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I. INTRODUCTION, CREDITS, CONSULTANTS

This review is an updating through January 1973 of
our previous review (Particle Data Group, 1912). In
this version of the text we concentrate on topics that
are either new or essential. For complementary informa-
tion on our standard procedures the reader is referred

Si
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FIG. 1. Statistics on the rate of production of data on particle
properties. From the top to the bottom, the number of results per
year are presented for stable particles, meson resonances, F'*+

*'s, and the total of the three above. The full lines correspond to
bubble-chamber techniques (BC) and interrupted lines cor-
respond to counters, spark chambers and spectrometers (C) .Note
that the figure omits Ã* and Z*, the field where counters have
overwhelmed bubble chambers, because we punch mainly results
from partial wave analyses instead of primary data.

to our January 1970 article (Particle Data Group,
1970).

Again we wish to emphasize that we compile the
experimental results of others. It is inappropriate to
give us the credit for their countless hours of effort.
We urge that references be given directly to the original
data, and we provide complete references in the
Data Card Listings for that purpose. Only then is it
appropriate to state "average value obtained from
Rev. Mod. Phys. 45, No. 2, S1 (1973)." If the list of
experiments is so long that this is impractical, we
suggest the form: Jones et aL 70, Smith et aL 69, ~ ~ ~

average value and complete references in Review of ~ ~ '.
The responsibilities of the authors of this compila-

tion can roughly be broken down as follows:

(1) Stable particles: A. Barbaro-Galtieri, N. Barash-
Schmidt, and T. G. Trippe.

(2) Meson resonances: V. Chaloupka, M. Roos, A.
H. Rosenfeld, and P. Soding.

(3) Baryon resonances: A. Barbaro-Galtieri, C.
Bricman, R. L. Kelly, and T. A. Lasinski.

GeeeraL All Berkeley authors.
Consultants. The three teams just mentioned must

come to a consensus on how to treat the data and must
write a number of mini-reviews. It is impractical to

spread this responsibility over more than a few people
in each team and still expect to meet publication dead-
lines. Hence we limit our number of authors (to eleven
in this edition), but thereby leave gaps in our coverage,
both intellectual and geographical. To help us over-
come this deficiency, we have solicited the help of
consultants:

~ Stanley J. Brodsky (Stanford Linear Accelerator
Center)

~ Chih-Yung Chien (Johns Hopkins University)
~ Anatoli Kuznetsov (JINR, Dubna), starting 1973
~ R. Gordon Moorhouse (University of Glasgow)
~ Horst Oberlack (Lawrence Berkeley Laboratory)
~ Oliver E. Overseth (University of Michigan)
~ LeRoy R. Price (University of California at Irvine)
~ Mark Sakitt (Brookhaven National Laboratory).

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

II. COLLECTION AND TREATMENT OF DATA.

A. Annual Growth of Data

Figure 1 shows the rate at which we have been
recording results, as a function of year published.
Through 1969 we subdivided our annual count into
two parts:

(1) Highest quality data. These are the results
that we accept for averaging and fitting.

(2) Lesser quality data; results which, for one of
the reasons mentioned in Section 8, below, we encoded
but did not accept for averaging.

We have found that this subdivision stays at a
fairly constant 60:40 ratio, and is not otherwise
very informative, so we now merely count the total.

We see that the number of results per year from
bubble chambers, though still dominant, is now drop-
ping; that from counters is roughly constant.

It is of interest to compare the declining rate at
which bubble chambers produce results on particle
properties with the fact that the number of bubble
chamber events measured each year is roughly constant.
Apparently experiments have become larger and
more specialized, and we now find ourselves encoding
more density matrix elements for our compilations of
cross sections, and fewer masses and widths of bumps.

It is of interest to compare the decreasing total
rate at which we encode data on particle properties
with the fact that the rate of publication of experi-
mental papers is about constant. Some differences are
that many new experiments are above the resonance
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region, there are many photon and electron experi-
ments, and many studies of inclusive reactions. Again,
compilers are Rooded with new data, but the great
majority go into collections of cross sections.

reviews in the Data Card Listings. The reader is
therefore encouraged to familiarize himself with the
Data Card Listings and, ultimately, with the original
experiments.

B. Selection of Data

All particles are considered to fall into one of the
three groups:

(1) Stable particles, immune to decay via the strong
interaction

(2) Meson resonances
(3) Baryon resonances

These groups are maintained within the two main
parts of the compilation:

(1) Tables of Particle Properties
(2) Data Card Listings.

The Data Card Listings contain the original in-
formation (data, references, etc.), weighted averages,
comments and "mini-reviews. " Immediately preceding
the Data Card Listings is an Illustrative Key thereto.
We attempt to give complete Data Card Listings
up to our closing date (February 1, 1973) for all
journals listed in the Illustrative Key. We also include
preprints and unpublished conference reports which
have come to our attention, but make no attempt at
completeness.

Roughly 40% of our encoded results have not
been accepted for averaging. They are set oG in
parentheses; our reasoning is then often given in a
footnote below the data. If the reason is not given, it
is one of the following:

'The quantity was presented with no error stated.
~ The result comes from a preprint or conference

report. It is our experience that such results (and
particularly the errors) often change before final
publication. Accordingly we keep these new results in
parentheses until we have corresponded with the
authors.

~ It involves some assumptions that we do not wish
to incorporate.

~ It is of poor quality, e.g., bad signal-to-noise ratio.
~ Two or more experiments give contradictory re-

sults, so that it is senseless to average the data.

When the data for a particle have received special
treatment or when they present special problems,
this is noted in a mini-review in the Data Card Listings.

The Tables of Particle Properties represent the
output of weighted averages and some critical judg-
ment. The extent to which "blind" averaging has
been tempered with judgment is explained in footnotes
to the Tables. In general, however, the footnotes are
less complete than is the collection of notes and mini-

III. CRITERIA FOR RESONANCES

An experimentalist who finds some evidence for a peak
in a mass spectrum will of course want to know what
has been seen in that region in the past; hence, we
strive to have the Data Card Listings serve as an
archive for any substantial claim or evidence for a new
state.

For the Tables of Particle Properties, on the other
hand, we wish to be more conservative, and to include
only those peaks or resonances which we feel have a
&90% chance of survival. One's betting odds for
survival are of course completely subjective; they are
influenced mainly by the amount of information avail-
able (such as partial-wave analyses) and somewhat by
the degree of controversy over interpretation and how
long it will be before more information is available.
An arrow (~) at the left of the Tables of Particle
Properties indicates that a questionable candidate has
been omitted from the Table, but that it can be found
in the corresponding part of the Data Card Listings.

More details on our acceptance criteria are as
follows.

1. Partial 8'ave Analyses

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

Of course, even if Argand plots are available, it may
still be a matter of opinion as to what behavior con-
stitutes a resonance. Such an example is the E+p
peak (near Ed threshold) called Zi(1900), which is
discussed in a mini-review in the Baryon Data Card
Listings. E+p P» Argand plots are displayed there,
and most suggest a resonance; however, there is
disagreement between the various analyses as to the
speed of the amplitude, i.e., as to whether it has a
Breit-Wigner type of behavior. In addition the errors
on the amplitudes are still large, and we prefer to wait
a bit longer before we put Z& in the Baryon Table.

(b) Often where there are insufhcient data to
perform energy-independent analyses, one resorts to
energy-dependent partial-wave analyses (mostly for
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F*s). In this case Breit—Wigner behavior is an input.
We therefore require that resonance solutions be found

by several different analyses, preferably in different
channels (XÃ-+EX, 'n Z, etc.), before putting the
claim in the table.

(c) Partial-wave analyses of three-body final states
(x1V—+n m.E) are becoming available. While these
analyses are based on the isobar model (7rE~pX, mh,
etc.) and are subject to theoretical objections of varying
importance (triangle graphs, double counting,
unitarity), they provide increasingly reliable informa-
tion on inelastic decay modes of otherwise established
resonances.

Z. Bumps

This category includes most mesons, * peaks, and
the higher mass (&2300 MeV) Ã*, I"* peaks. Unless
the peak is experimentally shaky, we put it in the
table. Thus we accept peaks of high statistical signif-
icance or states that are observed via several different
production processes.

3. "Digractive Mesons"

(a) This category includes statistically significant
peaks like Ai, A3, or Q, which are not far above the
pm. , fx, or E*ir thresholds. Although the threshold
behavior in these channels may be described by the
"Deck effect" or by its modern version "double
Regge-pole exchange", the question of resonance
interpretation has for some time been open. Several
years ago we put these peaks into the Meson Table, but
warned the reader not to conclude that we claim they
are necessarily genuine resonances. However, if such
effects can be convincingly associated with poles of
the S-matrix on some unphysical sheet, we shall call
them resonances (see, e.g. , Chew, 1968) .

(b) Recently Ascoli and collaborators (Ascoli,
1922) have attempted partial-wave analyses of the
xirz system in reactions like xX—+(xxir)1V. There are
several important aspects to such analyses:

(i) for a given t, the xmx vertex is assumed to be
independent of the EX vertex;

(ii) the xirm reaction is assumed to proceed
through quasi-two-body states (pir, er, etc.) in the
spirit of the isobar model;

(iii) in order to keep the number of parameters
manageable, certain plausible assumptions are made
on the vanishing of some of the spin density matrix
elements of the (nirir) system.

In view of the novelty and difhculty of this analysis,
we are reluctant to place these partial-wave analyses
in the same category as 1(c) above. However, through
such an analysis, the already significant A2 peak has
been confirmed to be a Breit—Wigner type resonance
through an observed phase change of 90 relative to
other slowly varying partial waves. In contrast, peaks

like A~ and A3 show an enhancement in a now "pure"
J~ mass plot but reveal no relative 90' phase change.
While this observation suggests that the A~ and A3
are not resonances, a mechanism has been suggested
by Wright (1972) that reproduces the Ai "partial
wave" and still associates the A~ with a pole on an
unphysical sheet. In the sense of Chew 68, the A& may
still be called a resonance.

We now ask "How likely is it that peaks of class 2
and 3 (a) above (not checked by partial-wave analysis)
will eventually be confirmed as resonances P" We
know of no experimentally convincing peak that has
been shown to have mothieg to do with a resonance.
But be warned that broad peaks may be misleading:
they may contain several resonances, or they may
include a resonance narrower than the peak, plus some
other complications; for example:

~ Before 1966 we might have tabulated the m p
bumps at 1520 and 1688 MeV as single resonances,
whereas partial-wave analysis shows that each contains
several resonances.

~ Before the 1P(1470, Pu) was confirmed in partial-
wave analyses, it was seen as a missing mass or pirir
peak produced peripherally in high-energy pp col-
lisions, and (like Ai, Q, and A&) was partly explained
by the Deck effect and later by double-Regge-pole
exchange.

In summary, we enter into the Tables of Particle
Properties experimentally convincing peaks unless
there is contradictory information; and we expect
that most of these peaks will eventually be confirmed
as one or more resonances.

IV. PARAMETERS AND CONVENTIONS

A. Quantum Numbers

The symbols Ig(J~) C represent:

I= isospin
G= G-parity
J= spin
P= space parity
C= charge conjugation parity.

Mesons

The charge conjugation operator C turns particle
into antiparticle and has eigenvalues &1 only for
neutral states; so it is useful to define an extension G
which has eigenvalues for charged states too. It is
usually' defined by

G=C exp (i~I„).

~ Most texts deane it as in Eq. (1); see, e.g., Gasiorowicz
(1966); however, sometimes the rotation is taken about I . The
difterence between the two conventions is mentioned in a footnote
in Kallen (j.964).
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A neutral nonstrange state is an eigenstate of
exp (isrI„) with eigenvalue (—1)i. Then we can write
the eigenvalue equation for the whole multiplet as

G= C„(—1)I, (2)

where C„(rt for neutral) is the eigenvalue C would
have if applied to the neutral member of the multiplet.
Thus, for a n', C has the eigenvalue +1, and since
I= 1, G= —1. For the charged pion there are no eigen-
values corresponding to C and to the isospin rotation,
but Eqs. (1) and (2) still give G= —1.

Consider a meson as a bound state of fermion-
antifermion, e.g., qq, with orbital angular momentum
l, and with the two fermion spins coupling to give a
spin S. Then one can show that the charge-conjuga-
tion eigenvalue (defined in Eq. (2)j is

—( 1) l+s

Equations (2) and (3) combine to give

G—
( 1) I+s+I

The parity is

(3)

(Sa)

Equations (3) and (5) combine to give

CP ( 1)s (Sb)

so all singlet (ISo 'Pi ~ ~ ~ ) have C„P=—1, and all
triplets ('SI, ~ ~ .) have C„P=+1.For proofs of the
above, see our 1969 text (Particle Data Group, 1969)
and Appendix by C. Zemach.

If, instead of qq, we consider the meson as a state of
boson —antiboson (e.g., A2 +EE), it tu—rns out that
some signs cancel, and Eqs. (3) and (4) )not (5)!)
apply Nnchanged. Of course the mesons are usually
spinless and S is zero, but the equations are more
general. Equations (3) and (4) can be considered as
selection rules forbidding many decays.

Wenowuse Eqs. (3) and (4) to introduce theconcept
of "Abnormal-C" mesons, i.e. mesons that cannot be
composed of qq.

The unitary triplets of quarks is of course defined
to have isospin and hypercharge properties such that
qq can combine (according to the SU(3) relations
{3}{3}= {8}@{1})so as to form only unitary octets
and singlets. The non-observation of "exotic" mesons
(i.e. mesons in more complicated supermultiplets) is of
course one of the bases of the quark model. But it is
slightly less obvious that even some octets are forbidden
by the model, for example those with (JP)C„= (1 )-,
(2+)-, ~ ~ ~ . Such states are also not observed, and this
is an additional piece of evidence for the quark model.

In what follows, do not confuse "Abnormal-C" with
Normal or Abnormal J", both of which are allowed by
the quark model. The series, J~=O+, 1, 2+, ~ ~ ~ is
called Normal because P= (—1)s as for normal

spherical harmonics, and J~=o, 1+, ~ ~ ~ is called
Abnormal.

The top part of Table I shows all the low angular
momentum states that can be formed from qq. Note
that half of the J~ states can be formed by both a
triplet and a singlet qq state, e.g. 'P'j, 'P& or 'D2, 'D2.
Equation (3) shows that 'Pi and 'Pi have opposite
C„, so the qq model allows both. But the states 'Po
and 'P2 have no 'P counterparts. According to Eq.
(5.1) they have C„P=+1, and with the qq model
there is no way to form a state with a J of 'P&, 2 (i.e.
JP= Normal) and. with C„P=—1. As mentioned, such
octets have not shown up. With the help of Table I
one can also see that the special state ISo, C„P=+1,
cannot be formed, so has Abnormal C.

Buryons and Mesons

Well-established quantum numbers are under-
lined (except for stable particles, where most of the
quantum numbers are established). We have used
mimsy evidence to guess many of the remaining ones,
and we have indicated with "?" 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 mean lives. Whenever there is
a particularly interesting test of CPT invariance we
include it in the Stable Particles Table.

B. Particle Names

If a meson has a well-accepted colloquial name, we
use it. If not, we name it by a single symbol which
specifies its baryon number 8 (=0 for mesons), its
isospin I, its hypercharge Y, and, for a nonstrange
meson, its 6 parity. For convenience, we also list the
strangeness S, which is related to Y and 8 by

The name conventions for mesons are given in the first
part of Table II.

To crowd even more information onto the symbol,
we sometimes add a subscript giving J . If J is not
known, but must be "Normal" (0+, 1, 2+, ~ ~ ~ ), e.g.,
because Ex decays are seen, we use the subscript Ã.
Thus EN(1420). If such modes are rtot seen (and are
not otherwise forbidden), we guess that it is because J
is "Abnormal", and we write, for example, EA(1240).

For buryorts (8=1) no attempt has been made
to attach a subscript about J and P. The name con-
ventions for baryons are given in the second part of
table 2. For stable baryons of each I and F we use the
symbol standing alone; for resonances, the mass is in
parentheses {i.e., 1V(1688), A(1405), Z(1765), etc.j.
The J" assignments are reported in the Baryon Table
as —,'+, ~, —',+, etc., and also by the symbols P», D», I'&&,
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Table). I (J ) of mesons from qq model. For the distinction between abnormalG P
J and abnormal C, see text below Eq. (5). K mesons share the same values of
JP as the I = 0 and 4 states shown, but are not eigenstates of G. The middle
column, which gathers together (J ) I& ~ CP, is a redundant intermediate
step intended to make the table easier zo read.

qq State
CP CP

0

3S

(J ) CP

Normal or
abno r mal

«)A-

(1 )N+

rG(JP)C

Io (o )+

ji (o-)+

to (i )-
!i'(i )-

Examples and comments

D

3
P0

3p

3P

0 (~+)-

to (o )++ +

[i (0 )+

+ 0(&)+
1(i }+
0 (2 )+

Ii (2 )+),l&W& )

li(2);
0 M M M W M W W w w M % W W w

( -~)
N

me as S

& (aol6)

AZ

Regge recurrence
of &S, O

3 D

(2 )A
(2 )-

&2

Regge recurrence of
top abnormal-C state
below: {JP)C = (0 )-n

F
2

3
3

3
F4

(3 )

(2) +

(3 )

(4 )Nt

,
t

', [J &
m

3same as P

tJ&Z

etc.

Abnormal C

s tate s J = 0

Have no qq ) (0 )

ABNORMAL C STATES THAT CANNOT COME FROM qq MODEL

(' )A' fo (0 )-
[f (o )-

a All except

,to (i )

c(a )+

a,reto (o )-
j i'(o')-

model (2 )N
0 (2 )-
4 (2 )-
0 (3 )+
I (3 )+

PJ = normal,
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TABLE II. Particle name conventions.

Name

co or fa

X+, IP
X, g~

N

Zt)) Zj
h.

Z
M

0

Mes ons

8aryons

0, 1

0
1
1
2

0

0
0
0
0

+1
—1

+1
+1
+2

0
0

—1
—2

0
0
0
0

+1
—1

0
0

+1
—1
—1
—2
—3

Starting in 1973, we use the symbol co for those I~=0 mesons
that decay mainly into Bags(784), ca(1675) j; we reserve the
symbol @ for qb(1019) and possible future higher-mass I0=0
mesons that decay mainly into EX.

which refer to the m'p or Kp partial-wave amplitude
in which the resonant state occurs (the first subscript
refers to the isospin state; 2)&I for N and d and just
I for Z, A, and Z) .

When two buryols have identical quantum numbers
we warn the reader by adding a prime to the symbol for
the heavier one, e.g. , p, E'(1470, -',+). In the case of
baryon resonances described by Argand diagrams which
exhibit more than one resonance, we use one prime for
the first, two for the second, ~ ~ ~; thus the series of
which the proton is the stable member becomes:
p, 1P(1470, —,'+), E"(1780, —,'+) .

If there is only one resonance on an Argand plot,
and thus no need for distinctions, we use no primes.

For some pairs of mesoes with supposedly identical
quantum numbers, we also use primes; e.g., g, q",

C. Masses and %'idths

An unstable particle of mass M, decaying with a
mean life r, has a wave function

IP(t) ~ exp f iIot t/2rI = exp—I
——(i/A) (M—i ', F)tI, -

where F= fI//r. Its Fourier transform is

IP(m) ec 1/(M m ,'iF)— —-
which we call a nonrelativistic Breit—Wigner resonance.

For the metastable particles in the Stable Particle
Table, we tabulate r, but for resonances which decay
by the strong interaction, we tabulate I', which is
the full width at half-maximum of j P(m) P.

In practice, values of M and I' are extracted from
data via rnodels, and we cannot average these values
if the models are dissimilar. In the next few paragraphs
we discuss this point in slightly more detail, using the
example of an s-channel resonance.

An elastic nonrelativistic Breit—Wigner 7-matrix
element is usually written

r»=-,'F/(M —m —-', iF). (6)

N
F= g I'p,

1
xp

——Fp/I', (10)

and xI (called the elasticity) .is often written x,. (Note
that in the Data Card Listings ere use the symbol I'p
rather than xp.)

The channel cross section otp for the reaction 1-+p is

where J=l&—,'.
Resonances seen in production are even more com-

plicated. Here 1~'l2 disappears from T, and must be
replaced with some model-dependent parametrization
of the production process.

In conclusion, we have seeri that because of the
energy dependence of F even the amplitude T for a
resonance does not have a full-width at half-maximum
equal to F (but it does peak at or near M). Then
kinematic factors enter into the cross section for

Here F(m) is the width for decay into the channel 1,
with angular momentum /. It contains barrier-penetra-
tion factors which can vary rapidly with energy;
near threshold, I'(m) should start up as q"+', and
then level off. Various m dependences are used, mostly
variants of the general form

F(m) ~ $q'/l1+ (qE)'I jIq

For a choice of forms, see Jackson (1964), Pisut and
Roos (1968), and Barbaro —Galtieri (1968). Of course
the detailed shape of the amplitude and also the value
of I' will depend slightly on the form chosen.

The width is also related to the behavior of T at
resonance. It is easy to show (Herndon et at. , 1970)
that, ignoring terms in dF/dm,

"Speed" (res) =
~
dT/dm ~„~q=x,/(-', F(M)), (8)

where the elasticity, x,= F,/F, is introduced next. More
detailed properties of "Speed" are discussed in the
baryon mini-review at the front of the Baryon Data
Card Listings of our April 1971 edition (Particle Data
Group, 1971).

For an irMlIIstic resonance feeding into channel p,

2"Ip— (FII'p)—Il'/(M m i—I') =—(—xtxp) 'I'

XL-,'F/(M —m ——',iF) g, (9)
where
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SU{3) RELATIVE SIGN OF RESONANT AMPLITUDES
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FIG. 2. Plot adapted from Levi
Setti (2969) showing the sign con-
vention adopted here for the Zw
and h.71- amplitudes. Once the
signs of one I=o and one I=2
amplitude are fixed, the others can
be measured relative to these two.
Arrows here indicate signs pre-
dicted by SU(3); )& marks indi-
cate the observed phases; ~ indi-
cates phase chosen according to
sign convention described in text.
The Z (2925) predictions have
been changed from Levi Setti's
original figure.

P 13
X(1385)

013
E (1660)

lsl

0, (1~P) =4m%'(J+-', )x~p

and the total cross section is

(12)

J

formation LEq. (11)]or production, and displace the
observed peak away from M. For quantitative ex-
amples, see Barbaro —Galtieri (1968).

Most of the useful information on the N, 6, A, and Z
baryon resonances with M&2000 MeV has come from
partial-wave analysis. Masses and widths of most of
these states are dependent on the model, as well as on
the data used by the diferent groups that performed
these analyses; therefore, the masses in the Baryon
Table are not averages, but plausible guesses, and the
errors are "external errors" based on the consistency
among diferent analyses. For the procedures adopted,
diR'erent from resonance to resonance, see the appro-
priate mini-review in the Data Card Listings. Res-
onances with mass M&2000 MeV have been detected
primarily in total-cross-section experiments.

We can use Eq. (11) to relate the height of the peak
at resonance 0;„ to the elasticity x,. At resonance the
channel cross section is

constant such that

Pp oc Qp2.

In this case the inelastic I Eq. (9)j amplitude for such
a resonance will go as

Tgp ~ GgGp/(M —m —-', iI'),

where G~ is the coupling constant for the elastic channel.
In the context of exact SU(3) symmetry the relative
signs of the product G~Gp for diferent resonances are
often useful as a consistency check on SU(3) assign-
ments of A. and Z resonances. See Appendix II for
further details.

In the Data Card Listings for A and Z resonances,
we tabulate measured values for (xxxp) ' '0- G~Gp. When-
ever there is an explicit sign, it will be according to the
convention advocated by Levi Setti (1969) and used
in the table of SU(3) Isoscalar Factors presented in
this review. This convention is shown in Fig. 2 from
Levi Setti (1969).

~,„(total) =4~K'(J+-,')x.. (13) E. Muon-Decay Parameters

If J is known, we can solve for x,. IfJ is not known, the
product (J+s) x, is given in the Baryon Table.

Starting this year we give information in the Baryon
Table relating to the photon couplings of X and 6
resonances. One of the mini-reviews on S's and 6's in
the Baryon Data Card Listings contains a discussion of
these couplings.

D. SU(3) Sign Conventions for A and Z Resonances

Consider the partial width j.'p of a resonance decaying
into the channel P. We can always define a coupling

2 & I
I"

I p)& I
I''(G~+G''v ) I ), (14)

where the summation is taken over i= 5, V, T, A, I'.
Using the definitions and sign conventions of Kinoshita
and Sirlin (1957), we have for the momentum param-

The p-decay parameters describe the momentum
spectrum (p and p), the asymmetry (& and 8), and the
helicity (h) of the electron in the process y+ -+e++p+p.
Assuming a local and lepton-conserving interaction,
the matrix element Inay be written as
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eters:
p= [3gA +3gv +6gr ]/D,

st = [gs' gp—'+2gA' 2g—v' j/D,

(15)

(16)

scribed by a "slope parameter" (Dalitz, 1956). For
the r and v' decays of the charged E's, and the v' decay
mode of the Eg, we parametrize the Dalitz plot
distribution by the expression

for the asymmetry parameters:

5= [+6gsgp cos 4'sp ggAgv cos O'Av

+14gr' cos qhrr j/D, (17)

6= [—6gAgv cos @Av+6gr cos Qrr]/D$) (18)

I
~ 12 cc 1+g[(s,—s,) /m. +'3+h[(s,—s,) / m. +2]'

+j[(s2—s~) /m +']+ ~ ~, (23)

where' +' has been introduced so as to make the
coefficients g, h, and j dimensionless, and

and for the parameter describing the helicity of the
electron:

h= &[2gsgp cos esp —SgAgv cos QAv —6gr cos Qrr j/D.

(19)

s,= (PE—P )'= (mJr m;) 2—2m' T—; z 123

so ———', g s,= ', (m—E'+m,'+rrt2'+ me')

(24)

(25)

Here

and

D= gs +gp +4gv +6gr +4gA,

g"= I c' I'+
I
c'' I',

cosP,;=Re (C;*C +C C;*).

(2Q)

(21)

(22)

F. E-Decay Par~~eters

F.l. Dalitz Plot for E &3sr Decays—
The small deviation from uniformity of the Dalitz

plot for the 3x decay of the E meson is usually de-

The quantities g; are defined to be real non-negative
numbers, and the @,; are phase angles between the
i-type and j-type interactions. Under the assumption of
two-component neutrinos, C = —C; and C = —C;, the
S, P, and T terms vanish, and &Av is the phase angle
between C~ and C~ in the complex plane.

By using the above equations and the experimental
determinations of p, rt, $, tl, and h, limits can be placed
on gs/gv, gA/gv, gr/gv, gp/gv, and QAv. The results,
given in the Data Card Listings assume neither two-
component neutrinos nor time-reversal invariance. If,
however, two-component neutrinos are assumed, then
sin &Av is the amplitude of time-reversal violation.
Note that most experiments study only the upper end
of the spectrum where p and p are highly correlated,
so they can only report p for p=—0 and p for p=—43. The
values for p and p we use here were obtained by com-
bining measurements of both upper and lower ends of
the spectrum and turn out to be nearly uncorrelated.

Note also that the radiative corrections are unam-
biguous only when g8= gp= g~=0. The same limits on

gA/gv and &Av are obtained, however, as when gs, gr,
and gp are left free.

Current values for the asymmetry parameters as well
as

I gA/gv I
and qhAv are given in the Addendum to

the Stable Particle Table. In addition, upper limits
on

I gs/gv I I gr/gv I
and

I gp/gv I
are given in the tt

section of the Stable Particle Data Card Listings.

Here the P; are 4 vectors, m; and T; are mass and
kinetic energy of the ith pion, and the index 3 is used
for the odd pion.

The coefficient g is a measure of the slope in the
variable ss (or Te) of the Dalitz plot, while h measures
the quadratic dependence on s3. The coefficient j is
related to the asymmetry of the plot and must be zero
if CP invariance holds. Note also that if CP is good, g
must be the same for v+ and r, and similarly for h.

At present there is no compelling experimental
evidence for either the h or the j term (for upper limits
on the j term, see section F.3(b) below). Thus we
stop the above expansion at the first term and list
only g. Since di6erent experiments use difterent forms
for

I
M P, in order to compare the experiments we

have converted to g whatever coefficients have been
measured. See the mini-review in the E+ section of
the Stable Particle Data Card Listings for details on
this point. The results are given in the Addendum to
the Stable Particle Table and in the E+ and EL,'
sections of the Stable Particle Data Card Listings.

Relations among v+, r'+, and 7 are predicted by
the LU= —', rule. See Appendix I for these relations
and a discussion of this rule.

f~(q') =f~(0) [1+~ (q/ -)'1' (27)

F.Z. Form Factors in ate Leptonic Decays

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

iV ~f+(qm) [(Ptr+P.)„etty„(1+ye)I„)

+f (q') [mtut (1+pe) et„j, (26)

where P~ and P are the four momenta of K and z
mesons; mt is the lepton mass; f+ and f are dimension-
less form factors which can depend only on q'=
(Pz P)2, the square of the —momentum transfer to
the leptons. The parameters we list are ) +, the energy
dependence of the f+(q') form factor, assuming the
form
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and $, the ratio of the two form factors,

k=f lf+- (28)

Listings. See the note on form factors in the E+ Data
Card Listings for discussions of these results.

The quantity $ can be determined in different ways:

(1) By measuring the K»/K& branching ratio and
comparing it with the theoretical ratio as given in
terms of $(0) =f (0)/f+(0) .
I'(K»+)/P (K,g+) =0.6457+0.1264 Re $+0.0192

I $ Im

+1.4115K++0.4754K Re $+0.0080lb, + Re $,

F(K»0)/F(K~0) =0.6452+0.1246 Re $+0.0186
I $ I'

+1.3162li +0.4370K Re $+0.0064K Re $. (29)

See Cabibbo (1966) and Fearing et al (1970. ) (for
the charge-dependent formulas). Note that the first
constant has been changed to 0.6457; the earlier value
was a misprint, which we copied from Cabibbo (1966).

(2) By studying the Dalitz plot of the K» decay.
The K,3 Dalitz plot distribution is only dependent
upon the X+ parameter, whereas the K» distribution
is dependent upon X, X~, $. Often experimenters have
measured only the momentum spectrum of either the
x or the lepton and compared it with the predicted
spectrum. See the note on form factors in the E+
Data Card. Listings for a discussion of this method.
For a formula relating the Dalitz plot variables to
$ see, for example, Brene et al. (1961).

(3) By measuring the muon polarization in K»
decay. In the rest frame of the E the p is expected to
be polarized in the direction A with P= A/I A I, where
A is given (Cabibbo and Maksymowicz, 1964) by

A=~i(&) p. ~2($) I (p./ni. )Crn&

+(p- p./I p. I') (&.—m.)3+p-I

+rnid Im g(q') (y Xp„). (30)

If time-reversal invariance holds, & is real, and thus
there is no polarization perpendicular to the E-decay
plane.

If we remove the assumption of a pure vector current,
then the matrix element for the decay, in addition to
the terms in Kq. (26), would contain

+2mzcfsli(1+y, )I,„+(2fr/mir) (Pzc) i, (J',)„
XIo'i y (1+v5) Nv,

where fs is the scalar form factor and fr is the tensor
form factor. In the case of the K,3 decays where the f
term can be neglected, experiments have yielded
limits on

I fs/f+ I
and

I fr/f+ I.

The experimental results for $, li~, and the upper
limits on

I fs/f+ I
and

I fr/f+ I
are given in the K+

and EL, sections of the Stable Particle Data Card

' We thank Drs. H. W. Fearing and J. Smith for calling this
mistake to our attention.

r (K,~-i+.) —r (K,~+i-,)
P(Kz~ l+r)+F(Kz~+l v)

(33)

This asymmetry violates CI' invariance, If CI'T is
good, for a pure Kzo beam, h can be written as

~= 2L(1—
I
~ I') l(11—' I') j Re e, (34)

where x is the hS= AQ-violating parameter defined in
Section F.4, and e is the parameter of the expansion

I Kz)= C(1+e) I K&—(1—e) I K&j/L2(1+I e I') 7'",

(35a)

I Es&=C(1+e) I K&+(1 e) I K&j/C2(1+I e I') j'"
(35b)

Il.3. CP Viol'unior ie Eo Decays

We list parameters for four diferent reactions in
which CI' can be tested CFor details see Okun and
Rubbia (1967), Steinberger (1969), and Wolfenstein
(1969)j.

(a) Ks-+a+~ 7ro. The quantity measured here is the
ratio of amplitudes

As(Ks~+~-~')/A, (K,~+~-~ ) —=~yiy.

If CI'T invariance holds and there is no I=3 state
present, then x can be neglected and CI' violation
would be observed as a nonzero y. We give the result
for (31) in the Kz' section o'f the Stable Particle Table
and under Branching Ratio E'4 in the E8' section of
the Stable Particle Data Card Listings. Our procedure
is to assume that x=0, and to list (As/Az, )' in the
form of a branching ratio.

(b) Charge asymmetry in Kz~3s decays. As men-
tioned above, the presence of a term in (s2—si) in
expression (23) describing the Dalitz plot distribution
for 7+, r decays of E mesons would be an indication
of CI' violation'. Rather than listing values of the
(s2—si) coefficient j in Eq. (23), we choose to list o+
from the equivalent expression

1+;(2/W3) (r+—T) /r, .„
+ (CE nonviolating terms), (32)

where T+ are the kinetic energies of the charged pions.
We have momentarily abandoned the form involving
the Mandelstam variables s; in favor of (32) because
the latter has been consistently used by experimenters
searching for CI' violation. We list g+ among the CI'-
violating parameters at the back of the EJ„' section
of the Stable Particle Data Card I,istings. Note that
only upper limits have been reported for this quantity.

(c) A sytnrnetryin the Kz~+l+v decays. The quantity
measured and compiled here is
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We give 8 in the Addendum to the Stable Particle
Table. In addition, in the EL,' CP-violation section of
the Stable Particle Data Card Listings, we list 8 .

separately for EI, ~III' and EL,'~e.
(d) KL;+2Ir'decay. The relevant parameters are

„, =A(K.~+ )/A-(K, ~+ )=-I ~ I -p(O. ),
(36)

rtpp= A (KL vrt II ) /A (KE~PIro) =
I Itoo I exp (utop),

(37)
e, defined in Eqs. (35) above, and

e'= pIiV2Lexp i(bp bp) j—Im (Ao/Ao) ~ (38)

Here A; and 8; are the amplitude and phase of xm

scattering at the E mass, defined by
/

(39a)(I=o
I
T

I
K)=exp (ibo)Ao,

(I= 2
I
T

I
K)= «p (@I)Ap (39b)

Wu and &ang (1964) have derived the relationships

rt+ = e+e q (40a)
/

happ= 6—2C ~

At present many models have been proposed to explain
the experimental results on CI' violation, but more
data are needed before the cause of CP violation can be
ascertained.

We give rt+ 'gpp Q+, and gpp in the Addendum to
the Stable Particle Table. The phases are measured
directly, whereas the magnitudes p+ and happ are
derived parameters. We use, as far as we can, the
directly measured quantities as input and calculate

and happ from the values given by our constrained
fits. Therefore, if one looks at the Data Card Listings,
most of the

I It I
measurements appear in the form of

branching ratios, with appropriate comments. We
then give the values of It+ and

I Itpp Io in a separate
list at the end of the CP-violating parameters section
of the EL, section of the Stable Particle Data Card
Listings.

F.4. d,S= AQ Rule irt Ko Decays

The relative amount of ESNAQ component present
is measured by the parameter x, defined as

pe=A(KP~ 3+v)/A(KP —vtr 1+v). (41)

We list Re {x}'and fm {x} for both K,o and K„p at the
end of the Stable Particle Data Card Listings and
give values in the Addendum to the Stable Particle
Table.

G. g-Decay Parameters

As a test of possible C violation in electromagnetic
interactions, a number of experiments have looked for

possible charge asymmetries in the decays q~+m mP

and q~+x y. For both modes we use the convention

Asymmetry= f(+)—f(—),
where f(+) means the fraction of the events with
the ~&+& energy greater than the x&+' energy in the p
rest frame. We list the asymmetry parameters in the
g section of the Stable Particle Data Card Listings and
give average values in the Addendum to the Stable
Particle Table.

H. Baryon-Decay Parameters

II.I. A/V Ratio for Baryol Leptortic Decays

Consider the decay

B,-+Bf+t+ v.

Assuming V, A theory, neglecting "induced" scalar,
"induced" pseudoscalar, and axial weak-magnetism
terms, and neglecting the q' dependence of the form
factors, the baryon part of the matrix element for
these decays may be written (Goldberger and Treiman,
1958) as

(Bt I v~(gv —gAvp)+ (g~/~R;) o""&.
I B'), (42)

where 8; and B~ represent initial and final baryons,
g~ and gy the axial and vector coupling constants, g~
the weak magnetism coupling constant, and q„ the
sum of the lepton momenta. Here the Pauli representa-
tion is used for the y matrices. The definition of
gA/gv Is

Q./gv= I gA/gv I exp (i~) (43)
where b is 0+rtIr if time-reversal invariance holds (see
Jackson et at. , 1957) .

In neutron beta decay the measurements are con-
sistent with time reversal, so gA/gv is nearly real and
has been considered to be such in all the baryon leptonic
decays. Notice that by using the above definition of
the matrix element with the Pauli representations, the
value of gA/gv in neutron beta decay is negative.

Due to statistical limitation the weak magnetism
form factor g~ is usually assumed from CVC and
SU(3), so only gA and gv are determined experi-
mentally. This determination is accomplished in a
variety of ways:

(a) The lepton-neutrino angular correlation provides
a measure of the absolute value of gA/gv (for relevant
formulas see, e.g. , Albright, 1959) .

(b) The up-down asymmetry of the lepton from
polarized baryon decays provides a measure of gA/gv
with its sign (for relevant formulas, see, e.g., Albright,
1959).

(c) The lepton spectrum, given enough statistics,
provides a measure of gA/gv with its sign (for relevant
formulas see, e.g., Bender, 1968) .
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p= (1—n') '" sin y

v=(1—')"' os',

(d) The polarization of the decay baryon, from and the angle p defined by
polarized or unpolarized initial baryon, also provides
gg/gr with its sign (for formulas, see, e.g., Willis and
Thompson, 1968) .

(49a)

(49b)

We compile the ratio gg/gr with its sign, for those
decays for which it has been measured. For the neutron
beta decay we compile also the phase b.

All the coupling constants and decay rates for
baryon leptonic decays are related by Cabibbo's theory
(Cabibbo, 1964). The latest fit to this theory can be
found in Ebenhoh (1971).

H.Z. Asymmetry Parameters ie Xomteptomic Hyperort
Decays.

The transition matrix for the hyperon decay may
be written as

M'=s+p(a' q)

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

,'—z &-P( ,'vr -for y&0,

+-,'z. &P&-,'z. for y(0.
(50a)

(50b)

n= 2
I

~ II p I co»/(l~ I'+
I p I'),

p= —2
I
s II p I

sin 6/(I s I'+
I p I2) .

(51a)

(51b)

that is 5 is the phase angle of s relative to p. Evidently

In discussing time-reversal invariance, the quantity
of interest is 6, defined by

for n&0,
+-',z &6&-',m for n(0

(52a)

(52b)
where s and p are the parity-changing and the parity
conserving amplitudes, respectively, o is the Pauli
spin operator, and q is a unit vector along the direction
of the decay baryon in the hyperon rest frame.

The asymmetry parameters are defined by the
relations

Under the assuInption of time-reversal invariance, the
angle 6 must satisfy the relation

n=2 «(e*p)i(l e I'+I p I')~

p= 2 Im (s~p)/(I s I'+I p I')

v= (I ~ I'—
I p I')/(I ~ I'+I p I').

(53)

modulo m, where b, and b„are the pion-baryon scattering
~45a~

(45b) phase shifts at the appropriate energy and for the
appropriate isospin state. For A decay, assuming the
validity of the

I

LU' I= —', rule,

With the transition matrix (44), the angular distribu-
tion of the decay baryon, in the hyperon rest system,
is of the form

I= 1+nPp' q, (46)

(n+ P, q) q+p(Pr Xq)+~qX(Pr Xq)Pg=
1+nPr q

(47)

where P& is defined in that rest system of the baryon
obtained by a Lorentz transformation along q from the
hyperon rest system in which q and P& are defined.
Note that 0. is the helicity of the decay baryon for un-
polarized hyperons.

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

n2+ p2+ y2 (48)

It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters n

'Note that I ee and Yang (1957) 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, whereas
their unit vector y is the direction of the pion.

where Pr ——(I'
I

a'
I Y) is the hyperon polarization.

In the notation of Lee and Yang (1957) the polariza-
tion P& of the decay baryon is'

6=8, b~= (6.8&—2.0) deg. 4

In the Stable Particle Data Card Listings we give e
and p for each decay since they are the most closely
related to the experiments and are essentially un-
correlated. Whenever necessary we have changed the
signs of the reported values, so as to agree with our
conventions. In the Stable Particle Table we give n, P,
and 6 with errors; and for convenience we also give
the central value of y, without an error.

V. STATISTICAL PROCEDVRES

This section is a much abbreviated version of Section
IX in the text of our January 1970 edition (Particle
Data Group, 1970) to which the reader is referred for
details. See also the mini-review on E* masses and
mass differences in the E'*(892) section of the Meson
Data Card Listings.

A. ConMence Levels and Errors

Quoted errors represent one standard deviation (o).
Upper and lower limits represent 68.3% confidence

4 This value for 8,—8„ is derived from the phase-shift analyses
by Roper et ul. (1965). The error is our estimation of the un-
certainty.
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bounds (1o), unless otherwise stated. The errors in
the Tables of Particle Properties and the errors of
the averages in the Data Card Listings often include a
scale factor S; see section V.B. below.

Quantities that have changed more than 1o since our
April 1972 edition (Particle Data Group, 1972) are
italicized in the Tables of Particle Properties. For a
discussion see Section V.B in the text of the 1970 edition
(Particle Data Group, 1970).

@wax= g w, x~/ Q w, + (Q w;) '";

mt, = 1/(bx, ) ', (54)

where the sums run over Ã experiments. We also cal-
culate y' and compare it with its expectation value of
tV —1. If z') 1V—1, we increase the error bx in Eq. (54)
by a factor

(55)

It is easy to design statistical tests for determining
whether one experiment (or a group of experiments) is
consistent with the other experiments. However,
statistics does not tell us who is wrong in case of con-
tradictions. When S&&1, one can conclude either
that:

(1) some (or all) experiments are wrong, or
(2) some (or all) experiments have underestimated

their errors, or
(3) the experiments do not measure the same

quantity (systematic errors) .

We do our best to resolve these cases. If we cannot,
we assume that all experimentalists underestimated
their errors by the same scale factor. If we scale up
all input errors by this factor, x' returns to X—1,
and of course the output error scales up by the same
factor.

If all the experiments have errors of about the
same size, the above procedure is straightforward. If,
however, there are both precise and imprecise (large
errors) measurements of a particular quantity, one
must be very careful not to permit the imprecise ones
to "dilute" the scale factor. See our January 1970
edition (Particle Data Group, 1970) for the prescription
we use to handle this effect.

We often plot an ideogram to guide the reader in
deciding which data he might reject before making his
own selected average.

For further discussion of ideograms and scale factors,
we refer the reader to Section IX of our January 1970
edition (Particle Data Group, 1970).

B. Unconstrained Averaging Scale Factors

In the absence of constraints, we calculate a weighted
average

C. Constrained Fits
f

The information on partial-decay fractions P; ' and.
partial widths F;=P,Ft,,t,,& is frequently given by
branching ratios R, , say, RI——PI/(PI+Pm), R2 P2/P——e,
R,=P,/'P, , R,=P,/(P +P +P,), etc.'

The number of experimental inputs R; is often
greater than the number of decay modes. In these cases
we fit all available information on the P;, F;, and R;
subject to the constraint g P,=1.When, in addition,
the input R; are contradictory so that scale factors
may have to be introduced, one has to resort to iter-
ative procedures.

The Data Card Listings give the values of the
Qtted R;, P;, and F;, together with the error matrices
of the P; and of the I';. For details about this procedure,
the reader is referred to the text of the January 1970
edition (Particle Data Group, 1970), Sec. IV.B.

VI. PARTICLE DATA GROUP PUBLICATIONS

To obtain a reprint of this report, or any of the items
listed below, write either Scientific Information Service,
CERN, or Technical Information Division, Lawrence
Berkeley Laboratory, whichever is closer.

A. Pocket-Sized Particle Data Booklet

In addition to the present complete, full-size version
of the Review of Particle Properties available from
CERN and LBL, a pocket-size data booklet is available.
It contains the first part of this report, up to the
Data Card Listings. The complete set of pocket-size
items available comprises the data booklet, a 16-
month diary, a mini-atlas contributed by Digital
Equipment Corporation, and a plastic cover. Any of
these items that you have requested in the past will
automatically be sent to you, but please note that our
mailing lists are self-cancelling; unless you return the
request card that is sent once a year, your name will
be removed from our mailing list. If you wish to order
any items in bulk we must charge 25 cents (US) for
each of the pocket-sized items.

B. Other Compilations

We compile data not only on particle properties, but
also on other aspects of strong interactions (sr', EX,
pN, ~ ~ ~ cross sections; partial-wave amplitudes, etc.)
Until 197j., our reports were called UCRL 20000;
they are now numbered LBL 50, ~ ~, 99. In the front
of each of these reports is a list of all relevant compila-
tions. A complementary series of compilations is

' We use the symbol P; for partial-decay fractions throughout
the Data Card Listings for stable particles, mesons, and baryons,
although for baryons x; is the commonly accepted symbol. See
Eq. (10).

We are also able to fit prodlcts of rates from formation experi-
ments as given in Eq. (12).
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produced by the CERN HERA Group. Both series
are available from both LBL and CERN.

C. Magnetic Tapes

The Particle Data Group at LBL also has available
for distribution magnetic tapes containing cross section
data compilations produced by E. Flaminio et al. (xN,
K1V, KN, NN, NN); G. Giacomelli et ul. (mN); C.
Lovelace et aL (wlV; some KN, KN); L. D. Roper et al.
(KN); P. Spillantini and V. Valente, or H. Oberlack
(yN); and F. Wagner et al. (K1V, KN; some xN). The
original versions of these tapes are available im-
mediately, while updated and corrected versions will
be available in the near future. In addition, tapes
containing partial-wave amplitudes for xX, EE, and
pE exist and may also be requested. If you are interested
in more details on the contents of any of these tapes,
please write us.

D. Next Edition

Ke currently produce a new Review of Particle
Properties every April. It is published alternately by
Physics Letters and by Reviews of Modern Physics.
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(Closing date for data: Feb. 1, 1973)

Stable Particle Table
For additional parameters, see Addendum to this table.

Quantities in italics have changed by more than one (old) standard deviation since April 1972.

Particle lG(JP)C Mass

(MeV)
IVlass2

(GeV)2

Mean life

(sec)

CT

(cm)

Mode

Partial decay mode

Fractiona
p or

Pmax
(MeV/c}

0, 1(1 )
1

Ve J — 2

V~

J =—1
2

0(& 2)io
0(& 60 eV)
O(& 1.2)

0.5110041
+.0000016

J ——1
2 105.6595

+.0003
rn = 00112

m -m p —--33.909
+ 006

stable
stable

s table

s table

s tablestable
() 2X1Q21y)

2.4994/40 e v v
+.0006 s=i. 1"
c v =6.593yi 04 3e

ey

100
{ &1.6
(&6
( & 2.Z

) 1P-5
) io-9
) ip-8

53
53
53
53

1-{0-) 139.5688

2
+.oo64

rn = 0 0195

1-{0 -)+ 134.9645
+.0074

m = 0 Oi82
m ~ -m p = 4.6043

+.QQ37

2.6024K/0
+, QQ24
cv =780.2
(-, +-r -)/r =

(O. 05+0.07)'5
(test of CPT)

0.8~xio-i6
+.10 S=2.1 '

cy = Z. 5X10

ij. V

ev
lj. vQ
moev
e vy
eve e

'Y'Y

pe+e
Y$'Y
e~e e+e

100 fp

( 1.24+0. 03)10-4
c { 1.24+0.Z5) 10-4

( 1.o2+o. o 7) io-8
c( 3 0 g0. 5 )10-8

3 4 )10-8

( 98.8 3+0.05) /p

( 1.1 7+0.05) /p

{ &5 )io-6
d( 3 47 )10

30
70
30

5
7p
70

67
67
67
67
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Stable Particle Table (cont'd)
Particle lG{JP)C„ IVlass

{Mev)
Mass2

(Gev}2

lVlean life

(sec}

CT

{cm)

Mode

Partial decay mode

Fractiona
p OI'

l max
(Mev/c)

K
—,'(0 ) 493.715

+0.037

rn =O. Z44
2

m g-rnKp =-3. 99
+0.13
S=i.f "

i.Z371X10
+.0026 S=1.9

ca=370.8("-. )I~=
(.1 f+.09)%
(test of CPT)

S=1.2"

Ij, v
mm'

mm Tr

Tr7rp Trp

PTT V

e7r V

e7rp Tr'v
7T7T+ e V

TT7T+e+ v
Tl'Tl' +!J.+ V

TT7T P V

ev

PTTf

7TTl' 7T

Tre ~
7Te

7T+ e+e+
Tl P !J.
7T'YQ

~'!'Y Y
7T V V

7T+e p,
7T+e fL

IJ, VVV

( 63 52+0.19)%
( 2 1.06+0. f 8)%
( 5. 5 9+p. 03 }% S=i ~ 1 „
( 2. 73+0.05 )% S-1 4.,'.
( 3.24+0. 10 ) /o s= 1 .9,
( 4. 85+0.06) /0 S=1.1
( 18 0' )10
( 3.7+0. 2 ) 10
( &5 ) 10-7
( 0 9 +0 4 ) 10
( &3 ) io-6
( f.38~0.20 ) ip-5

c( &7 ) ip-5
h, c( 2.66+0.18) 10 4

'( 10 +4 ) 10-5
( 3.7 +1.4 ) 10-4
( &04 ) 10-6

( &1.5 )10
(&2,4 )10
(&35 )10'(
( 1.4 )1O ',
( &4 }10
(&3 ) 10
(&1.4 ) 10 6(&7 ) 10

236
205
125
133
215
228
207
203
203
151
151
247
247
Z05
1Z5
227
227
227
172
227
227
227
227
214
214
236

0
S

0
L

50 /p K, 50%Shor t' Long—,'{o )

—,'{o )

497.71
+0.13

/=1. 1
24

+
TTP TTP

e+e
Tl'+7T

'YY

Tr m-~'
7TP, V

7re V

7re VY
V+7-
TTPTTP

7T 7T

Tr 'YY

7'Y
elj.

V
e+e

'0.882X 70 40
+.008 S=2.5
c7'=2. 65

-'{0 ) 181&(f0-8
+0.041

c7'=1553

(0 ) 548. 8
+o.6„

S =1.4
m2 0 30

e I =(Z. 63+0.58)keV
Neutral decays

71.1/p

Charged decays
Z8. 9 /p

TT P37r
T ~++-~'

Tr+TT y
7rpe+e-
m+~-e+e-
m+m-m'~

! 7T+7T

I+I

m -m = Q. 5402X10 0 sec10 . -1
L S + 0.0035

( 68. 81+0.2931.19
& 0. 7

(& 35c{ 23 yp8
( & P. 7

( 21.5+0.8
( iz. 6 +o.3
( 26.9 +0.6
( 38.8 +0.6

c ( 1.3 +0.8
( 0.157 +P.00
( 0.094+0.pf

c(& 0.4
(& 2.4
( 4.9 +0.4

. (&1;6
1

( & 1 9
( & '1. 6

( 38.0 +f.p
e( 3 1 +f.f

( 30.0 +f.1
( 23.9 +o.6
{ 50 +01
( & 0.04
( O. i +O. f
(& 0.2
(& 0.2
( 2. 2 +O. 8
(&5

'% S=1.1"'
)%
) 10-55
) 10

1 Q
3

ip —3

) /o S=f.4"'
)%
) '/o S=i.1"'

) '/o S= i.1"
)%
5 P/p

9)% S=1.5"
) 1Q-3
) fo
) 10
) 10
) 10
) ip-9

) /p S=1.2 '

)% S=i.2"'

)% S=1 .1"'
)% S=1.1"
) '/o

) /o

)%
)%
)%
) 10-45
) 10

206
209
225
249
206
249
139
133
216
229
229
206
ZQ9
Zo6
231
249
238
ZZ5
249

274
258
180
175
Z36
Z58
236

236
253
Z11

938.2592
+0.0052

mZ =0.8803

939.5527
+0.005Z

m =0.8828
rn -m = -1.29344

+0.00007

s t able
() 2X 1028y}

(0.97 8+0.014)103
cv' = Z. 75&f013

pe v 100
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Stable Particle Table (cont'd)
Particle IG(J )Cn Mass

(MeV)
Mass2

{GeV)2

1115.59
+0.05

i.245

Mean life

(sec)

(cm)

2.521X10
.021 S =1.2"'

cv = 7.56

Mode

PTr

nTT

pev
pry
PT Y

Partial decay mode

Fractiona

( 64.2~0 5. )/o

( 35 8 )&o 4
( 8.13+0.29)io

1.57+0.35)io 4
c ( 0.85+0.14)i 0

p or

pmax b

(Mev/c)

100
104
163
131
100

1189.41
+0.07

S= 1.6"
m = 1 415

m~+-m~ = -7.94
+.Q9

S- 1.2

1192.48
+O. f(

S= i.i
m =1.4222=

0.800yio-1"
+.ooe
c7 = 2.40

pTr0
nTT

& 1.0X10
cy&3Xio

AY
A e+e-

pY
nTT+Y

A e+v
I"(Z+~ 5 nv) 035 )np

,
ne+ yl"(g f -nv)
pe e

100
5.45

/0

11Q-3

( 5i 6~0 7 ) /o

( 48.4 )/o
1.24+ 0.18)io S=1.4'

( 1.31+0.24)«-
( 2.02+ 0.47)10
( & Z. 4 )1O-5
( & 1. 0 )10
( &7 )1P-6

i89
185

"225
185

72
Z02
ZZ4

Z25

74
74

1197.34
+O, Q7

S= i.z"
mz 1 434

m&0 - m& ——-4.8 6
+:pe

1.484X«
+.019 S=1.6'
cv' = 4.45

nTr

ne
np
Ae

1.00 f7/

( i sip+ 0.05)10
0.45+0.04)10-3
p. 60+0.o 6) 10-4

c( 1 0 +02 )10 4

1.93
230
21.0

79
193

M~ 0
w

1 (1+)f 1314.9
+0.6

m = 1729
m„p-m - =-6.4

+.6

&(& ) 1321.29
+pei 4

mz= 1.746

z.98xio
+.12
c~ =8. 93

1.672x 10
+.032 S= 1.1"
c7 = 5. 0i

pTT

pe v
Z+e
g -e+y
P+p-v

P+y
pp. v

ATr
Ae v

0Z e v

Ap v
v

nm
ne v

100
( &Q, 9
( &1..3
( &1.5
( &1.5
( &1.5
( &1.5
( &1.3

100
g ( Q. 70+0.21

( &p. 5
( &1.3
( &0.5
( &1.1
( &1.0

/0

)10
)1Q 3

) 1. Q

)10
)1Q-3
)10
) 1Q-3

0

)10
)10
) 1Q-3
)/o
)ip 3

)/(

135
299
323
119
112
64
49

309
139
190
123
163

70
303
327

3+ f
0{—)2

167Z.5+.5
mZ 2

1 3 ' Xio-0.3
cv = 3.9

~0
TT

0
Tot al of

t

28 events
seen

294
29'0
211

I / 2"' S = Scale factor = ~ X j(N-I), where N = nutnber of experiments. S should
be = 1. If S & 1, we have enlarged the error of the mean, 6x, i. e. , 5x~S &x.
This convention is still inadequate, since if S » 1, the experiments are
probably inconsistent, and therefore the real uncertainty is probably even
greater than S5x. See text and ideogram in Stable Particle Data Card Listings.

a. Quoted upper limits correspond to a 90% confidence level.
b. In decays with more than two bodies, Pmax is the maximum momentum that

any particle can have.
c. See Stable Particle Data Card Listings for energy limits used in this measurement.
d. Theoretical value; see also Stable Particle Data Card Listings.
e. See note in Stable Particle Data Card Listings,
f. P for = and JP for0 not yet measured. Values reported are SU(3) predictions.
g. Assumes rate for = Z e v small compared with p e v.
h. The direct emission branching ratio is (1.56+.35) X io
i. A contradictory unpublished result of 9Xio 9 (with 6 events seen) has been reported,

by Carithers et al. See note in Stable Particle Data Card Listings.
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ADDERS) UM TO

Stable Particle Table

e
Magnetic moment

1.001 159 6577
+.000 000 0035 Zm c

e
1.001 166 16 e~
+.000 000 31 2m c

p Decay parameters

p = 0.752+0.003 q = - 0.12 +0.21
= 0.972+0.013 6 = 0.755+0.009 h = 1.00+0.13

IgA/g I =0.86 '1 $ = 180' +15'

Mode

p. vii'
ii+i-ii'i'
pTr v
eTr 'v

Partial rate (s e c -1)
(51.35+0.19)10 S= 1.2'"
(17.02+0.15)106 S=1.1 '
( 4.52+0.OZ)106 S=i.i"
( i .40+0.04) 106 S=1.4"
( 2.62s0. 08)106 S=1.9-'-

{ 3 92~0 05)106 S

Al = —rule for K- 3~1 +

2
Tr Tr+Ir g = —.244+.005

+Tr- cg 214+ 00
Tr+Tr Tr g = .523+.023

See also Stable Particle
Data Card Listings and
Appendix I

S=1.7~"
S=2.7"'
S=i.4"

Form factors for leptonic

decays

X,+
= 0. 028+0. 005

See Stable Particle
Data Card Listings for
( and ~&.+

0
S

a
Kq

+
Tr ii'i'

i'i'i'
0

Tr i-i'
Trp v
iev
i+ii'i'

( 0. 780+.008 ) 1010
{ 0.353+.005 ) 101

( 4.15 +0.16)10
( 2.43 +0.05)106
( 5.19 +0.12)10
( 7.48 +0.1 3) 106
( 3.02 +0,10)10
( 1.82 +0.38)104

S=i.9"
S=i .4 '

S=1.3'

S=

S=i.5 "

CP violation parameters

l=(1.98+0.04)10,$ = (42e5)'
S=i.1"

l~
I

=(2.09+0.10)10 Qpp=(4~+19)
00

S=1.2

See

0

Re
Im

1
2 rule for KL 3

g=.60+.02 S=2.7'"
Data Cards @ App. I

AS= -AQ
w = —.003+.027 S=1 . .6
x ——.005+.038 S-1.2

g = (. 33+. 04)10
S=i. 5"

y & 0. 27

Form Factors for leptonic decays
X.e =, 0. OZ5+0. 005 S=i. 3'
See Stable Parti, cle Data Card.
Listings for X,+~ and (,

Mode+-0i""
Tr i

Asymmetry parameter
'(0.24+.40)% S =Z. O'

(0. 61+. 54} %

Magnetic
moment

Decay parameters

Measured Derived A V V A
(e5/2m c)

P

2.79278Z
+.0000 47

- i.913148 pe v
~.000066

Cl Q(degree) 4 (degree)

- 1.248+.010
b=(i8 I.i+ i.3)

-0.67
+.06

pIr
ni'
pev

0. 647+0. 013 (-6.5+3.5}' 0.76
0. 6Si+O. 045

6
t-4. 0
-4.1

-0.66+0.06 S=i 2

+ 2.59
+.46

n&
ne v
Ae v

+0.066+0.016
- l.03-.42
-0. 06 9+0. 008

( 167+ ZO)'
S=i.1"

(10+15) 0.98

-0.984+0.047 ( 22+ 90)4 0.17 &84+i5

73+136

Z49+12
See Data Cds.

0.37+0.20

-i. 93
+. 75

-0.40+0.0 3 (-4+8) '
S=i.1 "

-0.39+0.0'9 (25+21)
S=i 2-:.- S=i.3

0.84

0, 91

22'+ 16

(ivo", ~ j'
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ADDENDUM TO

Sta,ble Particle Table (cont'd)

-"-S = scale factor. Quoted error includes scale factor; see footnote to main
St abl e Par tie le Table for de finition.

a. I gA/gV I defined by

g~ = Icy I + I C'y I

gA = ICAI +IC'AI

Z( e II'il(L) ( v II'llC;+C';y5) iv);

defined by cos $ = - R (C¹AC'V+C'&C V)/gAg [ for more details, see text Section IV E]

b. The definition of these quantities is as follows [ for more details on sign convention,
see text Section IV Hj:

2 I s I I p I cos 6
Q'

Is I + Ipl
-2 Is I Ip I sinA

Isl +IpI

P = g 1-n sing;2

2
l. -c cosf ~

gA/gV defined by (B ~y&(gV-gAy&) ~B,);

& defined by g /g = ~g /gV ~e
i6

The definition of the slope parameter of the Dalitz plot is as follows:

m+j
d. The definition for the charge asymmetry is as follows:

(KoL g ) I (KoL g -)
5 =

I'(Ko g ) + r(Ko -S )L L
e. See note j.n Stable Particle Data Card Listings.

2.The quantity y is define/ s.s follows:
2 S

y I'(K' - ~ ~-~o)
L

where CPT is assumed valid.
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Meson Table
April 1973

In addition to the entries in the Meson Table, the Meson Data Card Listings contain all
substantial claims for meson resonances. See Contents of Meson Data Card Listings(').

Quantities in itaZics have changed bp more than one (oZd) standar'd deviation since ApriZ 2978.

Name

IG(jP)c

p
' )estab

vr-(140) 1 (0 )+

Nass
M

(wev)

139.57
134.9 6

Full
Widtil

r
(vev)

0.0
7.8 eV
+.9 eV

N
+PN(~)

(Gev)

0.019483
0.018Z17

Node

Partial decay mode

p or
Fraction (~o) p~a&(b)

[Upper limits are la [".)] (~eV/c)

See Stable Particle Table

q (549) 0 (0)+ 548. 8
+0.6

2.63 keV
+.58 keV

0.301
+.000

All neutral
m'm m' + m'm Y

71
29

See Stable
Particle Table

0 (0 ). &70O(') &600(')

Existence of pole not established. See note on vrvr S wave .

p(770) 1 (1)- 770 (+5
146 (+10

0.593
+ llZ e+e

For upper

100
0.0043+0005 (d)
0.0067+0012 (d)

limits, see footnote (e)

359
385
370

[i](784) o 783.8( )
+0.3

S=l. 3*

9.8
+ ~ 5

S=l.l*
0.614
+.008

vr Tr 7r'
vr'7r-

".Y
e+e
For upper

89.6+0.6
1.3+0.3
9.1+0.5

0.0076+.0017
limits, see footnote (g)

S=l.1
S=l.5*

S=l.g

328
366
380
392

~'(958) o*(o )+
or X'

958.1
+0.4

S=1.4*

2 0.918
&.002

T]7T7T

vr+vr Y (mainly p'Y)
YY
For upper limits, see

72, 8+8. 9 S=B.0
88.2+8. 6 S=P, .2
1.9+0.3

footnote (h)

234
458
479

0+(0+) 997( ) 50 150( ) 0 ~ 993
KK

See notes on vrvr and KK S wave .

5(970) 1 (0 )+ ~ 970 50& 0.941 qvr

formerly called vr (975)N
+30 +.049

Possibly a virtual bound state of the I = 1 KK system .

S vr7r

311

479
near threshold

e(1019) O (1 )- 1019.6
+0.3

S=l.9

4. 2
+.2

1.040
+.004

K K

KLKS
vr+vr vr' (incl. pvr)

e+e-
P 9
For upper limits, see

46'. 8+8. 7
86. 0+2. 8
15.2+3.6
3.0+1.1

.032+.003

.025+. 003
footnote (i)

S=Q. 6'

S=2. 6'

S=1.8
S=1.6*
S=1.9*

127
110
462
362
510
499

+
Ag (1100) 1 (1 )+ ~ 1100 200-400 1.21 P7T ~ 100 253

only mode seen1.53
+.12

For upper limits, see footnote (j)

p +
Broad enhancement in the J =1 pvr partial wave; not a Breit-Wigner resonance

B(1235) 1 (1 )- 1237 Q)vr

=1O'
351
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Meson Table (cont 'd)
Partial decay mode

0 i P(P)C„
~/y

+ &
~&estab.

Mass

(VeV)

Full
Widthr
(VeV)

H.rM~')

(GeV)~

P ol'
F a«~~ (") &max"

[Upper limits are la (".)] (~&/&)

f(1270) 0 (2 )+ 12705
+5

1635
+15

1.61
+.Zl

7T7I

27T 27T

KK

~ 80
5+Z5
5+35

619
556
394

D(1285) 0 (A )+ 12865
+10

305
+20

J = 0, 1, 2, with 1 favoured

1.65
+.03

KK7T

$7T7T

t[8 (970)v
27T+27T (prob. p'7T 7T )

seen
seen
seen
seen

305
484
250
565

A2(1310) 1 {2 )+ 1310
+10

1005
+10

1.72
+.13

P7T

$7T

q'(958) ~

7B.4+2. 2
15.3+1.3
7.6+8.2
4. 7+0. 6

(1

413
529
353
4Z8
279

E(1420) 0 (A )+ 14165
+10

605
+20

2.01
+.08

KK7T

tLK*K + K*K

t[8 (970)v

~ 40
~ 20]
~ 60
possibly seen]

421
131
564
356

f'(1514) 0 {2 )+ 1516
+3

40
+20

2.29
+.06

KK one mode seen 572

For upper limits, see footnote (k)

Fg(1540) 1 (A ) 1540 40
+5 +1S

2.37
+.06

K*K + K*K only mode seen 321

Evidence based on only one experiment

p'(1600) 1 {1)- ~ 1600 & 500

Resonance interpretation uncertain.
2.56

47T

~ [ P7T7T

For uoper limits.

Only mode seen
~80 ]
& 1 {p)s

see footnote (p)

575
788
629

~ 100Ap(1640) 1 (2 )+ ~ 1645 100-400 2.71 f7T

P
Broad enhancement in the J = 2 f7T partial wave; not a Breit-¹igner resonance.

