFT ANALYSES TILL 1965~
SEE ROPER 65' ESPECIALLY APPENDIX Il»

tttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt
REFfRENCES —Ni'3/2 ( 1236)

7/68t
M 2
M 3

Pl
P2
P3
P4
P5
P6
P7

62 Nt1/2( 1518) MIOTH t MEV)

(125' 0) BAREYRE 68 RVUE
(110' 0) BAREYRE 68 RVUE
{L49 0) DONNACHIE 68 RVUE

SEE THE NOTES ACCOHPANY(NG THE MASSES QUOTED»

62 Nt1/2(1518) PARTIAL DECAY HODES

Ntl/2(1518) INTO PI N

Ntl/2{1518) INTO Nt3/2t1236) Pl
Ntl/2{1518) INTO N PI PI
Ntl/2{ 1518)+ INTO NEUTRON Pl+
Ntl/2{1518)+ INTO PROTON PI+ Pl-
Ntl/2(1518) INTO N ETA
Ntl/2(1518) INTO N SIGNA (SIGHA HESON)

DECAY PASSES
139+ 938

1236+ 139
938+ 139+ 139
939+ 139
938+ 139+ 139
939+ 548
939+ 400

L1/67
11/67
6/68t
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BARYON RESONANCES
Data i«pare«thcscs have «ot bcc« i«cL(tdcd i«o«r qvcragcs.

11/67
6/680

R2
R2
R2

N01/2I 1518) IHTO t N'13/? t 1236) PI ) /TOTAL (P4) /TOTAL
DOILINANT IHEL DECAY OLSSON 66 RVUE Pl P TQ PI Pl N 9/64
Oe 20 Oe 05 KIRZ 46 HSC 0 ASSUHIHG Rl 0 72 9/66

62 M01/2( L518) BRANCHING RATIOS

Rl Nel/2(1518) IHTO (PI N)/TOTAL {PL)/TOTAL
RL 1 (Oe5C) SAREYRC 68 RVUE
Rl 3 (Oe509) DONNICHIE 68 RVVE

SEE THE NOTES ACCOHPAI(YING YHE )LASSES QUOTEO

ILI{OST THE ENTIRE INELASTICITY 1$ IH M Pl Pl (ONLY N ETA COULD CO){PETE
ANO IT OOESHT) ~ THE N Pl PI SEEMS TQ SE IIAINLY N13/2(1236) PI ~ IN BOTH
S ANO 0 MAVES ~

HKNDRY

SARfYRE
MICHAEL
UCHI YAMA

$1$$OHP I
DIV IES
SAREYRE
DONNACHI

45 PL 18 171
REVIEMS EARLY
EXPERIHEHTSe

65 Pl 18 342
46 PL 21 93
46 PR 149 1220
47 Pl 258 440
67 NC 521 1112
68 PR 165 1731
68 PL 268 141

PAPERS NOT REFERRED TO IH DATA CARDS

REFERENCES I{01/2(L550)

A N HENORYe R G HQQILHOUSE (RTHFO)
PHASE-SHIFT-ANALYSIS RESULTS ANO PI- P 'fO ff1 N

NE TAKE NUMBERS FROM THE SOLUTION USING BRIHDSEN 65 ~
+ SRlCHANe ST IRLlNGe VILlf 7 t SICLIY) I JP
C IIICHIEL (QXF)
F UCHI YAMA-CIHPBElLe R K LOGAN I ILL) I JP
BASSO«PIERRE ~ + (CERNeBRUXELL'ES)
A T DIVIES ~ R G POORHOUSE tGLISGON ~ RTHFD)
P BAREYRE ~ C BRICHAN ~ G VILLEt (SICLAY) I JP
A DONNACHlf e R G KIRSOPP ~ C LQVELACE (CERH) I JP

R3
Ri

R4
Rh
RC
Rh
Rh

R?

Nei/2( 1518)
0 F 00

LARGE
LIRGK
LARGE
LARGE

LARGE

INTO (HO3/2t 1236) I'I)/(H O'I Pl)
0 ' 09 A-BORELLI 47 HSC

THURNAUER 65 RVUE
NAHYSI. OWS 66 RVUf
ROBERTS 67 RVUE
RQSENFELD 47 RVUE
HQRGAH 68 RVUK

(PZ)/(I'3}

ISOBAR MODEL

9/66
11/67
11/61
1 L/67
Li/47
6/681

Moi/'2(1518) INTO {N Pl)/(N Pl Pl) (PL)/(P3)
1 AD ?5 Oehh Oe7L I-BQRELL I 67 HSC 0 .PBAR F' 5 ' 7 SEV/C 9/66 SRANDSEN 65 PR 139 $1566 +QDOI(NFLL ~ HOORHOUSE

BASIS OF NVHBERS ME QUOTC FRQH HENDRY 65m
LOVE(.ACE 67 HEIDELBERG Ce 79 C LQVElACE
JOHNSOH 67 UCRL-17683 THESIS C H JOHNSON

(OURHAH ~ RTHFO)IJP

(CERN) IJP
{LRL}

THERE IS GETTIMG TQ bf A NHOLK LITERATURE OH THE REACTIONS Pt- P TO
ETI N IND GAHHI P TQ Ff1 P NEAR THRESHOLD ANO THE I lt CONNECTION M I TH
THE BEHAVIOR UF THE $11 AMPLITUDE AS DETEItHINEO IN Pl P PHASE-SHIFT
ANILYSIS ~ THE READER IS INVITED TQ PERUSE THE FQLLONIHG RATHER IN-
DIGESTIBLE COLLECTION~ FURTHER REFERENCES HIY SE FOUND IN THESE ~

R5
R5

R4
Rb

RY
R7

RS
RB

Nol/2{1518) INTO (NEUTRON Pte)/e(P PI+ Pl-) (PC)/(P5)
Dett 0 ' 45 ALEXANDER 67 HBC + PP 5~5 BEV/C 9/66

Noi/?(1518) INTO (Pl N)/(Pl H03/2{1236)) (PL)/(P2)
Oeh? OR lESS LEE 67 HSC 11/67

N01/2(1518) LNTO l(N ETA)/TOTAL ( Pb) /TOTAL
0+006 APPROX DAVIES 47 RVUE L 1/67

DAVIES 67 GIVES SEVERAL VALUES DEPENDING ON INPUT QATAa ILL IRE SHALL

Nti/2(1518) LNTQ (M SIGILA)/TOTAL e (PT) /TOTAL
PROBABlY PRESENT HORGA)4 68 RVUK ISOBAR HCOEL 6/680

8UL OS
R ICHARO 5
JONES
SACC I
PREPOST
BLOOM

OQBSQN
HIHAHI
SALL

HAINI. Y EXPER I NENTAL
44 PRL 13 484 + (BRQNM e SRAHDEI S e HAR VIRDe HIT e F'ADQVI ) I
64 PRL 16 LZZL +CHIU EIHDI ~ HELHHOLZ ~ KENHEY ~ + (LRL ~ HIN411} I J
66 PL 23 591 +SINN(feOUANEeHQRSEYe&ASQH ~ e t(HPCQL ~ RTHFO)
66 NC 45A 9S3 ePEHSQe SILVINI eHENCUCCIHle+ t ROME ~ FRASCATI I I JP
67 PR{. LB 82 R PREPOST ~ 0 LUNDQVISTe 0 QUINN I STAIIFQRO}
CIB PRL 21 1100 +HEUSCHe PRKSCOTT ~ ROCHESTER (CALTECH)

MAINLY 7HEORLTICIL—
66 PR 146 1022 P M OOSSON (H1NAI I I
CiCi PR 147 1123 5 HINAHI (OSAKA)
be PR 149 1191 J 5 BALL (UCLA)

SEE A PREVIOUS EOITIOH (RPP 37 ~ 633~ 1965) FOR EIRL IER REFERENCES~

65 PR 138 8190
65 PR 139 81566
65 PRL 14 985
66 PR 157 1328
66 PRIVATE CUILH

HUNBER EXTRACTED
66 PR 145 1309
67 NC 47 232
67 PR L54 1284
67 F'R 159 1154
67 PREPRINT
C7 IRVINE CQHF
67 NC 52A 1112

I{OPE R
BRIMDSEM
THURNAUf
NIILYSLO 0
K IRZ

OLSSON
A-SORREL
ALE XINOE
LEE
ROBERTS
RQSENFEl
DAV I ES

LO ROPER RH MRIGHT ~ Bf FELD (LRL-LVHR HIT) IJP
+QDOHHELLe HOQRHQUSE tDURHAHeRtHFDIIJP
P G THURNIUER {ROCH)
NIHYSLDWSKI RAZH(e ROBERTS (STANeEDIHS ~ IC)
J KIRZ (L.RL }

FRQH DITA DISCUSSEO IN K(RZ 63.
Il G OLSSON ~ G 8 YQDH {MISC~ HO)
ALLKS-SORKLLI ~ FRENCH ~ FRISK ~ NICHE JOA (CERH)
ALEXANDKRe SENARYeCZAPEK ee {NEI ZHANN(CERN) )
+HOEBS ~ ROE ~ SINCLAIReVANDER VELDE (IIICHI
It G ROBKRTS {OURHAH)
A H ROSENFElO P SQOING (LRL)
A 7 04VIES ~ R G HOORHQUSE {GLASGON ~ RTHFD)

NORGAM 68 PR Lbb 1731
BIREYRf 6$ PR 165 1131
OONMICHI 68 Pl 268 161

0 NQItGAI{ (RTHFD)
P SAREYRK ~ C BRIC«AH ~ G VILLET 'I SACLIY) IJP
A OQNHACHIE e R G KIRSOPPe C lOVELICE (CERN) IJP

KIRZ
CROUCH
OERADQ
biREYRE
ILKRLQ

J{SIMSOI4

PAIIKRS NOT REFERRLO TO IN DATA CARDS%

63 PR 130 2481 J KIRZ J SCHMARTZ ~ R D TRIPP (LRL)
65 DESY CONF II 21 + (BROMNeCEAeHARVARDe«IT ~ PADOVI ~ NEIZHANN)
65 ATHENS CONF 244 +KENHEY ~ LAHSI ~ + (NOTRE DAHEeKEHTUCKY)
65 PL LB 342 + Stt ICHAM ~ St IRL INGe Vl {.LET (SICLAY) IJP
66 P RQY SQC 289 489 J F' HERLQ G VAL. LAOAS ( SACLAY)
THE ABOVE PIPERS DISCUSS INELASTIC CHANNELS NEAR THE RESQN4NCE ~
67 UCRL 17683 THESIS C H JOHNSON I LRL)

tettlt 001000000 etottooot ottoltooo tttteotot tooetttet 000010000 00110110
~00001 010010000 011011001 tttotttoo 011000000 010110000 oelttttto toolotlo

N(basso) 43 Nei/2{1550e JP&L/2-) I&L/2

tttttt 000010001 000000000 001410000 etootttoo tottttlto lltotolot 10101110

REFERENCES - Ne1/2{ 15LS)

LOGIN
HEHCUCC I
DEANS
HIN AH(
HDSS
DEANS
PAL

47 PH 153 1434
67 HC 481 579
47 PR 161 LC&4
47 PR L42 16L9
67 PR 163 L785
6$ PR 165 1886
68 PR 167 1350

R K lOGIN ~ F UCHIYAHI-CAMPBELL ( ILL I
C HKNCUCCINle A REALK {FRASCITI)
S R DEANS ~ N G HOLLAOAY {VAHOKFBILT)
5 HINIHI (OSAKA)
T 1 HOSS {LSU)
.5 R DEANS ~ N G HQLLAOIY (VINDERBILT I
BK PAL (HPL HEN DELHI)

H 1
H

1
H

2
2

H

ti&48 ~ 0) ( L?e0) DEVLIN 45 CNTR Pl+- P TOTAL
(L&95io) BIREYRE 48 RVUE PHASE-SH(FT INAL 11/67

NHERE THE PIRTIIL-MAVE tOTAL CROSS SECTIQH IS GREIfESt
I I&50e 0) BAREYRE 68 RVUE PHASE-SH(FT ANAL 11/&7

NHERE THE VELOCITY OF THE 4HPLITUOE ACROSS THC ARG4NO DIAGRAM
IS GREATEST

(1&35%0) DQNNACHIE 68 RVVE PHASE-SH(FT ANAL 6/681
NIIERE THE ABSORPTION 15 GRFATCST ~

82 N13/2(1640) MIOTH (HEVI

N 1 {25000 I BIREYRE 48 RVUE
M 2 I L30io) BAREYRE 68 RVUE
N 3 (L77eo) OQNNICHIE 6$ RVUE

SEE THE HQTES ACCOHPINYING THE IIISSES QUOTEO

82 N03/2(1640) PARTIAL DECAY HADES

11/61
11/67
4/68' ~

eeeete eeeeeetel eetteoete eteeeltte eeelelele eeteteeee eeleeelle. Oeeeeell
~tttle 010011011 eotottoto 000100000 000001010 tttolttto 001110110 1~ tetoet

6 (1640) 8? N'l3/2t 1640e JP~L/2- ) 1~3/2 SySI
THE LATE/7 RESULf 5 ON NUCLEON RKSQHIHCESe 'PRKSKHTEO AT
THE 1968 VIENHA CONFERENCE ~ ARE HQT IHCLUDKQ IN THE
CARO LISTINGSe SUT IRE DISCUSSED IN I NOTE PRECEDING
THE N13/2t 1?36)~

BZ N'13/Zt 1640) NASS tNEV}

THE LATEST RESULtS ON MUCt. EON RESQHI)eCES ~ PRESENtKD IT
THE 1968 VIENNA CONFERENCEe ARE NOT INCLUDED IIII THE
CARO LISTINGSe SUT ARE DISCUSSED IN I NOTE I'RECEDING.
I'HE H03/2t 1236)~

Pi H13/2(LCICD) IMTO Pl N

82 N03/?{ 1640) SRAHCHIHG RITIQS

DECAY PASSES
139+ 938

63 N0L/2{1550) NASS {HEV) RL
RL

H13/2tie40) INTO (rl H)/TOTAL (Pi) /TQTIL
(0a?84} DQNNACHIE 68 RVUE 6/681

N
II
N N

H N

H 1
1

I{ 2
2
2

N 3

(1519 0) HEHDRY 65 RVUE ETA N + 511 Pl M

157000 HICHIEL 66 RVUE FITS SIRKYRC $11
1557eo OR L565e0 UCHIYAHA- 66 RVUE FITS N ETA DATA
FITTING GIVES YNO SOLUYIQNS PROBLEHS HATCHIHG PI P PHASE SHIFT

(153500) SIREYRE 68 RVUE PHASE-SHIFT ANIL
MHERE THE PARTIA(. -NAVE TOTAL CROSS SECf(QN IS GitEATESt

(1515' 0) SAREYRE 68 RVUf PHASE-SHIFT ANAL
NHERE THE VEI.QC ITY OF THK IHPL ITUOE ACROSS THE IRG4NO DIIGeRAH
1$ GREATEST~

(L59tio) OQHNACHIE 68 RVUE PHASE-SHIFT ANIL
NHERE THE' ASSQRPt ION IS GREATESTe

9/be
7/bb
9/66

L I/61

11/67

6/681

DEVLIN 65 PRL 14 1031
BIREYRf 68 VR 165 1731
DOIIINICH I 48 PL 268 161

REFERENCES —N13/2 ( 1640)

T J DEVLIHe J SQLQHQHeG BERTSCH {PRINCETON) t
P BARfYRE C SR(CHAM ~ 0 VILLKT {SACLIY) IJP
A OQHNACHIEe R G KIRSOPP ~ C LQVELACE {CERN) I JP

PAPERS HQT REFERRED TO IN DATA CARDS'

oottlt tleeeoeee lltetltoe tooeootlt llotooote oltetolot oeltttltt lttett ~ 1

N

N

N N

N 1
N 2
N

Pl
P2
P3

63 Nli/2{ 1550) NIDTH (HEV)

(L30eo)
L30a0
15&F0 OR 144~0

{L55e0)
{105~ 0 I
248 ' 0 APPROX

SEE THE NOTES ACCOMPANYING THE

HENDRY 45 RVUE
MICHAEL 64 RVUK
UCHIYIHA- 66 RYUE
SAREYRE . 68 RVUE
SAREYRE 68 RVUE
DQNNACHIE 68 RVUE
MASSES QUQTEO ~

Nel/?(1550) INTO PI H

Nel/2(1550) INTO N ETA
I{01/2( 1550) INTO N P I P I

63 '411/2( 1550) PARTIAL DECAY NODES

SEE NOTE ON HISS

DECAY PASSES
139+ 938
939+ 548
938+ 139+ L39

9/66
7/64
9/66

11/Ci 7
11/67
6/681

gq(&680) 64 )401/2(1680' JP~5/2 I~L 2 0 IS
THE LATEST RESULTS ON NUClEON RESONANCES' PRESENTEO 1T
THE 1948 VIEHHI COHFEREHCf ARE NQT INCLUDEO IH THE
CARO lISTIHGS ~ BUT ARE DISCUSSED IH A NOTE PRECEDING
THE N03/2IL?36)a

64 Nol/2{ 1680) NASS t HEY)

CIRRVTHE 40 PRL 4 303 P CARRUTHERS {CORNELL) I
DEVLIN 62 PR 125 690 7 J DEVLIN ~ 8 J HOYFR ~ V PEREZ-HEHDEZ (LRL) I
HEL. LIHD 64 PR 134 $10&2 +DEVLtN HAGGE ~ LONGQ ~ «OYER NQUD (LRL) I
SIREYRE 45 PL 18 342 + SRICHAHe STIRLINGe VILLET (SICLAY) I JP
JOHNSON 61 VCR(.-17683 THK SIS C H JOHHSQI4 (LRL)

011110 ~eottoett leoottelt 101101100 ottlotllo 01~ tootle ltteoeolt eloeooll
Ocelot lltteeele llooletet teeooleot 110101111oetetllte elelttttt Olteeoee

Rl
Rl
Rl
Rl N

Rl
Ri
RL

Nll/2{ 1550) INTO {PI
(De&9)
I0 ~ 32)
0 F 71 OR 0 F 28
0.78 0.24
De 31 QIL Oa43

(0+696)

I4) /7 OfAL
HKHDRY
HI CHIEL
UC HI YAHA-
$4550HP I K

DAVIES
DUMNICH I E

65 RVVE
66 RVVE
66 RVUE
67 HSC
61 RVVE
48 RVUE

63 N11/2{ 1550) BRANCHING RATIOS

(Pi ) /TOTIL

SKE NOTE ON HISS
e KeP TQ Ke Ne

SOLVY~ 8 OR C

9/66
9/bb
9/46

11/681
ll/47
6/&Be

IL 0
H
H

1
H

2
2

H

1Ci 50+ 0
I 1{i74» 0)
(1680~0)

NHERE THE
t le55. 0)

WHERE THE
IS GREATE

(1678 0)
WHERE THK

APPROX BRANOSEN 65 RVUE PHASE-SHIFT ANAL 1/46
DUKE 68 CHTR Pl-P EL + POL 6/681
SAREYItE 68 RVUE PHASE-SHtFT ANAL 11/67

PAR'f IAL-NAVE TOTAL CROSS SECTION 15 GREATEST ~

BAREYRE 68 RVUE PHASE-SHIFT 4NAL Ll/67
VELOCITY OF THK AHPLITUDE ACROSS THE ARGANO DIAGRAM

ST ~

DONNACHIE 68 RVUE PHISE-SHIFt ANAL Ci/&Bl
AbSQRPTIOM IS GRKATESf~

R2
RZ
R2
R2 N

RZ
RZ

Nei/2{1550) . INTO (N kfAI/TOTAL
DOMINANT IHEL DECAY HENDRY 65 RVUE
0+68 HtcHAEL 66 'RYUK
0 29 QR 0 11 UCHIYAHA- 66 RVUE
0 ' 2Z 0+14 SASSOHPIE 67 HSC
0~69 OR 0 45 DAVIES 67 RVUK

{P2)/TOTAI.
9/66
9/66

SKK NOTE QM HA55 9/66
+ K+P TO Kl Ne 1 1/681

SQLUT~ 8 OR C ii/61

64 Hll/2{ 1680) NIDTH (HEV)

1 I 135~0) BIREYltf 68 RVUE
N 2 {L05io) BARKYRE 68 RVUE

{173' 0) DOMNICHI E 68 RVUE
SEE THE NOTES ACCOMPANYING THE HASSES QUOTED

Ll/67
iiI&7
6/48t

R3
R3

M11/2(1550) INTO tM I'I PI)/TOTAL
Oe 08 OR LF. SS BASSO«PIE 67 HBC

(P3)/TOTAL
e K+P TO Ke He ii/68»

ltt ~ 01 010010111 ltllletle ltlellltl lelletllt eltlleelt lleteeeel llltlele
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BARYON RESONANCES

Data is parcsthcscs haec sot bccs iscludcd is our avcragcs.

Pi
P2
P3
PC

44 Nti/2{ ld80) PARTIAL DECAY ){DOES

Nti/2t 1&80) INTO Pl N
N11/2(1680) INTO N ETA
Nti/2(16801 INTO LAMBDA K
Nti/2{1680), INTO N03/2( 1236) Pl

64 Mtl/2{ 1680) BRANCHING RATI(IS

DECAY MASSES
139+ 938
939+ 548

1115+ 497
1236+ 139

Rl I{01/2 t 1680) INtO t PI NI /TOTAL (Pl ) /TOI'AL
Rl 1 ~ (0»41} BAREYRE 68 RVUE
RL 3 (0»391) DONNACHIE 68 RVUf

Stf THE NOTES ACCOHPANYING THE HASSFS QUOTED

11/67
6/&SO

R2
R2

R3
R3

(P2) /TOTALNti/2(16801 INTO (N ETAI/TOTAl
0»025 OR LESS TRIPP 47 RVUE 8/47

Nel/2(16801 INTO (LAMBDA K)/TOTAL (P3)/TOTAL
0 016 OR LESS TRIPP 67 RVUE 8/47

DUKE
BRANDSEN
TRIPP
DUKE

BAREYRE
DON NACH I

65 PRl 15 «48 +JONES ~ KEMPtHURPHYtPRENTICE ~ + (RTHFOIOXFI I JP
65 PL 19 420 +ODOMNELlt MOORHCUSE {DURHAM RZHFOI IJP
67 NP 83 10 + LE'I TH ~ 1 t LRL t SLAC ~ CERM ~ HE IOEL ~ SACLAY)
68 PR 166 1448 +JONESt KEMP tHURPHY ~ THRESHER ~ + (RTHFOt OXF ) I JP

INSIGHTFUL QUAlITATIVE ARGUMENTS CONGKRMIMG EXISTEMCK AMO I JP ~

68 PR 165 1731 P SAREYkf ~ C BRICHAM ~ G VILLET (SACLAYI IJP
68 PL 268 16L A DONMACHIE R G KIRSOPPt C LOVKLAGE ICERNI (JP

PAPER NOT REFERRED TO fk DATA 'CARDS»

BAREYRE 45 PL 18 3CZ + SRLCHAN ~ STIRLING ~ VIlLEY
JOHNSON 6? UCRL-17683 THESIS C H JOHMSON

tSACLAYIIJP
(LRL)

eiftettet etetf 0000 010000000 000000000 tttftttit etfttttf0 00001000
tftfte 000000000 000100000 efettffet 0100010tt 000000000 ttftt1000 00000000

N ( ) 688 )
45 N 1/2(1688 ~ JP 5/2+I I 1/2 Ftg

THE LATEST RESULTS ON NUCLKOM RESONANCES' PRESENTED AT
THE 1968 VIENNA COMFEREMGft ARt NOT IMGLUDED IN THE
CARD LISTINGSt BUZ ARE DISCUSSED IN A MOTE PRFGEDING
THE N03/2(1236)»

65 Mti/2(16SBI MASS (MKVI

SEE NOTE PRECEDING THE Nti/2(1688) INELASTIC DECAY MODE MEASUREMENTS ~

ttfet fettttfet Ofetffftt ftftttftf Oetfttftt tttfttttt Oitfttett 00000001

REFEREMCES Nf 1/2( L&801

REFL'RENCES Nf ll? I 16881

SEE A PREVIOUS KDITIOk (RMP 3rt 633t 1965) FOR EARL IKR REFERENCES ~

KRAEMER 64 PR 134 B«94
DUKE 65 PRL L5 468
SRANDSEN 45 PL 19 420
HEUSCH 66 PRL 17 1019
ALMEIDA 66 BERKELEY CONF
MERLO 64 P ROY SOC 289 489

tMADANSKYt+ t J HOPKINStNMESTERNtMOODSTOCK) I
+JONES ~ KEMP ~ MURPHY ~ PRENTICE ~ + (RTHFCtUXF I IJP
tOOONNELL ~ HOORHOUSE {DURHAH ~ RTHFOIIJP
C A HEUSCH ~ C Y PRESGOTTt R F DASHCN (CITI
+RUSHBROOKE ~ + (CAVNDSHtDESY{CERNII
J P MERLOt G VALLADAS (SACLAY)

ALK XANDE
A-SORREL
LEE
TRIPP
CHINOMSK
BARE YR.I
OUKK
DONNACHI
KAYAS

67 PR 154 1284
67 NC 47 232
67 PR 159 1156
67 NP 83 10
48 PR 165' 1464
68 PR 165 1731
68 PR 166 14«B
68 PL 2dS l&L
48 NP 85 169

ALEXANDERt SENARY tC?APEK I+ t MEI ?MANN {CERkl }
Allf 5 BORELLItFRENCHtFRISK ~ FICHE JOA (CERN)
+HOESS ROE I SINCLAIR VANDER VElDE t HICH)
+ lEITHt + tlRL ~ SLACtCERNtHEIDEltSACLAY}
CHINOMSKYtKINSE YtKLE jkt + (LRL I SLAC)
P BAREYREt C BR(CHAN ~ G V{LLET {SACLAY) IJP
+JONES ~ KEHP tHURPHYt THR'ESHF R ~ + (RTHf OtOXF I IJP
A DONMACHIE ~ R G KIRSOPP ~ C LOVELAGE tCERM'I IJP
tGUYADER t SEME ~ Y IOU t AL ITT I ~ 1 (ORSAY ~ SACLAY I

PAPERS NOT REFERRED TO IN DATA CARDS'

CROUCH 65 DESY CONF ll 21 + (BROMktCEAtHARVARD ~ MIT ~ PADOVA ~ MEI?MANN)
DERADO 65 ATHENS CONF 244 +KEMNEY ~ LAHSAt + (NOTRE DAMEtKENYUCKY)
ROBERTS &7 PREPRINT R C ROBERTS (DURHAM)
BANNER 68 PR 146 1347 +DETOEUF tf AYOUX tHAHE lt + t SACLAYtGAENI

THE ABOVE PAPERS DISCUSS ~ INELASTIC CHANNElS NEAR THE SUMP ~
BAREYRK 65 Pl 18 342 + SRICHANt STIRLINGt VILLET (SACLAY) IJP
JOHNSOh 67 UCRl-17683 THESIS C H JOHNSON tLRLI

100000 ~ ttt1000f 000000000 000000001 101000tf0 000000000 001100000 Otfifttttttttt 000000000 000000000 ftff10101 ft10110ff 010110000 ettfftftt Otttettt

a(I6eO)
Nf 3/2(1690t JPe3/2-) Ie3/2 Des

YHE LAfEST RKSULTS ON NUCLEON RESONANCES' PRFSENTED Af
THE 1968 VIENNA CONFERENCF ~ ARE NOT INCLUDEO IM fHE
CARO LIST INGSt BUT ARE DISCUSSED lk A NOTE PRtCEOING
tHE M13/2{ 1236) ~

001100 011000110 001110110001000000 001000010 tffttittt 000010100 ftettttt
000000 tfttf0010 000100110 000010001 ttttttttt 000100101 101000000 00010111

N03/2{id90t JP&3/?tl I&3/2 P
THE LATEST RESULTS ON NUCLEON RESCNRNCES ~ PRESENtEO AT
YHf 1968 VltkMA CONFERENGft ARE MOT INCLUDED Ik tHE
CARO LISTINGSt BUT ARE DISCUSSEO IN A MOTE PRKCEDING
THE N03/2 t 12341~

H
II
H 1

1
II 2

2
2

H

3

(1680 0) SRANDSEN 65 RVUE PHASE SHIFT ANAL
(1682' 0) DUKE 68 CNTR Pl P EL + POL
{1690»01 BAREYRE 68 RVUE PHASE-SHIFT'ANAL

MHCRE THE I'ARTIAL-MAVE TOTAL CROSS SECTION IS GRtATEST ~

t 1680~ 01 SARKYME 68 RVUE PHASE-SHIFT ANAL
MHFRE THE VELOCITY OF THE AHPLITUDE ACROSS THE ARCAND DIAGRAM
IS GRKATESZ»

(1687~ 01 DONNACIIIE 48 RVUE PHASE SHIFZ AMAL
MHERE THE ABSORPTION IS Gl(EATESZ ~

45 Nti/?(1688) MIDfH (HEV) w»~~ ~»»»»~»»»»»»~»w

7/66
6/680

11/67

11/67

6/680

000010 tftttttet 000000000 feitttttf ttttttfit eeteffttt 000000000 teftttet
ttf 000 teftttt10 Off 0 0 tete ttfettttt ttttttttf Otf110001 eteetfftt 1000t001

N(I7f0) 6d M 0 1/2 t 1710~ JP~L/2-) I ~L/2

THE LATEST RESULTS ON MUCLEOM RESONANCES ~ PRESENZED Af
THE 1968 VIENNA CONFERENCEt ARE MOT INCLUDtD lh THE
CARO LISTINGSt SUT ARE DISCUSSED IN A NOTE PRECEOINC
THE N03/2(1236} ~

66 Ntl/2(1710) I(ASS {HEVI

Pi
P2
P3
P4
P5
Pb
PZ
PB

Nel/2tl68S) INTO PI M
Mt i/2( 1688) IkTO N ETA
M11/2 ( 16881 INTO t.AMSDA K
Nfl/2(1688) INTO N03/Z(L2361 Pl
Nei/2t 1688) INTO N Pl
Nfl/2(1688)+ INTO NEUTRON Pl+
N01/2(168SI+ INT0 PROTON Pl+ I'I
N11/2(1688)+ INTO N13/2(1236)++ Pl

6% Nfl/2 ( 1688 ) SRANCH IMG RAZ I OS

M 1 t110»0) BARE YRf 68 RVUE
M 2 (105»0) SARKYRE 68 RVUE

ttrr. o) OONNACHIE 68 RVUK
SEK THE NOTES ACCOMPANYING THE MASSES QUOTED»

65 Ntl/2(}688) PARTIAL, DECAY MOOKS

DECAY PASSES
139+ 93S
'939+ 548

1115+ «97
1236+ 139
938+ 139+ }39
939+ 139
938+ L39+ 139

1236+ 139

11/67
11/67
6/680

H

M 0
H

1
M 2

2
2

H 3
3

M 1 (240 ~ 01 MICHAEL 66 RVUE
M 1 (260 01 SAREYRK 68 RVUE
'M ? (LLO»01 BAREYRE 48 RVUE
M 3 (300F 01 LOVELACE 47 RVUE

Sff THK NOTES ACCOMPANYING THE l{ASSFS QUOTED,

44 Ntl/?(1710} PARTIAL DECAY MODES

7/dd
11/67
1LICIT

PHASE SHIFT ANAL ii/47

(1695 0) BRANOSEN 65 RVUE PHASE SHIFT ANAt. 9/d4
(1700~ 0) MICHAEL 46 RVUE FITS SAREYRE Sll 7/64
(1710~ 01 SARKYRE 68 RVUE PHASE SHIFZ ANAL Ll/dr

MHKRE tHE PARTIAL-'MAVE TOTAl CROSS SfGT ION IS GREATEST»
(1665~ 01 BAREYRE 68 RVUE PHASE-SHIFT ANAL ll/47

MHKRE THE VELOC jtY OF ZHE AMPLITUDE ACROSS ZHF. ARGANO OIACRAM
IS GREATEST'

(1709' 0) lOVKLACE 67 RVUE PHASE-SHlft ANAL ii/&7
MHERE I'HK ASSORPZION IS GREATEST»