310

U)(1675) 0 (N )—
formerly called

y(1675)

1664
+13

S=1.2*

141
+17

2.77
+.23

P7T

37T

57T

dominant
possibly observed
10+10

645
804
777

g(1680) 1 (3 )— 1680
+20

J , M and 1' from the 27T mode
P (g,)

1605
+30

2.82
+.27

27T ~ 40
4~~ (incl. mp, pp, A2s, &u~) ~ 50 (
KK

KIT (incl. K*K)

828
781
677
617

See note {1) for possible heavier states.

K (494) 1/2(0 )
K (498)

493. 7&

497. 7&
0.244
0.248 See Stable Particle Table

K*(892) 1/2(1 ) 891.7
+O. S

50.1
+F 1

0.795
+.045

K7T

K7T7T

(Charged mode; m' — m = 6.1+1.5 MeV)

= 100
0.2
0.16

288
216
309
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Name

Meson Table (cont'd)
Partial decay mode

P(P)c„
0U/y+, ',

—& estab.'I P

Mass

Ieev)

Fuil
Width

r
IeeV)

H

(GeV)
Fraction {'o)

[Upper limits are lo r:)]
P cM'

&max~ j

(Mev/el

K 1/2(0 )
lISee note on Kvr S wave .

is near 90 , with slow variation, in mass region 1200-1400 MeV.

'KA(1240) 1/2(1 )
or C

Q 4

KA(1Z80 1/Z(l )
to 1400)

«.See note (m).

124Z 1Z7
+10 +25

seen in pp at rest

1280 to
1400

1,54
+.16

t[K*v

t[Kp

&[K(vv) t,

only mode seen

large]

seen

possibly seen]

KN(1420) 1/2(2 ) 14215
+5

1005
+10

See note (n) .

2.02
+.14

Kvr

K*vr

Kp
K(d

Kq

55.0+3.3
29.5+Z. 7
9.2+2.9
4.4+1.7
2.0+1.8

S=1.2*

S=l.z*

616
415
319
304
482

L(1770) 3.11
+.25

17655
+10

1/2 {A) 1405 Kvrvr dominant
+50 Kvrvr~ seen

t[y (1420)v and other subreactions ]
=2 favoured, 1 and S not excluded.

788
757

See note (1) for possible heavier states.

(1) Contents of Meson Data Card Listings

Non-strange (Y = 0) Strange «;)Y( = 1)

entry

(140)

q (549)

(600)

p (770)

u) (784)

M {940)
-+ M (953)

~' (958)

(970)
~ H {990)

S*(1000)

(I) (1019)
~ M (1033}
~ Bq (1040).

I (J)C

1(P )+
0 (0)+
o {o)+
1 (1)-
o (1)-

0 (0)+
1(0)+
0 (A )-
0 (0)+
0 (1)—

entry

~ q) (1080)

A) (1100)
-+ M (1150)

A) 5 (1170)
B {1Z35)
F (1270)
D {1285)

A2 {1310)
E (1420)

~ X (1430)
~ X (1440)

(1514)
Fi (1540)
p' (1600)

I (J)C
p (N)+
1 (1)+

1

1 (1)—
0 (2)'
0'{A )+
1 (2)+
0 {A )+
0

1

0 (2 )+

(A )
1 (1)—

entry I (J ) C
G P

A3 (1640) 1 (2 )+
(1675) 0 (N )-

g (1680) 1 (3 )-
.~ X (1690)

X (1795) 1

q/p (1830)
~ v/vr(1830)
~ S (1930)

p (Z1O0)

~ T (2200} 1

w p (2275) 1

U {z36o)
~ NN (2375) 0

X(25np-3600)

entry I (J)
K (494) 1/2(0 )
K (892) 1/2(1 )
K' 1/z(o')

~ KA(1175) 3/Z

~ KA(1265) 3/2

1/2(1 )
KN(14ZP) 1/Z(Z )

~ KN(1660) 1/Z

-+ KN(1760) 1/2

L (1770) 1/2(A )
~ KN(1850)
~ K*(2200)

K*(2800)
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Mes~I1 TB,b]e (cont d)

(a)
(b)

(c)
(d)

(e)

(f)
(g)

(h)

(m)

(n)

(o)

(p)

indicates an entry in Meson Data Card Listings not entered in the Meson Table. We do not regard
these as established resonances.

See Meson Data Card Listings.
Quoted error includes scale factor S = vx /{N-1) . See footnote to Stable Particle Table.
Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s) .
This is only an educated guess; the error given is larger than the error of the average of the
published values. (See Meson Data Card Listings for the latter. )
rM is approximately the half-width of the resonance when plotted against M ,

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

From pole position (M — iI'/2). For both c and S" the pole is on Riemarm Sheet 2.
The e e branching ratio is from e e ~ vt+vr experiments only. The ~p interference is then due
to (i)p mixing only, and is expected to be small, See note in Meson Data Card Listings. The

branching ratio is compiled from 3 experiments; each possibly with substantial (l)p inter-
ference. The error reflects this uncertainty; see notes in Meson Data Card Listings. If ep
universality holds, I'(p' ~ p+p ) = 1'(p' ~ e+e ) &4: phase space correction.
Empirical limits on fractions for other decay modes of p(76S) are vt+-y & 0 Sp vt g & 0 8p,
vt+vr+vt v & 0.15';, vT'-vv'vt vT' & 0.2';.

Note that experiments with final state KSKgm (pp at rest) give Q = 780.6 + O. S .
Empirical limits on fractions for other decay modes of (1)(784} are vv vt y & 5'. , vt vT y & 1'0,
q + neutral{s) & 1.5';, p+p & 0.02'-. , vT'p+p & 0.2'-. , qy & O. S'0.

Empirical limits on fractions for other decay modes of n'(958): s+v & 2';, w+v s' & 5';,
vt vr vrvr & 1'. , vv vt vTv(vr & 1'. 6vT& 1'o vrvree & 0.6';, vt ee & 1.3'o, gee & 1.1'. , m p & 4'-,
vt v & 8'0.

Empirical limits on fractions for other decay modes of (I)(1019) are vT m & 0.03';, vt vT y & 4s,
5'-o, py & 2'o, vr y & 0.35';, Zvr Zvt vr & 90 ~

Empirical limits on fractions for other decay modes of B(123S): vvvT & 150 KK & Zo 4vT & 50o,
$s & 1.5'o, nv & 25'g, (KK) s' & 8'g, KSKg x+-& 2'0, K8Kb s+-& 6'0.

Empirical limits on fractions for other decay modes of f'(1514) are vr vr & 20'0, qp & SO'0,
qvtvt & 30';, KKvr + K*K & 3S';, ZvT Zvv & 32';.

+
We assume as a working hypothesis that peaks with IG = 1 observed amund 1,7 GeV a11 come from
g(1680) . For indications to the contrary see Meson Data Card Listings.
See Q-region note in Meson Data Card Listings. Some investigators see a broad enhancement in
mass {Kvrvr) from 1250-1400 MeV (the Q region), and others see structure. The Kq, IG1), and Kvr are
less than a few percent.
The tabulated, mass of 1421 MeV comes only from charged KN(1420) ~ Kvr measurements; the average
of the neutral KN(1420) mass is 1473 MeV. Kvs mode can be contaminated with diffractively pro-
duced (P .
Empirical limits on fractions for other decay modes of f(1270) are qmvt & 1S;; K K vv + c.c. & 6:.
The tiny partial width for p' ~ vvvr (I' & 2 MeV) is based on an OPE model.
Empirical limits are eve & 20', KF & 8~0.

Established Nonets, and octet-singlet mixing angles from Appendix IIB, Eq. {2'). Of the
two isosinglets, the "mainly octet" one is written first, followed by a semi-colon.

(J )C Nonet members
n

8 lin. equadr.

{0)+ vT, K, q; q'

{2 )+ A2, KN(1420),

24 + 1'

36+1
29+2

10+1
39+1
31+2
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Baryon Table
April 1973

Baryon States for which information can be found in the Data Card Listings. The name, the mass, the quantum
numbers, and the status are shown. Those states with four or three stars can be found in the following
Table, the others have been omitted because the evidence for the existence of the effect and/or for its interpreta-
tion as a resonance is open to considerable question.

N(940)
N(1470)
N( 1520)
N(1535)
N(&670)
N(&688)
N(&700)
N(1700)
N(1780)
N(&860)
N($990)
N(z 040)
N(2100)
N(Z100)
N(Z 175)
N(z &90)
N(zzzo)
N(z6sp)
N(3030)
N(324 s)
N(3690)
N(3755)

P11
P11
D&3
S11
D 15

S&1
D&3
P11
P&3
F17
D13
S1I
D15

G17

it ili a.'li atr
rta \'ti rti rta

r,( )tC )',C rt

at tr ti itir,i )ti ),i r,i

),'i ),'i rt( )~t

Ctr it iti itr
rta rti rti rta

atr iti iti ~ tr
&ti tp rti &ti

)tc )tr )li )t&

atr it&

'C Q)'(
J& itr itr
W rr)t

)'c g
~li il

atrrta

it&
rta

H 19 )trit&it&

gc)[c),'c

)t( it )tc

+1236) P33
~(16s0) s31
+1670) D33
+16gp) P33
+&890) F3S
+1910) P3 &

+1950) F37
+1960) D35
rh(Z 160) P33
+2420) H3& &

z (z8sp)
+3230)

Zp(4780) P01
zp(1865)
Z1(%900) P13
Z1(2150)
Z1(2500)

„':)]c),".),'c

),'c ),'c),'c ),'c

it& it itr

)t )t& it(

itr
)IC )ti

)t( aPi il at&
Crt rti

at& atr itrrti rlirli

)t( )'C)c

~,t )l()li

A(1115)
A(1330)
A(&405)
A(1520)
A(&670)
A(&690)
A(1750)
A(&8&5)
A(1830)
A(&860)
A(&870)
A(zp &0)
A(2020)
A(z100)
A(2 &10)
A(z3so)
A(z 585)

Pp 1 ),'CA)tc)', (

Dead
SQ 1 at& itr )t it

DQ3 )tc)tc J )tc

S0
D03 )tc)„.&c);c

P01 -" )'c

FQ 5:,': ),".),'i:,'c

D Q 5 ),'c )t&c)t.

P03 -"c'"i

SQ 1 rl( Al

Dp3
FQ 7 .,()t".

GQ 7 )ti)tc)tc)tc

iti atr itr a.ti
rtC rta rti rta

itr at& itrti )t qa

Z(1190)
Z(&385)
Z(1440)
Z(1480)
z(&620)
z(&620)
z(&620)
Z(1670)
Z(1670)
Z(&690)
Z(&750)
z(176s)
Z(1840)
Z(1880)
Z(1915)
Z(1940)
z(zooo)
Z(Z 030)
Z(Z070)
Z(Z080)
Z(2 100)
z(ZzSO)
z(z455)
Z(2620)
Z(3000)

P 11 -"tc )lc)tc )ti

P$3
PK De ad
PE

)p )tC

P11 -"c~c

),'c ),'c

D 13 )tc),'(),'cgc

QC )IC

PE
),'c ),'c )Ic

D 15 )tc ),'c)t'(~~(

P$3
P11 )tc),'c

„"c),'c),'c),'c

D$3 g)I(g

F17 ),'c),'(),'c~y

F15 ~c

P&3 )lc)l(

GI7 gc)lc

)t ),i ),C r,C

)t ),'C )Ic

itr at& «tr
&ta «'ti rti

)tc )',C

"(1320)
=-(1530)
=-(1630)
"(1820)
=-(1940)
"-(z030)
=-(zzso)
-(2500)

p 1 1 atr at& atr )t

p 13 )tr a[&iti)tr

iti itrti rta

)ti )tr J
ili ifirta rta

~(1670) P03

Good, clear, and unmistakable. -" )l()I( Good. , but in need of clarification or not absolutely certa. in.
Needs confirmation. - Vfeak.

air

[ See notes on N's and A s, on possible Z ' s, and on Y'" s at the beginning of those sections in the
Baryon Data Card Listings; also see notes on individual resonances in the Baryon Data Card Listings. ]

Par tie Iea I (J)
I
—

I estab.

7r or K Beam Mass

T(GeV) Mb

p(GeV/c) (MeV)
4~p2 (mb)

FuII

Width

~b
(IVleV)

Partiai decay modeM2

~rM'
(GeV 2) Mode

p of
Fraction pma„

d

(MeV/c)

p
n

N' (1470)

1/2(1/Z }

1/2 (1/2 } P'1

938.3
939.6

T=O. 53mp 1470
p =0.66
g =Z7. 8

165 to
300

0.880
0.883

Z. 16
+0. 41

¹r
N~
Qm

[Np

nYg

60
40

3-30]
20-30]

7] e

0. 05
0. 0

.4ZO
368

173

435
435

See Stable Particle Table

N'(1520)

N' (1535)

1/2(3/2 } D'
3

1/2(1/Z } S'11

T=0.61
p =Q. 74
g =23.5

T=0.64
p =0.76
0 =22. 5

1510 to
1540

1500 to
1600

105 to
150

50 to
160

2.31 N~
+0.18 Nerd

[Np
[ate

Nq

nYg

z.36
+0.18

Norm

tNP
PYg
nYg

50
~50
0-2] '

7-23] '
13-40]'
0. 2-1.4

0. 55
0. 30

35
55

~10
1-2]'

0. 2-0. 4
0. 12

4s6
410

467
182
422

481
481
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Baryon Table (cont'd)
Particle (J )

I estab.

~or K 8eam Mass

T(GeV) IVIb

p(Gev/c) (MeV)
(y = 477+2 (Alb}

Full
Width

rb
(MeV)

M2

~rM
(GeV2) Mode Fraction

Partial decay mode
p or

d
I max

(MeV/c }

N ( 1670)~ i/2(5/2 ) D, T=0.87
p =1.00
a =15.6

1670 to
1685

115 to
175

Z. 79
+O. Z4 Num

[Zs
AK
Nq

nag

40
6o

5o-6o]'

0. 01
0. 02

56o
525
357
200
368
572
57Z

N ( 1688')1 i/Z(5/2+) P',

N" (i700) i/2(i/2 ) &"

T=0.90
p =1.03
o =14.9

T =0.9Z

p =1.05
0 =14.3

1680 to
169o

1665 to
1765

105 to
180

100 to
300

Z. 85
+0.21

2.89
+0.42

Nm
Nmm

f Ns

[Np
t&~
AK
Nq
ppg
nag

Nm
Nmv

[Ns
[Np
AK
Nq

nag

6o
40
1Z]i5]'

13-4O] '
(0. 1.
&0. 3~

0. 20
0. 01

6o

Z5-30]
io-20]

5 ~

-33
0. 05-0. 1

0. 05

572
538
340

372
231
388
583
583

580
547
355

250
340
591
591

1/2(1/Z+) P" T=1 07
p =1.ZO

g =12.Z

1650 to 50 to
1860 350

3.17
+0.51

Nm

Nmm

[N~
[Zs
AK
Nq

nag

ZO

30-40]
25-35]

c7.
10-20~

0. 01
0. 01

633
6o3
440
445
353
476
643
643

N(1860)

N(Z1 90)

i/Z(3/2+) Pi3

1/Z(7/Z ) G17

T= 1.22
p =1.36
o =10.4

T=1.94.
p =2.07
g =6.Z1

1770 to
1860

ZOQO to
226o

180 to
330

270 to
325

3.46
+0.57

4.80
+o.67

Nm

[Np
AK
Nm

55-65]"

4J

685
657
366
437
545

888
868

N(2Z20) 1/ Z (9/2 ) H1 T= Z. 00
p=2. 14
g =5. 97

2ZOO to 260 to 4. 93
2Z45 330 +0. 65

905
887

N(2650)

N(3030)

1/2( ~ )

1/2( ? )

T=3.12
p =3.26
g =3.67

T=4.Z7

p =4.41
g =Z. 6Z

265o

-3030

-360

—400

7.02
+0.95

9.18
+1.21

(3'+i/2)x
=-0. 45~

(3'+i/Z)x
=0. 05

1154
1140

1366
1354

1.53
+Q. 14

Zt (1 236) 3/Z(3/Z ) P33 T=o. i 95 (++) iZ30 to iiO to
p =Q. 304 1Z36
o' =91.8

Pole position: M-i'l"/2 = (iZii. 6SO. 7) -i(49. 5+4. 8)

99. 4
0

-o. 6

231
90

26Z

a (1650) 3/2(1/2 ) S31 T=0.83
p =0.96
g =16.4

1615 to 130 to
1695 200

2, 72
+0.28

N&
Nmm

[Np

Nyg

Z8
72

8-16
26-3Z

0. 30

547

558
340
558
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Baryon Table (con t'd)
Particle (Jp)

I
—

I estab.

~ or K Beam Mass

T(GeV) Mb

p(GeV/c) (MeV)
a. = 4~X~ (mb)

Full
Width

rb
(MeV)

M2

~rM'
(GeV2) IVlode Fraction

0/

Partial decay mode
por

d
pmax

(MeV!c)

Z (1670) 3/2(3/Z ) D T=O. 87
p =1.00
0 =15.6

1650 to 175 to
1720 300

2. 79
+0.40

Z2-30]
0. 05

560
525
357
572

Z (1890)

D (1910)

3/2(&/2+) ~»

3/2((/2+) T ,

T= i.Z8
p =1.4Z
o. =9.88

T=i.33
p =1.46
g =9.54

1840 to
1920

1780 to
1935

200 to
350

2QQ to
340

3.57
+0.49

3.65
+O. 52

Nvr
Norm

[Np
NYg

Nm
Nm&

[Np
[~m

NYg

55 70~'
0. 03

3 X6]'
4-46] ~

0. 03

704
677
4Q3
712

716
691
429
543
7Z5

Q (1950)

Q (2420)

3/2(7/2 ) F37

3/2(((/2 )

T= i.41
p =1.54
0 =8.90

T=2. 50
p =2.64
p =4.68

1930 to
1980

170 to
Z7Q

2320 to 27Q to
2450 350

3.80
+0.44

5.86
+0. 75

Nm
Nmm

[Np
[2~

NYg
gK

8-12]
14-19j

0. 15
fV 2

1.4

11
)20

Z(1385)K
Nm

Nm~,

741
716
471
571
749
460
232

1023
1006

~ (Z850) 3/2( 7' ) T=3.71
p =3.85
g =3.05

2850 ~400 8. 1Z
+1.14

{x+1jZ)x
=O. Z5 f

1Z66
1254

a (3z30) 3/2( ~ T=4. 94 ~ 3230
p =5.08
g =Z. Z5

~ 44Q 10.4
+1.4

(3+i/Z)~
=0.05 f

1475
1464

Z' Evidence for states with hypercharge 2 is controversial.
Listings for discussion and display of data.

See the Baryon Data Card

A (1405)

A'(1520)

A "{1670)

0(ijZ )

0(1/2 ) S'0&

0(3/2 ) D'
3

0 ()./2 ) S' [

p=O. 38 g
0 =84.5

p =0.74
g =28.5

1115.6

1405
+5

1518
~2"

I

1670

40
+10

16
+2"

15 to
38

1.Z4

1.97
+0.06

2.30
+0.OZ

2.79
+0.04

See

NK
Aq
Zv

100

45+1
41+1
10+.5
1 .0+.1

15-35
15-25
30-50

234
258
250
140
410
64

393

Sta b le Pa rt i.c le Ta b le

A"{1690)

A (1815)

A'(«30)

A (2100)

0(3/2 ) D„"3

0(5jZ ) F~

0{5jZ ) D'

0(7jz ) C

p =O. 78
o =Z6. 1

-1690

p =1.05
g =16.7

1820
~5n

p =1.09
0 =15.8

1810
to 1840

p =1.68 - Z1QQ
0 =8.68

27 to
85

2.86
0.09

6Q to
150

3.33
+0, 19

60 to
140

4.41
+0.22

to 3.30
104 +0.15

NK
ger
A arm

Zem

NK
QTr
Z (1385)vr

20-30
40-70

&25
&25

61

15-20
10

ZO-60

Z5

3
rv

429
409
415
352

542
508
362
554
519
536
748
699
617
483
443
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Earynn Table (cont'd)
Particlea (~p)

l—l estab.

~ or K Beam Mass

T(GeV) Mb

p(GeV/c) (IVleV)
c =4~%-2 (mt)

Full

Width

rb
(MeV)

M2

~rM'
(GeV2) Mode Fraction

0/

Partial decay mode
p or

l max

(Me V/c)

A (Z350)

A(2585)

0( ~ )

0( ')
p =Z. 29
@=5.85

p=2. 91
0 =4. 37

~ Z35Q

Z585

140 to
324

300

5.5Z
+0.55

6. 66
+0. 77

NK (J+1/2)x
0 7f

(J+1/2)x

913

1058

Z (1385)

1 (1/Z )

1(3/2 )p'13

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

p& 0 K p (+) 1383+1
S=1.3"

(-)1386+2
S=Z. 2'"

(+) 34+2
S=Z. 0'

(-)36+6
S=3.5 "4!

1.41
1.4Z
1.43

1.92
+0.05

89+2 208
117

See Stable Particle Table

Z'(1670)k

Z" (1750)

1(3/2 ) Di13 p=0. 74 1670 35-65 Z. 79
g =28. 5 +0.08

Parameters here are obtained from partial wave analyses
for a D 3 resonance. Production experiments suggest
two sucVstates; see footnote k and the Baryon Data Card
Listings.

1(1/Z ) S"
1

50 to
100

1700
to 1790

p =0.91
0 =20.7

3. 05
+0. 13

Z (1765) 1(5/Z ) D p
—P 94

0 =19.6
1765„

+5
120 3.12

+O. 21

Z (1915)' 1(5/Z ) F' p =1.25 1900-1930 50-100 3. 67
0 =13.0 +0. 14

p'ormation and production experiments do not agree on Zr/Aa ratio.

NK
ATr
Zq
NK
A sr

A (1520)m
Z (1385)vr
ZTr

seen
seen
seen
41
13

1P
-l.

14- 6
- 6

NK
40
12

g mm 5-15
[A (1405)~ je
A arm

41Q
387
447
3Z6
207
397

483
507
54

496
518
187
315
461
612
619
568

Z" (1940) 1(3/2 )D13 p=i. 32 -194() -ZZ()
0 =12. 0

3. 77
+0. 43 seen

seen

678
68o
589

Z (2030) 1(7/2 ) F p =1.52
0 =9.93

2030 100 to
170

4. 12
+p. 27

NK
A sr

gm

- 20
20

4
2

700
700
652
41Z

Z (2250)

Z (2455)

Z (2620l

1( ~ )

)

1( ? )

p =Z. Q4
0 =6.76

p =Z. 57
0 =5.09

p =2. 95
g =4. 30

2Z50

2455

262o

100 to
230

120

5.o6
+Q. 37

6.o3
+0.Z9

6. 86
+o. 46

NK

NK

(3+1/2)»
=o. 3f

799
(3+1/Z)x 979

=O. Zf

(J+1/2)x ip64
=0.3f

- (1530)~

- (1820)&

,= (1940)&

1/Z(1/2+)
I I

1/2(3/2+) P

Seen in both final states; not
clear if one, or more, states present.

(p) 1314.9
(-)13Zi.3

(0) 1531.6+0. 4 (0) 9. &+0. 5
S=1.3"

(-) 1535. o+o. 6 (-) 12. 9~4. 1

1/Z( 179 5 to 12 to
1870 99

All four decay modes have
been seen. Branching ratios not quoted because
there may be more than one state here.
1/2 ( 1894 to 42 to

1961 140

1.73
1.75

Z. 34
+0.0 1

3.31
+0.10

3.72
+Q. 18

Table

100 144

AK
=1T
- (1530)Tr
ZK

=( 1530)Tr

396
413
Z34
306

499
336

See Stable Particle

0 (3/Z~) 1672.5 Z. 80 See Stable Particle Table
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Baryon Table (cont'd)

b.

c ~

e.

gs

k.

n.

Quoted error includes an S(scale) factor. See footnote to Stable Particle Table.
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. For convenience all Baryon States for which information
exists in the Baryon Data. Card. Listings are listed at the beginning of the Baryon Table.
In that list, states with only a one or two star (- ) rating have been omitted from the
Baryon Table; for additional information on such states, see the Baryon Data Card
Listings.
For the baryon states, the naxne t such as N' (f470)] contains the xnass, which xnay be
different for each new analysis. The convention for using primes in the names is as
follows: when there is more than one resonance on a given Argand diagram, the first
has been designated with a prime, the second with a double prime, etc. The name (col.
i) is the same as ca,n be found in large print in the Baryon Data Card Listings.
For M and T' of most baryons we report here an interval instead of an average. Averages
are appropriate if each result is based on independent measurements, but inappropriate
here where the spread in parameters arises because different models or procedures have
been applied to a common set of data. Where only one value is given it is either because
only one experiment reports that state or because the various experiments agree. An
error is quoted only when the various experiments averaged have taken into account the
systematic errors.
For this column M is the rounded average which also appears in the name column. 1" is
taken as the center of the interval given in the column labeled "I"".
For decay modes into —3 particles pmax is the maximum momentum that any 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. For isobars, p is
computed using the nominal isobar masses. If the isobar plus stable mass is less than the
resonance mass, no va. lue for p is given.
Square brackets indicate a sub-reaction of the previous unbracketed decay mode. Our
estimate is from data in the Baryon Data Card Listings {where available) and from the
isobar model Argand plots of HERNDON 72. See the Mini-Review preceding-the N' Data
Card Listings.
This state has been seen only in total cross sections. J is not known; x is I"el/'I".
The tabulated rs, diative fractions involve a. suxn over two helicities (i/2, 3/2). In the case
of I=i/2 resonances, there are two distinct isospin couplings, whence yp and yn. For
further information and. conventions, see the Mini-Review preceding the Baryon Data.
Card Listings.
These values are particularly crude. Any naive estimate from the Argand plots of
HERNDON 72 (see the Mini-Review preceding the N" Data Card Listings) yields branching
fractions the sum of which is greater than one. The values given have been scaled down-
ward to be consistent with the branching fractions from other (non-isobar) channels.
Only information coming from partial-wave analyses has been used here. For the produc-
tion experiments results see the Baryon Data Card Listings.
Value obtained in an energy-dependent partial-wave analysis which uses a t-channel-
poles-plus-resonance parametrization. The values of the couplings obtained for the
resonances may be affected by double counting.
In this energy region the situation is still confused. In addition to the Dg3{4670), formation
experiments have found evidence for fairly narrow (1" 50 MeV) S~~ and/or Pgg states near

4620 MeV. It is not clear how many such states really exist. No one has reported a strong
coupling of any of these states to RN, but there is much disagreement about branching ratios
mA and mZ.
Only (1530) is firmly established; information on the other states comes from experiments
that have poor statistics due to the fact that the cioss sections for S=-2 states are very low.
For states, because of the meager statistics, we lower our standard. s and tabulate res-
onant effects if they have at least a four-standard-deviation statistical s~inificance and if they
are seen by more than one group. So "(2030), with main decay mode &K, reported as a 3. 5-
standard-deviation effect, is not tabulated. See the Baryon Data Card Listings for the other
states.
See note on E(f236) in the Baryon Data Card Listings. Values of ma, ss and width are depen-
dent upon resonance shape used to fit the data. The pole position appears to be much less de-
pendent upon the parametrization used.
This is only an educated guess; the error given is larger than the error of the average of the
published values (see the Baryon Data Card Listings for the latter).
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PHYSICAL AND NUMERICAL CONSTANTS"

PHYSICAL CONSTANTS

1 MeV

N 6.022169(40)X102 mole {based on A 12 = 12)
10 -1

c p.9979250( 1Q)X10 cm sec
4.80325Q(21)X10 esu = 1.6021917(70)X10 coulomb-10

1.60Z1917(70)X10 erg-6

6.582183(ZZ)X10 MeV sec = 1.0545919(80)X10 erg sec-22 -27

+C 1.9732891(66)X10 MeV crn = 197.3Z891(66) MeV ferzni

0.6240088(21) GeV znb
2

G' e /1Ic = 1/137.03602(21)2

k = 1.3806ZZ(59)X10 erg K
-16

Boltzmann -118.61708(37)X10 MeV K = 1 eV/11604. 85(49)K
m 0.5110041(16)MeV = 9.-109558(54)X10 kg

-31

rn 938.2592(52) MeV = 1836.109(11)rn = 6.72211(63)xn ~p e 1
' Tr+

1.00727661(8)rni(where rni=i arnu= 12m 12=931.4812(52}MeV)12 C
md 1875.587 (10) Me V

r e /zn c = Z. 817939(13) ferzni (1 ferzni = 10 czn)2 2= -13

t 7I/zn c = r cz = 3.86159Z(12)X10 czn
-11

a /m e = r cz = 0.52917715(81)A (1A = 10 czn)
2' 2' -2 -8

~ Bohr 8 2 -Z4 2
3 mr = 0.6652453 (6 1)Xi0 crn = 0.6 6 5Z453 {61) barnsThorns on 3 e
e%/Zm c = 0.5788381(18)X10 MeV gaussBohr e -18 -1
e8/Zm c = 3.15Z526(Z1)X10 MeV gaussnucle on p 6e/Zzn c = 8.794014(Z7)X10 rad sec gauss.

cyclotron e 3
e/Zzn c = 4.789484(Z7)X10 rad sec gauss

cyclotron p
Hydrogen-like atom (nonrelativistic, }J. = reduced mass):

2 4 2 2
v ze E. LL 2 }J( z e n h

c rrns nhc' n 2 2 &
Z' n Z

2{nf1) }Lze

R = zn e /20 = zn c cz /Z = 13.605826(45) eV (Rydberg)4 2 2 2
e e

pc = 0.3 Hp(MeV, kilogauss, cm); 0.3 (which is 10 c) enters because there
are = 300 "volts" /esu volt.

1 year (sidereal) = 365.256 days = 3.1558X10 sec (= mX10 sec}7 7

density of dry air 1.205 mg crn (at 20'C, 760 rnm}

acceleration by gravity 980.62 cm. sec (sea level, 45')-2

gravitational constant 6.6732 (31)X10 crn g s e c3 -1 -2

1 calorie (therrnochernical) = 4.184 joules
-2

1 atmosphere 1033.2275 g crn

1 eV per particle 11604.85(49) 'K (from E = kT)
NUMERICAL CONSTANTS

ln 2

log 2

3.1415927
2.7182818
0.6931472
0.3010300

1 rad

1/e
ln 10

log10e

57.Z957795 deg

0.3678794
2.30Z5851

Q.4342 945

i.7724539

WZ = 1.4142136
M3 = 1.7320508

~10 = 3.1622777

)zp

Compiled by Stanley S. Brodsky, based mainly on the adjustment of the
fundamental physical constants by B. N. Taylor, %'. H. Parker, and D. N.
Langenberg, Rev. Mod. Phys. 41, 375 (19.69). The figures in parentheses
correspond to the 1 standard deviation uncertainty in the last digits of the
main number.
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CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS

Note: A ~ is to be understood over every coefficient; e. g. , for -8/15 read -Q8/15.
J J

Notation'.
~ ~ ~

1/2 " 1/2, ,', Y = —cosg0 3
I 4' 2

m I mz Coefficientsx12 &/2
+'j'5/z 3/z

3/z +3/z

+2 -1/2 I/5 4/5
+1 +1/2 4/5 —I/5

+ I -1/Z
0 + I/Z

,
+ I/2 +I/2 I 0

+1/Z -I/2 1/2
-I/2 +1/2 I/?.

- I/Z

0

I/Z
-I/Z -I
- I/Z

1 3, jtI3sing e
8m

5/z 3/z
+1/2 +1/2

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

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

I/Z
-2 +1/2

p
Y = ——cos g-—

4m 2 2

x 1 2
3/2"j' 3/z I/z

+ I + I/2 I (-1/2 + I/2
+1 -1/2 I/3 2/3

0 + I/2 2/3 - I/3
O -I/Z

-I +I/2
2x1

5/2 3/z
y/2 -3/z
4/5 1/5 5/2
I/5 -4/5 -5/2

2 -1/2 I

sing cos g eI 15 i$
83T

3/2 " 1/2, ', ,3/Z I/Z
I/z - I/z
Z/3 1/3 3/Z
I/3 -Z/3 -3/Z

-I -1/2 I

2 I 15 . 2 Zi(I3sin g e2 4 +3/2 +I/2 I +1 +I

+3/Z —I/2 1/4 3/4
+ I/ 2 + I/2 3/4 - 1/4 0

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

/z I/z 1/Z
2 -3/2

3 2
+2 +2

1/3 2/3 3 2 I
2/3 - I/3 +1 + I +I

+2 -1 I/15 I/3 3/5
+ I 0 8/15 }./6 -3/10

0 +1 6/15 -I/2 1/10
'+I -I

0 0
-I +I

+2 +1 I

+2 0
+I +I

1 "1.2
,
+I +1 1 +I +1

+ I 0 I/Z I/2
0 +1 I/2 -I/?

1 0
0 O 0

I/6 I/2 1/3
2/3 0 - I/3 2 I
I/6 -I/2 I/3 -I -I

0 -1 I/2 I/2 Z

-I 0 Ijz -I/2 -2

g-I -1 1

+I -I
0 0

-I +I

Y~ = (-1) Yg

0

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

+3/2 -I I/10 2/5 I/2
3 2 I +1/2 0 3/5 1/15 -1/3 5/2 3/2 1/2
0 0 0 -I/2 +1 3/10 -8/15 I/6 -I/2 -I/2 -I/2

I/5 1/ Z 3/10 +1/? -1 3/lo 8/15 1/6
3/5 0 -2/5 3 ? 1 -I/Z 0 3/5 -1/15 -1/3
I/5 - I/2 3/10 -1 - I —I -3/2 +1 1/10 -'2/5 1/2

0 -I 6/15 1/2 I/10 I/2 -1
-1 0 8/15 -I/6 -3/10 3 2 -3/Z 0
-2 +1 I/15 -I/3 3/5 -2 -2

-I -I 2/3 I/3 3
-2 0 1/3 -2/3 -3 (j j rrr rrr ~] ] 3 M)

-2 -I

I/Z Z

- I/2 -1 -1

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

-3/2 -1/2 1

5/? 3/z
-3/2 -3/2

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

-3/2 -I 1

~z . .= ( g) (3 3 rrr rrr ~j23& 3 M)~

SU(3) CONVENTIONS
for Isoscalar Factor Table on net page

Since January 4970 we have used the convention that the first particle shall be a baryon,
the second a meson (R. Levi Setti, Proceedings of Lund Conference, 4969, p. 339 and Table II).
Note, for comparison, that the de Swart table of 8X8 is merely labeled with symbols like
(I = i/2, Y = i, I = i, Y = 0), which can be read either as (Ns) or (KZ). Since there
are no decuplet mesons, however, his 8X10 table is unambiguous; it must be read with the
meson first.

The de Swart convention violates the other convention that the N, Nm coupling shall be D + F
(as opposed to -D + F). To get D + F one must use the first line of the "N" table, which
reads. . . 3~5/f0 l8D) + i/2 l8&) as opposed to. . . -3~5/i0 l8D) + i/2 l8&) . The first
line must then be labeled Nz rather than K&, i. e. , with the baryon first.

Levi Setti further advocates the convention of writing the baryon first for SU(2) as well as
SU(3). For example, the sign of the amplitudes as plotted on his and our Argand plots comes
from using our SU(2) Clebsch-Gordan coefficients (Condon Shortley notation) and writing the
baryon first. To make it easier to abide by this universal convention we have changed de Swart's
8X IO (SU(3) table to IOX8, with the help of his Eq. (14.3):

I+I -I
&v, v, lv) =

&,(-i)
' '

&v, v, lv).
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SU(3) ISOSCALAR FACTORS

Adapted troITI Z. Z. de Swart, Rev. Mod. Phys. 35, 9i6 {f963)
(See note on previous page concerning conventions)

{8} |3) {8}= {27} {10} {10} {8}g {8}3 {1}.

8 x 8
/W gY=2

0

Mul tiplici ty of 27;

~ =) x=p, h=S

Nm

ZK
Nq
AK

27

JSiio
—/Siio
3~5iip
3~5/10

I =i/Z
8 8
+D -F

3J5/10 1/2
-3~5iip
—~5 /10 1/2
—~5/10 —1/2

Five single coefficient
a negative coefficient

—1/2
—i/2

1/2
—1/2

= Y-1
z7

J2/2
ZK ~/2

tabl es are omi t ted.
i. e. (NKi10 ) = -~.

I =3/Z 6
'lo

—J2/2
v 2/2

The one invo I ving a '~ &0g' has

The others, involving .'t27 1. and

I10I~s, are al I +1.

NK
"K
Zm
Aq

Y 0
27

~isiio
—~15/10
—~1/20
3~/20

0

fD . + -F~ilo 1 /2 ~2i2
—~1/10 —1/2 ~2/2-~i is ~/4 o

s/s —~/4 o

Y=0
27 SD 8~+ +D

Js i5 —~30 / 10 J6 i6
~5/5 —~30/10 —~6 i6

Z~ P P
~30/10 Js is 0

A ~ ~30/10 Js/5 0

10

—J6i6
J6/6

1/2
—1/2

/6i6
—~6/6
—~6/6

1/2
-1/2

ZK

AK

Y~ -1
27

—Js/10~iio
3JSiiO
3/i/io

I- i/z

fD
-3JS/10

3Jg/10
—~/10
—~/10

Y
8F i0 t ~ .

q
1/2 1/2 -„„ i2

—1/2 1/2
/2 1/2 ZR

1/2 —1/2

I -3/Z
g 0)g

—J2/2
J2/2

The phase factor (g = +&, from de Swart' s
Table I, enters in his symmetry formula (14. 3):

(vtvz~ v) = &,t-t)" "
(vzI f~ ~) ~

This factor is irrelevant if you are doing your own
self-consistent calculations, it enters when you
try to check someone else who chose pZpf
instead. of iItPZ.

{10} {8} {35} {27} {10} {8}.

Four single coefficient tables are omitted; only the 1~27~' is -1; the three wi th ~35~ are +1..
(I

8

-2J5/5
~s/5Z K —2~5/5

Y= 1 I i/2
27

Y=1 1=3/2
35 27+
1 i4 —~5 i4

~SSi4 3/4
ZK ~1/4 ~/4

40

~10/4
~2/4

1/2

Sx lP

27
=2

0

Y~O I~O A
27

—~io/S —~iS/5
—~is/5 ~i/5

7T

=-Yl

OK
ZK

Y 0 I 1 Z
35 27 40+

~/6 —3~5/10 ~ /3
~i2 ~0/10 0
~/3 —Js/5

~K ~3/6 ~5/10 ~/3
I- i/z

35 27 40

1/4 —7~5/20 ~/4
3/4 3~5/20 ~/4

~2/4 -3~i20 —1/2
1/2 ~5/10 ~/2

~iiS
5i5
/15

2 0/15

—J5/5
5/5

~/5
ZK'

Y =0 I =2
35 27

i2
1/2 ~/2

Y~ —1 I~ 3/Z

35 27

~2/2 —~2/2
W/2 W/2

Multiplicity of 35;
~ =I, &~2 Qq

"K

—V m

35
+

I-0 Q
10

~2/2 —~2/2
~/2 ~2/2

=Y- -2 I - i

35
+

I

1/2 —~3/2:-K ~3/2 1/2



S32 REVIEWS OF MOI}ERN PHYSICS APRIL 1973 ~ PART II

C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM

dE = m dTcm cm p beam mv dP
p beam beam =m dpb

p beam

PB E A M —---C ~ NI ~ ENE RGY—---- -MOMENTUM IN C M ~--
{NEV/C) (NE V) (MEV/C)

PBEAN C ~ M ~ ENERGY MOMENTUM IN C ~ M ~

(ME V/C) ( NEV) (NEV/C)
P BE AN C ~ M ~ ENERGY MOMENTUM IN C ~ N»

(GEV/C) (GEV) {GEV/C)

0
20
40
60
80

100
120
140
160
180

200
220
240
260
280

300
320
340
36'0
380

400
420
440
460
480

500
520
540
560
580

600
620
640
660

'680

700
720
740
760
780

800
820
840
860
880

900
920
940
960
980

).000
1.020
1040
1060
1080

1100
1120
1140
1160
1180

1200
12?0
1Z40
1260
1280

1300
1320
1340
1360
1380

1400
1420
1440
1460
1480

YP
ep

939
958
977
996

1015

1033
1051
1069
1087
1104

1121
1137
1154
1170
1 186

1201
1217
1232
1247
1262

1277
1292
1306
1320
1335

1349
1362
1376
1390
1403

1416
1430
1443
1456
1468

1481
1494
1506
1519
1531

1543
1555
1567
1579
1591

1.603
1615
1626
1638
1649

1660
le7z
1683
1694
1705

1716
1727
1738
1748
1T59

1770
1780
1791
1801
1 812

1822
1832
1843
1853
1863

1873
1883
1 893
1903
1912

1078
1079
1083
1089
1096
T(PI)
I. 105
1116
1127
1139
1152
T{PI)
1165
1178
1192
1206
1219
T(PI)
1233
1247
1261
1274
1288
T(PI)
1302
13 1"5
132 9
1342
1356
T(PI)
1369
I.382
1395
1408
1421
T(PI)
1434
1446
1459
1472
).484
T(PI)
1496
1509
1521
1533
154 5
T(PI)
1557
1569
1580
1592
1604
T(PI)
1615
1627
1638
1649
1661
T(PI)
1672
1683
1694
1705
1716
T(PI)
1726
1737
1748
1758
1769
T(PI)
1780
1790
1800
1811
1821
T(PI)
1831
1841
1851
1862
1872
T(PI)
}.881
1891
1901
1911
1921
T(PI)

Kp pp ep

1432 1877 0
1432 1877 20
1433 1 877 38
1434 1877 56
1436 1878 74

PBEAM — 59 MEV

1439 1879 91
1441 1880 107
1445 1882 123
1449 1, 883 138
1453 1885 153

PBFAM — 92 MEV

1457 1887 167
1462 1889 182
1468 1892 195
1474 1894 209
1480 1897 222

PBEAM — 107 MEV
1486 1900 234
1493 1903 247
1500 1906 259
1507 1910 27 1
1514 1913 282

PBEAM — 1).5 MEV
1522 1917 294
1530 1921 305
1538 1925 316
1546 1929 327
1554 1933 337

PBEAM — 120 MEV

1563 1938 348
1572 1943 3"8
1580 1947 368
1589 1952 378
1598 1957 388

PBEAM — 123 MEV

1607 1962 397
1616 1967 407
1625 1973 416
1634 1978 425
1644 1984 434

P BEAM — 125 ME V
1653 1989 443
1662 1995 45 2
1671 20Q 1 461
1681 2007 470
1690 2013 478

PBEAM - 127 NEV
1699 2019 486
1709 2025 495
1718 2031 503
1728 2037 511
1737 2043 519

PBEAM - 129.MEV

1747 2049 527
1756 2056 535
1765 2062 542
1775 2069 550
1784 2075 558

PBEAM — 130 MEV

1794 2082 565
1803 2088 573
1812 2095 580
1822 2102 587
1831 2 108 594

PBEAM - 131 MEV
1840 2115 601
1850 2122 609
1859 2129 616
1868 2135 622
1877 2142 629

PBEAM - 131 MEV
1887 2149 636
1896 2156 643
1905 2163 650
1914 2170 656
1923 2177 663

PBEAM — 132 MEV

1932 2184 669
1941 2191 676
1950 2198 682
1959 2205 689
1968 2212 695

PBEAN - 133 MEV

1977 2219 701
1986 2226 708
1995 2233 714
2004 2240 720
2013 2247 726

PBEAM - 133 MEV

0
17
35
52
68

85
101
117
132
147

161
175
189
202
215

228
241
253
265
277

288
300
311
322
332

343
353
353
373
383

393
402
412
421
430

439
448
457
4e5
474

482
490
499
5.07
5) g

523
"31
538
546
gc4

56 I.
569
576
583
591

598
605
612
619
626

633
639
646
653
660

666
673
679
685
692

698
704
711
717
723

Kp

0
13
26
39
52

65
78
91

104
116

129
141
153
166
178

189
201
213
224
235

247
258
268
Z79
290

300
310
321
331
341

350
360
370
379
388

397
406
415
424
433

442
450
459
467
475

483
492
500
508
515

523
c31
538
546
553

561
568
575
583
590

597
604
611
e 18
624

531
638
645
651
658

664
671
677
684
690

PP

0
10
20
30
48

50
60
70
80
90

99
1.09
119
129
138

148
158
167
177
186

196
205
214
224
233

242
251
260
269
278

28?
296
304
313
322

330
339
347
355
364

372
380
388
396
404

412
420
428
435
443

451
458
466
473
481

488
495
502
510
517

524
531
538
545
552

559
565
572
579
585

592
599
605
612
618

1500
1520
l 540
1560
1580

1600
1620
1640
1660
1680

1700
1720
1740
1760
1780

1800
1820
1840
1860
1880

1900
1920
1940
1960
1980

2000
2020
2040
2060
2080

2100
2120
2140
2160
2180

2200
2220
2240
2260
2280

2300
2320
2340
2360
2380

2400
2420
24 40
2460
2480

2500
25 20
2540
2560
2580

2600
2620
2640
2660
26 80

2700
2720
2740
2760
2780

2800
2820
2840
2860
2880

2900
2920
2940
2960
2980

YP
ep

1922
1932
1942
1951
1961

1970
1980
1989
1999
2008

2018
2027
2036
2045
2054

2064
2073
2082
2091
2100

2108
2117
2126
2135
2144

2153
2161
2170
2179
2187

2196
2204
2213
2221
2230

2238
2246
2255
2263
2271

2280
2288
2296
2304
2312

2320
2328
2336
2344
2352

2360
2368
2376
2384
2392

2400
2408
2415
2423
2431

2439
2446
2454
2462
2469

2477
2484
2492
2499
2507

2514
2522
2529
2537
2544

1930
1940
1950
1959
1969
T(PI)
1978
1988
1997
2006
2016
T(PI)
2025
2034
2043
2053
2062
T( PI)
2071
2080
2089
2098
2107
T{PI)
2115
2124
2133
2142
2150
T(PI)
2159
2168
2176
2185
2194
T{PI)
2202
2211
2219
2227
2236
T(PI)
2244
2253
226 1
2269
2277
T(PI)
2286
2294
2302
23 10
2318
T(PI)
2326
2334
2342
2350
2358
T(PI)
2366
Z374
2382
2390
2398
T(PI)
2405
24'1 3
2421
2429
2436
T( PI)
2444
2452
24 59
2467
2474
T{PI)
2482
2490
2497
2505

12
T(PI }
2c 20
2527
2534
2542
2549
T(PI)

pp ep Kp PP

624
631
637
643
650

e9e
702
7Q9
715
721

727
733
T39
745
751

656
662
668
674
680

686
692
698
704
710

756
762
768
774
779

716
721
72T
733
739

785
791
796
802
808

744
750
756
761
767

813
818
824
829
835

772
778
783
789
794

840
845
851
856
861

799
805
810
815
821

866
872
877
882
887

826
831
836
841
846

892
897
902
907
912

852
857
862
867
872

917
922
92T
932
937

877
882
887
892
897

941
946
9g]
956
960

965
970
975
979
984

901
906
911
916
921

926
930
935
940
944

988
993
998

1002
1007

1011
1016
1020
1025
1029

949
954
958
963
968

972
977
981
986
990

1034
1038
1042
1047
1051

1056 995
1060 999
1064 1004
1069 1005
1073 1013

2022 2254 732 729
2031 226 1 738 735
Z 039 2268 744 741
2048 2275 7co 747
2057 2282 756 753

PBEAN 133 MEV
2065 2289 762 759
2074 2296 768 765
2083 2304 773 770
2091 231 1 779 776
2 100 2318 785 782

PBEAM — 134 MEV
2109 2325 791 788
2117 2332 796 793
2126 2339 802 799
2 134 2346 807 805
2143 2353 813 810

P BEAN - 134 NIEV

2151 2360 818 816
2159 2367 824 821
2168 2374 829 827
2176 2381 835 832
2184 2388 840 837

PBEAM - 134 NEV
2193 2395 845 843
2201 2402 851 848
2209 2409 856 853
2217 2416 861 S59
2226 2423 867 864

PBEAM — 135 NEV
2234 2430 872 869
2242 2437 S77 874
2250 2444 882 879
2258 245 1 887 885
2266 2458 892 890

PBEAN — 135 MEV
2274 2465 897 895
2282 2472 902 900
2290 2479 907 905
2298 2486 912 910
Z306 2493 917 915

PBEAN — 135 MEV
2314 2500 922 920
2322 2507 927 925
2330 2514 932 930
2338 2520 937 934
2346 2527 942 939

PBEAN — 135 MEV
2353 2534 947 944
2361 2541 951 949
2369 2548 956 954
2377 2555 961 959
2384 2561 966 963

PBEAM — 135 MEV

2392 2568 970 968
2400 2575 975 973
2407 2582 980 977
2415 2589 984 982
2423 2595 989 98T

PBEAM — 136 MEV

2430 2602 994 991
2438 2609 998 996
2445 2616 1003 1001
2453 2622 1007 1005
2460 2629 1012 1010

PBEAM — 136 MEV
2468 2636 1017 1014
2475 2643 1021 1019
2483 2649 1025 1023
2490 2656 1030 1028
2498 2663 1034 1032

PBEAN - 136 &EV
2505 2669 1039 1037
2512 2676 1043 1041
2520 2682 1048 l{)45
252T 2689 1052 1050
2534 2696 1056 1054

PBEAM — 136 NEV
2542 2702 1061 1058
2549 2709 1065 1063
2556 2715 1069 1067
2563 2722 1074 1071
2570 2728 1078 1076

PBEAM — 136 MEV
2578 2735 1082 1080
2585 2742 1086 1084
2592 2748 1091 1088
2599 ' 2755 1095 1093
2606 2761 1099 1097

PBEAN - 136 iIEV

3 ~ 0
3 ~ 2
3 ' 4
3 ~ 6
3 ' 8

4»0
4»2
4»4
4 ' 6
4 ~ 8

5 ~ 0
5 ~ 2
5 ' 4
5 ' 6
5 ~ 8

6 ~ 0
6 ' 2
6 ' 4
b. e
6 ' 8

7 0
7 ~ 2
7 ~ 4
7 ~ 6
T ~ 8

8 0
8 ' 2
8 ~ 4
8 ~ 6
8 ~ 8

9 ' 0
9 ~ 2
9»4
9 ~ 6
9~ 8

10~ 0
10 5
11~ 0
ll ~ 5
12 ~ 0

12 ~ 5
13' 0
13.5
14' 0
14 ' 5

15 ' 0
16~ 0
17 ' 0
18 ' 0
19' 0

20 ~ 0
22»0
24 ~ 0
26»0
28 ' 0

30 ' 0
32 ' 0
34 ' 0
36 ' 0
38 ' 0

40 ~ 0
42»0
44»0
46 ~ 0
48 ~ 0

50 ~ 0
60»0
70 0
80 ~ 0
90 ~ 0

100~ 0
200 ~ 0
500 ~ 0

1000~ 0
1500~ 0

YP
ep
1TP

2.56
2 ~ 63
2.70
2 ~ 7 7
2 ~ 83

2.90
2 ' 96
3»03
3 ~ 09
3 ' 15

3 ~ 21
3 ~ 27
3 ~ 32
3 ~ 38
F 43

3 ~ 49
3 ~ 54
3»59
3 ~ 65
3 ' 70

3 ' 75
3 ~ 80
3 ~ 85
3 ' 89
3.94

3 99
4»04
F 08
4 ' 13
4 17

4 ~ 22
4.ze
4 ' 31
4»35
4 ' 39

4 ~ 43
4»54
F 64
4 ' ~4
4 ' 84

4 ~ 94
5 ~ 03
5 ~ 12
c Zl
5 ' 30

5 ' 39
5 ' 56
5.73
5 ' 89
6 ' 0"

6 ~ 20
F 49
6 ~ 78
7»05
7 ~ 31

7 ~ 56
7 ~ 81
8 ~ 04
8 ' 27
8 ~ 50

8 ~ 72
8»93
9 ' 14
9 ~ 34
9 ~ 54

9 ' 73
10 ~ 65
11~ 50
12 ' 29
13' 03

13~ 73
19~ 40
30 ~ 65
43 ~ 33
53 F 06

YP
'

ep Kp
'Tlp

1 ~ 10 1~ 08
1 ~ 14 1 ~ 12
1 ~ 18 1 16
1 ~ 22 1 ~ 20
1»26 1~ 24

~ 137 GEV
1 ~ 29 1~ 27
1 ~ 33 1 ~ 31
1 ~ 36 1 ~ 34
1 ~ 40 1~ 38
1» 43 1.41

138 GEV
1~ 46 1 44
1 ~ 49 1 48
1 53 1 51
1 ~ 56 1~ 54
1 59 1 ~ 57

~ 13S GEV
1 ~ bl 1 ~ 60
1 ~ 64 1 ~ 63
1 ~ 67 1 ~ 65
1 ~ 70 1.68
1.73 1 ~ 71

~ 138 GEV
1 75 1 74
1 ~ 78 1~ 76
1 ~ 81 1 ~ &9
1« 83 1 ~ 82
1 ~ 86 1 ~ 84

13S GEV
1 ~ 88 1 87
1 ~ 91 1 ~ 89
1 ~ 93 1 ~ 92
l»95 l.~ 94
1 ~ 98 1~ 96

~ 138 GEV
2 ~ 00 1 ~ 99
2 ' 03 F 01
2 ' 05 2 ' 03
F 07 F 06
2 ' 09 2 F 08

~ 139 GEV
2 ' 12 F 10
2 ' 17 2. 16
2 ~ 22 2» 21
2 ~ 28 2 26
2 ~ 33 2 ~ 31

~ 139 GEV
2 38 2 36
2 ~ 43 2 ~ 41
2 ~ 47 2 ~ 46
2 ~ 52 2 ~ 51
2 ~ 57 2 ~ 56

~ 139 GEV
2 ~ 61 2 ~ 60
2 ' 70 2 ' 69
2 ' 78 2 ' 77
2 ' 8& F 86
2 ' 95 2 ' 94

139 GEV
3 ' 03 3 ' 02
3 ~ 18 3~ 17
3 ~ 32 3 ~ 31
3 ~ 46 3 ~ 45
3 ~ 59 3~ 59

»139 GEV
3 ~ 72 3 ~ 71
3 ~ 85 3 ~ 84
3 ' 97 3 ' 96
F 08 F 08
4 ~ 20 4 ~ 19

~ 139 GEV
4 ~ 31 4 ~ 30
4 ' 41 4 ' 41
4 ' 52 4»51
4 ' 62 4 ' 62
4»72 4»72

~ 139 GEV
4 ~ 82 4 ~ 81
5 ~ 28 5» 28
5 71 c- 71
6 ~ ll 6 10
6 ~ 48 6 ~ 48

139 GEV
6 ~ 83 6 ~ 83
9 ' 67 9 ' 67

15 ' 31 1 ~ 31

Kp pp

2 ' 77
2 ' 83
2 ' 89
2 ' 96
3 ' 02

PB EAN

3 08
3 ~ 14
3 ~ 19
3 ~ 25
3 ~ 31

PBEAN
3~ 36
3 ~ 42
3 ~ 47
3 ~ 52
3 ' 58

PBEAM
3' 63
3 68
3»73
3 ~ 78
3 ~ 83

PBEAN
F 87
3 ' 92
3 ' 97
4» 02
4 ~ 06

PBEAM
4 11
4»15
4»20
4 ' 24
4 ' 29

PBEAM
4 ' 33
4 ' 37
4«41
4»46
4 50

PBEAN
4 ' 54
4»64
4»74
4 ' 84
4 ~ 93

PBEAN
5 ' 03
5 ' 12
5 ~ 21
5 ~ 30
5 ~ 39

PBEAN
5 ' 47
5 ~ 64
5 ~ 81
5 ~ 97
6 ' 12

PREAM
6 ' 27
6 ' 56
6 ' 84
7»11
7 ' 37

PBEAN
7 62
7 ~ 8&
8 ~ 10
8 ~ 33
8 ~ 55

PBEAM
8 ~ 77
8 ~ 98
9 ~ 18
9 ~ 39
9»58

PBEAM
9 ' 78

10' 69
ll ~ 54
12 ~ 32
13~ 06

PBEAM
13' 76
19~ 42
30 ~ 66
43 ' 34
53 ~ 07

PB EAM

2 ~ 61
2 ~ 68
2 ~ 75
2 82
2 ~ 88

T(PI)
2 ~ 95
3 ~ 01
3 ~ 07
3 ' 13
3 ~ 19

T{PI)
3 ~ 25
3 ~ 31
3 ~ 36
F 42
3 ' 47

T(PI)
3 ~ 52
3 58
3 ~ 63
3 68
3 ~ 73

T( PI)
3 78
3 ' 83
3 ~ S8
3»93
3 ' 9T

T(PI)
4 ~ 02
4 ~ OT

4 ~ 11
4 ~ 16
4.20

T(PI)
4 ' 25
4 ' 29
4 ~ 33
4 ' 38
4 ~ 42

T {PI)
4.4e
4 ~ 5T
4 ~ 67

77
4 ~ So

T(PI)
4» 96
5 ~ 05
5 15

24
5 ~ 32

T(PI)
5 ~ 41
5 ~ 58
5 Tg
5 ~ 91
6 ~ 07

T(PI)
6 ~ 22
6» 51
6 ~ 79
7 ~ 07
7 ~ 33

T(PI)
7 ~ 58
7 ~ 82
8 ~ 06
8»29
8 ~ 51

T(PI)
8 ~ 73
8 ~ 94
9 15
9 ~ 35
9 ' 55

T(PI}
9 ~ 74

10~ 66
11~ 51
12~ 30
13 ~ 04
T(PI)
13 ' 74
19' 40
30 ~ 65
43 ~ 33
53 ~ 06
T(PI)

21 65 21.65
26 ' c2 26 ' 52

~ 140 GEV

PP

1 ~ 02
1 ~ 06
1 ~ 1.0
1 ~ 14
1» 18

1 ~ 22
1 ~ 26
1 ~ 29
1 ~ 33l. 36

1»40
1 ~ 43
1 ~ 46
1 ~ 49
1 ~ 52

1 ~ cc
1 ~ 58
1» 61
1 ~ 64
1 ~ 67

1 ~ 70
1 ~ 72
1 ~ 75
1 78
1 ~ 80

1 ~ 83
1~ 85
1 ~ 88
1 ~ 90
1 ~ 93

1» 95
1 97
2» 00
2» 02
2»04

2 ~ 07
2 ~ 12
2 ~ 18
2 ~ 23
2 ~ 28

2 ~ 33
2 ~ 38
2 ' 43
2« 48
2 ~ 53

2 ~ 57
2»66
2 ~ 75
2»83
2 ' 91

2 ' 99
3 14
3 ' Z9
3 ' 43
3 ~ 56

3 ~ 69
F 82
3 ~ 94
4 ~ 06
4 ~ 17

4 ~ 28
4 ~ 39
4 ~ 50
4 ' 60
4 ' 70

4 ~ 80
5 ~ 26
5 ' 69
6 ~ 09
6 ~ 46

6 ~ 82
F 66

15~ 30
21 ~ 65
26« 52
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SPECIAL RELATIVITY, PHASE SPACE, AND CROSS SECTIONS

Notation. 4-vector in c.m. p = (w, p); in lab P = (W, P), T = W-m.
Solid-angle element d+ = zmd cos 8; dQ= 2Ttd cos e.

2 2 ~2 2 ~

p = w - p = m is an invariant. Cross section g is invariant.

Lor entz Transformation

H 8 and 8 are measured with respect
to the transformation axis x,

Invariant Volume in n-Body Momentum Space.r'
r 4 2 2 rc[ l7 rp d[p(d~ i r~

A useful invariant is j d p 5(p - m ) = )~ = j = —
) ~p ~dwdoa.zw 2w 2

R2 ~Ipi I/tj s, R3 = m f dwidwz = (w /4s) $ dmizdm23

)leRecurrence Relation for Factoring R (see e. g. , Hagedorn, p. 93 ):np, 0 0 0 i P
)P ) sine

qW+ y iP t
cos 8 as N~K, k+i,

L. i. z.

Write N ~ i, 2, ~ ~
& k, k+i, ~ ~ ~, n (R),n

~ ~ ~, (R k i)t th
~ ~ ~, k (Rk R = j d(mK)RkR k+i'

lf particle i is beam, 2 is target, then (WZt P ) = (mZt 0) and

Y = (Wi™2)/~S & = && = IPi I/~s lpi I
=

lpZ I ™2= I~i lmZ/+S'
For mi = mz y = i + Ti/2mi ~

-2

General Lorentz Traneiormation [ characterized by 'j), with y = (I-() )
-i/z

and. q = yP]: w=yW-q ~ P; p=P- q y+ i

oras N ~ K, L
k+ i, '''

~ n (Ri)

~i 2, '', k (R )k

Cross Sections and Decay Ratesf

then

R = J d(m )d(mL)RRRI
2 2 P(KL)

Invariants. Notation: i + 2 ~ i' + 2'.
2 2 2

(Pi Pz) = mi ™2+2{ i 2
- Pi'pz)

2 2 I 2t = (p'. - p. ) = m. + m'. - 2(w. w'. - p. ~ p'. ), (i = i, 2),i i 1 1 i 1 1 1

u = (p' - p ) = (p' - p )
2 I 2 [use (6), below].

General relation: s+ t + u = mi + m' + mz + m'2 .2, 2 2, 2
i

In lab system Pz = (m, 0), and writing W = m+ T,

s = mi +mz +2Wimz=(m +mz) +2T mz,
2 2 2

2

m2 ™2-2W2 2 2 ™2-2T2 2 {4,lab)

In c.m. system dt = + 2]pi[ )p'i) d cos 8. (4,cm)
For elastic scattering (mi = m'i, m = m'2), (4) and (5) in c.m. become

~2 2 2t = -2p (i - cos8) = -4p sin 8/Z,
2 22 ~2 2 22 ~2 2u = (mi - mZ ) /s - Zp (i+cos 8) = (mi - mZ ) /s - 4p cos 8/2 (5,el)

For elastic scattering, using (4,lab), (4,el), and {2),
2P2Pi m2 . 2/8T' = sin

~
—) (useful for calculating Q-ray energies).

(4)

(5)

(3,lab)

Two-Body States. Energies and momenta in c.m.

+ 2 2

=
PZ

=
4 [s-(mi™2)] [s-(mi ™2)2~ i 2 4s

3- and 4-Body States. Let m. . = (p. + p.), etc. ; .then
2 2
1J 1 J

Z m. . = Z m. + m = const. (i, j = i,2, 3) [follows from (6) ]
2 2 2
ij i

J 2 2= 2Zm. +m 234 const.
1 (i, J, k = i, Z, 3, 4. )

Z m, . = Zm, + zmi234 const.
i& j&k

(9)

(i0)

A Useful Transformation: Consider two 4-vectors Q= (E, Q) and q = (e, q).
In the rest frame of Q [Q' = (M, 0)], q becomes (q ~ q')

e' =Q ~ q/M and q' =q-fQ,
where Q = M and f = (e + e')/(E+ M). These equations follow from example2 2

(b), p. 34 of Hagedorn. They are particularly useful when Q is a sum of

four-vectors that correspond to a resonant state.

For a system of n particles with overall four-momentum p and final
momenta qi, ' ' ', q [q. = (e., q. )], define Lorentz Invariant Phase Space

3
4 4 n d qid LIPS (s; q ~ ', q ) = (ZTr) 6 {p — Z q )—n i 1 (2~)3n, i Zei (

Note that R = (zm) ) d LIPS.3n-4 I

n
For i + 2 ~ n particles or i ~ n particles, in general ~i) ~ ~f)

2
0'if 4F j I

T'f I dLIPS(s;qi, ~, q ) (iz)

or

where T.f isif
factor,
F = wiwzIvi

= q' — f lT Il dLIPS(m; q . .q„) .
an invariant matrix element, F is Mp/lier's invariant flux

2 2 2
(p .p ) -p p ~ In every system where p and pz are collinear,
-

vZ~ (v= p/w). If i is beam, 2, target (pz = 0), then
= lpil~

(i3)

d LIPS i Ipi (For elastic scattering in c.m. , and (i2) yields
(4T)) ~s

2
do I ~ doordo (8 )z dt

IT}'

64m/pii s
(i4)

The normalization is such that the optical theorem reads

I T
( =0

—
21pi l~;.t (i5)

R. Hagedorn, Relativistic Kinematics, We A. Benjamin, New York, i964.
See, for example, Chaps. i and 2 of H. Pilkuhn, The Interactions of
Hadrons, John Wiley i(E Sons, New York, i967.

The choice of Eq, (ii) implies a particular normalization of any spinors
that may occur in T. The advantage of this normalization is that it greatly

i isimplifies the structure of T by putting factors such as 3
—into the

(zm)
phase space where they really belong. In addition, the labels, i, f, refer to
specific spin (helicity) states, so that the usual "average and sum" rule is
implicit ~
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CONFIDENCE LEVEL VS. X FOR nD DEGREES OF FREEDOM
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2 2 2For any nD. {',X ) = no, ~(X ) = &2nD. For large nD,
becomes normally distributed. about nD. Thus in the notation
of the box, in the figure,

y X D 42nD has unit s d.2

A better approximation, due to Fisher, is that X, not X,2

is normally distributed, specifically

y2
= 7 2X - VZno - 1 has unit s. d.2

One sees then that y„underestimates small C. L. 's. Thus
for n = 50 and X = 85, y&

= 3.0 and C. L. = O. i3/a vs.
yZ

= 2.7, C. L. = 0.35/o.

GAUSSIANL I KE DISTR I BUTIONS

The distribution

P (~)
Zn+'l x2

n
I

Zn+2
2 n!a'

is norxnalized so that Jz PZn+g(x)dx = &; the norrnalimation
is valid for n ~ -i and not necessarily integral ((z~)! = ~~/2).
For n = -i/2 it reduces to the Gaussian distribution.
Through a change of variables it yields the x distribution
for no degrees of freedom:

R. A. Fisher, Statistical Methods for Research Workers,
Oliver and Boyd, Kdinbur gh.

The Poisson distribution for m, when expected value is 2:

(x)=2

"D "D~Z nD
2 I

2

jZ- i
(x )

2em -Xi2

P(x,, ~~ = ~ e /~!

Approximation for n t

02rrn (n/e} ( n! & 42rrn (n/e} [i + 1/(42n - (}]

Relation between standard deviation 0' and mean deviation u:

20 = me ; 0' = 1.4826 probable error.2= 2.