66 Nf 1/Zt 1710) MIDTH (MEV}

(PL)/TOTALRi Me I/2 t 1688) INTO ( P I N }/TOTAL
Rl 1 (0»64) SAREYRE 48 RVUK
RL 3 t0.560} DOMNACHIE 68 RVUE

SEE tHE NOTES ACCOMPANYING THE MASSES QUOTED»

ME LIST HEASUREHENTS OF THE INELASTIC DECAY HODES OF THE 1688 HEV SUMP ~
SUCH MKASUREHEMTS HAVE NOT UNTANGLED THE 015 AMD F15 (AND POSSIBLE Sii)
COPPOMKNTS lf 15 CLEAR THAT BOTH 015 AND F15 DECAY ALOT INTO N Pl Pl ~
MERLO 66 F INDS SOME N03/2(1236) Pl tSLIGHTLY NORE THAN PHASE SPACE) ~
ROBERTS 67 SUGGESTS THAT THE DOMINANT MODE IS Nti/? ( 1518)~

}1/&7
&/680

PL
PZ
P3

RL
RL
RL 3

MOL/2(17101 INTO Pl N
Nei/2{17101 INTO N ETA
Ntl/2(1710) INTO LAMBDA K

66. M f1/2( 17101 SRANCHIMG RAT IOS

DECAY PASSES
139+ 938
939+ 548

1115+ 497

ktl/2(17101 INTO {PI Nl/TOTAL t PL I /YOf At.
I ~ 0 APPROX HICHAEL 66 RVUE 7/66

(0F 786) LOVtLACE 67 RVUE PHASE-SHIFT ANAL 11/67

R?
R2
R2
R2

Ntl/2(1688) INTO (N ETA}/TUTAl (P2) /TOTAL
0»025 OR LESS KRAEHER 6C OSC + Pl+0 1~ 23 BEV/C 9/66
0 042 OR LESS (95PG Cl) A BORELLI d7 HSG + PBAR P 5 7 SEV/G 8/67
0»015 TR IPP 47 .RVUK 8/67

etfftf 000000000 000101000 000000100 000001000 010001000 10111110000010000

REFtRENCES Nt 1/2 t 17101

R3
R3

R4
R4
R4
R4

. Nti/2(1688) INTO (N ETA)/tPI N) I P2) I (P1 I
0»0?7 OR lESS . HEUSCH 44 RVUE + PIOt EZA PHOTO

Mfi/2{1688) INTO (LAMBDA K)/TOTAL (P31/TOTAL
0 013 OR LESS (95PG Cl) A BORELLI 67 HSG
0»0013 TRIPP 47 RVUK

SEEM GHINOMSKY 68 HSG PP YO K+ Y M

9/66

8/67
asar
6/680

BAREYRE 45 PL 18 342 + SRICMANt STIRLINGt VILLET {SACLAY) IJP
SRANOSEM 65 PL 19 420 +OOONNE LL ~ MOORHOUSE (OURHAH ~ RTHFOIIJP
MICHAEL 66 Pl 21 93 C MICHAEL (OXF)
JOHMSCN 67 UCRL-17683 THESIS C H JOHNSON (LR{.I
SARK YRE 68 PR 165 1731 P SAREYRE ~ C SRICHAN ~ G VILLET (SACLAYI IJP

ttttte fteeftetf ttffttett 000000000 001011001 eteeffeft tettttttt feeteett
000100 Otettttff 000000000 000000000 000100010 tttettetf Ottfftttt 00000001

R5
R5

Rb
Rb
Rb

R7
R7

RB
RB
RB
RS

R9
R9

N11/2(1688) INtO (N PI)/tM PI PI) IP1)/t{'5)
1' 26 OR LESS (95PG CL) A-SOREL{.I 47 HBG +

Ntl/2(1688) INtO tk13/? t 1236) I'I)/(N Pl PI I (PC)/(P51
MO EVIDKNCE A-SORELLI 67 HSC +

SEE MERlO 66 FOI{ A REVIEM ~

Mfi/2(16881 Ik'YO tMKUTROM PI+)/(P Pl+ Pt-I (Pb}/(P7)
0»47 0»40 ALEXANDER 6Z HSC + PP 5»5 BFV/C

Nfl/2(1688) INTO {kt(1236)+1 Pl-I/(P Pl+ PI-I (PBI/(P7)
0»74 0»14 ALEXANDER 67 HSC + PP 5 5 BEY/G
1 0 0 3 ALHCIDA 66 HSG + PP 10 BEV/C
0 83 KAYAS 68 PP 8»L SEV/C

Nei/2{ id88) INTO {LAMBDA Kl/(P Pjt PI I (P3) l(P7)
0»034 OR LCSS AlEXANOER 67 HSC + PP 5»5 SEV/G

8/67

8/67

11/67

11I67
9/66

11/680

11/67

X(I7vo)

ftttte fefffeeifttiiff 100000110

N(I750)

N01/2( 1730t JP~3/2 I I»l/2 D, 3
THE LATEST RESUltS ON NUCltON RtSONAMCES ~ PRESCNYKO AY
THE 1968 VIENNA CCNFKRK NCK t ARE NOT INCLUDED lk THE
CARD LISTINGS. Sut ARE DISCUSSEO IN A NOTE PRECEO(NG
THE N03/2( 1236)~

100010 110000110 teeeef 001 1te tet tet 00001tet ifOtf 1110
00010000 000100000 000000100 0ff000000 000001000 tt000001

M11/2{ 1750t JP~L/2+1 l»L/2

THK LATEST RESULTS ON NUCLEON RESCNAhCES ~ PRESENTEO AZ
THE 1968 VIENNA CONFERENCE. ARE NOT INGLUDEO IR THE
CARO ltSTINGSt BUT ARE DISCUSSEO Ik A NOTE PRECEDIMC
THE N03/2(1236} ~

RLO
R10

Nti/2{1688) INTO (PI N)/(PI N03/2(L236) I (PLI/{P4)
0»77 OR LESS LEE 67 HSC LL/br

teeeef 101110110 jfteeftff Ofeeeeeet ttitetf f1 eteetfetf iftttttf0 10teff te
0101001tt Off fttfff Ottftffft tfffffff0 ttfftteti 000000000 00000010

400000 000000010 fffffffff fffffff01 100000ftf Offt01101 0000000tf Ottetttt
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BARYON RESONANCES

Data in parentheses have not been included in our averages.

X(t860}
Nti/2t 1860o JP~3/2+) I»L/2

THK LATEST RESULTS ON NUCLEON RESOMAMCESr PRESENTED AT
THE 194S VIENNA CONFERENCES ARE NOT INCLUDED IM THE
CARO L'IST INGS ~ BUT ARE OISCUSSEO LN A NOTC PRECEDING
THE N03/2{ 1236) ~

~00000 100000ttt 100100000 000010000 Oif001000 Otttf0 tie 100004001 10001100
~ftttt 000410010 000040001 10eeiitfi 101ttttft tittffeef eftt01010 iiitftft

L(leiO}
N03/2(19LQe JPe5/2+) Ie3/2 Fss

THE LATKST RESULTS ON NUC{.EQN RESONANCES' PRESENTED AT
THE L948 VIENNA CQMFERENGfy ARf MQT INCLUDEO lh THE
CARO l«STINGSy SUT ARE DISCUSSED IN A MOTE PRECEDING
THE N13/2(1236) ~

Oetttt Oiitttitf 104100001 001000ftt 4100tttti fffetftff 000000004 10101014
ifttei 110010010 004410000 004104ett 400100001 100000100 fffif 4000 00100044

h(i930} N03/2{ 1930e JPej/2+ ) I~3/2

YHE LATEST RESULTS ON NUCLEON RESONANCES' PRESENTED AY
THE 1968 VIFNNA CDNFKRfNCEe ARE NOT INCLUOEO IM YHE
CARO llSTINGS ~ SUT ARK DISCUSSEO IM A '(OTE PRECEDING
THf N03/2(1236) ~

PAPERS NQT REFERRED TQ LN DATA CARDS

HELLAMD 64 PR 134 81062 +DEVLIN ~ HAGGE LQNGO MQYER MOOD

AUVIL 64 MC 33 473 P AUVIL ~ C LQVELAGK
JOHNSON 47 UCRL«17683 THESIS C H JOHNSON

(LRL) I J
( I tr PGQL ) IJP

{LRL)

Ofefff fffif04ti eftifitii iit4ifeit Offfeffte effeeeeee efftteffe feeeefef
Otitif tfietiftf 00000000f Oiiiitfit eefeeeffe 044011000 000404404 feeeeeee

v(|ceo} N01/2(1980e JP~3/2-) I»i/2

THK LATFST RESULTS ON NUC(. EQN RESONANCES' PRESENTEO AT
THf 1968 VIENNA CONFERENCES ARE MOT IMCLUDEQ IM THE
CARD LISTIMGSe BUT ARE DISCUSSED IN A NOTE PREGEDIMG
THE M03/2(1236)e

400000 000004000 fif f4titt 004000000 feffeeftt 040400000 Ofttefef4 eeeeeeee
Offiittif 410fftttt Otiiiiftt 400000000 Ofiittitt Oteitfett ite1e100

( Poco) 70 Nf (2080o JP~ ) I~

YOQN 6'7 SEE A NARROW SUMP IN THE IMVARIANT' MASS OF
(P Pl+ Pl- PIQ) FROM 3 SEV/C Pl- P TQ (Pl- P PI+ Pl-

RHQ«e Af 3»2 BEV/C ~ WITH APPROXIMATELY FOUR TIMfS THK NUMBER CF
EVENTS' YHE KFFKCT IS NOY SEEN ( CHUNG 68 l e OMITTED FROM
TABLE»

044410 00440000t 0004OOOOO Ottfitiit Otftt4100 iitittfti tifiiiffi Off00141
teiif 0 001004010 Otitf 0000 11tifif10 000140400 tttif itic 14000404f itif titt

83 Nf 3/2( L950e JPe7/2+ ) 1~3/2
N 2080»0 L2»0

(2080) MASS tMKV)

YOON 67 HSC + 3 BEV/C PI-P

t2080) M(DTH {MEV)

S/67

83 N03/2(1950) MASS (MEV) « ««« ««««««

COOL 56 CNTR Pl+ P TOTAL
BRISSON 61 CNTR I'I+ ( TOTAL
LAYSON 43 RVUK Pj P TOTALS El

l ~
HQHLFR d4 RVUK DATA + DISP RE(.
DEVLIN 45 CNTR Pj+ O' TOTAl,
YQKQSAMA 46 CNTR Pl P OSIG + PQL
DUKE 68 GMTR PI-P El f POL
SARKYRE 48 RVUK PHASE SHIFT ANAL

K TOTAL CROSS SfCTIQN IS GREATES't,
SAREYRE 68 RVUL PHASE-SH(FT ANAl

THE ANPllTUDE ACROSS THE ARGAMO DIAGRAN

DQNNACHIE 68 RVUE PHASE«SHIFT ANAL
IS GREATEST»

N 1 1922~ 0 APPROX
M 4 I 1912»0) t 15» Ql
M N (1954»Ol
M N ASSUMES AN N03/2( 1855
N 4 t 1920»0)
II 4 (1900»0) (9eO)
II t 19%0»0 APPROX
M 0 t 1920»0)
II 1 I 197%~ 0 l

1 WHERE THE PARTIAL-MAV
M 2 I 1980e0)

2 WHERE THK VELOCITY OF
2 IS GREATKSY ~

N 3 I 194de 0)
3 MHFRK YHK ABSORPTION

THK LATEST RESULTS ON NUCLEON RESONANCES' I'RESENTED AT
'tHE 1948 VIENNA CONFERENCE ~ ARE NOT INGLUQFD IM THE
CARO LISTINGS ~ BUT ARE DISCUSSED IN A MOTE PRECKDIMG
YHK N03/2( 1236)~

7/'66
7!dd
7/44

7/44

7/44
6/684

1L/67

11/67

6/680

M 40»O 20»0 YOOM 67 HSC +

PL
P2

RL
RL

70 MO l2080l PARTIAL DECAY MODES

DECAY PASSES
MO (2080l ll(TO PI N
No l2080) INTO N03/2(1236) RHO

70 Nt (2080) SRANCHIMG RATIOS

Mo (2080) INYQ (N03/2{ 1236) RHOl/TOTAL t P2) ITQTA(.
SEFM YQQN 67 HBC +

YQON 47 PL 248 307
CHUNG 48 PR 165 L491

Rf FERKNCES Nt I 20SO)

+BERENYI oKEYePRKNTICEo +
S U CHUMGeDAHL, KIRL ~ MllLFR

(TQRQNTQ ~ MISG)
tlRL)

tiittfi titfft40f ettteftit titftffft effeeif41 ffefeeeti f fteeeftf ffefeift
~00001 ftfttfttt 000110000 000000000 000000000 000010000 etfiffett Ofefef et

Oftiti 1041000ft 000000000 000000004 fefftefft Oftiiffit itfiiefff Oeftefet

8/47

8/67

PL
P2
P3
p4

Pd
PY

N43/2 t 1950l
N13/2(L950)
N03/2 ( 1950)
N43/2(19%0)' M43/2 ( 1950)
N03/2 {1950)
N43/2 t 1950)

INTO Pl
INTO SIGMA K
INTO Mo3/2( 123d) P I
INTO YiL(1385) K
INTO N03/2{1236) RHQ
INTO MEU fRON P I+ P I+
INfQ N03/2( 1236) PI Pl (NQT RHQ)

83 N43/2(1950l BRANCHING RATIOS

83 M03/2{ 1950) MLDYH (MEV)

~ t 170e0) HOHLER 64 RVUK
t254»0) (39»Ql DEVLIN 65 CNTR
(170»0) DUKE 65 CNTR
200.0 APPROX YOKQSAMA 66 GNTR

1 (180»0l SAREYIIE 68 RVUK

2 (L40»0) SAREYRE 68 RVUE
(221 ~ 0) ODNNACHIK 68 RVUE

SEE THE NOYES ACCOMPANYING THE MASSES QUOYEO

83 N43/2{ 1'950l PARTIAL DECAY MODES

DECAY PASSES
139+ 938

1189+ 493
1236+ 139
1385+ 493
1236+ 770
939+ 139+ 139

1234+ 139+ L39

7/db N (2)90)
7/46
7/66

11/47
11/67
4/68 0

2190»0
221000
2190»0
2265 ' 0

200»0
200»0
220» 0
29$»0

OIDDFMS 63 CNYR
HOHLER 64 RVUK

APPROX YQKQSAMA 66 CMTR
DQMMAGHIE 68 RVUE

71 ' Nti/2(2190) PARTIAL DECAY MODES

7/66
7/66
6/68f

71 Nf I/2(2190e JP»7/2-) I"1/2

fHE LATEST Rf SULYS ON NUCI. EON RESCMAMGESo PRFSENTKO Af
THE 196$ VIENNA CONFERENCE ~ ARE IIQT INCLUDE 0 Ih THE
CARD LISTIMGSe SUT ARE DISCUSSEQ IN A IIQTE PRECEDING
THE N03/2(1236) ~

7L Nti/2t2190) MASS (IIEV)

DIDDENS (i3 CNYR F'I+- O' TOTAL
HOHLER 64 RVUE DATA + DISP REL

APPROX YQKQSAMA 66 CMTR Pl P OSIG + POL 7/66
OQNMAGHIE 68 RVUE PHASE-SNIFT ANAL 6/68 ~

71 Mol/2(2190l M(OTH (MKV)

RL N03/2 I 1'920) INTO IP I Nl /' TOTAL
RL N (0»33l LAYSON 63 RVUE
RL N ASSUMES AN N03/2(L855)e
RL 0»73 OR LESS HQHLER 63 RVUK
Rl 4 (0e57l (0»12) DEVLIN 65 CNTR
Ri (0»41) DUKE 65 CMTR
Ri 0»4 APPROX YQKQSAMA 66 CNTR
Ri 1 IO»57) BAREYRE 68 RVUK

Ri 3 t Oe 386) DQMMACHIE 68 RVUE
SKK THE NOTES ACCOMPANYING THE MASSES QUOTEO

(Pl) /TOTAL
7/66

DATA + DISP REL 7/db

VERY ENERGY DEP 7/66
7/66

11/67
6/684

Pi
P2

Rl
Ri
Ri
Rl

Nf 1/2 ( 2190) INTO PI N

Mei/2(2190) INTO LAMBDA K

7L Nt 1/2(2190) BRANCHING RATIOS

DECAY MASSES
L390 938

1115+ 497

N'ii/2(2190) INTO (PI N) IYQYAL (PL)/TOTAL
0»3 APPROX OIQOEMS 63 CMTR
0»3 APPROX YQKOSAMA 66 CMTR
0»349 DQNMAGHIE 48 RVUK

7/46
7 Ibb
blbBO

N03/2(1950) IMTQ (SIGMA K)/t('I N) t('2)i tPL)
Qe 059 Oe 024 CHIMOMSKY 68 HSC ++ PP TQ P SIG K il/680

04O401 fffeeeefe eefefe000 OOOOO0000 ffeeeeeoe effeeeeff ofeoeefoe feeeeefe

REFERENCES - Nfl/2(2190)

R4
R4

N03/2(1950) INTO (PI N)/(N03/2(1236) PI )
(.ESS THAN Qe55 LEf 47 HSC

I Pi) I (P3)
PI-P 3»43 SEV/C 11/67

R3 N03/2(1950) INTO t (Pl N) itN03/2(1236l PI ) I/TOTAL t PLOP3) /TOTAL
Rj 0»23 0»04 PUNG 68 HSC ii PI+P TO Pl+PIQ P li/6$0 OIDDEMS 63 PRL 10 262

HQHLER 64 Pl 12 149
YQKOSA'ilA 66 PRL 16 YL4
DQNNAG I I 48 PL 26$ Lbi

+JENKINSe KYGI A Rjlf Y ( SML) I
G HQHlER ~ J GIKSECKE {KARLSRUHE) I
+SUMAeHILLeESTERLINGeSQQfH {ARG ~ GHI ) JI
A QQNMAGHlfe R G KIRSOFPe C LQVELACE (CERN)(JP

Rb
Rb

RS
RB

N03/2(1950) INTO tYO Lt 1385) K)/{Pl M) (P4) I (PI)
0»035 O»015 CHINOMSKY 48 HSC o+ PP TQ P LAM K Pl ll/680

N03/2t1950) INTO (N03/2(L?36) RHOl/(Pl M) (P5l/(Pi)
0»45 APPROX CHIMQMSKY 6$ HBG ++ PP TQ tP 3PI) M 11/480

YHLS INCLUDES CORRECTION FOR UNSEEN DECAY I ISPIN FACTOR 5/3) ~

N03I2(1950l INTO N03/2(1236) PI PI {NOT RHOl (P7) /tPL)
SEEN CHIMOMSKY 6$ HBC &f PP fO {P 3Pll N 11/681

040100 000004000 Oetiftfit Otffittft ftefeffef Otfeefeff tefeeeefe ieifftti
REFERENCES M03/2(1950)

R5 N13/2(1950) INTO t(PI N)i{NEUTRON PI+ PI+) )/TOTAL (PIOP4)/TOTAL
R% 0»05 0»013 GALLOMAY 48 RVUK +o PI+P TQ h 2PIO 6/480

QUANTUM NUMBER DETERMINATIONS MOT RfFFRRED TO IM DATA CARDS ~

CARROLl 66 PRL 16 288
CARROLL 66 PRL 17 1274

ERRATUM CHANGING
KORMANYO 66 PRL 16 709
BARGER 66 PRL 16 913
SUSZA 67 MG 52A 331

4CQRSETT eDAMKRKLL e M(DDLEMAS ~ + IRTHF

De

QXF�)
J-l

+CORSET Y ~ DAMERELL ~ MIDOLEMASy 0 (RTHFDrQXFl J-L
THK RATHER WEAK QETERMINATICN QF J l TQ ej/2

KQRMANYOS ~ KR(SCHeQFALLQMe + {MICHeARG)
V BARGER ~ 0 CLIME (WISG) P
+DAVISeDUFFrHEYMAMMe + (UMICQLyi{KSTFIELDl

40tfft Offeffeff tiifffiit f0001tfit Offffffef 1401ffttt iiftefffe fftefff0
40tee eetf eeeef 144044040 410400010 eef 0eeef 1 0eif eefet ef feeee44 feef ef f0

g (eebypo} 84 N 3/2{2420e JP li/2 'l I 3/2

PARTIAL WAVE ANALYSIS OF BElLAMY 67 SUGGESTS Jejj/2
84 M03/2(2420) MASS (MFV)

COOL
BRISSQN
LAYSQM
HOHLER
HQHLKR
DEVLIN
DUKE
HOLLADAY
YOKOSA 'i A
LKE
GALLOWAY
SAR'EYRE
DQMNAGHI
CHINOMSK
PUNG

54 PR 103 1082
61 NC L9 210
63 NC 27 724
43 NP 4S 470
44 PL 12 149
45 PRL 14 1031
65 PRL 15 448
6% PR 139 81348
64 PRl Ld 714
67 PR 159 1154
68 PL 268 334
68 PR 165 1731
48 PL 2(i8 lbl
68 PR 171 1421
6S VIENNA CONF»

R COOt. ~ Q PICCIQNI ~ 0 CLARK (BNL) 1
+DETQEUFoFALK-VAIRANT ~ VAN RQSSUM ~ + (SACLAY) I
M M LAYSQM tCERM) IJ
G HQHLKR ~ G KBEL tKARLSRUHE) I
G HOHlER ~ J GIESKCKE {KARLSRUHK) I
T J QEVLINeJ SQLGMQMeG SERTSCH (PRIMCFTQMl I
+JQNESyKEMP FiURPHYyPREMTIGE ~ + {RTHFC QXF) IJP
M G HQLLADAY (VANDERBILT)
+SUMA ~ HILly ESTERLIMG ~ SOOTH (ARGeCHI) IJP
+MOEBS ~ RQE e SINCLAIR»VANDER VELDE (MICH)
K F GALLOiiAY ( INDIANA)
P BAREYRE ~ C SRICMANe G VILLET (SACLAY) IJP
A DQNNACHIE ~ R G KIRSQPPe C LQVELACE (CKRMl «JP
CHINQMSKY ~ CONDOM ~ KINSEY oKLE I Ne f (LRL ~ SLAG)
FUMGe KERNAMy KALMUS ~ BIRGE (RIVERS(0 jeLRL)

M

M

M

M

M S

M

M

M

M b

(2360»0l
(2520»0)
2400»0

(2440»0)
2423»0

{2452»0l

{200»0)
(245e0)
310e0

t?.7%» 0)

(40.0l
APPROX

10»0

OIDDKMS
ALVAREL
MAHL IG
HQHLER
Gl fRQN
BARGER

20»0

OIDOENS
HQHLER
CITRON
BARGER

84 N03/2(2420) MIOtH IMEV)

43 CMTR
64 GNTR
64 SPRK 0
64 RVUK
&6 GMTR
66 RVUE

43 CMTR
64 RVUE
66 CMTR
46 RVUE

PI+ P TOT A(.
PI PHQTOPRQD
PI-P GH f X
DATA + DISP RKL
Pj+ P TOTAL
TQTAI. + GH EX

7/66

7/bb
11/67

Tlbb
7I66

TQfAL + GH EX ii/67



ITO Rzvxzws oz MoozzN Pzvszcs ~ Jmvmv 1969

BARYON RESONANCES
Data in parentheses have sot been included is our averages.

PL
P2
P3
P4

84 Nt3/2(2420} PARTIAL DECAY MODES

Nt3/2(2420l IMTO Pf N

N't3/2(2420) INTO SIGNA K
Nt3/2{2420) INTO Nt3/2(123&) PI
Nt3/2{2420l INTO NEUTRON Pf+ Pff

DECAY PASSES
139+ 938

119T+ 493
1236+ 139
939+ 139+ 139

PL
P2

85 Nf 3/2{ 2850) PARTIAL DECAY HOOES

Nf3/2(2850) INTO PI N

Ne3/2(2850) INTO P Pl Pl I'I

85 Nt3/2(2850) BI{ANCHEI4G RATIOS

DECAY MASSES
139+ 938
938+ f39+ f39+ I.39

84 Ne3/2(2420) BRANCHING RATIOS

Rl Nt3/2(2420) INTO (Pl N)/TOTAL {O'I)/TOTAL
Rl Oe 067 APPROX DIOOEHS 63 CNTR ASSUMING J~IL/2 Tlbb
RL 0~ 113 Oe 0036 CITRON 66 CNTR ASSUMING J 11/2 7/66
RL 8 {0' 12) BARGER &T FIT ASSUMING JAIL/2 11167

8 USES REGGE AMP~+RESONe To CALCULATE DIF~ CROSS SECTIONS AT 180 QEGkE
8 FOR CI{ITICISH OF THIS METHOD ~ SEE DOLEN 6S~

RL D (Oaf&3) DIKHEN 67 FIT ASSUMING Jef I/2 11/67
D USES ONLY RESONANCES TO CALCULATE DEFT CROSS SECTIONS AT 180 DEGREES

Rl 0~ 06 KQRHANYOS 67 CNTR ASSUMIHG J~LL/2 11/67

RL Ne3/2(2850) INTO {PI Ml/TOTAL {Pl) /TOTAL
RL ONLY {J+1/2) t{ PI N/TOTAL) MEASURED FOR THIS STATE
RL Oa2&L 0+048 CITRON 66 CNTR TOTAL CRCSS SEC ~ 11/67
Rl 8 {0 224) (Or016) BARGER bb RVUE TOTAL + CH EX' 11167
RL 8 (0' 40) BARGER 67 RVUE USES KORPANYOS66 11/67

8 USES REGGE AHA +RESONe TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGRE
8 FOR CRETICISH OF THIS HETHOD ~ SEE DOLEN 68~

RL D (Oe49) OIKHEN 67 RVUE . USES KORI'ANYOS67 11/67
0 USES ONLY RESONANCES To CALCULATE DIFe CROSS SECTICNS AT 180 DEGREES

Rl Oe 10 KORHANYOS 67 CNTR PI-P AT 180 DEG LL/67
RL 0' 39 DOBROMOLS 67 CNTR PI+P AT 180 DEG

R2 Nt3/2f 2420) ENTO f Pf N) f (NEUTRON Pf+ Pf+)/(TOTALte2} IPitP4)/TOTALef2
R2 OeOL95 Oe0048 GALLOWAY 68 RVUE

iffttf ettttfttt iifttiiif eeftfttet efetttfft ifitefett ftefefttt tttitfft
6/68f

tfeffP fttfttttf etttfeftt teieteitt eftteeetf eetttffet fiffiitte ttttttft
REFERENCES - Nf3/2(2850)

OIODENS
ALVAREZ
WAHL IG
HOHL ER
CITRON
BARGER

63 PRL 10 262
64 PkL 12 710
64 PRI. 13 103
64 PL 12 149
&b PR 144 1101
66 PR 151 1123

REFERENCES Nf 3/2 (2420)

+JENKINSe KYCIAe RILEY (BHL) 1
+BAR-YAH eKERMeLUCKEYeoSBORHE ~ + (MITeCEA)
+HANNELLI eSOOICKSON ~ FACKLER ~ MARD + (HIT)
G HOHLERe J GIESECKE (KARLSRUHE) I
+GALBRAITHeKYCIA ~ LEONTIC ~ PHELLIPSe + {BHL) I
V BARGERe H OLSSON (NI SC)

NAHL IG
HOHLER
CITRON
SARDADIN
BARGER
BARGER
OIKHEN
OOSRQWOL
KORHANYO
DOLEN

64 PRL 13 103
64 PL 12 149
66 PR 144 110L
66 IIL 2L 357
66 PR L51 1123
67 PR 155 1792
67 PRL 18 798
67 PL 248 203
67 PR 164 1661
68 PR 166 1768

+PANNELL I ~ SOOICKSON FACKLER ~ MARD ~ + {HIT l
G HOHLER J GIESECKE {KARLSRUHE) I
+GALBRAITHrKYCIAeLEONTICePHILLIPSe + (SNLl 1
SAROAQIN-OTWIMOWSKAe DANYSZ e + (WARSAW)
V SARGEke H OLSSGN (NISC)
V BARGER ~ 0 CLIME (W(SC) P
F N DIKMEN (MECH)
DOBROWOLSKI GUSKOVeLLKHACHEV ~ + {OUSNA) P
KORHANYOSe KRISCHr OFALLCHe + {HICH ~ ARG) P
R DDLENe 0 HORNe C SCHHID (CAL TECH}

BARGER 67 PR 155 1792
DIKHEH 67 PRL 18 798
XORHANYO 67 PR 1&4 Ib&L
DOLEN 68 PR 166 1768
GALLONAY 68 PL 268 334

V BARGER ~ D CLIME
F N DIKHEN
KORHAHYOSe KRISCHe OFALLCNe +
R OOLEN, O HORN, C SCHHIO
K F GALLOWAY

PAPERS NOT REFERRED TO IN DATA CARDSe

{NISC) P
{M(CH)

(HICH ~ ARGl P
(CAL TECH)

( INC LANA) I

PAPEkS HOT REFERRED TO IN DATA CARDS'

SAACKE 67 NC 51A 761 J BAACKE ~ M YVERT (KARLSRUHEeCRSAY)J-L
NAHLIG 68 PR 168 1515 M A MAHLIG ~ I HAHNELLI (Mfa PISAl

FINAL YEkS ION OF DATA. USED IN WAHLIG 64 IN CONJUNCTION WITH
CITRCN 66 TOTAL CROSS .SECTIONSr THIS CHARGE EXCHANGE DATA GIVES
COHPLEX ELASTIC SCATTERING AHPLITUDE AT 0 OEGREESA

DOBRONOL 67 PL 248 203 DOBROMOLSKIeGUSKCVeLIKHACHEVe + {CUBNA) P
SELLAHY 67 PRL 19 476 +SUCKLEYeDOBINSONe + (MESTFIELDeUhlCOL) JP
BAACKE 67 I4C 51A Tbl J SAACKE ~ H YVERT {KARL SRUHE e CRSAY l J-L
WAHLIG 68 PR L68 1515 M A WAHLIG ~ I HANNELLI (M(T ~ PISA)

FINAL VERSION OF DATA ASEO IN NAHLIG 64 ~ IN CQNJUHCTIOH WITH
CITRON 66 TOTAL CROSS SECTIONS ~ THIS CHARGE EXCHANGE DATA GIVES
COMPLEX ELASTIC SCATTERING AHPLITUOE AT 0 DEGREES ~

itttff tti ~ iieet fitfeettf tettffftt fetttttff fftftfttt ietftfift iftetfet
ettteeite eltifetet titttetie efetieeii eieteiitt eittitfit ettttttt

N(soso)
{3080eo)
3030e0

73 NtL/2(3030) MASS (HEV)

HOHLER 64 RVUE DATA + OISP REL
CITRON 6& CNTR PI+- P TCTAL

tttttt ftttttete tet tttete etf fttttt fetttttte fifttfttt fttttttf
effete et tfttttt t'ff ttetf t if if fief t ettf fee if ffetttftf fcite feet tiff tttf

?/66
7/bb

H

H

M

H

H

{2700 0)
2600 ' 0

{2660' 0)
2649 ' 0

(2633%0)

APPROX

1000

ALVAREZ 64 CNTR PI PHOTOPROO
WAHLEG 64 SPRX 0 Pl-P CH EX
HOHLER 64 RVUE DATA + O(SP REL
CITRON ' 66 CNTR PI+- P TOTAL 7/66
BARGER 66 FIT TOTAL + CH EX 11/67

72 Nf 1/2{2650} NIDTH (HEV)

( )
72 Nfl/2(2650e JPe -) f&L/2

72 Nt1/2(2650) MASS (HEV}

PL Nel/2{3030) INTO Pl N

73 Ni'1/2{ 3030) SRANCHLNG RAT I OS

73 Nel/2(3030) WIDTH {MEV)

M 400 ~ 0 CITRON 66 CNTR

T3 Ntl/2(3030l PARTIAL DECAY MODES

DECAY PASSES
L39e 938

7/66

N

W

M

M

PL
P2

Nfl/2{2650l INTO PI N

Ne1/2(2650) INTO LAMBDA K

72 Ntl/2(2650) BRANCHING RATIOS

DECAY PASSES
139+ 938

1115+ 497

(100' 0) ALVAREZ 64 CNTR
f200 0) HOHLER 64 RVUE 7/66
360' 0 20eo CITRON 66 CNTR 7/66

{425' 0) BARGER 66 FIT TOTAL + CH EX ll/67

72 Nt1/2{2650} PARTIAL DECAY MODES

kl He1/2 (3030) INTO (P I Nl/TOTAL (Pl) /TOTAL
RL ONLY (J+1/2l t( Pl M/TOTAL) HEASURED FOR THIS STATE
RL Oe 048 CITRON &6 CNTR TOTAL CRCS SEC
Rl 8 {0F 088} (0 016) BARGER 66 RVUE . TOTAL + CH 'EX'
Rl 8 (0~ 12) BARGER 67 CNTR USES KORlrAHYOS&b

8 USES REGGE AMP' +RESONe To CALCULATE

DIFF'

CROSS SECTloNS AT 180 QEGRE
8 FOR CRITICISM OF THIS HETHODe SEE DOLEN 68m

Rl 0 (0 F 016) DIKMEN 67 RVUE, USES KORPANYOS67
0 USES ONLY RESONANCES TO CALCULATE DIF ~ CROSS SECTIOHS Al' 180 DEGREES

effete ettttttf t tetetfeef ftet ttttt tef effete 4 ttf ttttt fiff t'tete

REFERENCES —Nt I/2( 3030)

I I/6T
11/67
11/67

11/67

64 PRL 12 710
64 PRL 13 103
64 PL 12 149
6(i PR 144 1101
66 PR 151 1123
67 PR 155 1792
67 PRL 18 798
67 PR 164 1661
68 Pk 166 1768

ALVAREZ
NAHL IG
HOHLER
CITRON
BARGER
BARGER
DIKHEN
KORII ANY 0
OOL EN

+BAR YAMA KERNeLUCKEY ~ OSBORhE ~ + {MIT~ CEA}
+HAHNELLI ~ SODICKSON ~ FACKLER ~ MARDe + (Mll')
G HOHLERr J GIESECKE (KARLSRUHE) I
+GA).BRA ITHeKYCIAeLEONTIC ~ PHILLf PSe + (SN. ) I
V BARGER' M OLSSC(4 (MISC)
V BARGER r 0 CLI NE f MI SC) P
F N DIKMEH (MICH)
KORMAHYOS ~ KRISCHe OFALLONe + {M(CH ~ ARGl P
It DOLENe D HORN ~ C SCHHID {CAL I'ECH)

PAPER NOT REFERRED TO IN DATA CARDS%

BAACKE 67 NC 51A 761 J BAACKEe M YVERT (KARLSRUHEeCRSAY) J-L
MAHLIG 68 PR 168 1515 M A 'NAHLIG ~ I MANNE(. LE (HI T ~ PI SA)

I INAL VERSION OF DATA USED IN WAHLIG 64m IN CCNJUNCTIOH WITH
CITRON 66 TOTAL CROSS SECTIOHSr THIS CHARGE EXCHANGE DATA GIVES
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES

etti tt ttttetttt etf effete tettttttt fttiettte itttftett tftf iieet feetfeet
etetit etettitie ti ~ teeftf iitiieite eettietff etffffiit tfffttete ftttitff

RL Nfl/2{2650) IHTO (Pl N)/TOTAL (P1) /TOTAL
Rl ONLY {J+1/2) t{ PI H/TOTAL) HEASUREO FOR THIS STATE
Rl 0~ 436 Oe 02S CITRON 66 CNTR TOTAL CRCSS-SEC ~ 11/67
RL 8 {Qe456) {Oe018) BARGER 66 RVUE TOTAL + CH EX' 11/67
Rl 8 {0 30} BARGER 67 RVUE USES KORPAHYOS67 11/67

8 USES REGGE AMP +RESON To CALCULATE DIF~ CROSS SECTIONS AT 180 DEGRE '

8 FOR CRIT ICISH OF THIS HETHOOr SEE DOLEN 68 ~

RL 0 {0 24) 0 IKHEN 67. RVUE USES KORPANYOS66 11/&T
0 USES ONLY RESONANCES TO CALCULATE OIF ~ CROSS SECTLONS AT LHO DEGREES

R1 Or 06 KORHANYOS 67 CNTR PI-P 'AT 180 OEG ~ 11/67

feeetf fftittttf ifttffttf eettfeiit efttiitit etiifettf tittftttf ttitttet
REFERENCES - Ni'1/2(2650)

HOHLER
C ITROH
BARGER
KORHANY 0
BARGER
DIKMEN
OOL EN

64 PL 12 149
66 Pk 144 1101
66 PR 151 1123
67 PR 164 1661
67 PR 155 1792
67 PRL 18 798
68 PR L66 1768

G HOHLERe J GIESECKE (KARLSRUHE}
+GALSRA (TH ~ KYCIArLEONTIC ~ I'HILLIPS ~ + (BNL) I
V BARGERe H OLSSON (NI SC I
KDRHANYOS ~ KRESCHe OFALLCHe + (HICHeARG) P
V BARGERe 0 CLINE (MISC l P
F M QIKMEN (MICH)
R OOL EN ~ D HORN e C SCHMID fCAL TECH)

PL Ne3/2(3230) INTO Pl N

86 Nt3/2{3230) BRANCHING RATIOS

DECAY PASSES
139+ 938

RL ONLY {J+1/2)f( Pl N/TOTAL} MEASURED FOR THIS STATE
RL 0 06 CITRON 66 CNTR TOTAL CRQS ~ SEC ~
RL 8 (0' 03) (Oiof) BARGER 66 RVUE TOTAL + CH EXC
RL 8 0 ~ 03 TO 0~ 1 BARGER 67 CNTR USES KORINANYOS66

8 USES REGGE AMP' +RESON~ TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGRE
8 FOR CRITICISM OF THIS HETHODe SEE DOLEN 68~

RL D (0' 25) OIKMEH 67 RVUE USES XORleANYOS67
0 USES ONLY RESONANCES TO CALCULATE OIF~ CROSS SECTIONS AT 180 DEGREES

ifttf ttttfettt ettttettt tttttfeft etfttefet ttttttfff ttetttttf tettttttfttttf ttttfettf tffettttt ftteftetf ettftftte ftftttfff fttettttt feetfeet

Q (3P3P) 86 Ilt3/2(3230e JP~ ) I-3/2

86 Nt3/2( 3230) HASS (MEV) WWW AW W WW

H 32300 0 CITRON 66 CNTR Pl+ P TOTAL.

86 Nt312(3230) MIDTH (HEV) 0

W 440 ~ 0 CITRON fi6 CNTR

86 Nt3/2(3230) PARTIAL DECAY HODES

7/66

7/66

I 1/67
11/67
L1/67

11/67

~(z85o) 85 Nt3/2(2850e JP~ +) I~3/2

85 Nf3/2(2850l MASS {HEV)
ttfftftff ttttttttf tie tftttt ttttttett efttetttf fettetfte ftttftte

REFERENCES —Nf 3/2{ 3230)
M

M

H

H

2700 ' 0
(2870 ' 0)
2850 0

(285000)
12.0

APPROX

85 Nt3/2(2850) MIDTH (HEV)

7/66
7/66

MAHLIG 64 SPRK 0 PI-P CH EX
HOHLER 64 RVUE DATA + DISP REL
CITRON 66 CNTR PI+ P TOTAL 7/66
BARDADIN 66 HBC ++ Ni To P + 3 PIS 7/bb

CITRON
BARGER
KORHANYO
BARGER
DIKHEH
DQLEN

66 PR 144 1101
66 PR 151 1123
67 PR 1&4 1661
67 PR 155 1792
67 PRL 18 798
68 PR 166 1768

+GALBRAITH ~ KYCIA ~ LEONTIC ~ PHILLIPS ~ + I BNL)
V BARGER' M OLSSON

(MISC�)

KORHANYQSe KR I SCH ~ OF A(.LON ~ t I H IC I e ARG) P
V BARGER' D CLIME (MISC) P
F N DIKHEN (HICH)
R OOLENe 0 HORN ~ C SCHMID fCAL TECH}

M 400r 0
N t {150~ Ql

40e0 CITRON
BA ROAD IN

66 CNTR
66 HBC, ++ effect tteftetti teetieeft eetteeeet fiittietf iittitetf eifttteti tftitttf

effete etfi teett tel ieeeee fef tteef t efetefetf teetf fief feei tet et tetti tet



PARTIcLE DATA GRQUP Reviews of Particle Properties

BARYON RESONANCES

74 Nt (3245 ~ JPt +)

Data i)I Parew these's haTIe sot bee)I iI(eluded is our aTteraIt, es.

W 35»0 GR LESS KORHANYOS 67 CNTR

74 Nt /2(3245) PARTIAL DECAY MODES

DECAY MASSES
PL Nt /2(3245l INTO PI N 139+ 938

J IS t(OT KNOWN ~ FOLLOWING IS (J+1/2)1(PI N)/TOTAL
RL 0»37 KORHANYOS 67 CNTR

111111ttttttttt tit111111 111111111tttttitti iiittttti ttti 11111 titttttt
REFERENCES —Nt /2(3245)

KORHANYO 67 PR 164 1661 KORHANYOS ~ KRISCHv OFALLON ~ + (HICHvARG) P

111111111111111tittttttt itttttttt ti11111i1tttittttt titttttti 11111111
111111ttttttttt tttttitti tittttiit tttittttt tttttttit 11111111111111111

6/681

6/681

& (3690) 75 Ntl/2(3690v JP~ ) Iel/2

A BUMP SEEN IN THE INVARIANT MASS OF A VERY COHPLI-
CATFD STATE (N + SEVEN PIS)s SO AS EVIDENCE FOR
A NEM RESONANCE IT IS NOT CONCLUSIVE ~ NOT INCLUDED
IN TABLE

75 N11/2{ 3690) MASS (HEV l W

H 3690»0 10»0 BARTKE 67 HBC + Pl+P 8 PRONGS 8/67

75 Ntl/2(3690) MIDTH (HEV)

EXISTENCE NOT CONCLUSIVELY ESTABLISHED» I-SPIN
NOT DETERMINED» BUT THE NARROW MIDTH PRECLUOES

g 'P ($g 00 J IDENTIFICATION WITH THE N13/2{3230) ~ OMITTED
FROM TABLE»

74 Nt /2{3245) HASS (HEV) W

H 3245 ~ 0 10»0 KORMANYOS 67 CNlR Pl P 180 OEG EL 6/681I

74 Nt /2{3245) MIDTH {HEV)

Note on Possible KN Resonances ( Z Is}

The K p and. K d total c r os s sections+ +

have been accurately measured by COOL 66
and BUGQ 68. They show similarly shaped
asymmetric peaks near i BeV/c incident K

+momentum. The K p is a direct measure-
ment of the isospin-i KN cross section. The
isospin-0 KN cross section is extracted from
the K d cross section. To do this, it is nec-
essary to correct for the shielding and motion
of the nucleons within the deuteron, which re-
quir e s making approximations the validity
and effect of which are not fully understood. .

M 50»0 30»0 SARTKE 67 HBC +

75 N11/2(3690) PARTIAL DECAY MODES

Pl Ntl/2(3690) INTO N + 7 PIS
DECAY PASSES

L420

N (3755) 76 Nt /2{3755v JP~ )

A SHALL PEAK IN THE {P P PBAR) INVARIANT MASS FROM
8»4 BEV/C Pl+ P TO PI+ P P PBAR EVENTS» AS EV(DENCE
FOR A NEM RESONANCE IT IS NOT CONCLUSIVE ~ OMITTED
FROM TASLE ~

76 Nt /2(3755) MASS (MEV)

H 375 5» 0 8»0 EHRLICH 68 HBC + Pl+ P P PBAR

76 Nt /2l3755l WIDTH {HEV)

40 ~ 0 20»0 EHRLICH 68 HBC +

PL

76 Nt /2(3755) PARTIAL DECAY HOOtS

DECAY PASSES
Nt /2(3755) INTO Pl+ P P PSAR

111111ttttttttt 111111111ttttttttt 111111111ttttttttt ttttttttt tttttttt

EHRLICH 68 PRL 20 686

REFERENCES —Nt /2(3755)

R EHRLICHvR J PLANOv J 8 MHITTAKER (RUTGERS)

itittt ttttttitt tittttitt tttttttit tititittt 111111111ttittiitt tttttttt
111 111111111111111111111111111ttttttttt tttttttt

91 N15/2(L560v JP~ ) Is5/2

~5/2 t 60 IT HAS SEEN SUSPECTED ALMOST FROM THE BEGINNING THAT
THIS IS A KINEleAT(C EFFECl' ANO NOT A RESONANCES RE-
CENT EVIDENCE STRONGLY SUPPORTING THIS INl'ERPRETAT(ON

IS GIVEN BY GOLDHABER 67 ~ A THEORETICAL APPROACH TO KINEMATIC PEAKS
IS GIVEN BY KRAHER 67 OHITTED FROM TABLE»

ttttitttt tttitiitt ittttiiti 111~ tittt its tttttt titttitti tttitttt
REFERENCES Ntl/2{3690)

BARTKE 67 PL 248 118 +CZYZEWSK(vDANYSZ ~ + (CRACOWiORSAY{CERNl) I
11111111111111111111111111111111111111111111111111111111111111111111ttittt itttttttt titttittt ttttitttt tti tttttt tittttttt iittititt tttitttt

8/67

6/681

6/68 i'

For a discussion and references, see TRIPP
68. The isospin-0 cross section so deduced
has a peak, also near i BeV/c, that is higher,
narrower, and more symmetric than the iso-
spin-i peak. This is shown in the accompa-
nying figure. Peaks in 7)N and. KN cross sec-
tions are nearly always attributed to reso-
nances. However, the consequences of the

existence of KN resonances are severe. In

particular, all well-established strongly inter-
acting particles and resonances have quantum

numbers that permit their classification as
quark-antiquark (for meson) or triple-quark
(for baryon} states, and, KN resonances will
not fit into this scheme. States that will not
are called exotic or "far-out. " The only s-
channel experiment one can arrange for seek-
ing exotic resonances is KN scattering.

CARTER 67 us ed. the total-c r o s s -sec tion

H
H

H

H AVG

91 N15/2(1560) MASS (HEV)

1560' 0 20»0 GOLDHABER 64 HBC tt+3 ~ 65 BEV/C Pl+ P 7/66
1570»0 ALEXANDER 67 HBC +t+PP 4PI 5 ' 5 BEV/C 9/66
1562 ' 0 18' 0 CAMBRIDGE 68 HBC +t+GAHMA P TO 6 SEV b/681
~ ~ » ~ ~ ~ » ~ ~
1561~ 1050 13»3793 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)

91 N15/2( L560) M(0TH (MEV I

M

M

M

'M AVG

220 ' 0 20 ' 0
140' 0
200 ' 0 54 ' 0

» » » » ~ » » » »
217' 5875 18»7550

GOLDHASER 64 HBC t++
ALEXANDER 67 HBC t+t
CAMBRIDGE 68 HSC +t+GAHHA P TO 6 SEV

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1' 0)

7/66
9/66
6/68 i'

PL
P2

91 N15/2(1560) PARTIAL DECAY MODES

Ni'5/2 ( 1560) INTO N P I P I
N15/2(1560l INTO N13/2(1236) Pl

DECAY PASSES
938+ 139+ 139

1236+ 139

111111111ttttttttt ttttttttt ttttttttt 111111111ttttttttt 11111111

REFERENCES —N15/2 ( 1560)

64 OUBNA CONF I 480
65 LRL UCIO-2752
66 BERKELEY CONF
67 PR 154 1284
67 CORAL GABLES 190
67 PR 164 1887
68 PR 169 1081

GOL DHAB E
DASH
CONTE
ALEXANDE
GOLDHAS E
KRAMER
CAHSRIDG

G+S GOLDHABER, OHALLORAN, SHEN (LRL{BNL)) I
J DASHv G GOLOHABER ~ J SMIHART (LRL)
+DAMER I ~ RATTI vRUSSOv + (GgNOVA ~ MILANC ~ UXF)
ALEXANOERv SENARY ~ CZAPEK et (ME( Z MANN (CERN) )
G GOLDHABER (LRL)
I KRAMER (LRL)
BROMNv CEAr HARVARDv

HITCH

PAOOVA ~ MEIZ(ANN) I
ttittt 111111111ttttttttt ttttttttt 111111111ttttttitt tttttttet ttittttt
111111111111111111111ttt ttttttttt 11111111111111111t1111111ttttttittt

data in a dispersion-relation analysis, and

found, that the Argand d.iagram for the isospin-
0 forward scattering amplitude has the behav-
ior of a resonance-like circle ad.ded. to a
smoothly varying backgrounds This merely
reflects the fact that there is a large, narrow
peak in the cross section. The crucial ques-
tion is whether it is a single partial wave or
some general coordinated behavior of several
of them that is responsible for the rapidly
varying part of the full amplitude.
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30 I IKN w' KNvr&

K N g( y7p) K
~ ~ ~

Only a few channels are open in KN scat-
tering at low energies. The thresholds and
final-state-particle cross sections are shown
in the figure. BLAND 67 (for the isospin-i
channel} and HIRATA 68 (for the isospin-0
channel) have shown that the only important
inelastic process (up to momenta well above
the peaks) is KN ~ KNvr. Even this channel

O
~ ~
O
CP
lD

I 0-
+Is ~

cy, (KN)
'Ill

J

does not become important until the thresholds
for the quasi-two-body channels KN ~ Kh
(forbidden to the isospin-0 channel) and

KN ~ K N are reached; in the region of the
peaks, 70 to 90/0 of the KNm final state is

)fc

K6 or K N. It is clear from the figure that
the structure in the total cross sections is
associated. with the rise of the KN ~ KNm

cross section at the thresholds of the quasi-
two-body reactions. Furthermore, the pro-
duction and decay angular distributions for
these reactions are qualitatively consistent
with simple t-channel exchange models.
Once upon a time, these threshold and t-
channel characteristics of the reactions that
can be most closely associated with the struc-

g, (KNw) N v')

ture in the total cross sections would probably
have been enough to discourage a resonance
inte rpr etation. Howeve r, since Schmid has

0
0.5 2.0

II r
0; tKNmw)

I

I.O l.5
K beam momentum (BeV/c)

shown that a decomposition of t-channel Regge-
e~change amplitudes may lead to resonance-
like circles in the s-channel partial-wave
amplitudes, the question is no longer either-
or between s- and t-channel interpretations.
See Sec. IV' of the introduction to this Review

KN total and partial cross sections. Sub-

scripts indicate isospin. Total cross sections
are from CARTER 68, which uses data from
COOL 66 and BUGG 68. Isospin-i partial
cross sections are adapted, from a compila-
tion made by BLAND 68. Isospin-0 partial
cross sections are from HIRATA 68. Thresh-
olds for various processes are indicated at
the top.

for further brief comments, and HARARI 68
for an extended discussion and references on

the twofold interpretation of amplitudes. In

summary, the simple characteristics of the
reaction channels are not sufficient to answer
the question whether KN resonances exist.

No further analysis has yet been per-
formed with the isospin-0 channel, but the

much more accessible isospin-4 channel has
been studied in greater detail, and no evidence
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Data i)t pare7{ theses have 7{ot bec7{ is{el){dcd iw oa r averages.

has been found. for resonant behavior of any

partial wave in the region of the peak in the

total cross section. BLAND 67 made a par%%

tial-wave analysis of the reaction K p ~ KA

and found no rapid variation of any phase.
HITE 67 made a K-matrix analysis of K p
reactions, which reproduced the main fea-
tures (though not the details) of the data with-

out invoking a resonance. LEA 68 mad. e a
partial-wave analysis of total and elastic-
scattering data and found some suggestion
that the P&/2 wave resonates near 2 BeV
(= {.S BeV/c), rather far above the peak in

small bumps in the isospin-I channel at 2190
and Z505 MeV, and borderline indications of
structure in the isospin-0 channel. We do not

include the possible Z's in the BARYON

TABLE.

zp ct865}
96 210{1865~ JPis I lis0

SEE THE PRECEDING NOTE ~

96 Z10{1865) ){ASS {MEV)

160%0 30%0 KYCIA 67 GNTR
N 200%0 50%0 GARTER 67 THEO
W ~ ~ ~ ~ ~ ~ ~ ~ ~
W AVG 170 5882 25 7248 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I 0)

96 210{1865) PARTIAL DECAY MODES

BI67
8/67

M 18&S~ 0 10%0 KYCIA 67 CNTR K+Pe 0 TCtAL BI&7
M 1860 0 15 0 CARTER 67 THEO DISPERSICN RKL ~ BI&7
M ~ ~ ~ ~ ~ ~ ~ % ~

M AVG 1865%5385 8%3205 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1~ 0)

96 210{18&5) WIDTH {MEV)

the total cross section. However, this analy-
sis has severe limitations, forced by lack of
polarization data. In particular, the favored
solution keeps the P

~
wave cosnpletely

elastic, whereas BLAND 67 showed this to be

the largest of the amplitudes feeding the reac-
tion K p ~ KA. MARTIN 68 extended the+

work of LEA 68, and again found that the Pf/i2
wave might be resonating, but the analysis is
subject to the same limitations as was that of

Lea et al. Phase-shift analyses of the elastic-
scattering data can be no more than suggestive
until there are accurate polarization data.

In production experiments, there is no

solid evidence for KN resonances. BASSOM-

PL
P2

210{1865) INTO K N

Z10{1865) INTO N Ktt890l

DECAY PASSES
493+ 939
938+ 892

RL
RL
RL
RL
RL AVG

R2
R2

96 21'0{1865) BRANCHING RATIOS

210{1865) INTO {K Nl/TOTAL {Pl) ITOTAL
0% 40 0% 05 KYCIA 67 CNTR IF JQL/2
0%31 0%05 CARTER &7 THEO IF JeL/2

~ % ~ ~ ~ % ~ ~ ~

~ 3550 ~ 0450 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ' 3l

Z10( 1865l INTO N Kt{890) {P2)
MA(h INELASTIC DECAY HIRATA 68 HSC

z, (telo} 97 Z11 t 1900, JPe ) (el
SKE THE NOTE PRECEDING THE Z10{1865)~

97 Zt 1 ( 1900) MASS (MKV)

ll 1900%0 10 0 KYCIA 67 CNTR ++ K+P TOTAL

97 Ztl{ 1900) WIDTH {MEV) W

I{ 260% 0 50%0 KYCIA 67 CNTR t+

97 211{1900)PARTIAL DECAY MODES

PL
PZ

Ztl(1900l INTO K N

21L{1900l INTO N13/2(1236) K

DECAY &ASSES
493+ 938

1236+ 493

11111111111111111111111111111111111111111111111111111111111111111111

REFCRCNGES Z10 t 1865)

SEE RLFERENCES FOR THE Ztlt 190D)

111111ttttttttt 111111111ttttttttt 11111111111111111111111111111111111
111111111111111111111111111ttttttttt 11111111111111111

8/67
8/67

LL/681

8/67

8/67

PIERRE 68 found no structure in mass spec-
tra of systems recoiling against a pion in the

reactions K p ~ KNm, KN~~, and. KNmmm.
+

TYSON 67 and MORI 68 found some structure
++in mass spectra in the reaction yp ~ K (MM)

but the interpretation of this as due to KN

resonances is indirect and, at best, no more
than suggestive. BIRNBAUM 67 found some

structure in the mass spectra in the reaction

z p ~ K (MM}, but it was later found. that

the position of the structure varied. with inci-
dent z momentum.

The approximate parameters of the

eros s -section structure, if inte rpreted as
resonant, ' are given in the data-card listings.

In addition, ABRAMS 67 extended the total-
cross -section measurements and found very

97 Ztl{1900l BRANCHING RATIOS

RL
Rl
Rl

211{1900) INTO {K N)/TOTAL
0%25 D%06 KYC I A

0% 10 OR LESS CARTER

{P1) ITGTAL
67 CNTR ++ IF Jsl/2 8/67
67 THEO DISPERSICN REL ~ 8/67

R2
R2

Ztl{ L900) INTO K N13/2(1236)
MAIN INELASTIC DECAY BLAND ~

{P2)
67 HBG ++ 8/67

PARTIAL-CROSS-SKGTIUN EXPERIMENTS
BLAND 67 PRL 18 1077 +BOWLERrBROWN G+S GOLOHABER ~ SEEG'ER + {LRL)

BLAND 68 IS MORE COMPLETE THAN BLANC 67—
BLAND 68 UGRL-18131 THESES R W BI.AND

HIRATA 68 PRL 21 1485 HIRATA ~ WOHL ~ GOLDHABCR ~ TRILLING
(LRL)
{LRL)

K MATRIX tHITE &7l ANO EL.ASTIC-SCATTERING PHASE-SHIFT ANALYSES
HITE 67 THKSIS G E HITE {ILL INDI S I
LEA 68 PR 165 1770 LEA ~ MARTINr OADES {RTHFDeBNLrCERNI
MARtlN 68 PRL 21 128'7 8 R MARTIN (SNL)

PRODUCTION EXPERIMENTS
TYSON 67 PRL 19 255 +GRtKNSERG ~ HUGHKSrLUrMINEHART ~ MORls {VALE)
MORI 68 PL 288 152 +GRKENBERG ~ HUGHES ~ LU ROTHSERGe + {YALE)
BIRNSAUM 67 HKIDELBERG CONF% +EDELSTEIN ~ HKIN ~ MCMAHONs + {CARNEGIE ~ BNL I
SASSOMPI 68 PL 278 468 SASSOMP{KRRE& + {GERN ~ BRUXELLESI

LATEST RELEVANT MAPPORTCUR TALKS
TRIPP 68 V(ENNA CONF 173 R D TRIPP
HARARI 68 VIENNA CONF 195 H HARARI

{LRL I
{WE I ZM ANN r SLAC )

ttttt ttttttttt 1111S1111 ttttttttt ttttttttt 11111111111111111111111111
tttttt 111111111tt1111111ttttttttt 111111111tt1111111111111111tttttset

111111ttttttttt 111111111t11111111111111111ttttttttt 111111111tttttttt
RF FERE NCES —Zt I ( L900 I

TOTAL-CROSS-SECTION EXPERIMENTS
COOL 66 PRL I 7 102 . +GIACOMELL I ~ XYCI A tLEONT IC ~ L I sLUNDSY ~ + t BNL ) I

SL(GHTLY REVISED RESULTS FROI{ KYCIA 67 REPLACE COOL 66—
KYCIA 67 PRIVATE COMM% 7 F KYCIA I BNL) I
ABRAMS 67 PRL 19 259 +COOL ~ GIACOMELLI ~ KYCIAeLKCNTIC ~ LIe + {BNL)
BUGG 68 PR 168 1466 +GLLMOREeKNIGHte + tRTHFC ~ SRMGHMeCVNDSH) I

Dt SPKRSION-RELATION CALCULATION USING TOTAL-CROSS-SECTION DATA

CARTER 67 PRL 18 801 A A CARTER {CAVERD{SH)
CARTER 68 PREPRINT A A CARTER {CAVENDISH)
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Data in parentheses have i Dt been included in our averages.

18 LAMBDA (1(L5iJPsL/Zt) ls0

SEE LISTINGS OF STABLE PARTICLES
eettee tet»»i»et »»etc»see »i»i»tete et»i»tie» et»»»tete tet»»tie» tet»»tee
eeeeee tieeteeet tiiiittet teteeetit tee»et ~ it eietteeii »it»»tete tet»eeet

( f QQO ) 87 Y»0{L327sJP= ) I 0

A PEAK IN THE LAMBDA GAMMA INVAR(ANT PASS IS BE-
LIEVED TQ BE EVIDENCE FOR 4 NEW RESCNANCE- A SI-
MILAR PEAK WAS PREVIOUSLY LNTERPRETEO AS 4 MANI
Ff STATION OF Y»0( 1670)- SEE NOTE 8 CN MASS AND
HID}'H OF THIS STATE
CONTRADICTORY EVIDENCE ON THE RESONANCE INTERPRE-
TATION OF THIS PEAK CAN SE FOUND (N THE DATA OF
OAHL 67 — SEE TRIPP 68 FOR A DETAILED D(SCUSSICN

87 Y»0f 1327) MASS f MEV)

M 1327 BUGACHEV 68 PBC 0 Pl- AT 5 1 GEV/C 12/68»

87 Y»0 ( 1327) WIDTH ( MEV)

W 25 ~ OR LESS BUGACHEV 68 PBC 0 PI- AT 5 ~ 1 GEV/C 12/68»

87 Y»0(1327) PARI(AL DECAYS

'WIDTH (MEV)
WATSON 63 HBC
MUSGRAVE 65 HSC
8(RMINGHA 66 HBC 3 ' 5 K- P
DAHL 68 HBC

'H

W

W

W

W

W e «« ~ ««e e ~
W FIT 13~ 207 2 ~ 292 VALUE FROM CONSTRAINED F IT

16 ~ 4
(19 0)

30 {50' OI
{8.0

38 Y»0t 1520) PARTIAL DECAY MODES

Pl
P2
P3
P4

Y»0(1520} INTO KBAR N
Y»0{1520) INTO SIGMA PI
Y»0(1520) INTO LAMBDA PI Pl
Y»0{1520) INTO LAMBDA GAMMA

38 Y»0{1520) P4R ( IAL WIDTHS I ME V)

DECAY PASSES
497+ 939

1197+ 139
1115+ 139+ 139
1115+ 0

Wl Y»0 {1520 } INTO KBAR N (Pl}
WL 4 ' 8 0 5 WATSON 63 HSC
Wl e ~ ~ e ~ e e ~ e
Wl FIT 6 ' 002 I 078 VALUE FROM CONSTRAINED FIT

7/66
9/67
9/66

Pl Yeo {1327) INTO LAMBDA GAMMA

BF Y»0(1327) BRANCHING R4TIQS

DECAY PASSLS
1115+ 0

W2 Y»0{1520) INTO SIGMA PI {P2)
W2 9' 0 1 0 ~~TSON 63 HSC
W2 ~ ~ ~ ~ ~ ~ ~ ~ ~
'W2 F I T 5 ~ 890 1~ 131 VALUE FROM CONSTRAINED F IT

38 Y»8(1520) BRANCHING RATIOS
Rl Y»0(1327) INTO (LAMBDA GAMMA)/TOTAL
Rl e 36 MAIN DECAY MODE BUGACHEV 68 }'BC

(P I ) /TOTAL
PI- AT 5 ~ 1 GEV/C 12/68»

REFERENCES —Y»0{1327)

SUGACHEV 68 VIENNA ABS« 87 N P SUGACHEV +
DAHL 67 PR 163 137 7 OAHL ~ HARDY ~ HE SS ~ K I RZ s MI LLE R
}'RI PP 68 VIENNA CONF 173 RAPPORTEUR S TALK

( CUBNA)
(LRL)
(LRL)

eeeeee »tee»eeet tee»»eeet i its»tie» i»it»tee» »i»i»tete ettteetee eiiteeet
»ice»i itiittite tee»»tet» eeitititt eee'et»tee tet»»tete et»et»tee tet»eeet

g()qo5) 3 " " ' "= = Ol

THIS RESONANCE CAN BE IDENTIFIED WITH THE VIRTUAL
BOUND STATE tN THE KBAR-N SYSTEM THAT IS DEDUCED
FROM THE Is0 SCATTERIhlG LENGTH DETERM INED FROM LQW

ENERGY K-P INTERACTIONS« THE DIFFICULTIES IN EXTRAPOLATING FROM THE
PHYSICAL REGION TO THE RESONANCE LOCATION ARE DISCUSSEO BY DALITZ 67
THE hUMSERS WE USE IN AVFRAGING ARE FRDM PRODUCTION EXPERIMEN(S OhlLY

settee tet»»tete tet»et»et et»»tete» et»tet»et et»tet»et et»et»et» tttttttt
Rl
Rl
Rl
Rl
RL
Rl AVG
RL FtT

Y»0(1520) INTO (SIGMA PI)/fKBAR N)
1~ 72 ~ 78 MUSGRAVE
0 ~ 73 0 ll DAUBER
0 ' 96 0 ' 20 nave

~ ~ e « ~ e e e e
~ 7975 ~ 0974 AVFRAGE (ERROR INCLUDES
«9SL «210 VA(. UE FROM CONSTRAINED

{P2)/ {Pl)
8/67

K-P AT 2«GEV/C 8/&F
Pl-P 1~ 6-4 GEV/C 9/66

SCALE FACTOR OF 1 ~ 0)
FIT

R2
RZ
R2
R2
RZ AVG

R2 F(T
AVFRAGE {ERROR INC}.UDES SCALE FACTOR OF 1 ~ 0)