Odds against exceeding one standard deviation = 2.45:i;
two, Zi:4; three, 370:i; four, 46,000:4; five, 4, 700,000:i.
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ATOMIC ANO NUCLEAR PROPERTIES OF MATERIALS

HZ

D2
He

Li
Be

NZ

Ne

Al

Fe
CU.

Sn

U

1.01

2.01

2 4.00

3 6.94
4 9.01

6 12.01

7 14.01

10 20.18

13 26.98

26. 55.85
29 63.54

50 118.69

74 183.85
82 207.1 9

92 238.03

Mate r ial Z

Nominal C r os s
Section 0'

ba, ms

0.063
0.100
0.16

Nominal
Length

g cm-2
26.5

33.4
42.0

Collision
Lcoii. b

cm
374
Z02

336

Abs o'rption dE/dx c

L thm n MeV
eng 2
)t., cm g/cm

4.13
2.07

1 ~ 94

min.
MeV

cm
0.292

0,34Z

0 ~ 243

Radiation

gem~

93.1

Length

cm

887

764

745

Density
P

g cm

0.0708

0.165
0.125

0.23 50.4 94.4 1.69 0.902 83.3 1 56 0.534
0.28

0.33
0.36

0.465

0.57

0.92

1.00

0

8
vj

55.0
60.4
63.6
72.1
79.2

101.2
105.4

29.8

78.7
60.1'
29,3
12.9
11.8

39. 5

38. 8

17. 1

15.6

1.60 2.96

1.78 f
1.81 1.46

1.73 2.08

i. .62 4.37

1.48 11,6
1.44 12.9

66.0
43.3
38.6
29.1
24 ~ 3

13.9
13.0

1.848

f = 1.55f

47.8 0.808
Z4. 3 ' 1.200

35.7

9.00 2.70

1.77 7.87
1.45 8.96

9

2Z. 6

12.8
= 20.7

8.9 l.22 7.31

6.8 0.35 19.3
6.4 0.56 'l1.35
6.1 = 0.32 = 18.95

1.55 Q 129.7 17.7 1.28

.2.02 ~~ 150.8 7.81 1.17
2.20 & 1 56.2 13.8 18. 3 1.13
2.42 W 163.6 = 8.63 1.09

Air 64.6 53610g 1.81 0.0022 37.2 30870 0.001205g

Freon (CF3Br)
HZ (bubble chamber, 27' K)
H-Ne mixture (bubble chamber)

HZO

Ilford Emulsion
LiF

87.1

26.5

67.3
57.2

103.0
63.8

= 58

442

96.1

27 ~ 0

24.2

1.52 = 2.3

4.1 3 0.248

1.83 1,28

2.03 2.03
1.44 5,49
1.69 4.46

16.7
62.8
29.8
36.4
11.2
39.8

1050
42, 6

36.4
2.94

1 5.1

= 1.5
= 0.060h

0.70

3.815
2.64

Mylar (C5H 0 )

NaI

Polyethylene (CH )

Polystyrene (CH)" [ =Scintillator ]
Propane (C3H8, bubble chamber)

59.1
119.0
51.0
54.9
48.9

42.8
32.4

=55
68. 5

1.91 2.64

Z. 28 0.94

1.3Z 4.84

2.09 = 1.92

2.03 = 2.13

9.5 2.59

45.3 = 49
42

45.9 112

40.4 29.3 1.38

3.67

= 0.92
= 1.05

0.41

2 2/3 2/ 3 NOTE: These quantities are calculated as suming a "nuclear
I ~ +/m c) X A = 62.8 mbXA radius» = (g/m c) Af/ = (1.4f) Af/, But attenuation of 25 GeV/c

b. L =A/(No ) = 26. 5 g crn. XA protonsm and ZYI GeV/c neutronsn is only 3/4 nominal.coll natu r al
c, Fro'm W, H. Barkas and M. J, Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles,

NASA SP-3013 (1964).
d. Mainly from O. I. Dovzhenko and A. A. Pomanskii, Soviet Physics JETP 18, 187 (f 964).

' e. For liquid phase at 1 atm. and boiling temperature.
f. Density variable.
g. At 20' C.
h. May vary by about +3/& depending on operating conditions.
i. From F. R. Huson, Ionization Loss, Range, Straggling and Multiple Scattering, BNL 11386 (1967).
j. 53.7 atomic percent Ne.
k, Density of gas at STP =0.900X10 g cm, i. e. , 0, 75X IO times the density (1.ZOO) of the boiling liquid.
g. Typical scintillator; e. g. , PILOT B has an atomic ratio H/C =1,1.- 1/3rn. G. Cocconi, Proc. 1960 Rochester Conf. , p. 804, Fig. 6, find for attenuation, r (nuclear) = 1. 23 A

Engler et al. , Nucl. Instr. and Meth. 106, 189 (1973) report k(Fe) = (17. 1+0. 3) cm, ).(Scintillator) = (68. 5+f. 5) crn.

IVIULTIP LE COULOMB SCATTERING+ RADIOACTIVITY AND RADIATION I ROTECTION

The rms projected angle g due to multiple Coulomb
scattering (only) of a particle of charge z (in units of
electron charge), momentum p (in MeV/c), and velocity
v {in units of c) is

6 . = z — (1 + e) radians;15 L
proj &v L

where L = length in scatterer.

For L & 1/10 Lrad, e is generally ( 1/10. The distri-
bution of 9 is not truly Gaussian. 4

The rms projected displacement y on traversing an
absorber of thickne s s L is

yrms proj/tt

Mainly from G. Z. Moliere, Naturforsch. 3 (a), 78 (1948).
See, for example, the experimental work of A. D. Hansen,
L. H. Lanzl, E. M. Lyman, and M. B. Scott, Phys. Rev.
84, 634 (1951).

Unit of activity = Curie:
1 Ci = 3.7X101 disintegrations/sec

Unit of exposure dose for x and y radiation = Roentgen:
1 R = 1 esu/cm = 87.8.erg/g (5.49X 10 MeV/g) of air

Unit of absorbed dose = rad:
1 rad = -100 erg/g {6.25X10 MeV/g) in any material

Unit of dose equivalent (for protection) = rem:
rems (Roentgen equivalents for man) = rads X QF,

where QF (quality factor) depends upon the type of radiation
and other factor s. For y rays and HE protons, QF = 1; for
thermal neutrons, QF = 3; for fast neutrons, QF ranges up
to 10; and for a particles and heavy ions, QF. ranges up to 20.
Maximum permissible occupational dose for the whole body:

5 rem/year (or = 100 millirem/week)
Fluxes (per cm2) to liberate 1R in carbon;

3X10 minimum ionizing singly charged particles
0.9X109 protons of 1 MeV energy

(These fluxes are correct to within a factor of 2 for all
mater. ial s. )
Natural background: 120 to 130 millirem/year

cosmic radiation (charged particles + neutrons) 25
cosmic radiation (y rays) -25 e
radiation from rocks and air (y rays) 73

gCosmic ray background in counters: i/min/cm~/ster
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RANGE AND ENERGY LOSS IN COPPER
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CROSS SECTION PLOTS
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(see Sec. VI C of the text).
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A smooth interpolation of the mN total cross sections for I=3/2 and
I=i/2, and the corresponding real parts of the forward amplitudes as
calculated from dispersion relations by G. H5hler and H. P. Jakob
(private communication). The normalization of the curves for each
value of I is.such that the sum of their squares divided by i9. 6 gives
der/dt at 0' in mb/(GeV/c)2.
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CROSS SECTION PLOTS
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)tot(PP)

~el(PP)

5-

0
0

I ~ I ~ . . I . . I . . . I

1.0 1.5 2. 0 2. 5 3.0 3.5

MOMENTUM (GEU&C)

+ ~--
+.

I I I I I I I I I

10

Pb, (GeV/c)

I I I I I I I I

100

Total cross-section for isospin zero KN system.
Unfolding of the BUGG 68 and BOWEN 70 and 73
data was done by G. R. Lynch (as in Proc. of &970
Duke Conference). Tables of o n were provided
by the BNL authors. Lynch ant BNL use the
same method of unfolding; the BOWEN 73 unfolded
distribution is obtained by a different method (see
plot in Z mini-review in the Baryon Data Card
Listings).

pp and pd cross sections from Particle Data Group, "A Compilation of

NN and ND Reactions", LBL-58 !'1972).
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Name of particle as it

Arrow indicates this particle
omitted from table.

Quantity tabulated below.

Code for quantity tabulated
(M=mass, W=width, etc. )

Symbols used to key together
data card and related
comments.

Number of events above
background.

4216.

. . .. .ustrative .'key
/XX MESON (1200' JPG= -) I=1/

ORIGINALLY CALLED

OMITTED FROM TABLE

/XX(1200) MASS (4IEVI/

llew

/MERRILL
LYNCH

T I ONA BL E 8 ACK GROUND
7e/ PI ERCE

FE NNER
SMITH

66/HBC 0
67 HBC +-

SUBTRACTION
68/AS PK/+
69 HBC 0
70 '4)MS

3 ' 2 K-P
2 ~ 7 PI-P'

2 ~ 1 K-P
4 ~ 2 P I+P
3~ 5 P I-P

RESULT

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 e0)

7/66
6/5 7

9/68
9/6 c)

1/73 &

Particle name, and quantum
numbers (if known).

Particle code (for internal
use only).

General comments on
particle.i

'Abbr eviated ref erenc e for
this result; full reference
given below.

'Measurement technique
(see abbreviations on
next page. )

Charge(s) of particle
detected.

Measured values (paren-
theses indicate value
not used in average).

+ Error in measured value
(- field blank if error
symmetric; parentheses
on error only indicate
data not used in average
due to problems with
error estimation).

Average value (and error)
of quantity measured.

Vertical bar indicates
average; width of hori-
zontal bar on top is error
(scaled) in average.

1200) )(IDTH (tlEY)

MERRILL
PIERCE
FENNER
SMITH

66 HBC 0/3 ~ 2 K-P/
68 ASPK + 2 ~ 1 K-P
69 HBC 0 4 ~ 2 PI+P
70 tIMS — 3~ 5 Pl-P

WEIGHTED AVERASE = 38.4 + 6.0
ERROR SCALED BY 1.3

AVERAGE (ERROR INCLUDES SCALE FACTOR OF/1
I DEQGRAM BELOW )

Reaction producing particle,
or comments.

7/6 5
'Date this result punched

(asterisk indicates result
/I/7~3 added or changed since

previous edition).

Scale factor & f indicates
inconsistent data.

Ideogram to display incon-
sistent data; curve is sum
of Gaussians, one for
each experiment (area of
Gaussian = I/error
width of Gaussian =
+ error).

Value and error for each
experiment.

-20 20 60 100 140
XX (1200) WIDTH (()EV)

=0.179)

'Contribution of experiment
(if no entry present,

experiment not used in
calculating X2 or scale
factor be caus e of lar ge
error).

Partial decay mode
(labeled by Pi).

74 XX( 1200) PART I AI DECAY MODES

XX(1200) INTO 3P I/
XX(1280) INTO K KBAR

DEC AY MASSE S
139+ 139+ 139
493+ 493

Branching ratio (labeled
by R)).

/R 1
Rl

Rl
Rl
Rl

74 XX( 1200) BRANCHING R ATI OS

FIT

XX(1200) INTO 3P I /TOTAL/ (Pl)
~ 66 ~ 02 MERRILL 66 HBC 0 3 ~ 2 K-P

( ~ 68) ( ~ 03) LYNCH 67 HBC +- 2 e7 PI-P
LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION

~ ~ ~ ~ ~ ~ ~ ~ ~

/0 ~ 675 0 ~ 012/ FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)

7/5 6
6/67

Value (and error) of quantity
measured, as determined
from constrained fit (us ing g-
all measured branching
ratios for this particle).

00) INTO
~ 35

~ ~ ~ ~

/0 325

) INTO
~ 50
~ 41
~ ~ ~

0 ~ 468
0 ' 480

KKBAR/TOTAL
~ 05 PIERCE

~ ~ ~ ~

0 ~ 012/ FROM F IT (ERROR

KK 8 AR/3P I
~ 03 FENNER
~ 04 SMITH

~ ~ ~ ~

0 ' 043 AYERAGE (ERROR
0 ' 026/ FROM FIT (ERPOR

(P2)
68 ASPK + 2 ~ 1 K-P

INCLUDES SCALE FACTOR OF 1 ~ 3)

/(P2)/(Pl)
69 HBC 0 4 2 PI+P
70 MMS — 3 ~ 5 PI-P

INCLUDES SCALE FACTOR '3F 1 ~ 8)
INCLUDES SCALE FACTOR OF 1.3)

9/68

9/5 9
1/731:

1Branching ratio R. in terms
of partial decay mode
fractions Pi above.

References listed by year,
then author.

Abbreviated reference form
used on data cards above.

SournalP report, preprint,
etc. (see abbreviations
on next page).

/MERRILL
LYNCH
PIERCE
F ENNER
SMITH

4
66/PRL 16 143
67 PR 155 610
68 PL 278 230
69 NC 618 3~2
70/PRL 24 14/

RE FEP.E NCES F OR XX ( 1200 )

A ~ MERRILL
8 ~ LYNCH

/ N ~ PI ERCE/
DE FENNERg8 ~ BEANE
J ~ SMITH

(S
(BNL )
(LRL )

(NYSE+AMEX)
/(SLAC)/

—Author (s )

'Institution(s) of author(s)
(see abbreviations on
next page).
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Abbreviations
Journals

Illustrative Key (cont'd)

Measurement technique s

APAH
ADVP
ANP
ARNS
BAPS
JETP
JETPL
LNC
NC
Np
PL
PN
PPS L
PR
PRL
PRSL
RMP
SJNP
ZPHY

Acta Phys, Aced, Hungarica
Advance s in Physics
Annals of Physics
Annual Reviews of Nuclear Science
Bulletin of the American Physical Society
English Translation of Soviet Physics JETP
Letters to Soviet Physics JETP
Letters to Nuovo Cimento
Nuovo Cimento
Nuclear Physics
Phys ics Lett e r s
Particles and Nuclei
Proceedings of the Physical Society of London
Physical Review
Physical Review Letters
Proceedings of the Royal Society of London
Reviews of Modern Physics
Soviet Journal of Nuclear Physics
Zeitschrift fur Physik

ASPK
CC
CNTR

. DBC
DPWA
EMUL
HBC
HEBC
HLBC
IPWA
MMS
MPWA
OS PK
RVUE
STRC

Automatic spark chambers
Cloud chamber
Counters, electronics
Deuterium bubble chamber
Energy-dependent partial wave analysis
Emulsions
Hydrogen bubble chamber
Helium bubble chamber
Heavy liquid bubble chamber
Energy-independent partial wave analysis
Missing mass spectrometer
Model-dependent partial wave analysis
Optical spark chambers
Review of previous experimental data
Streamer chamber

Conferences
Conferences are r'eferred to by the location in which they

were held (e. g» e DUBNA, BOULDER, LUND, etc. ).

institutions

AACH
AERE
AMST
ANKA
ANL

ARIZ
AT EN
SARI
BELG
SERG
BERL
BERN
BGNA
BING
8 IRH
BNL
BOHR
BONN
BOST
BRAN
BRI S
BROW
BRUX
BUCH
BUDA
BUFF
CAEN
CARL
CARN
CASE
CAVE
CDEF
CEA
CERN
CHIC
C INC
CIT
CNRC
COLO
GOLU
CORN
CRAG
CUNY
CURI
DARE
DART
DESY
DUKE
DURH
DUUC
ED IN
EF I
8 POL
ETHZ
F IRZ
FI SK
FLOR
FRAS
FSU
GE NO

GEVA
GLAS
GRAZ
HA IF
HAMB

HARV
HA WA

HE ID
HELS
I IT
II.L
ILLC
IND
IOWA
IPN
IP NP
IRAD
ISU
ITEP
IUPU
JAGL
JHU
J I NR

KANS
KARL
KNTY
LANG
LA SL
LAUS
LBL
LEBD
LEHI
LE ID
LINZ
LIVP
LOIC
LOQM
I OUC
LOWC
LPNP
LRL

TECHNI SCHE UNIV ~ AACHEN
ATOMIC ENERGY RES ~ ESTAB ~

UNIVe Of AMSTERDAH
MI ODL E EAST TECHNICAL VN I V ~

ARGONNE NAT» I.AB ~

UN IVe OF ARIZONA
NUCLEAR RES ~ CENTRE DEMOKRITOS
UNIV» DEGL I STUD I DI SARI
INST ~ INTERUNIVe DES SCI ~ NUC»
FYS ISK INST ITUTT
I NST ~ HOCH EN ERG I E P HYS ~ OA W

UNIV ~ BERN
UNIV» DI BOLOGNA
STATE UNIV ~ OF NEW YORK AT BINGHAMTON
BIRMINGHAM UNIV ~

BROOKH AV EN NAT 10 MAL LA 8o

NIELS BOHR INST/TUTE.
UN IV ~ BONN

BOSTON UNIV»
BRANOEIS UNIV»
He H ~ WILLS PHYS ~ LAB ~ s Uo OF BRISTOL
BROWN UNIV ~

UNIV. LIBRE DE BRUXELLES
BUCHAR EST STATE UNIV ~

CENTRAL RESEARCH INSTITUTE QF PHYSICS
STATE UNIV OF NEW YORK AT BUFFALO
LAB ~ DE PHYS ~ CORPUSCULAIRE
CARLTON UNIV
CARNEGIE-MELLON UNIV.
CASE WESTERN RESERVE UNIV ~

CAVENDISH LAB»s CAMBRIDGE UNIV ~

COLLEGE DE FRANCE
' CAMBRIDGE ELECTRON ACCEL ~

EUROP'EAN ORGY FOR NUC ~ RES ~

UNIV ~ Of CHICAGO
UNIV» OF C INCINNAT I
CALIF ~ INSTITUTE OF TECHNOLOGY
CANADIAN NATIONAL RESEARCH COUNCIL
UNI V o OF COLORADO
COLUMBIA UNIVe
CORNELL UNIV ~

INST» FOR NUCLEAR RESEARCH
CITY UNIV» OF NEW YORK
LABDRATO IR E JOL I OT-CURIE
DARESBURY NUC P HYS ~ LAB ~

DARTMOUTH COLLEGE
DEUTSCHES ELEKTRONEN-SYNC'
DUKE UNIV»
UNIV. OF DURHAM

UNI VER 5 ITY COLLEGE
UNIV OF EDINBURGH
ENRICO FERMI INST ~ FOR NUCL ~ STUDIES
ECOLE POLY TECHNI QUE
SWISS FEDERAL INST ~ OF TECHNOLOGY
UNIV» DI F IRENZE
FISK UNIVe
UNIV ~ OF FLORIDA
LAB ~ N AZIQNALI DEL S INCRQTRONE
FLORIDA STATE UNIV»
UNIV ~ Dl GENOVA
UNI V o DE GENEVE
UNIV» OF GLASGOW
UNIV ~ GRAZ
TECHNION - 1$RAEL INST ~ OF TECHNOLOGY
UNIV ~ HAHB UR 6
HARV AR 0 UN I V ~

UNIV ~ OF HAWAII
UNIV. HEIDELBERG
HELSINGIN YLIOPISTO
II.L INOI 5 INST» OF TECH o

UNIV ~ OF ILLINOIS
UNIV ~ OF ILLINOIS AT CHICAGO
UNIV ~ OF INDIANA
UN I V ~ OF I OMA

INST ~ DE PHYS ~ NUCLEAIRE
INSTITUT OE PHYSIQUE NUCLEAIRE
INSTITUTE OU RADIUM
IOWA STATE UNIV'
INST' FOR TED' AND EXP' PHYSI
INDIANA Ue - PURDUE U ~ AT INDIANAPOLIS
JAGELLONIAN UNIV ~

JOHNS HOPKINS UNIV ~

JOINT INST ~ FOR NUCL ~ RESEARCH
UNIV ~ OF KANSAS
TECHNISCHE UNIV' KARLSRUHE
UNIV' OF KENTUCKY
LANCASTER UNIV
U C ~ LOS ALAMOS SCIENTIFIC LAB
UNIV ~ OF LAUSANNE
U ~ CD LAWRENCE BERKELEY LAB ~

LEBEDEV PHYSICS INST
LEHIGH UNIV ~

INST' LORENTZ
LINZ INSTITUT FUR PHYSIK» KEPLER HOCH ~

LIVERPOOL UNIV ~

IMPERIAL COL OF SCI AND TECH»
QUEEN MARY COLLEGE
UNIVERSITY COLLEGE
WESTFIELD COLLEGE
LAB ~ DE PHYS NUCL» ET HAUTES ENERGIES
U. C. LAWRENCE BERKELEY LAB

AACHEN ~ GERHANY
HARMELLs BERKS s ENGLAND

AMSTERDAM s NETHERLANDS
ANKARAs TURKEY
ARGONNE» ILL» USA
TUCSON» ARIZ ~ s USA
ATHENSs GREECE
SARls ITALY
BRUXELLESs BELGIUM
BERGEN» NORWAY

ZEUTHEN/BERLINe DDR
SERNs SWITZERLAND
BQLOGNAs ITALY
BINGHAHTONs N» Y ~ s USA
81RHINGHAM ~ ENGLAND
UPTONe Lies N ~ Yes USA
COPENHAGENs DENMARK
BONN» GERMANY

BOSTON' HASS ~ t USA
WALTHAMs MASS ~ s USA
SR ISTOLs ENGLAND
PROVIDENCE s R ~ I s USA
BRUXELLESs BELGIUM
BUCHAREST s ROMANIA
BUDAPEST s HUNGARY
BUFFALOs N ~ Y. e USA
CAENs FRANCE
OTTAWA» CANADA
PITTSBURGH» PAL» .USA
CLEVELANDs QHIOe USA
CAMBRIDGE s ENGLAND
PARISs FRANCE
CAHBRIDGEs MASS» s USA
GENEVAs SWITZERLAND
CHICAGO» ILL ~ s USA
CINCINNATI s OHIO» USA
PASADENA' CALIfe ~ USA
OTTAWAs CANADA
BOVLDERs COLO s USA
NEW YORKe N ~ Y ~ s U$A
ITHACA» N Yet USA
CRACOW ~ POLAND
NEW YORKs Ne Y ~ s USA
PARIS» FRANCE
OARESBURYs ENGLAND
HANOVERs N ~ HE s USA
HAHBURGs GERMANY
DURHAM» N C. s USA
DURHAM» ENGI. ANO

OUBL INs IRELAND
EDINBURGH» SCOTLAND
CHICAGO» II,L ~ s USA
PARI Se FRANCE
ZURICH» SWITZERLAND
FIRENZE» ITALY
NASHVILLE s TENN ~ s USA
GAINSVILLE» FLA ~ t VSA
FRASCATI s ITALY
TALLAHASSEEs FLA ~ s USA
GENQVAe ITALY
GENEVA ~ SWITZERLAND
GLASGOW» SCOTLAND
GRAZs AUSTRIA
HAIFA» ISRAEL
HAMBURGs GERHANY
CAMBRIDGE ~ HAS Se e USA
HONOLULU s HAMA I I e USA
HEIDELBERG» GERHANY
HELSINKI s FINLAND
CHICAGOs Il-L ~ s USA
URBANA» ILL ~ e USA
CHICAGO» II.L ~ ~ USA
BLOOHINGTONe I NOe s USA
IOWA CITYs IOWA» USA
ORSAYs FRANCE
PARIS» FRANCE
PARIS» FRANCE
AMES s I OWA s USA
HOSCOMs USSR
INDI ANAPOL IS s IND ~ s USA
CRACOW» POLAND
BALT IMOR E s HD ~ s USA
OUBNAs USSR
IAWRENCEs KANSASt USA
KARLSRUHE» GERMANY
LEXINGTONs Kit USA
LANCASTER» ENGLAND
LOS ALAMOS ~ N ~ H ~ s USA
LAUSANNE s SWITZERLAND
BERKELEYs CALIF' s USA
HOSCOM» USSR
BETHLEHEM» PA ~ s USA
LEIDENs NETHERLANDS
LI NZ ~ AUST Rl A

LIVERPOOL» ENGLAND
LO NOON s E NGL AND
LONDON» ENGLAND
LONDON» ENGLAND
LONDON» ENGI. AND
PARISt FRANCE
BERKELEY» CALIF s USA

LSU
LUND
MAOR

MA NH

MA NZ

MASA
MASS
MCGI
MCHS
MICH
MILA
MINN

, MI OH

MIT
HOOE
MP IH
MS NA

MSU
NAGO

NAL
NAPL
NDAM

NEAS
NEVI
NI JM
NORD
NOVO
NRL
NME5
NYU
OHIO
OREG
ORNL
ORSA
OSLO
OSU
OXF
PADO
PATR
PENN
PISA
P ITT
PPA
P RAG
PRIN
PURO
REHO
RHEL
RISO
ROCH
ROMA

RUTG
SACL
SEAT
SERP
SETO
SHMP
SLAG
SQF I
STAN
STEV
STLQ
STOH
STON
STRB
SUSS
SYRA
T, ELA
TENN
TNTO
TOHO
TOKY
TORI
TR ST
TUFT
UCB
UCD
UC I
UCLA
UCND
UCR
UCSS
UCSC
UCSD
UMD

UPNJ
UTAH
VAND
VIEN
V IRG
VP I
WARS
WASH
MIEN
MILL
WI SC
WOOD

WUSL
WYOH
YALE
ZEEH

LOUISIAMA STATE UNIV ~

UNIV ~ I LUND
JUNTA DE ENERGIA NUCLEAR
MANHATTAN COLLEGE
UN I V ~ MA INZ
UNIV OF MASSACHUSETTS
UNIV' OF MASSACHUSETTS
HCGILL UNIV'
UNIV' MANCHESTER
UNI V ~ OF M IGHI GAN
UN f V ~ Of MILANO
UNIV. OF MINNESOTA
Ml AMI UNIV ~

MASSACHUSETTS INST ~ OF TECHNOLOGY
ISTITUTO DI FISICA DELLA UNIVERSITA
HAX-PLANCK-INST ~ FUR PHYS ~ -ASTROPHYS ~

INS ~ 01 FISICA DELL UNIV ~

MICHIGAN STATE UNIV ~
'

NAGOYA UNIV»
NATIONAL ACCELERATOR LAB ~

UNIV ~ Ol NAPOLI
UNIV. Of NOTRE DAME
NORTHEASTERN .UNIV'
NEVIS LABe
Re K ~ UNIV ~ Nl JMEGEN
NORDISK INS ~ FQR TEORe ATOMFYS ~

INST ~ OF NUCL ~ PHYS ~

NAVAL RESEARCH LABORATORY
NORTHWESTERN UNIV ~

NEW YORK UNIV»
OHIO UNIV ~

UNIV ~ OF OREGON
OAK RIDGE NATIONAL LAB ~

UNIV ~ OE PARIS s FAC ~ DES SCI ~

OSLO UNIV»
OHIO STATE UNIV ~

OXFORD UNIV ~

UNIVe OF PAOQVA
UNIV ~,OF PATRAS
UNIV ~ OF PENNSYLVANIA
UNIV DI P ISA
UNIV ~ OF P ITTS BURGH
PRINCETON-PENN ~ PROTON AGCEI. ~

INSTITUTE OF PHYSICSt CSAV
PR I NCE TON UN IV ~

PURDUE UNI V ~

WEIZMANN INST» OF SCI»
RUTHERFORD HIGH ENERGY LAB.
RESEARCH ESTAB ~ RISO
UNIV' OF ROCHESTER
UNIV. DEGLI STUDI DI RONA
RUTGERS UNIV ~

CNTR ~ D' ETUDES NUC SACLAY
SEATTLE PACIFIC COLLEGE
INSTe OF HIGH EN ~ PHYS ~

SETON HALL UNIV ~

UN I V ~ QF SOUTH AMPT ON

STANFORD LINEAR ACCEL CENTER
BULGARIAN ACAD ~ OF 5 C I ~

STANFORD UNIV»
STEVENS INST ~ OF TECH ~

ST ~ LOUIS UNIV»
STOCKHOLM UNIV ~

STATE UNIV, OF NEW YORK AT STONYBROOK
CENTRE DES RES ~ NUCLEAIRES
SUSSEX UNIV»
SYRACUSE UNIV»
UNIV OF TEL-AVIV
UNI V» OF T ENNE SSEE
UNIV ~ OF TORONTO
TOHQKU UNIV
UNIV ~ OF TOKYO
UNIV ~ DI T OR INQ
UNIV. OF TRIESTE
TUFTS UNIV
UNIV ~ OF CALIF ~ AT BERKELEY
UNIV ~ OF CAI. IF ~ AT DAVIS
UNIV OF CAL IF AT IRV INE
UNIV ~ OF CALIF ~ AT LOS ANGELES
UNION CARBIDE NUCLEAR DIVISION
UNIV ~ OF CAL IF ~ AT RIVERSIDE
UNIV» OF CALIF» AT SANTA. BARBARA
UNIV ~ OF CALIF ~ AT SANTA CRUZ
UN1V ~ OF CAL IF ~ AT SAN DIEGO
UNIV. OF MARYLAND
UPSALA COLLEGE
UNIV ~ OF UTAH
VANDERBILT UNIV
INST ~ FOR Hl GH EN ~ PHYS ~ t A ~ A ~ S ~

UNI V ~ OF V IRGI NI A

VIRGINIA POLYTECHNIC INST.
UNIV ~ OF WARSAW
UNI Ve OF WASHINGTON
UNIV WI EN

COLLEGE OF WILLIAM AND MARY
UNIV ~ OF WISCONSIN
MOODSTOCK COLLEGE
WASHINGTON UNIV ~

UNI V ~ OF WYQHI NG
YALE UNIV.
ZEEHAN LAB ~ s UNIV ~ OF AMSTERDAM

BATON ROUGE» LA»s USA
I.UND» SWEDEN
MADRID» SPAIN
NEW YORK s N ~ Y ~ e USA
HA INZ» GERHANY
AMHERSTt HASS ~ t USA
BQSTONs MASS ~ ~ USA
MONTRE AL s CANADA
MANCHESTER s ENGLAND
ANN ARBORe M fCH» s USA
HILANOe ITALY
MINNEAPOLIS» MINN ~ e USA
QXfORD» OHIO' USA
CAMBRIDGEt MASS ~ ~ USA
MOOENAs ITALY
MUNICH e GE RH ANY
ME SS INA s I TALY
EAST LANSINGs MICH»s USA
NAGOYA» JAPAN
BATAVIAs ILL»s USA
NAPOLIs ITALY
NOTRE DAHEs INO s USA

BOSTON' MASS ~ e VSA
IRVINGTON ON HUD$0Ns N ~ Yot USA
NIJMEGEN ~ NETHERLANDS
COPENHAGENt DENMARK
NOVOSIBIRSKs USSR
WASHINGTON s Oe C e USA
EVANSTON» ILL s U$A
NEW YORKs No Y ~ s USA
ATHE NS s OHIO s USA
EUGENE e ORE ~ t USA
OAK RIDGEs TENN s USA
ORSAYs FRANCE
OSLO» NORWAY

COLUMBUSs OHIOs USA
OXFORD» ENGLAND
PADOVAs ITALY
PATRAS» GREECE
PHILADELPHIA s PA ~ e USA
PISA» ITALY
P I TTSBURGH t PA ~ USA
PR INCETONt N ~ J~ t USA
PRAGUE s CZECHOSLOVAKIA
PRINCETON» N J. s USA
I,AFAYETTEs IND ~ s USA
RF. HOVOTH ~ ISRAEL
CHILTONs DID ~ t BERKS s ENGLAND
RQSKILDF s DENMARK
ROCHESTERs Ne Y»s USA
ROME» ITALY
NEW BRUNSWICK ~ N» J ~ s USA
GI F-SUR» YVETTE ~ FRANCE
SEATTLE» WASH»s USA
SERPUKOVs USSR
SOUTH ORANGEs Ne J ~ s USA
SOUTHAMPTON» ENGLAND
STANFORD» CALI F ~ t USA
SOF IAe BULGARIA
STANFORD ~ CALI Fe» USA
HOBOKENs N e J ~ s USA
ST ~ LOUISs MQ ~ s USA
STOCKHOLHs $WEOEN
STONYBROOK» L ~ I ~ s N Ye t USA
STRASBOURG» FRANCE
SUSSEXs ENGLAND
SYRACUSE» No Y , USA
'TEL AV IV s ISRAEL
KNOXVILI. Ee TENNe s USA
TORONTO s CANADA
SENDAlt JAPAN
TOKYOs JAPAN
TORINOs ITALY
TRIESTE» ITALY
HEDFORD» MASS ~ s USA
BERKELEY ~ CALIF ~ t USA
DAVIS» CALIF ~ e USA
IR VINE s CALI F ~ t USA
LOS ANGELES» CALIF ~ s USA
OAK Rf OGE» TENN s USA
RIVERSIDE» CALIF s USA
SANTA BARBARAs CALIF ~ ~ USA
SANTA CRUZ t CALI F ~ s USA
LA JOLLAs CALIF s USA
COLLEGE PARK e MD ~ s USA
EAST ORANGEe N ~ J. s USA
SALT LAKE CITYt UTAH ~ USA
NASHVILLE» TENN s USA
VIENNA t AUSTR I 4
CHARLOTTESVILLE» VA ~ s USA
BLACKSSURG e VA ~ s VSA
WARSAWt POLAND
SEATTLE» WASH. » USA
MIEN' AUSTRIA
WILLIAMSBURG ~ VAN» USA
HADISONt WISC»s USA
WOODSTQCK ~ MD ~ t USA
ST ~ LOUIS» MO ~ t USA
I.ARAMIE s WYOMING s USA
NEW HAVENt CONN» ~ USA
AMSTERDAM» NETHERLANDS
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles
7 &e &pc

CODE EVENTS QUANTITY ERROR+ ERROR REFERENCE YR TECN SIGN COMMENTS DATE
ABOVE PUNCHED

BACKGROUND 2 ' 0 OR MORE MOE 65 CNTR

3 ELECTRON MEAN LIFE (UNITS 10¹¹21YR]

6/66

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹'3 EL ECT RON MAGNET I C MOMENT {E/2ME )

M P
M

M

M F
M

H F
M P

0 GANMA (0» J=l)

0 GAMMA MASS ( IN UNITS OF 10¹¹-21HEV)

SAT ELL ITE DAT A 10/69
SAT EL LITE DATA 10/69
SATELLITE DATA 10/69
LOW FREQ RES GIR 3/72

CNTR TESTS GAUSS LAW 3/71
AND KROLL 71~ 3/72

3/72

(6 ~ ) OR LESS PATEL 65
6 ~ OR LESS GINTSBURG 64
2»3 OR LESS GOLDHABER 68

(0»06] OR LESS FRANKEN 71
10~ OR L ESS WILL I ANS 71

VALIDITY QUESTIONABLE ACCORDING TO AUTHORS
SEE CRITICISM IN GOLDHABER 71

MM

MH

HM

NM R
HH

HM

MM

MN

HN R

( l»0011609) +-(24)¹10¹¹-7SCHUPP 61
(l»001159622) +-{27)¹10¹¹-9WILKINSON 63
( 1»001168) +-(22)¹10¹¹-6RICH 66
(1~ 001159557) +-(30)¹10¹¹-9RICH 68
( 1»0011596389)+-(31)¹10¹¹-10TAYLOR 69
( le001159644) +-(7)¹10¹¹-9'WESLEY 70

1~ 0011596577 +-(35) ¹10¹¹-10WESLEY 71
( le0011603] +-t 12)¹10¹¹-7GILLE{.AND 72

RICH 68 I S REEVALUATION OF WILKINSON 63e

CNT R
CNTR-
CNTR + POSITRON
CNTR-
RVUE
GNTR
CNTR-
CNTR +

REFERENCES FOR ELECTRON

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ . ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

8/66
8/66
6/68
2/71
6/70
2/72
2/72

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR GAMHA

GINTSBUR 64 SOV ~ ASTR ~ AJ7 536 He A ~ GINTSBURG
PATEL 65 PL 14 105 V ~ L ~ PATEL
GOLDHABE 68 PRL 21 567 A GOLDHABERs N NIETO
FRANKEN 71 PRL 26 115 P A FRANKENr G W AMPULSKI
WILLIAMS 71 PRL 26 721 +FALLER» HILL

(ACAD SCI y USSR)
(DURHAM)

(STONY BROOK)
( MICH )

(WESLEYAN)

SC HUPP
WILKINSO
COHEN
MOE
RICH
RICH
TAYLOR
WESLEY
WESLEY
GILLELAN

61 PR 121 1
63 PR 130 852
65 RHP 37 537
65 PR 140 8 992
66 PRL 17 271
68 PRL 20 967
69 RMP 41 375
70 PRL 24 1320
71 PR A4 1341
72 PR A5 38

A A SCHUPPyR W PIDDsH R CRANE ( MICH)
0 T WILKINSON»H R CRANE ( MICH)
COHEN s DUHOND (N »A ~ A VI AT ION SG I ~ GENT ER+CIT )
H K NOEyF REINES (CASE INST TECHNOLOGY)
A RICHg H R CRANE (HICH)
A RICH (MICH)
+PARKERsLANGENBERG (PRIN+UC I+PENN)
J C WESLEY»A»RICH ( NIGH)
J C WESLEYs A RICH {MICH)
J GILLELAND»A RICH ( MICH)

GQLDHABE 71 RHP 43 277
KROLL 71 PRL 26 1395

PAPERS NOT REFERRED TO IN DATA CARDS

A S GOLDHABER» H M NIETO (STON+BOHR+UCSB)
N M KROLL ( SLAG]

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

4 MUON t 106' J~l/2)

1 E-NEUTRINO (Oo J=l/2)

1 E-NEUTRINO MASS (KEV)

(0~ 25) OR LESS LANGER 52 CNTR
(0 ~ 15) OR LESS HAMI LTON 53 CNT R
0 ~ 55) (0 ~ 28) FRIEDMAN 58 CNTR
0»06 OR LESS CL~ ~ 90 BFRGKVIS 69 CNTR EL ~ STATIC ~ HAG ~ SP 11/69

M

M

H C
M 0
H G

M D
M

M AVG
N FIT

4 MUON MASS (MEV)

( 105 ~ 659) (0 002 ) FEINBERG 63 RVUE
( 105~ 6599) (0 ~ 0014) TAYLOR 69 RVUE USING NEW E/H
105» 6597 0»0005 CRANE 71 CNTR
105~ 6594 0 ~ 0004 CROWE 72 CNTR

CRANE 71 GIVES HU/ME=206»76&78(85) WE USE ME= 5110041(16)MEV
GRQWE 72 GIVES HU/HE=206 ~ 7682(5] AND USES HE~ ~ 5110041(16]NEV~

e ~ ~ ~ ~ ~ ~ ~ ~

105e 65952 Oe 00031 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0 )
105~ 6595 ~ 0003 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l»0)

7/70
1/73¹
2/72
1/73¹
l/73¹

1/73¹

REFERENCES FOR E-NEUTRINO
4 MUON MEAN LIFE (UNITS 10¹¹-6)

LANGER 52 PR &8 689
HAMILTON 53 PR 92 1521
FRIEDMAN 58 PR 109 2214
BERGKVIS 69 CERN 69-7 91

L M LANGER ~ R J D MOFFAT {INDIANA)
0 HANILTQNeW P ALFORDeL GROSS (PRINCETON)
LEWIS FRIEONANeLINCOLN G SMITH (BNL)
KARL-ERIK BERGKV IST (UNIV STOCKHOLM)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹{¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹.¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

T
T
T
T
T
T
T
T AVG

2» 198
2» 203
2» 202
2 ~ 197
2 198
2»20026

~ ~ ~ ~ ~

2.19936

0 F 001 .

0 004
0»003
0»005
0e 002
0»00081
~ ~ ~ ~

0» 00061

0»001 FARLEY
LUNDY

0»003 ECKHAUSE
0 ' 002 MEYER
0» 002 ME YE R

WILLIAMS

62 CNTR
62 CNTR GONLEV= 98
63 CNTR
63 CNTR +
63 CNT R—
72 CNTR +

11/67

7/66
2/72

0 ~ 00061 AVERAGE (ERROR INCL» SCALE FACTOR OF 1 1)

2 MU-NEUTRINO (0» J~l/2)
MU+/NU- MEAN LIFE RATIO

2 MU NEUTRINO MASS (HEV)
DT 1 000 0 F 001 MEYER 63 CNTR MEAN LIFE HU+/MU- 7/66

M

M

H

N

M

M

M

M 8
M S
M 8
M 8
H 8
H S

3 ~ 5 OR LESS BARKAS 56
4»0 OR LESS DUDZ I A K 59
3~ 6 OR LESS F E IN BE RG 63
3 ~ 0 OR LESS ALLGQCK 65
2 ~ 5 OR LESS BARDON 65
2 ~ 8 OR LESS CL= ~ 90 SHAFER 65
l»6 OR LESS CL= 90 BOOTH 67
2 ~ 2 OR LESS CL=»90 HYHAN 67

t 0 ~ 46) {0»64) ( 0 46) FRANK 68
{1~ 2) OR LESS CL= ~ 90 BAGKENSTO 71

1 ~ 15 OR LESS CL= ~ 90 SHRUM 71
1»15 OR LESS CL= ~ 90 BACKENSTO 73

BACKENSTOSS 73 REPLACES BACKENSTOSS 71 AND

WE CALCULATE UPPER LIMIT FROM M¹¹2~
SHRUH 71 USES SHAFER 67 PI- MASS VALUE AND

E MUL

CNTR
RVUE
RVUE
ASPK
CNTR
CNTR
HEBG 0» K- HE
CNTR PRELIMINARY
CNTR N¹¹2=-1~ 28+-1 24
CNT R M¹¹2~-1 55+-1 ~ 14
CNTR H¹¹2=-D~ 29+-0e90
USES THEIR NEW PI- MASS~

CRANE 71 NU MASS VALUE»

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

BARKAS 56 PR lol 778
DUDZ IAK 59 PR 114 336
FEINBERG 63 ARNS 13 431
ALLCQC K 65 PP SL 85 875
BARDON 65 PRL 14 449

REFERENCES FOR HU NEUTRINO

W H BARKAS»W BIRNBAUM»F M SNITH (LRL)
W F DUDZIAKeR SAGANE eJ VEDDER (LRL)
G FEINBERG» L M LEDERMAN ( COLUHB I A )
G R ALLC QGK {LIVERPOOL)
BARDON»NQRTONyPEOPLES + (COLU+STQNY BROOK)

SHAFER 65 PRL 14 923
BOOTH 67 PL 268 39
HYMAN 67 PL 258 376
FRANK 68 VIENNA ABS»
BACKENST 71 PL 368 403
SHRUH 71 PL 378 114
BAGKENST 73 SUBHITTED TQ

R E SHAF ERoCRQWE e J ENKINS (LRL)
BOOTH t JOHNSON ~ WI LL IAMS r WORMALD (L IV ER POOL )
+LOKENsPEWITTs NCKENZIE+ (ANL+CARN+NWES)

365 FRANKs GAMETE LAKIN ( SHMP+L IVP+STAN )
BACKENSTQSS » DANI EL y KOCH+ ( CERN s KARL» HE ID)
E V SHRUM»K, 0 H ZIOCK (UNIV OF VIRGINIA)

PL 8 BAGKENSTOSS y DANI EL r KOCH+ ( CERN»KARLA MUNICH )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

7/66
7/66

5/71
3/68

11/67
9/68

10/71
12/7 1
1/73¹
1/73¹
1/73¹
1/73¹

MM

HM 8
HM 8
HN 8
MH

MMR

MHR

MMR

HMR

MMR

NNR
MMR

MMR

MMR

HMR D

MMR C
MMR

MMR H

MMR C
MMR D

MMR F
MMR H

MMR G
MMR H
MMR F
HHR 0
MHR D
MMR D
MMR

MNR AVG

HUON ANOMALOUS HAGN ~ MOMENT ( 10¹¹6¹E/t 2¹HU MASS ) )

( 1162~ 0) (5 ~ 0)
(1165' 75] (0 ' 71)
(1166.25) (0 ' 24)

ERRORS STATISTICAL VALUES
1166~ 16 0 ~ 31

CHARPAK 62 CNT R +
BAILEY 68 CNTR + STOR ~ RINGS
BAII EY 68 CNTR — STOR. RINGS
COMBINED TO GIVE MU+- VALUE BELOW
BAILEY 68 CNTR +- STOR ~ RINGS

4 HUON TQ PROTON MAGNETIC MOMENT RATIO

THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE MUON MASS ~

SEE CROW E 72 ~

3 ~ 1865 ~ 0022 CQFF IN 58 CNT R + SP I N RE SONANC E
3 1830 ~ 0011 LUNDY 58 CNTR + PRECESSION STRQB
3~ 176 ~ 013 LUNDY 58 CNTR — PRECESSION STRQB
3 ' 1834 ~ 0002 GARWIN 60 CNTR + PRECESSION PHASE
3 ' 18336 F 00007 BINGHAM 63 CNTR + PRECESSION STRQB
3 1808 0004 BINGHAM 63 CNTR — PRECESSION STROB
3 18338 ~ 00004 HUTCHINS 63 CNTR + PRECESSION PHASE

( 3»183351) ( ~ 000016) EHRLIGH 69 CNTR HFS SPLITTING
(3 ~ 1&3314){~ 000034) THOMPSON 69 CNTR HFS SP{ ITTING

3 183330 o 000044 HUTCHINS 70 CNTR + PRECESSION PHASE
( 3 ~ 183347) ( ~ 000009) HAGUE

" 70 CNTR + PRECESSION PHASE
3 183336 ~ 000013 CRANE 71 CNTR HFS SPLITTING
3 ' 183349 ~ 000015 DEVOE 71 GNTR HFS SPLITTING

( 3 ~ 183326) ( ~ 000013) F A VART 71 CNT R HFS S PL IT TING
3~ 1833467 ~ 0000082 CROWE 72 CNTR + PRECESSION PHASE

CRANE 71 SUPERSEDES THONPSQN 69 ~ THI S IS NOT A DIRECT MEASUREMENT ~

GROWE 72 SUPERSEDES HAGUE 70»
FAVART 71 ASSUMES A ZERO VALUE FOR THE PROTON POLARIZABILITY
DEVQE 71 SUP ERCE DES EHRL ICH 69 ~ THI S IS NOT A DIRECT MEASUREMENT ~

WE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF
-7 ~ 8+-2 ~ 3 PPM» AS DI SGUSSED IN FOOTNOTE 35A OF GROWE 72.

~ ~ ~ ~ e ~ ~ ~ ~

3 ~ 1833447 ~ 0000061 A VERAG E ( ERROR INCLUDES SCALE F ACTOR OF 1 ~ 0]

5/69
5/69
5/69
5/69

3/72
3/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
2/72
1/73¹
2/72
2/72
1/73¹
I/73¹
1/73¹
1/73¹
l/73¹

3 ELECTRON (0 5e J=l/2)

3 ELECTRON MASS (HEV)

( »511006) ( ~ 00002)
~ 5110041 ~ 0000016

COHEN
TAYLOR

65 RVUE
69 RVUE US I NG NEW E/H 7/70
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Stable Particles
P, 7T

Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3
P4

4 MUON PARTI AL DECAY MODES

MUON INTO E {E-NEU) {MU-NEU)
MUON INTO E 2GAMMA

MUON INTO 3ELEGTRONS
MUON INTO E GAMMA

DECAY MASSES.5+ 0+ 0
~ 5+ 0+ 0.5+ .5+ .5.5+ 0

COFF IN
LUNDY
BAR DON

DUDZ IAK
GAR WIN
PLANO
ALI-ZADE
KRUGER

58
58
59
59
60
60
61
61

PR 109 973
PRL 1 38
PRL 2 56
PR 114 336
PR 118 271
PR 119 1400
JE TP 13 313
UCRL-9322 (UNPUB)

REFERENCES FOR MUON

+GARWINiPENMAN|LEDERMAN|SACHS (COLUMBIA)
+SENSySWANSONg TELEGDIi YQVANOVITCH (CHI CAGO)
M BARDON g 0 BERL EY e L LEDERMAN ( COLUMBIA )
W DUDZIAKy R SAGANE ~ J VEDDER (LRL)
GARWINiHUTCHINSQNp PENMANgSHAPIRO (COLUMBIA)
R J PLANO ( COLUMBIA )
ALI-ZADE gGUREVICHt NI KOLSKI {USSR)
H KRUGER (LRL)

MUON BRANCHING RATIOS

Rl MUON INTO E+2GAMMA ( IN UNITS OF 10+&-5) (P2)/(Pl]
Rl (1~ 6) OR LESS CL= ~ 90 FRANKEL1 63 QSPK

R2
R2 F
R2 F
R2 F
R2 F
R2 K

R2 K

R2 F
R2
R2

R3
R3
R3
R3

MUON INTO E+GAMHA ( IN UNITS OF 10++-8)
4 ~ 3 OR LESS CL= 90 FRANKEL1
2 ~ 2 OR L ES S CL ~ 90 PARKER
2 9 OR LESS CL= ~ 90 KORENCH1

(P4)/(Pl)
63 OSPK
64 OSPK
71 OSPK +

MUON DECAY PARAMETERS

HUON INTO 3E (IN UNITS OF 10&+-7)
5 ~ 0 OR LESS CL= ~ 90 PARKER 62 CNTR
1 ~ 3 OR LESS GL=«90 ALIKHANOV 62 OSPK
1 5 OR LESS CL= ~ 90 FRANKEL2 63 CNTR
1 ~ 2 OR LESS CL= ~ 90 BABAEV 63 OSPK
0.062 OR LESS CL= ~ 90 KORENCH2 71 OSPK

KQRENCHENK02 71 ASSUMES A CONSTANT MATRIX ELEMENT
FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND
ORDER V A NEUTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED 8
ASSUHING A CONSTANT MATRIX ELEMENT ~

2/72
2/72

10/71

ALIKHANO 62
BLOCK 62
C HARPAK 62
FARLEY 62
LUNDY 62
PARKER 62

BABAEV
8 INGHAM
BUHLER
DICK
EGKHAUSE
FEINBERG
FRANKEL1
FRANKEL2
HUTCHINS
MEYER

63
63
63
63
63
63
63
63
63
63

BARLOW 64
BLOOM. 64
DUCLOS 64
GUREVICH 64
PONTECOR 64
PARKER 64

CERN CONF 423
NC 23 1114
PL 1 16
CERN CONF 415
PR 125 1686
NC 23 485

JETP 16 1397
NG 27 1352
PL 7 368
PL 7 150
PR 132 422
ARNS 13 431
NC 27 894
PR 130 351
PR 131 1351
PR 132 2693

PP S 84 239
PL 8 87
PL 9 62
PL 11 185
DUBNA CONF
PR 133B 768

A I ALIKHANOVt A BABAEV + ( ITEP MOSCOW)
BLOCK p F IORINI g KIKUCHI+l DUKEt BOLOGNA« MI LAND)
G CHARPAKtF J M FARLEYgR L GARWIN + (CERN)
FARL EY«MASSAM ~ MULLER UZI CHI CHI (CERN)
RICHARD A LUNDY (EFI)
S PARKERgs PENMAN (EFI)

BABAEV t BAL ATS «KAFTANOV g LANDS BERG + ( IT EP )
G ~ MCD ~ BINGHAM (LRL )
+CABIBBOyF IDEGARO ~ MASSAMiMULLER+ (CERN)
DICK g F EUVRAI St SP IGHEL {CERN)
H ECKHAUSEiT A FILIPPAS + ( CARN EG I E )
GERALD FEINBERGy L M LEDERMAN (COLUMBIA)
S FRANKELt W FRAT Ig J HALPERN + ( PENN)
S FRANKELtW FRATI« J HALPERN + ( PENN)
HUTCHINSQN g NENES g P ATLACH t S HAP IRO ( COLUMBIA )
S L MEYERpANDERSONg BLESERgLEDERMAN+ (COLU)

+BOOTHgCARROLyCOURTt DAVIESiEDWARDS+ ( LIVP)
+DICKg FEUVRAIS

«HENRY'SMACQg

SP IGHEL ( CERN)
+HE INTZE|DE RU JULA p SOERG EL (CERN)
GUREVICH MAKARIYNA+ (KURCHATQV MOSCOW)
PONTECORVOg SULYAEV (MOSCOW)
S PARKERiH L ANDERSONyC REY {EFI)

RELATED TEXT SECTION IV E

RHO RHO PARAMETER (V-A THEORY PREDICTS RHO=O 75)
RHO G (0' 741) (0«027) DUDZIAK 59 CNTR + 20-53 MEV E+
RHO P9213 0 ~ 745 0 «025 PLANO 60 HBG + WHOLE SPECTRUM
RHO P TWO PARAMETER FIT TO RHO AND ET'
RHO C 2276 ( 0 ~ 751 ) (0 «034) BLOCK 62 HEBC — WHOLE SPECTRUM
RHO D {0' 64) (0 04) BARLOW 64 CNTR - WHOLE SPECTRUM
RHO D (0 661) (0 016) BARLQW 64 CNTR + WHOLE SPECTRUH
RHO D (0 ' 867) (0«035) PONTEGORV 64 GC
RHO D RESULTS IN DOUBT ~

RHO C BOOK ( 0 7503) (0 0026) PEOPLES 66 ASPK + 20-53 MEV E+
RHO C 280K (0~ 760) ' (0 «009) SHERWOOD 67 ASPK + 25-53 MEV E+
RHO C 170K ( 0.762) {0 «008) FRYBERGER 68 ASPK + 25-53 MEV E+
RHO C ETA CONSTRAINED =0 THESE VALUES INCORPORATED INTO A TWQ PARAMETER
RHO C FIT TQ RHO AND ETA BY DERENZO 69 ~

RHO 0 7518 0«0026 DERENZO 69 RVUE
RHO ~ ~ ~ ~ ~ ~ ~ ~ ~

RHO AVG 0 ' 7517 0 ' 0026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1«0)

10/69
10/69

10/69
10/69
10/69
10/69
10/69
10/69
10/69
10/69

10/69

ETA ETA PARAMETER (V-A THEORY
ETA P 9213 {-2~ 0) (0«9) PLANO
ETA P TWO PARAMETER FIT TO RHO AND ETA- PLANO
ETA C 800K (0«05) (0 ~ 5) PEOPLE S
ETA C 280K (-0~ 7) {0~ 6) SHE R WOOD

ETA C 170K l-0 ~ 7) {0~ 5) FRYBERGER
ETA C RHO CONSTRAINED =0 75 '
ETA 6346 -0~ 12 0 ~ 21 DERENZO

PREDICTS ETA=O)
60 HBC + WHOLE SPECTRUM
60 DISCOUNTS VALUE FOR ETA
66 ASPK + 20-53 MEV E+
67 ASPK + 25-53 MEV E+
68 ASPK + 25 53 MEV E+

10/69
10/69
10/69
10/69
10/69

69 HBC + 1 ~ 6-6 ~ 8 MEV E+ 10/69

10/69
10/69
10/69

10/69
10/69
10/69

XS I XSI PARAMETER (V-A THEORY PREDICTS XSI=1)
XSI 9K 0 ~ 97 0 ~ 05 BARDON 59 GNTR BROMOFORM TARGET
XSI 8354 0 ' 93 0 F 06 PLANO 60 HBC + 8 8 KGAUSS
XSI A (0 ' 903) (0 .027) ALI-ZADE 61 EMUL + 27 KGAUSS
XSI A DEPOLARIZATION BY MEDIUH NOT. KNOWN SUFFICIENTLY WELL ~

XSI G 66K (0 ~ 975) {0~ 030) GUREV ICH 64 EMUL 140 KGAUSS
XSI 0 ~ 975 0 ~ 014 GUREV ICH 67 EMUL
XSI G GUREVICH 67 SUPERSEDES GUREVICH 64
XSI « ~ ~ ~ ~ ~ ~ ~ ~

XSI AVG 0 ~ 972 0 ~ 013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

PEOPLES
GUREVICH
SCHWARTZ
SHERWOOD
BAILEY

ALSO
FRYBERGE

66
67
67
67
68
72
68

FISHER
ASTBURY
DEVONS
LATHROP
LATHROP
REITER
TELEGD I
CHARPAK
HUTCHINS
SHAPIRO
FAIRLEY
VOSSLER

59
60
60
60
60
60
60
61
61
62
66
69

DERENZO 69
E HRL ICH 69
TAYLOR 69
THOMPSON 69
HAGUE 70
HUTCHINS 70

CRANE 71
DEVOE 71

ALSO 71
FAVART 71
KORENCH1 71
KORENCH2 I1
CROWE 72
WI LL IAMS 72

NE V I S-147 (UNPUB )
IAE 1297

PR 162 1306
PR 156 1475
PL 28B 287
NC 9A 369
PR 166 1379

PR 181 1854
PRL 23 513
RMP 41 375
PRL 22 163
PRL 25 628
PRL 24 1254

PRL 27 474
PRL 25 1779(ER)
PRL 26 213
PRL 27 1336
SJNP 13 190
SJNP ).3 728
PR 05 2145
PR D6 737

PRL 3 349
ROCH CONF 60 542
PRL 5 330
NC 17 109
NC 17 114
PRL 5 22
ROCH CONF 60 713
PRL 6 128
PRL 7 129
PR 125 1022
NC 45A 281
NC 63A 423

J PEOPLES
GUREV ICHOR MAKARI YNA i M ISHAKOVA+
D M SCHWARTZ
8 A SHERWOOD
+BARTI |YON BOCHMANNt BROWNE FARLEY
+BARTL ~ VON BOCHMANNi BROWNE FARLEY
D FRYBERGER

(COLUMBIA)
(KURCHATOV)

(EFI )
(EFI)

+ {CERN)
+ (CERN)

(EFI )

S DERENZO {EFI )
+HOF ER t MAGNON' STOWELLg SWANSON+ (CHI GAGO)
+PARKER ~ LANGENBERG (PRIN+UC I+PENN)
+AMA TO p C RANE g HUG HE S g MOBL EY+ ( YAL E)
+ROTHBERG|SCHENCKg WILLIAMS+ ( WASH+LRL)
HUTCHINSQNy LARSON ~ SCHOENySQBER|+ (PPA)

+CASPERSONrCRANEiEGANtHUGHES+ ( YAL E)
+MCINTGREyMAGNONs STOWELL y SWANSON+ (CHI CAGO)
DEVOE MCINTGRE MAGNON STOWELL+ (CHI CAGO)
+MCINTYRE| STOWEL L ~ TELEGD Ig DEVQE+ (GHI GAGQ)
KORENCHENKOgKOSTINtMICELMACHER+ {JINR)
KORENCHENKO KOST IN MIGELMACHER+ ( JINR)
+HAGUE gROTHBERGg SCHENGK+ {LBL+WASH)
R W WILLIAMSpD L WILLIAMS (WASHINGTON)

PAPERS NOT REFERRED TO IN DATA CARDS

FISHER ~ LEONTICgLUNDBYgMEUNIER«STRQQT l CERN)
ASTBURYy HATTERSLEYy HUSSA IN + (L IVERPOOL )
DEVONS ~ GIDAL ~ LEDERMANs SHAPIRO (COLUMBIA)
J LATHROPtR A LUNDY«V L TELEGDI + (EFI)
J LATHROP|R A LUNDY' S PENMAN + (EFI)
REITERgROMANOWSKI g SUTTON + ( CARNEGIE )
V L TELEGDI (CERN)
GHARPAKtFARLEYyGARWINtMULLER|SENS + (CERN)
D P HUTCHINSQN y J NENES + ( COLUMBIA)
G SHAPIRO« L M LEDERMAN ( COLUMB I A )
FA IRLEYg BAIL EY g BROWN gGI E SCH + (CERN)
G VOSSLER (EFI)

DEL DELTA PARAMETER (V-A THEORY PREDICTS DELTA=O«75)
DEL 8354 0 ' 78 0 ' 05 PLANO 60 HBC + WHOLE SPECTRUM
DEL 0«782 0 ' 031 KRUGER 61
DEL 490K 0 752 0 ' 009 FRYBERGER 68 ASPK + 25-53 MEV E+
DEL VOSSLER 69 HAS MEASURED THE ASYMMETRY BELOW 10 MEV
DE{. ~ ~ ~ ~ ~ ~ ~ ~ ~

DEL AVG 0.7551 0«0085 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

10/69
10/69
10/69
11/69

8 CHARGED PION (140m JPG=O--) I=1

8 CHARGED PION MASS (MEV)

HEL
HEL
HEL
HEL D

HEL D

HEL
HEL
HEL
HEL
HEL
HEL AVG

HELICITY OF DECAY ELECTRON ~

l V-A THEORY PREDICTS HELICITY=+-1 FOR E+-g RESPECTIVELY)
WE HAVE FLIPPED THE SIGN FOR E- SO OUR PROGRAMS CAN AVERAGE

{0 28) {0 16) DICK 63 CNTR + ANNIH. ILAT ION
IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN BE HODERATOR

1~ 05 0 ' 30 BUHLER 63 CNTR + ANNIHILATION
0 ' 94 0 ' 38 BIOOM 64 CNTR + BREMS TRANSMISS
F 04 0 ' 18 DUCLOS 64 CNTR + BHABHA SCATT

29K 0 ' 89 0 ' 28 SCHWARTZ 67 OSPK —MOLLER SCATT
~ ~ ~ ~ ~ « ~ ~

1 ~ 00 0 13 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)

10/69

10/69
10/69
10/69
10/69

M

M

M S
M 8
M S
M 8
M S
M 8
H

M AVG
M FIT

139 37 0«20 CROWE 54 CNTR
139' 68 0 ' 15 BARKAS 56 EMUL +

( 139~ 577) l0 ~ 013) SHAFER 67 CNTR - MESONIC ATOMS
{139~ 549) (0 ~ 008) BACKENSTO 71 CNTR — HESONIC ATOMS
139,566 0.013 SHAF ER 72 CNT R — ME SONIC ATOMS
139~ 569 0 ~ 008 BACKENSTO 73 CNTR - MESONIC ATOMS

SHAFER 72 UPDATES SHAF ER67 WITH NEW ALPHA AND NEW CALI B. LINE ENER
BACKENSTOSS 73 CORRECTS BACKENSTOSS 71 WITH NEW VACUUM POL ~ CALC ~

~ ~ ~ ~ ~ ~ ~ ~ ~

139 5682 0 ~ 0068 AVERAGE ( ERROR INCLUDES SCA LE F ACTOR OF 1.0)

6/68
10/71
I/734
1/73~
I/73+
I/73&

139 5688 0 ~ 0064 FROM FIT (ERROR INCLUDES SCALE FACTOR QF 1 0) I/73&

GS
GS

SCALAR COUPLING CONSTANT IN MUON DECAY {IN UNITS QF GV)
{0' 33) OR LESS DERENZQ 69 RVUE 10/69 8 t PI+) — (MU+) MASS DIFFERENCE (MEV)

{)4V
GAV

FAV
FAV

GT
GT

GP
GP

AXIAL VECTOR COUPLING CONSTANT IN MUON DECAY (IN UNITS OF GV)
0.86 0 ~ 33 0 ~ 11 DERENZO 69 RVUE

PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPI INGS (DEGREES)
180. 15 ~ . DERENZO 69 RVUE

TENSOR COUPLI NG CONSTANT IN MUON DECAY ( IN UNITS OF GV)
{0 28) OR LESS DERENZO 69 RVUE

PSEUDOSCALAR COUPLING CONSTANT IN MUON DECAY ( IN UNITS OF GV)
{0 33) OR LESS DERENZO 69 RVUE

10/69

10/69

10/69

10/69

145

D

D

D

D
0
D AVG
0 FIT

34«00
33 ' 89
33~ 881
33 925

~ ~ ~ ~ ~ ~

33 ' 915
33 ' 909

0 ~ 076
0 ~ 076
0«035
0 ~ 025
~ ~ ~

0 ~ 019
0«006

8 ((PI+)

BARKAS
BARKAS
HYMAN
BOOTH

56 EMU L
56 EMUL
67 HEBC + K-HE
70 CNTR + MAGNETIC SPEGT.

INCLUDES SCALE FACTOR OF 1 ~ 0)
INCLUDES SCALE FACTOR OF 1 0)

AVERAGE (ERROR
FROM FIT (ERROR

{PI-))/AVG ~ i MASS DIFFERENCE (PERCENT)

2/71
2/71

I/734

DM 0 02 0 ~ 05 AYRES 71 CNTR 3/71
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

8 CHARGED PION MEAN LIFE ( UNITS 10$$$'-9) PAPERS NOT REFERRED TO IN DATA CARDS

T
T
T 8
T
T
T
T N

T N

T
T
T
T
T '

AVG

25 ~ 6
25, 6

000 25 ~ 46
26 ~ 02
25o 6
25 ~ 9

f 26 ~ 40)
SYSTEMAT IC E

26e 67
26 ~ 04
26.02

~ ~ ~ ~ ~

26 ' 024

Oe5
0 ~ 8
0 ~ 32
0 ~ 04
Oo3
0 ~ 3

(Oe08)
RRORS IN

0 ' 24
0 ' 05
0 ' 04

e ~ ~ ~

0 ~ 024

0 ' 5 CROWE
0.8 ANDERSON
0 ~ 32 ASHK IN

ECKHAUSE
BARDON
DUNAITSEV
KINSEY

GAL IBR IN THIS Expo
l OBKOWICZ
NORDBERG
AYRES

57 RVUE
60 CNTR
60 CNTR +
65 CNTR +
66 CNTR
66 CNTR
66 CNTR +
DISCUSSED BY NORDBERG 67
66 CNTR
67 CNTR +
71 CNTR +-

9/66
6/66
6/68
6/66
8/67
9/66
8/67
3/71

0 ~ 024 AVERAGE ( ERROR INC{.~ SCALE FACTOR OF 1 ~ 0)

MERRISON 62 ADVP 11 1
SHAPIRO 62 PR 125 1022
CZIRR 63 PR 130 341

A W MERR I SON
G SHAP IRQ$ l. M l. EDERMAN
JOHN B C Z I RR

9 NEUTRAL PION (135$JPG=O—) I=1

{P Ii-) - ( P. 10) MASS DIFFERENCE t ME V)

( L I V ER POOL ]
( COLUNB I A )

(LRL )

DT
DT L
DT
DT
DT
DT
DT AVG

Oe23
ABOVE IS THE

0.4
-0 ~ 14

0 ~ 055
~ ~ ~ ~ ~

0.053

0 ~ 40 LOBKOWICZ 66 CNTR SEE NOTE L
MOST CONSERVATIVE VALUE QUOTED BY AUTHORS

0 ~ 7 BARDON 66 CNTR
0 ' 29 PETRUKHIN 68 CNTR
0.071 AYRE S 71 CNT R

~ ~ ~ ~

0 ~ 068 AVERAGE (ERROR INCLUDES SCALE FACTOR OF lo0)