VALUE FROM CONSTRAINED FIT
~ 1729
~ 219

«0482
~ 052

R3 Y
R3
R3
R3
R3
R3 AVG

R3 FIT

eDt 1520} INTO
4 ~ 5
3 ~ 3
4 ~ S

~ ~ ~ e ~

4 ' 1892
4 ' 481

(SIGMA PI)/(LAMBDA PI PI)
1 0 ARMENTLRQ 65 HBC
1~ I 8{RMINGH4 66 HBC
1~ 2 UHLIG 67 HBC

e ~ e e
~ 6298 AVERAGE (ERROR INCLUDES
~ 559 VALUE FROM CONSTRAINED

tP2}/fP3)
7/66

3«5 K- P 9/67
K-P ~ 9-1~ 0 BEV/C 9/66

SCALE FACTOR OF I'D)
FIT

Y»0(1520) INTO t(.AMBOA Pl PI )/(KBAR N) I P3)/ {Pl)
0 ~ 21 0 ~ 18 DAUBER 67 HBC K-P AT 2 ' GEV/C 8/67
0 17 0 ' 05 OAHL 68 HBC PI-P 1~ 6-4 GEV/C 9/66

M

M

M

M

M

M

M N
M N
M

M

M

M

M

M AVG

37 Y»0{1405) MASS {NEVI

K-P I ~ 15 BEV/C
PI-P 2«1 BEV/C
K-P 1e2- ~ 5 BEV/C
PBAR P 3 4 BEV/C
Pl-Ps Pl+0 I ~ 68
0-EFF-RANGE FIT
0-EFF-RANGE FIT

0-EFF-RANGE FIT
3 ' 5 K- P

K MATRIX FIT{KP)
K-0 2 1-2 ' 78EV/C

l405 ~ 0
1410' 0
1405 0
1400«0 24«0

{1382 0) {8 0)
(1410 7} (1«0)
(1409«6} tl«7}

DATA OF SAK ITT ARE
{1407 5) (1 2)

6'F 1400 0 5 0
(1403«0) (3«0)

120 1405«0 5 ' 0
~ ~ e ~ ~ e ~ ~ ~

1402 ' 4469 3«4978

ALSTON
ALEXAiiDFR
ALSTON
MUSGRAVE
ENGLFR
K(M
SAKI TT

USED IN FIT BY K

KITTEL
8 IRMI NGHA

KIM
GAL TI ERI

61 HBC
62 HBC
62 HBC
65 HBC
65 HDBC
65 HBC
65 HSC

ITTEL ~

66 HBC
66 HBC
67 HBC
68 DBC

AVERAGE (ERROR INCLUDES SCALE FACTOR UF I 0)

7/66
7/66
7/66
7/6&

7/66
9/67
8/67
6/68 it

Pl P2 -~ 951

tteteti tt ttttttttt et»et»tet et»et»»it et»tet»et et»tet»et tet»tet»

kATSON 63 Pit 131 2248
GALTIER I 63 PL 6 296
ALMEIOA 64 PL 9 204
MUSGRAVE 65 NC 35 735
ARMENTER 65 PL 19 338

REFERENCES - Y»0(1520)

M 8 WATSONi M FERRO-LUZZI ~ R 0 TRIPP (LRL) I JP
A BARBARO-GALTIERI ~ 4 HUSSAIN ~ RD TRIPP (LRL)
S P ALMEIDA ~ G R LYNCH (CERN}
+PETMEZASI+ {BIRPGHM ~ CERN ~ EPe IMPCOLt SACLAY)
ARMENTERUS e F-LUZZ I s + (CERN ~ HE IDELs SACLAY)

R4 Yeot 1520) INTO (LAMBDA GAMMA)/TOTAL (PERCEIIIT} (P4)/TOTAL
R4 238 0 ' 86 0«14 MAST 68 HBC 0 K-P TO LAM GAMPA 11/68»

THE FOLLOWING BRANCHING FRACTIONS HAVE COR}(ELATED ERRORS GREATER THAN ~ 5

k
W

W

W

W

k
W I}
W N

W

W

W

W

W

W AVG

Pl

testee

37 Y»0(1405) WIDTH {MEV)

20«0
35«0
50 ' 0
60 ' 0

(89 0)
(37«0)
{28 2)
DATA 0
(34e1)

67 50«0
{50' 0}

120 35~ 0
e ~ e ~

38 11

5«0

20 ~ 0
(20«0)
(3 2)
(4 I)

F SAKITT ARE
(4e I)
10~ 0
(5~ 0)
8 ~ 0

e e e e e
93 3 ' 9257

ALSTON
ALEXANDER
ALSTON
MUSGRAVE
ENGLER
KIM
SAKI TT

USED IN FIT BY K

K I TTEL
8{RMINGHA
KIM
GALTIERI

61 HSC
62 HBC
62 HBC
65 HBC
65 HDBC
65 HBC
65 HBC

ITTEL
66 HBC
66 HBC
67 HBC
68 OBC

3«5 K- P
K MATRIX FIT(KP)
K 0 2 ~ 1-2«7SEV/C

37 Y»0(1405) PARTIAL DECAY MODES

Y'»0(1405) INTO SIGMA PI
DECAY PASSES

1197+ 139

AVERAGE (E}tRQR INCLUDES SCALE FACTOR OF 1 0)

7/66

7/66
7/66
7/66
7/66

7/66
9/67
8/67
6/68»

BIRMINGH 66 PR L52 LL48
DAUBER 67 PL 248 525
UHLIG 67 PR 155 1448
D4HL 68 PR 163 1377
MAST 68 PRL TO BE

PUBLIC

BIRMINGHAM ~ GLASGCks I ~ C ~ ~ (QXFOROs RUTHERFORD)
+YALAMUOe SCHLE IN ~ SLATER s STCRK (UCLA )
+CHARLTON ~ CONDON ~ GLASSER ~ YCOH ~ + {MOsUSNRL)
OAHLsHAROY CHESSY KIRZtMILLER {LRLI
MASTsALSTON ~ 84NGERTER ~ GALT IERI+ (LRL}

Y 's in the region 1600 to 4900 MeV

There is much information from produc-
tion and formation experiments in this energy
region; however, a consistent picture of what

et»tee»et tet»»eeet tet»»eeet »tie»tie» it»»tie»» tee»tee»ettese »»tet»est iittitite iitttiett tee»»sett it»»i»it» tee»i»tie »its»tee

ALSTON
ALEXANOE
ALSTON
MUSGRAVE
ENGLER '

K{M
SAK ITT

bl PRL 6 698
62 PRL 8 447
62 CERN CONF 311
65 NC 35 735
65 PRL 15 224
65 PRL 14 29
65 PR 139 8719

KITTEL 66 PL 21 349
SIRMINGH 66 PR 152 1148
OALITZ 67 PR 153 1617
KIM 67 PRL 19 LDF4
GALTIERI 68 PRL 21 573

REFERENCES —Y»0( 1405)

+ALVAREZ ~ EBERHARD ~ GOOOtGRAZIANO ~ + (LRL) I
ALEXANOEReKALBFLEI SCHsMILLER ~ SMITH (LRL) I
+ALVAREZiFERRO-LUZZ I sROSENFELD ~ + (LRL I I
+PETMEZAS ~ + (8 IRMGHMsCERN ~ EP ~ IMPCQL ~ SACLAY)
+FISK ~ KRAEMER ~ MELTZERskESTGARD ~ + (CRNG ~ BNLI I J
J K KIM (COLUMBIA) I JP
+DAY sGLASSER ~ SEEMAN ~ FRI EOMAN ~ + ( MOs LRL) I JP

k KITTELt G OTTERe I WACEK (VIENNA) I JP
8 IRMi INGHAM ~ GLASGOW s I «C ~ ~ OXFORD ~ RUT t ERFORO)
DAL I TZ HONG RA JASEKARAN (OXFORD SQMQAY)
J KIM (YALE)JP
BARBARO-GALTIERI iCHAOWICK + f LRLt SLAG)

M

M

M,

M

M

M

M AVG

1519«4
145 1517«2
29 1520«0

1511~ 0
30(1510 0)

~ ~ ~ ~ ~
1518«8293

2 0
3 ' 0
4 ' 0

15«0
(2 ~ 0)

~ e e
1«5284

WATSON 63 HBC
GAL TIER I 63 DSC
ALMEIDA 64 HSC
MUSGRAVE 65 HBC
SIRMINGH4 66 HBC

K-P ALL CH4NNELS
K-0 1«51 BEV/C
K-P F 45 SEV/C
PBAR P 3 4 SEV/C
3«5 K P

4VERAGE tERROR INCLUDES SCALE FACTOR OF I'D)

PAPERS NOT REFERRED TO IN DATA CARDS'

ABRAMS 65 PR 139 8454 G S ABRAMSs 8 SECHI-LORN (MDI I JP
KAOYK 66 PRL 17 599 +ORENt G+S GOLOHABERs TRILLING (LRL) I JP
DONALD 66 PL 22 711 + EDWAROSt LYS ~ NI SAR ~ MOORE (LIVERPOOL I

ASRAMS 65 ~ KADYK 6&i ANO DONALD 66 SUPPORT THOSE EFFECTIVE-RANGE-
FIT' SOLUTIONS GIVING AN 1=0 Sl/2 RESONANCE

»»fete tet»tet»» it»et»et» tet»iieet et»»teste tiiteteet et»tet»et tetteeeteiiiti tie»tee»i tet»»tete »i tie»tet eeteieiii tee»»»tee iitttiiii et»it»et

p( ~ 5po)' o 0 ~ -) 0 D~3
38 Y»0(1520) MASS (MEV}

7/66
9/67

is going on in this energy region is not yet
possible. The states with J & 3/2 are ade-
quately treated in the listings and the table.
The lower J states are badly entangled and

require discussion here.
Production experiments show evidence

for Z(1610), Z(1660), and Z( 1690), but cannot

give information on the I = 0 states, since it
is very difficult to disentangle them from the
neutral production of the I = 4 states. The
separation of Z( &660) and Z( f690) is not very
clear; it is based only on the evidence that in

Q+the reaction K p ~ Y 7( the branching frac-
tions far the decay Y (=1660) into JtIL. & and Z7}

++
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BARYON RESONANCES

change with inc ident K momentum. As for
Z(l6'l6), it has been detected in only one ex-
periment {CRENNE LL 68), and needs further
conf irmation.

Formation experiments. Partial-wave
analyses in almost all channels are now avail-
able throughout this energy region. Recent
results on the two-body final states
K p ~ KN, Acr, Zvr have been reported by:

1640 Me V is r ight at the bottom of the CHS

mass range, and only one of the two CHS

solutions requires a Z(46 40) resonance. We

reproduce their Argand diagrams, to show

the statistical uncertainties present in such

experiments.

CHS

Chicago-Heid

(AR ME NTE ROS 68) on KN
= 1.64 to 4,98 GeV

(ARMENTEROSC 68) on A~
E = 4.61 to 4.98 GeV

( ARME NTE ROS2 6 8) on Z m

E = 1.6l to 4.80 GeV

(CONFORTO 68) and

(CONFORTOI 68)
E = l.69 to 1.89 Ge V

SOL. A

II00 O.l-—

I
I.O.I

s ~

I000
IIOO

-O. I
'

m~/
1

~IIeo

SOL. B

LRL (SMART 68) on Am
E = 1.6 to 'l. 9 GeV

400
700

~I I00 eo0
0 I-'-

IOOO

PI- BNL- Yale

BNL

(BERTANZA 68) on KN
E = 1.65 to 4.7i GeVcm

(BERLEY 68) on Zm
E = l.6i to l, 7i GeVcm

700'M Ileo
l/~

ICO

-O. l

All partial-wave analyses are energy depen-

dent (except CHS's Am) and treat each channel

independently; hence each channel gives a

slightly different mass and width for a given

resonance. All parameterize the resonances
as Breit-Wigner amplitudes, and use assorted
par amete rizations for the backg r ounds.

The first attempt to perform an energy-
independent analysis has been reported by the

CHS collaboration in the A+ channel, where

O. l --

IIOO

I .

-Ol '

O.I--

+~IIeo
I

1000

IIe0

O.I--
l5

IIOO
I

-O'I 'gf +—l000

~coo

700

O.I--

I5
eM.

-O.l
700 IIOO

I le0

differential cross sections and polarizations
have been measured. As expected, this type

of analysis has shown a lot of structure,
although better statistics are required to draw

final conclusions. Four states with Z & 3/Z

show a resonant behavior between f610 and

1670 MeV. The Z(4610) seen here could be

identified with the one seen in production ex-
periments by Crennell et al. This identifica-
tion should still be taken with some caution:

REAL PART

Amplitudes of the two solutions of the

CHS energy independent partial-wave analysis,
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BARYON RESONANCES

We present here the table of R. D. Tripp
in his rapporteur talk at the Vienna Confer-
ence, with his evaluation of the signif icanc e

of the various states. The Qm enhancement

at 4680 MeV, which we had in our earlier
tables as Z(i690}, can be either the S&& or
the P~3 seen by the CHS collaboration. There
is no information from production experiments
on this point, so no choice can be made. Of
the four new states we list in the Baryon Table

only Z(f640}; for the others we wait for con-
fir mation.

In conclusion, in the f600- to l700-MeV
region with j 4 3/2, there are now established
two I = 0 states and three I = I states, . with

one more awaiting confirmation. In the l700-
to 1800-Me V re gion the re await confir mation

one state with I = 1 and two I = 0 states.
Above 1800 Me V the r e is one tentative state.

Summary of evidence for Y 's of J 4 3/2 in the 1600- to 1900-MeV mass region.
(Table from R. D. Tripp, Proceedi'lge oi Vien:.xa Conference, 173, 1968.)

P
LI ZJ(J )

Ne w status
Mass Width Br. fract.
( Me V) ( Me V) (%)

Laboratory Quality Old states
RMP 40, 77 (68)

New states

so (1/2 )

Qq resonance
at = 1670 MeV

RN

RN

1663
1678
167o

1750

Z6

Z6

18

110

14

45

28

ZO

BNL

Ch+H

z(167o)'

P( 1750)

gm enhance-
ment atb

S (1/2-) 1680 MeV

1650 100

7-10
70-100 1 CHS z( 1650)

ZyJ threshold
effect at

1750 MeV

KN 1769 1Z3 Ch+H z(1780)

P 1(1/2 )
1745 147 40

A(1745)

P (1/Z )

KN

Am 1610

Am prod. 1616

60

60

Z-10
20-100

BNL
(no J dat. )

P

z(161o)'

Po,(3/Z')

188Z 22Z z( isso)

(3/2+) See
footnote b

RN

1660 80

4-10
40-100 CHS z(1690)

D03( 3/2 ) P( 1690)
RN 1696

1681 85

18

60
20

z(17oo)'

D13(3/2 ) z(166o}

KN 1668
A~ 1667
zm 1661
A(1405 jm

Ave

56
50
44

9
Z9

49 CHS z(166o)

a. A stands for "well established, " B for "good evidence but in need of confirmation, " C for "shaky evidence. "
b. It is not clear if Z(1690) seen in production experiments corresponds to the Sii or to the P 3 state detected by the CHS

collaboration in their Qm energy-independent partial-wave analysis. We temporarily list Z(1690) as the F13 state.
c. This state is included in the Baryon Table.



PARTtczz DATii. GRovp Reoiesos of Purtiole Properties I'8
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Data i}I parcsthcscs have sot bccs isclgdcd is our avcragcs.

REAL PAR T
820L'

-O.I 00

-O.I--

O.I 0.$

~SOD

/ ,'~+?80

/ ~io

-O.l 0.0

-0 I--
66

0.0

+'"
O.I

I e

840 ~

820
760 ~800

+
620

Q

t

680

] 1»
I~ /

660

-0.2--

-0.5--

{650MeV

620

680

l660 MeV

880

680 7

-0.3--
740

760

s40
Og 866

i ~820
~800

-02--

-0.3--

1667 MSV

l3

S&&, P&3, and. D&3 of solution A in
the resonant region. Arrows indicate posi-
tions of resonance.

40 Y»0( 1670~ JP I /2- I ISO SOL

SKE NOTE ABOVE

SEE ALSO NOtE IN Y»Ott327) LISTINGS

4Q Y»Q{1470} HISS {MEV) ~ «~ e«~~~~m~~~~~

8 {(6BO.O) Y-CHANG 44 I BC Pl PRP 7 8 BEV/C
H L670oO BERLEY 65 HSC K P TQ L4H ETA
M N 50{1645~ Ol (4eo) BIRMINGHA 44 HSC + K P AT 3o5 GEV/C
H 8 {1680oI BUBELEV 47 PSC Pl PRP It 4GEV/C
H 5 lbe3 ~ 3'~ ARHENYERQ 68 HBC C K-P ELIST.+CEXC.
M S. L678 ~ 2 ~ ARMENTER2 68 HSC 0 K P TQ SICHA Pt
M N ALJTHQRS SEE I SIGNAL IN NEUTRAL (SIG Pl} BUT NOT IN CHARGEOe lt IS
H NQT CLEAR THAT IT CORRESPONCS TQ THIS STATE
M 5 SYSTEHATIC ERRORS NQT INCLUOKD ONLY INDETERH IN ftt QUOTEO
H 8 THESE THO EXPERIMENTS HAVE DETECTED I PfAK IN 'tHE LAHSOA GAHHA MASS

8 Plot. A NElt SIHILAR EXPERIMENT IN I LARGER CHAMBER SUGGESTS THAT
H B THIS PEAK SHOULD NOT BE ASSIGNED t0 Y»0{1670l-SEE NOTE FOR Y'10( 1327
M ~ ~ ~ ~ ~ ~ ~ ~ ~
H AVC )673~ 3846 6e9231 AVERAGE f ERROR INCLUDES SCALE fACTOR OF 4 2)

40 Yto ( 167Q) I(ID YH I HEV) m~meeeeemuaeeemwweemmemaaaa

Ii 8 20 oO OR LESS Y-CHANG 64 PSC
Ie 18~ 0 SERLEY 65 HSC

5O {4O.O) I LO. Q) BIRHINGHA 66 HSC t K-P AT 3~ 5 GEV/C
N 8 20e OR LESS BUBELfV 67 PBC Pl-PRP AT 4CEV/C
Ii 5 26 ~ Be ARMENTERQ 68 HSC . 0 K P ELASTe+CEXCe
it 5 26e 5e ARMENTER2 68 HSC 0 K-P TO SIGNA PI
'N N AUTHORS SEE I SIGNAI. IN NEUTRAL f SIG P I I BUT NQT IN CHARCED It 15
H NQT CLE4R THAT IT CORRESPONDS TO THIS STATE
lf 5 SYSTEMATIC ERRORS NOT INCLUDEQ ~ ONLY INDETEILH IN Ftt OUOTEO
lt 8 SEE NOTE IN HASS ABOVE
W ~ ~ ~ ~ ~ ~ ~ ~
It 4VG 26 F 0000 4e2400 AVERACE {ERROR INCLUDES SCALE FACTOR OF 1~ 0)

40 Ytof 1670) PAILTIAL DKCAY MODES

Tied
T/66

11/67
8/e7

LL/68»
LL/681

7/eb
7/66

1 L /6'I
8/e7

11/es»
1I/681

H

H 5
H 5
H

ti 5

H

H
M

H 5
H

AVG

lf 5
lf 5
Lt

W 5

lt C
H 5

lf AVG

PL
P2
P3
P4

1 I/46
I I/681
LL/681
LL/481
I I/681
7/681

11/681

1L/67

35o Te
f 85ool Iteo)
48eo 15eO
24e 3eo
40eo Loco

{2Te) \5 ~ )
SYSTEMATIC ERRORS NOT

~ ~ ~ ~ ~ ~ ~ ~ ~
27e3649 3e6820

ARHENTERO 68 HBC 0 K-P ELAST +CH EX Ll/681
ARHENTER2 ds HBC 0 K P TO SIGMA PI LL/681
SARTlEY 68 DBC 0 K-P AND K-D DATA lt/681
SERTA}ili 68 HBC 0 KF ELIS +CH EX Ll/681
SUGG 68 CNTR TOTAL CRCSS SEC'I LL/66
CONFQRTO 48 HBC 0 NOTE C IN HiSS 11/681

INCLUQEOe ONLY INOETERMe IN F lt QUOTEO 11/67

4VERAGE IERROR INCLUDES SCALE FACIQR OF 1~ 4l

55 Y»0{1700) PARTIAL DKCAY HOOFS

Ytotl690) tNTO KSAR N

Ytotlb90) tNTO SIGMA Pt
Yto {1690) INTO SIGMA Pl F t
Yto(1670I (N'to LAHBDA PI Pr

DECAY PASSES
497+ 939

1197+ L39
1197+ 1391 139
LLL5+ )39» 139

55 Ytof 1700~ JP&3/2 ) lto D03 003
SEE NOTE PRECEDING Yto{1670) LISTINGS

Y»0{1700) H45

ttd98 ~ 0) DAVIES 67 CNYR K P ~ 0 TETAL
1694~ 3e ARHENtERO 48 HSC 0 K-F EL457 +CH. EX
1681~ 0 2e0 ARHENTKR2 68 HSC 0 K-P TO SIGHA Pl
1481~ D Be 0 SARTLEY 48 OBC 0 K P AND K D DATA
170le 2e0 SERTANZA 48 HSC 0 KP ElAS ~ »CHefxe
1695~ 0 4eo BUGG 68 CNTR K-P ~ D TOTAL

I L497e I I 2o I CONFORTO 68 HBC 0 K-P ELASTICf IT TO K-P ELASe DIFFFRe CROSS SECTIONS (PART OF DATA INCLUDED IN
ARHENTERQS 68 itHICH Flt LEGEN ~ PQLYNe COEfFICENTSI

SYSTKHAT(C ERRORS Not INCLUDED ~ ONLY INDKTERMe IN FIT QUOTED
~ ~ ~ ~ ~ ~ ~ ~ ~
1691,9421 4 4555 AVKRAGE {ERROR INCLUDES SCALK FACTOR Of 3~ Tl

55 Yto{LTOOI lf(DTH {HKV)

PL
P2
P3

RL
RL

Yto{leto) tNTO KBAR N
Y»O{ 1470) INTO LAMBDA ETA
Y»O{1470} INIO SIGMA PI

40 Yto{1470) BRANCHING RATIOS

DECAY PASSES
497+ 939

LLL5e 548
LL97+ 139

Y10tlb70) INTO (KSAR N)/TOTAL I Pl)/YOTAL
0~ 14 Oe 04 ARHENYERC 6S HSC 0 K P EI.AST +CEXC ~ )1/481

RL
RL
RL
Rl
Rt,
RL
R1 AVG

Y»0 I 1700l
Oe24
Qets
Oe28

to ~ 22l
~ ~ ~ ~ ~

~ 2492

55 Yto( 1700 I BRANCHING RATIOS

INTO {KSAR Nl/TOTAL {PL)/TOTAL
DAVIES 67 CNTR ASSUMING J 3/2 11/66

De03 ARMENTERO 6S HBC 0 K-P ELAST ~ +CHeEX Ll/681
oe 02 SERTINZA 68 HBC 0 KP ELiS~ +CHoEX ~ 11/68»

{Oeo3) CONFQRTO 68 HSC 0 NOTE C IN MASS Ll/481
~ ~ e

~ 0462 AVERAGE {ERROR INCLUDES SCAlf FACTOR Of 2 ~ Bl

R2 Yto{1670) INTO ({SIGMA Pl)t{KSARN} I/TOTAL»12 {P3»PI)/TOTAL»12
R2

'

0 ' 063 0~ 03 ARHENTER2 48 HSC 0 K P TO SIGMA PI Ll/681
R2 Yto{LTQD) INTO I SIGHA PI)1{KBAR N)/TOTAL. »12 tP2»PL)/TOTAL»12 8/67R2' Oo094 Oo013 ARHENTE2 48 HSC 0 K P TO 51GHI PI LL/681
R2 Oe073 BKRLEY 68 HBC 0 K-P 4- 82 SEV/C ll/681

R3
IL3

Ytof 1670l INTO t{KBAR Nl(LAH ETA))/TOTAL»12
0e 046 SERLEY 45 HSC

tl'l»P2) /tQYAL»12
7/64 Rk

R3
Yto{1700l INTO {LAMBDA Pl Pt)1(KBAR N)ITOtil»12 tP4»PLI/tOYAL»12

ooob Qeol SARTLEY 48 DSC 0 K-P ANC K-0 DATA 11/681111111111ttttttti1 ttttttttt 111»i»tet ttttttttt ttttttttt tttt»111

Y-CHANG 64 OUSNA CONF I 415
BERLEY 65 PRL 15 441
SIRHINGH 66 PR 152 L148
BUSfLEV 67 PL 248 246
ARHKNTER 68 NP TO SE PUSLISe
ARHKNTE2 68 PREPRINT

REFERENCE 5 Y»O{1670}

YUNG CHANGe tNe KLADNITSK4YAe t {CUSNA) I
+CONNOLLYeHART ~ RAHHeSTONEHILL ~ t {BNLIIJP
BIRN(NGHAHyGLASGQN ~ IeC ~ e QXFORD ~ RUTHER{ORD)
+CHAORIA o CHUVILQ y HI IN+ . IJ I NRe SUC ~ CERN)
ARMFNYEROS ~ BAILLQN + {CERN+HEID+SACLAYI IJP
ARMKNTEROS+BIILLCN + (CfRN+HEIDE+SACLIYI IJP

1tt»11 1tttt»111 111111111 tt»1 11111 ttt 1t»111 1111111111111111»t111111»t111 111111111111111111111»1111111111111111111111111111»ttt 11111111

R4
R4

Ytof1700) lt(TO {SIGMA PI PI)/TOTAL {P3)/TOTAL
ABOUT Oe25 ARHENTE3 68 HSC K P AND K D

1»tttt 111111111ttttttttt 1111111»1ttttttttt 111111111111111111tttttttt
REFERENCES - Y»0{1690)

OAVIES 67 PRL 18 62 »OOHKLLeHATTERSLEYeHOHERt f BIRHI ~ CAHSeRUYH) I
IRHENTER 68 NP TO SE PUBLIS ~ ARHENTERQS BAILLON + tCERN+HEID+SACLAYI I JP

AlSO 67 NP 83 592 ARMENTEROS FERRO-LUZZI+ t CERN HEID ~ SACLAYI JP
AR}ENTE2 68 PREPRINT ARHENTEROS+BAllLEN + (CERN+HE tof tSACLAY) IJP

ALS02 67 PL 24$ 19S ARHENTEROSeFERRO LUZZI+ {CERNe HEIOeSACLAYI ) P

11/681
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Data in parentheses have not

BARYON RESONANCES
bccn I'nclt(dcd in onr averages.

ARHENTE3 68 VIKNNA CONF
BART{.EY 68 PRL Zl 1111
BERLEY 68 VIENNA CONF
BERTANZA 68 PR TO SE PUSL(5%
BUGG 68 PR 168 1466
GGNFGRTO 48 EFI 48-62 NP TBP

ARHENTEROSe841LLGM + tCERN+HEID+SACLAY) I
BIRTLEY~ CHUeDGMDeSIHSeHEER+ (TUFTS+FI.O+BRI)
BERLEY ~ HARTeRAHM ~ Mf LLI5 ~ YAYAMOTG (BNL)
BERTANZA ~ 8 IGI+BERLEYeHART+ (PI 54+BNL+YALE) JP
+GILHORE ~ KNIGHT ~ DAVIES+ {BIRHI CANS RUTH) I
8 CONFDRto ~ HARHSEN+BURKHAROT+ {EF INS tHE ID)

R1
Rl
R),
Rl C
Ri N

0 80 KVCIA 67 CMTR TOTAL CROSS-SECa 8/6Y
0 6Z 0 02 ARMENTERC 68 HBG 0 K-P ELAST +CH EX 11/680
0%72 SUGG 48 CNTR 6/680

{0 65) (0 01) GONFGRTO 68 HBC 0 MOTE C IN MASS 11/680
RES e DIFFRACTIVE SGD FOR K-P EL—DATA ARE IN ARHENT 68 FITS TO

100100 000111000 teteettte tttetteti eeoeebtto 010001000 000111000 eeeettto
100001 ttteeeeee teteeette 100010101 eteeettee eteeeteet ttttetttt 00111000

( [ 7 i( 5 ) 7'i Y+oilT45 JP i/2+1 I 0 Pp[
SEE NOTE PRECEDING Ytot 16701 I.ISTINGS

PARTIAL ){AVE ANALYSIS OF CHS COLLABORATION INDICATES
PRESENCE OF THIS STATE ONLY IN KSAR h-

R2 Yto(1815) INTO (SIGHA PI)e{KBAR N)/TGTAL002 (P20Pl}/tOTAL102
R2 O. O73 O. OO5 ARMENTERC 67 HBC 0 8/67
R2 0 054 0~ 012 SELL 67 HDBC OKP ~ KO TO SIG Pl 11/47
R2 ~ % % ~ ~ ~ a ~ ~

R2 IVG %0702 %0067 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 5)

R3 Ytot 1820) INTO I Yti(1385) PI ) 0 {KBAR N) /TOTAL002 {P30Pl) /TOTAL002
R3 0 057 0%013 ARMENTEZ' 47 HBG 0 K-P TO LAN%PI Pl 8/(it

77 Yeo( 1745) MASS (MEV)

H 1745~ ARHENTER 68 HSC 0 K-P 6-1 2 GEV/C ll/680

77 Yto( 1745) NIDTH (MKV) a aa ~ aaww&w a

V00t18151 INTO {Ytit1385) Pf)/TOTAL ( P3) lTOTAL
0 20 0 05 BIRGE 65 HBG

R5 YOO(18151 tNTO {SIGHA Pl Pl)/TOTAL (P5) /TOTAL
R5 C ABOUT 0 ~ 03 ARHENTE3 68 HSC K-P AND K-D
R5 C CONSISTENt MITH SIG 2PI MODE OF THE Yet{13851+PI DECAY

7/66

11/680
11/681

iI 147~ ARHE}ITER 68 HSC K-P ELASTa+GH%EX 11/680 001001 ttetteete 001111000 eteettttt ttttteete eeeeetett teteeeeee teetettt

Pl
P2

YY Yoo(1745) PARTIAL DECAY MODE

Yeo{1745) INTO KBAR M

YOO I I Yie5) INTO 5 IGHI P I

77 Y00( 1745) BRANCHING RAtlOS

DECAY MASSES
497+ 939

1197+ 139

GALTIERI 43 P(. 6 296
BIRGE 65 ATHENS CONF 296
SIRMINGH 66 PR 152 1148
GELFAND 66 PRL 17 1224
ALSO 68 PR 1&3 1792

REFERENCES - YOO{1815)

A BARBARO-CALTIERI eA HUSSAINeRD TRIPP (LRL) IJ
+ELYeKALHUSeKERNANeLGU(E ~ SAHOURIA ~ + tLRL) IJP
SIRHINGHAHeGLASGCIC ~ laC e OXFOROeRUTHER(DRO}
+HARHSENelEVI-SETT( e PREDAZZI+ I EFINSe ARGON)
LAS INSK I e LE VI-SETT f e PRE D4ZZ I {EFINS}JP

Ri
Ri

Yeo{ltee5) INTO (KBAR M}/TOTAL I Pl) ITOTAL
0 ~ {i0 ARMENTER 68 HBC 0 K-P ~ 6-1~ 2 GEV/C 11/480

000000 100011010 000000001 ttettttet 000000011 ttttttttt 100000100 ttttttee
REFERENCES —VOO{1745)

ARHENTER 68 NP TO SE PUSLIS ARHENTERGS ~ BAILLOM + {CERN+HEIO+SICLAY) IJP

ARHENTER
ARHENTE2
BELl
KYC I A

ARHENTER
ALSO

ARHENTE3
BUGG
COMFORT 0

67 Pl 2eeS 198
67 ZEIT ~ PHYS ~ 202 ~ 484
67 PRL 19 936
67 PRIVATE GCHM%

48 NP TO BE PUBLI5 ~
67 NP 83 592
48 VIENNA CONF
48 PR 168 1466
CiB Efl 48-62 NP TBP~

ARHENTEROSeFERRO-LUZZI+ (CERMeHEIOeSACLAY) IJP
ARHENTEROS ~ FERRO-LUZZI+ tCERNeHEID ~ SACLAY)
R 8 SELL {L R L)
T F KYCIA {BNL)
ARHENTEROS ~ SAILLGN + (CERN+HEIO+SAGLAY}IJP
ARHENTEROS I'ERRO-I. UZZI+ tCERMrHEIO SICL4YI)P
ARMENTEROS ~ BAILLGN + (CERN+HEIO+SACLAY) I
+GILHOREeKNIGHT ~ DAVIES+ t BIRHI ~ CAHB ~ RUtH) I
8 CGNFORTO HARHSEM+SURKHAROte (EFINS+HE10)

eetttt tttteitte 001010010 010000000 tttttttet 000010000 001001000 etttttte
011000 000000000 000000011 etetttttt ttttttttt 000000001 011100000 1001tttt

~ 76 Ytot 1750eJP~I/2-) I~o PQ(

SEK NOTK PRECEDING Yto{1670) LISTINGS

PARTIAL NAVE ANALYSIS OF K P DATA {PART OF IIHICH
ARE INCLUDEO IN CHS ANALYSIS) INDICATES THE PRESFNGK
OF SUCH STATK

76 Ytot 17501 MASS t HEV)

H 1750% CONFORtl 68 HBC 0 K-P ELISTIC ll/680'

76 YOO( 1750) WIDTH {HEV)

}( 110% CONFORT1 68 HSC 0 K-P ELASTIC ll/680

7(i Ytot17501 PARTIAl DKCAV NODES

DECAY PASSES
Pi Yto(1750) INTO KBAR N 497+ 939

76 YOO{17501 BRANCHING RATIOS

PAPERS NGT REFERRED TO IN DATA CARDS'

CHAHSER L 62 P}I 125 1696 CHAMBERLAIN ~ CROhE eKEEFE eKERTHe + t LRL)
FIRST SEEN IM CHAHSKRLJIIN 62 TOTAl CROSS SECTION MEASUREMENTS ~

SODICKIO bb PR 133 8757 SODICKSONeMANNELL(eFRISCHeNAHLIG (Hlt{SNL) ) J
HOLLEY 65 UCRL-16274 tHESIS N R HOLLEY (LRL) J

SODICKSON 64 ANO HGLLEY 65 ELASTIC SCATTERING hCRK INDICATED J~5/2

teeett ttttttttt ttteetttt 101000000 tttoettet ~ totteett eototttoo oetettee
000101 000100000 tooooettt 000000010 000000000 etettotet teteetete 00100000

p ( 1 8pp ) sb Yeot1830 ~ JP 5/2-1 I 0 005
56 YOO{1830) HASS (HEV)

H 5 1827 0 3%0 ARMENTERC CY HBC 0 K-P TO SIGMA Pl
H 5 1837% 11~ BElL 67 HDSC OKPeKO 'TO SIG Pl
H 5 1807% 10a ARHENTERG 68 HBC 0 K-P ELAST ~ +CH EX
H C (1840 ) (5%1 CONFORTG 68 HBG 0 K-P ELASTIC

C FIT TO K-P ElASa DIFFER ~ CROSS SECTIONS tPART OF DATA fNCLUDKO IN
H C ARMENTEROS 68 I(HIGH FIT LEGEN% POLYN COEFF ICENTS)
N 5 SYSTEMATIC ERROR MGT INCLUDED ~ ONLY INDETER& IN FIT QUOTED
H ~ ~ ~ ~ ~ ~ % a ~

IVG 1826%0929 4%2710 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

8/67
11/4 7
11/680
11/681

6/681

Ri
Ri

Yto(1750) INTO tKBAR N)/tOTAL (P1)/TOTAL
0%2 CONFORT1 68 HSC 0 K-P ELASTIC 1 I/680

56 Ytot 1S301 MIOTH (MKV)

ttettt tettteett 000001101 001000101 111000001 teetttttt 000000000 00000010
REFERENCES - Yto{1750)

CCNf CRT 1 68 VIENNA CONF CONFORTG ~ LEVI-SETTI ~ KLUGE+ {CHICAGO+HE ID)
111000010 0000001tt ~ etttettt 0100ttttt ttttttttt 0010000{0 tetttttet 110)001
000010000 001000100 000000000 Oteteetet 000000000 eteettt(0 eeeeteete ttt)000

5 {75%0) {9%0)
5 (74%0) {18~ 0)
S (123%1 I 32% )
G tbb ) I 25a)
5 SYSTEMATIC ERROR NOT INCLUOEO

56 Yto(1830) PARTlll DECAY HODES

ARHL'NTERC 67 HBC 0 K-P tO SIGMA Pl
BELl Cit HDBC OKP ~ KO TG SIG Pl
ARHENTERO 68 HBC 0 K P ELAST ~ +CH% EX
CONFORTO 68 HSC 0 NOTE C IN MASS

~ ONLY INDETERH fN FIT QUOTED

8/67
11/47
11/680
11/680
6/680

A(/815) 39 Y.o(1815. JP-5/2+) I-o F05
39 Yoo(1815) MASS (HEV)

Pl
P2

Vto{1830) INtO KSAR N

Yto t 1830) INTO SIGMA P I

56 YOO( 1830) BRANCHING RATIOS

DECAY IIISSES
497+ 939

1197+ 139

39 Ytot 1815) III 0TH (HEV)

II 1 (70' 0)
II 60%0
M 50 110%0 50% 0
H N RES + OIFFRACTIVC BGD IOR
il N {73~ 0) I 10~ 0)
M 87%0 15%0
M 44%0 12%0

5 71~ 4 ~

iI 75 ~ 0 7.0
C I72 ~ ) (7% )

M 5 SYSTEMATIC ERROR NCT INCLUDED
M ~ ~ ~ ~ ~ ~ a ~ a

M AVG 72 ~ 2644 3~ 2496 AVERAGE {ERROR INClUDES SCALE FACTOR OF 1 0)

GALTIERI 63
SIRGC 65 HSC
BIRMINGHA 64 HBC 3 ~ 5 K- P

K P EL- DATA ARE IN IRHENT 68 F f TS TO
GELFAMD 66 HBG 0 K-P ELASTIC
ARMENTERC 47 HBC 0 K-P TO SIGMA Pl
BELl. 67 HDBC OKP eKD TG SIG Pl
ARMENTERC 68 HBG 0 K-P ELAST ~ +GH%EX
SUGG 68 CNTR K-P D TOTAL
CGNFORTC Ci8 HBC 0 NOTE G IN MASS

ONLY INOETER& ~ IN FIT QUOTEO

39 YOO( 1815) PARTIAL DECAY MODES

H 1 {1815' 0) GALTIERI bj K-P RVUE
H 1815' 0 BIRGE 65 HBC KBAR N, LAM P I P I
H 50 1810 0 20%0 BIRMtNGHA 66 HSC 3 ~ 5 K- P
N M I 1811~ 0) t 4%0) GELFAND bb HBC 0 K-P ELASTIC
H N RES + DIFFRACTIVE BGD FOR K-P EL—DATA ARE IN ARMENT 68 FITS TO
H 5 1813~ 0 2%0 ARMENTERO 67 HBC 0 K-P TO S(GHA PI
M 5 1816~ 0 Ca 0 BELL 67 HOBC OKPeKO TO SIG Pl
H 5 1817~ ARHENTERO 68 HBC 0 K-P ELAST ~ eCH%EX

1819%0 4%0 SUGG 48 CNTR K-Pe 0 TOTAL
H C (1816~ 1 (2a) CONFGRTO 68 HBC 0 K-P ELAStlC
H C FIT TO K-P ELIS% DIFFER% CROSS SECTICNS (PART OF DATA INCLUDED IN
H C ARHENTEROS 48 MHICH Flt LKGEN ~ POLYN% GGEFFICENTS)
H 5 SYSTKHATIC KRROR NOT INGLUOEO ~ ONLY INOETERM IN FIT QUOTED
H a ~ ~ ~ % ~ a ~ ~
N AVG 1S15 4781 1 2624 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1 0)

7/44
7/66
9/67
8/67

8/47
11/67
ii/680
6/4SO

11/681

4/6SO

7/66
9/6'7

8/67
&/67

11/67
11/680

6/CBO
11/680
6/680

x(~86o)
60 Yeo(1860e JP~Y/2e) I %0 Fo.

PARTIAL llAVE INALYSIS OF ELASTIC AND CHARGE EXCHANGE
DATA REQUIRE I RESONANT FOY AMPLITUDE EXISTENCE MOT

CONCLUSI VEL Y EST'ABL I SHED% SEEN ALSO IN FORMAT I ON

EXPERIMENT FIT tO TOTAL CROSS SECTION DATA
IHPROVES IF THIS STATE IS ACCEPtED%

Yto(18601 HASS I MEV)

Rl Yto(1830) 1NTO (KSAR N)/TOtAl (Pl)/TOTAL
Ri 0%09 oaoi IRHENTCRO 68 HBC 0 K-P ELISTa+CH%EX il/680
Ri C (0% 10) (0%011 CGNFORTO 68 HBC 0 NOTE C IN MASS li/681

R2 Yto(1830) INTO (StGHA Pl ) 0tKSAR N)/TOTAL002 {P20PI)/TOTAL002
R2 0 0225 0 006 ARHENTERC 47 HBC 0 K-P TG SIG PI 8/67
R2 0%037 0%003 SELL 67 HDSC 0 KPeKO TO SIG Pl 11/67
R2 ~ a a ~ a ~ a a a
R2 AVG 0341 ~ 0058 AVFRAGE tERROR INCLUDES SCALE FACTOR Gf 2 21

101ttt 000100000 tttettttt Oettttttt 000000000 000000001 1000I0100 ttttttet
REFERENCES YOO(1830)

ARHENTER 67 Pl 248 198 ARHENTEROSeFERRO-LUZZI+ (CERNeHEfoe54ClAYI)P
BELL 67 PRL 1'9 936 R 8 SELL (L R L)
ARHENI'ER 68 NP TO BE PUBLISH ARHEN('EROS ~ BAILLCN + (CERN+HEIO+SAGLAY) IJP

ALSO 67 NP 83 592 ARHENTEROS FERRO-LUZZI+ {CERN HE(D SACLAY) IJP
CCNFCRTO 68 FFI 68-42 NP TBP~ 8 ~ CONFGRTO HARNSEM+BURKHARCT+ {EFIMS+Hilo)

100001 tteetttte 100011000 000001000 teteteeee 000000101 110000000 teetetet
tteete tttetttte 3iettoetet tttteeett ttttetote ottteteee 000000101 oeoeteet

Pi
P2
P3
Pb

Yto(1815) INTO KBAR N

YOO(1815) INTO SIGMA PI
YOO{ 1815) INTO Y01( 1385) PI
Y00{1815) INTO LAMBDA ETA
V00{1815) INTO SIGMA PI Pl

39 Ytot 1815) SRINCHING RATIOS

DECAY PASSES
497+ '939

1197+ 139
1385+ 139
1115+ 5ee8
1197+ 139+ 139

H 5 1864~ 2% ARMENTERC 68 HBC 0 K-P ELAST ~ +CH EX 11/680
H 1870%0 5%0 SUGG . 68 GNTR K-P 0 TOTAL 7/480
H C (1845~ ) (2% ) CGNFORTC 68 HBG 0 K-P KLASTIC 11/680
M N I 1840%0) ( ioao) GAL t (ER ( 68 OSG K-D 2a 1-2~ YSEV/C blb80
M 5 SYSTEMATIC ERROR NOT INCLUDED ~ ONLY INOETERM IN FIT QUOTED 6/481
M N SIGNAL SEEN OMLY IN NEUTRAL STATE-"NARRG}I NIDTH SUGGESTS THIS ISSIG~

H C FIT TO K-P ELAS DIFFER CROSS SECTIONS (PART OF DATA INCLUDED IN
H C IRHENTERGS 48 HHIGH FIT LEGEN PDLYN COEFFIGKNTS)
N ~ ~ ~ ~ ~ ~ ~ ~ ~
H IVG 1844 8276 2 0690 AVERAGE (ERROR INCLUDES SCALE FIGTOR Of 1 1)

Ri Vto(1815) INTO (KSAR N)/TOT4L (Pi) /TOTAL
Ri {0%8) GALTIERI 43 K-P RVUE
Rl M (0%67) (0%081 GELFAND 46 HSC 0 K-P ELASTIC 8/67
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BARYON RESONANCES
Dutn iN p/freffthescs haec }tot bcc}f i}fclttdcd i}f ottr (Ltteragcs.

Y00{1860l WIDTH (HCV}

N $ 39' 7o ARHENTERG 68 Hbc 0 K-P ELAST ~ +CH«EX Ll/d8 ~ '

N 400 1' BUCG db CNTR K-Pyb TOTAL 7/681
N C t49 ~ ) (9e I CQMFORTQ 68 HSC 0 MOTE C IN MASS 11/481
ii M I jsebl I )0«0) GALTIERI 48 DSC K-0 2ol 2oTBEV/C 4/480
N 5 SYSTEMATIC ERROR NOT INCLUDED ~ ONLY INOETERH IN FIT OUOTEO 4/480
N ~ ~ o ~ ~ ~ o ~

W AVG . 39~ 3289 %o 7344 AVERAGE (ERROR INCLUDES SG1LE FACTOR Of I ~ 0)
N SIGMlL SEEM ONLY IN«NEUtRAL ST1TE—NARRCM MIOTH SUGGESTS THIS 1$$IGo

Y10(1840l PARTllL DECAY HODES

PL Y00 I 2 350 l INTO KBAR N

42 Y00{2350l &RANCHING RATIOS

DECAY IIASSES
497+ 939

42 Y00(2350) WIDTH (HEV}

N 210«0 50«0 KYCIA 67 CMTR
N 140e0 t0«0 BUGG 68 GMTR
il ~ o ~ ~ ~ ~ ~ ~ ~
W AVG 149 6552 24 1379 AVERAGE (ERROR IHGLUDES SCALE FACTOR Of L ~ 3}

42 Y10(2350l P1RTIAL DECAY NODES

8/67
6/681

Pl
Pt

Yio(1860} INTO KBAR N

Y00(1860) INTO SLGHA Pl

Y00( 18d0) bRANCHlNG RATIOS

DECAY BASSES
497+ 939

11970 139

R1 Y00(2350) INTO {KBAR Nl/TOTAL I Pl}/TOTAL
J IS MOT KMDMNe FOLLQNING IS I J+1/2)i{KBAR Nl/TOTAL

RL 0«48 0«10 KYCll 67 CNTR
RL 0 57 BUGG 68 CNTR

010010 100t11tit 110010100 001111100 01010ttti 0101101ti itt110111 itittiit

8/67
6/681

R2 Y00(1840l INTO SIGNA Pl/ TOTAL

R2 1 SEEN - MO RATfO GIVEN GALTIERI dB DBC

I P2}/TOTAL

6/68 1

~10001 101001001 000000000 t00100000 01001tttt 110001010 100011001 01001010

REFERENCES —Y00( 1860}

ARHENTER 68 NP TO SE PUSL IS« ARHEMTERQS ~ SAILLON + ICFRN+HEIO+SACLAY) IJP
ALSO 47 Nl 83 592 ARHEMTEROS ~ FERRO I.UZ Z I+ {CERNo HE I Oo SACLAY l IJP

bUGG 48 PR 148 1444 +GILHOREyKNIGHT ~ OAVI ES+ (SIRHt OCANBoRUTH} I
CDNFQRtO 68 Efl 48 dt NP TSP ~ 8 COMFORTO ~ HARHSEN+SURKHARDT+ (EFINStHEIO}
CALTIER I 68 PRL 21 573 SARSARO GALTIERL CHADNICK + (LRL ~ SLAG)

100000 001101011 1111t0100 11tttitii 000000000 0100001tt itt100000 ittttiti
010110 001000010 iiittttit 111101011101ttttit itt000001 1110t0101 11110101

g {P) 00) 41 Y00(tLDD ~ JP&7/2 l I&0

NOHL 46 AMD DAVH 68 FIND JP&7/2- ~

RL Y10(1860} INTO {KBAR N)/TOTAL I P1) /TOTAL
RL 0«12 0 02 ARHENTERO 48 Hbc 0 K-P ELlST +CH ~ EX 11/480
RL 0010 SUGG d8 CNTR K-Pyb TOTAL 7/d80
RL C (00 LO} (0004) CONFORTO 68 HSC 0 NOTE C IN MASS 1 1/681

REFERENCES —Yio{2350)

COOL 44 PIIL Ld L228 +GIACOHELL I ~ KYC ll ~ LEGNT IC ~ L. I ~ LUNDBY ~ + ( BML ) I
SL(GH'TLY REVLSED RESULTS FRQH KYCIA 47 REPLACE COOL 66

KYCIA 67 PRIVitE CONN. 7 f KYCIA {SML) I
SUGG db PR L48 146d +GILHORE ~ KNIGHTS + (RtHFD ~ SRHGHH CVMDSHI I
DAUH 68 NP 87 19 +ERME ~ LACMAUX ~ SENS ~ STEVER ~ UQQ (CERN) JP

00111t it1100111 00110010t 000000011 ittiittii ittiititt 111101110iit11111
111010 010111000 011111110tt0011110 ~10010111 titttiiit iiittiiti ttititii

19 SIGNA + I 1189oJP~L/2+) I~L

SEE LISTINGS OF STABLE PARTICLES

~ 00010 001100011 tt1001100 000010100 ~itttit11 tttitttit itttiittt ittittitittttt 100100100 011011100 001010101 1iitttiti iitittiti iiititiii tttttt ti
20 $1GHA - (LL98 ~ JP~L/tt) lol

SEE LISTINGS OF STABLE PARTICLES

100111 ttttiitii 111111ttt ttttitttt titttttti tttittttt iittttit1 tiiititt
010 111ittiii 110110101010011001 110111101itttitit ~ ~itiiiiit tttttttt

hl Y10(2100) MASS (NEV)

BOCK
NQHL
KVCIA
SVGG

Cb AVERAGE I ERROR

H 1 (2097«0l tboQI
H 1 (2120«0)
H 2103eO 10«0
H 2100«0 7«0
H ~ ~ ~ o ~ ~ ~ ~

H AVGO 2100e 9844 5o 73

45 HSC PBAR P Sot bEV/C 7/64
46 HSC K-P CH EX 7/46
67 CNTR K-Po 0 TOtAL 8/47
68 CNTR K-P 0 TOTAL 4/480

INCLUDES SCALE FACTOR OF I ~ 0)

21 SIGNA 0 (1193~ JP~L/teal Iof

SEE LIS'TINGS OF STABLE PARTICLES

iiittt ttittitti ittiitiii tit000011 itittttii itttitiii itiittt10 itiittit
000110 011110100 ~01100110 100110111 tittttti1 tttitttii 0 ~1111001 00001F 1'

I{f $85) 43 Ytf(1385o JP&3/to) I~L

41 Y00(2100l WIDTH {HEV)

SOCK 45 HSC INTO KBAR N {PI) 7/64
NOHL 46 HSC 7/66
KYCIA 67 CNTR 8/67
SUGG 48 CNtR 4/48 '

N (24o0) I 14«0} (24«0}
N 0 (145~ 0)
N 143~ 0
N 140~ 0
N ~ ~ ~ ~ ~

N AVG 142 ~ 0769

LO 0
15«0

~ ~ ~ ~
8 3205 AVERAGE I ERRORfNCLVDES SCALE FACTOR Of I ~ 0)

41 Y00(2100) PARTIAL SEGAY NODES

PL
P2
P3
P4
PS
P6

V00(21001
Y00 (2100}
Y00(2100)
Y00 I 2100)
Y00(210D)
Y10(2100l

INTO KSAR N

INTO SIGNA P I
IMTQ LAHSQl ETA
INTO XI K
INTO (.AHSDA OHECA
INTO KBAR N Pl

DECAY IIASSES
497+ 939

1197+ 139
ILLS+ SCB
132L+ 497
1115+ 783
4971 939+ 139

hl Y10(t100) BRANCHING RATIOS »

RL
RL
RL
RL

Y10{2100) INTO {KBAR N)/TOTAL
(0«25l MQHL

Oo 333 0 013 KYC IA
0 ' 30S BUGG

(PL}/TOTAL
46 HSC
47 GNTR
4S CNTR

7/44
8/47
4/481

R2
R2

Y00{2100) INTO SIGHA Pl fP2}
SEEM GALTLERI 6S HBC K-P TQ SIGNA Pf LL/6Si

R3 Y10{2100) INTO {LAMBDA ETA)i{KSAR Ml/TDTALi'02 (P3)1(PL)/TDTAL012
R3 0 ' 0087 OR LESS FLATTE 2 67 HBC K-P TO LAH ETA 6/481

Rs
R5

Yio{2100) INTO (LAHBOA QHEGA)/TOTAL (P5)/TOTAL
0 ~ 1 OR LESS FLATTE I 67 HSC 8/47

R4 Y10{2100) INTO (XI K)itKSAR Nl/TQTAL112 (P4)t(PLl/TDTAL112
R4 Oe0029 TRIPP 47 RVUE 8/47
R4 HAYBE SEEN BURGUN 48 HBC K-P TO XI K 1L/d8'1

FOR THE TABLES i{E USE ONLY THE UNSTARRED DATAo NHIGH
ATTEMPTS TQ OBTAIN THE SEPARATE CHARGE-STATE MASSES AM

it(DTHS ~ SEE HOWEVER THE IQEQGRAHS INSERTED III LISTING
THESE INDICATE SER IOUS SYSTEHATICSo PERHAPS 4R ISING FRQH INTERFERENCE E
FECTS THAT CHANGE MITH PRQQVGTIQM HECHAMISP AMD BEAN IOQHEMTUH

43 YiL{1385) MASS INEV)

+- K-P L. LS BEV/C
0& K20 P ~ 98 BEV/C
+- K-P ~ 4- F 85 SEV/C
0- P(- PRP 2 ~ BEV/C
0 Pf-P L.S BEV/C
1-OPSAR P 3-4 SEV/C
+- PSAR P 3«7 BEV/C

ALSTON
HART IN
BERGE
CQLLEY
CURTIS
HUSGRAVE
BALTAY

60 HSC
61 HSG
61 HBC
62 PBC
63 SPRK
65 HBC
65 HBC

H 0 141(138C«0)
N 0 38(L384o0)

( 1385e0}
I1392«0)

H0 0 106( 1381~ 0 l
(f392.0)

H 0 (1389 0}

( Tool
{4~ 01

( L000)
(3~ Dl

+ K-P 1.11 SEV/C
+ K-P 1 45 SEV/C
+ K-P 1 ' 22 BEV/C
+ K-P ~ 9»l«2 SEV/G
+ K-P I ~ 95 SEV/C
+ K-P 1.8 BEV/C+3~ 5K-P
+ K-P 2 ' 24 BEV/C

61 PBC
64 HBG
64 HBG
65 HBG
65 HBC
65 HSG
66 HBC
66 HBG

3~ 0 ELY
3«9 COOPER
Lod HUWE
Lob t{RHEMTERO
I ~ 4 SHI TH
1~ 1 SNI TH
2 ~ 0 SIRHINGHA
5o0 LQNOQM

~ ~ ~ ~
~ 7961 AVERAGE tERROR INGLVDES

(SEE IDEOGRAM BELOW )
3«0 DAHL 4 L OBC
jo0 ELY 61 PBC
4«2 COOPER 64 HBC
I ~ '5 HUWE 64 HBG
L ~ 0 ARHEMTERC 65 HBG
1~ 8 SHI TH 65 HBC
I ~ 4 SHfTH 65 HBC
9«0 LONDON 64 HBG

~ ~ ~ ~
3«0064 AVERAGE (ERROR INCLUDES
(SEE IDEOGRAM BELOW )

Ht
H+
Ht
H+
H+
H+
H+
Ht
H+
H+ AVG

LS4 1374~ 0
170 1375«0
85'9 L381~ 0

1382~ 0
1382eb
138ho 3

40 Ljbjo0
1378«0
~ ~ ~ ~ ~

13S2F 2440 SCALE FACTOR OF LE 4)

K 0 0 45 BEV/CH-
H-
H

H

H-
H

H
H»
N
H- AV

93 1382e0
224 L374o0
200 1392~ 0

1086 f385 ~ 3
1384«0
1391' 5
1399«8
138900
~ ~ ~ ~ o

G 1388~ 0068

K P I ~ 8 BEV/C
K-P 1 ' 95 BEV/C

SCALE FACTOR OF 4 ~ 8)

7/eb
7/66

9/66
9/66
9/67
7/ee

9/66
9/66
7/66

Rb
R6

Y10{2100} INTO IKSAR N Pll/tQTAL
SECN BOCK 65 HBC

(Pbl/TOTAL

SOCK
COOL

KYC I 1
NQHL
FLATTE 1
TRIPP
fLATTE
BUG G

QAUH
GALTIER I
BURGUN

65 PL 17 166 +CQQPERoFRENCHoKIMSQM ~ + {CERN~ $1CLAY)
66 PRL 14 1228 +G14CQHELL I ~ KYC I 4 ~ LEQ'MT Ic ~ Ll ~ LUMDSY ~ & (SML) I

SLIGHTLY REVISED RESULTS FRQH KYCIA 67 REPLACE COOL 66—
67 PRIVATE CQHH ~ 7 F KYCIA (BML I
66 PRL 17 107 G G WQHLo f T SQLHITZ H L STEVENSON tLRL) I JP
67 PR 155 1517 S N FLATTE (LRL I
67 NP 83 10 + LEITH ~ + {LRL~ SLACOCERN ~ HEIOEL ~ SACLAY}
67 PR 143 L441 S H FLATTE ~ C G MQHL {LRLI
68 PR 148 1444 tCILHQRE ~ KNIGHT ~ + {RTHFO ~ BRHCHH CVNDSH)
68 NP 87 19 +ERNE' LAGMAUX ~ SENS ~ STEVERO UDQ (CERN)JP
68 PRIVATE COSH L BARBARQ-GALTIERI (LRL}
68 PREPRINT +HEYER ~ PAVLI ~ + {SACLAYoCOLfRANCE ~ RTHFD}

4 RESQNAMCE-LIKE EFFECT IS SEEN IN THIS REG{CN IH THE REACTION
K-P 70 XI Ko SUT 4 PERHAPS HQRE LIKELY EXPLANATION OF THE DATA IS
IN TERHS OF 1 $0 FAR QTHERMISE UNOBSERVED RESONANCE HAVING SPIN
LESS THAN 7/2« tHE SftUATIQN REMAINS TQ BE CLARIF IEOe

110000 itt110001 010100110 10001010' ititttti ~ 1110110it titttittt 1111011~
111101 ititiiitt 1ittiiitt ttttttiii titttiiti 111101101iiitiiitt ititttti

(p p5p) 42 Y00( 2350e JP~ l I~0

OAUH 68 FAVORS JP~T/2- OR 9/21 '
Y0Q(2350) MASS {HEY)»»»»»»»»»»»» «»»»»

H 2352 ' 0 1' 0 KYGI1 67 CNTR K»PE 0 TCTAL
2340«0 ToO BVGG 68 CMtR K-Pe 0 TOTAL

H ~ ~ ~ ~ ~ ~ ~ ~ o
H AVG 2343 ~ 4588 5 ~ 9054 AVERIGE (ERROR INCLUDES SC1LE FACTOR OF 1~ 0)

iiiitt 1ititttii iiti01110 111110011tttttttt ~ ttittitti itiitiitt itttiiii
REFEREMCES —Yto(2100)

8/67
4/480

0 R
0 R
0 R
0 R
D R

R
0 R
D

M

N

M

N

N 0
N

M 1

N+
N+
M+
N+
M+
M+
Wt
Nt
N+ AVG

W

N

N-
N»
N-
N-
N
W-
M- AVG

{000)
(4~ 3)
{2«0)
(7' 2)

(17«2 I
REDUNDANT

(LL ~ 0)
9«0

{64 0}
2000

(40e0)
{80«0)
I 30«0l
{38' 0)
{24 0)

48«0
5L ~ 0
46« 5
32 ' 0
30oj
33el

40 25«0
o ~ ~ ~ ~

35~ 9L 14

40e 0
66«0
88«0
6200
38 0
29 ' 2
17~ 1

~ ~ ~ ~ ~

37' 6555

43 Yi(-I - Yit+) MASS DIFFERENCE tPEV)

+" K-P I'LL BEV/C
+- K-P I ~ 22 BEV/C
+- K-P ~ 9-1~ 2 BEV/G
0- K-P 1 ~ 8 BEV/C
+- K-I' 1 ' 9% SEV/C

+- K-P 2 ' 24 BEV/C1- LAPSDA 3 Pf EVTS

ELY
HOWE
ARHEM TERQ
SHI TH
SHf TH

(M H4SS LISTING ~
LONDON
LQMDOM

{402)
(2 2)
{1«5)
{2~ I)
(2« D)

WITH DATA
{9«0}
6.0

61 PBG
64 HBC
es Hbc
65 HBC
65 HSC

66 HBC
be HBC

h3 Y01{1385} NIDTH I HEV)

AL5 I'OM

HARTIN
SERGE
CQLLEY
CURTIS
HUSGRAVE
BAL }AY

60 HBG
61 HSC
61 HSG
62 PBC
63 SPRK
65 HSC
65 HBC

OR LESS

( 10«0)
(900)
(9«0)
{5 0)

01
+
0-
C
+-0
+

61 PSC
64 HBC
64 HBG
65 HBC
45 HBC
65 HBC
46 HBG

BoD ELY
10«0 COOPER

3~ 0 HUWE
jo0 ARHENTERQ
3 1 SHI TH
3«8 SHI TH
be 0 8 I RH I MG}IA

~ o ~ ~

3' 0978 lVERAGE tERROR INCLUDES
(SEE IDEOGRAM BELON 1

DAHL 61 OBC
10 0 ELY 6L PBC
1000 COOPER 64 HBG

7«0 HVNE 64 HBG
3«0 ARHEMTERQ 65 HBC
S.7 SMITH 65 HBC
hoh SHITH 65 HBC

~ ~ ~ ~

7~ 7088 AVERAGE (ERROR INCLUDES
(SEE IDEOGRAM BELQN )

+

+ K-P 1 8 FEv/c
t K-P I ~ 95 SEV/C
t jos K P

SCALE FACTOR OF 2 1)

K-P F 80 SEV/C
K-P 1 ' 95 BEV/C

SCALE FACTOR OF 3«7)

8/66
8/66
8/66
9/66
9/66

8/ee
7/ee

7/be
7/eb

9/66
9/66
9/67

9/66
9/be
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BARYON RESONANCES
Datu i» pa rcs th cscs haec sot bccs iscludcd is our tlecragcs.