8 ( (PI+) — {PI-] ) /AVG ~ $ MEAN LIFE DIFFERENCE (PERCENT)

DT N THIS QUANTITY IS A MEASURE OF CPT INVARI ANCE IN W. I ~

D

D

0
0
D

D

9/66
9/66
7/66
siss

D AVG

(5e37)
4e 50
4» 62
4e60
4. 55
4 ~ 69
4e 6056
4 ~ 59
4e 6034

~ ~ ~ ~ ~

4 ~ 6043

tl ~ 0)
0 ~ 31
0 ' 05
0.04
0 F 07
0.07
0 ' 0055
0 ' 03
0 ' 0052

~ ~ ~ ~

0 ~ 0037

PANOFSKY
CHINOWSKY
HADQOC K

HILLMAN
CASSELS
SANIOS
CZIRR
P E TR UK HI N

VASI LE VSK

51 CNTR
54 CNTR
59 CNTR
59 CNTR
59 CNTR
60 HBC .

63 GNTR
63 CNTR
66 CNTR

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

2/72

9/66

Pl
P2
P3
P4
P5
P6

CHAR ~

CHAR ~

CHAR ~

CHAR ~

CHAR ~

CHAR ~

8 CHARGED PION PARTIAL DECAY NODES

P ION IN TO MU (NU-NEU )
PION INTO E { E-NEU)
PION INTO MU {NU-NEU] GAMHA
P ION INTO P IO E t E-NEU)
PION INTO E NEU GAMMA

PION INTO E NEU E+ E-

DECAY MASSES
105+ 0.5+ 0
105+ 0+ 0
134+ 5+ 0

~ 5+ 0+ 0
~ 5+ 0+ ~ 5+ ~ 5

CHAR ~ PION INTO E NEU (UNITS 10$$'+-4) {P2]/{Pl)
1 21 0.07 ANDERSON 60 CNTR
le 247 0 ~ 028 D I CAPUA 64 CNTR

~ ~ ~ ~ ~ ~ ~ ~ ~

le 242 Oo026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

R2
R2
R2
R2
R2 AVG

R3 CHAR ~ PION INTO P IO E NEU (UNITS 10$$'4-8) {P4)/( Pl)
R3 D 52 (1 15) ( 22) DEPOMMI1 63 CNTR +
R3 D 36 Oe97 0 ~ 20 BARTLETT 64 OSPK +
R3 D 38 1 ~ 07 0 21 BACASTOW 65 OSPK +
R3 D 1~ 10 0e26 BERTRAN 65 OSPK +
R3 D 43 1 ~ 1 0 ~ 2 DUNAITSEV 65 CNTR +
R3 332 le 00 0 ~ 08 0 ~ 10 DEPONMIER 68 CNTR +
R3 ~ ~ ~ e ~ ~ ~ ~ ~

R3 AVG 1~ 023 0 ' 069 AVERAGE (ERROR INCLUDES SCAl. E FACTOR OF 1 ~ 0)
D DEPOMHIER 68 STATES THAT THE RESULT OF DEPOMMIER 63 IS AT LEAST
P 10 PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE PIO
0 DETECT ION EFFICI ENCYe THIS MAY BE TRUE OF ALL THE PREVIOUS
D MEASUREMENTS ACCORDING TO DEPOMMIER 68 AND V ~ SOERGEL $ PRIVATE
D COMMUNICATION $1972

8 CHARGED P I ON BRANCHING RAT I OS

Rl CHAR ~ PION INTO MU NEU GAMMA (UNITS 104+-4) (P3)/(Pl)
Rl 26 1 24 0 25 CASTAGNOL 58 EMUL E(MU) eLT ~ 3e38 NV

2/72

6/66
7/66
3/68

2/72
2/72
2/72
2/72

9 NEUTRAL PION MEAN LIFE (UNITS 10++-16)

T (1 ~ 9] (0 ~ 5) (0 5) GLASSER 61 EMUL
T (2 ~ 3) (1 ~ 1) (1~ 0) TIETGE 62 EMUL
T (2 ~ 8) (0 ~ 9) {Oe9) KOLLER 63 EHUL SEE STAMER 66
T le 05 0.18 0.18 VON DARDE 63 CNTR
T N 75 t 1 ~ 7) (Oo5) SHWE 64 EHUL
T 0.730 0 ~ 105 BEI.LETTIN 65 CNTR
T N 67 (1~ 6) (0 ~ 6) (0 ~ 5] EVANS 65 EMUL
T K 232 1, 0 0 ~ 5 STAMER 66 EMUL
T . 0 ~ 56 0 ~ 06 BELLETTIN 70 CNTR PRIM ~ EFF ~ ON NUC
T Qe 9 Oe 068 KRYSHK IN

' 70 CNT R PRI HA KQ FF E FF ECT
T N OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC
T N SHIFT TO LARGER MEAN LIFE VALUES ~

T K INCLUDES EVENTS OF KOl LER 63 ~

T ~ e ~ ~ ~ ~ ~ ~ ~

T AVG 0 ~ 839 0 ~ 103 0 ~ 092 AVERAGE ( ERROR INCL ~ SCALE FACTOR OF
(SEE IDEOGRAM BELOW )

WEIGHTED AVERAGE = 1.19 + 0.14
ERROR SCALED BY 2.1

6/66
6/.66
8/67
7/70

12/70

8/67

2 ' 1]

R5 CHARe P!ON INTO E NEU E+ E- (UNITS 10++-8) (P6)/(Pl)
R5 3 ~ 4 OR LESS CL= ~ 90 KORENCHEN 71 OSPK + 10/71

CROWE 54 PR 96 470
BARKAS 56 PR 101 778
CROWE 57 NC 5 541
CASTAGNO 58 PR 112 1779

REFERENCES FOR CHARGED PION

K N CROW E $ R H PHIL LIPS (LRL ]
W H BARRAS t W B IRNB AUNTS F N SHITH (LRL}
K H CROWE (STANFORD HEPL]
C CASTAGNOL I $ M NUC HNI K ( ROMA)

R4 CHAR ~ PION INTO E NEU GANHA (UNITS 10+&-8) tP5)/(Pl]
R4 143 3.0 0 ~ 5 DEPONMI2 63 CNTR GAM KE 50-90 HEV 6/66

CHISQ
KRYSHKIN 70 CNTR 0.9

~ BELLETTIN 70 CNTR 9 .4
STAMER 66 EMUI

~ BELLETTIN 65 CNTR 0 e B
AVON DARDE 63 CNTR 2 ' 0

13.1
(CONLEV

3 =0.004)
NEUTRAL PI DECRY .RATE(UNITS 10%%16SEC-1)

ANDERSON
ASHKIN
DEPOMHI 1
DEPQMM12
BARTLETT
DI CAPUA

60 PR
60 NC

63 PL
63 PL
64 PR
64 PR

119 2050
16 490

5 61
7 285
1368 1452
1338 1333

H L ANDERSON$T FUJIIgR H MILLER + (EFI)
ASHKIN$FAZZINI $ F IDECARO$ LIPMAN + ( CERN)
DEPOMNIE R$ HE I NTZE$ RUBBI A gSOERGEL ( CERN)
P DE POMM I ER$ HE INTZ E$ RUBB IA $ SQERGEL ( CERN )
BARTLETT $DEVONSe MEYER$ROSEN (COLUMBIA)
DI CAP UA $ GARLAND $ PONDROM $ STR ELZDFF ( COLU]

9 NEUTRAL PION PARTIAL DECAY NODES
BACASTOW 65 PR 139 8407
BERTRAM 65 PR 139 8 617
OUNAITSE 65 JETP 20 58
ECKHAUSE. 65 PL 19 348

BARDON 66 PRL 16 775
DUNAITSE 66 PL 23 283
KINSEY 66 PR 144 1132
LOBKOWIC 66 PRL 17 548

+GHFSQUIERE ~ WIEGAND$LARSEN ( LRL+ SLAG)
BERTRAM$MEYER$CARRIGAN+ tNICH+CARNEGIE)
DUNA ITSEV $ PETRUKHI Ng PROKQSHKIN + (OUBNA)
ECKHAUSE $ HARR I S $ SHUL ER+ ( W I LL I AM AND MARY )

BARDQNgDORE$ DORF AN $ KRI EGER + (

COLUMBIA�

)
+KUTYIN $ PROKOSHK IN $ RASUVAEV$ SI MONOV ( DUBNA)
KINSEY$LQBKOWICZ ~ NORDBERG (ROCHESTER UNIV)
LOBKOWIC 2 $ MEL I SS INOS $NAGASHI NA+ {ROCH+BNL )

Pl
P2
P3
P4

PIO INTO 2GAMMA
P 10 INTO E+ E- GAMMA

PIO INTO 4ELECTRQNS
P IO INTO 3 GAMMA

9 NEUTRAL PION BRANCHING RATIOS

DECAY MASSES
0+ 0.5+ 5+ .0
5+ 5+ ~ 5+ 5
0+ 0+ 0

68 NP 84 189
68 J I NR-Pl-3862
71 PR 30 1051
67 PR 157 1288
68 PRL 21 261
69 UCRL-18369
69 PRL 23 1267
70 PL 328 723
71 PL 368 403
70 THESIS
71 SJNP 13 189
73 SUBMITTED TO PL
73 SUBMITTED TO NP
72 PRIVATE COMM ~

DEPGMNIE
PETRUKHI
AYRES

ALSO
ALSO
ALSO
ALSO

BOOTH
BACKENST

ALSO
KORENCHE
BACKENST

ALSO
SHAFER

HYMAN 67 PL 258 376
NORDBERG 67 PL 248 594
SHAFER 67 PR 163 1451

ALSO 65 PRL 14 923

+LQKENgPEWITT$DERRICK + {ANL+CARN+NWES]
NORDBERG$LOBKOWICZ $BURNAN (ROCHESTER UNIV)
ROBERT E ~ SHAF ER (LRL)
SHAFERgCROWE$ JENKINS (LRL )

DEPQMNI E R$ DUCLOS $ HEI NTZ E

AN�KLE

I NKNECHT+ {CERN)
PETRUKHIN$ RYKALIN$ KHAZINS$CISFK (DUBNA)
+CORMACK, GREENBERG, KENNEY + t LRL, UCSB)
AYRES$ CALDWELL r GRE ENBERG $KENNE Y ~ KURZ+ (LRL )
AYRE S $ GQRMACK $ GREE NBERG$ KENNEY+ ( LRL $ UCSB)
DAVID S AYRES {THESIS) (LRL)
GREENBERG$AYRE S$ CORMACK$ KENNEY+ ( LRL $ UCSB)
+JOHNSON $ WILLI ANS $ WORMALD (LIVP)
BACKENSTOSS t DANIEL $ KOCH+ ( CERN $ KARL $ HE ID)
CD VON DER NALSBURG I HE IDELBERG}
KORENCHENKO$ KOST IN$MICELMACHER+ ( JINR)

8 BACKENSTOSS$ DANI EL $KOCH+ (CERN ~ KARL$ MUNICH)
L TAUSC HER
R SHAFER$ 1972

Rl PIO INTO t GAMMA E+ E-)/(2GAMMA) (PERCENT)
Rl (1 o 196] THEQRET ~ CALC ~ JOSEPH 60
Rl 27 le 17 0 ~ 15 BUDAGOV 60 HBC
R 1 3071 1.166 0.047 SAMIQS 61 HBC PI-P TO PIO N

Rl S SAMIOS VALUE USES PANOFSKY RATIO = 1 ~ 62
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVG 1 ~ 166 0 ~ 045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

(P2)/{ Pl)
QUANTUM ELECT 9/66

R2
R2
R2

P IO INTO (3 GAMMA)/(2 GAMMA) (UNITS 10&+-6) {P4}/(Pl)
0 5o0 OR LESS CL= ~ 90 DUCLOS 65 CNTR

5 ~ 0 OR LESS CL= ~ 90 KUTIN 65 CNTR
6/66
3/68

R3 P I 0 INTO ( E+E+E-E-) /(2 GANHA) ( UNITS &0+4-5) (P3) /(Pl )
R3 (3e 47) THEORET ICAL CAL ~ KROLL 55 QUANTUH E LFCT 9/66
R3 .146 3» 18 0 ~ 30 SANIOS 62 HBC SEE NOTE N BELOW 6/66
R3 N ABOVE VALUE USES PANOFSKY RATIO = 1 ~ 62
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Stable Particles
~', K+

Data Card Listings
For notation, see key at front of Listings.

PANOFSKY
CHINQWSK
KROLL
CASSELS
HADDOCK
HILLMAN

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

REFERENCES FOR NEUTRAL PION

W K H PANOFSKY ~ R L AAMODT»J HADLEY (LRL)
W CHINOWSKY» J ST E I NBER GER (COLUMBIA)
N KRQLL W WADA (COLUMB IA+NRL )
CASSELS» JONES t MURPHY»0 ~ NEILL (LIVERPOOL)
HADDOCKS ABASHI AN» CROWE»CZI RR (LRL)
HILLMAN' MIDDELKOOP y YAMAGATAg ZAVATT INI ( CERN)

10 ((K+) — {K-))/AVG ~ s MEAN LIFE DIFFERENCE (PERCENT)

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

DT 0»47 0 ' 30 FORD 67 CNTR 8/67
OT 0 090 0 ~ 078 LOBKOWI C Z 69 CNTR 12/70
DT ~ ~ ~ » ~ ~ ~ ~ ~

DT AVG 0 ~ 114 0 ~ 093 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 2 )

BUOAGOV
JOSEPH
SAMIOS
GLASSER
SAMIOS
SAMIQS
T I ETGE

60 JETP 11 755
60 NC 16 997
60 NC 18 154
61 PR 123 1014
61 PR 121 275
62 PR 126 1844
62 PR 127 1324

BUDAGOV» V IKTQR» DZHELEPQV g E RMOLOV + {JINR)
0 W JOSEPH (EFI)
N P SAMI QS ( CQLUMB I A )
R G GLASSER»N SEEMAN»B STILLER (NRL)
N P SAMIOS {CQLUMBIA+BNL)
SAMIOS» PLANQ &PRODELL + (CQLUMBIA+BNL)
J. TIETGEyW PUESCHEL (MAX PLANCK INST)

CZIRR 63 PR 130 341
KOLLER 63 NC - 27 1405

ALSO 66 STAMER
PETRUKHI 63 SIENA CONF 208
VON DARD 63 PL 4 51

JOHN 8 CZIRR
E L KOLLER»S TAYLOR' T HUETTER

(LRL)
(STEVENS)

V I PETRUKHINp YU D PRQKOSHKIN ( JINR)
VON DARDEL yDEKKERS gMERMODt VAN PUTTEN+(CERN)

STAMER 66 PR 151 1108
VASI LEVS 66 PL 23 281
BELLETTI 70 NC 66A 243
KRYSHKIN 70 JETP 30 1037

STAMER t TAYLOR iKOLLER»HUETT ER+ (STEVENS )
VASILEVSKYyVISHNYAKOVgDUNAITSEV + (DUBNA)
BE LLETTI NI y BEMPORADp LUBELSMEY+ (P ISA+ BONN)
+STERLIGQV»USOV (TQMSK POLYTECH INST ~ )

IQ CHARGED K (494»JP=O-) I=1/2

10 CHARGED K MASS (MEV)

SHWE 64 PR 1368 1839 H SHWE»F M SMITH»W H BARKAS (LRL )
BELLETTI 65 NC 40 A 1139 BELLETTINI»BEMPORADgBRACCINI+(PISA+FIRENZE)
DUCLOS 65 PL 19 253 DUCLOSt FREYTAG»HEINTZE + (CERN+HE IDELBERG)
EVANS 65 PR 139 B 982 0 A EVANS ( OXFORD)
KUTIN 65 JETP LETT 2 243 'KUTIN»PETRUKHIN» PROKOSHKIN {JINR)

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll .

P12
P13
P14
P15
P16
P17
P18
P19
P20
P?1
P22
P23
P24
P25
P26
P27

CHAR ~ K
CHAR» K
CHAR K

CHAR ~ K

CHAR ~ K
CHAR ~ K
K+ INTO
K+ INTO
K+ I NTO
K+ INTO
CHAR ~ K
CHAR ~ K

CHAR ~ K
CHAR ~ K
CHAR» K
CHAR ~ K
CHAR ~ K

CHAR ~ K
K- I NTO
CHAR» K
CHAR K
CHAR ~ K
CHAR ~ K
CHAR ~ K
K+ INTO
K+ INTO
CHAR ~ K

INTD MU NEU
INTO Pl PIQ
I NTO P I PI+ PI-
INTO PI 2PIO
INTO MU PIQ NEU
INTO E PI 0 NEU
PI+ PI- E+ NEU
PI+ PI+ E- NEU
PI+ PI- MU+ NEU

PI+ P I+ MU- NEU
INTO E NEU
INTO MU NEU GAMMA

I NTO P I P IQ GAMMA

I NTO PI PI+ PI- GAMMA

I NTO P I E+ E-
I NTO P I MU+ MU-
INTO PI GAMMA GAMMA

INTO PI E NEUTRINO GAMMA

PI+ E- E-
INTO PI NEU NEU
INTO E NEU GAMMA

I NTO P I GAMMA

INTO PI 3GAMMA
INTO PI 0 PI 0 E NEU
P I- E+ MU+

P I+ E+ MU-
INTO MU NEU NEU NEUBAR

K MU2
K PI2
TAU
TAU PRIME
K MU3
K E3
K E+4
K E-4
K+M{)+ 4
K+MU- 4
K E2
K MU RAD
K PI RAD
TAU RAD
PI E E
PI MU MU

P I GAM GAM

PI E NEU GAM

P I+E-E-
PI NEU NEU
K E2 RAD
K P I GAM

P I 3GAM
K E4 2PIQ
P I-E+MU+
P I+ E+MU-
MU 3NEU

10 CHARGED K PARTIAL DECAY MODES

DE
105+
139+
139+
139+
105+.5+
139+
139+
139+
139+

~ 5+
105+
139+
139+
139+
139+
139+
139+
139+
139+

» 5+
139+
139+
134+
139+
139+
105+

CAY
0

134
139+
134+
134+
134+
139+
139+
139+
139+

0
Q+

134+
139+

~ 5+
105+

0+

~ 5+
Q+
Q+
0
Q+

134+
~ 5+
»5+

Q+

MASSES

139
134

0
0

»5+
F 5+

105+
105+

0
0

139+
»5

105
0
0+.5
0
0

Q+
~ 5+

105
105

Q+

M

M

M

M

M

M

M AVG
M F IT

493 ~ 9
493 ~ 7
493» 78
493~ 87
493~ 691

~ » ~ ~ »
493 709
493 ~ 715

0»2
0»3
0 17
0 ~ 19
0 ~ 040
~ » ~

0 ~ 037
0 ~ 037

COHEN 57 RVUE +
BARKA S 63 E MUL
GREINER 65 EMUL + VIA TAU DECAY
KU NS EL MAN 71 C NT R — K AONI C ATOMS
BACKENSTO 73 CNTR — KAONIC ATOIIIIS

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
FROM FIT t ERROR INCLUDES SCALE FACTOR OF 1 «0)

7/66
10/71
I/73'

I/73s

CHARGED K CONSTRAINED FIT
OVERALL FIT OF MEAN

LIFE'S

WIDTHS AND BRANCHING
RATIOS USES 52 DATA POINTS TQ DETERMINE SIX
QUANTITIES ~ OVERALL FIT HAS CHISQ=82 ~ 2 ~ HAIN

CONTRIBUTION (16~ 3) COMES FROM R19 OF HAIDT
71 (WE SEE NO REASON TO REJECT THIS EXPERIMENT
AT THIS TIME)

10 CHARGED K MEAN LIFE (UNITS 10ss-8)

CHAR ~ K MEAN

(0~ 95)
52 {1 ~ 60)

1 ~ 21
33 ( 1 ~ 38)

(1~ 25)
1 (1~ 27)

93 1 31
(l»24)

1~ 231
1» 2443
1~ 221l. 2272

3M 1~ 2380
OLD EXPERIMENT

~ »» ~ ~

1 ~ 2370
1»2371

T
T 0
T 0
T
T 0
T 0
T 0
T 2
T
T
T
T
T
T
T 0
T
T AVG
T FIT

LIFE
(0»36) ( 0 ~ 25) ILOFF 56 E MUL
(0 ~ 3) l 0 ~ 3) E I SENBERG 58 EMUL
0 06 0 06 BURROWES 59 CNTR

(0 ' 24) (0 ' Z4) FREDEN 60 EMUL
{0~ 22) (0»17) BARKAS 61 EMUL
t 0 ~ 36) ( 0 ~ 23) BHOWMI K 61 EMUL
0 ~ 08 0 ~ 08 NORDIN 61 HBC

{0~ 07) NORDIN 61 RVUE
0 ~ 011 0 ~ 011 BQYARSKI 62 CNTR +
0 ~ 0038 FITCH 65 CNTR + K AT REST
0 ~ 011 FORD 67 CNTR +-
0»0036 LOBKOWICZ 69 CNTR + K IN FLIGHT
0 ~ 0016 OTT 71 CNTR + STOPPING K

S WITH LARGE ERRORS EXCLUDED FROM AVERAGING
~ » ~

0 ~ 0032 0 ~ 0032 AVERAGE ( ERROR INCL ~ SCALE FACTOR OF
0 ~ 0026 FROM FIT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 9)
( SE E IDEOGRAM BELOW )

WEIGHTED AVERAGE = O. BOB4 + 0»0021
ERROR SCALED BY 2.4

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 5x,
and scale factor, which are differ-
ent from the values shown here.

10 (K+) — (K-) MASS DIFFERENCE {MEV)

DM F 1»5M -0~ 032 0»090 FORD 72 ASPK +-
DM F FORD 72 USES M(P I+)-M(PI-) = +28+-70 KEV ~

4/72s
I/73+

6/66
8/67
9/6 6.
2/71
2/71

2 ~ 4)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P., as follows: The diagonal elements are P. + 6P., where
1 1 i

6P. = Q(6P. 6P,), while the off-diagonal elements are the normalized correlation coeffi-
1 1 i

cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P., see the listings
i j i j ', 1

above; only those P. appearing in, the matrix are assumed in the fit to be nonzero and

are thus constrained to add to i.
P 6P 5P 4P 3P 1 P 2

P 1 ~ 6 352+- ~ 0019
P 2 - ~ 7953 ~ 2106+- 0018
P 3 ~ 17 5 0 ~ 0694 ~ 05 59+ ~ 0003
P 4 —~ 1814 —.0728»1456»0173+- 0005
P 5 — 2968 — 1 830 0439 — 0155 0324+- 0010
P 6 -»2852 -»1793 ~ 1199 - 0085 ~ 4265 ~ 0485+- 0006

FITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into rate
space; i. e. , G. = l. = I' lP. , in appropriate units. In analogy to the matrix above,i i total i'
the diagonal elements are G. + 6G. , where 6G. = Q (6G.6G.), while the off-diagonali 1 1 1 1
elements are the normalized correlation coefficients (6G. 6G.)/(6G. ~ 6G.). Note that,i j i j
because of the error in 1 1, the errors and correlations here are not directly derivabletotal'
from those above.

G 6G 5G 3G 1 G 2 G 4
G 1 ~ 5135+ ~ 0019
G 2 —~ 4575 ~ 1702+-»0015
G 3 - ~ 1104 —~ 0435 ~ 0452+- ~ 0002
G 4 —~ 128 i —~ 0607 ~ 1396 ~ 0140+-~ 000 t
G 5 -~ 2040 -»1598 ~ 0464 - ~ 0142 »0262+- F 0008
G 6 -»1399 -»1299 1207 —.0059 4297 ~ 0392+- ~ 0005

10 CHARGED K DECAY RATES

OTT
LOBKOWICZ
FORD
FITCH
BOYARSKI
NORDIN

BURROWES

71 CNTR

69 CNTR

67 CNTR
65 CNTR

62 CNTR

61 HB(.
59 CNTR

CHISQ
0.4
7.3

3 ~ 7.

Wl CHAR ~ K INTO MU NEU (UNITS 10+'s6 SEC-1) {Gl)
Wl 51.2 0 ~ 8 FORD 67 CNTR +-
Wl . ~ ~ ~ ~ ~ ~ ~ ~ ~

Wl FIT 51 35 0 ~ 19 FROiiI FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

WZ CHAR ~ M INTO PI PI+ Pl- (UNITS 10ssb SEC-1) {G3]
W2 F (4 ~ 496) (0 ~ 030) FORD 67 CNTR +- SEE NOTE F

W2 F 3 ZIil {4»529) . (0 ~ 032) FORD 70 ASPK SEE NOTE F
W2 4» 511 0 ~ 024 FORD 70 ASPK SEE NOTE F

W2 F THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 70
WZ ~ »»» ~ ~ ~ » ~

WZ FIT 4 ~ 520 0»023 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

8/67

8/67
11/70
11/70

0.70 0.76 O. HO 0 ~ 85 0.90 0.95
CHARGED K DECAY RATE (UNITS 10+s(B SEC-1)

11 .4
(CONLEV
=0.003)

W3
W3
W3
W3

W3 F IT

CHAR ~ K INTO (TAU) — (TAU PRIME) (UNITS 10++6 SEC-1)
(G3-G4)

USED FOR DELTA I = 1/2 TEST ~

~ »»» ~ ~ » ~ ~

3» 117 '
0 ~ 043 FROM FIT



Data Card Listings
For notation, see key at front of Listings.

PARTrcr. E DATA GRovp Review of Particle Properties $47

Stable Particles

CHAR» K INTO (MU PIO NEU) + l E PIO NEU) {UNITS 10+&6 SEG-1)
W4 l G5+66}
W4 USED' FOR DELTA 1 ~ 1/2 TEST ~

W4 ~ ~ e ~ ~ ~ ~ ~ ~

W4 F IT 6»5 t2 0»083 FRON FIT

LIEIGHTED AUERASE = 1.767 + 0.071
ERROR SCALED BY 1 4

8/67

8/6'7
8/67

11/70
11/70

5/70

D4
D4

DIFFERENCE IN K PI2 RATES
0»8 1 ~ 2

( (G2+)-(G2 ) )/AVERAGE (PERCENT)
HERZO 69 OSPK 5/70

05
D5

DIFFERENCE IN K P I RAD RATES ( (G13+} {G13 ) )/AVERAGE (PERCENT)2t, Oe0 24 ~ 0 EDWARDS 72 OSPK PI+ KE 58-90 MEV 8/724'

10 CHARGED K BRANCHING RATIOS

R 0 OLO DATA EXCLUDED

10 l (K+) ~ (K ) )/AVG» t DECAY RATE DIFFERENCE (PERCENT)

01 DIFFERENCE IN K MU2 RATES l (Gl+)-(Gl, ) ) /Gl (PERCENT}
01 0 ' 54 0»41 FORD 67. CNTR

D2 DIFFERENCE IN TAU RATES l {G3+) -(G3 ) ) /G3 l PERCENT)
D2 0»50 0 ~ 90 FLETCHER 67 OSPK
D2 F l-Oe 04) (0.21) FORD 67 CNTR SEE NOTE F
02 F 3 ~ 2M {0el0) (0»14) FORD 70 ASPK SEE NOTE F
D2 0» 0& 0 ~ 12 FORD 70 ASPK SEE NOTE F
P2 F THE LAST IS THE COHBINEO RESULT OF FORD 67 AND FORD 70
D2 ~ ~ ~ ~ ~ ~ ~ ~ ~

P2 AVG 0 ' 07 0 ' 12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

D3 DIFFERENCE IN TAU PRIME RATES l (G4+)-(G4-) )/AVERAGE (PERCENT)
D3 1802 -3. 1 1 ~ 8 HERZO 69 OSPK '

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only, The
data 'were a'ctually processed by a
constrained fit program, which
calculates its own values of x,
and scale factor, which are differ-
ent froni the values shown here,

CHISQ
~ CHI AN& 72 OSPK
PANDOULAS 70 Ef1UL 4.6

~ SHAKI EE 64 HLBC 0.0
E 61 HLBC 0.1

»3
(CONLEU
=0 ~ 100)1 ~ 2 2.0 2.4

CHAR. K INTO (PI 2PIO) r TOTAL {UN 10Ixt-2)

Rl '
CHAR ~ K INTO (MU NEU) /TOTAL lUNITS ].0++-2) (P1)

Rl 0 (58»5) l3 0) BIRGE 56 ENUL +
Rl O (56 9) l2 ~ 6) ALEXANDER 57 ENUL +
Rl 0 0(.D EXPERIMENTS NOT INCLUDED IN AVERAGING
Rl 62K 63 ~ 24 0 ~ 44 CHIANG 72 OSPK + 1 ~ 84 GEV/G K+
Rl e ~ ~ ~ ~ ~ o ~ ~

Rl FIT 63e 52 0 19 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}

R2 CHAR» K INTO (PI PIO) /TOTAL (UNITS 10++ 2) (P2)
R2 0 {27 ~ 7) {2~ 7) 81RGE 56 EHUL +
R2 0 l23 ~ 2) l2»2} ALEXANDER 57 EMUL +
R2 0 EARLIER EXPERIMENTS NOT AVERAGED
RZ (21~ 0) (0 ~ 6) GAL(. AHAN 65 HLBG SEE R17
R2 {21 ~ 6) (0»6) TRILLING 65 RVUE
R2 16K 21 ~ 18 ' 0 »28 GHIANG 72 OSPK + ). ~ 84 GEV/C K+
R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

R2 FIT 21»06 0.18 FROM FIT (ERROR INCLUDES SCALE FACTOR OF le 1)
R3 CHAR ~ K INTO {PI PI+ PI ) /TOTAL (UNITS 10 t+ 2) {P3)
R3 0 (5»6) {0~ 4) BIRGE 56 ENUL +
R3 0 (be &) (0 e4) ALEXANDER 57 EMUL +
R3 0 {5~ 2) (0 3) TAYLOR 59 EMUL +
R3 0 EARLIER EXPERIMENTS NOT AVERAGED
R3 5 ~ 7 0 ~ 3 ROE 61 HLBC +
R3 2332 5 54 0 ' 12 CALLAHAN 64 HLBC +
R3 540 5 1 0.2 SHAKLEE 64 HI. BG +
R3 5 ~ 71 0»15 DE MARCO 65 HBG
R3 44 6 ~ 0 0 ~ 4 YOUNG 65 ENUL +
R3 P 693 5 34 0 ~ 21 PANDOULAS 70 EMUL +
R3 C 2330 ~ l 5 ~ 56) l0 ~ 20) GHIANG 72 OSPK + 1~ 84 GEV/G K+
R3 C THIS VALUE IS NDT INDEPENDENT OF CHIANG 72 Rlt R2gR4tR5t AND R6
R3 P INCLUDES EVENTS OF TAYt.OR 59 ~

R3 ~ ~ ~ o ~ ~ ~ o ~

R3 AVG 5 ' 521 0 098 AVERAGE {ERROR INCLUDES $CA(.E FACTOR OF 1 ' 3)
R3 F IT 5 ~ 591 0 ~ 030 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF I «1 )

(SEE IDEOGRAM BELOW )

WEIGHTED AUERAGE = 5 ~ 521 + 0.098
ERROR SCALED BY 1.3

1/71
9/724'

6/66
9/ 72+

9/66

9/66
6/66
6/66

10/70
9/72&
9/720

R&
R&
RB
RB

K+ INTO ( PI+ Pl+ E- NEU) /TOTAL lUNITS 10'+-7) {PB)
20 ~ OR LESS GL= ~ 95 BIRGE 65 FBC +

0 6»9 OR LESS CL= ~ 95 ELY 69 HLBC +
0 9» 0 OR LESS CL e95 SCHWEINBE 71 HLBC +

R9 K+ INTO ( PI+ PI- MU+ NEU)/TOTAL (UNIT$10++-5) (P9)
R9 1 0»77 0 54 0»50 CLINE 65 FBC +

R10 K+ INTO {PI+ Pl+ 'MU- NEU) ITOTA(. (UNITS 10++-6) (P10)
R10 0 3 0 OR LESS Ct.= ~ 95 BIRGE 65 FBC +

R5 CHARe K INTO (NU PIO NEU}/TOTAL (UNITS 104'+-2) (P5)
R5 0 {2~ 8) ll»0) BIRGE 56 ENUL +
R5 0 {5»9) {l.3) ALEXANDER 57 EMUL +
R5 0 le 8) (0 ' 4) TAYLOR 59 EHUL +
R5 0 FARl lER EXPERIMENT$ NOT AVERAGED
R5 2345 3 ~ 33 0 ~ 16 CHIANG . 72 OSPK + 1 84 GEV/C K+
R5 ~ e ~ ~ ~ ~ ~ ~ ~

R5 FIT 3~ 24 De 10 FROM FIT lERROR INCLUDES SCALE FACTOR OF l»9)

Rb CHAR» K INTO {E PIO NEU)/TOTA(. lUNITS 10++-?) (P6)
R6 O

' (3~ 2) ll ~ 3) BIRGE 56 ENUL +
R6 0 {5»1) (1~ 3) ALEXANDER 57 EHU( +
R6 0 EARLIER EXPERIMENTS NOT AVERAGED
R6 5 ~ 0 0»5 ROE 61 H(. BC +
Rb t29 4e7 0 ~ 3 SHAKLEE 64 H(, BG +
R6 3516 4» 86 0»10 CHIANG 72 OSPK + 1 ~ 84 GEV/G K+
Rb ~ ~ ~ e ~ ~ ~ e ~

R6 AVG 4 ~ 849 0 ~ 093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
R6 F IT 4e 851 Oi 055 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l» 1)

RT CHAR ~ K INTO (P12 + MU3)/TOTAL (UNITS 10++-2) (P2+P5)
R7 WE COMBINE THESE TWO MODE$ FOR EXPTS MEASURING THEM IN XENON BC
RT BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE
R7 23 ~ 4 1 ~ 1 ROE 61 HLBC +
R7 886 ?5»4 0 ~ 9 SHAKLEE 64 HLBG +
({7 ~ ~ ~ ~ ~ ~ ~ ~ ~

R7 AVG 24e 60 0 ~ 98 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 4)
R7 FIT 24 ~ 30 0»19 FROM FIT (ERROR INCLUDES SCALE FACTOR OF le 1)

9/72tt

11/67
11/67
9/72+

).1/67

ll/67
11/67

8 /66
10/69
9/71

8/66

8/66

e of weighted average,
scale factor are for the
nv'enience only. The
ctually processed by a
fit program, which
s own values of x, {'tx,
ctor, which are differ-
values shown here.

Rll
Rll
Rll
Rll
Rll

R12
R12
R12
R12
R12
R12

CHAR ~ K INTO (E NEU)/TOTAL (UNITS 10+4'-5) (P 1'1)
160~ 0 OR LESS CL= ~ 95 BORREANI 64 HBC +

4 2»l 1 ~ 8, 1~ 3 &OWEN 67 OSPK +
&OWEN RESULT SHOULD BE CORRECTEO TO 1.9(+1 7t-1 2) BECAU$E OF
K+ TO E+ NEU GAMMA DECAYS BEFORE COMPARING WITH BOTTERILL 67 R28

CHAR ~ K INTO (PI GAMMA GAHHA)/TOTAL (UNITS 10++-4)
(P 17)

ALL VALUES GIVEN HERE ASSUME A PHASE SPACE PION ONER'GY SPECTRUM
I ~ 1 OR LES$ CL= ~ 95 CHEN 68 OSPK +' T(PI ) 60-90 HEV
Oe 5 OR LESS: CL=e90 KLENS 71 OSPK + TlPI) GT 117 NEV

0 0 ~ 35 OR LESS CL= ~ 90 LVVNG 72 HLBC + 6-1.02t 114-127MEV

11/67
8/6T

2/72
5/68
8/71
2/72

4.5 5.0

ULAS 70 ENUL

65 EHUL
RCO 65 MBC

EE 64 HLBC
HAN 64 HLBC

61 HLBC

5.5 6.0 6.5 7.0

CHISQ
0 ~ 7
1 ~ 4
1.6
4, 4
0.0
0 ~ 4
8.6

(CONLEU
=0.127)

R13 CHAR ~ K I NTO (P I P 10 GAMMA) /TOTAL l UNIT S 10++-4) (P 13)
R13 18 2 ~ 2 0»7 CLINE 64 FBC + PI+ KE 55-80 NEV
R13 0 1 9 OR LESS CL= ~ 90 EHMERSON 69 OSPK PI+ KE 55 80 MEV
R13 A2100 2 ~ 71 0»19 ABRAMS 72 ASPK +- PI+ KE 55 90 MEV
R13 24 2 ~ 4 0 ~ 8 EDWARDS 72 OS(tK ' PI+ KE 58-90 MEV
R13 A ABRANS 72 OBSERVES DIRECT EMI$SION BR» RATIO OF '(1 ~ 56+-0»35') 4'10++-5
R13 A +-0 ~ 5+104'4'-5 ADDNL ~ SYST» ERROR AND INNER BREMSSTRAHLUNG BR ~ RATIO
R13 A OF (2 ~ 55+-0, 18)+104'+-4~ WE QU{)TE 'THE SUM OF THE'SE BR ~ RATIOS»
R13 ~ e ~ ~ ~ ~ e ~ ~

R13 AVG 2 ~ 66 0 ~ 18 AVERAGE {ERROR INCLUDES SCALE FACTOR 'OF 1 0)

R14 CHAR ~ K INTO ( PI PI'+ P I- GAMHA) /TOTAL' ( UNITS 10++-4)
R14 (P14)
R14 1~ 0 0 ~ 4 STAMER 65 EMUL + EGAN GT 11MEV

8/66
10/69

I/73+
8/7 2'
1/734t
I/73+
1/73+

8/66

CHAR. K' TO {PI PI+ PI-) rTOTAL {UN 10++-2)-

ll/67
11/67
10/70
9/724

R4 CHAR K INTO (PI 2P 10)/TOTAL (UNITS 10+~2) -(P4)
R4 0 {2 1) {0' 5) BIRGE 56 ENUL +
R4 0 {2~ 2) (0 4) ALEXANDER 57 ENUL +

(le 5) (0 ~ 2) TAYLOR 59 EMUL +
R4 0 EARLIER EXPERIMENTS NOT AVERAGED

1 7 . 0»2. ROE . 61 HLBC +
R4 108 1 8 0 ~ 2 SHAKLEE 64 HLBC +
R4 P 198 1 ~ 53 Dell PANDOULAS 70 EMUL +

1 ~ 84 0 ~ 06 CHIANG 72. OSPK + 1 84 GEV/C K+
R4 P INCLUDES EVENTS OF TAYLOR 59 ~
R4 ~ ~ ~ ~ ~ ~ ~ ~ ~

1 ~ 767 0»071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»4)
R4 F IT 1 ~ 735 0 ~ 049 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 4)

(SEE IDEOGRAM BELOW )

R17
R'17
R17
R17
R17 AVG
R17 FIT

CHAR ~

134
1045

K INTO
3.24
3~ 96

~ ~ ~ ~

3 ' 84
3' 767

R15' CHAR ~ K INTO
R15 1 2» 45
R15 4»4
R15 . - 0 ~ 4
R15 - 32»0

R16 CHAR ~ K INTO
R16 3 ~ 0
R16 2

(Pl E+ E-)/TOTAL (UN'ITS 10++ 6) ' '(P15)
OR LESS CL~ ~ 90 CANERINI 64 FBC

' +
OR LESS CL= 90 BISI 67 DBC +
OR LESS CLINE '67 FBC +
OR LESS CL~ ~ 90 'BEIER 72 'OSPK +-

l'P I: NU+ MU-) /TOTAL (UNITS 10+&-6) {P16):
OR LESS'' CL~ ~ 90 CAMERINI 65 FBC' +
OR LESS CL= ~ 90 8151' 67 OBC +

(E PIO NEU)/(NU2+P12) (UNITS 10++-2) (P6)/(Pl+P2)
0 ' 34 YOUNG 65 EMUL +
0»15 GALLAHAN 66 FBG +

~ e ~ e
0 ~ 27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 e9)
0 ~ 040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,1)

8/66
11/67
I.1/67
9/72+

8/66
3.1/67

8/66
9/66
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CHAR ~

2027
17

R18
R18
R18
R18
R18 AVG
R18 FIT

K INTO {PI 2PIO)/TAU
0 ~ 303 0 ~ 009 B I SI
0» 393 0 ~ 099 YOUNG

~ ~ ~ ~ ~ ~ ~ ~

0 3037 0 ' 0090 AVERAGE (ERROR
0 ~ 3103 Oo0087 FROM FIT (ERROR

{P4)/(P3)
65 H+HL +
65 EMUL +

INCLUDES SCALE FACTOR OF 1 ~ 0)
INCLUDES SCALE FACTOR OF 1 4)

~ 8/66
8/66

R28 CHAR ~

R28 10
R28 8
R28 113
R28
R28 AVG

K INTO lE
1~ 9
1~ 8
2 ~ 42

~ 0 ~ ~ ~

2+16

NEU)/(MU NEU) tUNITS 10¹¹-5) (Pll)/{Pl)
0 ~ 7 Oe5 BOTTERILL 67 ASPK +
0 ~ 8 0 6 MACEK 69 ASPK +
0 ~ 42 CLARK 72 OSP K +
~ ~ ~

0 ~ 31 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 0)

11/67
4/69
1/73¹

K INTO
0 ~ 632
Oe 90

(0 ' 510)
0 ~ 503
71 IS

~ ~ ~ ~

0 ' 536
Oo 580

R19 CHAR ~

R19 2175
R19 38
R19 H 1505
R19 H1505
R19 H HAI DT
R19
R19 AVG
R19 FIT

(MU PI0 NEU)/TAU (P5)/(P3)
0 ~ 035 BJSI 65 H+HL +

'0 ~ 16 YOUNG 65 EMUL +
{0 ~ 017) EICHTEN 68 HLBC +
0 ~ 019 HAIDT 71 HLBC +

A REANALYSIS OF EICHTEN 68 ~

~ 0 0 ~

0&054 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 ~ 2)
0 ~ 018 FROM FIT {ERROR INCLUDES SCALE FACTOR OF i+9)
lSEE IDEOGRAM BELOW ]

WEIGHTED AUERAGE = 0.536 + 0.054
ERROR SCALED BY 3.2

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 5x,
and scale factor, which are differ-
ent from the values shown here.

~ 8/66
8/66

11/68
12/70

R29 CHAR ~ K INTO (MU PIO NEU]/(E PIO NEU) (P5]/(P6)
R29 C1509 0 ' 703 0 ' 056 CALLAHA1 66 HLBC
R29 5601 Oe 667 0 ~ 017 BOTTERI2 68 ASPK +
R29 A 1398 (0 e 604) (0 +022) EICHTEN 68 HLBC

R29 AH (0 ~ 596] (0 ~ 025) HAIDT 71 HLBG +
R29 D3480 Oe 698 0 ~ 025 CHIANG 72 OSPK + 1 ~ 84 GEV/C K+

R29 CONMENTS
R29 D THIS VALUE IS STATISTICALLY INDEPENDENT OF CHIANG 72 R5 ANO R6 ~

R29 H HAIDT 71 IS A REANALYSIS OF EICHTEN 68 ~

R29 A ONLY INDIVIDUAL RATIOS INCLUDED IN FIT (SEE R19 AND R20] ~

R29 C FROM THIS EXPERIMENT WE USE ONLY THE NU3/E3 RATIO AND DO NOT

R29 C INCLUDE IN THE FIT THE RATIOS MU3/TAU AND E3/TAU SINCE THEY SHOW

R29 C LARGE DISAGREEMENTS WITH THE REST OF THE DATA+

R29 ~ ~ ~ 4 ~ ~ ~ ~ ~

R29 AVG 0~ 678 0 ~ 014 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
R29 FIT 0 ' 668 0 ' 024 FROM FIT lERROR INCLUDES SCALE FACTOR OF 2 ' 2)

R30 CHAR ~ K I NTO l PI E NEU GAMMA) /( PI E NEU ) {P18)/(P6)
R30 R (0 ' 012) le 008) BELLOTT1 67 HLBG + EGAM GT 30MEV
R30 R 13 0 ' 0076 0 ' 0028 ROMANO 71 HLBC EGAM GT 10MEV
R30 R WE USE LOWEST E(GAMMA) CUT CSEE RONANO 71 FOR DEPENDENCE ON THIS CUT

R31 K- INTO I PI+ E- E-) /TOTAL (UNITS 10¹¹-5) l P19]
R31 TEST OF LEPTON NUMBER CONSERVATION
R31 (le 5) OR LESS CHANG 68 HBC

R32 CHAR, K INTO (PI NEU NEU]/TOTAL (UNITS 10¹¹-6) (P20)
R32 ll00 ~ 0) OR LESS CL= ~ 90 CAMERINI 69 HLBC + TEST NEUTRaCURR ~

R32 K 1 ~ 4 OR LESS CL~e90 KLEMS 71 OSPK + T{PI ) GT 117 MEV

R32 K ASSUMES PI+ SPECTRUM SAME AS PIO SPECTRUM IN KE3 DECAY

R33 CHAR ~ K INTO (E NEU GAMMA)/TOTAL UNITS 10¹¹5) (P21)
R33 M (7 ~ 1) OR LESS MACEK 70 OSPK + P{E) 234 TO 247
R33 M ABOVE IS MEASUREMENT OF STRUCTURE-DEPENDENT DECAY ONLY ~

6/68
6/68

10/68
12/70
9/72¹
9/72¹

11/68

11/67
10/7 1

2/72

3/68

5/70
8/71

12/70

HAIDT
YOUNG

BISI

0.2 0.6 1.0
CHARGED K INTO (AU PIO NEU) iTAU

1.4

CHISQ
71 HLBC 3 ~ 1
65 EMUL

65 H+HL 7.5
10 ~ 5

(CONLEU
=0.001)

R34 CHAR ~ K INTO {PI GAMNA) /TOTAL (UNITS 10¹¹-6) (P22)
R34 4 ' 0 OR LESS CL= ~ 90 KLEMS 71 OSPK +

R35 CHAR ~ K INTO (TAU)/(TAU PRIME)
R35 USED FOR DELTA I=1/2 TEST ~

R35 ~ ~ ~ 0 ~ ~ ~ ~ ~

R35 FI T 3 ~ 223 0 090 FROM FIT

(P 3/P4)

R36 CHAR ~ K INTO (P I 3GAMNA)/TOTAL lUNITS 10¹¹-4) (P23)
R36 3.0 OR LESS CL=~90 KLENS 71 OSPK + T{PI) GT 117MEV

R37 K+ INTO t PI+ PI+ E- NEU)/(PI+ P I- E+ NEU) (PB)/(P7)
R37 0 0 ' 013 OR LESS CL= ~ 95 BOURQUIN 71 ASPK

8/71

8/71

2/72
12/71

~ 8/66. 8/66
11/67
11/68
12/70

8/66
11/68
12/71
9/71

6 ~ 64 0 40 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

K+ INTO (PI+ PI- MU+ NEU)/TAU {UNITS 10¹¹-4) (P9) /(P3)
1 ( 2~ 5) APPROX GREINER 64 EMUL +
7 2 ' 57 1 ~ 55 8ISI 67 DBC +

R22
R22
R22

8/66
11/67

R23
R23
R23
R23
R23 AV

R23 F I

CHAR ~ K INTO
1679 5 ~ 89
5110 6 ' 16

0 ~ ~ ~ ~

G 6 ' 02
T 5 ~ 736

lE PIO NEU)/(MU2+PI2) (UNITS 10¹¹~2]{P6)/tP1+P2]
0 ' 21 CESTER 66 OSPK +
0 ' 22 ESGHSTRUT 68 OSPK +

0 ~ 0 ~

0 ~ 15 AVERAGE lERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 064 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

8/67
3/68

R24 CHAR ~

R24
R24 1600
R24
R24 AVG
R24 FIT

K INTO (PI PIO)/(MU NEU) (P2)/(Pl)
0 ' 3253 0 ' 0065 AUERBACH 67 OSPK +
0 ' 305 0 F 018 ZELLER 69 ASPK +

~ ~ ~ ~ ~ ~ ~ ~

0 ~ 3230 0 ~ 0065 AVERAGE {ERROR INCLUDES SCALE FACTOR
0 ~ 3316 0 ~ 0037 FROM FIT (ERROR INCLUDES SCALE FACTOR

OF 1 ~ 1)
OF 1 ~ 0)

8/67
10/69

R20 CHAR~ K INTO (E P IO NEU)/TAU (P6)/(P3)
R20 230 Oe90 0 F 06 BORREANI 64 HBC +
R20 37 0 ~ 90 0 ~ 16 YOUNG 65 EMUL +
R20 854 0 ' 94 0 09 BELLOTT2 67 HLBC
R20 H' 4385 (0 F 846) (0 ' 021) EICHTEN 68 HLBG +
RZO H4385 Oe 850 0 ~ 019 HAIDT 71 HLBC +
R20 H HAIDT 71 IS A REANALYSIS OF EICHTEN 68 ~

R20 ~ ~ ~ ~ I ~ ~ ~ ~

R20 AVG Oe 858 0 018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
RZO FIT 0 ~ 868 0 ~ 010 FROM F IT (ERROR INCLUDES SCALE FACTOR OF I 1)

RZl K+ INTO (PI+ PI- E+ NEU)/TAU tUNITS 10¹¹-4) {P7)/(P3)
R21 69 6 7 1.5 BIRGE 65 FBC +
R21 269 5 ~ 83 0 ~ 63 ELY ' 69 HLBC +
R21 500 7' 36 0 F 68 BOURQUIN 71 ASPK
R21 106 7 ' 0 0 ' 9 SCHWEINBE 71 HLBC +
R21 ~ ~ ~ ~ ~ ~ ~ ~ ~

R21 AVG

R38 CHAR ~ K INTO {PIO PIO E NEU]/KE3 (UNITS 10¹¹-4) (P24)/(P6)
R38 0 37 ~ 0 OR LESS CL= ~ 90 ROMANO 71 HLBC +
R38 2 3 ~ 8 5 ~ l 1~ 3 CLINE 72 HLBG +

12/7 1
2/72

R39 K+ I NTO ( PI- E+ NU+) /TOTAL ( UNITS 10¹¹-8)
R39 K- INTO (PI+ E- NU-)/TOTAL IS ALSO INCLUDED HERE
R39 2 ~ 8 OR LESS CL= 90 BEIER 72 OSPK

R40 K+ INTO lPI+ E+ MU-)/TOTAL (UNITS 10¹¹-8)
R40 K- INTO (PI- E- MU+)/TOTAL IS ALSO INCLUDED HERE
R40 i+4 OR LESS CL= ~ 90 BEIER 72 OSPK

{P25)

(P26)

9/72¹

9/72¹

R41 CHAR ~ K I NTO ( MU 3NEU) /TOTAL (UNITS 10¹¹-6) (P27)
R41 7.0 OR LESS CL= 90 CABLE 72 CNTR + 10/72¹

N«e on Slope Parameter for K~ 37r Decays

As was discussed in Section IV F. 1 of the text,
for the 37' decays of the K mesons we list the slope

parameter "g" which is defined, as in that section, by

2 3 0 3 0 2 1)
2

(E PIO NEU)/(MU NEU) (P6)/(Pl)
0 ' 0054 AUERBACH 67 OSPK +

785+-~ 0025 GIVEN IN THE ABOVE REF IS AN AVERAGE
R25 AND CESTER 66 R23~

~ 0033 BOTTERI 1 68 ASPK +
0 ~ 006 GARLAND 68 OSPK +
0 ~ 006 ZELLER 69 ASPK +

e ~ e ~

0 ~ 0025 AVERAGE (ERROR INCLUDES SCALE FACTOR
0.00085 FROM FIT (ERROR INCLUDES SCALC FACTOR

R25
R25
R25
R25
R25
R25
R25
R25
R25 AVG
R25 FIT

CHAR ~ K INTO
472 0 0797

THE VALUE ~ 0
AUERBACH 67

960 ~ 0775
561 0% 069
350 0 ' 069

~ ~ ~ 0 ~

0 ' 0753
0 ' 07638

8/67 where
OF

2 2s. = (p p) = (m - m. ) i5/68
4/68

10/69

(2)

OF 1 1)
1 0)

2 2 2 2
0 3&Bi = 3lmKim +m +m)

K INTO (MU PIO NEU)/(MU NEU) (P5)/{Pl)
0 0602 0 0046 AUERBACH 67 DSPK +
0 055 0 ~ 004 GARLAND 68 OSPK +
0.054 0 ' 009 ZELLER 69 ASPK +

~ ~ ~ ~ ~ 0 0 ~

0 ~ 0569 0 ~ 0029 AVERAGE l ERROR INCLUDES SCALE FACTOR
0 ~ 0510 0 ~ 0016 FROM FIT (ERROR INCLUDES SCALE FACTOR

R26 CHAR ~

R26 310
R26 424
R26 240
R26
R26 AVG
R26 FIT

(3)

8/67
4/68

10/69
p, p. are the four-vectors for the K and

.ththe i pion, and the index 3 refers (4)
OF 1 ~ 0)
OF 1 9) to the odd pion.

R27 CHAR K INTO (MU NEU)/TAU t Pl)/(P3)
R27 R 427 {10~ 38) (0%82) YOUNG 65 EMUL +
R27 R DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS
R27 R TO ADD UP TO 1 ONLY YOUNG MEASURED MU2 DIRECTLY
R27 ~ ~ ~ ~ ~ ~ ~ ~ ~

R27 FIT 11~ 361 0 075 FROM F IT

9/66 We refer to the three possible charged decays as 7;
0
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Data Card Listings
For notation, see Itey at front of Listings.

Stable Particles

0

+ W +
m m m.

op+K ~ Trmm

+ 0K mme2

The relevant formulae are:

where the odd pion is the third one.
There is no strong evidence so far that a

second order term in {s3 s0) is xleeded in Eq. , (i), nor
that the term in (sz-si) is present. A value of j )t 0
indicates CP violation as would a value of g for v'

different from that for 7' . The CP violation teats in

v decays are listed as —— for charged K and as
(g+g )

+

cr for neutral K (see Sec. IV F. 3b in the text).
As for the coefficient h, most of the experi-

menters have fitted their data with a second order
term, which turned out to be consistent with zero.
We use the value of g obtained when the second order
term was dropped from the fit. HEUSSE 70 have
studied the KL ~m m m decay where only a second or-
der term could explain deviation from uniformity of
the Dalitz plot. They also get results consistent with
a zero coefficient. ALBROW 70 have studied
Ko ~m m m and found that the fit to the Dalitz plotL
improves if second and third order terms are added
(CL goes from 2410 to 48fo), but the fit with no higher
orders is a perfectly acceptable one (CL = 24/0).
FORD 72 have studied K ~ m m ~ and find that the

X /DF goes from i. 38 to i. 20 when the second order
2

and, the CP violation terms are added. However, the
authors state that since their Coulomb correction is
larger than the experimental errors and is not well
known, it is difficult to interpret these results.

In the literature other definitions of slope param. -
eters have appeared. We have converted to the defi-
nition of g in Eq. (i) whatever experimental quantity
has been reported. We give the conversion to the
definition (i) for two of the most widely used parame-
trizations and tabulate the conversion factors for the
reader's convenience.

(a) For analysis of charged K's the expression often
used is:

fMf' = i+a ~

-c a
y v

g =
~+a &

y

2
3with c

y 2 m Q

= i+Za„Z (ZT - 7 )
XXl

with

2 2 2m +m3-4m
2~ 3

The relevant transformations are

T = - — + —(I+ E)3 0 Q
3 2M 3

and

-za
t

g 1+cL C

='M 2
, with ct =

2 [3Q(i+E) - T ].
m+

For the reader' s convenience we give a table
of numerical values for Q, T3, 4, c and c,3 xxlax
obtained using the masses from our August 4970
edition. The g values quoted in these Data Card
Listings would not be changed if the current mass
values were used.

Q

7 74.96
84.24

83.54

T3 xxlcLx

48.i5
53.27

53.92

-0.0789

c
y

0.7894
0.7025

0.0798 0.7028

0.0924
-0.0778
0.3i 76

Some K authors use the above form of matrix
element:

(»3-~3 „) ~

2 =
XXl

(b) For the analysis of K decay the expression often
used is:

with

3T -Q
Q=m -gm. .

but define
2T -Q.3 mclx 3

The relevant transformation is then
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Stable Particles Data Card Listings
For notation, see key at front of Listings.

g with ci+a c u

2XIl ~
0.2272.2

XI1 +

WEIGHTED AUERAGE = -0.2135 4 0.0066
ERROR SCALED BY 2.7

Older K analyses were done using

T3
= ~+~

The relevant transforxnation is then

with

- c. a
V

f+d a
V V ~ LUCAS

~ FORD
~ ~ ~ MAST

MOSCOSO

73 HBC

72 ASPK
69 HBC

68 HBC

CHISQ
3.3
3.6
7.7

c
V

2
Tf 0 0393

2
2

-0.24 -0.22 "0.20 -0.18 -0.16 -0.14
LIN. ENERGY DFP . FOR K- TO PI- PI- PI+

14.6
(CONLEV
=0.001)

an =3 (g + A) = 0.0604.

10 CHARGED K ENERGY DEPENDENCE OF OAL ITZ PLOT

REI, ATEO TEXT SECTION IV F ~ lg APPENDIX Iy AND MIN I-REV J EW ABOVE

MATRIX ELEMENT SQUARED = 1 + G (S3-SO)/{MPI~&+2)

GT+ LINEAR ENERGY DEPENDENCE (G) FOR TAU DECAYS K+ INTO PI+ Pl+ PI-
HE MAIN LISTING ANDGT+ THESE EXPTS FIT M&+Z=l+AY+Y WE LIST G IN T

AT RIGHT ~ G=-1+5+AY+(MPI++2]/(MK+Q) ~ SEE NOTE ABOVE ~GT+
'

Gl VE AY AT RIGHT ~ =- ~

0 ~ 024 ZIN CHENKO 67 HBC + AY=0 ~ 28+- 03GT+2 5428 -0.22 ~

0.016 BUTLERER 68 HBC + AY=pe 277+- 020GT+ 9994 -0 218
~ 012) GRA UMAN 70 HLBC + AY=0 ~ 228+- ~ 030GT+ G17898 t-0+196] (0 ~

8 0.0028 FORD 72 ASPK + AY 0 ' 2734+ a0035
HOFFMASTE 72 HLBC + INCLUDES GRAUMAN

A QUADRATIC FIT WITH Y+2 COEF= ~ 030+- 010~GT Q+ THIS VALUE OF AY IS FROM A

EAR FlT IS QUOTED ONLY FOR THE IR COMBINED K+ AND K- SAMPL ~E ~GT+ Q A LINEAR FlT IS QU

THE QUADRAT IC FIT TO THE COMBINEDGT+ Q IT GIVES AY=0 ~ 2737+- ~ 0032 ~

5+ F 010 oT+ Q SAMPLE GIVES AY 0 ~ 2752+ ~ 0033 AND Y++2 COEFF 0 ~ 02 + ~

GT+ Q (CHISQ/DF)=1. 38 F38 FOR LINEAR FIT AND 1.20 FOR QUADRATIC FIT ~
GT+ G EMULS DATA ADDED —ALL EVENTS INCLUDED BY HOFFMASTE R 72
GT+ 2 ALSO INCLUDE 5 DBC EVENTS ~
GT+
GT+ AVG =0 2144 0 ~ 0045 A VERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 7)

(SEE IDEOGRAM BELOW )

10/69
10/69
8/70
4/72+
1/71
4/72~
4/724'
4/72~
4/72~
I/734
1/71

DG ((GT+)-(GT~) )/t{ GT+)+(GT-) ) IN PERCENT
A NON-ZERO VALUE FOR THIS QUANTITY INDICATES CP VIOLATION

DG 3»2M -0+70 0 ~ 53 FORD 70 ASPK

GTP LINEAR ENERGY DEPENDENCE (G) FOR TAU PRIME DECAY CHALK INTO PI PIOP10
GTP 1792 0 ~ 48 0 04 KA{.MUS 64 HLBC +

0.586 0 098 BISI 65 HLBC + A(, SO HBC
0 ~ 516 0~020 DA VI SON 69 HLB C + ALSO EMUL

GT P 198 0 ~ 516 0+ 074 PANDOULAS 70 EMUL +
GTP A1365 0 67 0 ~ 06 AUBERT 7? HLBC
GTP A WE GIVE LINEAR TERM OF HIGHER ORDER FIT ~ EQ ~ I OF APP I I )AUBERT 72 ~

GTP AVG 0 ~ 523 0 ~ 023 AV ERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 o4)
{SEE IDEOGRAM BELOW ]

WEIGHTED AUERAGE = 0.823 + 0.023
ERROR SCALED BY 1.4

11/70

10/69
10/69
10/69
10/70
1/73~
1/734'

WEIGHTED AUERAGE = -0.2144 + 0.004S
ERROR SCALED BY 1.7

AUBERT
~ PANDOUI AS

DAVISON
~ ~ ~

'
~ o BIsI

ALMUS

0.3 O. S 0.7 0.9
LIN. ENERGY DEP. FOR K TO PI PIO PIO

72 HLBC
?0 EMUL

69 HLBC
6S HLBC
64 HLBC

CHISQ
6.0
0.0
0.1
0, 4
1.2
7.7

(CONLEU
=0 .103)

~ ~ ~ HOFFMASTE 72 HLBC
~ FORD 72 ASPK
~ BUTLER 68 HBC

~ ZINC HENKO 67 HBC

-0.26 -0.22 -0 .18 -0.14
LIN. ENERGY DEP . FOR K+ TO PI+ PI+ PI-

CHISQ
2.8
0.3

3.1
(CONLEV
=0.081)

10/69
10/69
10/69
4/724

10/724
4/72+
4/72+

GT- L INEAR ENERGY DEPENDENCE {G) FOR TAU DECAYS K- INTO PI- PI- PI+
GT- FOR OEF INITION OF AY SEE NOTE UNDER 1S OGT+

(0.035) FERRO-LUZ 61 HBC — AY=0 ~ 28+- ~GT- F 1347 (-0.220)
MOSCOSO 68 HBC - AY=0 ~ 242+- ~ 029GT-M 5778 -0 ~ 190 0 ~ 023

0 ~ 007 6 HBC — A Y=o. 247+-. P09GT- 50919 -0.194
FORD 72 ASPK AY=0. 2770+- 0035GT-Q 750K -0 ~ 2187 0*0028 FORD

7 HBC - AY=0 ~ 252+-e 011GT- 84 — ~K -0 ~ 199 0 ~ 008 LUCAS 3
GT- Q THIS VALUE OF AY IS FROMM A QUADRATIC FIT WITH Y++2 COEF-" ~ 020+- ~ 010~
GT- Q SEE ALSO THE NOTE Q IN THE GT+ SECTION ABOVE ~
GT- F NO RADIATIVE CORRECTIONS INClUDED ~
GT- M ALSO INCLUDES DBC EVENTS
GT-
GT- A VG -0 ~ 2135 0 ~ 0066~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 7)

{SEE IDEOGRAM BELOW )

Note on K and K Form Factors+ 0

The definitions of the parameters X.+, ), , and
( can be found in Section IV F. 2 of the text. Many
approximations are usually made to extract these or
related parameters from the experimental data.

i) Scalar and tensor currents:
evidence for scalar or tensor currents, so pure
vector current is usually assumed.

2) Im ( so far is consistent with 0, and this is
usually assumed in most of the experiments.

3) Radiative corrections are not serious, ' they
change Q+ by about 0. 005 (GINSBERG 67 and 70).
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

4) Older K 3 experiments have determined (,
f43

assuming X+ Xp

5) Momentum transfer dependence of (: many
K experiments have determined ( assuming a

p,3
linear q dependence for f+, as in Eq. (27) of the

main text. Some of these assume ). = 0 since
there is no strong evidence for a non-zero )

Others allow k P 0 or equivalently A P 0 where

2((q ) = ((0) + ~ ~q

+Instead of X, or A, HAIDT 7'I (K ) gives ((q )

where q is chosen to minimize the correlation
with g(0).

6) Most K 3 experiments have assumed ae3
linear q dependence for f+.

Since it is now clear that l, + g 0, assumption-. 4 values

of g are parenthesized. Assumption-5 values of ( and

are encoded, and any corresponding non-zero values+
of ~ or A are given in footnotes. No attempt is made

~o

to average these (, or X+ values because they are
i, Zhighly correlated. ' As in the past, we keep the

values of ( as obtained in the p, polarization measure-
ments ((,B) separated. from the values obtained from
branching ratios and spectra ((A).

Assumption-6 values of ).+ (for K 3) are encoded.e3
and averaged. There is some indication from CHIEN
7l (KP&) that a quadratic q term may be required in

2for K 3. Chounet, Gaillard, and Gaillard further+ e3'
suggest that the large values of ~+ in K 3 {compared.

f43
with K 3) could. be explained by the presence of ae3
second order .term.