IIEIGHTEO AVERAGE & 1382.2 ~ 1 t O. FSS
ERROR SGALKO BV 1.12

CHISQ & 12 ' 1 COHLEU & 0.055
PL
P2

h3 Y0111385l PARTIAL DECAY NO

Ytl)1385) INTO LANBOA Pl
Ytl t 1385) INTO SIGNA I I

13 Y0LI1385) BRANCHING RATIO

DECAY PASSES
1115+ 139
1197+ 139

LONDON

'BIRt1IHGHA
St)IT H

St1ITH
ARt1EHTERO
HU4E
COOPER
ELY

66 HBG
66 HBC
65 HBG
6S HSG
6S HBC
61 HSG
61 HBC
61 PSG

RL
Rl
RL 0
al
RL
RL
RL
Rt AVG

Y01 I 1385)
000h
Oooh
0+09
0 ' 163
Oe08

~ ~ ~ ~ ~
~ 1009

INTO ISlGNA Pll/tLANBOA Pll
Oo Oh BASTIEN 61 HBG

OR LESS ALSTON 62 HBG
Oe Oh HUNK bh HBG
00035 ARNKNTERO 65 HBG
Ot 06 LONDON 66 HBC

~ ~ o ~.02$h AVEaAGE IERROR INCLUDES
ISEK IOEOGRAN BELON I

IP2) /IP 1)
0

+e
e
0

SCALE FACTOR OF Leh)

tttttt 000001100 0000ttttt 000000000 100000000 000000000 000000000 00000110

REFERENCES Ytl(1385)

7/66
7/66

O
O

~4

D
lo

Y+1 1 13BS)

D

Zl

e4

t tlASS

D
ln
ID

I tlEU)

Cl

io
Ih

IIEIGHTED AVERAGE ~ 13BB.01 t 3.01
ERROR SCALED SV 1.'Pe

CHZSQ e a1,1 COHLEV ~ 0.000

ALSTON
OAHL
HARTIN .
SERGE
BASTIEN
ELY

60 PRL 5 520
61 PRL 6 112
61 PRL 6 283
61 PRL 6 557
61 PRL 6 702
61 PRL 7 hbL

+ALV ARE Z ~ KBERHAROt GOGO t GRAZ I AND ~ + I LRL)
+HORNITZ ~ NILLERtNVRRAYtNHITE ILRLI
+LE IPUNERtCHINONSKY ~ SHI VELY + I BNL ~ YALE I
tBASTIKN ~ OAHL ~ FERRO-LUZZI tKIRZ ~ e ILRL)
P BASTIEN N FERRO LUZZI A H ROSENFELO ILRLI
+FUNGtGIOAt. ~ I ANtPONELLt NHITE ILRL) J

ALSTON
COLLEY
CVllTIS
COOPER
HUNK

NUSGRAVE 65 NC 35 735
ARNENTER 65 PL 19 75
BALTAY 45 IIR lho $1027
SNITH 65 THESIS IUCLA)

+PETNEZAS ~ + IB IRNGHN tCKRN ~ KP ~ INPCOL ~ SAGLAY I
ARNENTEROS ~ + tGERNtHEIOELtSAGLAYI
+SANONEISS ~ TAFT ~ CULNICKtKOPP ~ + tYALE ~ BNL)
L T SNITH I UGLA)

62 CERN CONF 311 +ALVAREZtFERRD-LUZZI tROSENFELOt + ILRL)
62 Pk 12$ 1930 +GKLFANOtNAUENBEltG ~ + I GCI.UNBIA ~ RUTGERS) JP
63 PR 132 177L +COFFIN ~ NEYER ~ TERNILLIGER I NIGH) J
bh PL $365 ': +FILTHUTHtFRIDNANtNALANUO ~ + ICERNtANSTR)
bh UGat. -11291 THESIS 0 0 HUNK

BIRNINGH 66 PR L52 111$
LONDON 66 PR Lh3 L03h

8 IRN I NGHAN t GL A SGON t I oC~ ~ 0 (FOROYRUTHER FORD)
tRAUtSANIOS ~ YANANOTOtGOLOBERG ~ + IBNL ~ SYGRI J

O
D Olt Cltt
~4

Yi t13SS)- ))ASS

D
O0
eC

I tlEV)

LDHOOH

StlZTH
SI1ITH
ARIIENTERD
HU4E
CDDPER
ELY
OAHL

O
Cl

66 HBC
68 HBC
SS HBC
SS HBC
61 HBG
61 HSC
61 PSC
61 OBC

4UANTUN NUNBEa OETEaNINATIONS NoT aKFEaaEO To IN DATA CARDS'

SHAFER bh Plt 13h BL372
NALANVO 4h PI. 10 115

J B SHAFERt D 0 HUNK

E NALANUot P E SCHLEIN
CLRL) JP

ICERNtUCLAI JP

)IEZGHTED AUERAGE D. ioos 0 0.02B1
ERRDR SCAt. KO SY 1.37

CIIISQ 0 S.F CDNLEV tt 0.120

000100 000000001 000000000 000000000 011000000 000000001 000000001 ttttttt0
010000 000000000 000000100 000000000 000t00000 010000000 tttt00000 11100010

4EIGHTEO AVERAGE & 35.81 & 3.10
ERROR SCALED SY 2.0S

CHZSQ & 2SoB COHLEV 0.000

~ ~ BIRtIINGHA SS HSC
~ St)ITH 6S HBC
~ ~ StlITH 65 HSC
~ ARIIEHTERD SS HBC
~ ~ ~HUIIE 61 HSC

~ CDOPKR 61 HBC
~ ELY 61 SG

D D
ill
Cl

ill

O CI

Y11r13SS) S.R.

D
O

O

IHTO

ott
et
O

ISIGIIA

O
O

O
PI) ALAI)BOA PI

DNDOH 66 IIBC
RI1EHTERO 6S HSC
UNE 61 HBC
ASTIEN 61 HBC

O

O
O

4
CI

O
O
o
lo

o
O
O
a

ATT Enhancement at l440 MeV

Y1113BS) + tiZOTH t tlEV)

Cl

O
O
0
W

~ S)1ITH SS HBC
~ StlITH SS HBC
~ AR)lEHTERD SS HSC
~ HUNE 61 HBClCDDPKR 61 HBC

ELY 61 ~SC

O
o
cv

Ysi I 13SS) IIZDTH I )1ELI )

4EZGHTEO AVERAGE ~ 37 ' 66 t 7.71
ERROR SCALED BY 3.73

CHISQ e SS S CDHLEV & 0.000

The most plausible explanation of this
enhancement is a kinematical effect. A

Monte Carlo calculation of a double reaction
process involving both nucleons of the deuter-
on generates a peak in the A71 mass plot at
this value without invoking a Qz resonant
state (ALEXANDER 68). The possibility of
the kinematical origin of this peak was also
pointed out by CLINE 68.

%'e omit this enhancement from the table
until it is detected in an experiment other
than K d.



Data i)I parcttthacs have )tot

Z {IJ(40) 59 TPiia999B JP I l a

PAjaTscs.E DATJa GRoUP Eeeaejos of Pertaele Propertees IS(

BARYON RESONANCES
bcc7( i7(cludcd il og r av era gcs.

44 Vi'ltld60) IIIDTH (HEV)

EFFECT BEING A RESONANCE VERY HUGH IN MUST SEE PRECEDING NOTE

Bo Yf Lt 1440) HASS (HEV)

11/680

1440» CLINE 48 QBC K-0 TQ lAN»PI P ll/680

80 Yf L(1440) NIDTH (HKV)

ALfXAHDE 68 fo SE PUSLISe
G(.INE 48 PRL 21 1372

REFERENCES Ytl(1440)

ILEXINDEReHAL(, e JKNeKAlHUSeKf RNAN ILRL+UCR)
CLINK ~ LAUHANHe NAPP (NI SGOHSIN)

000000 ttttftttt 000000000 ttffftttf tfftftftf 000000000 ffffffftf 00000000
~ftfff 000000000 fttttfttt 000000000 000000000 fttttffft 000000000 tfffftft

{IS{0} TB 9~lilalB, JP ~ .I I l Pjj
SEE NOTE PRECEDING Yi'Ot 1670) I.ISTINGS

78 Ytl(1410) NASS (H'EV)

N 30e CLINK 48 DSC K-D 10 LIH Pl P 11/680

fftftf 000000000 tftttffft 000000000 000010000 00000000t ftffffftf ftftttft

N

N

N

N

N

N S

N

N

N S
N

N A

44 Vf1(1660) PAILTIAL DECAY NODES

Pl
P2

P4
P5
Pb
P7

Ytt (1460) INTO KBAR N
Yf L ( 1660) INTO LIHBOA PI
Ytltlbbo) INTO SIGI(A PI
Yf L(1640) iNTO LAHSDA Pl Pl
Y0L(1660) INTO SIGHA Pl PI
Ytt I Lbdo) INTO Ytlt 1385) PI
Yf1(1660) INTO Yto(1405) Pl

DECAY HASSES
497+ 939

1115+ 139
IL97+ L39
LLL5+ 139+ 139
LL970 139+ 139
L385e 139
1405+ 139

44 YfI I Lbdo) BRANCHING RATIOS »»»»»»»»

45»0 ALEXANDER 62 HBC 0
40»D 10»0 A(.VAREZ 63 HSC +
40»0 SEI(LKY 44 HBC 4
55%0 10»D LKVEQUK 65 HSC +
56. LS. ARNENTER 68 HBC 0 K-P ELIS»+CH»EX
50e ARHENtf1 68 HBC 0 K P fO LAHS Pl

(44»0) th»8) ARHENTE2 68 HBC 0 K P 1O SIGNA Pl
45» 20»0 ARHENTE4 68 DSC K-N TO SIG P'lo
30»0 15eo BUGG 68 CNTR

70 boo 20» PRIHER 68 HBC + K P 4»d-5» GEV/C
SYSTEHATIC KRROR HOT INCLUDEO e ONLY INDETERN» IN FIT QUOTED

~ ~ ~ ~ ~ ~ ~ o o
VG 48 2211 5 5444 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1 0)

7/66
7/66

ll/68i'
LL/bSt
11/680
12/680
1L/44

7/480
6/480

Yf 1 I 1610) BR4HCHING RATIOS

RL Yflt 1610) INTO (LAHBDA Pl)/tOTAL (P2)/TOTAL
RL 0 db DQHTNANT HQDK GREHHELL 48 HBC 0 I I/68 0

R2 YtL(1610) INTO tKOBAI( P)/(LAHSDI Pt) (P 1)/(P2)
R2 0»0 0»1 Cl(EHNElL 48 HSC 0 11/680

R3 Yf1(1410) INTO I Yf1(1385) PI)/(LAHBDA Pl ) (P3)/(P2)
R3 0»2 Oel CRENHELL 4S HSC 0 11/480

Rh
Rh

Yf1(1616) IHTQ ILIHBOA Pl )0(KSAR N)/TOTAL002 (P20PL)/TQTIL0 02
00025 ARNENtERL 48 HSC OSOLUTION 8 ll/680

000001 tfttttttt ttttfittt tifttfttf fttftttff tfitfitff ttfttfttt 00000000

IRHfHTKL 48 HP TOBE PUSlls
GRENNELL 68 IBRL 2L 448

REFERENCES Yf 1 I 1610)

ARHENTEROS ~ BAILLQN + (GERN+HKIO&SICLAY) IJP
GRENHELl eOELINEY ~ FLAHINIO + (BHL&CCNY)

010000 000001000 ttfttfftf ttffttttf fftftttft ttftttftt ftfttfftt 00000000
fffftt ffttfftft tfftftttf tfftttttt ttttitftt ftftifttt ftfffffff 00000000

g~{l850) TB '5 lil955 JP l/5-1 l I

SEE NOTE PRECEDING Yi'0(1670) I.ISTINGS

ENERGY IHOEPKHOKNT ANALYSIS OF LAPSOA PI GHINNEL BY
CHS COLLABORATION INDICATES THE PRESKNCE OF THIS
POSSIBLE STATK ~

N dd 1616» Be CREHNELL 48 HSC OKP TQ LIHBDA Pl Ll/680
N 8 (L4LO») ARHENTERL 48 HSC OKP 10 LAHSDA Pl 11/680
N 8 SQlUTIQN 8 OF THE ENERGY INOII'KND» ANALYSIS INCLUDES THIS STATE

»»»» Yfltlblo) illDTH (HEV)

N 8 (60») IRHENTERI dB HBC OK P TO LIHBDI Pl LL/6Sf
N bb 46» Lbo CRKNNELL 68 HBC OKP TO LIHBDA Pl LL/480
N 8 SQLUf(CH 8 QF fHE KNERGY INDII'KND» ANALYSIS INCLUDES THIS STATE

'Yf 1( 1610 ) PART IAL DECAY HQDE $»»»»»»»»»»»»»»»»»»»

DECAY HASSKS
Pl Ytlt 1410) INTO KBIR N 497+ 939
P2 Yfl(ldlo) INTO LANSDA O'I 1115+ 139
P3 Ytl(1610) INTO Ytlt1385) Pl 1385+ 13'I

RI Y0L(1660) INTO (KBAR N)/TOTAL (Pl)/TOTAL
RL 0 05 OR LESS ALVIREE 63 HBC + K-P A1 1 15 SEV/C
RL 8 oelb OR HORE BASTIKH 2 63 HBC 0
Rl 8 ANAlYSIS OlD NOT INClUOE IBBO RESONANT $1ATE Yto(ld90) ll/67
RL oe2 OR LESS LONDON bb HBG + K-P AT 2 25 SEV/G 7/66
RL 0» 025 SUGG 68 CHTR 0 ISSUHIHG J~3/2 LL/66
RL Oe 15 QR LESS PklHER 68 HBC + K-P 4 6 5 ~ GEV/C 7/68i

R2
R2
R2 8
R2 8
R2
R2

Y0I t 1660) INTO I lAHSDA PI ) /TQt4l (P2)/TOTAL
0»32 ALV4REZ d3 HSC + K-P AT I~ 15 BEV/C
0 09 OR LESS BASTIEN 2 63 HBC 0 K P TO LA)5 ~ Pl

INALYSIS OLD HQt INCLUDE I 0 RESONANT STATE Y00(1690) LL/67
0»2 OR LESS LQHDQN 64 HSG + K-P AT 2»25 SKV/G 7/66
Oeob oood SNART 66 DSC ISSUHING RL~O» L5 7/66

R6
Rb
Rb
Rb A
R6 A

R7
R7

RS
RS
RB

Ytltl660) INTO (Yfo(1405) PI)/TOTAL tPT)/TOTAL
O. 75 0.25 LONDON 66 HBG t K P At 2 ' 25 BEV/C 7/66
0»06 OR t.fSS IRHENTE3 68 HBC K P AND 0 PL 09 11/680

17 (0» 37) ( 0» 15) PRIHKR 68 HBC + K-P 4»6-5 ~ GEV/G 7/68i'
ASSUHING tHIT P3 ANO Pt ARE THE ONLY DECAY NODES OF Ytl(L660) 7/68i'

Ytl(1660) LNTO tKBAR N)/tlAHBDA I I) (PL)/(P2)
0»43 OR NORE SNITH 63 HSC 0

Yf1(1660) INTO (StGHA Pl)/(LANBOA PI) (P3)/(P2)
0»84 SHITH 63 HBC 0
6»8 3»0 HUNK .64 HSC 0

R3 Y0I t 1660) INTO ( SIGNA P I)/ TQTAI. (P3)/TOTAL
R3 oe27 ALVARKZ 43 HBC t K P AT 1~ L5 8'EV/C
R3 B (0»22) (0 od) BASTIEN 2 63 HBC 0 K-P TQ SIGHA Pt
R3 8 IHALYSIS DID NOT INCLUDE I 0 RESONANT STATE Yto(1690) I I/67
R3 oe25 0»15 LONDON 46 HSC e K-P AT 2 25 SKV/C 7/46
R3 I 53 (0»63) (0»20) PRIHER 68 HSC + K-P 4 6-5 ~ GEV/G 7/680
R3 A ASSUHIHG THAT P3 ANO P7 ARK THE QHLY DECAY NODES OF Yfl(1660) 7/680

R4 Yfl(1660) INTO (lAHBDA PI I'I)/TOTAL (P4)/TOTAL
R4 Oe18 ALVAREE 63 HBC + K-P AT LeL5 BEV/G
Rh 8 t0. 16) (0.O5) BASTIEN 2 43 HSC 0
R4 8 ANALYSIS OlD NOT INCLUDE I 0 RESONANT STATE Yto(1690) 1I'/67
R4 0»2 OR LESS LONDON 46 HBG + K-P AT 2e25 BEV/G 7/66

R5 Ytl (1660) INTO (SIGNA PI PI)/TO'TAL (P5)/TOTAL
R5 0» LB A(.VARFZ 63 HBC e K-P At 1' 15 BEV/G
R5 8 I 0»25) I 0»06) BASTIEN 2 63 HBC 0 K P 10 SIG Pl PI
R5 A 0»14 OR LESS ARHENTE3 68 HSC K-P AND 0-PL~»09 11/680
R5 I RATIO ONLY FQR tSIG Pl) SYSTKH IN Ilele NHICH CANNOT BE Y0L(1385) LI/680
R5 8 ANALYSIS DID NOT INCLUDE Io'0 RESONANT SlATS Y00t1690) LL/47

79 Yf L t 1650) HASS t HEV)

H 1650» ARHKNT f1 dS HBC 0 11/680

79 Yf L(1650) NID)'H (HEV)

R9
R9

RLD
Rlo

Ytltlbbo) INTO (LAHBDA PI PI)/(lAHBDA Pl) tP4)/(P2)
oo Lh SHITH 63 HSC 0

Ytl(1640) IilTQ- (Y0011405) Pt)/tst(TBII Pf Pl) tP7)/tP5)
0 90 0 10 0 14 KBERHARO 45 0 K P AT 2 45 SFV/G 7/66

Pl
P2

Y01(1450) INTO KBAR N
Yfl(1650) INTO lAHBDA PI

Yf1(1650) BRANCHING RAT IOS

DECAY )BASSES
497+ 939

LLL5+ L39

RL
RL

Ytl(1650) INTO (LIHBDA PI)0tKBIR N)/T01AL002 (P20PL)/TOTIL002
0»od76 ARHENTEL 48 HBC 0 K-P TQ LAHSOAPI ll/6S0

ttttttftt ttttti fit 00000f0 ti 0000tfftt tfttttitt tfii 00000 00000000

REFERENCES Ytl(1650)

IRHENTE I 68 NF' TOBE PUSLIS ~ ARHKNTFRQS BAILLQN + (CERNtHEID+SICLAY) IJP
tttttt ttttftttt ftfttttft ttffftttt ttttttftt ftttttftt 000000000 00000000tttf 00 0tttttf tt ttttf tttt 00ttf ttf 0 000000000 000tttttt 0000'0 0000 ftttttft

I( ) 660) 44 Yflt 1460~ JP&3/2-) I~L 0(
SEE NQTK PRECEDING Yto(1670) LISTINGS

THK Yf1(1660) HAS APPEARED IN BOTH FGRHITIOH AKD PRO-
DUCTION fXPERLHENTS» THE PRESENT OITI OH FQRHITIQN EX
PERIHEHTS IS NOT SUFFICEHT 'TO CLARIFY THE SITUATION QF

THE I 1 STATE PRODUCTION EXPERIHENTS HAVE SHDNN LARGE INCONSISTENCIES
IN THE BRANCHING RATIOS (CHANGING NITH INCIDENT ENKRGY) ~ 1HE Yf (L690)
NIGHT BE A SEGQHD I I STATE. IN THIS ENERGY REGION SRANCHING RATIOS
HQNEVER ARE NOT Yf f DISENTANGLED»

AS FOR THE QUAI(TUH NUHBERS ~ 1HE INALYSES OF LA)j804 Pl CHANNEL ( IN
FQRHATION EXP ~ ) AND Yto(1405)+Pl CHANNEL (IN PROD» EXP ~ ) ARE CONSISTENT
NITH JP 3/2- ~ JP OF Y0L(1490) NQT YET KNQNN

N Looe ARHENTEL dS HSC 0 K»P TO LAHBDAP'I Ll/680

79 Yfl(1450) PARTIAL DECAY NODES

R L7 YfI I 1660) INTO Ytl t 1385)0 (KBAR N) /TOTALt 02 (P60P I)/TQTIL002
R17 0»031 Oeoob SINS 68 DBG ll/680

RLB Ytl( Lbbo) INTO (Yfot 1405) Pl)/ t SIG P t ) IP7)/(P3)
RLB 0.5 Qk LESS SERLEY 68 HBC 0 K P ob oS2 SEV/G 11/680

44 QUANTUI( NUHBERS DETERHLNATIQN

QL
QL
Ql
QL 0 400

JP553/2+
JPB53/2-
JP553/2-
JP43/2

LEVKQUK 65 HSC INTO Yf (1405)+PI LL/68i'
SGHLE IN bd DBG 0 INTO LIHSDA+PI 11/480
EBERHARD 67 HBC + INTO Yt(1405)+PI LL/680
BUtTON-SH 68 HSC 0 INTO SIGLKHQ+P I 11/680

000000 ffttfttft 000000000 tffffttff 000000000 000000000 tttttft00 00000000

REFERENCES Yfl(1660)

Rll Y0L(lbbo) INTO (Yfot 1405) PI)/(Yi'1(1385) Pl) tl'7)/(P6)
RLL 0»8 OR HQRE KBFRHARD 65 + K P AT 2»45 SEV/C 7/66

RL2 Yf1(1660) IN (lAIIBDA PI PI)/(SIGNA PI Pl) (P4)/(P5)
lll2 0»35 0»2 SIRHIHGHA 66 HSC + K P AT 3 ~ 5 GEV/G LL/47

RL3 YtltlbbO) tHTQ (LAHBDI Pl)/tSIGHA Pt Pl) (P2)/(P5)
RL3 »2 Olt LESS SIRHINGHA 66 HBC 0 K-P Af 3.5 GEV/G ll/67
Rlh Ytl(1460) tNTQ t SIGNA PI)/(SIGHA Pl PI) (P3)/(P5)
RLh QR (.ESS BIRHINGHI 66 HBC + K-P At 3.5 GEV/G Ll/67

RL5 Ytl(1660) INTO tlAHSDA PI) 0 (KBIR NI/TUTAL002 IP20PL)/TQTIL002
R15 0»0254 IRHEHTEL 68 HSC 0 K-I' TQ LANS PI 11/680

Rtd Ytl(1660) INTO (SIGHA Pl)t(DSAR NI/TQTAlt02 (P30PI)/TOTIL002
RLb 0»044 »004 ARHENTE2 68 HSG 0 K-P TQ SIGNA PI 11/680
Rlb oe029 BERLEY 68 HBC 0 K P oh ~ 82 SEV/C ll/680

44 Ytl(L640) HISS (HEV)

H
H
H

H

$
H

H S
H
H
H
H $

H IVG

1485» 0 ALEXANDER 42 HBC 0 Pt-P 2-2»2 BEV/C
1460»0 10eo ALVAREZ 63 HBG t K P le51 SEV/C
1660»0 BERLEY 64 HBC 0 K-P 10 LAH Pto
1645e 0 7» 0 LEVEQUE 45 HBC + K P TQ Y01660 PI

(166S» ) (Se) ARHENTER d8 HBC 0 K P ELAN +CH, EX
1667» ARHENTEL 68 HSG 0 K-P TQ LAIIB Pl

(Lbbt. o) t2.0) Al(HENTE2 68 HBC 0 K-P TQ SIGHA Fl
1480» loo IRHKHTE4 68 DBC K N TQ SIG PIO
1665»0 5e 0 BUGG d8 CHTR K-P ~ 0 TCT4L G S

70 lbbl ~ '9» PRIHKR 68 HBC e K P 4»b-5» GEV/G
SYSTEHITIC ERROR NOT 1NGLUDED ~ ONLY INCETERH» IN F lt QUOTED

~ e ~ ~ e ~ o e ~
1641e 1452 5»0555 AVERAGE I fRROR Il(CLUDES SC4LE FACTOR QF 1»5)

7/66
7/66

LL/680
LL/b80
LL/690
L2/680

7/680
6/680

ILE XAND E
ALVAREE
BASTIEN2
SHI TH
HUIIIG

BERLKY

ESE.RH4RD
LKVKQUK
8 IR HING H
LONDON
SIBART
ESERHARD

62 CEltN CONF 320
63 PRL 10 184
63 UGRL-LO?79 THESIS
43 ATHKNS CONF d7
64 UCRL-11291 THKSIS
d4 DUSNA CONF I 565

65 PRL Lh hdb
65 PL 18 69
66 PR 152 1148
66 PR 143 1034
bb PRL 17 556
(7 lk 163 1444

ALEXANDERBJACQBSBKALBFLEISGHeNILLEI(e+
+ALSTQNBFERRO-LUZEIeHUNE ~ t
P L SASTIKN
G A SHITH
O 0 HUNK
+GQHNQLLYeHARteRIHHBSTQHEHILLe +

(LRL) I
(LRL) I
(LRLI IJ
(LRL I
(LRL)
(BNL) I JP

+SHIVELYBROSS ~ SIEGAl eF IGKNEG 5 0 (LRL ~ ILL I I
+ (SIGLIYBEPBGLISGQNetl PCOleOXFPRTHFOI JP

StRHING(AH ~ GLASGON ~ teC ~ Y OXFOROYRUOHERFORD)
tRIUBSAHIQSB YAHAHOTOoGOLDBERGe+ (BNL ~ SYGR) I J
N H SHARTeA KERHIHBG E KALHUSBR P ELY tlRll(JP
tPR IIBSTE INe SHIVELY eKRUSE ~ SNAHSQH tLRL ~ Llt. ) IJl
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BARYON RESONANCES
Data ift parcnthcscs have not bccn included sn our avcragcs.

ARHEMYER 68 NP TO SE PUBL IS
IRMEMYE 1 68 NP TOBE PUB{.I 5 ~

ALSO 67 NP 83 592
IRHEMTE2 68 PRtPRIMT

ALSO 2 67 PL 248 198
ARHENTE3 68 VIENNA CONF
ARHEMTEC 68 VIENNA ABST 523

BERLEY 68 VIENNA CONF
BUGG 68 PR 168 1466
BUf TQN-5 68 PRL 21 1123
PRIMER 68 PRL 20 610
SINS 68 PNL ZL 1413

ARMENYE ROS ~ SAILLCN + t GERM+HE IO+SACLAY) IJP
ARHENTEROS ~ SIILLON + {CtRN+HEIO+SACLAY) IJP
ARHFNTEROS ~ FERRO-LUZZI+ (CERNeHEIOeSIGLAY}
ARHENTER05+SIILLGM + (CERNeHEIDE+SACLAY) IJP
ARHENTEROSeFERRO LUZZI+ {CERN ~ HEIO ~ SICLAY) JP
ARHENTERQS ~ BAILLOI{ + I CERM+HEID+SACLAY) I
ARHE MTEROS e BAILLON ~ HINTEN + {GERN+SICLAY} J
BERLKY ~ HART ~ RIHMeW ILLI5 ~ YIPAPOf 0 {BN{ )
+GILMQREeKMIGHTeDAVI ES+ ISIRHI ~ CAHBeRUTH} I
J SUTTON SHAftR {UNIV% MAS+LRL1 JP
+GOLDSERGeJAEGER ~ BARNESeDORNAN + (SYReBNL)
SIHS ~ ALBRIGHT ~ BAILTLEY ~ NEER+ (FLO+fAFYS+BRA)

PAPERS NOT REFERRED TO IN DATA CARDS'

BASTIENI 63 PRL 10 188 P L BASTIEN J P BENGE (LRL) IJ
REPLACED BY BASTIEN 2e BUT SIHILAR INO HQRK READILY AVAILABLE ~

T-ZAOEH 63 PRL 11 470 TAHER-ZADEH ~ PROWSE e SCHL Elk e SL4TERe+ t UCL41 JP
SEE NQTC FOLLOWING SCHLEIN 66 ~

LEf 66 PRL 17 45 Y Y LEE ~ 0 D REEOERe R W HIRTUNG tktSC) JP'
SCHLC LN 66 UCLI-1016 P E SCHLEINe. T G TRIPPE (UCLA) JP

REANALYZES DATA OF TAHER-ZADEH 63 ANO BASTIEN &3 ANO ALL PUBLISHED
LAMBDA Pl CROSS SECTION DATA IN THE LIGHT OF THE NQW KNOWN
Ytl {1765) AND REVERSES THE MODEL-DEPENDENT CORGI. USION OF 'IAHER-
ZADEH ON THE PRKFERREO JP ASSIGNMENT I fROM 3/2+ TO 3/2-1 ~

F 0000' t00000000 ttttttttt 000000000 000000000 ttttttttt ttttttttt 00000ttt
0 F 00 000000000 000000000 000000000 ttttttttt tttttttt'0 ttttttttt tttttttt

Z (ceo)
U58 Yti {1690e JP% ) l%1

SEE NOTE PRECEDING Yt'1& 1660) L I STINGS

ENERGY INDEPENDENT PARTIAL WAVE ANALYSIS BY CHS COL
LASONATION INDICATES THE PRESENCC OF A P13 STATE Af
THIS ENERGY -WHETHER OR NOT IT HAS TO Bf IDENTI-
FIEO WITH THE Ytl(1690) SEEN IM PRODUCTION CXPERI-
HENTS IS MOT CLEAIL YETI

58 Ytl f ib90) MASS t Mf V)

W

W

W

W N

W

I(
W C
it 5
W 5
W N

W

AVG

45 Ytl{1765) WIDTH (HEV)

60 ~ 0 10e0 GAL YIERI 63 DBC 0
70e0 20e0 SELL 2 66 DBG
70 ~ 0 20e0 FKNSfEIL 66 HSC 0

(113.0) (25o0) GELFIND 66 HBC 0 K-P ELASTIC
128 ' Be ARHEMTER 68 HBG 0 K-P ELASe+GHeEX
110~ 0 7o0 BUGG 68 CNTR K-Peo TOTAL

{112' ) {5o} CONFQRTO 68 HBG 0 NOTE C IN MASS
{LC6 0) {9e0) SHART 6S DBC - K-N tO LIH ~ Pl-

SYSTEHATIC ERROR NOT INCLUDED ~ ONLY (NDETERM ~ IN Flf QUOTED
RES + DIFFRACTIVE BGC FOR K-P EL—DATA ARE IN ARMEMT 67 FITS TO
o o o o e e o o o

101~ T946 13e02 ~ 1 AVERAGE (ERILOR INCLUDES SCALK FACTOR OF 2 ~ 9)
(SEE IDEOGRAM BELOW ) .

IIKIGHYEO CIUKRRGK % 101.B 0 L3.0
ERROR SCRLKD BY 2.94

C IIS(} % 34.6 CDHLKU % 0.000

BUGG 68 CNTR
RRtlKMTKR 68 HBC
FENSTER 66 HBC
SELL 2 66 OBC

~ GRLTTERI 63 OBC

7/66
9/66
8/67

11/680
7/680

11/680
7/680
6/680

H

H

H

M

H 5
H 5
H

H AVG

30 1715' 0 12' 0
53 1683 0 15' 0

1660~

60 1694. 24.
{1700 )

SIHS 68 SUGGEST JP%5/2+
e ~ ~ ~ ~ e o ~ o
1701 3862 10' 4821

CQLLEY 67 HSC + K-P AT 6 0 GEV/C
DERRICK 67 HSC + K-P AT 5 5 GEV/C
ARHKNTE1 68 HSG OK-P YO LAMBDA PI
PRIMER 68 HBC + K-P 4 6-5 GEV/C
SINS 68 OSC - INTO Yti(1385) PI

FOR THIS 5TATK -NEEDS CONFIRMATION-

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1e2)

8/67
8/67

LL/680
7/680

Li/680
ll/680

O
D
F4

o
D
%l

O
D
D
~e

D
D

Ql

Yai{LT65} L}IOYH {tlEU)

45 Yti I 1765) PART I4L DECAY HODES

58 Y0L{1690) 'WIDTH (HEV)

W 30 100' 0 35 ' 0
W 53 120~ 30o
W 80 '
W 60 105' 35'
W 5 {62' ) 1{~
W 5 SIMS 68 SUGGEST JP%
W ~ ~ ~ ~ ~ ~ ~ ~

W A VG 109~ 5868 19o 0

5/2+

909

COLLEY 67 HSC + K-P 4f 6e0 GEV/C
DERRICK 67 HSC 0 K-P AT 5o5 Gf V/C
ARMENTEi 68 HBC OK-P TQ LAMBDA Pl
PRIMER 6S HBG + K-P 4 ~ 6-5~ GEV/C
SINS 68 DSC - INTO Ytl{1385)PI

FOR THIS STATE -NEEDS CQMFIRMAflOM-

AVERAGE tERROR INCLUDES SCALE FACTOR UF 1~ 01

8/67
Blbf

1 1/680
7/680

11/680
li/680

PL
P2
Pj
PC
P5
Pb
P7

Yti {1765)
Ytl {1 765 }
Yti{1765}
Yti t 1765)
Yti {1765}
Yti {1765)
Yt 1 {17651

INTO KBAR M

INTO LAMBDA Pl
INTO SIGMA Pl
INTO SIGHA ETA
INTO Y'tl(1385) Pl
INTO Y00{1520} PI
INTO SIGMA Pl Pt

45 Ytl{LT65) BRANCHIMG RATIOS

DECAY PASSES
497+ 939

1115+ 134
LL97+ 139
1192+ 548
1385e 139
15LB+ 139
LL97+ L39e 139

58 Ytl(1690) PARTIAL DECAY HQDES

Pl Yti{1690) INTO KSAR N
P2 Y01{1690) INTO LAHBOA PI
P3 Yti {16901 INTO SIGMA' Pl

Yti{1690} iNTO Yti{1385} Pl

58 Y0L{16901 BRANCHING RATIOS

Rl Y

Rl
Ri
Rl
RL
R1 AVG

01{16901 INYQ {LAMBDA PI )/{KBAR N)
18 0 F 80 Oe50 CQLLEY 67 HBC
15 Oe6 0 40 DERRICK 67 HSC

MAIN DECAY MODE PRIMER 68 HBC
o ~ ~ ~ ~ ~ ~ ~ ~

~ 6780 ~ 3123 AVERAGE {ERROR INCLUDES

DECAY IwASSES
497+ 939

1115+ 134
1197+ 13}
1385+ 139

{P21/{Pl)
+ KO SAR FIN 574TE 8/67
+ KO BAR F tNe STATE 8/67

K-P 4ob"5 ~ GEV/C 7/680

SCALE FACTOR OF lo0}

R3 Y
R3
R3
R3
R3 4VG

01{16901 INTO (Yti{1385) Pl)l(LAMBDA Pl) (PC) I (P2)
1 ~ 0 0~ 3 DERRICK 67 HBC + LAMBDA ZPL F ~ 5 ~

De49 Oo29 CQ{ LEY 67 HSC + LAMBDA 2PI f 5
\ e o e e O e ~ ~

o7364 2549 AVERAGE {ERROR INCLUOKS SCILE FACTOR OF ie2}

Bt67
8/67

RC
RC

Yti{1690) IMYO tLAHBOA Pl}t{KBAR M1/TOTAL002
0 F 04 AR HEN }'E 1 68 HSC

(P20PL)/TQTAL002
OK-P TQ LAHBDA P I 11/680

000000000 000000ttt 000000000 000000000 000000000 000000000 00000000

R2 Y 01 {16'10 1 INTO {SIGMA PI ) / I LAHBDA P I ) {P3)/{P2)
R2 0 ~ 3 0 ' 3 CQLLEY 67 HBC + CHARGE SIGMA Fe$ ~ 8/67
lL2 0 ~ 25 OR LESS DERRICK 67 HSG 0 IIEUTRo SIGMA FeS 8/dt

8/67
8/67
9/66

11/680
1 1/66
Ll/680

R2 Y0L{1765) INTO (LAHBDA Vl }ttKBAR N)/YQTAL002 {P20PL)/TGTIL002
RZ 0 ' 07 Oe01 SMART 68 OBC
R2 ~ ~ o ~ ~ ~ o ~ e
N2 FIT ~ 069 007 VALUt' FROH CON STRA I NEO F I T

7/680

R3 Y
kj
R3
R3
R3 IVG
I(3 F IT

RC Y
R4
RC
RC
R4 IVG
R4 FIT

tl{17651 {NTQ
0 ~ 075
0 ~ LZ

e ~ o e ~
e 0840

068

0 I {17651 INTO
0 ~ 09
0 105

~ ~ ~ ~ e
~ 0954
e 068

{Y00{15201 Pl ) 0{KBAR N) IYQTAL002 (P30P I }/tQTIL002
0 ' OL5 IRMENTERQ 65 HBC OHYPERQHS FIN ~ ST ~

0' 03 FENSTER 66 HBC OK84R N FIN ~ ST ~

o e o o
0180 IVtRAGE (ERROR INCLUDES SCALE FACTOR OF 1 3)

e010 VALUE FNQH COMSYRRINEO FIT

{Ytlt1385} Pl)0(KBAR N)/YGTAL002
0 03 ARMEMTE2 67 HBC
0 F 040 SIMS 68 OBC

~ ~ ~ o
e 0240 AVLILAGF. I ERROR {NCLUDES SCALE FACTOR OF I ~ 0)
~ 015 VALUE FRQH CONSTRAINED F lt

9/66
9/66

Btbr
LI/680

Rl Yti(1765 ) INTO {KBAR N)/TOTAL {P 1)I TOTAL
Ri (0~ 6) GALYIERI 63 HBC 0 K-P RVUE
Rl N (0F 46) (0005) GELFANO 66 HBC 0 K-P ELASTIC
Rl Oe 34 KYCIA 67 CMTR TOTAL CRCSS-SEC ~
RL Oe 53 Oo 09 UHLIG 67 HBC 0
Rl 0 ' 45 Oe01 ARMENTER 68 HBC 0 K-P ELASe+CHoEX
RL 0 ' 37 BUGG 68 CNTR
Rl C (0F 44) (0 ' 03) CONFORTQ 68 HBC 0 NOTE C IN MASS
Ni N RES + DIFFRACTIVE SGD FOR K-P EL-- DATA ARE IN ARHEMT 67 FtTS TO
Ri ~ ~ ~ ~ ~ ~ ~ ~ ~

Ri AVG ~ 4510 o0099 AVERAGE {ERROR INCLUDES SCILE FACTOR OF 1 ~ 0}
Ri FIT ~ 455 WL0 .VALUE FROM COMSTNAlNEO FIT

CQLLEY 6T PL 248 489
DERRICK 67 PRL 18 266
ARHEMYEl 68 NP TOBE PUSLIS
PRIMER 68 PRL 20 610
StMS 68 PRL Zi Saic

REFERENCES - ' Yti(1690)

+MAC DONA{. 0 ~ MUSGR AVE+ t BI e UG ~ IC e HP I e QXF ~ RUTH}
+FIELDS ~ LQKEN ~ APPAR ~ DAVIS «ARGONNE ~ MQRYHWE)
ARMENTENQS ~ BAILLGN + (CERMeHE ID+ SICLAY }I JP
+GOLDBERGeJAEGERe84RNES ~ DQRMIM e tSYR ~ BML)
SINS ~ ALBRIGHteSIRTI. EY ~ Mf ER+ (FLQ+TAFT5+BRA}

PAPERS NQT REFERRED TQ IN DATA CARDS

HETER 67 HtIDELBERG CONF ~ J HEYER - RAPPORTEUR ON BARYON RES {SAGLAY)

000000 000000000 000000000 000000000 000000000 ttttttttt 001000000 tttttttt
000000 000000000 000000000 ttttttttt ttttttttt 000000000 000000000 00000000

(
~ 45 Ytl{1765e JP 5/2-1 I 1 0

Z )765j tS
45 Ytl {1765) MASS (MEV)

H 1765~ 0 LOo 0 GALTIERI 63 OSC 0 K-O 1.51 SEV/C
H 1755 0 10 0 ARMENTFR 65 HBC 0 K-P TO Y01520 PI

1760 0 10 0 BELL 1 bb DSC - K-N TQ Y01520 Pl
lT46 ~ 0 So 0 FENSTER 66 HBC D K-P TO Y01520 PI

M M I 1758e0) I lle0} GELFAND 66 HBG 0 K-P ELAST IC
H 5 1768 ~ 2 ~ IRMENTER 68 HSC 0 K-P ELASe+CH ~ EX
N IT68 ~ 0 Co 0 SUGG 68 CNTR K-P ~ D TOTAL
H C t 1'765e } (3~ 1 CQNFORTO 68 HSC 0 K-P ELASTIC
H 5 (1775' 0) (7eo) SMART 68 DBG K-N tO LAHePI-
H C FIT TO K P ELAS ~ DlfFER ~ CROSS SKCTIGNS {PART OF DATA INCLUDED IM
M C ARHENTEROS 68 WHICH Flf LEGENo POLYNe COEFFICEMTS)
M N RES + DIFFRACTIVE SGO fOR K-P EL—DATA ARE IN ARHENT 68 FITS TO
H 5 SYSTEMATIC ERROR' NOT INCLUOEO -ONLY INOETERMLNATICN Of F'IT INCLUDEO
k o ~ ~ ~ ~ ~ ~ ~ ~
M IVG 1766~ 3700 2 ~ ZC58 AVERAGE ( ERILOR INCLUDES SCILE FACtOR OF 1~ 3)

7/66
7/66
9lbb
8/67

il/680
11/66
11/680
7/680

7/680

R5 Yti(1765) INTO tSIGHA Pl)0(KBAR N}/TOTAL 002 (P50PL}/TUTAL002
RS 0 ~ 005 Oo 003 ARMENTERQ 67 HBC 0 K-P TQ SIGHA Pl
R5 ~ o o ~ o ~ ~ ~ o
R5 F IT ~ 005 ~ 003 VALUE FROM CONSTILIINEO FIT

R6 Ytl{L765) INTO I LAMBDA P I }/(KBAR N) {PZ)/ {Pl)
Rb Oe 33 Do 05 UHLIG 67 HBC 0 K-P ~ o9 GEV/C
R6 ~ ~ o o e o e ~ o
Rb F IT ~ 334 e035 VALUE FROM CONSTRAINED FIT

RY Ytit 1765) INTO (Y00{1520) /'{KBAR N) (P3)/{PL)
R't 0.28 0.05 UHLIG 67 HBC 0 K-Pe 9 GEV/C
RT ~ ~ ~ ~ ~ ~ ~ ~ e
RT FIT ~ 32T 047 VALUE FROM CONSTRAINED FIT

RB Ytl{1765) tNTO (Y0L{13851/{KSAR N) (PC)/{Pl)
RB 0 ' 25 Oo09 UHLIG 67 HBC 0 K-P 9 GEV/C
RB o o ~ ~ ~ ~ e e
RB FIT ~ 329 o071 VALUE FROH CONSTRAINED F I'I

N9 Yti {1765} INTO {$IGHA Pl Pl 1/TOTAL {PT)/TQT4L
NV C ABOUT Oo 12 ARHENTE3 6S HBC K P ANO K D
R9 C CCMSISTENT WITH {SIG 2PI) HQDE OF Y01(13851+Pl 4MO Y00{1520)+P(

R9 YtL{1765) INTO(SIGMA ETA) ltOTAL {Pb)/TOTAL
R9 o ~ ~ ~ ~ ~ ~ ~
R9 FIT ~ 083 044 VALUE FROH CONSTRAINED F lt
IL9 f IT ~ 083 ~ 04C VI}.UE FROM CONSTRAINED FLY

THE FOLLOWING BRANCHING FRACTIONS HAVE CORRELAtfD ERRORS GREATER THAN ~ 5

P4 Pb ~ 756

000000 ttttttttt 0tttttttt ttttttttt 000000000 000000ttt 000000000 00000000

8/67

9/66

9/66

9/bbL

11/680
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BARYON RESONANCES

Data i» pare»theses I{ave»ot bee» i»eluded i» o{{r averages.

GILT t ER I
lRHENTER
SELL 1
BELL 2
F ENSTER
GELFAHD
ALSO

63 Pl 6 296.
65 PL 19 338
66 PRL 16 203
66 UCRL-16936 THKSIS
66 PRL 17 841
66 PRL 17 1224
68 PR 143 1792

REFERENCES —Y01t l765)

I SARBARO«GALTIERjel HUSSAIN ~ RD TRIPP {LRL)IJ
ARHENTEROSe + {CERNeHEIOELBERGySACLAY) IJP
R 8 BELLe R I{ BIRGK ~ Y L PAN ~ R T PU (LRL) I JP
R 8 BELL {LRL)I JP
+GELFAMDyHARHSENeL-SETTI y+ {CHI yIRG t CERN) ) IJP
+HARHSENyLEVI-SETTI ~ PREDAZZI+ t EFINS ARGON)
LAS INSK I ~ LE Vl-SE tT I y PREOAZ Z I {EFINS)JP

'g 1
Ie

Ie

I{ C
H Ct.
li
H

I{ AVG

Yt 1{1915) ){LOTH

{36' 0) {20' 0) (36' 0) SOCK 45 HBC
65e0 COOL 66 CNTR 0 7/66
60 ' 0 10 0 BUGG 68 CNTR 11/bb

{50 0) {20 0) ARHENTERL 47 HSC OK P EL' +CH EXC 11/67
AGK OF DATA PREVENTS AUTHORS FROH DETERMINING UNAHSIG THIS AMPL(TUe 11/67

52 ~ 0 25% 0 SMART 48 RVUE -0 K-H TO LAH Pl 7/684
~ ~ ~ ~ ~ ~ ~ ~ ~

58 ' 8966 9e2848 AVERAGE {ERROR INCLUDES SCALE FACTOR OF le0)
67 PL 248 198
67 ZEITePHYS ~ 202y486
67 PRIVATE COMHe
67 PR 155 1448
68 NP TO BE PUBLISo
67 HP 83 592
68 VIENNA CONF
68 PR 168 1464
68 EFL 68-62 NP TSPe
68 PAL 21 1413
68 PR 169 1330
66 PRL 17 554

ARMENTER
ARMENTEZ
KYC I A

UHL IG
ARHENTER

ALSO
ARMENT(3
BUGG
COMFORT 0
SINS
SHART

ALSO

ARHENT EROSE FERRO-LUZZI+ {CERM ~ HELD ~ SICLAYI ) P
ARMEMTEROS ~ FKRRO-{.UZZ{+ {CERN~ HElD ~ SICLAY)
T F KYCIA (BNL) Z
+CHARLTCNeCONDONeGLASSERrYCOHe+ {HDeUSNRL)
IRHKHTEROSyBAILLCN + {CFRM+HEIO+SACLAY) IJP
ARHtNTEROSsFERRO-LUZZI+ (CERMeHEIOeSIGLAY) IJP'
ARHENTEROSyBAILLON + f CERM+HEID+SAGLAY) I
4GILHCREyKNIGHteOAVIES+ {8{RMIqCAMSeRUTH) I
8 CONFORTO ~ HIRHSEN+SURKHAROT+ I EFIMS+HE ID)
SINS ~ ALBRI GHTy SARTLE Y y HEER 0 t FLO+lAF t 5+BRA)
H H SMART LRL) IJP
H H SMARTel KERMAHyG E KALMUS ~ R P ELY t(.RL) IJP

PAPERS HQT REFERRED 70 jN DATA CARDS'

YCDH 65 ATHENS CONF 269 G 8 YOOH t HARYLANO) IJ
BIRGE 65 ATHENS CONF 296 +ElY ~ KALHUSeKERNAN ~ LOUIE ~ SAHOUR{A ~ + {LRL)IJP

YOOH 65 AND SLRGE 65 ARK PRKCURSORS CF UHLIG 66 ANO SELL bbe

PL
P2
P3

46 Ytl(1915) PARTIAl DECAY MODES

Yfl{1915) {NTO KSAR H

YeltL915) INTO LAMBDA Pl
Yt 1{1915) INTO SIGMA PI

46 Y01{1915) SRANCHIHG RATIOS

DECAY PASSES
497+ 939

1115+ 139
11974 139

RL Yil(1915) INTO {KBAR N) /TOTAL {PI ) /TOTAL
RL (0' L03) COOL 46 CNTR ASSUMING Jo5/2
RL 0 ~ 09 KYC(l 67 GMTR TOTAl GRCSS«SEC«
RL A {0~ 12) I 01) ARMENTERL 67 HBC 0 K-P EL ~ +CHeEXCe
Rl A LACK OF DATA PREVENTS AUlHORS FROM DETERMINING UHIVB{G THIS AHPLITU
Rl 0 ' 06 BUGG 68 GNTR ASSUMING J~5/2
R1 C (0 ' 10) (0 01) CONFORTO 68 HSC 0 K-P ELASTIC
RL C Flt TD K-P ELASe DIFFER ~ CROSS SECTIONS {PART OF DATA INCLUDED {H
RL C ARHEHTEROS 68 HHICH F lt LEGER POLYN COEFFICENtS)

7/66
8/67

11/67
11/47
6/684

LL/684

1780eo
1769e

CLIME 67 OBC «K-N TO SIG ETA 9/66
COHFORTL 48 HBG 0 K-P ELISTLG 11/680

«««« ' 57 Yf)I 1780) ){LOTH {HEV) ««««~«««««««««««««««««

404004 004400440 titt04140 itittfift 444004004 ittffifii 400401044 fttittit
000000 010040404 010404110 004110100 040 ~01000 tet04001f iiiiiiiii ittftiii

X ( )78O) 57 Yf j{1780e JPo ) joL

SEE NOTE PRECEDING Y40t1670) LISTINGS

A SIGMA FTI 'THRESHOLD KFFECTe INTERPRETATIOH AS A

RESONANCE IS NOl' CONClUSIVE ~ OMITTED FROM TABLE
SEE FERRO-LUZZI 64 ~

57 Y01{L780) HASS {HEV)

R2 Ytl (1915} INTO I (AHBDA P I ) i(KBAR N) /TOTAL042 {P14P2)ITCTAL442
RZ A t0.006) IRHENTERL 67 HSC OK-P TO LAH Pt 11/67
RZ I LACK OF DATA PREVENTS AUTHORS FROH DETERMINING UMAHSIG THIS AHPLITU ~ 11/67
R2 0 ~ 006 0 003 SMART 68 RVUE 0 K-N TO LAHePI 7/680

R3 Ytl{1915) INTO {SIGHI Pl)0{KBAR N)/tOTAL002 {P10P3)/TOTAL002
R3 C {0e00) {Oe01) ARHENTERO 67 HSC K P TO SIG+ PI-0 11/67
R3 C LACK OF DATA PREVENTS AUTHORS FROH DETERMIMIMG UNAMSIG THIS AHPLITUe 11/67

R4 Ytl{1915) INTO {LAMBDA PI)/TOTAL {P2) ITOTAL
R4 1 50 SEEN PRIMER 48 HSG + K-P 4e6-5 ~ GEV/C 7/680

100041 ftttftftt 001tt0011 tfitteftt ftftttttt ftfftttti 11fttfftt 0000ttt1
REFERENCES Ytl{1915)

PL
PZ

RL
RL

100eO
123' CLINE 47 DSC

CQNFQRTL 48 HBG 0 K-P ELASTIC

57 Ytlt 1780) PARTIAL DECAY MODES

Yi1 t 1780) INTO KBAR N

Ytl(1780) INTO SIGHA ETA

Ytl(1780) BRINCHIHG RITIOS

DECAY MASSES
4970 939

1197+ 548

Ytl {1780) INTO {KSAR H)/TOTAL, {PL)/TOTAL
Oe 12 CONFORT1 48 HSC 0 K-P EllSl IG

9/66
Ll/680

11/680

BOCK
COOL
SHART
ARHEMTER
ARHEMTEL
KYC I A

65 Pl 17 166
66 PRL 16 1228
66 PRL 17 556
67 PL 248 198
67 NP 83 592
67 PRIVATE COMM ~

+COOPER FRENCH XI»SON + I CERN SACLAY) I
+G I AGOHELL I ~ KYC II ~ LECH T IC L I ~ LUNOBY ~ + I BNL ) I
H M SHARTol KKRNANeG E KALMUS R P ElY (LRL) IJP
ARMKNTEROSyFERRO-LUZZI+ {CKRNe HEIDy SACLAY)
ARHENTEROS ~ FFRRO-LUZZI+ I CERNe HE(Os SICLAY I
t F KYCIA I SHL) I

SUGG 68 PR 168 1466 +GILMOREyKNIGHTeQAVI&S+ {BIRHIeCAHBeRUTH) I
GONFORTD 68 EF I 6$-62 NP TBP ~ BeCONFORTO ~ HARMSEN+SURKHARCT+ {EFINS eHEIO)
PRIMER 68 Pkl 20 610 +GOLDBERGe JAEGER ~ SARHESeDORNAN + {SYReBNL)
SMART bf{ PR 169 1330 I{ H SMART {LRL)

14004 1400tfiit 040400000 044040004 040400014 410004400 000004401 ttiiitfi
000404 000404444 iiiiiftii 014140ftt tiffttttf fietftftt ttettttff 0404iiif

CLINK 67 PL 258 41
GONFORTL 68 VIENHA CONF

REFERENCES Yi I I 1780)

GL INE y OL SSON (III SCGNSIM)
CONFCRTOeLEVI-SElTI ~ KLUGE+ I CHICAGO+HELD)

(
47 Ytj{2030o JP~7/2+) jej

HOHL 66) SMART 48y ANO DAUH 68 FINO JP07/Zto

47 Ytl{2030) HASS {MEV)

PIPERS NOT REFERRED TO IH QATI GIRDS

FERRO-LU 66 BERKELEY 183 ARHENTE'ROS+FERRO-LUZZI+ tGFRN ~ HEIDEySACLAY)
HEYER 67 HEIDELSERG C ~ 117 J MEYER RAPPORTEUR ON BARYON RESe{SACLAY)

404444 4444140 04 044400404 444404000 044404 tii 400004400 004114441 0440 4000
444440 ttfttfftt 004000000 404400400 eetfttitt tI44040440 004044440 00401040

t2022 ~ 0)
(2030 ' 0)
2026.0
2020 ' 0
2032 ' 0
~ ~ ~ ~ ~
2026 ' 8678

H {20 0)
H {20 0) 7/66
M 19e0 8/67

7e0 6/680
6 0 6/684

~ o ~ ~
H AVG 4e4300 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

( 88 )
67 Yfj{1880oJPot/2+) Loj

II
SEE NOTE PRECEDING Y40{1670) l I STINGS

PARTIAl HAVE ANALYSIS OF K-P TO LAMBDA Pl DATA

REQUIRE A PLL AMPLITUDE At THIS MASS EXISTENCE
NOT COIIICLUSI VELY ESTABLI SHEOo

Ytl{1880) HASS {MEV) ««««««««« ~««««e««««

H 1882' 40e SMART 68 RVUE -0 K-N TO lAH ~ PI 7/681

I{
It
I{

N

I{ AVG

47 Yil{2030) I{LOTH (MKV)

(120' 0)
(170' 0)
120~ 0
130e0
160e0

~ ~ ~ ~ ~
130' 7190

(20 0)

10e0
Loco
Lbe0

~ ~ ~ ~
9e 7049

SLANP IED 45 CNTR 0
NOHL 66 HBC 0
KYG{A 47 CNTRe
BUGG 68 GNTR
SNARl 48 RVUE

7/46
8/67
6/684

INCLUDES HOHL 66 6/684

47 Ytl{2030) PARTIAL DECAY MODES

AVERAGE IERROR INCLUDES SCALE FACTOR Of 1 5)

Ytl{1880'} HIOTH tMEV) «««~ « ~ «««««
222 ' 150o SMART 48 RVUE 0 K N TO LAH ~ Pj 7/680

Yfjl 1880) PARTIAL DECAY MOOES - ——-
PL
P2
P3
P4

Ytl(2030) INTO KSAR H
Yfl{2030) INTO LANBDA Pl
Ytl{2030) INTO SIGMA Pl
Ytl{Z030) INTO XI K

DECAY MASSES
4970 939

l)15+ 134
1197+ 139
1321+ 497

DECAY MASSES
PL Y01(1880) IMTO KBAR N 497& 939
P2 Yil{1880) INTO LAHBDA PI 1197+ 139

Y01t1880) BRANCHING RATIOS

RL
RL

Ytl(1880) INTO {LAHBOA PI)0{KSAR N)/ TOTAL002 {P2)i{PI)/TCTAL002
Oe 012 De 007 SMART 48 RVUE 0 K-N TO LAHePI

tittit 004100000 000 tefttt 01tttetef etfetttft tfttftttt 100000444 04140001

7/4S 0

RL
R1 ~
RL
RL

47 Yilt2030) BRANCHING RATIOS

Ytl{2030) INTO {KSAR N)/TOTAL {PL) ITOT'AL

{0' 25) MOHL 4(i HSC 0 K P CH EX
0~ 105 De 005 KYCIA 47 CNTR
Oe 131 BUGG 48 CNTR

7/66
8/67
4/680

RZ Ytl{2030) INTO {LAHBOA Pl )0(KSAR N)/lOTAlt'12 I P2) '1{P 1)ITOlll042
RZ I Oe 040) HOHL 44 HSC K-P TO LAH P{0 7/66
A2 0 ' 045 De004 SMART 68 RVUE INCLUDES MOHL 6/684

SMARt 68 Pk 149 1330

REFERENCES - Ytl{1880)

I{ M SMART (LRL)IJP
R3
R3

Y0L {2030) INTO SI GHA Pl
SEEM

{P3)
GALTIERI 48 HSC K-P TO SIGMA Pl 11/684

H 0 t 1942 ~ 0) SOCK
M 1915' 0 COOL
H 1905~ 0 BUGG
H 1902' 0 SHART
H e e ~ e ~

IVG 1905' 0041 AVERAGE (ERROR

65 HSC PBAR P 5e7 SEV/C
bb CMTR 0- K-Pe D lCTAL 7/66
68 CNTR K-P ~ 0 I'OTAL 11/bb
68 RVUE -0 K-N lO LAHePI 7/680

INCLUDES SCALE FACTOR OF I 0)

1iiiti 00400040 ~ 000040000 ttfifttfi 4tftttttf fttif0444 tfefttftt 10410000
iiiiitiei 401444044 tiff ietii 000400444 tketfitfet 004140100 tetttttf

g ( ) 9 1 5) 46 Ytj{1915e JPo5/2+) I~L F{5
SOME RESERVATION SHOULD BE HELD AGAINST COMPLETE
ACCEPTANCE OF THE INTERPRETAT ION OF THIS EFFECT

46 Y0L{19L5) HISS {MEV)

BLANP (ED
COOL

KYCIA
Il CHl
TRIPP
SUGG
SMART
DAUH
GALTIER I

65 PRL 14 741
66 PRL 16 1228

SLIGHTLY REVISED
67 PRIVATE CCI{H
66 PRL 17 107
67 NP 83 LO
48 PR 168 1464
68 PR 169 1334
68 NP 87 19
48 PRIVATE CCMi{e

+GRKENSERGyHUGHESeKITCHIHG ~ LUe+ {YALE{CEA) )
+GLACOHELLI yKYCIAoLECNTIC ~ Ll yLUNDBY + I BNL)

RESULTS FROM KYCII 47 REPLACE COOL 66
7 F KYCIA {BNLI I
C G I{OHLy F T SOLHITZ ~ H L STEVENSON {LRLIIJP
+ LEITHe + {LRLySLAGeCKRM ~ HEIDELoSACLAYI
tGILMOREoKHIGHte t {RTHFDeSRMGHHeCVMDSH) I
M H SMART {LRL)IJP
oERNEo LAGNAUXo SENT STEUERq UOO {CERN)JP
I. SAR SARD GAL T IER I {LRL)

000040 tteieetit etiitfeef eftietett fetftetit tfiiitftt iettttttf 00000400
tiettf t01040001 000001111 ettftft ~ 0 000001001 404010000 000100001 ftttfttt

R4 Y01{2030) INTD t XI K) 0 {KSAR H) ITOTAL002 tP4) 1{PL)IIOTAL002
R4 De00256 OR I.ESS TRIPP 47 RVUK 8/67

~ttttf 1~1440000 4ttttiftt 101011100 11011141001000fftf 1011001ft tttftttt
REFERENCES Yil{2030)
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BARYON RESONANCES

Data is purcsthcscs huvc sot bees iscledcd is our avcragcc.

p (pp50) 48 YOL(2250s JPe ) I 1

H
N

H

H

H
H AVG

(2245%0)
t2299%0)
2252%0
2250% 0
~ ~ ~ ~

2250%65

48 YOL(2250) 11DTH (HEY)

48 Yil( 2250) I(ASS t HEV)
BLANPIED 65 CNTR GANHA P TO K+ Yt

I 6.0} BOCK 65 HBC PBAR P 5 ' 7 BEV/C
10%0 KYCIA 67 CNTR K-Ps 0 TCTAL

7%0 BUGG 68 CNTR K-P ~ D TOTAL
~ ~ ~ ~ ~

77 8%7346 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1%0)

8/67
6/ti 80

z(oooo)
59 YOL(3000s JPe ) Iel

ENHANCEMENT IN LAMBDA I'I AND KBAR 1 INVARIANT MASS
SPECTRA AND IN HISSING MASS OF NEUTRALS RECOILING
AGAINST KO EVIDENCE NOT CONCLUSIVE ~ OIIITTED FROI(
TABLE

59 VOL(3QQQ} HAS) (HEV)

lt 3000%0 EHRLICH 66 HBC 0 PI-P 7%91 BEV/C 9/66

59

'VOL�(3QQQ)

PARTIAL DECAY MODES ~~~~%~~w%~%~%w%»

1
1
1
it
1
1 AVG

(150%0) BLANPIEO 65 CNTR
I 21.0) (17.0) (21.0} BOC«65 HBC
200% 0 20%0 KYC IA 67 CNTR
230%0 2Q%0 BUGG 68 CNTR

~ ~ ~ ~ ~ ~ ~

215 0000 15 0000 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I I)
48 YOL(2250) PARTIAL DECAY MODES

8/67
6/681

Yil(3000) INTO KBAR N
YOL(3000l INTO LAMBDA PI

DECAY HASSFS
497f 939

1115+.139

REFERENCES —Y01(3000}

010ii1 100000000 iifffiiif Oif00100t Ottiitftf 100001010 000000000 ttffttit

PL
P2

Y'11(2250) INTO KBAR N

Yil(2250) INTO KBAR N PI

48 YOL I 2250 l BRANCHING RATIOS

DECAY PASSES
497e 939
497+ 939+ 139

EHRllCH 66 PIt 152 1194 R EHRLICHy 1 SELCVEs H YUTA (PENN(BNL))

001001 1ffif0000 01000tf01 100001010 0000001Of Ottittttf Otttttiti 10000001
Off 000 Off fifift 011111fit ifif11000 000000tti 101000010 010001000 01fititf

RL YoL(2250) !NTO tKBAR Nl/TOTAl I Pl)/TOTAL
J IS NOT KNOMN% FOLl011NG IS I J+1/2)0(KBAR N)/TOTAL

RL 0%31 0%02 KYCIA 6Y CNTR
RL 0%47 BUGG 68 GNTR

100100 ttitfiiif tiiitiift 111001tft.000001000 000000100 110001111ififttii

8/67
6/680 Note on 's

BLANP LED
BOCK
COOL

KYC IA
BUGG

REFERENCES ~ YOL(2250)

65 PRL 14 741 OGREENBERG%HUGHES ~ KITCHING ~ + (YALE(CEA) )
65 PL 17 166 +COOPER ~ FRENGHSKINSONR + (CERNsSACLAY)
66 PRL 16 1228 +GI ACOHELll tKYCI A ~ LEQNT IC ~ LI ~ LUNOBY ~ + t BNLl I

St(GHTLY REVISEO RESULTS FROM KYCIA 67 REPLACE COOL 66
67 PRIVATE COHM% T F KYGIA (SNL l I
68 PR 168 1466 +GILMOREtKNIGHT ~ + (RTHFD ~ BRHGHHSCVNOSH) I

PAPER NDT REFERRED TO IN DATA CARDS%

DAUBER 66 PL 23 154 +SCHLEIN ~ SLATER ~ STORKS TICHO (UCLA(LRL)) J
SUGGESTS J 9/2 RESONANT BEHAVIOR IN SIGNA- Pl+s BUT APPEARS
INCONSISTENT 11TH PARAMETERS OF COOL 66%

Oftett Ofiifffif fiftfiifi Otitffiif fftifiiit fiiftfiii fitttffif 00110111
iitii 1'eioiiof 0 oiiif'Of f0 tiiif 0Off iiif ioooo Off iiooit tiff oiiit ~tfiof it

53 YOL(2455% JPeZ (?„455)
DNE OF T10 NE1 SI(AlL BUMPS IN THE I~I TOTAL CRCSS
SECTION (SEE THE YOL(2595) I ~ IT IS REASONABLE TO
INTERPRET THEM AS RESONANCES' THOUGH THAT IS NDT

CERTAIN l'HERE IS ALSO LESSER EVIDENCE FOR NE1 STRUCTURE IN THE I 0
GROSS SECTION —SEE ABRAMS 67%

THERE IS ALSO SOME SLIGHT EVIDENCE FCR Yt STATES IN
THI S MASS REGION FRDH THE REACTION GAMMA + P TO K+ + I'ISSING HASS
SEE GREENSERG 68%

53 YOL(2455) MASS (HEV)

H 2455%0 10%0 ABRAMS 67 CNTR K P D TOTAL 11/67
H 2455%0 7%0 BUGG 68 CNTR K-Py 0 TOTAL 6/680
H ~ % ~ ~ ~ ~
H AVG 2455%0000 5%7346 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ Ql

53 YOL(2455) 110TH (MEV)

This year, for the first time since 4966,
there is significant new information on 's.
ALXTTL 68 have given new information on the

"(%820), have confirmed the "(4930), and

have discovered a (2030). New information

on the "(1930)also has come from DAUBER

68. However, for none of these resonances
is the spin-parity known, nor is there more
than semiquantitative information on branch-
ing ratios. Only the other (and lowest-mass)

resonance, the "(i530), can be said to be

well understood. The reason for this scarcity
of information is of course that ™Iscannot be

140%0 APPROXIMATELY ABRAHS 67 CNTR'
100%0 20% 0 BUGG 68 CNTR

53 YOL(2455) PARTIAL DECAY HOOES

Yil(2455) INTO KBAR N

53 YOL(2455) BRANCHING RATIOS

DECAY MASSES
497+ 939

ABRAHS 67 PRL L9 678
BUGG 68 Pk 168 1466
GREENBER 68 I'RL 20 221

+CDDLsGI ACOMELLI ~ KYC IA slECNT IC ~ LI ~ + (BNL)
+GILMORE%KNIGHT ~ + t RTHFD ~ BRMGHM%CVNDSH) I
GREENBERGe HUGHESS LUS MINEHARTS + I YAlEl

otiiii ioiififio 110011111011110001ofioiftii eotiiittf tiiiiffto ftiifitt
Off fit Otiifffii tififftff iiiiiftft iiiiiiitf 001011111tffiiffit fiiiiiit

X (f595) 54 VOL(2595 ~ JPe ) Iel

SEE NOTE UNDER I'HE Y01(2455)~

54 YOL(2595) MASS (HEV)

H 2595%0 10%0 ABRAMS 67 CNTR K-PE 0 TOTAL

54 YOL( 2595) 1IOTH (HEV)

1 140%0 APPROXIMATELY ABRAMS 67 CNTR

54 YOL(2595) PARTIAl DECAY MODES

PL YOL(2595) INTO KBAR N

54 Y'OL(2595) BRANCHING RATIOS

DECAY PASSES
497+ 939

Rl YO1(2595l INTO (KBAR Nl/TOTAL ( Pl ) /TOTAI.
J IS NOT KN01N FOLLOMING IS t J+I/2)0(KBAR N)/TOTAL

Rl 0% 2& ABRAMS 67 CNTR

Offiti Otiffffii ftiiifff1 ifffffiii ftiifffii iffifiiif fiiffftii ftfififi

RL Yil(2455} INTO (KBAR Nl/TOTAL (P I ) /TOTAL
J IS NOT KN01N FOLL01ING IS t J+I/2)1(KBAR Nl/TOTAl

RL 0%26 ABRAHS 67 CNTR
RL 0%3 BUGG 68 CNTR

001001 00001ftif Ofitiftfi fffiffftt 100111011Ofiiffiti t010ffiit 11101111

REFERENCES —Yfl(2455)

11/67
6/680

11/67
6/681

I I/67

11/67

11/ti 7

produced. in attainable s-channel formation
experiments, and their production cross sec-
tions are very small.