See references 4 and, Z for excellent reviews of

X IA L 76 {+1«8) (1 ~ 6) BROWN 62 XEBC +
XIA L 87 (+0~ 7) {0~ 5) GIACOMELL 64 EMUL +
XIA L ("0 1) (0 ~ 7) JENSEN 64 XEBC +
X IA L (-0~ 17) (0 ~ 75) (0 99) SHAKLEE 64 XEBC +
XI A L {+0~ 6) (0 ~ 5) BISI 1 65 HBC +
XIA BTWN +0 2 AND +1 CUTTS 65 OSPK +
XIA L 1509 {+0 4) (0 ' 4) CALLAHAl 66 FRBC +
XIA 2648 0 ~ 0 1 ~ 1 Oo, 9 CALLAHA1 66 FRBC +
XIA 444 +0~ 72 Oo80 CALLAHA1 66 FRBC +
XIA L (+0.75) (0.50) AUERBACH 67 OSPK +
X IA E 1398 { Oo 60) (0 ~ 20) EICHTEN 68 HLBG +
XIA 8 5601 (-Oo08) {Oo15) BOTTERIL2 68 ASPK +
XIA L 78 (-0~ 5) {Oo9) EISLER 68 HLBC +
XI A L 976 {+1o 0) (0 ~ 6) GARLAND 68 0 SP K +
XIA 0 91 0 ~ 82 ZELLER 69 ASPK +
XIA 8 -0 35 0 22 BOTTERIL 70 OSPK
XIA H3240 -0 F 80 0 ' 50 HAIDT 71 HLBC +
X IA 3240 -0.50 1 ~ 5 HAIDT 71 HLBC +
XI A 1505 -0~ 72 0 ~ 21 HAIDT 71 HLBC +
X I A 4D25 -0~ 62 0 ~ 28 ANKENBRAN 72 ASPK +
X I A 3480 -0 ~ 09 0 ~ 28 CHIANG 72 OSPK +
XIA L L+ AND L- ASSUMED TO BE ZERO ~

XIA E EICHTEN 68 REPLACED BY HAIDT 71~
X I A E T 4 ASSUMES L+- o023+ ~ 008 INSENS IT IVE TO L
XIA 8 T=O BOTTERIL 70 IS REEVALUATION OF BOTTERILZ 68 W
XIA H HAIDT 71 T~6o8 VALUE CORRECTEO USING FIGURE 188~
XIA H VALUES AT T=O AND AT T=6 ~ 8 ARE UNCORRELATEDo
XIA K T=3 ~ 9 HAIDT 71 KM3/KE3 VALUE ASSUNES L+= 029 — IN
XIA ~ ~ ~ ~ ~ o ~ ~ ~

XIA AVERAGE MEANINGLESS (SCALE FACTOR = 1 2)

NU+rPIO SPECTRA
MU+ SPECTRUM
MU+ ~ PIO SPECTRN
KMU3/KE3
KMU3/KE3
NU+ SPECTRUM
KMU3/KE3
MU+ S PE CT RUM
P+0 SPECr FIX MU

KNU3/KE3
KMU3/KE3 T=4 ~

KN3/KE3 r L+ ~ 023
PIO SPECT r L+=-0'
KMU3/KE3r L+-=0
KN3/KE3r L+=0 23
KM3/KE3r L+=.045
DE PE L+ ~ 055rT 7
D P o L+= 055r T=O
KM3/KE3 NOTE K
PID L+= ~ 024 T=O
Do P ~ L+-= o029T=O

ITH DIFF ~ L+ ~

DE PE NDENT OF L- ~

XI8 XIB = F-/F+ {DETERMINED
XIB THE MU POLARIZATION IS
XIB NECESSARY r T SHOULD BE
XI8 2100 +1~ 2 2 ~ 4
X I 8 397 -1.4 1 o 8
XI8 2950 -0~ 7 0 ~ 9
XI 8 3133 -Oo95 0 ~ 3
XI 8 H6000 -0,6 1 o 1
X I 8 H6000 -1~ 0 0 ~ 3
XI 8 H HAIDT 71 VALUES AT T=O
XIB ~ ~ ~ o ~ ~ o ~ ~

XIB AVERAGE MEANINGLESS (SCALE

FROM MU POLARIZATION IN KNU3)
A MEASURE OF XI (T) NO ASSUMPTIONS ON L+-
SPECIFI EDo

1 ~ 8 BORREANI 65 HLBC + POLARIZATION
CALLAHAl 66 FRBG + TOTAL POLA- ~

3 ' 3 GALLAHAl 66 FRBC + LONG ~ POLAR'
CUTTS 68 OSPK + TOTAl POL ~ T~3
HAIDT 71 HLBC + TOTAL POLo T=O
HAIDT 71 HLBC + TOTAL POL ~ T=4 ~ 9

AND T=4 ~ 9 ARE UNCORRELATED ~

FACTOR = 1 ~ 0)
IXI
IXI

FS FS/
FS
FS
FS
FS 2707
FS 4017

IMAGINARY PART OF XI (TEST OF T REVERSAL)
0 ~ 1 0 ~ 4 0 ~ 3 BETTELS 68 HLBC POLARIZATION

F+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAY(ABS VALUE)- ——
~ 18 OR LESS CL= ~ 90 BELLOTT2 67 HLBC
~ 30 OR LESS CL= 95 KALNUS 67 HLBC +

Do23 OR LESS CL= ~ 90 BOTTERILl 68 ASPK
0 ~ 14 0 ~ 03 0 ~ 04 STEINER 71 HLBC + L+r FS ~ FT r PHI F IT
0 ~ 13 OR LESS CL= ~ 90 CHIANG 72 OSPK +

F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KE3 DECAY{ABS~ VALUE)-—
58 QR LESS CL= ~ 90 BELLOTT2 67 HLBC

1 ~ 1 OR LESS CL= 95 KALMUS 67 HLBC +
0 ~ 58 OR LESS CL= ~ 90 BOTTERIL1 68 ASPK
0 ~ 24 0 16 0 ~ 14 STEINER 71 HLBC + L+r FSrFTr PHI FIT
Oo75 QR LESS CL=o90 CHIANG 72 OSPK +

FT FT/
FT
FT
FT
FT 2707
FT 4017

F+ IN K E3 DECAY)
GINSBERG 67 ~

62 XEBC + PIO SPEC NO R ~ C ~

64 XEBC + P IO SPEC r NO R ~ C
64 HBC + E+ SPECrNO R ~ C ~

67 FBC + Dl TZ PLTr R ~ C ~

67 OSPK + DLTZ PLT ~ NO Ro C ~

67 FBC + ErPI SPECrNO R ~ C ~

1 68 ASPK + E SPEC USES R ~ C ~

68 HLBC + PIO SPEC rNO R ~ C ~

70 OSPK PIO SPECTRUM RC
71 HLBC DLTZ PLTrUSES R C ~

72 OSPK + DLTZ PLOTrNO RC

L+E LAMBDA + {LINEAR ENERGY DEPENDENCE OF
L+E FOR RADo CORRo TO THE DAL ITZ PL'OTr SEE
L+E 217 +0 ~ 036 ~ 045 BROWN
L+E 407 -Oo 010 ~ 029 JENSEN
L+E 230 -Oo 04 o05 BORREANI
L+E 854 0 ~ 045 0 ~ 017 0 018 BELLOTT2
L+E 1393 +0~ 016 o 016 I MLAY
L+E 515 +0 028 013 ~ 014 KALMUS
L+E 960 {o 08) {o 04) BOTTERIL
L+E 90 -0 ~ 02 0 ~ 08 0.12 EISLER
L+E 1458 .045 .015 BOTTERIL
L+E 2707 0 ~ 027 0 ~ 010 STE INER
L+E 4017 0 ~ 029 0 011 CHIANG
L+E ~ ~ ~ ~ ~ ~ o ~ ~
L+E AVG Oo 0282 0 ~ 0052 AV ERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
L+N LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KNU3 DECAY)
I+M FOR RADo CORRo TO DAL I TZ PLOT OF KMU3 SEF GINSB ERG 70
L+N 3240 Oo 055 0 025 HAIQT 71 HLBC KNU3 DALo PLOT
L+N 4025 0 ' 024 0 ' 022 ANKENBRAN 72 ASPK + PIO SPEC XI=- ~ 62
L+M ~ ~ ~ o o ~ o o ~
L+N AVERAGE MEANINGLESS (SCALE FACTOR =' 1 ~ 0}

8/67
8/67
8/67
8/67
8/67
8/67
8/67
8/67
8/67
8/67

10/68
6/68
6/68
4/68

10/69
10/69

2/72
2/71
2/71
6/724'
9/72''

10/69
2/72
2/72
1/734'

8/67
8/67
8/67
6/68
2/72
2/7-2

10/69

10/69
10/69
8/66
2/72
9/72~

10/69
10/69
8/66
2/72
9/72s'

8/67
8/67

11/67
8/67
8/67
6/68
6/68

10/69
11/71
9/72s'

2/71
6/724'

K g3 form factors and for a thorough treatment of the

problems of correlations, higher order terms, and

alternative parametr izations.
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Data Card Listings
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GALLAHAN 65 PRL 15 129
GAMERINI 65 NC 37 1795
CL INE 65 PL 15 293

A CALLAHANyD CLINE
+CL I NE y G IDAL y KALMU S y KE RNAN
A CLINE ~ M F FRY

(M ISCONSI N)
( Wl SC+LRL )

(M IS CONS I N )
11 NEUTRAL K (498t JP=O-) I=1/2

DE MARCO 65
FITCH 65
GREI NER 65
STAMER 65
TRILLING 65

UPDATED
YOUNG 65

ALSO 67

PR 140 8 1430
PR 140 B 1088
ARNS 15 67
PR 138 8 440
UCRL 16473
FROM 1965 ARGONN
UCRL 16362
PR 156 1464

DE MARCOy GROSSOy RI NAUDO {TOR INO+CERN )
FITCH ~ QUARLESt WILKINS(PRINCETON+MT HOLYOKE)
QUOTED BY BARKAS (LRL)
STAMER y HUETT ER t KOL L ER TAYLOR y 6 RAUMAN ( STE V)
GEORGE H TRILLING (LRL)

E CONF ~ y PAGE 5 ~

POH-SHIEN YOUNG (THESISy BERKELEY)
P—S YQUNGyM Z OSBORNEyWiH BARKAS

(LRL)
(LRL)

AUERBACH 67
BELLOTT1 67
BELLOTT2 67

ALSO 66
Blsl 67
BOTTERIl 67

ALSO 68
BOWEN 67

PR 155 1505
HEIDELBERG CONF
NG 52A 1287
PL 20 690
PL 258 572
PRL 19 982
BOTT ER IL
PR 154 1314

+DOBBSt MANNt MGFARLANEt WHITE+ (PENNy PR IN)
BELL QTTI y PUL L I A {MILAN)
8 EL LOTT I t F I OR IN I y P ULLI A (MILAN)
BELLOTTI yF+QRINI y PULL+A+ (MILAN)
BISIyCESTERy CHIESA tVIGONE (TORINO)
BOTTERILL ~ BROWNt CORBETTt CULL IGAN + (OXFORD}

BOWENy MANN t MCFARLANEt HUGHES+( PENN-PR INCETO )

Gl. INE
FLETCHER
FORD
IMLA Y
KALMUS
ZINCHENK

67 HEIDELBERG CONF
67 PRL 19 98
67 PRL 18 1214
67 PR 160 1203
67 PR 159 1187
67 RUTGERS(THESIS)

CL I NE y HA GGER TY t S IN GL ETON t F RY+
FL ETCHER t HEI ER ~ EDWRADS y+
+LEMONICKt NAUENBERGy PI ROUE
IMLAYyESCHSTRUTHyFRANKLIN+
KALMUSyKERNAN
Z INC HE NKO

( W ISCONS I N)
(ILLINOIS)

(PRINCETON)
(PRINCETON)

(LRL)
(RUTGERS)

CALLAHAl 66 PR 150 1153 CALLAHANy GAMER IN I+ {MISC y LRL t R I VERS ID E ~ BAR I )
GALLAHAN 66 NC 44A 90 A C GALLAHAN (WISCONSIN)
CESTER 66 PL 21 343 CESTER ~ ESCHSTRUTHtONEILL+ (PRINCETON-PENN)

ALSO 67 AVER BACH y FOOTNOTE 1 ~

M 2
M

M

M

M AVG

M FIT

498 1
223 497 ~ 44
500 I+98. 9

497 ' 44
~ s ~ t
497 ~ 87
497.71

11 NEUTRAL K MASS (MEV)

0 4 CHRISTENS 64 OSPK
65 HBC KO FROM P BAR P 6/66

0 5
0 ~ 33 KI M

BALTAY 66 HBC KO FROM PBAR P 6/66
11/670.50 FITCH 67 OSPK

0~32 AVERAGE ( ERROR INCl UDES SCALE FACTOR OF 1 ~ 5)
0 ~ 13 FROM F IT & ERROR INCI UDES SCALE FACTOR OF 1

el�]

1/73¹
LIEIGHTED AVERAGE = 49/. 87 + 0.32

ERRQR SCALED BY 1.5

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a

d fit program, which
its own values of m, (Jxy
actor, which are differ-

he values shown here.

CHEN
CUTTS

ALSO
ALSO

E ICHTEN
EISLER
ESC HSTRU
GARLAND
MOSCOSQ

68 PRL 20 73
68 PRL 20 955
65 PR 138 8969
69 PR 184 1380
68 PL 278 586
68 PR 169 1090
68 PR 165 1487
68 PR 167 1225
68 THESIS

BETTELS 68 NC 56A 1106
BOTTER IL 68 PR 171 1402
BOTTERI1 68 PR 174 1661
BOTTERI2 68 PRL 21 766
BUT&. ER 68 UCRL-18420
CHANG 68 PRL 20 510

AAC HEN-BAR I-BERG EN-C ER N- EP-N IJME G EN-OR SAY+
BOTTERI L L» BROWN t CORBETTt CULL IGAN+ &OXFORD)
BOTTERILLy BROWNt CLEGGt CORBETTt+ (OXFORD)
BOTTERILL BROWN CLEGG CORBETT + {OXFORD)
+BLANDy GQLQHABER y GQLOHABER yHIRATA+ (LRL J
CHANGy YODH yEHRLICH yPLANQ+(MARYLANDt RUTGERS)

CHEN t CUTTS y KI JEM SKI t STIENING + (LRL t M I 7)
CUTTSySTIENINGtWIEGANDyDEUTSCH (LRLyMIT)
CUTTS ~ ELIQFFt ST IENING (LRL)
+STIENINGt MIEGANDt DEUTSGH (LRLyMIT)
AACHEN-SARI-CERN-EP-ORSAY PADOVA-VALENCIA
EISLERyFUNGyMARATECKyMEYERyPLAND (RUTGERS)
ESCHSTRUTHyFRANKLINy HUGHES+( PRINCETONy PENN)
+TSIPISy DEVONSy ROSEN+ (COLUMBIA t RUTGt WISC)
M L MOSCOSO (UNIV .PARIS QRSAY)

CHISQ
67 OSPK 0.7
66 HBC 4 ' 3
65 HBC 1 ~ 7

STENS 64 GSPK 0.3
7.0

(CONLEV
=0.072}

H

AY

496.5 49& .5 498.5 499.5 500.5
NEUTRAL K f1ASS (MEUJ

HERZO
LOBKOWIC

ALSO
MACEK
MAST
ZELLER

69 PR 186 1403
69 PR 185 1676
66 PRL 17 548
69 PRL 22 32
69 P R 183 1200
69 PR 182 1420

CAMERINI 69 PRL 23 326
DAVI SON 69 PR 180 1333
ELY 69 PR 180 1319
EMMERSQN 69 PRL 23 393

+LJ UNG y SHEAF F y CL INE (W I SCONS IN)
+BACASTOWyBARKASy EVANS t FUNGt PORTER~ (UGR)
ELYt GIDAL t HAGQPI AN t KALMUS+ (LOUC+WISC+LRL )
EMMERSONyQUIRK (OXFORD)

s BANNERt BEIER ~ BERTRAMyEDWARDS + (ILL)
+MELISSINOS ~ NAGASHIMAyTEWKSBURY+ (ROCHyBNL}
LOBKOWICZt MELISSINQSyNAGASHIM+ (ROCH+BNL)
MAGEKy MANNtMC FARLANEt ROBERTS+(PENN ~ TEMPLE}
+GERSHWI N y

ALSTON'S

ARNJQSTy BANGERTER+ {LRL )
ZELLERyHADDOCKtHELLANDtPAHL+ (UCLAyLRL)

3 ~ 9
5.4

9 3.90
7 371

417 3.95
~ ~ ~ ~

3 ~ 92
3 ' 99

ll (KQ) — (K+-) MASS DIFFERENCE & ME V)

Oib
1 ~ 1
0 ~ 25
0 ~ 35
0% 21

ROSENF ELD 59 HBC
CRAWFORD 59 HBC +
BURNSTEIN 65 HBC
KIM 65 HBC — K- P TO KO N

HI LL 68 DBC + K+0 TQ KOPP
6/68
3/68

0 ~ 14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
0 ~ 13 FROM F IT ( ERROR IN GL UDES SCALE F ACTOR OF 1 ~ 1) 1/73¹

BOTT ERIL
FORD
GRAUMAN

ALSO
MACEK
PANDQULA

BOURQUIN
HA IQT

ALSO
KLEMS

ALSO
ALSO

70 PL 318 325
70 PRL 25 1370
70 PR Dl 1Z77
69 PRL. 23 737
70 PR Dl 1249
70 PR D2 1205

71 PL 368 615
71 PR D3 10
69 PL 298 691
71 PR D4 66
70 PRL 24 1086
70 PRL 25 473

+BROWNyCLEGGy CORBE TTyCULLIGAN+ {OXF)
+PIROUEt REMMEL t SMITHySOUDER ( PRIN)
+KOI. LERy TAYLOR y PANDQULAS+ ( STEV y SETO y LEHI )
+KOLLER TAYl OR PANDQULAS+ (STEV SETO LEHI )
+MANNy MCFARLANEy ROBERTS (PENN)
+TAYLORyKOLLERyGRAUMAN + {STEVySETQ)

+BQYMQND t EXTERMANN t MARASCO+ (GEVAy SACL )
AACHEN+BARI+CERN+EP+NI JMEGEN+ORSAY+P ADOVA+
+(AACHy BAR I t C ERN ~ E POL ~ Nj JM yORSAY t P ADO t TORI ]
+HI LDEBRANDy STEINI NG ( CHIC y LRL )
KLEMS y HI LDEBRANDy STE INING ( LRl. y CHIC)
KLEMSyHI LDEBRANDt STI ENING' (LRLt CHIC)

CRAWFORD
ROSENFEL
CHRISTEN
BURNST EI
KIN
BALTAY
F ITCH
HILL

59 PRL 2 112
59 PRL 2 110
64 PRL 13 138
65 PR 138 8 895
65 PR 140 8 1334
66 PR 142 932
67 PR 164 1711
68 PR 168 1534

REFERENCES FOR NEUTRAL

CRAWFORDyCRESTItGOODtSTEVENSONtTICHO (LRL)
A H ROSENFELDtF SOLMITZtR D TRIPP (LRL)
CHRI STENSONyCRQNINy F ITCH y TURLAY {PRINCETON)
R A BURNST EIN t H A RUBI N ( MARY& ANO)
J K KIMy L Kj RSCH y D MILLER (COLUMBIA)
BALTAYySANDWEISSySTONEHILL + & YALE+BNL)
F ITCH y ROTH y RUS S y VERNON (PRINC ETON]
HILL ROBINSON SAKI TT CANTER & BNL CARNEGIE)

KUNSELMA
OTT
ROMANO

SCHWE INB
STE INES

71 PL 348 485
71 PR D3 52
71 PL 368 525
71 PL 368 246
71 PL 368 521

RE KUNSELMAN &WYOMING)
QTT y PRI TCHARD {LOQM)
+RENTONyAUBERTtBURBAN-LUTZ (BARlyCERNtQRSA)
AACHEN+BELGIUM+CERN+NIJMEGEN+PADQVA CQLLAB
AACHEN+BAR I+CERN+E POL+ORSA+N I JM+PADO+TOR IN Ks 1Z SHORT LIVED NEUTRAL K (498 y JP 0 ) I=1/2

ABRAMS
ANKENBRA
AUBERT
BEIER
CABLE
CHI ANG

CLARK
CL INE
EDWARDS
FORD
HOFFMAST
LJUNG

72 PRL 29 1118
72 PRL 28 1 472
72 NC 12A 509
72 PRL 29 678
72 PL 408 699
72 PR D6 1254
72 PRL 29 1274
72 PRL 28 1287
72 PR D5 2720
72 PL 388 335
72 NP 836 1
72 PRL 28 523

+CARROLLyKYCIAyLIt MENESt MICHAE&. + (BNL)
ANKENBRANQTyLARSEN+ (BNL+LASL+NAL+YALE)
+HEUSSEy PASCAUDy VIAL&.E+ (QRSA+BRUX+EPOL)
+BUCHHOLZy MANNy PARKER &'

PENNSYLVANIA�

)
+HILDE BRANDy PANG y STE ININ G (EFIyLBL)
+ROSEN y SHAPIRO y HANDLER y Ql SEN+ (ROCH+WISC)
+CORKy ELIOFF yKERTH yMGREYNOLDSt NEWTON+ (LBL)
0 CLINE ~ D LJUNG (WISCONSIN)
+8E I ER y 8 ERTRA M y HER ZO y KOE ST ER + (ILL)
+PIROUEyREMMELySMITHySOUDER (PRINCETON)
HOFF MAST E R yKOL LE Rt TAYLOR+ ( STEV+S ETO+ LEHI )
0 LJUNG (WISCONSIN)

QUANTUM NUMBER DE

BLOCK 62 CERN CONF 371

TERMINATIONS NOT REFERRED TQ IN THE DATA CARDS

BLOCKy LENDINARAt MONARI (NWES+BQLOGNA)

PAPERS NOT REFERRED TQ IN DATA CARDS

BRENE
8 IRGE
ADAIR
CABIBBO

ALSO
ALSO

CABIBBO
GINSBERG
WILLIS
CRONIN
HA I DT 2
FEARING
GINSBERG

61 NP 22 553
63 PRL ll 35
64 PL 12 67
64 PL 9 352
64 PL 11 360
65 PL 14 72
66 BERKELEY CONF 33
67 PR 162 1570
67 HEIDELBERG 273
68 VIENNA CONF 241
69 Pl. 298 696
70 PR D3 542
70 PR Dl 229

BRENEyEGARDT ~ QVIST ( NORD)
BIRGE ~ ELYt GIDALtCAMERINI + {LRL+W ISC+BARI ]
ADAIR y LE IPUNER ( YALE yBNL)
CABIBBOy MAKSYMOMICZ (CERN)
GABIBBOy MAKSYMOWICZ {CERN]
CABI BBO y MAKSYMOW I C Z (CERN)
CABIBBO {CERN)
EQMARD S GINSBERG (U» MASS BOSTONJ
W J WILLIS -RAPPORTCUR TALK & YALE)
RAPPORTEUR TALK {PRINCETON)
+ (AAGHy BARI yGERN ~ EPOLyNI JMy ORSAt PADO ~ TORI )
+F I SCHBACK y SMITH ( STON+ BO HR )
E S GINSBERG (I IT HAIFA)

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

BACKENST 73 TO 873 TO BE PUB«IN PL 8 BACKENSTOSSyBAMBERGER+&CERNtKARLyHEIDy STQH)
73 PR TO BE PUB L ~ P W LUGAS t H D TAFT t W J W ILLI 5 {YALE)

Note on the K Mean Life

In a bubble chamber experiment SKJEGGE-
STAD 72 obtain a value for the KS mean life, vS—
(0. 8958 + 0. 0045) x 40 sec, which is significantly
higher than the combined results of previous experi-

-40ments [ &0. 862 a 0. 006) a i0 sec from our l972
editiont . In addition, the CERN-IIeidelberg Collab-
oration (in a vacuum regeneration experiment) re-

-40ported a preliminary value (0. 899 + 0. 005) x 10
sec (Batavia 1972) in agreement with SKEGGESTAD.
However, it should be pointed out that the CERN-
Heidelberg number is highly correlated with

~ q+
for which they find a value of (Z. 35 + . 07) x i0
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles
Ks

We have not entered the CERN-Heidelberg results
in our listings because they have not been published

yet.
The corrections for systematic biases in

SKZEGGESTAD 7Z and in HILL 68 (updated) amount

to +4% and, 0. 7% respectively. Similar corrections,
if applied to the older bubble chamber results, would

probably increase their average by on1y about one

standard deviation and would not account for the

12 KOS MEAN LIFE (UNITS lps'e lp SEC)
T KOS MEAN LIFE
T 0 90 (1~ 07) (0 ~ 13) (Ool3) BOLDT 58 CC
T 512 0~ 94 0 405 0~ 05 CRA WFORD 59 HBC
T 0 63 (la09) {0~ 18) (0 ~ 15) BOWEN 60 CC
T 0 OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE ~
T 378 0 94 0 ~ 05 0.05 BERTANZA 62 HBC
T 503 0 ~ 87 0005 CHRETIEN 63 HLBG
T 545 Os 86 0 ~ 04 KREISLER 64 OSPK
T Oo 866 0 016 ALFF-STEI 66 OSPK
T 572 Oe 90 0 o06 0 ~ 05 AUERBACH 66 0SPK
T 4500 0 ~ 92 0 ~ 04 BALTAY 66 HBC
T 8 (0 904) (0+024) BOTT-BODE 66 OSPK
T 5000 Oe 843 0 ~ 013 KI RSGH 66 HBC
T 19994 Os 856 0 ~ 008 DONALD 68 HBC
T H 20000 Oe 872 0 ~ 009 HILL 68 DBC
T H 50K 0 8958 0 ~ 0045 SKJEGGEST 72 HBC
T H HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE
T H (0 ~ 865+-0@009) BECAUSE OF A CORRECTION IN THE SHIFT OUE TO ETA+- ~
T H SKJEGGESTAD 72 AND HILL 68 GIVE DETAILED DISCUSSIONS OF SYSTEMATICS
T H ENCOUNTERED IN THIS TYPE OF EXPERIMENT ~
T 8 KOS MEAN LIFE NOT THE PRIMARY QUANTITY MEASURED IN THIS EXPT
T ~ ~ ~ ~ ~ ~ 0 ~ ~

T AVG 0 ' 8824 0 ' 0092 0 ' 0091 AVERAGE ( ERROR INCL ~ SCALE FACTOR OF
T FIT 0 8824 0 ~ 0082 FROM FIT (ERROR INC( UDES SCALE FACTOR OF 2 ~ 5)

(SEE IDEOGRAM BELOW )

6/68

9/66
8/67
6/66
9/66
6/66
6/68

11/72e'
I/73'

ll/72e
11/724

6/68

2 ~ 7)

Pl
P2
P3
P4
P5
P6

12 KOS PARTIAL DECAY MODES

KOS INTO PI+ PI-
KOS INTO PIO PIO
KOS INTO MU+ MU

KOS INTO E+ E-
KOS INTO P I+ PI- GAMMA

KOS INTO GAMMA GAMMA

DECAY MASSES
139+ 139
134+ 134
105+ 105

~ 5+ ~ 5
139+ 139+ 0

0+ 0

discrepancy. We therefore retain all- results in

the average, v = (0. 88Z + 0. 008) x i0 sec, where-lO

we have increased the error by a scale factor of 2. 5

because of the disagreement.
Because of the uncertain future of v'S, we have

not attempted to adjust the Ks -Ks mass diHerence,

Q+ or Q values. The fitted Ks rates, i@+ i, and
00

i
q i

are automatically adjusted to our new r
00 S

value by our fitting procedure.
To show how a m(KLs-Ks) a,nd P+ a,re aHected

by our new TS, we use the correlation given by ARON-

SON 70 (K&s) between am(Ks -KSa) and r, which indi-

cates that a change in v'S from 0. 86K to 0. 88K

increases their value of bm by about . 006 x l0 sec40

A change in b, m of this amount would lead to an in-
crease in {I)+ of about 3. 5; using the ~m dependence

of ZENSEN 70, which is the most precise measure-
ment of {t)+ . {See the F+ section in the K Data
Card. Listings, )

WEIGHTED AVERAGE = 1.133 + 0 ~ 012
ERRCIR SCALED BV 2 ' 7

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit pxogram, which
calculates its own values of x, Bx,
and scale factor, which are differ-
ent from the values shown here.

SKJEGGEST
~ HILL
~ DONA' D

~ KIRSCH
BALTAY

~ AUERBACH

ALFF-STEI
~ KREISLER

CHRETIEN
BERTANZA

CRAWFORD

72 HBC

68 DBC

68 HBC

66 HBC

66 HBC

66 OSPK
66 OSPK
64 OSPK
63 HLBC
62 HBC

59 HBC

0.95 1.05 1 ' 1S 1.25 1.3S

KOS DECAY RATE (UNITS 10I))t10 SEC-1)

CHISQ
9.2

. 1 .3
10.2
8.4

1.0

30.1
(CONLEV
=0.000)

2/71
2/71

R2
R2
R2
R2
R2 1066
R2 198
R2
R2 AVG
R2 FIT

KOS IN TO {PI 0
0 ~ 27
0 26
Oo30

, 0 ~ 335
0~ 288

~ ~ 0 ~

0 ~ 316
0+3119

P IO) /TOTAL (P2)
F 11 CRAWFORD 59 HBC
0+06 BAGLIN 60 HLBC
0 ~ 035 BROWN 61 HLBC
0 ~ 014 BROWN 63 HLBC
0 ' 021 CHRETI EN 63 HLBC

~ ~ ~ ~

0 ~ 014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
0 ~ 0029 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
(SEE IDEOGRAM BELOW )

WEIGHTED AVERAGE = 0 ~ 316 + 0 ~ 014
ERROR SCALED BY 1.3

Values above of wexghted average
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of m, gx,
and scale factor, which are differ-
ent fx'om the values shown hex'e.

CHISQ
63 HLBC 1.8
63 HLBC 1.8
61 HLBC 0 ~ 2
60 HLBC 0.9
59 HBC

e CHRETIEN
~ BROWN
~ BROWN
~ BAGLIN

CRAWFORD

0.35 0.45

4.7
(CONLEV
=0.195)0.55

KOS INTO (PIO PIO) iTOTRL

R3 KOS INTO {Pl+ PI-)/{PIO PIO) (Pl)/(P2)
R3 G 3016 (2 ~ 285) (0 ~ 055) GOBBI 69 OSPK K+N TO KOP
R3 3700 2 ~ 10 0 o 06 MORF IN 69 HLBC K+I TO KOP
R3 G 7944 2 ~ 282 0.043 MOFFETT 70 OSPK K+N TO KOP
R3 8 6150 2 ~ 22 0 ~ 095 BALTAY 71 HBC K-P TO KO +NEUTRALS
R3 A 3068 2 ~ 22 0 10 ALITTI 72 HBC K+P TO PI+ P KO
R3 6380 2.22 0+08 MORSE 72 DBC K+M TO KOP
R3 701 2 ~ 10 0 11 NAGY 72 HLBC K+N TO KOP
R3 A THE DIRECTLY MEASURED QUANTITY I S KOS TO PI+ PI-/ALL KO= 0345+- ~ 005
R3 8 THE DIRECTLY MEASURED QUANTITY IS KS TO PI+P I-/ALL KOBAR= ~ 345+- ~ 005
R3 G MOFFCTT 70 I S A FINAL RESULT WHICH INCLUDES GOBBI 69 ~

R3 ~ ~ ~ ~ ~ ~ ~ I ~

R3 AVG 2 212 0 ' 034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)
R3 F IT 2 ~ 207 0 ~ 029 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 1)

(SEE IDEOGRAM BELOW )

5/69
10/69

2/72
12/71
6/724
2/7 2
1/73&
6/724

12/71
2/72

12 KOS BRANCHING RATIOS

Rl KOS INTO ( PI+ P I- ) /TOTAL (P 1)
Rl 0 ~ 68 0 ~ 04 CRAWFORD 59 HBC
Rl 0 ~ 70' 0 ~ 08 COLUMBIA 60 HBC
Rl U (0.740) (0 ' 024) ANDERSON 62 HBC
Rl U 1648 0+684 0 ~ Oll DOYLE 69 HBC PI-P TO I AMeKO
Rl U ANDERSON RESULT NOT PUBLISHEDt EVENTS ADDED TO DOYLE SAMPLE
Rl ~ ~ ~ 4 ~ 4 4 0 0
Rl AVG 0 ~ 684 0 011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
Rl F IT 0 ~ 6881 0 ~ 0029 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
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Stable Particles
K,', z0

Data Card Listings
For notation, see key at front of Lt'stings.

WEIGHTED AUERAGE = 2.212 + 0.034
ERROR SCALED BY 1.2

GOBS I 69 PRL 22 682
HYAMS 69 PL 298 521
MORF IN 69 PR(. 23 660
STUTZKE 69 PR 177 2009

GOBB I y GREEN y HAKELy HOFFETTy ROSE N+( ROCHE STER)
+KOCHy POTTERy YON LINDERNy LORENZ+ CERN {MP IM)
MORFINySINCLAI R ( MICH)
+ABASHIANy JONESy MANTSCHyORRy SMITH( ILLI NOI S)

above of weighted average,
and scale factor are for the
s convenience only. The
re actually processed by a
ined fit pr ogr am, which
tes its own values of x, 5xy
le factor, which are differ-

m the values shown here.

GY

RSE
ITTI
LTAY
FFETT
RFIN

CHISQ
72 HLBC 1 ~ 0
72 DBC 0.0
72 HBC 0 ~ 0
71 HBC 0.0
70 OSPK 2.6
69 HLBC 3.6

7.2
(CONLEU
=0.207)2. 71.9 2.1 2.3 2.6

KOS INTO (PI+ PI-) i (PIO PIO)

MOFF ETT 70
WEBBER 70

ALSO 69
BALTAY 71

ALSO 71
CHO 71
ME ISNER 71
REPELLIN 71

ALITTI 72
BANNER 72
JAMES 72

ALSO 71
JONES 72
HETCALF. 72
MORSE 72
NAGY 72

ALSO 69
SKJEGGES 72

BIRGE 60
MULLER 60
F ITCH 61
GOOD 61
CRAWFORD 62
AUERBACH 65
TRILLING 65

UPDATED

BAP S 15 512
PR 01 1967
UCRL 19226 THESIS
PRL 27 1678
NEVIS-187 THESIS
PR 03 I1557
PR D3 59
PL 368 603

PL 398,568
PRL 29 237
NP 849 1
PL 358 265
NC 9A 151
PL 408 703
PRL 28 388
NP 847 94
PL 308 498
NP 848 343

ROCH CONF 601
PRL 4 418
NC 22 1160
PR 124 1223
CERN CONF 827
PRL 14 192
UCRL 16473
FROM 1965 ARGONNE

+GOSSIy GREENy HAKEL ~ ROSEN (ROCHE STER )
+SOLMITZ y CRAWFORDy ALSTON-GARNJOST (LRL ]
8 R WEBBER (LRL)
+BRIDGEWATERyCOOPERyGERSHWINyHABIBI+ (COLU)
W I t.L I AM A ~ COOPER ( COLUMB I A )
+DRALLEy CANTER y ENGLERy FI SK+ (CARN+ BNL+CASE )
+MANNyHERTZBACHyKOFLER + (MASA+BNL+YALE)
+WOLFF yCHOLLET y GAI LLARDy JANE+ (ORSA+CERN)

J ALITTI y E LESQUOYyA MULLER ( SACLAY)
+CRONIN y HOFFMANy KNAPP y SHOCHET ( PRI NC ETON)
+MONTANETyPAULySAETRE+ (CERN+SACL+OSLO)
JAMES y MONTANET y PAUL y PAUL I+ ( CERN+S ACL+OSLO )
+ABASHIAN GRAHAM MANTSCH ORR SHITH+ (ILL)
+NEUHOFER, NIEBERGALL+ (CERN+ IPN+WIEN)
+NAUENBERG y8 I ERMAN y SAGER+ (COLO+PRIN+UMD)
+TELB IS Z y V ESZT ERGOM8 I ( BUDA PE ST )
BOZOKI ~ F ENYVES yGOHBOSI y NAGY+ (BUDAPEST)
SKJEGGESTADy JAME Sy MONTANET+( OSLO+CERN+ SACL)

PAPERS NOT REFERRED TO IN DATA CARDS

R W BIRGEyP P ELY + ( LRL+W ISCONS IN)
MULLERy BI RGE y FOWLERy GOOD yP ICC IONI+(LRL+BNL )
V FITCHy P PIROUE yR PERKINS (PRIN+LASL)
GOODy MATSENyMULL ER y P ICCIONI + {LRL)
F S CRAWFORD {LRL)
AVER BACH y LANDE y MANNy SCIULL I y UTO + ( PENN)
GEORGE H TRILLING (LRL)
CONF' y PAGE 115'

R4
R4
R4
R4
R4
R4
R4 C
R4
R4 M

R4
R4
R4
R4 M

C

R5
R5
R5
R5
R5 S
R5 S

(KOS INTO Pl+ Pl- PIOy CP VIOLATING)/(KOL INTO PI+ Pl- PIO)
TEST OF CP VIOLATION — SEE TEXT SECTION IV F 3A FOR DEFINITIONS
CPT ASSUMED VA(. ID — {I ~ E ~ RE(A)=0) — ONLY &IMA)¹¹2QUOTEO HERE
18 (3.8) OR LESS CL= ~ 90 ANDERSON 65 HBC

0 ' 45 OR LESS CL= ~ 90 BEHR 66 HLBC
53 (1~ 7) OR LESS CL= ~ 90 WEBBER 70 HBC
71 0 8 OR LESS CL= 90 WEBBER 70 HBC
99 1 ~ 2 OR LESS CL= ~ 90 CHO 71 DBC
50 (1«2) OR LESS CL= ~ 95 MEISNER 71 HBC

180 0.66 OR LESS CL=«90 JAMES 72 HBC
99 1.2 OR LESS CL= ~ 90 JONES 72 OSPK

384 0«27 OR LESS CL= ~ 90 METCAl F 72 ASPK
THESE AUTHORS FINO REAL(A)= 2 ~ 75+- ~ 65y ABOVE VA( UE, AT RE(A)=0
THIS IS THE COMB INED RESULT OF ANDERSON 65 AND WEBBER 70

CL= «9 NOT AVAIL ~

KOS INTO (MU+ MU-)/CHARGED {UNITS 10¹¹-5) {P3) /( P 1 )
10.0 OR LESS CL=.90 BOTT-BODE 67 OSPK
20 ~ 0 OR L ESS CL= ~ 90 BOHM 69 OSPK

1~ 07 OR LESS CL= 90 HYAMS 69 OSPK
32 ~ 6 OR LESS CL ~ 90 STUTZKE 69 OSPK

VALUE CALCULATED BY USy USING 2 ~ 3 INSTEAD OF U EVENTy 90 P ERG ~ CL

R6
R6
R6

KOS INTO (PI+ PI- GAMMA)/t PI+ PI-) (UN. 10¹¹-3) (P5)/{ Pl')
27 NO RATIO GIVEN BELLOTTI 66 HBC PG GT 50 MEV/C
10 3«3 1 ~ 2 WEBSER 70 HBC PG GT 50 MEV/C

R7
R7

KOS INTO ( E+ E-)/ CHARGED ( UNITS 10¹¹-5)
50 ~ 0 OR LESS CI = ~ 90 SOHM 69 OSPK

(P4) /(Pl)

RS
RS R

RB R
RS R

RB
R8 R

KOS INTO 2 GAMMA/TOTAL (UNITS
0 .21 ~ 0 OR LESS CL= ~ 90
0 2«2 OR LESS CL= ~ 90
0 0.71 OR LESS CL=.90
0 2 ~ 0 OR LESS CL= ~ 90

THESE LIMITS ARE FOR MAXIMUM

10¹¹-3) (P6)
BANNER 69 OSPK
REPEl LIN 71 OSPK
BANNER 72 OSPK
MORSE 72 DBC

INTERFERENCE IN KS-KL TO 2 GAMMAS

R9
R9

(KOS INTO PI+ PI- PIOy CP CONSERVING)/t KOL INTO PI+ PI- PIO)
384 0 ~ 42 OR LESS CL= ~ 90 METCALF 72 ASPK

REFERENCES FOR KOS

BOLDT 58 PRL 1 150 E BOLDTy D 0 CALDWELL yY PAL {MIT)
CRAWFORD 59 PRL 2 266 CRAWFOROyCRESTIyDOUGLASSyGOODyTICHO + (LRL)

BAGLIN 60 NC 18 1043
BOWEN 60 PR '119 2030
COLUMBIA 60 ROCH CONF 727

BAGLINyBLOCHyBRISSONyHENNESSY + (EPOL)
'BOW EN y HA ROY y R E YNOL DS y SUN y MOORE+ ( PR I N+ BNL )
M SCHWARTZ + ( COLUMBIA )

BROWN 61 NC 19 1155 BROWNy BRYANT y BURNSTEIN yGLASERy KADYK+ ( HIGH)
ANDERSON 62 CERN CONF 836 J A ANDERSONyF S CRAWFORD + (LRL)
BERTANZA 62 PREPRINT 0105 BERTANZA y CONNOLLYy CULWICKy EI SLER + (BNL)

UNPUSLI SHEDy BUT RECERTIFIED BY AUTHORSy AUGUST 66 ~

10/69
8/66
8/70
8/70
4/71
2/71
1/73¹

10/72¹
11/72¹
2/71

8/67
2/71

10/69
5/69

10/69
10/69

2/71

12/71
12/71
8/72¹
2/72

12/71

11/72¹

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Z]0 13' LONG-LIVED NEUTRAL K (498y JP=O-] I=1/2

13 (KOL) - (KOS) MASS DIFFERENCE
WE GIVE (KOL-KOS MASS DIFFERENCE / HBAR) IN UNITS OF 10¹¹10SEC 1

D T (2 ~ 20) {0«35) F ITCH 61 CNT R
D 0 ' 84 0«29 0 ' 22 GOOD 61 HLBC
D T 1«02 0 ~ 23 CAHERINI 62 HLBC SEE NOTE C BELOW
0 C VALUE CHANGED FROM 1«7 (SEE TABLE 1 OF CAMERINI 66)
0 T 0 ' 55 0 ' 24 AUSERT 65 HLBC
D 0 ~ 26 0 ~ 36 0 ~ 26 BALDO-CEO 65 HLBC ASSUMES CP CONS ~

D T A 0 ~ 64 0«12 CHRISTENS 65 OSPK
D A CHRI STENSON 65 HAS BEEN CORRECTED FOR INTERFERENCE BY FITCH 65 FTNOT
D T (0 70) OR LESS FITCH 65 OSPK CF HEI SNER 66
D V 130 ( 0.89) (0 ~ 15) VISHNEVSK 65 OSPK CU AND AL REGEN
D V VISHNEVSKY 65 NOT CORRECTED FOR INTERFERENCE EFFECTS
D 0 514 0«039 ALFF-STEI 66 OSPK
0 84 0«42 0«24 0.36 BALDO-CEO 66 HLBC KO+N INTO HYPER
D 8 (0 ~ 531) (0 ~ 027 ) BOTT-BODE 66 OSPK C REGEN
D T 77 0.58 0 ~ 17 CAMERINI 66 HBC y DBC .KO+N INTO HYPER
0 N 72 (+ 0 ~ 64) (0 ~ 18) CANTER 66 DBC KO SCATTER IN 02
D N ERROR IGNORES UNCERTAINTY OF PHASE SHIFTS THESE EVENTS ARE
D N USED IN HILL 71 ~

0 95 0 ~ 62 0 10 0 16 CHANG 66 HBC KO+P INTO HYPER ~

D 0 F 81 0«17 FUJI I 66 OSPK IRON REGENERATOR
D 59 0«74 0 ~ 34 MEISNER1 66 HBC SEE NOTE Ml
0 Ml + SIGN FAVORED MEISNER2 66 HBC
D 0 ' 38 0 ' 16 JOVANOVIC 66 OSPK C+URANIUM REGENT
D T 136 + 0 ~ 64 0 ~ 19 CANTER 67 DBC KO+0 INTO HYPER ~

D 0 ~ 65 0 ~ 11 MI SCHKE 67 OSPK
D 590 0 ~ 59 0«13 BALATZ 68 OSPK A(. REGENERATOR
0 0«520 0 044 CARNEGIE 68 HBC GAP METHOD
0 T +0.487 0 ' 046 MELHOP 68 OSPK ST STEEL REGEN
D 8 0 ~ 547 0 ~ 02 y BOTT 800 69 OSPK C REGEN
0 8 BOTT-BOD 69 I S. A REEVALUATION OF BOTT-BOD 66
D F 0 ~ 555 0 ~ 020 FAISSNER 69 ASPK REGEN IN CU
D F ESTIMATED ADDITIONAL SYSTEMATIC UNCERTAINTY LESS THAN TWO PERCENT
D 0 ~ 542 0 ~ 006 CULLEN 70 CNTR
D 0 ~ 542 0 ~ 006 ARONSON 70 ASPK GAP METHOD
D 0 481 0 ~ 052 0, 075 BALATS 71 OSPK
D 0 534 0 ~ 007 CARNEGIE 71 ASPK GAP METHOD
D TH 119 (+ 0 ~ 67) (0 ~ 14) HILL 71 DBC
0 H THE PRIMARY RESULT OF THIS EXPERIMENT IS THAT DM I S POSITIVE «

0 H THE MAGNITUDE MAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOUT 0 12
0 T A KOS MEAN LIFE OF 0 ~ 862 10¹¹-10SEC WAS USED IN CONVERTING THE
D T MASS DIFFERENCE FROM UNITS OF INVERSE KOS MEAN LIVES TO ABSOLUTE
D T UNI TS ~ VALUE S NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN
0 T ABSOLUTE UNITS OR WERE CONVERTED USING THE AUTHORS' VALUE OF THE
D T KOS MEAN LIF E ~

0 « ~ ~ ~ ~ ~ ~ « ~

D AVG 0 ~ 5 y02 0 ~ 0035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

8/67
8/67
6/66

6/66
1/71
7/66
8/67
3/68
6/66
8/67
9/66
8/67

11/66
10/71

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

11/66
11/67
11/67
3/68
3/68
6/68
1/71
1/71

10/69
1/71
1/71
1/71
9/71
8/71

10/71
10/71
10/71
1/71
1/71
1/71
1/71
1/71

CHRETIEN 63 PR 131 2208
BROWN 63 PR 130 769
KREISLER 64 PR 136 8 1074
ANDERSON 65 PRL 14 475

CHRETIEN+ (BRANDEIS+BROWN+HARVARD+ MIT)
BROWN y KAOYKy TRILLING ~ ROE + ( LRL+ MICH)
M KREISLERyO OVERSETHy J CRONIN {PRINCETON)
+CRAWFORyGOLDEN, STERN, BINFORD + (LRL+WISC) 13 KOL MEAN LIFE {UNITS 10¹¹-8SEC)

ALFF-STE
AUERBACH

ALSO
BALTAY
SEHR
BELLOTTI
BOTT-BOD
KIRSCH

66 PL 21 595
66 PR 149 1052
65 AUERBACH
66 PR 142 932
66 PL 22 540
66 NC 45A /37
66 PL 23 277
66 PR 147 939

BOTT-BOD 67 PL 248 194
DONALD 68 PL 278 58
HILL 68 PR 171 1418

ALFF-STEINBERGERyHEUERyKLEINKNECHT + (CERN)
AUERSACHy DOBBS ~ LANDE ~ MANNy SC IULI I+ ( PENN )

SALTAY y S ANDWE I SS y STONEHI LL + {YALE+BNL )
BEHRy BRISSONy PET ]AU+ (EPO( yMILAy PADOy ORSAY)
+PULLIAy BAL'DO-GEOL IN + (MILAN+PADUA)
BOTT-BODENHAUS EN y DE BOUARD + (CERN)
L KIRSCHyP SCHMIDT ( COLUMBIA]

BOTT-BODENHAUSEN DE BOUARD CASSEL+ (CERN)
DONALD y EDWARDS ~ Nl SAR+ ( L IVP ~ CERN ~ I PNP y CDEF )
HILLyROB INSONy SAKI TT + (BNLy CARNEGIE)

T
T 34
T AS
T 15
T
T 1700
T
T L
T ~ 4M

L SU
T
T AVG
T FIT

KOL MEAN LIFE
8«l 3 ~ 2

SUMED OS=DQ AND OE
5.1 2 ~ 4
5.3 0.6
6 1 1 5
5.15 0 14

(5 ~ 0) (0 ~ 5)
5 ~ 154 0 ~ 044

M OF PARTI AL DECAY
~ « ~ ~ ~ ~ ~ « ~

5 ~ 158 0 ~ 042
5.181 0.041

BARDON
CRAWFORD
DARMON

FUJII
ASTBURY3
DEVL IN
LOWYS

. VOSBURGH

2 ~ 4
LTA I=1/2

1 ~ 3

1~ 2

RATES

58 CNTR
59 HBC
62 FBC
64 OSPK
65 CNTR
67 CNTR
67 HLBC
72 CNTR 2/71

0«042 AVERAGE ( ERROR INCL ~ SCALE FACTOR OF 1 ~ 0]
FROM FIT (ERROR INCLUDFS SCALE FACTOR OF 1 ~ 0)

BANNER
BOHM
DOYLE

69 PR 188 2033 +CRONINyLIUyPILCHER
69 THESIS A «BOHM
69 UCRL 18139-THESIS J C ~ DOYLE

(PRINCETON)
(AACH]

(LRL)
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

Pl
PZ
P3
P4
P5
P6
P7
PS
P9
P10
Pll
P12
P13

KOL INTO 3PIO
KOL INTO PI+ PI P IO
KOL INTO PI MU NEUTRINO
KOL INTO PI E NEUTRINO
KOL INTO Pl+ P I
KDL INTO MU+ MU«

KOL INTO E+ E-
KOL INTO E MU

KOL INTO TWQ GAMMAS
KOL INTO Pl+ Pl- GAMMA

KOL INTO PIO PI0
KOL INTO PI E NEU GAMMA

KOL INTO PIO TWO GAMMAS

TAU 0 PRIME
TAU 0
KL MU3
KL E3
Kt. PI+ Pl-
KL 2MU
KL 2E
KL EMU
KL ?GAMMA

KL PI+-G
KL ZPIO
KL E3GAM
KL PI ZGAMMA

13 KOI. PARTIAL DECAY MODES

DECAY MASSES
134+ 134+ 134
139+ 139+ 134
139+ 105+ 0
139+ 5+ 0
139+ 139
105+ 105

~ 5+ e5
~ 5+ 105
0+ 0

139+ 139+ 0
]34+ 134
139+ .5+ 0+ 0
134+ 0+ 0

WEIGHTED RUERAGE = 2.36 + 0.16
ERROR SCALED BY 1.3

e of weighted average,
cale factor are for the

nvenience only. The
ctually processed by a
fit program, which
s own values of x, gx,
ctor, which are differ-

values shown here.

NEUTRAL K CONSTRAINED FIT
QVERAI. L FI T OF MEAN t.IFEg WIDTHS ANO BRANCHING
RATIOS USFS 62 DATA POINTS TQ DETERMINE SIX
QUANTI Tl TE 5 ~ OVERALL FIT HAS CHIS Q 56 ~ 5 e

&4k% ~ w e te e ~ er Oo

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, F., as follows: The diagonal elements are P, + 6P., where
6P. = &I/5P. SP.) bile.), w

' the off-diagonal elements are the normalized correlation coeffi-
cients {SP{SP.) j(6Pi ~ SP.), For the definitions of the individual Pi, see the listings
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

are thus constrained to add to i,
P 1 P 2 P 3 P 4 P 5

P 1 e 2151+-~ 0079
P ? — 2656 e 1257+ ~ 0027
P 3 -.4833 -~ 0695 2691+- 0059
P 4 —.5850 — 0638 =,3326 ~ 3876+- ~ 0065
P 5 - ~ 2849 ~ 0 t31 e 1412 e 17D2 e 0016+- ~ 0001
P 11 ~ 1531 ~ 0508 ~ 0862 . e 1044 ~ 0511 ~ 0009+~ ~ 0002

P 11

FITTED PARTIAL DECAY.MODE RATES

1 G 2 G 3 G 5
G 1 ~ 0415+ ~ 0016
G 2 - ~ 1448 ~ 0243+ ~ 0005
G 3 ~ 3444 y0341 e0519+ F 0012
G 4 ~ 4047 ~ 0572 - o 1801 e 0748+- ~ 0013
G 5 —~ 2032 ~ 1036 ~ 1950 ~ 2298 0003+ e 0000
Gl 1 .1617 —~ 0300 -~ 0638 - ~ 0751 -,0379 ~ 0002+- ~ 0000

GllG 4

The matrix below is the branching fraction matrix above, transformed into rate

space; i, e. , G. =- i. =' I lP. , in appropriate units. In analogy to the matrix above,

the diagonal elements are 6 ¹ 66., where 56 =. Q(66.56.) while the off-diagonali i i 'i i
elements are the normalized correlation coefficients (SG.SG.)/(66, ~ 66.). Note that,i j i j '

because of the error in F lo the errors and correlations here are not directly derivable

from those above.

ES
SNER

BER
R

NZINX
ERSON

72 HBC

7i HBC

71 DBC
70 HBC

66 HLBC
6S HBC

65 HBC

CHISQ
0.0
O. S
1.6
0.2
0.9
Q. 7
1.4

10.3
(CONLEU
=0.112)

WPIGHTEO AVERAGE = ii.60 4 0.6$
ERROR SCAL. EO BY 1.S

bove of weighted average,
nd scale factor are for the

s convenience only. The
e actually processed by a
ned fit pr og ram' which
s its own values of x, t)x,

e factor, which are differ-
the values shown here.

NN

RGUN

BBER

NZINX

72 HBC
72 HBC

7i HBC

70 DBC
66 HBC

6 10 14 1B
KOL RATE INTO KI1U3 + K/3 (ipttt)tt6 SEC-1)

CHISQ

1 ~ 3
Xr3
.0.0
2.6
8 o6

(CONLEU
=0 ~ 072)

0 2 6

KOL, RATE INTO PI+ PX- PIO (10tttttt6 SEC-1)

13 KOL DECAY RATES

KOL INTQ PIO PIO PIP (UNITS 10¹¹6SEC-1) (G 1)
Wl 54 . 5e 22 1 ~ 03 Oo84 BEHR 66 HLSC ASSUMES CP
Wl ~ ~ ~ ~ ~ ~ e ~ o

Wl F IT 4 ~ 15 0 e 16 FROM F IT {ERROR INCLUDES SCALE FACTOR OF 1 e3)

WZ KOL INTO Pl+ PI- PO (UNITS 10¹¹6SEC-1) (G2)
WZ 18 3o 26 0 o77 ANDERSON 65 HSC
WZ 14 le4 Oe4 FRAN1INI 65 HBC
W2 136 2 ~ 62 028 0 ~ 27 BEHR 66 HLBC ASSUMES CP
W2 53 2 ~ 20 0 35 WEBBER 70 HBG ASSUMES CP
WZ 99 2e 71 0 ~ 28 CHO 71 DBC ASSUMES CP
W2 50 2 ~ 12 0 33 MEISNER 7). HBC ASSUMES CP
W2

' 180 2e35 0 ~ 20 JAMES 72 HBC ASSUMES GP
WZ IN THE OVERALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN l.lFE AN

W2 THE BRANCHING RATIO RZ ~ FQR THIS REASON THE DISCREPANCY BETWEEN THE
M2 W2 MEASUREMENTS DOES NOT AFFECT THE SCALE FACTOR OF THE OVERALl. FIT
W2 ~ ~ ~ ~ ~ ~ ~ ~ ~

WZ AVG 2 ' 36 0.15 AVERAGE {ERROR INCLUDES SCALE FACTOR OF lo3)
WZ FIT 2 ~ 425 0 ~ 054 FROM FIT lERRQR INCLUDES SCALE FACTOR OF 1 ~ 0)

( SEE IDEOGRAM BELOW )

W3 KOL INTO Pl E NEUTRINO (UNITS 10¹¹6SEC-1) (G4)
W3 7 ~ 52 Oe85 0 ~ 72 AUBERT 65 HLBC DS=DQtGP ASSUMED
W3 620 7 ~ 81 0.56 CHAN 71 HBG

W3 ~ ~ ~ e ~ ~ ~ ~ ~

W3 AVG 7e71 . 0 '46 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)
W3 FIT 7e48 0 ~ 13 FROM FIT lERROR INCLUDES SCALE .FACTOR OF 1 1)

W4 KOL INTO CHARGED (3-BODY) (UNITS 10¹¹6SEC-1) t G2+G3+G4)
W4 98 15e 1 1.9, AUERBACH 66 QSPK
W4 ~ ~ ~ e ~ ~ e ~ ~

W4 FIT 15e10 0 ~ 18 FROM F IT l ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

M5 KOL INTO LEPTQNIG' (KMU3+KE3) {UNITS 10¹¹6SEG 1) {G3+G4)
W5 D 109 9 85 1 15 1 ~ 05 FRANN1INI 65 HBC
W5 G 335 l10 ~ 3) (0 '8) HILL 67 DBC K+N TO KO P
W5 0 393 11~ 6 Pe9 CHO 70 DBC K+N TO KOP
W5 D 252 13~ 1 1 ~ 3 WEBBER 71 HBC K- P TO KOSAR N

W5 D 410 12 t 07 BURGUN 72 HBG K+P TQ KOPPI+
M5 0 126 8 ~ 47 '

1 e69 MANN 72 HBC K- P TO KOBAR N

W5 C CHQ 70 INCLUDES EVENTS OF HILL 67
W5 :0 ASSUMES DS=DQ RULE
W5 ~ ~ ~ ~ ~ ~ ~ ~ ~

W5 AVG . 11 60 0 65 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
W5 F IT 12 68 . 0 ~ 16 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 1)

( SEE IDEOGRAM BELOW )

8/66
6/66
8/66

10/71
~ 4/71
10/71
1/73¹

8/67
2/72

8/67

2/72
8/67

10/70
2/72
1/73¹
9/.72¹

R 1 KOL
R 1 24
Rl 549
R 1 444
Rl 29
Rl
Rl AVG
Rl FIT

KOL
59
79
75
66

326
566

1729
126

R2
RZ
R2
RZ
R2
R2
R2
R2
R2
R2
R2
R2
R2
RZ AVG
R2 FIT

1402
558

R3 KOL
R3 C 251
R3 G 172
R3 G 330
R3 C THIS
R3
R3 FIT

13 KOL BRANCHING RATIOS

INTO {PIO P ID P IO) /CHARGED (P 1)/(P?+P3+P4)
0, 24 0 F 08 ANIKINA 64 CG
0 ~ 251 0 ~ 014 BUOAGQV 68 Ht. BC QRSAY MEASURe
Oe277 0 ~ 021 BUDAGQV 68 Ht. BC EC PQLYTEC ~ MEAS
0.31 0 ~ 07 0 ~ 06 KULYUKINA 68 CG

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 260 0.011 AVERAGE (ERROR INCLUDES SCAt. E FACTOR OF 1 0)
0 e 275 0 ~ 013 FROM F IT {ERROR INCt. UDES SCALE FACTOR QF '1 ~ 3

INTO (PI+ PI- PIO)/CHARGED (P2) /{ PZ+P3+ P4)
Oo 185 0 ~ 038 ASTIER 61 GC
0 ~ 151 0 ~ 020 ADAIR 64 HBC
Oo 157 Oe03 0 ~ 04 LUERS 64 HBC
Oo 15 ' 0 ~ 03 0 ~ 04 ASTSURYl 65 GG
Oe 1'59 0 ~ 015 ASTBURY2 65 CC
Oel78 Oo017 GUIDQNI 65 HBC

t 0 ~ 144) (0 ~ 004) HOPKINS 65 HSG SEE HOPKINS 67
Oi 162 0 ~ 015 HAWKINS 66 HBC
0 ' 161 0 ' 005 HOPKINS 67 HBG
0 ~ '167 0 ~ 016 KULYUKINA 68 CC
0.159 0 ' 010 EVANS 73 HLBC

~ e o e o ~ ~ ~ ~

Oe 1615 Or0038 AVERAGE {ERROR INCLUDES SCA{.E FACTOR OF 1 ~ 0)
'0 ~ 1606 0 ~ 0034 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

INTO {PI MU NEUTRINO)/CHARGED {P3) /( PZ+P3+P4)
(0~ 356) (0 e 07) LUERS 64 HBC
(0~ 39) (0 ~ 08) {0 ~ 10 ) ASTBURY1 65 CC
{0»33'5) t0 ~ 055) KULYUKINA 68 CC

MODE NOT MEASURED INDEPENDENTLY FROM R2 AND R4
~ ~ ~ e o ~ ~ ~ ~

0 ~ 3440 0 ~ 0066 FROM F IT

R4 KOL
R4 '. 153
R4 202
R4 500
R4
R4 AVG

FIT

INTO {PI
0'e 487
0 ~ 46
0» 498

~ ~ ~ ~ ~

Oe488
0 ~ 4954

E NEUTRINO)/CHARGED (P4) /( P2+P3+P4)
0 ~ 05 ' l.UERS 64 HBC
0 ~ 08 ' 0.10 ASTBURY1 65 CC
0 ~ 052 KULYUKINA 68 CC

e ~ ~

0 033 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 0067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0)

W6 KOL INTO Pl MU NEUTRINO UNITS 10¹¹6SEC 1) (G3)
W6 19 4 54 1 ~ 24 le08 LQMYS 67 HLBC

8/66 W6 ~ ~ ~ ~ ~ ~ ~ ~ ~

5 ~ 19 Oe12 FROM FIT (ERROR INCLUDES SCALE FACTOR OF lel)
8/67

6/66
10/68
10/68
2/71

8/66
8/66
8/66
8/66
6/66
6/66
6/66
6/66
8/67
2/7 1
1/73¹

7/66
2/71

7/66
2/71
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Stable Particles
0

Data Card Listings
For notation, see key at front of Listings.

KOL INTO (PI E NEU)/((PI E NEU)+(PI MU NEU) ) (P4)/(P3+P4)
R5 320 0«415 0 ' 120 ASTIER 61 CC
R5 ~ ~ ~ ~ ~ ~ ~ ~ ~

R5 FIT 0~ 5902 0 0077 FROM F IT t ERROR INCLUDES SCALE FACTOR OF 1 0)

"R6 KOL INTO (PI+ PI- P 10)/TOTAL {PZ)
R6
R6 ~ ~ ~ ~ ~ ~ ~ e ~

R6 F IT 0 ~ 1257 0 ~ 0027 FROM F IT

R7
R7
R7
R7 F IT

KOL INTO (LEPTON PI NEUTRINO)/TOTAL

0 ~ 6568 0 ~ 0072 FRON FIT

(P3+P4)

8/66
11/68
11/67
2/71
2/72

III{71
8/724
8/7 2'
8/724'

11/71
11/71
11/68

2/7 1

6/66
11/67
8/67
8/67

10/68
2/71

10/69
I/73+

10/70
1/ 734'

Rll
Rll
Rll
Rll
Rll

6/66
9/66
8/67
3/68

R12
R12
R12
R12
R12

R13
R13
R13
R13

KOL INTO t PI+ Pl- GAMMA)/TOTAL (UNITS 10+~3)
15~ 0 OR LESS ANIKI NA 65 CC

0 5«0 OR LESS BELI QTTI 66 HLBC
1 3~ 0 OR LESS NEFKENS 66 OSPK

0 4 OR LESS CL= ~ 90 THATCHER 68 QSPK

KOL INTO ( E+ E-)/ CHARGED ( UNITS 10+~6)
1000 0 OR LESS ANIKINA 65 CC
200.0 OR LESS CL= ~ 90 ALFF-STE I 66 QSPK

23 ~ 0 OR LESS Cl=e90 BOTT-8006 67 OSPK

(Plo)

GAM KE 40-130 MV

GAM KE 120 HEV
GAM KE 20 170 HV

( P7) I ( P2+P3+ P4)

6/66
8/67
6/66
2/71

6/66
6l66
8/67

R14
R14
R14
R14
R14

KOL INTO &E MU)/CHARGED (UNITS
10«0 OR LESS

1~ 0 OR LESS
0 ~ 1 OR LESS
0 ~ 08 OR L ESS

CL= 90
Cl= 90
CL= ~ 90

10++-4)
ANIKINA 65 CC
CARPENTER 66 OSPK
BOTT-BODE 67 QSPK
FITCH 67 OSPK

(PB) /(P2+P3+P4)
6/66
8/ee
8/67
3/68

R15
R15 0
R15 0
R15 0
R15 Q

R15 0
R15 0

KOL INTO (E+ PI- NEU) l(E- PI+ NEU)
97 t 0 ~ 90) (0 ~ 18) NEAGU 61 CC

(1 01) {0 16) LUERS 64 HBC
894 ( 0 ~ 99) (0 «023) KULYUKINA 66 CC

1539 ( 1 ~ 06) (oe 05) VERHEY 66 OSPK
LQW PRECISION EXPTS NQT AVERAGED« FOR HQRE PRECISE VALUEg
SEE S13A2 (BENNETT 70' MARX 70)

8/66
9/66
8/67

R16 KOL INTO (HU+ PI- NEU)l(MU- PI+ NEU)
1H 1 0081 0 ~ 0027. DORFAN 67 QSPK

R),6 SEE ALSO S13A2 AND S13AL IN THE CP VIOLATION SECTION

RS KOL INTO (2 G AHHA) /TOTAL t UN ~ 10+&-4) {P9)
RS C (1~ 3) lo ~ 6) CRIEGEE 66 DSPK

~ 7 2 ~ 2 TODORQFF 67 OSPK REPL ~ CRIEGEE66
RB K 33 (7 ~ 4) (1 ~ 6) CRONIN 1 67 OSPK

5 ~ 5 1 ~ 1 KUNZ 68 QSPK NORM ~ TQ 3PI(C+N)
5 1 ~ 0 ENSTRQN 71 OSPK KOL 1 ~ 5-9 GEV/C

RS R 5 ~ 0 (leo) REPELLIN 71 OSPK
RS 8 4« 54 0 ~ 84 BANNER2 72 OSPK
RS 8 THI S VALUE USES t Eoo/E+ ) '+2~1 05+ 0 ~ 14« I N GENERAL ~ S13RS
R8 8 (4«32+-0«55) +{10+~4)+((EOO/E+-)++2) ~

RS R ASSUMES REGEN ANPL IN COPPER AT 2GEV IS 22 NB ~ TO EVALUATE
RS R FOR A GIVEN REGEN ANPL AND ERRORS HULTIPLY BY {REGEN AMPL/22MB)4+2
RS C CRIEGEE 66 REPLACED BY TODOROFF 67
RB K CRONIN1 67 REPLACED BY KUNZ 68 ~

RS ~ ~ ~ ~ ~ ~ ~ e ~

4 89 0 ~ 54 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

R9 KOL INTO (PI+ PI-)/CHARGED {UNIT 10++-3) (P5)/(PZ+P3+P4)
45 20 04 CHRISTENS 64 OSPK ETA +- = 1 e94

R9 54 2 ~ 08 0 «35 GALBRA 1TH 65 OSPK ETA +- = 2 ~ 02
R9 1 ~ 93 0«26 BASILE 66 OSPK ETA +- = 1 ~ 86 ~ 9/66
R9 1 ~ 993 0 ~ 080 BOTT-BODE 66 QSPK ETA +- 1 935 9/66

~ ~ ~ e ~ ~ ~ ~ e
R9 AVG 1 ~ 992 0 «073 AVERAGE {ERROR INCLUDES SCALE FACTOR QF 1 «0)
R9 FIT 2 ~ 001 0 063 FRON FIT (ERROR INCLUDES SCALE FACTOR OF 1 0)

Rlo KOL INTO tPI HU NEU)/(PI E NEU) {P3) I ( P4)
Rlo 0 ' 81 0«19 ADAIR 64 HBC
Rlo 0 ~ 82 0 ~ 10 , OEBOUARO 67 OSPK
Rlo 273 0«7 0 2 HAWKINS 67 HBC
Rlo 0 ~ 81 0 ~ 08 HOPKINS 67 HBC
Rlo 770 oe 71 0 ~ 05 BUDAGQV 68 HLBC
Rlo 0 ~ 67 0 ~ 13 KULYUKINA 68 CC
R10 8 (0 ~ 71) {0~ 04) BEILLIERE 69 HLBC
R IO ),3O9 t O. 648) (O.O3O) EVANS 69 HLBC REPL ~ BY EVANS 73
R10 3548 0« 68 0 «08 BASILE 70 QSPK
Rl0 1309 0 ~ 662 0 ~ 030 EVANS 73 HLBC
Rlo B BEILL IERE 69 IS A SCANNING EXPT USING SANE EXPOSURE AS BUDAGQV 68
Rlo

0 ' 695 0 ~ 022 AVERAGE (ERROR INClUDES SCALE FACTOR OF 1 ' 0)
0«694 0 ' 022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1«o)

KOL INTO (HU+NU-) /CHARGED (UNITS 10''+ 6) ( P6) / ( P2+P3+ P4)
looeo OR LESS ANIKINA 65 CC
250 0 OR LESS CL= ~ 90 ALFF-STE I 66 OSPK

2 ~ 0 OR LESS CL=«90 BOTT-BODE 67 OSPK
35 ~ 0 OR LESS CL= 90 FITCH 67 OSPK

(WEIGHTED AUERAGE = 0.439 + 0.098
ERROR SCALED BY 1.7

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 6x,
and scale factor, which are differ-
ent from the values shown here,

FAISSNER
BUDAGOU

~ BARMIN
~ CENCE

~ ~ BANNER

-0.5 0.5 1 ~ 5
KOL INTO (2PIO) i (3PIO) (10III+-2)

2.5

CHISQ
70 OSPK 2.4
70 HLBC 0.6
70 HLBC 0.7
69 OSPK 7.9
69 OSPK 0 ~ 0

11 ' 7
(CONLEU
=0.020)

R20 KOL
R20 309
R20 525
R20
R20 AVG
R20 F IT

INTO (PI+ P I-)I (KE3 + KMU3) ( UNITS 10++-3) (P5) I{P3+P4)
2 ' 51 0 ' 23 OEBOUARD 67 OSPK
2 ~ 35 Oe 19 FITCH 67 OSPK ETA+-=1 91+-~ 06

~ ~ ~ e ~ ~ e ~ ~

2 ~ 41 0.15 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
2 384 0 ~ 076 FRON F IT ( ERROR INCLUDES SCALE FACTOR OF 1 0)

6/68
e/68

R21 KOL
R21 16
R?1 $ BANN

R21 115
R21 28
R21
R21 AVG

INTO {2GAHMA)/(3 PIO) (UNITS 10++ 3) & P9) l(Pl)
2. 5 0.7 ARNOlD . 68 HLBC VACUUN DECAY

ER 69 IS NEW EXPT NOT TQ BE CONF WITH R8 OF CRQNIN1 67
2 ~ 24 0 ~ 28 BANNER 69 OSPK.
2« 13 0 ~ 43 BARMIN 71 HLBC

~ e ~ ~ ~ e ~

2 ~ 24 0 ~ 22 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 «0)

11/68
2/72

11/68
8/71

0 +Note on the KL ~IJt. tI. Controversy

0 +The KL ~ p, p, branching ratios (R22) given by
CLARK 7l and CARITHERS 73 are incompatible. We

therefore make no attempt to combine their results.
CARITHERS 73 is a preliminary result based on

their reported observation of 6 ev'ents. They are con-
tinuing data-taking and analysis.