SU(3) symmetry predicts that i'or each N

and A there is a . VFe here reproduce a
figure given by H. Harari, which shows the

approximate spectrum to be expected from
the known or suspected N and b, states. The
retarded state of information on s is evi-
dent; moreover 's are so inaccessible that

no rapid improvement is foreseen. Further%%

more, when apparent discrepancies among

experiments occur [for example, see the

-(i820) ~ ZK decay branching ratioj, it may
mean only that the different experiments are
seeing different " 's (or different mixtures of

them) having about the same mass, and not

that one or another of the experiments is

ABRAMS 67 PRL 19 678

REFERENCES - Y01(2595)

OGOOLSGIAGOMELLISKYCIA ~ LECNT ICSL(% + I BNL)
wrong,

fftfff tffffiffi ttftfifit iiifffffi Oiiffiftt ffififftt Oftiifiit ii100100
tiiitf ffiitfiit Offitiiit Ofiiffifi Otifffiii tiittfitf Oiiiiftfi ffititft
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BARYON RESONANCES
Data is Parentheses haec not bees included is our averages.

Predlote2I -State 0

ESTABLISHED:- CORRESPONDINQ TO hN ESTABLISHED N or h
POSBIBLE «CORREBPONDINQ TO AN EBTABLISHED N or h

Sl Xl0l/2'(1700e JPDE ) IDTL/2

8 ( I?OO) ETIDEEGR RDT DDIIPELLIRG ~ DIIITTED PRDR TREED.

51 Xlil/2(L?00) MASS {MEV)

N 1705» 0 APPROX SMITH, 45 HSC 0 K P 2»l-»7 SEV/C

51 Xlil/2(1700) M(OTH (NEV)

PREDICTED = CORRESPONDINQ TO AN ESTABLISHED N or A

PREDICTED CORRESPONDINQ TO h POSSIBLE N or h

2000 APPROX SMITH 65 HBC 0-

Sl XIOL/2tl700) PARTIAL DECAY MODES

2500
Pl
P2

Xlil/2(1700) INTO XI Pl
Xltll2(1700) INTO LAMBDA KBAR

DECAY MASSES
1321+ L39
ILLS+ 49?

2200

~1000

C
C»»»»)

Ottitt 100000000 000000000 ttiititti 000000000 000000000 00I000000 00000000

REFERENCES - Xlil/2{1700l
SMITH d5 ATHENS CONF 251 G A SPIYH ~ J S LINDSEY

ttttei tiiiiittt 000000000 000000000 000000000 000000000 iieiiiiii 00000111
011100 000000001 010000000 011t00101 000000000 100100000 000000000 00000010

g {)8po) 50 XI01/2{1820e JPDE l IDEL/2

50 Xlil/2{l820) MASS (NEV)

~1800

N 1
N

N
N
N
N A

(1770»0)
1817»0 7»0
1814~ 0 4»0
1830»0 10»0
~ ~ ~ ~ ~ ~ o ~ ~

VG 1816.3811 3.454L

HALSYEINS 63 FSC C K-FR 3»5 BEV/C
SMITH 1 65 HBG 0- K-P 2»4 o? SEVIC
BADIER 65 HBG 0 K-P 3 SEV/C
ALLYTI 68 HBC - K-P 3 9 5 SEV/G 11/480

AVERAGE {KRROR (NCLUDES SCALE FACtOR OF 1~ 1)

~1300
SL DS

M

M

M

W AVG

50 Xtel/2{ 1820) MIDTH {NEV)

SO»0 OR LESS HALSTEINS 63 FBC 0
12»0 4»0 BAD(ER 65 HBC 0
30»0 7»0 SMITH 2 65 HSC 0
60»0 35»0 20 ~ 0 AL, IYTE 6S HSC
~ ~ ~ ~ ~ o ~ o
17.1148 7.7226 AVERAGE {ERROR tNGLUDES SCALE FAGtoR OF 2.2)

50 Xlil/2(1820) PARTIAL DECAY MODES

1I/680

The predicted. spectrum. The approxioo

mate mass scale is based. on adding 300 to
350 MeV to the mass of the corresponding N

or b, state. This figure is taken from
H, Harari (rapporteur talk, (968 Vienna

Conference, p. i95).

PL
P2
P3
P4
P5

RL
RL
RL
RL

R2
R2
R2
R2

DECAY PASSES
X(~'1/2(1820) INTO LAMBDA KSAR LLL5e 497
X(il/2(1820) INTO XI Pl 132Le 139
Xlil/2(1820l INTO SIGNA KBAR 1197+ 49?
X(01/2(1820) tNTO XIOL/2(1530) PI 1530+ 139
Xti(1820) INTO Xl Pl Pl {X( Pl NOT Xti{1530)) 1321+ 139+ 139

50 X IOL/2 {1820) BRANCHING RATIOS

X (0L/2 {1820) Il(TO I LAMBDA KBAR) /TOtAL {Pl)/TOTAL
LARGE BAOIER 65 HSC
LARGE SNttH 2 65 HBG

Oob ALITTI 68 HBC

?/64
Ylbb

II/680

Xlil/2(L820) INTO tXI Pl)/(LAMBDA KBAR) (P2)/(PL)
0»20 0»20 BADIER 6S HSG 7/64

SNAL(. SMITH 2 65 HBG (F XI01933 FXIST Tlbb
SMALL ALIYTL 68 HSC LL/680

22 Xl (1321eJPDEl/2 ) 1L/2

SEE LISTINGS OF S'(ABLE PARTICLES

100000 101000000 tttiiieit Ottttttit 000000000 000000111 001000000 00000000
00000 1tiii0100 00010tiii 000000000 000000000 001000100 tettt1000 11000iti

R3
R3
R3

R4
R4
R4

R5
R%
RS

X(01/2 ( )820) INTO {SIGMA KBAR) /TOTAL {P3)/TOTAL
0 02 OR (ESS TRIPP 67 RVUE
0»3 ALITYI 68 HBC

Xlil/2(1820) INTO (XIi{1530)Pl)/tLAM KSARl {P4)/{Pll
0»24 0»13 SMITH 1 65 HSG

SNALI. SADIER 65 HSC

Xlil/2{1820) LNTO tXL Pl P( l/(LAMBDA KBARl tP5l/(PL}
0»1 OR NORE SMITH L d% HSG

SNALL SAD(ER 65 HBG

S/47
LL/480

7/66

7/66

23 XI 0 (1314e JP&L!2 } leL/2

SEE LISTINGS OF STABLE PARTICLES

000000 1t0000101 1010100ti tit010000 10010000t 000000000 10t100000 00000111ieitti 001000010 ttttitttt 001000000 000000000 000001000 101001010 00000010

Rb
Rd

Xlil/2{1820) INTO {XIOL/2(1530) Pll/TOTAL {P4)/YOfAL
0»1 ALETTI 68 HBC

001011 Otttttttt 010000100 tiiiiiitt 000011001 OOI 001000 000000000 00011000

REFERENCES XIOI, /2(1820l

11/680

N
N

N

NO

D
0
0 R
D
D
D AVG

M

M

M

M AVG

PL

49 Xlol/2( 1530e Jl D23/2+} Iel/2

49 Xlil/2{ 1530) MASS {NEV)

t 152'9» 0}
I 1532»0l
L53507
1528»7

IS»0)
{200)
3»2
L»1

PJERROU 62 HSC 0 K-'P 1~ 8 BFV/C
BADIER 44 HBG 0» K P 3 BEV/C
LONDON bd HBC K P 2»24 SEV/C ?Ibb
LONDON 64 HSC 0 7/db

49 XIO( } XLO{0) MASS DIFFERENCE tNEV)

5»7 3»0
tt»0) t4»0)

REDUNDANt MITH DATA
2»0 3»2

~ ~ ~ ~ ~ ~ o ~ ~
3 9492 2 188d

PJERROU 45 HBC 0 K P 1 8 1 95 8/C 7/66
LONDON 44 HSC 0 7/64

IN MASS LISTING»
MERRILL 64 HSC D K P 1 7 2 7 SE/C 7/46

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l»0)

Xlol/2{1530) INTO XI Pl
DECAY PASSES

1321+ 139

XIt) /2 ( 1530) a(Of H {NEV I »»»»»»»»»»»»»»»»»»»»»»»»

7»0 2»0 SCHLEIN 63 HSC C K-P I~ 8 1 95 8/C
8»5 3»5 LONDON db HSC 0 7/66
7.0 7.0 SERGE 44 HSC 0 K P 1~ 5 1 7 SE/C 7lbb

~ o o o ~ o ~ ~
7 3478 1 6854 Avf((AGK (ERROR INCLUDES SCA(.K FACTOR OF 1 0)

Xlil/2{1530) PARTIAL DECAY MODES

140» 0 35» 0 SADLER 65 HSC 0
19 80» 0 40»0 ALITTI 68 HBC 0
bd I 98»0) t 23»0) DAUBER 68 HBG

~ ~ ~ ~ ~ ~ ~ ~ ~
AVG 113»9823 29»734% AVERAGE {ERROR INCLUDKS SCALE FACTOR OF 1~ 1)

LL/680
11/680

HALSYKEN 63 SIENA CONF 173 HALSTE(MSLIDe+ {SKRGFNeCERNeEPeRYHFeUMICOL) t
SMITH 1 65 PRL 14 25 +L I NOSE Y ~ BUTTON- S HAP fR e MUR RA Y (LRL) IJP
BADIER 45 PL lb 171 +OEMOULIN GO(.DSERG ~ + tf. P ~ SACLAY ~ ANSYRl
SMITH 2 45 ATHENS CONF 251 0 A SMITHe J 5 LINDSEY tLRL)
TRIPP 47 NP 83 10 + LE ItHD + (LRL 2 SLACeCERN DHEIDEL ~ SACLAY)

USES DATA CF SMITH I ~
NERRILL 68 PR 147 l202 0 N MERRILL ~ J BLTTON SHAPER {LRL)

MEAN EV(OfNCE CONCERN!NG JP.
ALITYL 48 VIENNA CONFERENCE +FLANtNIODNETZGEReRADOJ(CECA+(SNL ~ SYRAGUSK) I
ittiti tttttiiit ittiiiiit 000000000 000000000 000000000 000000000 00000000
110000 000000000 000000100 000000001 titti'0000 tttiiieii 000010000 00000000

8 ( [ 8 3O) 22 EI ~ I/2IIETD ~ /P 2 I~ I/2

52 Xltl/2( 1930) MASS (MEV}»»»»»»»»» o»»»

35 1933 0 16»0 BADIER 65 HBG 0 K-P 3 BKY/C
19 1930»0 20» 0 ALIYTI 68 HBC 0 K-P 4 6 5 BEV/C LL/680
66{1894»0) {18»0) DAUBER 48 HBC K P 2 ~ 7 BEV/C LL/dei

~ ~ ~ ~ o o ~ ~ o
AVG 1931 8293 12 4939 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

52 XI'01/2{1930) MIDTH (MEV)

PJERRDU
SGNLE IN
BAD IER
PJ'ERROU
LONDON
BERGE
MERRILL
SHAFER

001100100 1100~ 1001 100100000 000010000 100000000 000000011 01101001

REFERKNCES Xlil/2( 1530)

42 PRL. 9 L14 +PROMSE ~ SCHLEIN SLAYER STORK TICHO (UCLA) I
63 PRL 11 167 +CARMDNYePJERROU ~ SLATEReSTCRKet(CHO (UCLA) IJP
64 DUSNA I 593 +DENOULINeGOLDBERG ~ + {EPeSACLAY ~ AMSTRl I
65 PRL 14 275 +SCHLK IN»SLATERD SMITH ~ STORK ~ YICHO (UCLA)
66 PR 143 1034 eRAUDSANIOS ~ YANAMOTO GOLOBfRGe+ tBNL ~ SYCR) IJ
66 PR 147 945 +ESERHARODHUBSARD ~ NERRILLe8 SHAFKR ~ + {LRL) I
db UCRL 14455 THESIS D M MERRILL (LRL) JP
46 PR 142 883 BUTTON-SHAFEReLINDSKYeNURRATeSMITN {LRL) JP

A SPIN PARITY DKYERNINATIDN ~

0100ti 001000001 tttttttti 1001100it Ottttttit 001001000 000010000 itteitit
111111110111011110111111OOOOOOOOO Otttititt OOOOOOOOO OOOOOOOOO OOOOOOOO

XIOL/2{ 1930) PARTIAL DECAY NODES

Pl
PK

Xltl/2{1930) ENTO Xl Pl
Xltl/2t1930) LNYO LAMBDA KBAR

52 Xltl/2{ 1930) BRANCHING RATIOS

DECAY MASSES
1321+ 139
1115+ 497

RL
RL
RL
RL

. Xltl/2( (930) INTO XI PI
SKEN
SEEN
SEEN

BADIER
AL ITTI
DAUBER

{PL}
65 HSC 0
68 HSC 0
68 HSC

LOOKED FOR BUf NOT SEEN IN OTHER CHANNELS SEE A(. IYTI de

oototo oite'tittt teottitto tttoetttt 1ttoettto ttottttto ttttttttt ttttittt

11/680
1I /680
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BARYON RESONANCES
Data in parentheses have not been included in our averages.

REFERENCES -- X(f1/2(1930)

BADIER
ALITTI
DAUBER

65 PL lb 171
68 PKL 21 1119
68 PR (SUBMfTTEO)

+OEMOUL INqGOLOBERGg f (EPg SACLAYf AMST) I
+FLAMINIO0METZGER ~ RAOOJICICP+(BNL ~ SYRACUSE) I

+BERGEN'

HUBBARO0 MERRILLP MULLER (LRL) I

ttf tt ttf tttf tf tftf f f ttt ttf tf ttft ffttf tttt tttf ttttt f tf tfttf t ttttttf ttttttf tttttff ff f ftff fttt ftttfffff 'ttff ftttt fttfftftt ttff ttttt tfttttt ~

8 (2Q3Q) 00 xl ~ 2/212020 JP 2 I 2/2

68 Xlf1/2(2030) MASS (MEV)

M 2030~0 10' 0 ALITTI 68 HBC - K-P 3 ~ 9-5 BEV/C ll/68t
68 Xf f1/2(2030) WIDTH (MEV)

50.0 25 ~ 0 20 ~ 0 AL I TT I 68 HBC

68 XI' 1/2(2030) PARTIAL DECAY MODES

11/68t

Pl
P2
P3
P4

Xltl/2(2030) INTO XI Pl
Xlt1/2(2030) INTO LAMBDA KBAR
Xl f 1/2(2030) I NTO SIGMA KBAR
Xtt1/2(2030) INTO Xlt1/2(1530) Pl

6$ Xltl/2(2030) BRANCHING RATIOS

DECAY PASSES
1321+ 139
1115+ 497
1197+ 497
1530+ 139

Rl
Rl

Xltl/2(2030) INTO (Xl Pl)/TOTAL
SMALl. AL I TT I

(P 1 ) /TOTAL
68 HBC ll/68t

R2
R2

R3
R3

R4
R4

XItl/2(2030) INTO (LAMBDA KBAR)/TOTAL (P2)/TOTAL
0 ~ 5 AL I TT I 68 HBC

XI f 1/2 ( 2030 ) INTO ( SIGMA K BAR ) /TOTAL (P3)/TOTAL
0 5 ALITTI 68 HBC

XI f I/2( 2030) INTO ( X I f 1/2 ( 1530) P I ) /TOTAL (P4) /TOTAL
SMALL AL I TTI 68 HBC

tfftttftt ttfttfttt ftftftttt tfffftttt tttfftttt ftttttttt ttfttttt

11/68t

)I/68t

1)P68t
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SEE L I STINGS OF S TABLE PARTICLES
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APPENDIX L Test of b,I = i/2 Rule

for K Decays

The quantities of interest for making

tests of theoretical predictions regarding K

decay are usually partial decay rates for yin-

gle channels or special sums of channels. It
is not possible to compute the errors on sums,
difference, and ratios of partial decay rates
from the information given in Table S because
of the presence of off-diagonal terms in the.
error matrix. For this reason we give some
of these quantities below.

Table I.

and

1
K

}43
I'
K+

e3

= L.44+0.07.

r
momomo m+~ mo

The se re suits seem to show a le s s than
2a disagreement with the predictions, but the
errors should be regarded with caution in
view of the internal disagreements in the data.
(Note the ideograms in the data listing for the
charged K meson. )

The three pion ratios may be used in the
following tests of the b,l = i/Z rule:

1 - I'
K Kgl

= (3.%4+.05) && iQ sec

r
K

p, 3

= 0.66+.02

1 = 1 + I' = (6.5i+.i5)&&10 sec6,
+

Kg3 K3 K3 K'
~f

44

l 1"
0 +
mme 7'K + - o K r

3 Z

I'
K+

7 l

= 3.28+.09

r
K

= 0.75+ 0.04

I' = 1 + 1 = (i2.24+0.46)Xi0 sec6

Kg3 K3 K3

r
K'

momomo

4
K

7

1"
K+

gl

44

where the P. are phase-space factors. They
have been calculated by Trilling (UDP),
assuming uniform Dalitz plot distributions for

I
odom

I' = 4.70+ 0.07
Km+Tr-mo

the three pions, and by, Devlin and Barshay
(NUDP), including the mass differences be-
tween the pions and the observed slopes for
the Dalitz plot distributions. These value s

K~o 3

2I' =. A. Ql, a phase-space factor,
Kg 3

and r r =I
K'3 K'3 K 3 Ke3

From Table I,
2X' = 0.94+ 0.04

Kg 3

The 1K rates are useful in testing the
P3

leptonic b, l = i/Z rule in the way suggested, by
Trilling. The predictions are

Method

UDP

&.495

l.225

l.000

l.248

NUDE

1.480

l.310

l.000

4.2 l0

The corresponding values of the ratios are
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Method

UDP

0.93 + 0.04

l.02+ 0.03

0.87+ 0.04

0.79 + 0.04

NUDP

1,00 + 0.04

0.99 + 0.03

0.79+ 0.04

0.80+ 0.04

For the first two ratios there seems to be

good agreement with the predictions of the

EI = i/2 rule. For R3 and R4 the disagree-
ment seems to be significant. This would

indicate that a 61 = 3/2 transition is present
in K ~ 3~ decay.

APPENDIX II. (C. Zemach)
Selection Rules for Meson Decays

Some considerations related to quantum

number assignments are sketched here with

emphasis on points that sometimes cause un-

ce r tainty.

Al. C, P, and Q for Decays into

Particle -Antiparticle
The reasoning behind Eqs. (8) through

(i2) of the text is presented here in more
detail.

First consider boson-antiboson (bb) and

fermion-antifermion (7f) states, where b and

7 are the antiparticles of the b and f respec-
tively. Later, as in Section A4, we suppose
that b, f are members of isotopic multiplets,

FOOTNOTES

Q. Trilling, K-Meson Decays, UCRL-
i6473 (updated from Argonne Conference
Proceedings, i965, p. i i5).

2. N. Brene (CERN), private communication.

In our Jan. 1968 edition we had errone-
ously used l.04.

3. T. Devlin and S. Bar shay, Phys. Rev.
Letters i9, 88'1 ( i967).

dxdy f ' x,

N M(x)4 (y, ) ~ ~ . & + ~ ~ ~ ~ (Ai)

(The dots inside the bracket refer to other
particles and the dots outside the brackets
refer to possible admixture of states with

other numbers of particles of the Q field.
For simplicity, ignore these notational com-
plications. ) The wave function f, by its de-
pendence on x, X and a, P may specify a defi-
nite orbital angular momentum ~, with orbital
parity (-i), and total spin S. The behavior

of @ under particle exchange X, parity P, and

charge conjugation C is determined by the

behavior of the field operators.
For spin zero,

(a} Q (x} = (Q (x)} (t = adjoint),

(b) Q (x) and $ qg) commuteM,

(c) PQ (x} = @PE (-x) (qP= +i = intrinsicN N

parity},
(d} C Q (x) = qCQ (x} (qC = + i = intrinsicN -N

charge -conjugation
number)

In the commutation or anticommutation of
/+i and Q i, a 8 function of x-X also enters,
but this will not affect the explicitly written
parts of Eq. (Ai), and we ignore it,

and that b, 7 are any members of the antipar-
ticlee

multiplets.
The pr ope r tie s C and P fo r par tic le -anti-

particle states are determined by the relation
of states to the field operators that create the

particles out of the vacuum, and to their com-
mutation propertie s.

Any state may be represented as a super-
position of free particle states. Let Q (x} be

the field operator which, acting upon the vac-
uum state @,creates a free particle atvac
position g with spin component g and particle
number N(where N = +i for particle, N = -i
for antiparticle). The state @ containing,

among other things, two particles of this field
is given by
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0
AaP

0
AJ

0 o'k

(A2)

and, also
0 = 4~go = Y04~. (A3)

If Q is the field operator for a particle, and+& .
is the field operator for its antiparticle,

+&then Q is charge conjugation upon Q and

w ith r ep r e s e ntati on ( A2),
+4(a') Q = iYPY2P

which, by (A3), is equivalent to

(a) 4 --Y(& )-2
(b'} Q (x} and Q (y) anticommute.

Under parity, gx) transforms into YOQ(-x),
IAt Ihsl

ip(x) transforms into Yp-x).
Introducing an intrinsic parity g& = + I

for particles, we write
{c') PQ (x) = qpYOQ (-x},

but the equivalent expression (c") for anti-
particles has a factor of -l. In fact, oper-
ating with P on(a'), and using (c'}, then(A3),
then YO

= i, then {a"), we have2=
{c") PQ (x) = -s}PYOQ (-x).

Next consider char g e conjugation. Again

the r e is an intrinsic char ge conjugation num-

ber qC = + I, so we write
(d') CQ (x) = rlCQ (x).

Unlike the parity case there is no factor
of -i in Eq. {d")for antiparticles, but simply

(d") C4 (x) = r}C4 (x).
{To get d." from d use Y = -lf

2t
transpose

Y2
—+Y2- I

For spin ) i/2, we a.ssert that the con-
clusions below for spin 0 are valid for bosons
in general, and the conclusions for spin &/2

are valid for fermions.
With Eqs. (a) through (d), or their primed

equivalents, the effects of P and C operations

For spin i/2, we use the following repre-
sentation of the Dirac Y matrices

on a particle-antiparticle state in Eq. (Ai}
are easily computed when the state carries
definite X and. S. Interchanging space coordi-
nates in the center of mass yields

f(X, x) = f( -x, -X) = ( -i) f(x, I).

Exchanging spins introduces a sign XS,

f =Xi'

with XS = (-i) for integral spina (A4)
and = (-i) for half-integral spins. (A5)8+&

Operating with C, we get

C% f
= dxdy f ' (x y)CQ (x)CQ (}r}4

dxdy f ' (x, y)Q (x)Q (}r)%'

Commuting the Q's for fermions yields the

crucial factor of -l, i.e.

dxdy f ' (x, y}Q (y)Q (x)@

d)rdx f ' (}r,x)Q (x)Q (X)@

Thus the net effect of C on f (x,y) is
cs w sv

equivalent to space and spin exchange times
minus one. Using (A4) and (A5) we get text
Eq. (iia),

C(ff) = (-'i) (ff ~ (A6)

Similarly we can get Eq. (i2),
P(ff') = -(-i) (ff). (A7)

Once we have worked through the above
for f7, we can even more easily see that for
bb we get the same equation, numbered (8a}
in the text,

C(bS) = (-i} (bb), (AS)

%'e can then interchange the variables x, y and
tV IV

a, {i to relabel the Q's as in (Ai),

This point has been verified experimentally
in the YY decay of Sp positronium; see C. S.
Wu and I. Shaknow, Phys. Rev. 77, i36 ( i950).

and for parity,

P(bb) = (-i) (bb}. (A9)
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X CXSr {i0)

A2. Extended Statistic s

A state of N different particles can be

described by a wave function P(x, x, x, ~ ~ ~ }
supplemented by an ordering convention that

the first coordinate stands for particle I, the

second for particle 2, etc. Alternatively, we

may introduce a type variable t, which takes
on discrete values labeling the different par-
ticles, and consider functions p(x, ti, x2, t2, ~ ~ }
in the enlarged. set of variables. Then there
is no need for an ordering convention. Each
physical state is described by N! different
functions, obtained. by the N! permutations of

the arguments (x., t.}, i = i, 2, ~ ~ ~ N. To re-
move the ambiguity, we may require that only

the function completely symmetric {or anti-
symmetric} under interchange of x and t be

us ed to r epre sent a state. If the particle s

are all bosons (fermions) and the restriction
that the particles are all different is dropped,
then clearly the choice of symmetry {antisym-
metry) is appropriate, as the requirement of
ordinary Bose (Fermi} statistics is imposed

when, and. only when, it is applicable.
So far, this procedure is purely formal.

It be come s us eful if the inte rac tion among the

particles is symmetric. Then an initially
symmetric or antisymmetric state remains
so automatically, even if the dynamics trans-
forms one type of particle into another. Thus,

e. g. , the combined. implications of statistics
and isospin invariance for a multipion state
can be most efficiently realized when the
-tate is regarded as completely symmetric

In summary we can restate the word, s

above (A6) as follows. By using commutation

for bosons (or anticornmutation for fermions)
we have generalized to particle-antiparticle
pairs the familiar rules for the exchange of

bosons,
X —X CXS—

and fermions,

under simultaneous interchange of space and

isospin coordinates.

+ 0and the triplet (-w, w, w ) transforms like an

I = i multiplet with I = +4, 0, -4, respectively
according to the usual (Condon-Shortly) con-
ventions. (Note the minus sign in fron of w . )

Let (a ) be an isotopic multiplet of par-m
ticles of isotopic spin I, where m=I, I-C, ~ ~ ~, -I
labels the z component of isospin. Then for
any isospin rotation, there exists a matrix
D and a transformation lawmn

a' = D aIn mn n (A i0)

Now let a be a member of the antiparticlem
multiplet, again with m labeling the z cornpo-
nent of isospin. Then a is the charge con-m
jugate of a . That is, a = (a ). Under

a rotation, the a do not follow the samem
transformation law (Ai0} as the a . But them'

A3. On Isotopic Spin
The incorporation of sets of elementary

particles into isotopic multiplets with definite

phase relationships follows from, by now,

standard expressions for the interactions,
e g. , NY&yN ~ vr, R Y&AK, etc. Let the pro-+ 5 u'
ton and neutron operators transform under C

like C p = «Y0YZp and C n = iY0Y2n
same intrinsic C for p and n assumed. Then,

under C, Ng. N transforms into itself for
«

i = I, 3 and into its own negative for i = 2.
Thus (wi, w2, w3) is an isovector in {Cartesian}
three -space and for C invariance of the inte r-
action, must have the C properties

C(wi) = +w, C(w2} = -w2, C(w3) = +w3.

In terms of the convention for charged pions,

w = (w&+iw2)/~2, w = w3, w = (w -iw )/~2,
+ 0

we have

+ - 0 0 «+
C(w } = 4w, C(w } = tw, C(w ) = +w,
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correct law for transformation of the a ism
inferred froxn the requirement that Z(a )a.m m
be invariant. In fact (see, e. g. , A. R.
Edxnonds, Angular Momentum) the quantity

I+XYl-(-i) a does follow the saxne law as am 0 m
Thus, if (K, K ) and (p, n} are K meson and

nucleon doublets transforming, respectively,
like the I = +i/2 and the I = -i/2 xnexnbers

of an isospinor, then (-K, K ) and (-n, p)
transform likewise. It is instructive to com-
pare the isoscalar and isovector states formed.

(a) from a KK state and (b) froxn a, KK state:

eigenvalue. This eigenvalue is called the G

parity of the multiplet and is either +& or -4.
The previous section told us that the quantities

( i) (a ), m=II i,I+m

transform under isospin rotations just like the

quantities a . Then, for this multiplet closed
to C,

(-i)1™C{am) =—(-i) (a )

= a Xcoefficient independent of rn.m

Therefore, by Eqs. (Aii} and (Ai2),

I = 0: (K K -K K )/~Z

!

K K

I=i:t(K K+K K )/W2

K'K'

(K K +K K )/~2

-K+K0

(K K -K R )/M2

Qa ) = (-i) C(a )

= a &(coefficient independent of m,m

as asserted.
The unknown coe ffic ient is determined by

comparison with the xn = 0 (neutral) case. I et

A4. G Parity
The G-conjugation operator is defined by

i'tTI

G=Ce

i@I I+I
e y!I, I ) = (-i) ~I, -I ). (Ai2)

I et (a ) be an isotopic multiplet of defi-m
xlite I, with m =—I, which is closed to C, thatz'
is, the charge conjugate (= antiparticle} of
each member of the multiplet is also a mem-
ber of the multiplet. Since C reverses I,
charge, baryon number, hypercharge, etc. ,
such a multiplet has baryon number zero,
hypercharge zero, and the neutral member
has I = O. The pion triplet and any multiplet

K

of particle-antiparticle pairs are examples.
We now show that all members of such a

multiplet are eigenstates of G with the same

and is conserved in strong interactions. The
xxx

factor e represents rotation by xx around

the y axis of isospin space. A useful fact
about this rotation is

Qpp3 = (-i) (pp).
l +8+I

giving both text equations (8b) for bb and ( iib)
for H.

Finally, we note the action of G on some
familiar particles. For isospinors,

ixxl i( xx/2) xr2 0 i
e y=e =is =( 0),

so that

axld

K K K -K
QKo) = ( K-). Q K-) = ( Ko)

Ca0 = C a0 where the constant C is the Cn 0 n
parity of the neutral member. Then

i+I
Qa0) = C e (a()) = C (-i) a0.,

that is,
G parity = C (-i) .I

Xl

The G parity of a particle-antiparticle (pp)
multiplet is then derived from the C properties
of the neutral member, as given in Eqs. (A6)
and (A8),
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i+I
For a single pion, the rotation e Y changes
the sign of ~ and. z3, and C changes the sign
of z . Hence

G(m. ) = (-j,)m. for i = 1, Z, 3.
1 I

Thus for an n-pion state, regardless of the

charges, G =(-1)