/

CLARK 74 observe no events but would. expect
around l2 based on the CARITHERS 73 rate. CLARK
74 are rechecking their analysis but have found nothing

which could account for the loss of these events (A.
Clark, private communication).

The discrepancy is interesting on theoretical grounds
because the CLARK 7i result is below the "unitarity"
lower limit for this decay.

R17 KOL INTO l PIO PIO) /TOTAL (UNITS 10++ 3)
R17 C 7 tl 2) ll ~ 5) (1~ 2) CRIEGEE
RI.7 C CRIEGEE EXPT NQT DESIGNED TO MEASURE 2
R17 G 189 t 2 ~ 5) (0 ~ 8) GAIL LARD
R17 G LATE ST RESULT OF THI S EXPERI MENT G I YEN
R17
R17 FIT Oe94 0«19 FRON FIT

( Pll)
66 QSPK

PIO DECAY MODE
69 OSPK E00~3 ~ 6+ Oe 6

BY FAISSNER 70 R19

R18
R18
R18 1
R18
R18 AVG
R18 FIT

KOL I NTQ (3PI 0) / {P I+P I P IO) (P 1)I ( P2)
188 2 ~ 0 0 ~ 6 ALEKSANYA 64 FBC
010 1 80 0 ' 13 BUDAGOV 68 HLBC

~ e ~ ~ ~ e ~ e ~

1 81 0 13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1«0)
l«711 0 ~ 081 FRON FIT (ERROR INCLUDES SCALE FACTOR OF 1 «3)

R19 KOL INTO (2PIO)/{3PIO) (UNITS 10++-2) (P11)I {Pl)
R19 C 109 (1 89) lo 31) CRONIN 1 67 OSPK ETA00=4«9+-0«5
R19 C (1~ 36) (0~ 18) CRONIN 2 67 OSPK ETA00=3 ~ 92+-0«3
R19 C CRQNIN2 I S FURTHER ANALYSIS OF CRQNINl NQW BOTH WITHDRAWN
R19 NQ EVENTS SEEN BARTLETT 68 QSPK SEE Eoo BELOW

57 0 ~ 46 0«ll BANNER 69 OSPK ETA00=2 ~ 2+-oe 3
133 1 ' 31 0 31 CENCE 69 QSPK ETA00=3«7+-0 5

R19 29 0 37 0 F 08 BARMIN 70 HLBC ETA00=2 02+-0 ~ 23
R19 30 0'e 32 0 ~ 15 BUOAGOV 70 HLBC ETA00=1 9+-0~ 5
R19 F 172 0«90 0 30 FAISSNER 70 OSPK ETA00~3 ~ 2+-0 ~ 5
R19 F FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69 R17

0«439 0 098 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 7)
0«44 0 29 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 5 1)

( SEE IDEOGRAM BELOW

7/66

5/69
1/71

9/66
10/68

8/67
11/67
11/68
11/68
2/72

10/69
12/70
10/70
12/70

R22
R22
R22
R22
R22 C
R22 C

R23
R23
R23

R24
R24

R25
R25

R26
R26

Kol INTO (NU+MU )/(PI+PI-) (UNITS 10++-5) (Pe)/(P5)
0 14' 0 OR LESS CL= ~ 90 FOETH 69 ASPK
0 1 8 OR LESS CL= ~ 90 DARRIULAT 70 ASPK
0 0 ~ 12 OR LESS CL= ~ 90 CLARK 71 ASPK
6 (0~ 6) CARITHERS 73 ASPK PRELIMINARY

CAR ITHERS 72 GIVES K3L TO MU+NU-/ALL=9+10++-9 WE CONVERT TO R22

KOL INTO (E+ E- )/(PI+PI-) {UNITS 10++-5) (P7)/(P5)
0 10~ 0 OR LESS CL= ~ 90 FQETH 69 ASPK

0« 10 OR lESS CL~ ~ 90 CLARK 71 ASPK

KOL INTO (E HU)/{Pl+PI-) {UNITS 10+~5) (PS) I(P5)
0«lo OR LESS CL= ~ 90 CLARK 71 ASPK

Kol INTO (PI E NEU GAN)/(KL E3) (UNITS 10+~2) (P12)/tP3)
2 ~ 0 PEACH 71 HLBC GAM KE GT 15 HEV

KOL INTO (Plo TWO GAHHAS)/(3PIO) (UNITS 10++-3) (P13)/(Pl)
0 l«1 OR LESS CL= ~ 90 BANNER 69 OSPK

5/70
11I70
6/71
I/73~
I/73&

5/70
6/7 1

6/71

6/71

2/72
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles
0

GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTD
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO
GTO

13 KOL ENERGY DEPENDENCE OF DAL ITZ PLOT

RELATED TEXT SECTION I V F ~ 1 ~ APPENDI X I g AND MINI REVIEW ON SLOPE
PARAMETERS IN THE CHARGED K SECTION OF THE DATA CARO LISTINGS ABOVE

MATRIX ELEHENT SQUARED = 1 + G {S3-SO)/(MPI+¹¹2)

LINEAR ENERGY DEPENDENCE (G) FOR TAU DECAYS KLONG INTO PI+ PI- PIO
79 0 ~ 55 0» 23 ADAIR 64 HBC AV=-7»6 +- 1»7
77 0 ' 51 0 ' 20 LUERS 64 HBC AV=-7 ~ 3 +- 1 ~ 6
66 0» 32 0 ~ 13 ASTBURY1 65 CC AV&-5 ' 5 +- 1 ~ 5

310 0 ' 51 0 ' 09 ASTBURY2 65 CC AV=-(7 3 + F 6 -»8)
280 0 64 F 1'7 ANIKINA 66 CC AV=-(8 2 +»9 -1~ 3)
126 0 ' 70 0 ' 12 HAWKINS 66 HBC AV=-8 ~ 6 +- 0 ~ 7

1350 0 ~ 649 0 e 044 HOPKINS 67 HBC AT=-0 294 +-, ~ 018
1198 0» 428 0 ~ 055 NEFKENS 67 DSPK AU= 0»204 +- ~ 025
2446 0» 400 0 ~ 045 BASILE2 68 OSPK AT~-0»188 +- ~ 020

29000 0 651 0 012 ALBROW 70 ASPK AY=-0»862 +- ~ 015
8 36K 0 ~ 555 0 »016 BUCHANAN 70 ASPK AU=-0»261 +- ~ 007
4400 0 ~ 656 0 ~ 058 SMITH 70 OSPK AT=-0 ~ 297 +- ~ 024

180 0» 50 0 ~ ll JAMES 72 HBC
1486 0 ' 608 0 ' 043 KRENZ 72 HLBC AT=-0»277 +- »018
384 0»688 0 ' 074 METCALF 72 ASPK AT=-0031 +- ~ 03

8 BUCHANAN 70 GIVES A=O ~ 257 +- ~ 005 FOR A QUADRATIC FIT WITH
8 STATISTICAL ERRORS ONLY» THE A VALUE USED HERE IS FOR A LINEAR
8 FIT AND INCLUDES SYSTEMATIC ERRORS ~ QUADRATIC FIT DOES NOT
B INPROVE CHI SQUARED PROBABILITY»

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG Oe 604 0 ~ 023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 7)
( SEE IDEOGRAM BELOW )

WEIGHTED AVERAGE = 0.604 + 0 ~ 023
ERROR SCALED BY 2 ' 7

CHISQ
72 ASPK 1 ~ 3
72 HLBC 0 ~ 0
72 HBC

TO OSPK 0 ~ 8
70 ASPK 9 ~ 4

70 ASPK 15 ~ 3
68 OSPK 20»5
67 0SPK 10 ~ 2
67 HBC 1.0
66 HBC

66 CC

65 CC 1.1
65 CC

64 HBC

64 HBC

59.T

(CONLEV
=0.000)

METCALF
-I- KRENZ

JAMES

SMITH

+ BUCHANAN

t ALBROW

BASILE2
NEFKENS

HOPKINS

HAWKINS

ANIKINA

ASTBURY2
e ~ o s o ~ oASTBURY1

LUERS
~ ADAIR

0.8 1.2

//' V,
0.40.0

TAU 0 SLOPE PARAMETER FOR KOL

13 KOL FORM FACTORS

RELATED TEXT SECT ION IV F ~ 2 AND MINI-REVIE'W ON FORM FACTORS
IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE

3/71
3/71
3/71
3/71
3/71
3/71

10/69
3/71
3/71
1/7 1
3/71
3/71
1/73*

11/72¹
ll/72¹
3/71
3/71
1/73*
1/73¹

8/67
8/67
8/6T
8/67
5/69
3/68

12/7 1
6/71
1/73¹

~ » ~

~ ~ ~

~ » ~ ~ ~ ~

Q ~ » ~ ~ ~

~ NEUHOFER

CHIEN
BISI
BASILE
ARONSON

LOWYS
~ KADYK
~ FIRESTONE

FISHER
LUERS

72 ASPK
71 ASPK
71 ASPK
68 OSPK
68 OSPK
67 FBC
6T HBC

67 HBC

65 OSPK
64 HBC

CHISQ
0.0
6.3
0.2
0.0
0 ~ 1

1.0
3.1

-0.1 0 ~ 0 0.1 0 ~ 2

LAMBDA+ FOR KE3 DECAY OF KOL

0.3

10 ' 7
(CONLEV
=0.098)

L+H LAMBDA + (LINEAR ENERGY DEPENDENCE DF F+ IN KNU3 DECAY)
L+N FOR RAD» CORR ~ TO DALITZ PLOT OF KMU3 SEE GINSBERG 70
L+M C 16K (Oe07) (0 ~ 02) CHIEN 70 ASPK XIA=- ~ 68+ ~ 12- ~ 20
L+H A 9086 0 ~ 085 0 ~ 015 A L BROW 72 AS P K X IA=-1 ~ 5+-0 ~ 7
L+M C 16K 0 ~ 11 0 ~ 04 DAL{.Y 72 ASPK XIA= ~ 50+- ~ 61
L+M C CHIEN 70 VALUE AND ERROR HAVE BEEN CHANGED FROH 0 08 +- 0 ~ 01 TO
L+N C INCLUDE SYSTENAT IC EFFECTS e DALLY 72 IS A REANALYSIS OF CHIEN 70 ~
L+N SEE ALSO THE CORRESPONDING ENTRIES AND FOOTNOTES IN SEC XIA ABOVE'
L+M ~ ~ ~ ~ ~ ~ ~ » o

L+M AVERAGE HEANINGLESS (SCALE FACTOR = 1 ~ 0)

3/71
8/72¹
1/73¹
3/71
3/71
1/73¹

13 CP VIOLATION PARAMETERS IN KOL DECAYS

RELATED TEXT SECTION IV F ~ 3 AND MINI REVIEW BELOW

13 CHARGE ASYMMETRY IN TAU DECAYS
TEXT SECTION IV F ~ 3 8

(.+E LAMBDA + {LINEAR ENERGY 0=PENDENCE OF F+ IN KO E3 DECAY)
L+E FOR RAD CORR ~ TO THE DALI'rZ PLOT OF KE3 SEE GINSBERG 67
L+E 153 +0.07 .06 LUERS 64 HBC DLTZ PLOTgNO R.C

L+E 577 +0 ~ 15 ~ 08 FISHER 65 OSPK DLTZ PLTy NO R ~ C»
L+E 762 -0 ~ 01 ~ 02 ' FIRESTONE 67 HBC DLTZ PLTy NO R ~ C ~

L+E 531 +Oe 01 ~ 0 15 KADYK 67 HBC Et PI SPEC tNO Ro C

L+E 240 +0» 08 ~ 10 ~ )8 LOWYS 67 FBC P I SP EC g RAD COR

L+E 1000 0 ~ 02 0 ~ 013 ARONSON 68 OSPK PI SPECTRUN
L+E 4800 +0 023 0 ~ 012 BASILE 68 OSPK DLTZ PLTo NO R ~ Ce
L+E 42K 0» 023 0 ~ 005 BISI 71 ASPK DLTZ PLTyR»C»
L+E 16K 0 ~ 05 0 ~ 01 CHIEN 71 ASPK D(.TZ PLTyNO R ~ C ~

I +E 1910 0.022 0 ~ 014 NEUHOFER 72 ASPK PI SPECt RAD COR

L+E ~ e ~ ~ ~ ~ ~ ~ o

L+E AVG 0 ~ 0249 0 ~ 0049 AVE RAGE ( ERROR INCLUDES SCALE FACTOR OF 1 »3)
{SEE IDEOGRAH BELOW )

WEIGHTED AVERAGE = 0.0249 + 0 ~ 0049
ERRC R SCALED BY 1 ~ 3

XIA
XIA
XIA
X IA
XIA
XIA
XIA
XIA
XIA

XIA
XIA
X IA
XIA
X(A
XIA
XIA
XIA
XIA
XIA
XIA
X IA
XIA
XIA
XIA
XIA
XIA

XIA = F-/F+ (DETERHINED FROM SPECTRA AND KNU3/KE3)
SONE OF THE OLDER EXPERIHENTS HAVE EVALUATED XI ASSUMING THAT IT IS

INDEPENDENT OF THE MOMENTUM TRANSFER {T) ~ I ~ E ~ ~ THEY SET L+ L 0 ~

OTHERS HAVE ASSUMED A VALUE FOR L+ AND USED L-=0 ~ ONLY RECENTLY
BOTH L+ L- AND. XI (0) (OR THREE RELATED PARAMETERS) HAVE BEEN INCLU-
DED IN THE F ITS SEE CHIEN 70' DALLY 72' ALBROW 72 ~

L 389 (+1» 1) (0~ 9) {1~ 3) ADAIR 64 HBC KMU3/KE3
L {+0 66) (0 9) (1 3) LUERS 64 HBC KMU3/KE3
L 1371 {+le2) {0~ 8), CARPENTER 66 OSPK NUePI SPECTRA
K (0~ 2) (0 ~ 8) (1»2) KULYUKINA 68 CC MUgPI SPECTRA

T70 +0 ~ 3 +0 ~ 4 BUOAGOV 68 HLBC KM3/KE3yLH+~»023
E 1309 (-0' 22) (0 ' 30) EVANS 69 HLBC KM3/KE3eLN+~»02

3140 -3 ~ 9 0 ~ 4 BASILE 70 OSPK DAL ~ PLT»LM+- ~ 02
3548 -Oe 50 0 ~ 5 BASILE 70 OSPK KM3/KE3oLN+=»02

C 16K {-0~ 68) {0e12) (0 ~ 20) CHIEN 70 ASPK DAL ~ PLT ~ LM+= ~ 08
A 9086 -1~ 5 0 ~ 7 ALBROW 72 ASPK DAL ~ PLT ~ LM+~»085
C 16K 0 50 0 ~ 61 DALLY 72 ASPK DAL ~ PLT ~ LH+ —e ll
E 1309 -0 ~ 08 0 ~ 25 EVANS 73 HLBC KM3/KE3yLM+= ~ 02

L LN+ ANO LH- ASSUMED TO BE ZEROS
K LM+ AND LH- NOT GIVENe
C CHIEN 70 VALUE AT L-=0 L- AND XI(0) ARE HIGHLY CORRELATED'

C DALLY 72 IS A REANALYSIS OF CHIEN 70 ~ LAMBDA=-0»37+-0 ~ 15
A Al BROW 72 GETS LM Oe 030+ 0 ~ 060 t LAMBDA 0 ~ 15+0 17 0 11
E EVANS 73 REPLACES EVANS 69 ~ LM-=0

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 4»0)

8/67
8/67
8/67
2/71

11/68
10/69
10/70
10/70
2/71
8/72¹
1/73¹
1/73¹

2/71
1/73¹
1/73¹
1/73¹

SEE SCRIBANO 70 FOR DEFINITION (HIS SIGMA+-) ~ A=1 FOR HAX ASYMMETRY
(N) ¹¹2= 1+ SIG+- (2/SQRT(3) ¹{{T+)&(T-))/ TMAX) AS SCRIBANO 70

DECAY ASYMMETRY PARAMETER FOR PI+ PI- PI 0 (UNITS 10¹¹-2)
~ 3M 0 ~ 2 0»95 BLANPIED 68 CNTR

3H 0» 27 0»2 SCRIBANO 70 CNTR
4400 0.000 0 ' 050 SMITH 70 OSP K

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 016 0»063 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF l»3)
{SEE IDEOGRAM BELOW }

WEIGHTED AVERAGE = 0.016 + 0.063
ERRC R SCALED BY 1 .3

~ 4/70
~ 12/70
~ 10/70

XIB
XIB
X IB
XIB
XIB
XI 8
XIB
XIB
XIB

IXI
IXI
IXI
IXI
IXI

FS
FS

XIB = F-/F+ {DETERMINED FROH HU POLARIZATION IN KHU3)
THE HU POLARIZATION IS A MEASURE OF XI {T)~ NO ASSUMPTIONS ON L+-
NECESSARYy T SHOULD BE SPECIFIED ~

FOR RAD» CDRR» TO MUON POLARIZATION IN KHU3r SEE GINSBERG 71~

2608 -le 2 0 ~ 5 AUERBACH 66 OSPK POLARIZATION
638 -1~ 6 0 ~ 5 ABRAMS 68 OSPK POLARIZATION

1~ 81 0 ~ 50 0 ~ 26 LONGO 69 CNTR POL ~ T 2 ~ 65
~ o ~ e ~ ~ »» o

AVERAGE MEANINGLESS {SCALE FACTOR = 1~ 0)

AVG

I HAGINARY PART OF XI
-0 ~ 2 0 ~ 6
-0~ 02 0 ~ 08

~ o ~ e ~ ~ e o ~

-00 023 0 ~ 079

{TEST QF T REVERSAL)
ABRAMS 68 OSPK NU POLARIZATION
LONGO 69 CNTR POL ~ T~2 ~ 65

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

FS/F+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAY(ABS VALUE) ——
0 ~ 15 OR LESS CL= ~ 68 KULYUKINA 67 CC

2/72
8/67
5/69

11/69

10/69
11/69

10/69

~ ~ ~ ~ ~ O i ~ ~

I

J
~ SCRIBANO

BLANPIEO

70 OSPK
70 CNTR
68 CNTR

DECAY ASYMMETRY FOR KOL INTO PI+ PI- PIO

CHISQ
0.1
1.6
1 ~ 7

(CONLEV
=0.190)

FT
FT

FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KE3 DECAY{ ABS ~ VALUE)-
1 ~ 0 OR LESS CL~ ~ 68 KULYUKINA 67 CC 10/69
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Stable Particles
KL0

Data Card Listings
For notation, see key at front of Listings.

13 CHARGE ASYMHETRY IN' LEPTONIC DECAYS (PERCENT) ———
TEXT SECTION IV F 3 C

11/67
1/73¹
1/73¹
I/73¹
1/73¹
1/73¹

11/6 7
10/70
10/70
2/72

11/72¹

2/71
1/73¹
2/71
2/72
1/73¹
1/73¹

11/72¹
1/73¹

hlEIGHTEO AVERAGE = 0.326 + 0.036
ERROR SCALEO BY 1.5

SUCH ASYMMETRY VIOLATES CP w IT I S RELATED TD REAL t EPSILON) ~

Al KOL INTO l NU+P I-NU)-(HU-P I+NU)/l MU+P I-NU)+(MU-PI+NU) {PERCENT)
Al D 1M t Oe 403) (0 ~ 134) DORFAN 67 OSPK DERIVED FROM R16
Al D 1N 057 017 PACIDTTI 69 OSPK
Al 4 1N 0+60 0 ~ 14 MCCARTHY 72 CNTR
Al 7+7M 0 278 Oe051 PICC IGNI 72 ASPK
Al D PACIOTTI 69 IS A REANALYSIS OF DDRFAN 67 AND IS CORRECTED FOR
Al D MU+ MU- RANGE DIFFERENCE IN MC CARTHY 72 ~

Al AVG 0 ~ 334 Oa085 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1a8)

A2 KDL I NTO t E+P I-NU)-t E-PI+NU)/(E+P I-NU)+( E-P I+NU) (P ERCENT }
A2 8 10M ( 0 ~ 224) (0 ~ 036) BENNETT 67 CNTR
A2 8 10M Oo 246 0 ~ 059 SAAL 69 CNTR
A2 10N Oe 346 0 033 MARX 70 CNTR
A2 600K 04 36 0 ~ 18 ASHFORD 72 ASPK
A2 18N (0~266) {Oa034) WEBB 72 ASPK PRELIHINARY
A2 8 SAAL 69 IS A REANALYSIS OF BENNETT 67

A2 AVG 0 ' 323 0 F 042 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

KOL INTO t (L+)-(L-) )/t( L+)+{L ) ) (COMBINED Al AND A2) (PERGENT)
Al B 10H 0+246' 0+059 SAAL 69 CNTR
AL D 1N 0 57 0 ~ 17 PACIOTTI 69 OSPK
AL 10M 0 ~ 346 0+033 MARX 70 CNTR
AL 600K 0 36 0 ~ 18 ASHFORD 72 ASPK

4. 1M 0 60 0 14 HCCARTHY 72 CNTR
AL 7e 7M Oo 278 0 ~ 051 PICC IONI 72 ASPK

18N t0 266) {0 034) WEBB 72 ASPK PRE LINI NARY

AL SEE FOOTNOTES IN SECTIONS Al AND A2 ABOVE ~

AL AVG 0 3'26 0 036 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
( SEE IDEOGRAM BELOW )

LIEIGHTEO AVERAGE = 6.13 4 O. SO
ERROR SCALED BY 1.S

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 6~,
and scale factor, which are differ-
ent from the values shown here.

WOLFF
~ ~ FAISSNER

CHOLLET
BUOAGOU

BARI1IN
CENCE
BANNER

BARTLETT

71 OSPK
70 OSPK
70 OSPK
70 HLBC
70 HLBC
69 OSPK
69 OSPK
68 OSPK

CHISQ
1 ~ 3
2.0
0 ~ 9
0.6
1 ~ 4
7 ~ 0
0.0

"10 0 10 20
ETAOOs(12 FOR KOL INTO 2pZO

30

13 ~ 2
(CONLEU
=0.040)

ER RATIO OF ETAOO OVER ETA+-
124 1 ~ 03 0 ~ 07 BANNER1 72 OSPK
167 le 00 0 ~ 06 HOLDER 72 ASPK

ER AVG li013 0 ~ 046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
ER FIT 1 ~ 054 0 ~ 046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 el)

8/72¹
8/72¹

1/73¹

~ ~ ~ ~ ~
I

~ ~ ~ ~ ~

I

PICCIONX
~ MCCARTHY

~ ASHFORO

MAR&&

~ ~ PACXOTTI
SAAL

CHISQ
0.9
3.8

0.4
2.1
1.8
9 ~ 0

(CONLEU
=0.062)

?2 ASPK
72 CNTR

72 ASPK
70 CNTR

69 OSPK
69 CNTR

Note on Ks ~ Zs and K Regenet ation

Some e xpe r ime nt s obtain Q (the phase of q )+using KS, K ~ m TT interference behind a regenera-
tor. Ig. these interference experiments the measured
quantity is the difference of (I) and the regeneration
phase (I)R, as shown in the expression below. After
the regenerator, the intensity of the Tr m decays in
the forward direction is

2 -Esti(t. p) = s(p) [i&(p) i

CHARGE ASY]1f1ETRY FOR KOL INTO LEPTONS

E+-
E+-
E+-
E+-
E+-
E+-
E+-
E+-

E TA+-
45
54

525

FIT

A{ KL
(1 94)
(2~02)
l 1~ 86)
(1~935)

1~ 91
~ ~ ~ ~

1 980

TO Pl+Pl-)/A{KS TO PI+Pl-) UNITS 10¹¹-3
CHRI STENS 64 OSPK
GALBRA 1TH 65 GSPK
BASILE 66 OSPK
BOTT-BODE 66 DSPK

~ 06 FITCH 67 OSPK

0 036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 1)

13 PARAMET ERS FOR KOL INTO 2P I DECA Y
TEXT SECTION IV F ~ 3 D

ETA+- = A(KL TO PI+PI-)/A(KS TO P I+P!-)
ETAOO = A(KL TO PIOPIO) IA(KS TO PIOPI0)

THE FITTED VALUES OF ETA+- AND ETAOO GIVEN BELOW ARE DERlVED
PRIMARILY FROM THE FITTED BRANCHING RATIOS FOR THE TWO PION DECAY
HODES OF KOL AND KOSo FOR THE QUANTITIES MEASURED BY INDIVIDUAL
EXPERIMENTS SEE THE KOl BRANCHING RATIOS R9 AND R20 l ETA+-) AND
R17 AND R19 (ETAOO) o FOR THE READER'S CONVIENENCE WE LIST THE
DER IVEO QUANTITIES ETA+- (CALLED E+~ BElOW) AND {ETAOO) ¹¹2(GALLED
EOS BELOW) ~ HDWEVERs THE FIT FOR ETA+- AND ETAOO USES ONLY THOSE
VALUES BELOW WHICH ARE INDEPENDENT OF BRANCHING RATIO MEASUREMENTS--
ETAOO OF CHOLLET 70 AND WOLFF 7lt AND t ETAOO/ETA+-) OF BANNER1 72
AND HOlDER 72 ~

EOS ( ET ADO) ¹¹2= {A{KL TO 2P 10)IA( KS TO 2P IO) )¹¹2{UNITS 10¹¹-6)
EOS 0 -2 7~0 BARTLETT 68 OSPK
EOS 57 4o9 1 ~ 2 BANNER 69 OSPK
EOS 133 14 1 3 ' 4 CENCE 69 OSPK
EOS F 180 t 13~ ) (4 ~ ) GAILLARD 69 OSPK
EOS 29 4o 08 0+9 BARMIN 70 HLBC
EOS 30 3 61 1 ~ 9 BUDAGOV 70 HLBC8737 CHOL LET 70 OSPK CU REGS t 4 GAMMAS
EOS F 172 9+9 3~4 FAISSNER 70 DSPK
EOS C 56 7 4 2 ~ 0 WOLFF 71 OSPK . CU REGS t4GAMMAS
EOS C CHOLLET 70 GIVES ETAOO=( 1.23+-0~24) ¹(REGEN AMPLt 2GEV/C CU)/10000MB
EOS C WDLFF 71 GIVES ETAOO=(i+13+-0 ~ 12)¹(REGEN AMPLER 2GEV/G GU)/10000MB
EOS C WE COMPUTE BOTH ETAOO¹¹2 VALUES FOR (REGEN AMPLi2GEV/C CU) =24+-2MB ~

EOS C THIS REGEN AMPI RESULTS FROM AVERAGING OVER FAISSNER 69~
EOS C EXTRAPOLATED USING OPTICAL MODEL CALCULTIONS OF BOHN ET AL ~
EOS C PL 278 594 (1968) AND THE DATA OF BALATS 71 (FROM H ~ FAISSNERt
EOS C PRI VATE COMMUNICATION)
EOS F FAISSNER 70 CONTAINS SANE 2PIO EVENTS AS GAILLARD 69
EOS 0 ~ ~ ~ 0 0 ~ ~ ~

EOS AVG ' 5 13 0 90 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
EOS FIT 4~35 0+40 FRDH FLT (ERROR INCLUDES SCALE FACTOR OF 1+i)

(SEE IDEOGRAM BELOW )

2 I Lt
+ IZ+ f +Zja(p)l ~ &

- (i"s+ i"~)t/2
X e cos (Exnt +$ (p) - p )],

10/69
2/72

10/69
10/69
12!70
10/70
2/72

12/70
12/7 1
2/72
2/72
2/72
2/72
2/72
2/72
2I72

1/73¹

10/69
10/69
10/69
10/69

where
1/73¹

(2)

where;
t is the decay time in the E rest frame,

mS ndm 'l. 'mS IS
and. decay rates of the long- and short-lived K,
I p j e is the ratio of decay amplitudes
A(K ~s s )/A(KS~ s s ),L

S(p) is propotional to the KL rnornentum spectrum,
and

1(I)R(P)
R (p) = i R (p) I e i s the tr ansrni s sion- r e ge ne r ate d

K amplitude (relative to the KL):S
- —I'ss( p) [i -z iurn/I"g

[& (p)- & (p)

—rs [i- zi a~/i s J
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Data Card Listings
For notation, see Itey at front of Listings.

Stable Particles
0

X(p) is the thickness of regenerator measured in

units of the mean decay length of KS,
N is the number of nuclei per cubic centimeter,
A is the KS mean decay length, and

f (p), f (p) are the forward scattering amplitude of
0 0

K and K

From (1) above it is clear that the value of {I) is cor-
related with the value of Qm and {I)R. . Usually Qxn is a
parameter of the fit and. {I)R is determined by some other

means (optical model calculations, time dependence of
the charge asyrnrnetry in K 3 decay, etc. ).e

%e list {I) and give in comment cards both the value+»
of {t) used by the authors and the Qrn dependence ofR

= (l. 433 + 0. 027) )& 10

These can be compared with the experimental values
= (4l. 8 + 2. 8).

{I)oo = (43 + 19)o

= (4. 62+ 0. 20) g &0

where a has been computed. froxn 5, the charge

asvxnxnetry parameter for leptonic KL decays, and

(Re x, Im x), the ES = -EQ amplitud, e, using Eq. (34)

of the text.
As noted in the mini-review preceding the

Ks mean life, the measured values of Am and Q+

used above have not been adjusted. for our new value

of v . Had. we used. the adjusted. value for b, m, theS'
predictions would be

PHASE Of ETA +- (DEGREES)
DM IS (KOL-KOS MASS DIFFERENCE / HBAR) IN UNITS OF 10''a'10 SEC-1

SEE SECTION D OF' KOL LISTINGS FOR LATEST VALUE
WE HAVE ADDED THE MASS DEPENDENCE ANO PROPAGATED THE ERROR IN OM

USING DM=O ~ 5398+-0~ 0033 FOR BENNETT 69s BOHM 69t FAISSNER 69s
JENSEN 70o AND BALATS 71 THE APRIL 1972 0M{0 5402+-0 ' 0035) WOULD

NOT MAKE A SIGNIFICANT CHANGE IN THE PHASE ~

45 ' 0 50 ' 0 FITCH 65 OSPK BE REGEN
30e 0 45 e0 F I RE STONE 66 HBC
70e 0 21 ~ 0 BOTT-BODE 67 OSPK C REGEN
25 ' 0 35 ' 0 MISCHKE 67 OSPK CU 'REGEN

{51e0) (lleO) BENNETT2 68 CNTR CU REGe USES
34e 5 10 o0 BENNETT 69 CNTR CU REGEN
47 ' 6 12 ' 1 BOHM 69 OSPK VACUUM REGEN
46 ~ 2 7e4 FAISSNER 69 ASPK CU REGEN.
43 ~ 4 4 ~ 4 JENSEN 70 ASPK VACUUM REGEN
38 ~ 0 12 o0 BALATS 71 OSPK CU REGEN
36e2 6 ~ 1 CARNEGIE 72 ASPK

AVG 41 ' 8 2 ' 8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
COMMENTS

N BENNETT 69 IS A REEVALUATION. OF BENNETT2 68o
C BENNET 69 USES MEASUREMENT OF (F+-)-(PHIF) OF ALFF-STEI 66
C BENNETT 69 F+-= 34e9+-10 Os NOT INCLUDING ERROR IN DM

C DM DEPENDENCE OF BENNETT 69 IS 69S'(DM-Oe 545) DEG FR=-49 9+-5~ 4OEG ~

8 BOHM 69 F+-=41+-12 NOT INC{.UDING ERROR IN DM

8 DM DEPENDENCE OF BOHM 69 IS 479+(DM-0 ~ 526) DEG
F FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE ~

P FA I SSNER 69 F+ —49 3+ 7o 4 ~ NOT INC LUOI NG ERROR IN DM ~

F DM DEPENDENCE OF FAISSNER 69 IS 205''(DM-Oo555) OEG ~ FR~-42 ~ 7+-5DEGo
J JENSEN 70 F+-=42 ~ 4+-4oOt NOT INCLUDING ERROR IN DMo

J DM DEPENDENCE OF JENSEN 70 IS 576+{0M-0~ 538) DEGe
D BALATS 71 P+-=39+-12o NOT INCLUDING ERROR IN DM FR=-43+-4 DEG ~

D DM DEPENDENCE OF BA{.ATS 71 IS 198+{DM- ~ 544) DEGo
P CARNEGIE 72 INSENSITIVE TO DM ~ FR=-56 ~ 2+-5 ~ 2 DEG ~ ~

F+-
F+-
F+-
f+-
f+-
f+-
f+-
F+-
F+-
P+-
F+-
p+-
F+-
F+-f�-
+p-
p+-
f+-
f+-
F+-

N

C

8
F
J
D

P

p+-
F+-
f+-
F+-
F+-
F+-
F+-
F+-
f+-
F+-
F+-
p+-
p+-
F+-

Superweak Model Predictions
for {I) . and {I)

The superweak xnod. el of WoUenstein, Phys.
Letters 43, 562 (1964) pred. icts that

FOO PHASE OF ETA 00 ( DEGREES)
FOO F IRST QUADRANT PREF ERREO GOBBI 69 OSPK
FOG C 51o 30 o CHOLLET 70 OSPK CU REG. o4 GAMMAS
FOO W 56 38e0 25 ~ 0 WOLFF 71 OSPK CU REGer4GAMMAS
FOO ~ ~ ~ ~ ~ ~ ~ ~ ~

FOO AVG 43o3 19 ~ 2 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)
FOO C CHOLLET 70 USES REGENERATOR PHASE FR=»46o5+ 4o4 DEGo
FOO W WO{ FF 71 USES. REGENERATOR PHASE FR~-48 ~ 2+-3 ~ 5 DEGe

2/71

2/7 1
2/71
3/72
3/72

11/67
ll/67
11/67
7/68
8/68
2l71
2/71
2/71
2/71
9/71
I/73+

11/69
2/71
2/71
2/T 1
2/71
2/71

11/69
2/71
2/71
2/71
2/71
9/7 1

j, 9/71
I/73~

11/69
10/70
12/71

1/734'
1/73*

= (43. 95 +.32)0
+ 00

R.e a = (l. 426 + 0. 027) x &0

The measured value of {t)+ would be adjusted to

(45. 2+ 2. 8)0.

13 X = (DS=-DQ AMPLITUDE) /{ OS=+DQ AMPLITUDE)

RELATED TEXT SECTION IV F ~ 4

REX REAL PART OF X
REX C 152 0 ~ 06 0 ~ 18 Oo44 BALDO CE 65 HLBC K+ CHARGE EXCHNG
REX 196 0 ~ 035 0 ~ ll 0 ~ 13 AUBERT 65 HLBC K+ CHARGE EXCHNG
REX F 109 -0.08 0 ~ 16 0 28 FRANZINI 65 HBC PBAR P
REX 116 0 17 0 16 0 35 FELDMAN 67 OSPK Pl-P TO KO LMBOA
REX N 335 (0~ 17) (0 ~ 10) HILL 67 DBC K+D YIELDS KOPP
REX 8 (0 03) (0 ' 03) BENNETTl 68 CNTR
REX 121 0 ~ 09 0e07 0 ~ 09 JAMES 68 HBC PBAR P
REX 8 -0~ 020 0 ~ 025 BENNETT 69 CNTR CHAR ASYM+ CU RE
REX 686 0 09 0 14 0 16 LITTENBER 69 OSPK K+N TO KOP
REX N 215 0 12 0 ~ 09 CHO 70 DBC K+0 TO KOPP
REX 1079 -0 ' 069 Oe036 SC IULL I 70 OSPK P I- P
REX 252 0.25 ~ 07 ~ 09 WEBBER 71 HBC K-P TO KBAR N

REX 410 0 ~ 03 0 ~ 06 0 ~ 06 BURGUN 72 HBC K+P TO KOPPI+
REX 126 0 ~ 26 0 10 0 14 MANN 72 HBC K-P TO KOBAR N

REX G 342 (-0~ 13) (0 ~ ll) MANTSCH 72 OSPK KE3 FROM KO LMB
REX G 100 (Oe04) (0 ~ 10) (0 13) GRAHAM 72 OSPK' KMU3 FROM KO LMB
REX G 442 -0~ 05 0.09 GRAHAM 72 OSPK PI P TO KO LMBDA
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH
REX G MANTSCH 72 '
REX 8 BENNETT 69 I S A REANALYSIS OF BENNETTl 68
REX C BALOO-CE 65 GI VES X AND THETAe CONVERTED BY US TO REX AND IMX ~

REX F FRANZINI 65 GIVES X AND THETAeFOR REX AND IMX SEE SCHMIDT 67o
REX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67 ~

REX ~ ~ ~ o ~ o ~ o o

REX AVG 0 ~ 003 0 ~ 027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF le6)
( SEE IDEOGRAM BELOW )

IJEIGHTED AUERAGE = 0.003 + 0.027
ERROR SCALED BY 1.6

11/67
11/67
11/67
11/67
11/67

7/68
5/69

10/69
4/69

10/70
11/70
10/69

I/73~
9/724
2/T2
2/72
2/T2
2/72
2/72

11/67
11/67

arid

arid.

= (t)oo = (43.63 + 0. 32)

The Ks -Ke mass difference, the K lifetime,L S
and

~
q I

given in the Stable Particle Table result+-
in the predictions that

72 OSPK
72 HBC

72 HBC
71 HBC
?OI. QSPK
?0 DBC
69 QSPK
69 CNTR

HBC

~ GRAHAM
~ ~ ~ MANN

~ BURGUN
~ WEBBER

SCIULLI
~ CHG

LIT TENBER
BENNETT

~ ~ JAMES

~ ~

67 DSPK
65 HBC

65 HLBC

65 HLBC

~ ~ ~ ~ 0 6e
~ FELDMAN

~ ~ ~ ~ ~ FRANZINI
AUBERT
BALDD-CE

-0.4 0.0 0.4 0 ~ EI

REAL PART OF X (DELTA S = -DELTA Q AMP)

CHISQ
0.3
4.6
0 ~ 2
9.5
4 ~ 0
1.7
0 ~ 3
0.9
1.2

0 ~ 1

22.B.
(CONLEV-
=0.00?)
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Stable Particles
K„'

Data Card Listings
For notation, see key at front of Listings.

IMX IMAGINARY PART OF X t ASSUMES N(K{.}-NfKS) POSITIVE —SEE S13D}
IMX C 152 -0 ~ 44 0 ~ 32 0 ~ 19 BALDOCE 65 HLBC K+ CHARGE EXGHNG
INX 196 -0 21 0 ~ 11 0 ~ 15 AUBERT 65 HLBC K+ CHARGE EXGHNG
IMX F 109 +0»24 0 40 0 ~ 30 FRANZINI 65 HBC PBAR P
IMX 116 0, 0 0 ~ 25 FELDNAN 67 OSPK PI-P TO KO LNBDA
I NX N 335 I-0 ~ 20) I 0 ~ 10) HILl 67 DBC K+D YIEI DS KOPP
INX 121 +0 22 0 37 0 29 JAMES 68 HBC PBAR P
IMX 686 -0» 11 0 ~ 10 0 ~ 11 LITTENBER 69 OSPK K+N TO KOP
IMX N 215 -0»08 0»07 CHO 70 DBC K+D TO KOPP
IMX 1079 0» 108 0 ~ 092 0.074 SCIULLI 70 GSPK Pl-P
IMX 252 0 ~ 0 ~ 08 WEBBER 71 HBC K-P TO KBAR N

IMX 410 0»07 0 06 0 ~ 07 BURGUN 72 HBC K+P TO KOPPI+
IMX 126 0 21 0 ~ 15 0»12 MANN 72 HBC K-P TO KOBAR N

IMX G 342 I-0»04) (0 ~ 16) MANTSCH 72 OSPK KE3 FROM KD LMB
IMX G 100 (0~ 12) (0»17) {0 ~ 16) GRAHAM 72 OSPK KMU3 FROM KO LMB
INX G 442 0 ~ 05 0»13 GRAHAN 72 GSPK PI-P TO KO LMBDA
IMX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE CONBINEO WITH
IMX G MANTSCH 72 ~

IMX C BALDO-CE 65 GI VES X AND THETA»CONVERTED BY US TO REX AND INX ~

IMX F FRANZ INI 65 GIVES X AND THETA ~ FOR REX ANO IMX SEE SCHMIDT 67 ~

IMX N FTNOTE 10 OF HILL 67 SHOULD READ +0 ~ 58g NOT -0»58 (PRIV ~ COMM ~ ) ~

IMX N CHO 70 IS ANALYS IS OF UNANBIGUOUS EVENTS IN NEW DATA AND HILL 67
IMX ~ ~ ~ ~ ~ ~ ~ ~ ~

I MX AVG 0 ~ 005 0 038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 2)
( SEE IDEOGRAM BELOW )

3/68
3/68
3/68

11/67
11/67
5/69
4/69

10/70
11/70
10/69
I/73+
9/724
2/72
2/72
2/72
2/7 2
2/72

11/67
11/67
3/68

PRL 17 150
PRL 16 556
PRL 17 116
PRL 13 253

66
66
66
66

CRIEGEE
F IRE STON
F IRESTON
FUJ I I

FUJI
HAWK INS

ALSO

JOVANOVI
KULYUK IN
ME I SNER1
ME ISNER2
NEFKENS
VERHEY

BENNETT
BOTT-BOD
BOTT-BOD

ALSO
ALSO

CANTER
CRONIN 1
CRONIN 2
DEBGUARD

ALSO

I 66 I S THE CORR ECTED
66 PL 21 238
67 PR 156 1444

PRL 17 1075
BERKELEY 28

PRL 16 278
PRL 17 492
PL 19 706
PRL 17 669

PRL 19 993
PL 248 194
PL 248 438
PL 20 212
PL 23 277
THESIS
PRI. 18 25
PRINC CONF(11/67)
NG 52A 662
PL 15 58

66
66
66
66
66
66

67
67
67
ee
66
67
67
67
67
e5

+FOXgFRAUENFELDERy HANSONgNOSGAT+ (

ILLINOIS�)

FIRESTONE tKIM ~ LACHt SANDWEISS+ ( YALE yBNL )
FIRESTONEgKIMtLACHsSANDWEISS+ (YALEyBNL)
FUJII y JOVANOVICHg TURKOTg LORN (BNL+NARYLAND)
VALUE GIVEN BY JOVANOVICH+ 66
C J 8 HA WK INS ( YALE)
C J 8 HA WK INS (YALE)

J0VA NO V IC H g FU J I I g T UR KOT y ZG RN + ( 8NL+UMD+M I T )
KULYUKINAg MESTVIRISHVILI gNEAGUg PETR+ ( JINR)
G W NEISNERg8 8 CRAWFORDyF CRAWFORD (LRL)
G MEISNERg 8 CRAMFORDgF CRAWFORD {LRL )
NEFKENS g ABASHI AN y A BR AMS ~ CARP ENTE R+ t

ILL�

)
VERHEY ~ NEFKENSyABASHIAN+ (ILL)

BENNETTg NYGREN gSAALg STEINBERGER +(COLUMBIA)
BOTT-BODENHAUSENgDEBOUAROg CASSEL + (CERN)
BOTT-BODENHAUSENyDEBOUARDs DEKKERS+ {CERN)
BOTT-BODENHAUS EN s DEBOUARDg CASSEL+ . ( CERN)
BOTT-BODENHAUSENgDEBOUAROg CASSEL+ (CERN)
J~ M. CANTER (CARNEGIE)
+KUNZyRISKgWHEELER {PRINCETON]
+KUNZg RISKgWHEELER (PRINCETON)
DEBOUARD g DEKKERS g JORDANg MERMOD + ( CERN)
OE BOUARDg DEKKERSg SCHARFF+ (GERN+ORSA+NPIM)

WEIGHTED AVERAGE = 0.005 + 0.038
ERROR SCALED BY 1.2

DEVLIN
ALSO

OORFAN
F ELD MAN

F IRESTON
F ITCH
HAWK INS
HILL

67
67
67
67
67
67

PRL 19 987
PR 155 1611
PRL 18 176
PR 164 1711
PR 156 1444
PRL 19 668

67 PRL 18 54
68 PR 169 1045

DEVL IN g SOLOMON g SHE PARD y BEALL+ ( PR IN+UMD )
SAYER g BEALL g DEVL IN ySHEPHARD+ (UND+PPA+PRIN)
DORFANt ENSTRGN y RAYMOND t SCH'WARTZ +( SLAC+LRL }
FELDNANg FRANKELg HIGHLAND g SLOAN (PENN)
FIRESTONEgKIMtLACH ~ SANDWEISSt+ (YALEgBNL)
F ITCHy ROTHg RUSS g VERNON (PRI NC ETON]
C J B HA WK INS ( YALE)
HILLg LUERSgROBINSONy CANTER+ (BNLg CARNEGIE)

~ ~

GRAHAM
~ MANN

~ BURGUN

WEBBER
SCIULLI

~ CHO
~ LITTENBER
~ JAMES
FELDMAN

FRANZINI
RT
0-CE

72 OSPK
72 HBC

72 HBC

71 HBC

70 OSPK
70 DBC
69 OSPK
68 HBC
67 OSPK
6S HBC

65 HLBC

65 HLBC

-1.0 -0.5 0.0 0.5 1.0
IMAG. PART OF &{ {DELTA S = -DELTA 9 AMP)

CHISQ
0 ~ 1
2 ~ 3
1 ~ 0
0.0
1 ~ 5
1.5
1.2
0 ~ 0

2.7
3.0

13.4
{CONLEU
=0.144)

HOPKINS
KADYK
KULYUK I N

LOWY S
MISCHKE
NEFKENS
TODOROFF

ABRAMS
ARNOLD
ARGNSON

ALSO
BALATZ
BARTLETT

BASILE
BAS I LE2
BENNETT1
BENNETT2
BLANPIED
BUDAGOV

ALSO

CARNEG IE
JAMES

ALSO
KULYUKIN
KUNZ
MELHOP
THATCHER

67
67
67
67
67
67
67

68
68
68
69
68
68

68
68
68
68
68
68
e8

68
68
68
68
68
68
68

PRL 19 185
PRL 19 597

PREPRINT
PL 248 75
PRL 18 138
PR 157 1233

THESIS

PR 176 1603
PL 288 56
PRL 20 287
PR 175 1708
PL 268 320
PRL 21 558

PL 268 542
PL 288 58
PL 278 244
PL 278 248
PRL 21 1650
NC 57A 182
PL 288 215

P RING TR44 THESIS
NP 88 365
PRL 21 257
JETP 26 20
THESIS ( PU 46)
PR 172 1613
PR 174 1674

HOPKINSg BACON g EI SLER (BNL)
KADYKg CHAN yDRI JARDyORENg SHELOON (LRL)
KULYUKINA+MESTVI Rl SHVILI+NEAGU + ( JINR)
LOMYS ~ AUBERTgCHOUNET ~ PASCAUD+ (EPOLy ORSA)
MI SCHKE y ABAS HI AN g A BRAMS+ ( ILLINOIS)
+ABASHIAN s ABRANS g CARPENTER g FISHER+ (ILL]
JOHN A T,ODOROFF ( ILLINOIS)

+ABASHIANy MISCHKEg NEFKENS ~ SMITH+ ( ILLINOIS)
ARNOLD g 8 UDAGOVg C UNDY g AUB ERT+ {CERN+ORSAY )
S ~ H ~ ARONSONg K»W»CHEN (PRINCETON)
S H ARONSONg K W CHEN (PRINCETON)
BALATZy BEREZIN y V ISHNEVSKYg GALANINA+ t ITEP)
BARTLETT y CARNEGI Ey FITCH+ (P RING ETON)

BASILE ~ CRONINg THEVENETy TURLAY+ I SACLAY)
+CRONIN g THEVE NET y 7URI AYy ZYL 8 ERA JCH+1 SACLAY)
BENNETT y NYGREN g STE IN BERGER+ (COL UNBI A+ CERN)
BENNETTg NYGRENg STE INBERGER+ {COLUNBIA+CERN)
BLANP I EDg LEVIT y ENGELS+ {CASE+HARV+MCGI )
BUOAGOVg BURMEI STER yCUNDY+ (CERN gORSAt IPNP )
+GUNDY s MYATT y NEZRI CK+ {CERN y ORSAy EPOL)

R ~ K CARNEGIE f PRI NC ETON)
F JAMESg H BRIAND ( I PNPg CERN)
HELLANDgLONGGgYOUNG (UCLAy MICH)
KULYUKINA s NEST Vl RI SHVI L I g NEAGU+ {J I NR )
P F KUNZ ( P RI NC ETON )
ME L HOP MURTY BOWL E S g BURN ETT+ t LA J OLLA )
THATGHERgABASHIANs ABRAMSgCARPENTER + (ILL)

BARDON 58
CRAWFORD 59
AST I ER 61
F ITCH 61
GOOD 61
NEAGU 61

ANP 5 156
PRL 2 361
A IX CONF 1 227
NC 22 1160
PR 124 1223
PRL 6 552

GAMERINI 62 PR 128 362
DARNON 62 PL 3 57

REFERENCES FOR KOL

N BARDGNgK LANDEgL LEDERMAN (COLUNBIA+BNL)
CRAMFORDgCRESTIg DOUGLASSgGOOD + (LRL)
ASTIERgBLASKOVIC yRIVETySIAUD + (EPOL]
V FITCH' P PIROUE g R PERKINS (PRINCETON)
GOODg MATSENyMULLERgPIGGIONI g POWELL + (LRL)
NEAGU GKONOV PETROV ROSANGVA, RUSAKOV ( JINR)

CAMERINI gFRYyGAI DOSy BIRGE ~ ELY + (WISC+LRL)
J DARMONyA ROUSSETy J SIX ( EPOL)

BANNER
ALSO
ALSO

BEIL LIER
BENNETT
BOHM

ALSO

BOTT- BOD
CENCE
EVANS
FAI SSNER
FOETH

69
68
68
69
69
69
68

69
69
69
69
69

PR 188 2033
PRL 21 1103
PRL 21 1107
PL 308 202
PL 298 317
NP 89 605
PL 278 321

C E RN 69-7 329
PRL 22 1210
PRL 23 427
PL 308 204
PL 308 282

+CRONINyLIUg PILCHER
BANNER ~ CRONIN y LIUg PILCHER
BANNER CRONIN g LIUy PI LCHER
BEILLIERE g BOUTANGt LI MON

+NYGREN, SAAL, ST E IN BERGER+
+DARRIULATgGROSSOg KAFTANOV+
BOHM y DARR IULAT y GROSSOs KAFTANOV

(PRINCETON)
(PRINCETON)
(PRINCETON )

{EPOL)
(COLUgBNL)

(CERN)
{CERN)

BOTT-BOD ENHAUS EN y 0 E BOUARD g CASSEL+ ( CERN )
CENCEg JONESs PETERSON ~ STENGER+ (HAWAII gLRL )
EVANSgGOLDENgMUI Rg PEACH+ ( EDINBURGHy CERN)
+FOETHy STAUDE y T ITT EL+ {AACH y CERN y TORI )
+HOLDERyRADERMACHER + (AACHENgCERNy TORINO)

ADAI R 64
ALEKSANY 64

ALSO 64
AN I K I NA 64
CHR I ST EN 64
FUJ I 1 64
LUFRS 64

PL 12 67
DUBNA 2 102
JETP 19 1019
JETP 19 42
PRL 13 138
DUBNA 2 1.46
PR 133 8 1276

R K ADAIRg L 8 LE IPUNER (YALE+BNL)
ALEKSANYANgALIKHANYANgVARTAZARYAN+ (EREVAN)
ALEKSANYAN+ fLEBEOEV+NOS ENG PHYS+EREVAN)
ANIKINAy ZHURAVLEVA+ {GEORG ACAD SCI+ DUBNA)
CHRISTENSGN CRONIN FITCH TURLAY (PRINCETON)
FUJIIg JOVANOVICHg TURKOT+ I BNLyMARYLANDgMIT)
LUERSg MITT RA t WILLI Sy YAMAMOTG (BNL]

GAI LLARD
ALSO

GOB 8 I
L ITT ENBE
LONGO
PAC IOTTI
SAAI.

69
67
69
69
69
69
69

NC 59A 453
PRL 18 20
PRL 22 685
PRL 22 654
PR 181 1808
THESIS» UCRL 19446
THES IS

+GALBRAITHgHUSSRIy JANE+ (CERNgRHELy AACHEN)
+KRIENENgGALBRAITHyHUSSRI+ (CERN+RHEL+AACH)
+GREEN HAKEL MOFFETT ROSEN GOZ+ {RGCH+RUTG)
LITTENBERG FIELD PICCIONI MEHLHOP+ (UCSD)
M J LONGOsK K YOUNGg J A HELLAND (MICHg UCLA]
M A PACIOTTI (LRL)
H J SAAL ( COLUNBI A)

ANIKINA 65
ANDERSON 65
ASTBURY1 65

ALSO 65
ASTBURY2 65
ASTBURY3 65
AUBERT 65

ALSO 67
BALDO-CE 65

CHRISTEN 65
FISHER 65
FITCH 65
FRANZINI 65
GALBRAIT 65
GUIDON I 65
HOPKINS 65
VI SHNEVS 65

ALFF-STE 66
ANIK INA 66
AUERBACH 66
AUERBAGH 66

ALSO 65
BALDO-CE 66
BAS I LE 66

BEHR 66
'

BELLOTTI 66
BOTT-BOD 66
GAMER INI 66
CANTER 66
CARPENTE 66
CHANG 66

PL 22 540
NC 45A 737
PL 23 277
PR 150 1148
PRL 17 942
PR 1.42 871
PL 23 702

JINR P 2488
PRL 14 475
PL 16 80
HELV ~ P H ~ AC ~ 39 523
PL 18 175
PL 18 178
PL 17 59
LOMYS
NC 38 684

PR 140 8 74
ANL 7130 83
PRL 15 73
PR 140 8 127
PRL 14 383
ARGONNE CONF 49
ARGONNE CONF 67
PL 18 339

PL 21 595
SJNP 2 339
PRL 17 980
PR 149 1052
PRL 14 192
NC 45 A 733

BALATON CONF

ANIKINAg VARDENGAg ZHURAVL EVAt KOTLYA+ ( DUBNA)
ANDERSON yCRAWFORDgGOLDENySTERN + (LRL+WISC)
ASTBURYg FINOCCHI AROy BEUSCH + (CERN+ZURICH)
M PEPIN
ASTBURYt MICHEL INI t BEUSCH + (CERN+ZURICH)
ASTBURYy MICHEL INI y BEUSCH + (CERN+ZURICH)
AUBERT BEHR CANAVAN CHOU¹ I'+ ( EPGL+ORSAY)

BALDO-CEOL IN y CAL IMANI y CI AMPOLILLO + ( PADO)

CHRISTENSONyCRONINgF ITCH ~ TURLAY (PRINCETON)
FI SHER ~ A BASH I AN g ABRAMS y CARPENTER+ ( ILL )
FITCH ~ ROTHtRUSSt VERNON ( P RI NC ETON)
FRANZINI yKIRSCHg PLANO + (COLUMBIA+RUTGERS)
GALBRAITHgMANNINGg JONES + (AERE+BRIS+RHEL)
+BARNESs FOELSCHE t FERBEI-g FIRESTO+ ( BNL+YALE)
H W K HOPKINSg BACONg EISLER (VANO+RUTGERS)
V ISHNEVSKYgGALANINAg SEMENOV + {ITEP)

ALFF-ST EINBERGERg HEUERyRUBBIA + {CERN)
ANIKINAg VARDENGAg ZHURAVLEVA+ ( JINR)
AUERBACH g MANN g MCFARLANE g SCIULI I ( PENN)
AUERBACH t DOBBSt LANDE gMANNt SC IULL I+ I PENN)
+LANDEyMANNgSCIULLIg UTOg WHITEy YOUNG {PENN)
BAI. DO-CEOL INy CAL IMANI y CI AMPOI, ILLO+ ( P AGUA)
BASILE yCRONINg THEVENET + {SACLAY)

+BRISSON BALDO-CEOLIN AUBERT+ tPAOO EPOL)
BEI.LOTTI y PUI. L1 A ~ BALOO CEOL IN+ (MI LANg PAOUA)
BOTT-BOD ENHAUSEN g DE BOUARD g CASSEL+ ( CERN)
CAMERINI sCLINEs ENGLISH gFISCHBE IN+WISCONSIN
+CHO g ENG I.ER g F I SK g HILL + I CARNEG IE+BNL )
CARPENTERgABASHANg ABRAMSy FISHER t ILI INDI S)
CHANGg BASSANO ~ KIKUCHIt DODD+ t SYRACUSE gBNL)

ALBROW
ARONSON
BARMIN
BASILE
BUCHANAN

ALSO
BUDAGOV

ALSO

CHIEN
ALSO

CHO
ALSO

GHOLLET
CULLEN

DARR IULA
FAISSNE R
JENSEN

ALSO
MARX

ALSO

SC IULLI
SCRIBANO
SNITH
WEBB ER

ALSO

BALATS
BAR MIN

BISI
CARNEGIE
CHAN

70
70
70
70
70

PL 338 516
PRL 25 1057
PL 338 377
PR 02 78
PL 338 623

+ASTONgBARBERg BIRDyELLISON + (MCHS+DARE)
+EHRLICHg HOFERg JENSEN+ (EF I y ILLCg SLAG )
+BARYLONgBORISOVsBYSHEVA+ (ITEPgJINR)
+CRONINgTHEVENTgTURLAYgZYLBERAJCH + (SACL)
+ORICKEYgRUDNICKgSHEPARD+ (SLACgJHUgUCLA)

PRIVATE COMMUNICATION g 8 ~ COXg FEB ~ 71
70 PR 02 815 +CUNDY g MYATT y NE Z R I CK+
68 PL 288 215 +CUNDY y NYATT g NEZR I CK+

(CERNy ORSAy EPOL)
{CERNgORSAg EPOL)

67
70
70

70
70
70
69
70
70

70
70
70
70
69

71
71
71
71
71

PRL 19 668
PL 318 658
PL 328 523

PL 338 249
NC 70A 57
THESIS
PRL 23 615
PL 328 219
THESI Sy NEVIS 179

PRL 25 1214
PL 328 224
PL 328 133
PR Dl 1967
UCRL 19226 THESIS

SJNP 13 53
PL 358 604
PL 368 533
PR 04 1
LBL-350 THESIS

HILLsLUERStROBINSONt SAKITT + ( BNLt CARN)
+GAILLARDg JANEgRATCI IFFEgREPELLIN + t CERN)
+DARRIULAT ~ DEUTSCHt FOETH + ( AACHy CERNs TORI )

+FERREROyGROSSOg HOLDER + (AACHgCERNg TORI )
+REITHLERg THOMEg GAILLARD+ t AACHgGERNy RHEL)
D»A ~ , JENSEN (EFI )
JENSENyARONSONyEHRLICHgFRYBERGER+ (EFlgILL)
+NYGRENgPEOPLES'gSTEINBERGE+(COLUgHARVgCERN)
JAY MARX (COL UMB I A)

+GALLIVANtBINNIE sGOMEZ y MALLARYg PECK+ (CIT)
+MANNELL I s PIE RAZZI NI g MARX+ ( PI SA y COLUt HARV)
+WANGgWHATLEYy ZORNyHORNBOSTEL (UMDyBNL)
+SOLMITZ gCRAWFORDy ALSTGN-GARNJOST (LRL)
8 R 'WEBBER (LRL )

ABER EZ IN y V ISHNEVS K I I g GALANINA+ ( ITEP )
+BARYLOV g VESEI.OVSKYy DA VI OENKO+ ( ITEP )
+DARR IULATg FERRF RO gRUBBI A+ ( AACH yCERNy TORI )
+CESTERg F ITCHg STROVINK t SULAK ( PRIN)
J ~ HIONG-SING CHAN (LBL )

70 PL 338 627 G-Y ~ CHIENg COXg ETTL INGER + ( JHU+SLAG+UCLA )
PRIVATE COMMUNICATIONg 8 ~ GOXs FEB ~ 71 ~

70 PR 01 3031 +DRALLEy CANTERgENGLERgFISK+ (CARNy BNLy CASE)
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Data Card Listings
For notation, see Itey at front of Listings.

Stable Particles

CHI EN 71
ALSO 72

CHO 71
CLARK 71

ALSO 70
ALSO 71

ENSTROM 71
ALSO 70

PL 358 261
DALLY

+COX y ETT L I NGER y R ESVANI S+ (JHU ySLACy UCLA)

PR D3 1557 +DRALLEy CANT ERy ENGLERy FI SK+ (CARNy BNL y CASE )
PRL 26 1667 +ELIOFFy FIELDyFRISCHy JOHNSONyKERTH+ (LRL]
UCRL 19709-THESIS ROLLANO JOHNSON (LRL)
UCRL 20264-THESIS HENRY FRISCH {LRL)
PR D4 2629 +AKAVIAy COOMBESy DORFAN+ (SLACK STAN)
THESIS (SLAC 125) J E ENSTROM ( STANFORD)

)WEIGHTED AUERAGE = 54B.82 + 0 ~ 56
ERROR SCALED BY 1.4

HI {.L 71
ME ISNER 71
PEACH 71

PR 04 7
PR D3 59
PL 358 351

+SAKITTy SKJEGGESTADy CANTER+ (BNLyCARNy CASE)
+MANNyHERTZBACHyKOFLER + (MASA+BNL+YALE)
+EVANS yMUIRy BUDAGOVy HOPKINS+ (EDINy CERN)

REPELLIN 71
WEBB ER 71

ALSO 68
ALSO 69

WOLF F 71

ALBROW
ASHFORD
BANNER1
BANNER2
BURGUN

ALSO
CARNEGIE
DALLY

ALSO
ALSO

GRAHAM

HOLDER
JAMES

ALSO

72
72
72
72
72
71
72
72
70
71
72
72
72
71

NP 844 1
PL 388 47
PRL 28 1597
PRL 29 237
NP 850 194
LNC 2 1169
PR D6 2335
PL 418 647
CHI EN
CHI EN
NC 9A 166
PL 408 141
NP 849 1
PL 358 265

+ASTONy BARBERy BIRDy ELLISON+ (MCHS+DARE)
+BROWN yMAS EK yMAUNG y MILLER y RUDERMAN+ ( UCSD)
+CRONINyHOFFMANyKNAPPy SHOCHET {PRINCETON)
+CRONINy HOFFMANyKNAPPy SHOCHET (PRINCETON)
+LESQUOY y MULLERy PAULI y+ ( SACL+CERN+OSLO)
BURGUNy{ ESQUOYyMULLER + ( SACL+CERN+OSLO)
+CESTERy FITCHy STROVINKySULAK (PRINCETON) .
+INNOCENTI ~ SEPPI y CHI EN y COX+ {SLAG+JHU+UCLA)

+ABASHIANy JONESy MANTSCHyORR+ ( ILL+NEAS)
+RA DE RMACHER y STA UD E+ (AACH+CERN+TORI]
+MONTANETyPAULySAETRE+ (CERN+SACL+OSLO)
JAMESyMONTANETyPAULyPAULI+ (CERN+SACL+OSLO]

KRENZ
MANN

MANTSCH
MCC ART HY

ALSO
METCALF
NEUHOFER
P ICC ION I
VOSBURGH

ALSO
WEBB

72 LNC 4 213
72 PR 06 137
72' NC 9A 160
72 PL 428 291
71
72
72
72
72
71
72

THESIS LBL — 550
PL 408 703
PL 418 642
PRL 29 1412
PR D6 1834
PRL 26 866
THES IS

+HOPKINS y EVANS ~ MUI Ry PEACH ( AACH+CERN+EDIN)
+KOFLERy ME ISNERy HERTZBACH+ (MASA+BNL+YALE ]
+ABASHIANy GRAHAMy JONES yORR+ ( ILL+NEAS )
+BREWERy BUDNITZy ENTI Sy GRAVEN ~ MILLER+ (LBL)
R ~ L MCCA RTHY (LBL)
+NEUHOFERy NIEBER GALL+

'
(CERN+ IPN+WIEN)

+NIEBERGALLy REGLER ySTI ER+ (CERN+ORSA+VIEN)
+COOMBESyDONALDSONyDORFANy FRYBERGER+ {SLAC]
+DEVL INy ESTERL INGy GOZy BRYMAN + (RUTGy MASA)
VOSBURGHy DEVL IN ~ ESTERLINGy GOZ + (RUTGy MASA)
ROB ERT CARROLL WEBB l P RI NC ETON)

CARITHER 73
EVANS 73

ALSO 69

BAP S 18 26
PR D7 36
PRL 23 427

CARI THERS y MOD I S y NY GREN y PUN+ ( COLU+CERN+NYU )
+MUIRy PEACHy BUDAGOV+ l EDINBURGH+CERN)
EVANSy GOLDEN yMUIRy PEACH+ . ( EDINBURGH+CERN)

PAPERS NOT REFERRED TO IN DATA CARDS

PL 368 603 +WOLFF yCHOLLETyGAI LLARDy JANE+ (ORSAy CERN)
PR D3 64 +SOLMITZ y CRAWFORD y ALSTON-GARNJOST (LRL)
PRL 21 498 WEBBER y SOLMITZ yCRAWFORDy ALSTONGARN JOST(LRL)
UCRL 19266-THESI S 8 R WEBBER (LRL)
PL 368 517 +CHOLLETyREPELLINyGAILLARD+ (ORSAy CERN)

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pll
P12
P13
P14

~ JAMES 66
FOSTER3 65
KRAEMER 64
FOELSCHE 64
DELCOURT 63
ALFF 62
PICKUP 62
BASTIEN 62

HBC

HBC

DBC
HBC
CNTR

HBC
HBC

HBC

CHISQ
9.6
0 ~ 9
1.1
0 ~ 1
0.0
0.F

0 ~ 0
12.4

(CONLEU
=0.054)

ETA INTO 2GAMMA
ETA INTO 3PIO
ETA INTO P I+ PI- PI 0
ETA INTO PI+ PI- GAMMA

ETA INTO E+ E- PIO (VIOLATES C IN EsM ~ I ~ )
ETA INTO E+ E- PI+ PI-
ETA INTO PIO 2GAMMA
ETA INTO E+ E- GAMMA

ETA INTO 2PIO GAMMA l VIOLATES C)
ETA INTO PI+ PI- PIO GAMMA

ETA INTO P I+ P,I- 2GAMMA
ETA INTO MU+ MU-
ETA INTO MU+ MU- GAMMA

ETA INTO MU+ MU- PI 0

DECAY MASSES
0+ 0

134+ 134+ 134
139+ 139+ 134
139+ 139+ 0
134+ ~ 5+ ~ 5
139+ 139+ .5+ .5
134+ 0+ 0

~ 5+ ~ 5+ 0
134+ 134+ 0
139+ 139+ 134+ 0
139+ 139+ 0+ 0
105+ 105
105+ 105+ 0
105+ 105+ 134

540 545 550 555 560 565
ETA MASS (MEU)

14 ETA PARTIAL DECAY MODES

ALEXANDE 62
JOVANOVI 63
STERN 64
BEHR 65
MESTVIRI 65
TRILLING 65

UPDATED
GINSBERG 67

RUB 8IA 67
ALSO 1 66
ALSO 2 66
ALSO 3 66

SCHMIDT 67
CRONIN 68
GINSBERG 70
HEUSSE 70
GINSBERG 71

PRL 9 69
BNL CONF 42
PRL 12 459
ARGONNE CONF 59
JI NR P 2449
UCRL 16473
FROM 1965 ARGONNE
PR 162 1570

PL 248 531
PL 20 207
PL 21 595
PL 23 167
NEVIS 160{THESIS)
VIENNA CONF P 281
PR Dl 229
LNC 3 449
PR D4 2893

G ALEXANDERy S ALME IDAy F CRAWFORD (LRL )
JOVANOVICy FISCHERy BURRIS + l BNL+MARYLAND)
STERNyBINFORDyLINDyANDERSON + (WISC+LRL}
BEHRy BRI SSONy BELLOTTI+ l EPOLy MILAy PADO)
MESTVIRISHVILI yNYAGUyPETROVy RUSAKOV+ ( JINR)
GEORGE H TRILLING {LRL)
CONF~y PAGE 115'
EDWARD S GINSBERG (Us MASS BOSTON)

C RUBBIAy J STEINBERGER (CERN+COLU)
ALFF-STE I NBE RGER y HEUER y KLE INKNECHT+ ( CERN )
ALFF-STEI NBERGERy HEUER yKLE INKNECHT+ ( CERN )
C ~ RUBBIA y J «STE INBERGER (CERN+COLU)
PE SCHMIDT (COLUMBIA)
CRONINyRAPPORTEURS TALK (PRINCETON)
E S GI NS BERG (I IT HAIFA)
+AUBERT ~ PASCAUDy VIALLE (ORSAY )
E S GINSBERG lMI T)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 3

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P., where

1 1 I
6P. = Q(6P, 6P.), while the off-diagonal elexnents are the normalized correlation coeffi-1 I 1
cients (6P.&P. ) j(6P. ~ 6P.). For the definitions of the individual P. , see the listingsi j i j '

1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

P 1 P 2 P 4 P 7
P 1 ~ 3800+-~ 0098
P 2 - s 2763 ~ 3000+-~ 0107
P 3 -+3387 —~ 2116 ~ 2390+- ~ 0055
P 4 —3091 - 1946 ~ 8630 ~ 0497+- ~ 0013
P 7 -.4203 —~ 5972 —~ 0815 ~ 0725 ~ 0313+-~ 0111

14 ETA l 549 y JPG=O-+) I=O

FOR C ~ BALTAY'S REVIEW OF THE ETA MESONy SEE PROC ~ UNIV ~ OF PENNs
CONF ~ ON MESON SPECTROSCOPY l W. A ~ BENJAMINy N ~ Y» y 1968)

Wl
Wl

14 ETA DECAY RATES

ETA INTO 2GAMMA (UNITS KEV) (Gl)
(0 ' 93) (0 ' 2) BEMPORAD 67 CNTR PRIMAKOFF EFFECT 11/67

M 53
M 35
M

M

M

M

M

M

M

M AVG

549 ~ 0
546 ~ 0

91 548 ~ 0
549 ~ 3

148 549+ 0
325 552 ~ 0

548 ~ 2
250 555 ~ 0

~ ~ ~ ~

548 82

14 ETA MASS (MEV)

62 HBC
62 HBC
62 HBC
63 CNTR
64 HBC
64 DBC
65, HBC
66 HBC

BASTIEN
PICKUP
ALFF
DELCOURT
FOELSCHE
KRAEMER
FOSTER3
JAME S

14 ETA WIDTH (MEV)

1 ~ 2
4 0
1 ~ 0
2 ~ 9
0 ' 7
3 ~ 0
0 65
2 ' 0

~ ~ ~ ~ ~

0 ~ 56 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 4)
(SEE IDEOGRAM BELOW }

7/66
6/66

The above value for 1 assumes that 1" fl'
YY total

= 3i.4 /0 However, the results of that experiment

may be stated more generally than is given in the
paper, as

I' X &YY = 0.380 + 0.083 keV
~otal

(private communication from C. Bemporad). Thus
our new value of

91
148
31

ETA DECAY RATESALSO SEE

(10s0) OR LESS
{10~ 0) OR LESS
(12iO) OR LESS
(4s0) OR LESS
(s9) OR LESS

ALFF
FOELSC HE
JAMES
BALTAY

C L= ~ 95 JONE S
{BELOW) ~

62 HBC
64 HBC
66 HBC
66 DBC
66 CNTR

1 ~ /I' „1—— 38.0 e 1.0%total
6/66

8/67 would give
= 4.00 + 0.22 keV

YY
and

rtotal = 2.63 + 0.58 ke V.
See G. Benfatto, "Coherent Nuclear Photoproduc-

tion of the g-meson, "Nuovo Cirnento 69A, f09 (4970)
for a critique of this technique.
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Stable Particles Data Card Listings

For notation, see key at front of Listings.

14 ETA BRANCHING RATIOS

(P 1+P2+P71/ f P3+P4)

R2
R2
R2
R2 F IT

Rl ETA INTO NEUTRALS/CHARGED
Rl N 10 (2 ~ 5) (1«0) PICKUP 62 HBC

Rl N 53 (3 20) (1 ~ 26) BASTIEN 62 HBC
(2 ' 7) (0.8) SHAFER 62 HBC

~ 9 BUSCHBECK 63 HBC
R 1 N 280 (4 ~ 5) (1 ~ 0) JAMES 66 HBC
Rl N THESE EXP ERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES

Rl N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES (3 ) ANO (4)
Rl N FROM EACH OTHER THE REPORTED VALUES THUS PROBABLY CONTAIN
Rl N SOME (UNKNOWN) FRACT ION OF MODE ( t) ~

Rl 2 ~ 64 0 «23 BALTAY2 67 DBC

2.64 . 0 ' 22 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0}
~ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 1)Rl FIT 2 ~ 463 0 «080

ETA INTO 2GAMMA/CHARGED ( P 1)/ ( P3+P4)
0«99 0 F 48 CRAWFORD 63 HBC

1 316 0.053 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

7/66
6/66

11/67

R4 ETA INTO (PI+ PI- GAMMA)/(PI+ P I- P IO) (P4)/(P3)
R4 0 14 0 ~ 08 FOELSCHE 64 HBC
R4 M 24 ( 0 ~ 73) (0~ 25) PAULI 64 DBC
R4 M THIS EXP ERIMENT HAS NOT BEEN INCLUDED IN THE AVERAGES SINCE IT IS
R4 M NOT CLEAR THAT THEIR CLASS 8 EVENTS ARE ACTUALLY FROM ETAS ~

R4 0 ' 30 0 ' 06 CRAWFORD 66 HBC
R4 ~ 10 ~ 10 KRAEMER 64 DBC
R4 ~ 196 ~ 041 FOSTER3 65 HBC
R4 ~ 25 ~ 035 LITCHFIEL 67 DBC
R4 0 ~ 28 0 ~ 04 '

BALTAY2 67 DBC
R4 7250 ~ 201 ~ 006 GORMLEY 70 ASPK
R4 1BK 0 ~ 209 0 ~ 003 THALER2 72 ASPK

0 ' 2080 0 ' 0032 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1«2)
0«2080 0 ' 0027 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ Ol

( SEE IDEOGRAM BELOW )

WEIGHTED AVERAGE = 0.2080 + 0.0032
ERROR SCALED BY 1.2

6/66
7/66
.7/66
8/67

11/67
6/70
I/73~

Note on q ~ TT
0

The discrepancies between various measurements
of branching ratios involving g ~ Tr yy are displayed
in the ideogram below, in which all relevant e~peri-
rnents have been converted to a common ratio,
vr YY/neutrals. Our branching ratio tit does not in-
clude DIGIUGNO 66, FELDMAN 67 or the upper
limit rneasurernents. See page 43 of "Review of
Particle Properties", Physics Letters 398, No.

(1972 ) for more dis cus sion.

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x,
and scale factor, which are differ-
ent from the values shown here.

CHISQ
RSPK 0.1
ASPK 1.3
DBC
DBC
HBC

DBC
HBC

HBC

1.5
(CONLEV
=0.226)

~ THALER2 72
GQRMLEY 70
BALTAY2 67
LITCHFIEL 67
FQSTER3 65
KRREMER 64
CRAWFORD 66
FOELSCHE 64

0.0 0.1 0.2 0.3 0.4 0.5

ETA INTO (PI+ PI- GAMMA) i (PI+ PI- PIO)

WEIGHTED AVERAGE = 0.061 + 0.031
ERROR SCALED BY 2.3

~ ~ ~ ~

SCHMITT
KANQFSKY
DEVQNS

COX

BUTTRAM

JACQUET
FELDMAN

BALTAY1
WAHLIG

GRUNHRUS

DIGIUGNO

CHISQ
0.9
0.0
2.3
1.6
3.4
0.6

13.4
0.8

70 QSPK
70 OSPK
70 OSPK
70 HBC

70 OSPK
69 HLBC
67 QSPK
67 DBC
66 QSPK
66 OSPK
66 CNTR

4.4
19.0
46 ~ 4

f CQNLEV
=0.000)-0.2 0.0 0.2 0.4 0 ~ 6 0.8

ETA B.R. INTO (PIO 2GAMMA) iNEUTRRLS

R5
R5
R5
R5
R5
R5 AVG
R5 F IT

R6
R6
Re
R6
R6
R6
R6 AVG
R6 F IT

WEIGHTED AVERAGE = 0.824 + 0.085
ERROR SCALED BY 1.2

weighted average,
factor are for the
ence only. The
y processed by a

rogram, which
n values of z:, gx,

which are differ-
ues shown here.

ETA INTO (3PIO) + 2/3(PIO 2GAMMA)/ PI+PI-PIO (P2+2/3P7)/P3
0 ~ 83 0 ~ 32 CRAWFORD 63 HBC

1 ~ 0 FOELSCHE 64 HBC

0.90 0 ~ 24 FOSTER1 65 HBC

0 ~ 91 0 ~ 19~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
)l.342 0 ~ 0555 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1

ETA INTO 3PIO/2GAMMA (P2)/(Pl)
( ~ 90) OR MORE CHRETIEN 62 PBC

0 ~ 16 8ALTAY 1 67 OBC

0«2 CENCE 67 OSPK
0 ~ 75 0 09 DEVONS 70 OSPK

0 ' 824 0«085 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
0 790 0 039 FRFROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

(SEE IDEOGRAM BELOW }

7/66
7/66
7/66

11/67
1/68

12/70

R3 ETA INTO (PIO 2GAMMA) /NEUTRALS (P7)/(Pl+P2+P7)
E ROR DOUBLEDR3 S (0«375) (0«072) DIGIUGNO 66 CNTR ERROR D

R3 THE ERRORS OF DIGIUGNO+ 66 HAVE BEEN INCREASEO BY A FACTOR

R3 OF TWOs TO TAKE INTO, ACCOUNT POSSIBLE SYSTEMATIC ERRORSs AS
R3 SUGGE STED BY THE AUTHORS ~

27 ~ 10 GRUNHAUS 66 OSPK
R3 R ( ~ 028) ( «044) BUNI ATOV 67 OSPK
R3 S ( 244) ( 05) FELDMAN 67 OSPK
R3 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE

R3 ~ 026 ~ 019 BUTTRAM 70 OSPK
.R3 122 ~ 052 F 044 COX 70 HBC

( ~ 07) OR LESS CL= ~ 90 DEVONS 70 OSPK
~ 016 ~ 047 SCHMI TT 70 OSPK

R3 R SCHMITT 70 I S A REANAl YSIS BUNIATOV 67
R3 E (0«ll) (0 ~ 03) STRUGALSK 71 HLBC
R3 E THIS MEASUREMENT HAS BEEN EXCLUDED BECAUSE THE ERROR APPEARS
R3 E TO BE SERIOUSLY UNDERESTIMATED ~

R3 AVG 0«042 0 ~ 023 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 4)
R3 FIT 016 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 2)

6/66

8/67
11/67
8/67

12/70
6/7 0

12/70
12/70

5/71
2/7 1
2/71

R7
R7
R7
R7
R7 AVG
R7 F IT

0.4 0.8 1.2
ETA INTO (3PIO) & (2GAMMA)

S 70 QSPK
67 QSPK

Yi 67 0BC

1.6

CHISQ
0.7
1.9
0.1
2.7

(CONLEV
=0 ~ 259)

7/69

(P 1)/( P3)ETA INTO 2GAMMA/ ( P I+ P I- P 0)
1~ 61 0«39 FOSTER1 65 HBC

401 1 72 25 BAGL IN 69 HLBC

1 69 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
0 064 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 1)
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

E TA INTO NEUT RAL/ ( P I+
50 3 ~ 6 0 ~ 8

3s8 1 ~ 1
2 ~ 89 0 ~ 56

244 3~ 6 0 ~ 6
29 3~ 4 ltl
70 2 ' 83 0 F 80
ERROR INCREASED FROM

~ ~ ~ ~ ~ ~ ~ ~ ~

3 ' 28 Ot31
2 976 0.097

R8
R8
RB
R8
RB
RB
R8 8
RB 8
RB
R8 AVG
RB FIT

PI- PIO) l P 1+P2+P7) / l P3)
KRAEMER 64 DBC
PAULI 64 DBC
ALFF-STEI 66 HBC
FLATTE2 67 HBC
AGUILAR 8 72 HBC
BLOODWORT 72 HBC

PUBLISHED VALUE 0 ~ 5 BY BLOODWORTH t PRI V ~ COMM~

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 0)
FROM FIT (ERROR INCLUDES SCAI E FACTOR OF 1 ~ 1)

R9
R9
R9
R9
R9

ETA INTO (E+E-PIO)/(PI+PI PIO) (UNITS 10''~2) (P5)/t P3)
1 ~ I OR LESS PRICE 65 HBC

0 0 ~ 77 OR L ESS FOSTER2 65 HBC
~ 42 OR LESS CL= 90 BAGLIN1 67 HLBC

0 ~16 OR LESS CL= ~ 90 BILLING 67 HLBC

R10 ETA INTO {E+E PI+PI-)/TOTAL (UNITS 10++ 2)
R10 {OeY) OR LESS RITTENBER 65 HBC

(P61

Rll ETA INTO (E+E PI+PI-)/t PI+PI GAMMA) (P6)/(P4)
Rll 1 0 ' 026 0t026 GROSSMAN 66 HBC

R12 ETA INTO 2 GAMHA/NEUTRALS (Pl) /(Pl+P2+ P7)
R12 S (Os416) (0e044] DIGIUGNO 66 CNTR ERROR DOUBLED
R12 ~ 44 ~ 07 GRUNHAUS 66 OSPK
R12 S ( ~ 579) t 4052) FELDHAN 67 OSPK
R12 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE ~

R12 T (0 ' 39) (0 ' 06) JONES 66 CNTR
R12 T THI S RESULT FROM COMBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS ~

R12 ~ 59 o 033 BUNI ATOV 6Y OSPK
R12 ~ 535 ~ 018 BUTTRAH 70 OSPK
R12 ~ 486 ~ 036 COX 70 HBC
R12 0 ' 57 0 ' 09 STRUGALSK 71 HLBC
R12 ~ ~ ~ ~ ~ ~ ~ s ~

R12 AVG 0 ~ 535 0+018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
R12 F IT 0 ~ 534 0 ~ 013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

R13 ETA INTO 3PIO/NEUTRALS (P2)/t Pl+P2+P7)
R13 S (0 ~ 209) (0 s 0541 DIGIUGNO 66 CNTR ERROR DOUBLED
R13 R ( ~ 29) ( ~ 10) GRUNHAUS 66 OSPK
R13 S tsl77) ( 035) FELOMAN 67 OSPK
R13 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE ~

R13 ~ 41 033 BUNIATOV 67 OSPK
R13 R REDUNDANT INFORMATION FROM THIS EXPERIMENT~
R13 R ts4391 {~ 024) BUTTRAM 70 OSPK
R13 ~ 392 ~ 042 COX 70 HBC
R13 Oo 32 0 i 09 STRUGALSK 71 HLBC
R13 ~ ~ ~ ~ 0 ~ ~ ~ ~

R13 AVG 0 ~ 397 0 ~ 025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
R13 FIT 0 ~ 422 0 ~ 015 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~1)

7/r66
9/66
1/68

11/72~
11/724

1/734'

8/67
11/67

6/66

6/66

6/66
8/67
8tt67

8/67

11/67
12/70
6/70
5/71

6/66
8/67
8/67

11/67

12/70
6/70
5/71

{4EIGHTED AUERAGE = 0.24 + 0.40
ERROR SCALED BV 2.0

LAVTER
OANBURG

~ CARPENTR
~ MULLER
~ GORMLEY3
~ LARRIBE

CLP[JY
~ BALTAY

CHISQ
72 ASPK. 1 ' 7
70 DBC
70 HBC
6S OSPK 0.0
68 ASPK 6.4
66 HBC
66 HBC

66 DBC

-15 -S 5 16 26
ETA INTO PI+PI-PIG ASYMMETRY PARAMETER

8 ~ 1
[CONLEU
=0.018)

14 ETA C-NONCONSERVING DECAY PARAMETER

RELATED TEXT SECTION IV G AND MINI-REVIEW BELOW

A DECAY ASYHHETRY PARAMETER FOR PI+ PI- PI 0 (UNITS 10&'t-2)
A 1351 7 ~ 2 2 ~ 8 BALTAY 66 DBC
A 1300 5 ~ 8 3s4 '

CLPWY 66 HBC
A 10665 (0.3) (1 ~ 0) CNOPS 66 OSP K RE PL BY MULLER 69
A Y05 -6 1 4 0 LARRIBE 66 HBC
A 36800 1 ~ 5 ~ 5 GORHLEY3 68 ASPK
A 10709 3 1 1 MULLER 69 OSPK
A 1138 -1~ 4 3 ~ CARPENTR 70 HBC
A 349 3s 2 5s4 DANBURG . 70' DBC
A L 220K -0 ~ 05 0 ~ 22 LAYTER 72 ASPK
A L ALSO REPORTS SEXTANT ANO QUADRANT ASYMMETRIES ~

A ~ ~ ~ 0 ~ ~ ~ ~ s
A AVG Oi24 0 40 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 2 0)

(SEE IDEOGRAH BELOW )

8/66
8/66
8/67
8/67
6/68
9/69
6/70
2/71
8/724
8/724

R14 ETA INTO PIO (2 GAMMA)/2GAMMA (P7) /( Pl )
R14 ( ~ 5) OR LESS CL= ~ 90 WAHLIG 66 SPRK
R14 000 0 ~ 14 BALTAY1 67 DBC
R14 P (0 05) (0 ~ 04) BONAMY 67 SPRK PRELIMINARY RESULT
R14 t ~ ~ 0 0 ~ ~ ~

R14 FIT 0 ~ 082 0 ~ 030 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

R15 ETA INTO ( E+E-P IO ) /TOTAL ( UNITS 10++-2) (P5)
R15 (0 ~ 71 OR LESS RITTENBER 65 HBC
R15 (Os084) OR LESS CL= ~ 90 BAZIN 68 DBC

R16 ETA INTO 2GAMHA/( 3P 10 + P 10 2GAMMA) (P 1)/I P2+P71
R16 0 80 ~ 25 BACCI 63 CNTR
R16 0 0 ~ ~ ~ ~ ~ ~ ~

R16 FIT 1 ~ 147 0 ~ 060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

7/66
11/67
11/67

6/66
6/68

7/66

H. Yuta and S. Okubo [Phys. Rev. Letters Zi, 78i
(f968) ] have pointed out that an asyznrnetry in t'he decay

+ w
Q of about 2% need not imply a breakdown of

C invariance, since an asymmetry of this amount

could be caused by an interference between the q and
R17
R17
R17
R17
R17
R17

ETA INTO ( PI+PI-P 10 GAMHA) /( PI+PI-PIO)
( ~ 07) OR LESS FLATTE
( ~ 009) OR LESS PRICE
( ~ 016)OR LESS CL= ~ 95 BALTAY2

(0 ~ 017) OR LESS CL= ~ 90 ARNOLD
Oo 035 OR LESS CL=.90 THALER2

67 HBC
67 HBC
67 DBC
68 HLBC
72 ASPK

{P 10)/ (P3)
8/67
8/67

11/67
9/68
1/73+

the 3vr background. Gormley et al. [Phys. Rev. Let-
ters 22, i98 (i969I], hovrever, believe that this effect
can account for only ( Ot23/0 in their experiment

(Pll)/(P3)

ETAR19
R19
R19
R19
R19
R19 AVG
R19 FIT

199

INTO 3PIO/(PI+ PI-
1~ 3 ~ 4
1 ~ 47 0 ~ 20
1~ 50 ~ 15

~ ~ ~ ~ ~ ~ ~ ~

1 ~ 46 0 ~ 13
1~ 255 0 ' 058

PIO)
BAGLIN2

0 ~ 17 BULLOCK
e 29 BAGLIN

67 HLBC
68 HLBC
69 HI. BC

(P 2) /( P3)

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1 1)

R18 ETA INTO t PI+PI- 2GAMHA) /l PI+PI-PIO)
R18 ( ~ 009)OR LESS PRICE 67 HBC
R18 016)OR LESS CL= ~ 95 BALTAY2 67 DBC

8/67
11/67

8/67
9/68
7/69

(above). Also see: A. Frenkel and. G. Vesztergombi,
"C-Violation in p-Decay, " Nucl. Phys. BI5, 429

(1970) and K. Taggart, "A,symmetry and Background

in q 37{," Phys. Rev. D 2, l960 (4970).

ETA INTO NEUTRALS!TOTAL ( P 1+P2+P 7)
~ 79 F 08 BUNIATOV 67 OSPK

16K ~ 705 F 008 BASILE 71 CNTR MM SPECTROHETER
~ ~ s ~ ~ ~ 0 ~ ~

0 ~ 7058 0 ~ 0080 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 01
0 ~ 7113 0 0067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 1)

R21
R21
R21
R21
R21 AVG
R21 F IT

R20 ET A INTO 2GAMMA/( ( 3PI 0) +2/3 ( P 10 2GAMH A 1 ) {Pl]/(P2+2/3P71
R20 I ~ 10 0 ' 5 MULLER 63 OBC
R20 ~ ~ ~ ~ ~ ~ ~ ~ 0
R20 FIT 1+184 0 ~ 058 FPOM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

7/66

11/67
8/71

8 DECAY ASYMMETRY PARAMETER FOR PI+ PI- GAMMA (UNITS 10''+-2)
8 33 -2 ~ 17 ~ CRAWFORD 66 HBC
8 -4o 8 ~ LITCHFIEL 67 DBC
8 N 1620 1 ~ 5 2 ~ 5 MULLER 69 OSPK
8 N ABOVE EXPERIMENT IS SENSITIVE ONLY TO UPPER 4 OF GAMMA-RAY SPECTRUM
8 7257 lo 22 1 ~ 56 GORMLEY 70 ASPK
8 36K 0~ 5 0 ~ 6 THALER1 72 ASPK
8 ~ ~ ~ I ~ ~ ~ I ~

B AVG 0+61 0 54 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

11/66
8/67
9/69

6/70
8/720

R22 ETA INTO ( PIO 2GAMHA) /TOTAL (P71
R22 ~ 12 OR L ESS CL= ~ 95 JACQUET 69 HLBC
R22 ~ ~ ~ ~ ~ ~ ~ ~ ~

R22 FIT 0 ~ 031 0 ~ Oll FROM FIT

R23 ETA INTO MU+MU-/TOTAL ( UNITS 10++-5) {P12)
R23 0 2 OR L ESS CL= ~ 95 WEHHANN 68 OSPK

R24 ETA INTO MU+MU-PI 0/TOTAL l UNITS 10+-4) (P14)
R24 5 OR .LESS WEHMANN 68 OSPK

R25 ETA INTO MU+MU-/2GAHMA (UNITS 10+~5) (P12)/(Pl)
R25 5 ~ 9 2 2 HYAMS 69 OSPK

R26 ETA INTO (PIO 2GAMMA)/(3PIO + PIO 2GAMHA) (P7)/(P2+P7)
R26 N 0 ~ 1 0 ~ 3 KANOFSKY 70 OSPK
R26 N WE HAVE CHANGED THE ERROR ON THIS EXPERIMENT FROM +0 ' 3t-Owl
R26 N TO THE ABOVE +Oe 3t 0 t 3 SINCE I 7 IS CLEAR FROM FIGURE 7 IN THE
R26 N ARTICLE THAT A CENTRAL VALUE OF 0 ~ 0 IS ABOUT AS PROBABLE AS THE
R26 N QUOTED VALUE OF 0 1~

R26 ~ ~ ~ ~ ~ t ~ ~ ~

R26 FIT 0 ~ 094 0 032 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.2)

6/70

4/68

4/68

7/69

2/71
2/7 1
2/71
2/71
2/71

PEVSNER 61 PRL 7 421

63 PRL 11 37
63 SIENA CONF 1 166
63 PRL 10 546
66 PRL 16 907
63 PL 7 215
63 SIENA CONF 99

BACC I
BUSCHBEC
CRAWFORD

ALSO
DELCOURT
MULLER

FOELSCHE 64 PR 134 8 1138
KRAEMER 64 PR 136 8 496
PAULI 64 PL 13 35 1

FOSTER1
FOSTER2

65 PR 138 8 652
65 ATHENS

ALFF 62 PRL 9 322
BASTIEN 62 PRL 8 114
CHRETIEN 62 PRL 9 127
PICKUP 62 PRL 8 329
SHAFER 62 CERN CONF 307

H W FOELSCHEtH L KRAYBILL
KRAEMERt HADANSKYtFIELDS +
E PAULI t A MULLER

( YALE)
(JHU+NWES+WOOD)

(SACLAY)

FOSTER ~ PETERS t MEER t LOEFFLER + (WISC+PURDUE)
FOST ER t GOO Dt ME E R (WISCONSIN)

REFERENCES FOR ETA

PEVSNERt KRAEMERt NUSSBAUH tRICHAROSON + (JHU]

ALFFt BERLEYtCOLLEYtBRUGGER + (COLU+RUTGERS)
BAST IENt BERGEt DAHLt FERRO-LUZZI + (LRL)
CHRETIEN+ (BRAN+BROWN+HARVARD+HIT+PADOVA]
E PICKUPt ROBINSONt SALANT (CNRC+BNL)
J SHAFERtFERRO-LUZZI ~ MURRAY + {UCB+LRL)

BACCI t PENSOt SALVINI + ( ROM A+ FRAS ]
BUS CHBECK-CZAPP t COOP ER + ( VI ENNA t C ERN t AMST )
F S CRAWFORDtLLOYDtFOWLER {LRL+OUKE)
F S CRAWFORD t L LLOYD t E F OWLE R ( LR L+ DUKE )
DELC'OURT t LEFRANCOI St PEREZ Y JORBA+ (ORSAY)
MULLERtPAULI + (SACL+ROMA)
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Stable Particles
p, n

Data Card Listings
For notation, see key at front of Listings.

FOSTER3
PRICE
RITTENBE

65 THESIS
65 PRL 15 123
65 PRL 15 556

ALFF-STE 66
BALT AY 66
CRAWFORD 66
DIGIUGNO 66
GROSSMAN 66
GRUNHAUS 66
JAHES 66
JONES 66
WAHL IG 66

PR 145 1072
PRL 16 1224
PRL 16 333
PRL 16, 767
PR 146 993
THESIS
PR 142 896
PL 23 597
PRL 17 221

BAGL IN1
BAGLIN2
BALT AYl
BALTAY2
BEMPORAD

ALSO
8 ILL ING
BONAMY
BUNI ATOV
CENCE
FELDMAN
FLATTE
FLATTE2
L ITCHF IE
PRICE

6T PL 248 637
67 BAPS 12 567
6T PRL 19 1495
67 PRL 19 1498
67 PL 258 380

PRIVATE COMMUN IC
67 PL 258 435
67 HEIDELBERG CONF'
67 PL 258 560
67 PRL 19 1393
67 PRL 18 868
67 PRL 18 976
67 PR 163 1441
67 PL 248 486
67 PRL 18 1207

Me C FOST ER
L oR e PRICE ~ Fe S CRAWFORD
RI TTENS ERG y KAI. BFLE ISCH

(WISCONSIN)
(LRL)

{LRL+BNL)

ALFF-. STE INBERGER y BERLEY+ (

COLUMBIA+RUTGERS�

)
+FRANZ INI y KIM ~ Kl RSCH+(COLUMBIA+STONY BROOK)
F S ~ CRAWFORD ~ LeR PRICE (LRL)
OIGIUGNOsGIORGI y SI LVESTRI+ (NAPLs TRSTs FRAS)
R GROSSHANyL PRICEyF CRAWFORD {LRL)
J ~ GRUNHAUS ( COLUHB I A )
F E JAHESsH L KRAYBILL ( YALE+BNI. )
JONES y Sl NNIE y DUANE y HGRSEYy HASONy {LOIC y RHEL )
WAHLIGy SHIBATAyMANNELLI ( HIT+ P I SA )

BAGL IN yB EZAGUET y DE GRANGE t+ {EPOL+UCB)
BAGLINyBEZAGUETy DEGRANGEy+ ( EPOL+UCB )
BALTAY yF RANZIN I y KI My NEWMAN+ (GOLU+ BRAN)
BALTAYy FRANZ INI y KIMy NEWMAN+ (COLU+STON)
SEHPORAD t BRACC INI t FOAt LUBELSHEY+( P ISAs BONN)

AT IGN
BILL INGy BULLOCKt ESTENsGOVANt+ (LOUC ~ OXF)
BGNAMYy SONDEREGGER (SACLAY)
BUNIATOVyZAVATTINIyDEINETt+ {CERN+KARL)
CENCEyPETERSONySTENGERyCHIU+ (HAMAII+LRL]
FELDMANsFRATIsGLEESONyHALPERNy+ (PENN)
SeM ~ FLATTE (LRL)
SeM ~ FLATTE AND CeGeMOHL (LRL)
L ITCHFIEI D ~ RANGANy SEGARt

SMITH+�(RHEL+SACLAY)

L ~ Re PR ICE y F ~ S ~ CRAWFORD (LRL)

GOLDHABE 54
FLEROV 57
BAGKENST 60
COHEN 65
KROPP 65
GURR 67
HARRISGN 69
TAYLOR 69
FOX 72

PR 96 1157 FNOTE2
SOV PHYS DOK 3 79
NC 16 749
RMP 37 537
PR 137 8 740
PR 158 1321
PRL 22 1263
RMP 41 375
PRL 29 193

REFERENCES FOR PROTON

GOLDHABERy F RE INES+ (LQS ALAMOSyBNL)
FLEROVyKLOCHKOVySKOSKINsTERENTEV lUSSR)
BACKENSTGSSyFRAUENFELDERyHYAMS + {CERN)
+DUMOND (NoAMER ~ AVIATION SCIENCE CENTe yCIT)
W R KROPPsF REINES (CASE INST TECHNOLOGY)
GURRsKROPPyREINESyHEYER (GASEy JOHANNESBURG]
HARRI SONy SANDARS yMRIGHT (CLARENDON OXfORD)
+P ARKER ~ LANGEN BERG ( PRIN+Uc1+ PENN)
FOX s BARNES s E IS ENSTE IN+ (GARN+VPI+W ILL+WYOM)

¹ ¹¹¹¹¹¹ ¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

17 NEUTRON (939y Jesl/2) Iso 1/2

17 (NEUTRON) — (PROTON) MASS DIFFERENCE (MEV)

17 NEUTRON MASS (HEV)

M T 939e 5527 ~ 0052 TAYLOR 69 RVUE USING NEW E/H 7/70
M T TAYLOR DETERMINATION OF NEUTRON HASS NQT INOEP ENDENT OF 7/70
M T NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW» 7/70

ARNOLD
BAZIN
BULLOCK
WEHHANN

68 PL 278 466
68 PRL 20 895
68 PL 278 4 02
68 PRL 20 748

+PATYs BAGL INs 8 INGHAM+ ( STRS+MADR+EPOL+UCB)
BAZI Ny GOSHAW y ZACHERy+ ( PRINCE TONy QUEENS)
+ESTEN y FLEMING y GOVANtHENDERSON yOWEN+ ( LOUC)
WEHHANN s ENGE L S y + ( HARV+CAS E+SLAC+CORN+MCGI )

D H 1 29344 Oo00007 MATTAUCH 65 RVUE 3/71
D M ME HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO 3/71
D H NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS 3/71
D M AND A HYOROGEN BINDING ENERGY QF 13 6 EV ~ 3/7 1

' BAGLIN 69 PL 298 445
ALSO 70 NP 822 66

HYAMS 69 PL 298 128
JACQUET 69 Nc 58 743

BAGI INy BEZAGUETs+ {EPOL yUCB s MADRy STRB)
+SEZAGUET y DEGRANGE ~ MUSS ET +( EPOL y MADRy STRB)
HYAHS yKOCHy POTTERy VON LINDERNy+ (CCRNy HPIM )
JACQUETs NGUYEN-KHA Cy HAATUFT+ ( EPOL y BERG)

17 NE UTRON MAGNET IC HOMENT (MAGNETONS y 938 ~ 2 MEV )

BUTTRAH
COX
DEVONS
GORHLEY

AI SO
KANGFSKY
SCHM ITT

70 PRL 25 $358
70 PRL 24 534
70 PR 01 1936
70 PR D2 501
70 NEVIS 181(THESIS)
70 NC 68 413
70 PL 328 638

+KREISLERy HI SCHKE
COXs FORTNEYsGOLSON
+GRUNHAUS sKOZLOMSK I y NEMETHY +
GORMLEYy HYHAN ~ LEE y NASH y P EOPL ES+
MICHAEL GORMLEY
Ae KANOF SKY
+BUN IATO V y ZA VATT I N I y DE I NET+

( PRIN)
{DUKE)

(COLUy SYRA)
(COLU+BNL)

( COLU)
( LEHI )

(CERNy KARL)

-1~ 913148 0 ~ 000066 COHEN 56 RVUE

(5 ~ ] OR LESS BAIRD '69 HBR

1T NEUTRON CLECTRIC DIPOLE MOMENT (UNITS 10¹¹23 E CM)
TEST OF C VIOLATION IN THE EM INTERACTION

7/66

10/69

BASILE 71 NC 3A 796
STRUGALS 71 NP 827 429
AGUILAR- 72 PR 06 29
BLGODWOR 72 NP 839 525

+BOLL INI, DAL P I AZ F RABETT I+ {CERN, BGNA, STRB )
+GHUVI LO y GEME SY y I VANOVSKAYA+ {J I NR )
AGUILAR BENITEZt CHUNGy EISNER sSAHIOS (BNL )
BLOODMORTH ~ JACKSONyPRENTICEsYOON (TORONTO)

17 NEUTRON MEAN LIFE lUNITS 10¹¹3SEC)

BAST IEN
CARMQNY
ROSENFEL

BALTAY
CNOPS
CRAWFORD
CLPWY
LARRIBE

62 PRL 8 114
62 PRL 8 117
62 PRL 8 293

BASTIEN SERGE, DAHL FERRO-LUZZI HILLER+(LRL)
D CARMONYsA ROSENFELDt VAN DE MALLE (LRL)
A ROSENfELDtD CARMONYtVAN DE WALLE {LRL)'

REFERENCES ON ETA ASYMMETRY PARAHETERS

66 PRL 16 1224
66 PL 22 546
66 PRL 16 333
66 PR 149 1044
66 PL 23 600

SALTAYyFRANZINItKIMyKIRSCH+ (COLU+STON)
CNOPS y Fl NOCCHI ARSs LASSALLEy {CERN s ETHZs SACL)
F ~ S ~ GRAWFORDy L oR ~ PRICE (LRL)
COLUMBIA t LRL s PURDUE y MI SCONS I Ns YALE
LARRIBEs LEVEQUEt MULLERsPAULI s+ {SACL+RHEL)

QUANTUH NUMBER DETERMINATIONS NOT REf ERRED TO IN THE DATA CARDS
THE MEASUREMENT OF THE NEUTRON MEAN LIFE BY SOSNOVSKII 59 HAS
BEEN DISCARDED SINCE 1~ IT DISAGREES WITH THE BETTER AND MORE

RECENT RESULT OF CHRISTENSEN 67 ~ 2 ~ THE VALUE OF GA/GV DE-
RIVED FROM THE NEM VALUE OF THE MEAN LIFE AGREES WCLL WITH THE
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON DATA

(1 012) (0 ~ 021) SOSNOVSKI 59 PILE ' SEE NOTE E 7/68
(0 ' 935) (0 F 014) CHRISTENS 67 PILE REPL BY CHRISTENS72 3/68

Oo 918 0 ~ 014 CHRISTENS 72 PILE 6/72¹
E ERROR CHANGED BECAUSE ERROR IN CROSS SECTION FOR NEUTRON ABSORPTION
E -IN GOLD HAS BEEN REDUCED

BOWEN 67
LITCHF IE 67
GORMLEY3 68
MULLER 69
CARPENTR 70
DANBURG 70
LAYTER 72
THALER1 72
THALER2 72

PL 248 206
PL 248 486
PRL 21 402
THESIS
PR 01 1303
PR D2 2564
PRL 29 316
PRL 29 313
NEVI 5 194{THESI

BOWENyGNOPS sFINOCCHIAROy+ ( CERN+ETHZ+SACL )
LITGHF IELDy RANGANy SEGARy SMITH+(RHEL+SACLAY)
GORMLEYs HYMAN y LEE y NASH s P EOPL ES+ (COLU+BNL )
ARMAND MULLER {STRB)
CARPENTERy BINKLEYy CHAPHANycOXs DAGAN+ (DUKE)
+ABOLINS yDAHLs DAVI ESyHOCHyKIRZy+ (LRL)
+APPELtKOTLEWSKI yLEE ~ STEIN tT HALER ( COLU]
+APP ELsKOTLEWSKI yLAYTERsLEEs STEIN (COLU)

S) JON J THALER ( COLU)

16 PROTON l938yJ=1/2) I=l/2

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

AV
AV C
AV EP
AV P
AV P
AV EP
AV EP
AV P
AV P
AV C
AV E
AV P

17 NEUTRON BETA DECAY COUPLING CONSTANTS

RELATED TEXT SECTION IV H 1

GA/GV ( SEE TEXT FQR SIGN CONVENTION)
{-1e 250) (0 044) CONFQRTD 67 RVUE SEE NOTE C

'
BELOW

(-1~ 23) lOe 01) CHRISTENS 67 CNTR N DECAY FT VALUE
(-1 22) (0 08) GRIGOREV 68 CNTR E-NEU ANG CORREL
(-1~ 26) (0 ' 02) GHRISTENS 70 CNTR PEsNEUT SPIN CORREL
l-1 ~ 27) (0 ' 025) EROZOLIMS 71 CNTR PEyNEUT SPIN CORREL
(-1~ 239) (0 ~ Ol1 ) CHRISTENS 72 CNTR N DEC + FT VALUE
(-1~ 263) (0 e016) KROPF 73 RVUE. N DECAY ALONE

1 ~ 248 0 ~ 010 KROPF 73 RVUE N DECo+ FT VALUE
CONFORTQ 67 COMBINES FREE NEUTRON DATA TO 1967 ~ REPL BY KROPF 73
THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONLY

KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972 ~

11/68
10/7 1
10/71
10/71
1/73¹
1/73¹
1/73¹
1/73¹

10/71
1/73¹

l938 ~ 256) {0e005)
938' 2592 ~ 0052

COHEN
TAYLOR

16 PROTON MASS (MEV)

65 RVUE
69 RVUE USING NEW E/H

7/66
7/70

F
F
F
F
F
F

PHASE ANGLE OF GA RELATIVE TO GV (DEGREES)
C (176~ 1) (6 ~ 4) CONFORTO 67 RVUE
P (181~ 3) (1~ 3) ERDZOLIMS 70 CNTR POLAR ~ NEUTRON

P 181~ 1 1 ~ 3 KROPF 73 RVUE N DECAY
G CONFORTQ 67 COMBINES FREE NEUTRON DATA TO 1967~ REPL ~ BY KROPF 73

P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972 ~

11/68
10/69
1/73¹
1/73¹
1/73¹

16 PROTON MEAN LIFE (UNITS 10¹¹26YR)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR NEUTRON

T
T
T 8
T 8
T
T 8

( '000001) OR MORE GOLDHABE 54 TH 232 FISSeHODE INDEPEN
{Oe002)OR MORE FLEROV 57 TH 232 FISS ~ MODE INDEPEN
(1~ 5) OR MORE BACKENSTO 60 CNTR

(60 ' 0) OR MORE KROPP 65 CNTR
(200 ' 0) OR MORE GURR 67 CNTR DE P ON DECAY HODE

KROPP AND BACKENSTOSS SENSITI VE TO PARTICULAR DECAY MODES QF PROT

COHEN 56 PR 104 283
SOSNOVSK 59 JETP 9 717

MATTAUCH 65 NP 67 1
CHRISTEN 67 PL 268 11
CONFGRTO 67 APAH 22 15
GRIGOREV 68 SJNP 6 239

V W CQHENy CQRNGOLDy RAMSEY (BNL+HARVARD)
SOSNOVSKI I ySPIVAKy PROKOF EV + {IAE MOSCOW)

+THIELEy WAPSTRA (MAX PLANCK INST CHEM ~ )
GHRI STENS ENy Nl ELSONy SAHNSENs BROWN+ ( RI SO)
Go CONFORTO (CERN)
+GRISHINsVLADIMIRSKllyNIKOLAEVSKll + ( ITEP)

MM

MM

16 PROTON HAGNETo MGMENTl E/2MP)

( 2 ~ 792763 ( 0~ 000030)
2 ~ 792782 ~ 000017

COHEN
TAYLOR

65 RVUE
69 RVUE

16 ANTIPROTON MAGNETIC MOMENT {E/2MP)

USING NEW E/H 7/70

BAIRD 69
TAYLOR 69
CHRISTEN 70
EROZOLIH 70

ALSO
EROZQLIM 71
CHRISTEN 72
KRQPF 73

ALSO 70

PR 179 1285
RHP 41 375
PR Cl 1693
SJNP 11 583
PL 278 557
JETPL 13 252
PR D5 1628
SUB' TO NP A

NP A154 160

+MILLERsDRESSyRAHSEY (ORNLy HARV)
+PARKERyLANGENBERG ( PRI N+UC I+ PENN )
GHRISTENSENy KROHNy RINGO (ANL)
EROZOLIMSKIyBONDARENKOy + {KURC MOSCOW)
EROZOLIMSKYy SONDARENKO + (KURC IN MOSCOW)
EROZOL IMSK I I y BONDARENKO' + (KURC MOSCOW)
CHRI STENS ENy Nl EI.SONs BAHN SE N ~ BROWN+ ( RI SQ)
A KROPFyH PAUL ( LINZ)
H PAUL (VIEN)

MM1 -2 ' 83 F 10 FOX 72 11/72¹ PAPERS NGT REFERRED TO IN DATA CARDS

16 PROTON ELECTRIC DIPOLE HOMENT (UNI TS 10¹¹-23E GH)
NONZERO VALVE IMPLIES VIOLATION OF T AND P IN EM INTERACTION

JACKSON 57 PR 106 517
COHEN 65 RHP 37 537
BHALLA 66 PL 19 691

JACKSONs TREIMANs WYLD l P RI NC ETON)
+DUMQND (NeAMER ~ AVIATION SCIENCE CENT scIT)
C P BHALLA ( ALA BA MA )

EDM 1G 700 ~ 900 ~ HARRISON 69 MSR 10/69
¹¹¹ ¹¹¹¹ ¹¹ ¹¹¹ ¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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18 L AMBDA ( 1115o JP=l/2+) I~O

N N

M N

M N

H N

M N

M N

M N

18 LAMBDA MASS {HEV)

SINCE OUR FINAl VALUES FOR THE SIGMA AND LAMBDA HASSES CONE FROM
DOING AN OVERALL FIT TO ALL HEASURED MASSES AND HASS DIFFERENCES t
WE HAVE USED THE UNCORRELATED MEASUREMENTS FRON SCHNIDT 65 RATHER
THAN THE ONES COMING FROM THE OVERALL FIT REPORTED IN THAT PAPER ~

SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO WHY ONE SHOULD
IGNORE DATA USING RANGE MEASUREMENTS' WE HAVE INCLUDED HERE VALUES
DEPENDING ON PROTON AND PION RANGES

1115»44 0 ~ 12 BHOWNIK 63 RVUE + SEE NOTE L BELOW
L ABOVE LAMBDA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV
L INCREASE IN PROTON NASS AND 11 KEV DECREASE IN CHARGED PION MASS»
S 635 ( 1115~ 86) (0 ~ 09) BALTAY 65 HBC ERROR IS STATIS ~

488 1 ).15~ 63 0 ~ 07 SCHMIDT 65 HBC SEE NOTE N

S 1147{1115' 74) (0 ' 04) CHIEN 66 HBC 6»9 PBAR P
S 972 ( 1115~ 69) t 0 ~ 05) CHIEN 66 HBC 6»9 PBAR PANTIL

1115.e 0.4 LONDON 66 HBC
(1116~ 0) (0 ~ 2) BADIER 67 HBC 2 ~ 4 PBAR PoLLBAR

195 1115~ 39 0 ~ 12 NAYEUR 67 EMUL
8 1524(ll15»52) (0 ' 03) BOHN 70 EMUL

935 1115' 59 0 F 08 HYNAN 72 HEBC
8 AVERAGE OF VERY INCONSISTENT DATA» ERROR STATISTICAL ONLY% AUTHORS
8 DETECT SYSTEMATIC EFFECT OF ABOUT ~ 15 MEVg WHICH THEY ATTRIBUTE
8 TO ERROR IN RANGE-ENERGY RELATIONS' IN REGION BETA=0»6-0 ~ 7 ~

8 THIS EFFECTt IF CONF IRMEDt WOULD AFFECT VERY LITTLE THE VALUES OF
8 BHOWMICK 63 AND MAYEUR 67 ~

S ERROR PURELY STATIST ICAL ~

o ~ ~ ~ ~ ~ ~ ~ ~

AVG 1115~ 558 0 052 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»2)
F IT 1115~ 592,0 ~ 046 FROM FIT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1 )

( SEE IDEOGRAM BELOW )

Data Card Listings
For notation, see key at front of Listings.

6/66
6/68
9/67
9/67
6/66
8/67

11/67
3/72

11/71
3/72
3/72
3/72
3/72

1/73¹

Stable Particles

WEIGHTED AVERAGE = 0.3967 + 0.0033
ERROR SCALED BY 1.2.

I » ~

lJ
I

~ 0 ~ ~ ~ ~ ~

J'l .

BALTAY 71
~ DEMIDOV 70
~ HEPP 68
~ ~ GRIMM 68

BADIER 67
~ BADIER 67

AUERBACH 67
~ ENGELMANN 66
~ BURAN 66
~ HILL 65
~ BALTAY 65
SCHWARTZ 64

~ KREISLER 64
~ HUBBARD 64
CHRETIEN 63

~ BLOCK 63
~ HUMPHREY 62
~ CHANG 62
BOWEN 60

~ CRAWFORD S9
BOLDT 58

0.40 0.4S 0.50 0.55
LAMBDA DECAY RATE (UNITS 10+s{10 SEC-1)

HBC
HLBC
HBC
HBC
HBC
HBC
OSPK
HBC
HLBC
OSPK
HBC
HBC
OSPK
HBC
HLBC
HEBC
HBC
HBC
CC
HBC
CC

CHISQ
0.21.5
0.4
0.2
0 ~ 0
0.3
2.01.5
3 ~ 1
0.7
0.01.0
3.7
0.61.7
6.3
2.7
0 ~ 1

1 ~ 8
0 ~ 3

28 ~ 2
(CONLEV
=0.080)

18 LAMBDA MAGNETIC MOMENT ( MAGNETONS o938»26 MEV)

WEIGHTED AVERAGE = 1115~ SSB + 0 ~ 052
ERROR SCALED BY 1.2

MM

MM

NM 8553
NN 151
MM 49
NM 1300
NM 3868
MN

HH AVG

-1~ 5
0 ~ 0

-1~ 39
-0 ' 5
-0 ~ 67
-0.ee

0 ~ 73
~ ~ ~ ~ ~

0 ~ 6T2

0 ' 5
0 6
0 ~ 72
0 28
0 ' 31
0 F 07
F 18
~ ~ ~

0 »061

COOL 62 OSPK
KERNAN 63 CC
ANDERSON 64 HBC
CHARRI ERE 65 ENUL

0»37 BARKOV 71 EMU L
DAHI JENSE 71 EHUL
HILL 71 OSPK

PRElIN» RESULT 2/72
NAG FIELD=200KG 6/71

10/71

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

ue s above of weighted ave rage,
or, and. scale factor are for the
der' s convenience only. The
a were actually processed by a
strained fit program, which
culates its own values of x, 5x,

scale factor, which are differ-
from the values shown here,

18 LAMBDA ELECTRIC DIPOLE MOMENT (UNITS 10¹¹-14E CM)

NONZERO VALUE IMPLIES VIOLATION OF T AND P

EDH 5 ~ 0 OR lESS CL='~ 95 GIBSON 66 EMUL

EDM 8 1 o 0 OR L ES5 CL= ~ 95 BARONI 71 EMUL

EDM 8 BARONI MEASURES (-5~ 9+-2»9)¹10¹¹-15E CN

2/72
2/72
2/72

1115' 0 1115.4
LAMBDA MASS (MEV)

DM

DM

DM

DN AVG

CHISQ
0 ~ 2
2.0

-HYMAN

MAYEUR

LONDON
~ SCHMIDT

BHOWMIK

?2 HEBC
67 EMUL

66 HBC

65 HBC

63 RVUE

1.1
1.0
4.1

(CONLEV
=0.246)111S~ 8 '1116.2

18 LAMDA — ANT ILAMBDA MASS DIFFERENCE (NEV)
0 ' 05 0 ' 06 CHIEN 66 HBC 6 ~ 9 PBAR P
0 ~ 29 0 ~ 15 BAOI ER 67 HBC 2 ~ 4 PBAR P

o ~ ~ ~ ~ ~ ~ o ~

0%083 0 ~ 083 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

9/67
8/67

18 LAMBDA PARTIAL DECAY MODES

Pl
P2
P3
P4
P5

LAMBDA INTO PROTON Pl-
LAMBDA iNTO NEUTRON PIO
LAMBDA INTO PROTON NU- NEUTRINO
LAMBDA INTO PROTON E- NEUTRINO
LAHBDA INTO PROTON PI- GAMMA

18 LAMBDA BRANCHING RATIOS

Rl LAMBDA INTO ( P PI-)/t (P PI-}+(N PIO) )
Rl 0% 627 0 ~ 031 CRAWFORD 59 HBC

Rl 0 ~ 65 0 ~ 05 COLUMBIA 60 HBC

Rl U t 0 ~ 685) (0 ~ 017 ) ANDERSON 62 HBC

Rl 903 0 ~ 643 0 »016 HUMPHREY 62 HBC

Rl U 6736 0»635 0»007 DOYLE 69 HBC

Rl 4572 0 ' 646 0 F 008 BALTAY 71 HBC

Rl U ANDERSON RESULT NOT PUBLISHEDe EVENTS ADDED TO

Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVG 0 ~ 6399 0»0049 AVERAGE (ERROR INCLUDES

Rl F IT 0 ~ 6419 0 ~ 0049 FROM F IT t ERROR INCLUDES

DECAY MASSES
938+ 139
939+ 134
938+ 105+ 0
938+ ~ 5+ 0
938+ 139+ 0

( P 1)/( P 1+P2)

P I-P TO L AM» KO
K-P AT RE ST

DOY LE SAMPLE ~

SCALE F ACTOR OF 1 ~ 0)
SCALE FACTOR OF 1 ~ 0)

2/71
6/71
2/71

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

DT

188
825
140
186
799

2239
706
794

zzeo
1378

635
2534
916

S 1147
S 972

2213
585

8342
2600
1059
4572

S ERR

AVG

18 LAMBDA MEAN LIFE (UNITS 10¹¹-10)

0 ' 21 0»21
0 ' 16 0»16
0 ' 29 0 ' 27
0.28 0 20
0 ~ ll 0 ~ ll
0 F 06 0 ' 06
0»20
0 ' 09
0 »-10
0 ~ 07
0 ~ 16
0 1
0 ' 09

(0 ~ 14)
( 0 ~ 20)
0 ~ 056
0»13
0 ~ 15
0 ' 15
0 ' 035
0 08
0 ~ 10
0 ' 04

STATIST ICAL%
~ ~ ~ ~

0 ' 021 0 ' 021
( SEE IDEOGRAM

2 ~ 63
2» 72
2 ~ 72
2 ~ 60
2 ~ 69
2» 36
2 ~ 76
2% 59
2 ~ 31
2 ~ 59
2» 51
2 ~ 6
2 ~ 35

(2 ~ 50)
( 2 ~ 70)

2 ~ 452
2 ~ 68
2 ~ 44
2 55
2» 535
2 ~ 47
2 ~ 39
2» 54

OR PUREI Y

BOLDT
CRAWFORD
BOWEN
CHANG
HUMPHREY
BLOC K

CHRE TIEN
HUBBARD
KREISLER
SCHWARTZ
BALTAY
HILL
BURAN
CHIEN
CHIEN
ENGE LMANN
AUERBACH
BADI ER
BADIER
GRIMM
HE PP
DENIDOV
BALTAY

58 CC
59 HBC
60 CC
62 HBC
62 HBC
63 HEBC
63 HLBC
64 HBC
64 OSPK
64 HBC
65 HBC
65 OSPK
66 HLBC
66 HBC
66 HBC
66 HBC
67 OSPK
67 HBC
67 HBC
68 HBC
68 HBC
70 HLBC
71 HBC

6/66

e/ee
9/67
9/67
9/66
8/67
6/68
6/68
6/68
8/68

12/70
6/71

6 ' 9 PBAR P
6 ~ 9 PBAR P ANTI

0 ~ 054
0% 11

2 ~ 4 PBAR P
2 ~ 4 PBAR PoANTIL

P I -P o 3 ~ 86 G EV/C
K-P AT REST

~ o o ~

2 ~ 521 AVERAGE ( ERROR INCL ~ SCALE FACTOR OF 1~ 2)
BELOW )

18 ( t {ANBDA } — (ANT I-LAMBDA) ) /A VG» o MEAN LIFE DIFFERENCE

0~ 044 0 085 BADIER 67 HBC 2%4 PBAR P 8/67

R2 LAMBDA INTO
R2 0 ' 23
R2 0» 43
R2 0 ~ 28
R2 0 ~ 35
R2 75 0» 291
R2 ~ ~ ~ » ~

R2 AVG 0 ~ 304
R2 F IT 0 ~ 3581

N PI 0) /( (P PI-)+(N PIO) ) (P2)/t Pl+P2)
0 ' 09 EISLER 57 HLBC
0 ' 14 CRAWFORD 59 HBC

0 F 08 BAGLIN 60 HLBC
0 ~ 05 BROWN 63 HLBC

0 ~ 034 CHRETIEN 63 HLBC
~ ~ ~ ~

0 025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

K- AT REST
K- AT 1 ~ 45 GE V/C

R4 LAMBDA INTO {
R4 1 {0»2)
R4 1 (1~ 0)
R4

'

2 {1»0)
R4 BETWEEN l»3
R4 3 1%3
R4 2 1 5
R4 9 2 ~ 4
R4 14 1 ~ 4
R4 ~ ~ ~ ~ ~

R4 AVG 1~ 57

P MU- NEU)/TOTAL
OR NORE
OR LESS.
OR LESS
AND 6 ~ 0

0 ~ 7
1 ~ 2
0 ' 8
0 ~ 5

~ ~ ~ ~

0 ~ 35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

(UNITS 10¹¹~4) (P3) /(Pl+P2)
GOOD 62 HBC
AL STON 63 H Bc
KERNAN 64 FBC
LIND 64 HBC
LIND 64 RVUE
RONNE 64 FBC
CANTER1 Tl HBC STOPPED K-P
BAGGETT2 72 HBC STOP K-

R3
'

LAMBDA INTO ( P E- NEU) /TOTAL (UNITS 10¹¹-3) {P4)/t Pl+P2)
R3 0 15 (2 ~ 0) (0 ~ 5) HUMPHREY 61 RVUE

R3 0 8 (2 ~ 9) {1~ 5) (1~ 2) AUBERT 62 FBC
R3 N 150 (0 ~ 82) {0~ 12) ELY 63 FBC
R3 N 102 (0 ~ 78) {0»12) {0 ~ 13) BAGL IN 64 FBC
R3 0 20 (1~ 55) (0 ~ 34) LIND 64 HBC

R3 N 143 (0~ 80) (0%08) HALONEY 69 HBC

R3 N 86 (0»78) (0 ~ 09) CANTER 71 H BC K-P AT RE ST

R3 N 218 (0% 88) (0 ~ 10) LINDQUIST 71 OSPK Pl- P TQ KO LAN

R3 N THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TO PROTON PI-o
R3 N BECAUSE THAT IS THE DIRECTLY MEASURED QUANTITY ~ SEE R5 BELOW

R3 0 LOW STATISTICS EXPERIMENTS» NOT AVERAGED

10/69
4/71
2/72
3/72
3/72
7/70

7/66

7/71
8/72¹
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Stable Particles
x, z+

Data Card Listings
For notation, see key at front of Lt'stings.

R5
R5
R5
R5
R5
R5
R5
R5
R5
R5 .A

R6
R6

LAMBDA INTO (P
150 le 23
120 1 17
143 1~ 20

1078 I.~ 31
C 86 1.17
C 218 1~ 32
C CALCULATED BY

~ e ~ e ~ e
VG 1 ~ 267

LAMBDA INTO {P
72 le32

E- NEU)/ (P PI») {UNITS 10¹¹3) (P4)/I Pl)
0 ' 20 ELY 63 FSC
0 18 BAGLIN 64 FBC
0 ~ 12 MAlONEY 69 HBC
0 ~ 06 ALTHOFF 1 71 OSPK
0 ' 13 CANTER 71 HBC K-P AT REST
0 ' 15 LINDQUIST 71 OSPK- PI-P TO KO LAM

US FROM R3 ASSUMING THE AUTHORS USED (P PI-)/TOT~2/3
~ ~ ~

0 ~ 044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

Pl GAMMA)/( P Pl-) (UNITS 10¹¹-33(P5)/(Pl)
BAGGETT3 72 HBC PI- MOM LT 95 MEV/C

2/72
2/72
2/72
2/72
3172
3/72
3/72

1/73¹
1/73¹

ANDERSON 62
AUBERT 62
CHANG 62
COOL 62
GOOD 62
HUMPHREY 62

CERN CONF 832
NC 25 479
THESIS DUKE

PR 127 2223
PRL 9 518
PR 127 1305

SAGLIN 60 NC 18 1043
BOWEN 60 PR 119 2030
CORK 60 PR 120 1000
COLUMBIA 60 ROCH CONF 726
HUMPHREY 61 PRL 6 478

ANDERSONy CRA WFORDy GOI.DEN y L
AUBERT y BRI SSON y HENNE SSYt S'I

.CHUEN CHUEN CHANG

COOLyHIlly MARSHAI. L +
M t. GOODy V G LIND
W E HUMPHREYtR R ROSS

I.OYD + (LRl)
X + ( EPOL )

(DUKE)
(SNL+MIT+NYU+ANL )

(WISCONSIN)
(LRL )

BAGLINyBLOCHySRISSONyHENNESSY + ( EPOL)
BOMENyHARDYyREYNOLOSySUN + tPRINCETON)
CORKy KERTHy WENZELyCRONIN+ (LRt.+PRIN+BNL 3

M SCHWARTZ + ( COLUMBIA)

HUMPHREYyKIRZy ROSE NFELDt RHCE + (LRL+SYRA)

18 LAMBDA DECAY PARAMETERS

RELATED TEXT SECTION IV H AND APPENDIX 111

ALPHA LAMBDA- {lAMBDA INTO PI- PROTON)

A-
A 1156 0 ~ 62 0 «07 CRONIN 63

(0 663) t0 022)
CNT R t.AMBDA fROM P I-P 8/67

A- 10130 0 645 0 ~ 017
SERGE 66 RVUE INCLUDES ABOVE 9/66

A- M 2529 (0~ 747) (0 ~ 086)
SE H 67 OSP K LAMBDA FROM P I-P 8/67

A- 3520 0 ~ 67 0 ~ 06
MERRILL 68 HBC REPL SY DAUBER 68 6/68

A- 10325 0 ' 649 Oe023
DAUBER 69 HBC FROM XI DECAY 6/68

A-
0 ~ 649 Oe023 CLElAND 72 OSPK LAMBDA FROM PI-P 5/72¹

A» AV G 0 ~ 647~ 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 e0)

AO A(.PHAO /ALPHA fOR LAMBDA {L INTO P'IO N/L INTO
AO 10 0 27

PI- P)

AO 0 4760
CORK 60 CNTR

AO ~ ~ ~ e ~ ~ ~ ~

1 ~ 000 0 ~ 068 Oi SEN 70 OSPK PI+N TO K+ LAMBDA 5/7

AO. A VG
AO 0 DONE BY COMPARING PROTON

1 ~ 006 Oe066 AVERAGE t ERROR INCLUDES
N DISTR ~ WITH N .DISTR ~ FROM LAMBDA DECAY ~

ES SCALE FACTOR OF 1e0)

F- PHI ANGL E t S IN(P HI )/COS (PHI )= BETA/GAMMA) (DEGREES)
F- 1156 13e 0 17 e 0
F 10130 -S~ 0 6 ~ 0

CRONIN 63 OSPK LAMBDA fROM PI-P 11/67

F- 7377 (-9' 2) (5 ' 2)
OVERSETH 67 OSPK LAMBDA FROM Pl-P 11/67

F- 10325 -7 ~ 0 4 ~ 5
CLELAND 67 0SPK REPL BY CLELAND 72 5/72¹

F-
~ 0 4 ~ 5 CLELAND 72 OSPK LAMBDA FROM PI-P 5/72¹

F- AVG -6.5 3.5 AVERAGE" t ERROR INGLUDCS SCAI. E FACTOR OF 1 ~ 0)

AV GA/GV FOR LAMBDA BETA DECAY (SEE TEXT SECe IV H ~ 1 FOR SIGN CONV )
LIND 64 HBC

AV C 102 l0 ~ 6) OR MORE 8
6/68

AV C 8ETW Oe AND -lel BARLOW 65 OSPK
SAGLIN 65 HLBC NO SIGN GIVEN 1/7),

AV
A V C 102 (0 ~ 7) OR MORF CL= ~ 95 ELY= ~ 65 HLBG ABS ~ VALUE

6/68

-le).4 0 ' 23 Oe33 CONFORTO 65 RVUE
1/7/71

AV M 148 -0 72 0«14 0 19 . MAIONCY 69 HBC
11/67

AV A 1078 -Oe 62 0 08 0.09 A

10/69

AV M 141 -0~ 75 0 15 Oe18 CANTER 71 HBC
0.09 ALTHOFF2 71 OSPK POLARIZED LAMBOAS 2/7 2

AV l 173 (-0e32) (0 13) {0e17)
4/71

~ 17) LINDQUIST 71 OSPK UP-DOWN ASYMMETRY 9/71
3 l-Oe 68) (0 27) (0~ 54) L INDQUI ST 71 OSPK E-NEU CORRELATION 9/7

~ 7 LINDQUIST 71 OSPK E-NEU AND, UP»DOWN 9/71
1

-Oe74 0 ~ 09 0.12 BAGGETTl 72 HBC STOPeK-
AV C EXP ERIMENTS INCLUDED IN GONFORTO 65y RVUE

K- 2/72

AV M EXPT MEASURES ONLY' 'THE ABSOLUTE VAlUE OF A/V
AV A

6/68

AV L LINDQUIST 7 G

V A USES E AND PROTON UP-DOWN ASYMM AND E-NEU CORRELATIONS 2/72

AV l ALL DATA ~

1 ETS THREE VALUESe WE AVERAGE THE 0NE THAT USES 10/7 1
10/71

AV AVG -0 ~ 665 0 063 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1e2
(SEE IDEOGRAM BELOM

2)

WEIGHTED AUERAGE = -0 .639 a 0 .066
ERROR SCALEO BY 1.1

ALSTON 63
8HOWMIK 63
St.OCK 63
BROWN 63
CHRETIEN 63
CRONIN 63
ELY 63
KERNAN 63

VCR l 10926
Nc 28 1494
PR 130 7bb
PR 130 769
PR 131. 2208
PR 129 1795
PR 131 868
PR 129 870

ANDERSON 64
8AGLIN 64
HUBBARD 64
KERNAN 64
KREISLER 64
L INO 64
RONNE 64
SCHWARTZ 64

PRL 13 167
NC 35 977
PR 135 8 183
PR 133 8 1271
PR 136 8 1074
PR 135 8 1483
PL 11 357
UCRL 11360 THESIS

SAGLIN 65
BALTAY 65
SARLOW 65
GHARRIER 65

ALSO 66
CONFORTO 65
ELY 65
HILL 65
SCHMIDT 65

8ERGE 66
BURAN 66
CHI EN 66
ENGELMAN 66
GIBSON 66
LONDON 66

NC 35 977
PR 140 8 1027
Pl 18 64
PL 15 66
Nc 4.6A 205
EC INT HERZEGNOVI
PR 137 81302
PR1. 15 85
PR 140 8 1328

BERKELEY 46
Pl 20 318
PR 152 1171
NC 45A 1038
Nc 45A 882
PR 143 1034

DAUBER 69
DOYI. E 69
MALONEY 69
BOHM 70
DEN IDOV 70
OLSEN 70

ALTHOFF1 71
AI.THOFF2 71
BALTAY 71
BARKOV 71
BARONI 71
CANTER 71

PR 179 1262
UCRL 18139-THESIS
PRL 23 425
NC 70A 384
SJNP 10 681
PRL 24 843

PL 378 531
PL 378 535
PR 04 670
JETPL 14 60
LNC 2 1256
PRI 26 868

CANTER1 71 PRL 27 59
OAHLJENS 71 NC 3A 1
Hill. 71 PR D4 1979

ALSO 65 PRL 15 85
L INDQUIS 71 PRL 27 612

BAGGETT1 72 ZPHY 249 279
BA'GGETT2 72 ZPHY 252 362
BAGGETT3 72 Pt. 428 379
CLEt. AND 72 NP 840 221
HYMAN 72 PR D5 l063

AUERBACH 67 Nc 47A 19
BADIER 67 PL 258 152
CLEI AND 67 PL 268 45
MAYEUR 67 Uel I BR BRUXe BUL32
OVCRSETH 67 PRL 19 391
GRIMM 68 Nc. 54A 187
HEPP 68 ZPHYS 214 71
MERRILL 68 PR 167 1202

+BROWN y FREYTAG y HEARD y HE I NTZE +
+BROWN t FREYTAGy HEARD y HE I NTZE +
+BR I D GEM AT ER y COOP E R y HA BI BI+
+GUR EVIGHyMAKARINA yMARTEMYANOV+

G BARONlts PETRERAyG ROMANO

+COLEyLEE-FRANZINI y LOVELESS +

t CCRNt HE ID)
( C ERNy HE ID)
(COLU+BING)

( ITEP)
(RONA)

(STON+COLU)

+COLEyLEE FRANZINI yLOVEt. ESS+ (STON+COLU)
DAHL-JENSEN + (CERN+ANKA+LAUS+MPIM+ROMA}
+LI t JENK I NSy KYCI At RUOERMAN (NIT y BNL )
HILL y lit JENKINSt KYCI Ay RUDCRMAN (NIT t BNl)
LINDQU+STy SUMNE-+ ( EF I,WUSL, OSU y ANL I

+BAGG ETT y E ISE LE y F ILTHUTH t FRE HS E+ ( HE I 0 )
+BAGGETTyEISELEyFILTHUTHyFREHSE+ {HEID)
+BAGGETT y E ISELEy FILTHUTHyFREHSEy HEPP+l HE ID)
+CONFORTOy EATONy GERBER+ l CERN+GEVA+LUND)
+BUNNELL y DERRICK yF IELOSy KATZ+ (ANL+CARN)

ALSTONyKIRZyNEUFELDy SOLMITZy WOHLMUT (LRL)
8 BHOWMIKyD P GOYAL (DELHI)
BLOCKy GESSAROLI y RATT I+(NWES+BGNA+SYRA+ORNL)
BROWNyKADYKy TRILLING yROE + t LRL+MICH I

CHRET I EN t CROUCH+ t BRAN+BROWN+HARVARD+NIT)
J M CRONINyO E OVERSETH (P RING ETON )
ELY ~ GIDALy KALMUSyOSWALDy POMELL + {LRL)
KERNANy NQVEY y MARSH AWt WATTENB ERG (AN{.+ILL )

J A ANDERSONyF S CRAWFORD tLRL)
BAGL INy 8 INGHAM+ {.CPO.t.+C ERN+LOUC+RHEL+ BERG)
HUSBARDyBERGEtKALBFlEISCHySHAFER + (LRL)
KERNANt POW EEL y SANDLER + ( LRL+ LOUC)

M N KREISLERtO OVERSETHy J CRONIN (PRIN)
L IND y 8INFORD y GOOOy STERN (W ISCONS IN)
RONNE+ (GER N+EPOL+LOUC++UNI Ve BERGEN)
JOSEPH ADAM SCHWARTZ (LRL )

BAGLIN + ( EPOL y CERNy LOUCy RHELy BCRGEN )
BALTAYySANDWEISStCULWICKyKOPP + {YALE+BNL)
J BARLOWySlAIRyCONFORTO+ {CERN+RHEL+PENN)
CHARRIEREy GIBSON+ (EPOL+BRIS+CERN+MPIM)
GHARRIEREy GIBSON + (CPOLy BRIS y CERNy MPIM)
G CONFORTO (CERN)
ELYyGIDALyKALMUSyPOWELI. + (I.RLyLOUC)
HILI. y LI y JENK INS y KYCI Ay RU DERMAN {M IT y BNL )
P SCHMIDT ( COLUMB I A)

BERGEy GAB ISBO l (RVUE) LRLy CERN)
BURANy EI VI IISONt SKJEGGESTADy TOFTE + (OSLO)
+LACHySANDWEISSt TAFTtYEHyOREN + (YALE+BNL)
ENGELMANN ~ FILTHUTHy ALCXANDER+ {HEIDy REHQ)
M M GIBSONyK GREEN {BRIS)
LONDON t RAU t GOL DSERGy I.ICHTMAN+ l BNLy SYRA)

AUERBACHy BOWENyDOBBSyLANDEyMANN+ {PENN)
+BONNETySRIANDETySADOULET (EPOL)
CLELANO ~ 8 I ENLE IN t C ONFORTO+ l CERN+GEVA+ LUND )
C MAYEURy E eTOMPAt J WICKENS I SELGy LOUC )
0 E OVERSETHy R F ROTH {M ICH+ PRI N )
He- J e GR I MM ( HE!OEL BERG )
V ~ HEPP y H SCHLE I CH (HE IDELBERG)
MERRII Ly SHAFER (I.RL )

+BCR G E y HUBBARD y MERR I LL y M ILLE R (LRL 3

J CD DOYLE {LRL)
MAlONEYy SECHI-ZORN (UNIV MARYLAND)
+ KRECKER + (BERL+BRUX+DUUC+LOUC+LOWC+WARS)
+K IR IlLOV-UGRYUMOV y PONOS OV y P ROTASOV+ ( I TEP )
+PONDROMyHANDLERyLIMONySMITH + tWIScy NIGH)

CHISQ
0.9
2.5
0 ~ S
0 ~ 0
4.0

(CONl EU
=0.265)

~ . .BAGGETT1 72 HBC
~ LINDQUIST 71 0SPK

N TER 71 HBC

THOFF2 71 OSPK

—1.2 -0.Et -0.4 0.0

GAiGU FOR t AI1BDA .BETA DECAY

PAPERS NOT REFERRED TO IN DATA CARDS

ARMENTER 62 CERN CDNF 236 ARMENTCROS+ {CERN+EPOL+LOIC+BIRM+CEN-SACLAY)
BALTAY 62 CERN CONF 233 BALTAY ~ FOWLERy SANDWEISSy CULWICK+ lYALE+BNl)
SERGE 63 THESIS {BERKEI EY) J PETER SERGE

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

19 SIGMA+ (llS9y JP=l/2+3 1=1

19 SIGMA+ MASS (MEV)

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS

EI SLER 57 NC

BOLDT 58 PRL
CRAWFORD 59 PRL

5 1700
1 148
2 266

¹¹ ¹¹¹¹ ¹¹¹

REFERENCES FOR LAMBDA

EISLER yPLANOy SAMIOSy SCHWARTZ + (GOLU+SNL )
E BOLDTy D 0 CALDWELL y Y PAL (NIT]
CRA WFORDt CRE ST I y DOUGLASS y GOOD + (LRL]

M

M

M S
M S
M

M

M

M

M AVG
M FIT

144 1189~ 38 0 ~ 15 BARKAS 63 EMUL + SEE NOTE S BELOW

58 1189e48 0 ' 22 BHOWMIK 64 CMUL + SEE NOTE S BELOM

ABOVE SIGMA+ MASSES HAVE BEEN RAISED. 30 KEV TQ ACCOUNT FOR 46 KEV

INCREASE IN PROTON MASS AND 21 KEV DECREASE IN P/ON MASS

4205 1189~ 68 Oe10 SCHMIDT 65 HBC SEE NOTE N

1189 16 0 12 HYMAN 67 t.IEBG
607 1189e39 0 ~ 06 BOHM 72 EMU{.

~ e ~ ~ ~ ~ ~ ~

1189~ 418 Oe076 AVERAGE (ERROR INClUDES SCALE FACTOR OF 1 ~ 7)
1189e406 0 ~ 068 FROM FIT t ERROR INCLUDES SCALE FACTOR OF 1 ~ 6)

{SEE IDEOGRAM SEI OM )

6/68
6/68
1/73¹

1/73¹



PARTIcLE DATA GRQUP Review of Particle Properties S6?

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

LJEIGHTED AVERAGE = 118S.418 + 0.076
ERROR SCALED BY 1.7

(P5)/(Pl)R4
R4
R4
R4
R4
R4
R4
R4 AVG

SIGNA+ INTO (P GAHMA) /(P PIO) (UNITS 104+-2)-
1 (0~ 68) OR LESS CARRARA 64 HBC

24 0~ 37 0 ~ 08 BAZIN 65 HBC

4 (Qe 17) QUARE N I 65 E MUL

45 0 ' 21 0 ' 03 ANG 69 HBC STOP K-
31 0» 276 0 ~ 051 GERSHHIN 69 HBC

0 ~ 240 0 ~ 035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 e4)
(SEE IDEOGRAM BELD' )

6/66
1Q/69
10/69

WEIGHTED AUERAGE = 0.240 + 0.035
ERROR SCALED BY 1.4

aHM

YMAN

CHMIDT

HQWMIK

ARKAS

72 EMUL

67 HEBC
65 HBC

64 EMUL

63 EMUL

1188.8 1189.2 1189.6 1190.0 1190.4

CHISQ
0.2
4.6
6.9
0.1
0.1

11.8
(CDNLEU
=0.019)

SIGMA+ MASS (MEU)

19 SIGMA+ MEAN LIFE ( UNITS 10++-10)

GLASER 58 RVUE
PUSCHEL 60 EMUL
EVANS 60 EMUL
FREDEN 60 EMUL
KAPLON 60 EMUL
CHIESA 61 EMUL
BERTHELOT 61 HLBC
BARKAS 61 EMUL
GRARD 62 HBC
HUMPHREY 62 HBC
8HOHMI K 64 E MUL

BALTAY 65 HBC
CARAYAN 65 HBC
CHANG 66 HBC
CHIEN 66 HBC +
CHIEN 66 HBC
COOK 66 OSPK
BARLOUTAU 69 HBC
EISELE 70 HBC
BAKKER 71 DBC

S. SEE 1970 EDITION»

19 SIGNA+ MAGNETIC MOMENT ( NAGNETONS ~ 938 ~ 26 MEV )

HM

MN

NM

NN

MM

MM

HN

HM AVG

381
52
51
69

29333
955

1 ~ 5
3 ~ 5
3 ~ 0
3 ~ 5
2»1
2 ~ 67

2 ~ 59

lel
l»5
1 ~ 2
1~ 2
1 0
0 ~ 97

0 ' 46

COOK
KQTELCHUC
SULLIVAN
COMBE
MAST
ALLEY

66 OSPK
67 EMUL
67 E MUL
68 EMUL
68 HBC
71 OSPK

K-P AT 1»158EV/C
PHOTOPRODUCT ION

K-P AT »4 GEV/C
1e28 GEV/C PI+P

AYERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)

T
T 127 0» 98 0 ~ 16 0 ~ 12
T 41 Qe 82 0 ~ 34 0 ~ 20
T 117 0» 85 0 »14 0 ~ 11
T 54 0 80 0 ~ 10 0 ~ 067
T 23 0»76 0 22 0 14
T 49 0» 75 0 ~ 13 0 ~ 09
T 140 0 82 0 ~ 10 0 ~ 08
T 192 0 749 0 ~ 056 0 ~ 052
T 456 0 ~ 765 0 ~ 04 0 ~ '04
T 203 0 84 0 12 0 ~ 08
T 181 0» 84 0 ~ 09
T 900 0 ' 76 0 ' 03
T C 1300 0 83 0.032
T S 125 {0» 86) (0 ~ 15) 6 ~ 9 PBAR P
T S '117 ( 1» 10) ( 0 ~ 24) 6 ~ 9 PBAR PyANTI
T 381 0 80 0 07
T 10664 0 803 0 ~ 008 K-P 4-1»2 GEV/C
T 20K 0» 795 0 ~ 010 K-P AT REST
T 526 0 83 0 04 K-N TO SIG+ 2PI-
T C CHANG ERROR 0 018 RAISED BY U RNP 421 123(1970)
T S ERROR PURELY STATISTICAL
T ~ ~ ~ ~ ~ ~ ~ » e
T AVG 0 8004 0 ' Q058 0,0057 AVERAGE (ERROR INCL SCALE FACTOR OF

6/66
6/66
6/66
9/67
9/67
7/66

11/69
2/71

10/71
1/73+

1»0)

7/66
8/67
8/67

10/68
6/6 8

10/70

R5
R5 E
R5 E
R5 E
R5
R5 UA

R5 U

R5 U

R5 U
R5 E
R5 A

R5
R5
R5

R6
Rb
R6 E
R6 E
R6 U

R6
R6 E
R6
R6
R6
R6

R7
R7
R7
R7
R7
R7

0 ~ 1 0 ~ 2 0 ~ 3 0.4 0.5

It4 69 HBC

6S HBC

65 HBC

0.6

CHISQ
0.5
1.0
2.6

(CONLEU
=0.126)

SIGMA+ INTO (P GAMMA) i (P PIO)

SIGNA+ INTO (N E+ NEU)/(N PI+) (UNITS 10+'s1-5) {P7)/(P2)
0 16220 EFFECT IYE DENOM COURANT 64 HBC SEE NOTE E
0 2720 EFFECTIVE DENQH» MURPHY 64 HBC SEE NOTE E
1 9690 EFFECTIVE DENDN» NAUENBERG 64 HBC SEE NOTE E
0 {32406)EFFECTIVE DENQN» BIERNAN 68 HBC

0 (80400) EFFECTIVE DENOM EISELE2 69 HBC + STOP K-
1 30000 EFFECT IVE DENQM NORTON 69 HBC
0 110200 EFFECTIVE DENQM» EBENHOH 70 HBC STOP K-

EFFECT IV E DENQM ~ C ALCULATED BY. US
EFFECTIVE DENOMe TAKEN FROM EISELE 67

EISELE2 69 REPLACED BY EBENHOH 70
~ ~ ~ ~ ~ ~ ~ ~ ~

4.0 2 ~ 0 OR l. ESS CL=»90 OUR AVERAGE USING ALL ABOVE
NUMBER OF EVENTS INCREASED TO 4 0 FQR 90PC CONFIDENCE LEVEL

SIGNA+ INTO ( N MU+ NEU)/(Pl+N) (UNITS 1011'-5) (Pe)/( P2)
1 ( 120)ANALYSED EVENTS GALT IERI 62 FNUL NQ RATIO QUOTED
0 10150 EFFECTIVE DENOH» COURANT 64 HBC SEE NOTE E
0 1710 EFFECTIVE DENOM NAUENBERG 64 HBC SEE NOTE E
2 62000 EFFECTIVE DENOH EISELE? 69 HBC

0 ' 33800 EFFECTIVE DENQM BAGGETT 69 HBC
EFFECTIVE DENOM TAKEN FROM EISELE 67

5 ~ 3 4»9 OR LESS CL= ~ 90 OUR AVERAGE USING ALL ABOVE
NUMBER QF EYENTS INCREASED TO 5 3 FOR 90PC CONFIDENCE LEVEL

SEE NOTES ACCQHPANYING R5

( SIGMA+ INTO LEPTONS) /(SIGNA- INTO l EPTQNS)
0 Oe034 QR LESS BAGGETT 67 HBC
1 0»08 OR LESS NORTON 69 HBC

~ ~ ~ e ~ ~ ~ e ~

6 ~ 7 0 035 OR LESS CL= ~ 90 OUR AVERAGE USING R5 AND R6
NUMBER OF EVENTS INCREASED TO 6 ~ 7 FOR 90PC CONFIDENCE LEVEL

11/67
11/67
6/68
6/68
6/68

11/69
12/70

11/67

12/70
2/71

1I./67
11/67
11/67
6/68

1)./68
11/67

11/69
2/71

6/68
10/69

2/71
2/71

Pl
P2
P3
P4
P5
Pb
P7
PB

SIGNA+
S I GMA+
SIGMA+
S IGMA+
S IGNA+
S IGNA+
SIGMA+
S I GMA+

19 SIGMA+ PARTIAL' DECAY NODES

INTO PROTON PI 0
INTO NEUTRON PI+
INTO NEUTRON PI+ GAHMA

INTO LAMBDA E+ NEU
INTO PROTON GAMMA

INTO NEUTRON MU+ NEUTRINO
INTO NEUTRON E+ NEUTRINO
INTO PROTON E+ E-

DECAY MASSES
938+ 134
939+ 139
939+ 139+ 0

1115+ -5+ 0
938+ 0
939+ 105+ 0
939+ ~ 5+ 0
938+ ~ 5+ ~ 5

RB
RB
RB
RB

R9
R9
R9
R9
R9

SIGMA+ INTO ( PROTON E+ E-)/TOTAL (UNITS 104~6) (PB)
7»0 OR LESS ANG 69 HBC STOP K-

A ANG 69 FOUND 3 E+E- EVENTS IN AGREEMENT HITH GAMMA CONVERSION OF
A PROTON GAMMA DECAY -LIMIT GIVEN HERE IS FOR hlEUTRAL CURRENT

(SIGMA+ IhlTQ N MU+ NEU) /(SIGMA INTO N MU~ NEU)
2 0»06 Oe 045 0»03 EI SELE2 69 HBC +- STOP K~

e ~ ~ ~ ~ ~ ~ ~ ~

5 3 0 095 OR LESS CL= ~ 90 OUR AYERAGE USING R6
NUMBER OF EVENTS INCREASED TO 5»3 FOR 90PC COhlFIDENCE LEVEL

10/69

10/69

2/71
2/71

19 SIGMA+ BRANCHING RATIOS

Rl SIGNA+ INTO (NEUTRON PI+)/(NUCLEON PI) (P2) /(Pl+P2)
R 1 308 Oe 490 0 024 HUNPHREY 62 HBC
Rl 534 0» 46 Q ~ 02 CHANG 66 HBC
Rl 1331 Oe488 0 ' 010 BARLOUTAU 69 HBC
Rl 537 0»484 0 ~ 015 TOVEE 71 EMUL
Rl e ~ ~ ~ ~ » ~ ~ ~

RI AVG 0» 4835 0.0073 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1» 0')

K-P 4-1~ 2 GEV/C

R3
R3 H

R3 H

R3
R3

' R3
R3
R3 AVG

S I GNA+ INTO
4 (3~ 3)

6 2»0
5 1 6

10 2»9
~ e ~ ~

2»02

(LAMBDA E+ NEU)/TOTAL (UNITS 10+-5) {P4)
(1 7) HILL IS 64 HBC STOP K-
EVENTS FROM THIS EXPERIMENTS INCLUDED IN EISELEl 69
0.8 BA'RASH 67 HBC STOP K-
0 ~ 7 BALTAY 69 HBC STOP K-
1 ~ 0 EISELE1 69 HBC STOP K-

e ~ ~ ~ ~

0»47 AYERAGE (ERROR INCLUDES SCALE FACTOR QF 1e0)

R2 SIGMA+ INTO (NEUT Pl+ GAM)/(PI+N) (UNITS 10'h'h-3) (P3)/P2)
R2 {1~ 8) ABOUT BAZIN2 65 HBC PI+ LT 116 MEV/C
R2 29 0 27 0»05 ANG 69 HBC PI+ l.T 110 NEV/C

6/66
11/69
12/7 1

. 8/67
ll/68

9/66
11/69
8/67

11/69
10/69

R10 (SIGNA+ INTO N E+ NEU)/(SIGNA- INTO N E- NEU)
R10 E 0 (0~ 03) OR LESS CL= ~ 90 EISELE2 69 HBC +- STOP K-
R10 0 0~ 019 OR LESS CL= ~ 90 EBENHOH 70 HBC STOP K~
R10 0 0 12 OR LESS Cl = ~ 95 COLE 71 HBC STOP K-
R10 E . EISELE2 REPLACED BY EBENHOH 70
Rlo ~ ~ ~ ~ ~ ~ ~ » ~

R10 4 ~ 0 0»016 OR LESS CL= ~ 90 QUR AVERAGE USING R5
R10 NUNBER OF EYENTS INCREASED TO 4 ' 0 FOR 90PC CQhlFIDENCE LEVEL

19 SIGNA+ DECAY PARAHETERS

RELATED TEXT SECTION IV H AND APPENDIX I II

A+ ALPHA SIGMA++(SI G+ TQ PI+ N)
A+ 35000 0 069 0 017 BANG ERTE R 69 H BC
A+ 4101 0~ 037 0 ~ 049 BERLEY 70 HBC
A+ ~ ~ ~ ~ ~ ~ ~ » ~

A+ AVG 0 066 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

K-P AT 400 NEV/C

A+0 ALPHA+/ALPHAQ FOR SIGNA+ (5 I G+ TO PI+ N) /(SI6+ TQ P IO P )
A+0 +0» 04 0 ~ ll CORK 60 CNTR SIG+ FROM PI+P
A+0 (+0»20) (0 24) TRIPP 62 HBC + REPLAC BY BANGER
A+0 Q 3500 (- 014) (0 052 ) BANGERTER 66 HBC + SIG+ FRQN K-P
A+0 0 2600 (-~ 047) ( ~ 07) ' BERLEY 66 HBC + SIG+ FRON K-P
A+0 Q QLD RESULTS»HAVE BEEN REPLACED SEE BELOH-

10/69
12/70
10/71

2/71
2/7 1

9/66
9/66

ll/69
12/7 0



S68 REvrEws oz MoDERN PH Ysics APRn. 1973 PART II

Stable Particles
Z+, Z

Data Card Listings
For notation, see key at front of Listings.

AO ALPHA SIGMAO {SIG+ INTO PIO PROTON}
AO -Oe 80 0 ~ 16 BEALL 62 CNTR
AO (-0~ 90) (0 ~ 25) TRIPP 62 HBC
AO Q 5200 (-0 986) {0 072) BANGERTER 66 HBC
AO 32000 -0 ~ 999 0 ~ 022 BANGERTER 69 HBC
AO H 1335 -Oe98 0 ~ 05 0 ~ 02 HARRIS 70 QSPK
AO 16K -Oe 940 Oe 045 BELLANY 72 ASPK
AO H DECAY PROTONS SCATTERED OFF CARBON
AO ~ ~ ~ ~ ~ e ~ ~ ~

AO AVG -0 ~ 984 0 017 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

REPLAC ~ BY BANGE
K-P TO SIG+ P I-
P I+P TO S IG+ K+
P I+P TO S IG+ K+

AG ALPHA SIGNAG (SIG+ INTO PROTON GAMMA)
AG 61 1 ~ 03 0 ~ 52 0 ~ 42 GERSHWIN 69 HBC K P TO SIG PI

FO PHI 0 ANGLE (5 IG+ INTO PIO PROTON) SIN(PHI }/COS(PHI) =BETA/GAMMA (DEG)
FO H 22 ' 0 90 ' 0 HARRI S 70 OSPK PI+P TQ SIG+ K+
FO H DECAY PROTONS SCATTERED OFF CARBONe

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR SIGMA+

F+ PHI+ ANGLE (5IG+ INTO N P I) SIN(PHI )/COS(PHI)=BETA/GAMMA {DEGREE)
F+ Q 370 (180~ ) (30 ~ ) BERLEY 66 HBC + NEUTRON RESCATT ~

F+ 560 143~ 29 ~ BANGERT1 69 HBC
F+ C 1054 184~ 24 ~ BERLEY 70 HBC K-P AT 400 MEV/C
F+ C CHANGED FROM 176 TO 184 TQ AGREE WITH SIGN CONVENTION
F+ ~ ~ ~ ~ ~ ~ ~ ~ ~

F+ AVG 167e3 20el AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

7/66
10/69

5/70
11/72¹

9/66
10/69
11/69

11/69

5/70

20 SIGNA- (1198yJP=1/2+) I=1

20 SIGNA- MASS (MEV)

20 (SIGMA-) — ( SIGMA+) MASS DIFFERENCE ( MEV )

D BARKAS 63 EMUL
D DQSCH 65 HBC
D BQHN 72 EMUL 1/73¹
D ~ ~ ~ ~ ~ ~ ~ ~ ~

D AVG 0 16 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)
0 F IT 0 ~ 09 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 2) 1/73¹

87 Se 25 0 ~ 40
2500 8 ' 25 0 ' 25

86 7 ' 91 0 ' 23

8 F 09
7 ' 94

20 {SIGMA-) — ( LAMBDA) MASS DIFFERENCE & MEV)

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS

M 3000 1197.47 0.11 SCHMIDT 65 HBC SEE NOTE N 6/68
M ~ e ~ ~ ~ e ~ ~ ~

M FIT 1197e34 0 ~ 07 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 e2) 1/73¹

CORK 60 PR 120 1000
EVANS 60 NG 15 873
FREOEN 60 NC 16 611
KAPLQN 60 ANP 9 139
PUSCHEL 60 NP 20 254

BARKAS 61 PR 124 1209
BERTHELO 61 NC 21 693
CHIESA 61 NC 19 1171

GORKt KERTHy WENZELt CRONIN yCQQL(LRL+PRIN+BNL)
BR I ST+BR US S+ I AS-U ~ COL- DU BL I N+LON+MlL AN+P AD
S FREDENyH KQRNBLUMtR WHITE (LRL)
N KAPLONyA HELISSINOSyYANANOUGHI (RQGH)
W PUSCHEL (MAX PLANCK INST)

BARKASy DYERy NA SON y NI CHQLSy SMITH (LRL)
BERTHELOTyDAUDIN ~ GQUSSU + {SACLAY+ORSAY)
CHI E SAy QUA SSI ATI y R INAUDO ( INFN-TUR IN }

DL N SEE NOTE PRECEDING LAMBDA HASS LISTINGS ~

81 ~ 70
85 81 ~ 80

279 81~ 64
~ ~ ~ ~ ~

81.666
81 ' 749

DL
DL '

DL 2
DL
DL AVG
DL FIT

'0 ~ 19
0 ' 24
0 ' 09

0 077
0 067

BURNSTEIN 64 HBG
SCHMIDT 65 HBC SEE NOTE N

HEPP 68 HBC

9/66
6/68
8/68

AVERAGE & ERROR INCLUDES SCALE FACTOR OF 1 0)
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1) I/73¹

8 HOW HI K 64
CARRARA 64
COURANT 64
MURPHY 64
NAUENBER 64
WILLIS 64

NP 53 22
PL 12 72
PR 136 8 1791
PR 134 8 188
PRL 12 679
PRL 13 291

BALTAY
BAZIN
BAZ IN2
CARAYAN
QUARENI
SCHMIDT

65 PR 140 8 1027
65 PRL 14 154
65 PR 140 81358
65 PR 138 B 433
65 NC 40 A 928
65 PR 140 8 1328

BEALL 62 PRL 8 75
GRARD 62 PR 127 607
GALTIERI 62 PRL 9 26
HUMPHREY 62 PR 127 1305
TRIPP 62 PRL 9 66

BARKAS 63 PRL ll 26
ALSO 61 UCRL 9450

SEA LL y CORK y KEE FE y MURPHY y WENZ EL (LRL)
F GRARDy G A SMITH (LRL)
GALTIERI yBARKASyHEGKHANy PATRIGKySNITH (LRI. )
W E HUHPHREYy R R ROSS {LRL)
R D TRIPPyN 8 WATSQNyM FERRO-LUZZI (LRL}

W H BARKAS yJ N DYERy H H HECKMANN
JOHN OYER (THESISy BERKELEY)

(LRL)
(LRL)

8 8HOWNIK t P JAIN t P NATHUR y LAKSHMI (DELHI )
GARRARAy CRESTI tGRIGQLETTOyPERUZZO+ (PADOVA)
COURANT y F ILTHUTH+ (C ERN+HE 10+UMD+NRL+BNL )
C THORNTON MURPHY (WISCONSIN)
NAUENBERGyMARATECKy+ (CQLU+RUTG+PRIN)
WILL 1StCOURANT y ENGELMAN+ (BNL ~ GERNt HE IDyUMD)

BALTAYy SANDWEI SS yCULWI CKy KOPP + ( YALE+BNL )
BAZIN y BLUMENFELO y NAUENBERG + {P RIN+COLU)
BAZ INy PLANOy SCHMIDT+ ( PR IN y RUTG t COLU)
CARAYANNQPOULQSyTAUTFESTyWILLMANN (PURDUE)
QUARENI y CARTACGI + (BGNA t F IRZy GENOy PARMA)
P SCHMIDT (COLUMBIA)

T
T
T 45
T 41
T 1208
T C 3267
T 5 61 (
T 5 64
T 506
T 10253
T ~ 1M
T 1383
T
T G CHANG
T S ERROR
T ~ ~

T AVG

20 SI GMA- MEAN I.IFE (UNITS 10¹¹-10)
1 ~ 67 0.40 Oe28 BROWN 58 HLBC
1 ~ 89 0 ~ 33 0 ~ 25 EISLER 58 HLBC
1 ~ 35 Oe32 0 ~ 17 CHIESA 61 EHUL
le 75 0.39 0.30 BARKAS 61 EMUL
1 58 0 ~ 06 0 ~ 06 HUMPHREY 62 HBC
1 ~ 666 0 ~ 075 CHANG 66 HBC
2 ~ 08) (0 ~ 22) CHIEN 66 HBC
1 ~ 46) (0 ~ 31) CHIEN 66 HBC +
1~ 38 0 ~ 07 WHITESIDE 68 HBC

472 0 ~ 016 BARLOUTAU 69 HBC
1 ~ 485 Oe022 EISELE 70 HBC
le42 Oe05 BAKKER 71 DBC
1~ 41 0 ~ 09 0 08 TQVEE 71 EMUL
ERROR Oe018 RAIS EO BY US ~ SEE 1970 EDITIONt
PURELY STATIST ICAI

~ ~ ~ ~ ~ ~ ~

le 484 Oy 019 0 ~ 018 AVERAGE ( ERROR INCL
(SEE IDEOGRAM BELOW )

STOP% K-
STOP ~ K-

6 9 PBAR P
6 ' 9 PBAR PE ANTI

STOPS K-
K-P ~ 4-1 ~ 2 GEV/G
K-P AT REST
K-N TO SIG- 2PI

RMP 42y 123(1970)

6/66
9/67
9/67
6/68

11/69
2/7 1

10/71
12/7 1
1/73¹

~ SCALE FACTOR OF 1 e 6)

BANGERTE 66 PRL 17 495 BANG ERTER y GALT IERI t BERGE y MURRAY+ (LRL )
BERLEY 66 PRL 17 1071 +HERZBACHtKOFLERyYAMAMOTO + (BNL+MASA+YALE)
CHANG 66 PR 151 1081 CHUNG YUN CHANG (COLUMBIA)

ALSO 65 NEVIS 145 THESIS CHUNG YUN CHANG {COLUMBIA)
CHI EN 66 PR 152 1171 +L'ACHy SANDWE I SS ~ TAFT tY EH t OREN + ( YALE+BNL )
COOK 66 PRL 17 223 V GQQKy EWART y MASEK tORR tP LATNER {WASHINGTON)

WEIGHTED AUERAGE = 0 ~ 6738 & O..OOBS
ERROR SCALED BY 1.6

BARASH 67
EISELE 67
HYMAN 67
KOTELCHU 67
SULLIVAN 67

ALSO 64

PRL 19 181
ZPHYS 205 409
PL 25 8 376
PRL 18 1166
PRL 18 1163
PRL 13 246.

BIERMAN 68 PRL 20 1459
COMBE 68 NC 57A 54
MAST 68 PRL 20 1312

ANG

BAGGETT
BALTAY
BANGERTE
BANG ERT1
BARLQUTA
EISELE1
EISELE2
GER SHWIN

ALSO
NORTON

69 ZPHYS 228 151
69 NDDP-TR-973
69 PRL 22 615
69 UCRL-19244
69 PR 187 1821
69 NP 814 153
69 ZPHYS 221 1
69 ZPHYS 221 401
69 PR 188 2077

UCRL 19246 THESIS
69 NEVIS 175 (THESIS

BAGGETT 67 PRL 19 1458
, ALSO 68 VIENNA ABS 374

ALSO 68 PRIVATE COHM ~

BAGGETTyDAYyGLASSERyKEHQEtKNOP+ (MARYLAND)
SAGGETTy KEHOE &MARYLAND)
N ~ BAGGETT (MARYLAND)

BARASHyOAYyGLASSER yKEHQE tKNQP + (MARYLAND)
+ENGELMANN yF ILTHUTHy FOL I SH t HEPP+ ( HE

ID�)

+LOKENy P EWITTt MCKENZIE t+ (ANL+CARN+NWES }
KOTELCHUCKyGOZAy SULLIVANyROSS (VANDERBILT)
SUI.L I VAN y MC INTURFF yKQT ELCHUCH ( VANDERBILT )
A 0 MC INTURFF tC E RODS (VANDERBILT)

BI ERMANy KOUNOSUy NAUENBERG + (PRINCETON)
CERN-BRI STOL-LAUSANNE-HUNICH-ROHE-COLLABOR
NASTy GERSHWINy ALSTON-GARNJOST + (LRL )

+EBENHOHy E ISELE y ENGELMANNy FILTHUTH+ ( HEID)
N V BAGSETT &THESI 5) (UMD)
SALTAYyFRANZINI y NEWMAN t NORTON+ (COLUy STON)
ROGER ODELL BANGERTER (THESIS} (LRL)
BANG ERTE 8 y GARN JOST y GALTI ER I t GERSHWIN+ (LRL)
BAR LOUTAUD y BELLE FON y GRAN ET+( SACL+C ERN+HE I D )
+ENGELMANNyFILTHUTHy FQHI ISCH t HEPP+ ( HEI D)
+ENGELMANNy F ILTHUTHt FOHL ISCH y HEPP+ {HEI 0)
+ALSTON-GARNJQST y BANGERT ER + (LRL )
LAWRENCE K GERSHWIN (LRL)

) HERBERT NORTON & COLUMBIA )
0.4 0.6 O. B

~ TOUEE
~ BAKKER
~ EISELE

BARLOUTAU

WHITESIDE
~ CHANG
~ HUMPHREY
~ BARKAS

CHIESA
EISLER
BROWN

1.0

71 EMUL

71 DBC
70 HBC

69 HBC

6B HBC

66 HBC
62 HBC

61 EMUL

61 EMUL

SB HLBC
SB HLBC

CHISQ
0.7
1.5
0.0
0.6
1.9
7.4
2.9

14.9
(CDNLEU
=0 ~ 021)

BERLEY
EBENHQH

ALSO
EISELE
HARR I S

70 PR Dl 2015
70 KIEV CONF
70 ZPHY 228 151
70 ZPHY 238 372
70 PRL 24 165

+YAMINyHERTZBACHyKQFLER + (BNL t MASAt YALE )
+EISEI Ey ENGELMANNt FILTHUTHyFOHLISCH+ (HEID)
ANGt EISELEyENGELNANN ~ FILTHUTH + (HEID]
+FILTHUTHyHEPPyPRESSERyZECH {HEIDELBERG]
+OVERSETHtPONDROMt DETTHANN (MICHy WISC)

SIGMA- DECAY RATE (UNITS 10}I{II{10SEC-1)

20 SIGMA- PARTIAL DECAY MODES

ALLEY
BAKKER
COLE
TOVEE
BELLAMY
BQHM

71 PR D3 75
71 LNC 1 37
71 PR D4 631
71 NP 833 493
72 PL 398 299
72 NP 848 1

+BENBRQOKy COOK y GLASS y GREEN y HAGUE + ( WASH)
+ SABRE COLLAB ~ (ZEEH+SACL+BGNA+REHO+EPQL)
+LEE-FRANZ INI, LOVELESSt BALTAY+ (STONt COLU)
LOUC yBEL GRADE y BERL y BRUXt DUBLINt WARS CQLLAB
+ANDERSON t CRAW FORD y OSMQN+ (LOWC+RHEL+SUSS )
BERLIN+BELGRADE+BR UX+DUBL IN+LOUC+WARSAW

PAPERS NOT REFERRED TQ IN DATA CARDS

Pl
P2
P3
P4
P5

SIGMA- INTO NEUTRON PI-
SIGMA- INTO NEUTRON Pl- GAMMA
SIGMA- INTO NEUTRON NU- NEUTRINO
SIGMA- INTO NEUTRON E- NEUTRINO
SIGNA- INTO LAMBDA E- NEUTRINO

DECAY MASSE 5
939+ 139
939+ 139+ 0
939+ 105+ 0
939+ ~ 5+ 0

1115+ ~ 5+ 0

GLASER 58 CERN CONF 270 GLRS ER y GOODy MORRI SON ( HI CH+LRL ) 20 SI GNA- BRANCHING RAT I OS

QUANTUM NUMBER DETERMINATIONS NQT REFERRED TO IN THE DATA CARDS

TRIPP 62 PRL 8 175 R TRIPP M WATSON M FERRO-LUZZI (LRL) P
ALFF 63 SI ENA CONF 1 205 ALFF y NAUENBERG yKIRSCHy+ (CQLU+RUTG+BNL )

ALSO 65 PR 137 B 1105 ALFFy GELFANDt BRUGGER ~ BERLEY+(COLU+RUTG+BNL)
COURANT 63 SIENA CONF 1 73 COURANTyFILTHUTHyBURNSTEINyDAY+ (CERN+UMD)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl AVG

SIGMA- INTO (N MU- NEU)/(N PI-) (UNITS
22 0 ' 66 Oe15 COURANT

0.56 0.20 BAZ IN
56 0 ~ 43 Oe09 BAGG ETT
72 0 ~ 43 0 ~ 06 ANG 1
13 0 ~ 38 0 ~ 11 COLE

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 447 0 ~ 043 AVERAGE ( ERROR

10¹¹-3)
64 HBC
65 HBC
69 HBC
69 HBC
71 HBC

(P3)/(Pl)

FROM STD P ~ K- 6/66
STOP ~ K- 10/69
STOP K 10/69
STOP K- 10/7 1

INCLUDES SCALE FACTOR OF 1 e0)
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles
0

R2 SIGMA- INTO ( N

R2 9 l»0
R2 16 1 ~ 37
R2 16 le 15
R2 31 1 ~ 4
R2 180 1~ 11
R2 (1~ 11)
R2 A 331 (le 02)
R2 601 1» 09
R2 57 0»97
R2 A ANG1 REPLACED
R2 e e e ~ e ~

R2 AVG 1 ~ 096

E- NEU)/(N PI-) (UNITS 10¹¹-3) (P4)/(Pl)
0 ' 4 0 ' 3 MURPHY 64 HLBC
0 »34 NAUENBERG 64 HBC
0 ' 4 MILLER 64 FBC
0 ~ 3 COURANT 64 HBC
0 ' 09 BIERMAN 68 HBC

{0»15] SECHI ZOR 68 HBC PRE LIMI NARY
(0 ~ 08) ANG 1 69 HBC - STOP K-
0 ~ 06 EBENHOH 70 HBC STOP K-
0 ~ 15 COLE 71 HBC STOP K-

BY EBENHOH 70 '
~ ~ ~

0 ~ 046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

6/68
10/68
10/69
12/70
10/71
2/71

BARASH 67
BERLEY 67
8IERMAN 68
GERSHWIN 68
HEPP 68
SECHIZOR 68
WHITESID 68

PRL 19 181
PRL 19 979
PRL 20 1459
PRL 20 1270
ZPHY 214 71

TO BE PUBL»
NC 54A 537

ANG 1 69 ZPHY 223 103
ANG 2 69 ZPHY 228 151
BAGGETT 69 PRL 23 249
BALTAY 69 PRL 22 615
BANGERTE 69 UCRL-19244
BANGERT1 69 PR 187 1821

BARASH|OAYtGLASSERrKEHOEoKNOP + (MARYLAND)
BERLEYeHERTZBACHoKOFLER + (BNL r MASAr YALE)
BIERMANo KOUNOSUe NAUENBERG + (PRINCETON)
GERSHWINiALSTON-GARNJOST eBANGERTER+ (LRL)
V HEPP yH SCHLEICH ( HE IDEL BERG)
DAY t GL ASS E R o KNOP+ VI ENNA 375 ( MARY LAND )
He WHITES IDE o J GOLLUB (OBERL IN)

ANGy EISELEoENGELMANNoFILTHUTH + (HEID)
+EBENHOR r E ISELEo ENGE( MANNo FILTHUTH+ ( HE ID)
BAG G ET T e K E HOE t SNOW (UNIV MARYLAND)
BALTAYeFRANZINI o NEWMANeNORTON+ (COLU ~ STON)
ROGER ODELL BANGERTER (THESIS) (LRL)
BANGERTERtGARNJOSTeGALTI ERIt GERSHWIN+ (LRL)

SIGMA- INTO (LAMBDA E-R3
R3
R3 11 0 ~ 75
R3 35 0» 64
R3 31 0 69
R3 31 0 ~ 52
R3 ~ ~ ~ e ~

R3 AVG 0 ' 604

0 ~ 28
0 ' 12
0 12
0 ~ 09

~ ~ e ~

0 ' 060

NEU)/(N PI-) (UNITS 10¹¹-4)
(P5)/(Pl)

COURANT 64 HBC STOP ~ K-
BARASH 67 HBC STOP K-
El SELEl 69 HBC STOP K~
BALTAY 69 HBC STOP K-

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)

8/67
10/69
4/69

R4
R4
R4

20 SIGMA- DECAY PARAMETERS

RELATED TEXT SECTION IV H AND APPENDIX I II
A- ALPHA SIGMA-
A- (-0' 16)
A- 0 6500 (-0 ' 010]
A- 0 6068 (-0 ~ 104)
A- 51000 -0 071
A 8 5978 ( 0 ~ 134)
A- 60000 -0 ~ 067
A- 0 OLD RESULTS ~
A- 8 BERLEY 70 RE
A- D ~ ~ ~ ~

A~ AVG -0 ' 0688

(0 ~ 21) TRIPP 62 HBC
(0»043) BANGERTER 66 HBC
(0 ~ 04) BERLEY 67 HBC
0 ~ 012 BANGERTER 69 HBC

(0 e 034) BERLEY 70 HBC
0 ~ 011 BOGERT 70 HBC

HAVE BEEN REPLACED ~

PLACED BY BOGERT 70
~ ~ ~ ~

0»0081 AVERAGE (ERROR INCLUDES

REPL ~ BY BANGERTE
K-P TO SIG- PI+
K-P TO SIG PI+

K-P AT 400 ME V/C
K-P AT 400 MEV/C

SCALE FACTOR OF 1 ~ 0)

7/66
11/67
10/69
2/71

12/7 0

2/71

SIGMA INTO (N PI- GAMMA)/(N PI-) (UNITS 10¹¹3) (P2)/(Pl)
( 1~ 1)AP PROX IM BAZIN 65 HBC Pl- LT 166 MEV/C 8/67

23 0~ 10 ~ 02 ANG 2 69 HBC P(P I-) LT 110 10/69
BAKKER 71
COLE 71

ALSO 69
TOVEE 71
BALT AY 72
BOHM 72
ELLIS 72
FRANZI NI 72

LNC 1 37
PR D4 631
NEVIS-175 THES
NP 833 493
PR D5 1569
NP 848 1
NP 839 77
PR D6 2417

BROWN
NI ETC

57 PR 108 1036
68 RMP 40 140

0

BARLOUTA 69 NP 814 153
COLLERAI 69 PRL 23 198
EISELE1 69 ZPHY 221 1
EISELE2 69 ZPHY 223 487
GERSHWIN 69 UCRL-19246

BERLEY 70 PR Dl 2015
BOGERT 70 PR D2 6
EBENHOH 70 KIEV CONF
EISELE 70 ZPHY 238 372

J BROWNe D GLASERe M PERL
M NI ETC

( Ml CH+BNL )
( STON)

BARLOUTAUD eBELLEFONo GRANET+(SACL+CERN+HEI 0)
COLL ERAINE |DAYr GLASSERt KNOP+ (UNI V MARYLAND)
+ENGELMANNeFILTHUTHeFOHLISCHoHEPP+ (HEID)
EISELEe ENGELMANNgFILTHUTHeFOHL ISCH+ {HEID)
LAWRENCE KENNETH GERSHWIN (THESIS) (LRL)

+YAMINo HERTZBACHoKOFLER + (BNL oMASAo YALE)
+LUG AS e TAFT ~ WILL I S t 8ERI»EY + ( BNL g MASAt YALE )
+EISELEe ENGELMANNo FI LTHUTHoFOHLISCH+ ( HEID)
+FILTHUTHoHEPPoPRESSERoZECH (HEIDELBERG)

+e SABRE COLL AB ~ ( ZE EM+SACL+BGNA+R EHO+ EPOL )
+LEE FRANZINI ~ LOVE LESS o BALTAY+ (STONo COLU )

IS HERBERT NORTON (COLUMBIA)
LOUC e BELGRADE o BERL o BRUX o DUBL IN s WARS COLLAB
+FEINMAN oF RANZINI o NEWMAN e YEH+ (COLU+STON)
BERLIN+BELGRADE+BRUX+DUBL IN+LOUC+WARSA W

OXF+AERE+RHEL+LOQM+LYON+NWES+ITEP COLLABOR
COLUMBIA+HEIOELBERG+MARYLAND+STONY BROOK

PAPERS NOT REFERRED TO IN DATA CARDS

F PHI ANGLE (SIN(PHI]/COS(PHI)=BETA/GAMMA) (DEGREES)
F 0 1006 {+22~ ) {30 ~ ) BERLEY 67 HBC K-P TO SIG- PI+
F- 1385 14~ 19~ BANGERT1 69 HBC
F- C1092 + 5 ~ 23 ~ BERLEY 70 HBC NEUTRON RESCATT ~
F- C CHANGED FROM -5 TO +5 TO AGREE WITH SIGN CONVENTION
F- ~ ~ ~ ~ ~ e ~ ~ ~

F- AVG 10~ 3 14 ~'6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

AV GV/GA FOR SIGMA TO LAMBDA BETA DECAY (TEXT SEC IV H»1 FOR SIGN CONY)
AV PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY
AV FB 45 (0'~ 31) (0 ~ 30) BARASH 67 HBC
AV FS 51 (0~ 7) (0»4) BALTAY 69 HBC USING SIG+-
A V FS 81 (+0 ~ 22) (0 ~ 28) EI-SELE1 69 HBC
AV F S 186 0.37 0 ~ 20 FRANZINI 72 HBC USING SIG+
AV 8 BARASH 67 MEASURED ABSOLUTE VALUE ~

AV S SIGN CHANGED TO AGREE WITH OUR CONVENTION
AV F, FRANZINI 72 INCLUDES EVENTS OF BARASH 67' EISELEl 69e BALTAY 69~

Avl GA/GV FOR SIGMA TO NEUTRON BETA DECAY(TEXT SEC IV H. l FOR SIGN CONY)
AV1 57 (0 ~ 05) (0»23) (0 ~ 32) GERSHWIN 68 HBC REPLACED BY GER ~ 69
AV1 C 49 0»23 0 16 COLLERAIN 69 HBC NEUTRON SCATTER ~

AV1 C 33 0 ~ 37 0 ~ 26 0»19 EISELE2 69 HBC NEUTRON SCATTER ~

AV1 61 +De 19 0 ~ 20 0 ~ 17 GERSHWIN 69 HBC POLARIZED SIGMAS
AV1 63 -0 ~ 33 0 ~ 30 0»85 BOGERT 70 HBC K-P AT 400 MEV/C
Avl S -0 ~ 20 0»28 EBENHOH 70 HBC E- SPECTRUM
AV1 C 36 Oi29 0»28 Oe 29 BALTAY 72 HBC NEUTRON SCATTER
Avl 43 -0.4 0 ~ 52 1 5 ELLIS 72 ASPK POLARIZED SIGMAS
Avl E (+0~ 10), (0 ~ 11) ELLI S 72 RVUE SUM L IKEL e {+SOL)
Avl E (-0 ~ 27) (0»13) {0~ 17) ELLIS 72 RVUE SUM LIKEL ~ ( SOL)
AV1 C COLLERAINEt E ISEL Ee BALTAY MEASURE ABSOLUTE VALUE OF GA/GV ~

AVl GERSHWIN 69' BOGERT 70' EBENHOH 70' AND ELLIS 72 MEASURE THE SIGNe
AV1 BUT NEITHER HAS A DEFINITE SIGN DETERMINATION» SINCE THE SIGN IS
Avl UNDETERMINED THE AVERAGE OF THE SIX VALUES IS MEANINGLESS»
AV1 E ELLIS 72 HAS COMBINED THE MAXIMUM LIKELIHOODS OF COLLERAINE 69e
AVl E EISELE2 69i GFRSHWIN 69e ELLIS 72' ANO GETS TWO POSSIBLE VALUES ~

AVl S SIGN CHANGED TO AGREE WITH OUR CONVE ~ INCLUDES BIERMAN 68 EVENTS
AV1 ~ ~ ~ ~ ~ ~ ~ ~ ~

AVl AVERAGE MEANINGLESS (SCALE FACTOR 1 ~ 0)

11/67
10/69
11/69

11/67
4/69

10/68
1/73¹

1/73¹

6/68
10/69
10/69
10/69
10/70
3/72
6/72¹

10/71
10/71
10/71
6/72¹

3/72
3/72
3/72

21 SIGMAO (1193'JP=1/2+) I=1

21 (SIGMA-) — {SIGMAO) MASS DIFFERENCE (MEV)
Dl N . SEE NOTE PRECEDING LAMBDA MASS LISTINGS ~

Dl 18
Dl 37
01 12
Dl
Dl AVG
01 FIT

4» 75
4 87
4» 99

4 849
4» 863

0 ~ 1
F 12
0 ' 13

0 ~ 069
0 ~ 064

BURNSTEIN 64 HBC
DOSCH 65 HBC
SCHMIPT 65 HBC SEE NOTE N 6/68

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0) 1/73¹

21 (SIGMAO) - (LAMBDA) MASS DIFFERENCE (MEV)

DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS

21 SIGMAO MEAN LIFE (UNITS 10¹¹-14)
(1~ 0) OR LESS DAVIS 62 EMUL

Pl
P2

21 SIGMAO PARTIAL DECAY MODES

SIGMAO INTO LAMBDA GAMMA

SIGMAO INTO LAMBDA E+ E-

DECAY MASSES
1115+ 0
1115+ 5+ 5

21 SIGMAO BRANCHING RATIOS

DL 208 76 ~ 63 0 ~ 28 SCHMIDT 65 HBC SEE NOTE N 6/68
DL ~ e ~ ~ o ~ ~ ~ ~

DL FIT 76» 89 0 ~ 09 FROM F IT ( ERROR INCI UDES SCALE FACTOR OF 1 1) 1/73¹

BROWN
EISLER

58 CERN CONF 270
58 NC SER10 10 150

BARK AS
BURNSTE I
COURANT
MILLER
MURPHY
NAUENBER

63 PRL 11 26
64 PRL 13 66
64 PR 136 8 1791
64 PL 11 262
64 PR 134 8 188
64 PRL 12 679

BARKAS 61 PR 124 1209
CHIESA 61 NC 19 1171
HUMPHREY 62 PR 127 1305
TRIPP 62 PRL 9 66

REFERENCES FOR SIGMA-

BROWNoGLASERgGRAVEStPERLoCRONIN + (MICH)
EISLER eBASSI oCONVERSI+ (COLU oBNL o BGNAr PISA)

BARKAS e DYE Ro MASONr NI CKOLS e SMITH {LRL)
A M CHIESAgB QUASSIATI oG RINAUDO (TURIN)
W E HUMPHREYt R R ROSS (LRL)
R D TRIPP eM WATSONrM FERRO-LUZZI {{.RL)

W H BARKAS|J N DYERoH H HECKMAN (LRL)
BURNSTEINr DAYo KEHOE ~ SECHI ZORNo SNOW {UMD)
COURANToFILTHUTH+ (CERN+HEID+UMD+NRL+BNL)
MI LL ER y STANNARDe BE ZAGUET+ ( LOUC t EPOL+ BERG )
C THORNTON MURPHY (W ISCONSIN )
NAUENBER Go SCHMI DT o MARATECK+( COLU+RUTG+PR I N]

Rl
Rl

{P 2) /( Pl+P2)
QUANTUM ELECT

FEINBERG 58 PR 109 1019
DAVIS 62 PR 127 605
BURNSTEI 64 PRL 13 66
DOSCH 65 PL 14 239
SCHMIDT 65 PR 140 8 1328

G ~ FE INBERG (BNL)
D DAVI Sr R SETTI o M RAYMONDeG TOMASIN (EFI )
BURNSTEIN DAY KEHOE SECHI ZORN SNOW (UMD)
DOSCH t ENGE LMANN ~ Fl LTHUTH t HEPP ~ KLUGE+ ( HE ID)
P SCHMIDT ( COLUMBIA)

COURANT 63 P RL 10 409

PAPERS NOT REFERRED TO IN DATA CARDS ~

COURANT o FILTHUTH oF RANZI NI+ ( CERN+UMD+NRL )

SIGMAO INTO(LAMBDA E+ E-)/TOTAL
(0 ~ 00545) THEORET» CAL ~ FEINBERG 58

¹¹¹¹¹¹¹¹¹

REFERENCES FOR S IGMAO

9/66

BAZ IN
DOSCH

ALSO
SCHMIDT
BANGERTE
CHANG
C HI EN

65 PR 140 8 1358
65 PL 14 239
66 PR 151 1081
65 PR 140 8 1328
66 PRL 17 495
66 PR 1,51 1081
66 PR 152 1171

BAZ INe PLANOo SCHMIDT + ( PRIN+RUTG+COLU)
DOSCHo ENGELMANNo F ILTHUTH eHEPPoKLUGE+ ( HEID)
CHUNG YUN CHANG (COLUMBIA)
P SCHMIDT (COLUMBIA)
BANG ERTER o GALT I E R I g 8 ERG E o MUR RAY+ (LRL )
CHUNG YUN CHANG {COLUMBIA)
+LACHES SANDWEISSo TAFT' YEHgOREN + ( YALE+BNL )

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

ALFF 65 PR 137 81105 ALFFt GELFANDrNAUENBERG+ (COLUMBIA+RUTG+BNL)P
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Stable Particles Data Card Listings
For no&a)ion, see key at front of Listings.

22 XI- t132ltJP=l/2 ) I~1/2

R4
R4
R4
R4

XI- INTO {SIGMAO E- NEUTRINO)/TOTAL {UNITS 10¹¹-3)
(P5)

3~ 0 OR LESS SERGE ee HBC
0 ~ 5 OR LESS DAUBER &9 HBC

6/68
6/68

22 XI- MASS (MEV)

R5 XI- INTO (SIGNAQ MU- NEUTRINO)/TOTAL
R5 0»005 OR LESS SERGE 66 HBC

(P6)
7/66

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

22 ANTI~XI+ MASS ( HEV)

Ml
Ml

-Ml
Ml
Ml
Ml
Ml~
Ml AVG
Ml FIT

ltl322»0)
5 1320»69

12{1321 7)
34 1321~ 2
35 1321' 6
THE ERROR I S

e e ~ ~ ~

1321~ 20
1321.29

(1 3) BROWN
0 ~ 93 CHIEN

(0 6) SHEN
0 STONE
0 ' 8 VOTRUBA

STATISTICAL ONLY
~ ~ ~ ~

0 ' 33 AVERAGE (ERROR
0 ~ 14 FROH FIT (ERROR

62 HSC
66 HBC
67 HBC
70 HBC
72 HBC

ANT I-XI-
+ 6»9 PBAR PyANTI

ANT I-Xl-

10 GEV/C K+ P

INCLUDES SCALE FACTOR OF 1 ~ 0)
INCLUDES SCALE FACTOR OF 1 ~ 0)

22 I XI-) — (ANTI-XI+) MASS DIFFERENCE (MEV)

H ll (1317e0) {2~ 2] WANG 61 HLBC
H 18(1317»9) (1e9) FOMLER 61 HLBC
H (OLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD)

517 1321' 4 0 ' 4 JAUNEAU 63 FBC
62 1321»l 0»65 SCHNEIOER 63 HSC

241 1321e 1 0 ~ 3 BADIERl 64 HBC
ALl HASSES ABOVE MERE RAISED 0 ~ 09 NEV BECAUSE LAMBDA MASS RAISED

149 1321»3 0.4 PJERROU 65 HBC
6 1321»67 0» 52 CHIEN 66 HBC — 6 ~ 9 PBAR P

299 1321e 4 1 ~ 1 LOND(IN 66 HBC
G 195 1321 87 0»51 GOLDWASSE 70 HBC 5 5 K-P

G USES LAMBDA HASS OF 1115~ 589-N(XI) IS 1322el8 IF M(LAMBDA) IS 1115~

268 1321 12 0 »41 WILQUET 72 HLBC
~ ~ ~ ~ ~ e e ~ e

AVG 1321' 31 0 ' 16
F IT 1321~ 29 0 ~ 14

11/67
9/67
& t{66
8/70
4/68
1/73¹

1/73¹

7/66
9/67

10/67
10/70
11/72¹

1/73¹

R6 XI- INTO (N E- NEUTRINO)/(LANBDA PI-) (P7)/(Pl)
Rb 0, 01 OR LESS CL= ~ 90 BINGHAM &5 RVUE

R7
R7
R7
R7 0
R7 D

RT D

XI- INTO (SIGMAO E- NEU + LAMBDA E- NEU)/TOTAL (10¹¹-3)
(P2+P5)

17 0 ' 68 0 22 DUCLOS 71 OSPK SEE NOTE 0
THIS EXP ERIMENT CANNOT DISTINGUISH S IGNAO FROM LAMBDA ~ THE CABI BBQ
THEORY PREDICTS SIGNAO RATE ABOUT A FACTOR 6 SMALLER THAN THE
LAMBDA ~ TO GET A VALUE FOR THE TABLE R7 HAS BEEN AVERAGED WITH Rl

22 XI- DECAY PARAHETERS

RELATED TEXT SECTION IV H AND APPENDIX I II

SEE NOTE D BELOW
SEE NOTE D BELOW
SEE NOTE D'BELOW
SEE NOTE 0 BELOW
SEE NOTE D BELOW
SEE NDTE D BELOM

INCLUDES ALL ABOVE

SEE NOTE A BELOW

A ALPHA Xj-
A 0 (-0' 44) (0 ' 12) JAUNEAU 63 F BC

A 0 62 (-0 ' 73) (0 ' 23) SCHNEIDER 63 HBC
A 240 -0» 5 0 ~ 38 BADIER1 64 HBC
A 356 -0 62 0 13 CARHONY 64 HBC
A 1004 -0 ~ 365 0 ~ 068 BERGE 66 HBC
A L 364 -0» 47 0 ~ 13 LONDON 66 HBC
A (-0 391) (0 032) SERGE 2 66 RVUE
A M 2529 (-0»375) (0 ' 051) HERRILL 68 HBC
A 2781 -0 ~ 391 0. 045 DAUBER 69 HBC
A 2724 -0 ' 383 0 F 065 SINGHAM 70 OSPK
A 820 -0.42 0 ~ 11 MAYEUR 72 HLBC 2 ~ 1 GEV/C K-
A A USED ALPHA LAHBDA = 0 ~ 647 +- 0 ~ 020
A D ERRORS MULT I PLIED BY 1 ~ 1 DUE TO APPROXIMATIONS USED FOR XI
A D POLARIZATION ~ {SEE DAUBER 69 FOR DETAILED DI SCUSSIQN)
A L LONDON 66 USES ALPHA-LAMBDA = 0 62
A M DATA OF MERRILL 68 INCLUDED IN DAUBER 68 ~

A Q OLD DATA NOT INCLUDED IN AVERAGE ~

A ~ e ~ ~ ~ ~ ~ ~ ~

A AVG -0 ~ 403 0 ~ 029 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

9/66

10/71

6/68
6/68
6/68
6/68
6/68
6/68
9/66
6/68

10/TO
1/73¹

6/68

0 CHIEN 66 HBC 6 9 PBAR P 9/67

2724 -Oe 1
1134 -2 ' 2

2 ' 1
0 ' 8

BjNGHAM 70 OSPK —1 ~ 8 GEV/C K-P 2/71
COOL 72 OSPK — 1»8 GEV/C K-P 1/73¹

AVG
~ ~ ~ ~ ~ » ~ ~ ~-1~ 93 0 75 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)

22 XI- MEAN LIFE (UNITS 10¹¹-10)
H 11 (3»5) (3»4) {123) WANG

H 18 t 1 e 28) (0»41) (0 ~ 25) FOWLER
H (OLO DATA AND LOW STATISTICS DROPPED ON

517 1 86 0 ~ 15 0 ~ 14 JAUNEAU
62 1 ~ 55 0 ~ 31 0»31 SCHNE IDER

.356 ( 1 ~ 771 (0 ~ )2) CARMONY
794 1 69 0 ' 07 HUBBARD
246 1~ 70 0 ~ 12 PJERRQU

S 6 tl»37) (0 ' 51) CHIEN
299 1 ~ 80 0 16 LONDON

S t 1.67) t0 ~ 07) BURGUN
2610 1.61 0 ' 04 DAUBER

S 2436 ( 1 ~ 637) (0 ~ 050) COOL
680 le73 0 F 08 0 F 07 MAYEUR

S THE ERROR IS STATISTICAL ONLY
e ~ ~ e ~ e ~ ~ e

1 ~ 672 0 ~ 032 0 ~ 031 AV ER AGE {

61 HLBC
61 HLBC
SUGGESTION OF J R HUBBARD)
63 FBC
63 HBC
64 HBC REP BY PJERROU 65
64 HBC
65 HBC
66 HBC - 6 ' 9 PBAR P
66 HBC
68 HBC K P AT 1 31~ 8
69 HSC
T2 OSPK 1 8 GEV/C K-P
72 HLBC 2 ~ 1 GEV/C K-

11/67
9/67
6/66
2/71
6/68
1/73¹
1/73¹

ERROR INCL ~ SCALE FACTOR OF 1 ~ 1)

22 XI- MAGNETIC HOHENT (MAGNETQNS t938 26 MEV)

ES)
SEE NOTE
SEE NOTE
SEE NOTE
SEE NOTE
SEE NOTE

D BELOW
D BELOW
0 BELOW
D BELOW
0 BELOW

6/68
6/68
6/68
6/68
6/68
6/68

SEE NOTE A BELOM
K 10/70

USED FOR XI
USSION)

SCALE FACTOR OF 1 ~ 1 )

¹¹¹¹¹¹¹¹¹

REFERENCES FOR XI-

FOWLER 61 PRL 6 134
WANG

' 61 JETP 13 512
BROWN 62 PRL 8 255

CARHONY 63 PRL 10 381
FERRO-LU 63 PR 130 1568
JAUNEAU 63 SIENA CONF 4

ALSO 63 PL 5 2bl
SCHNEIDE 63 PL 4 360

FOMLERyBIRGEyEBERHARDyELYyGQODyPOWELL+(LRL)
K MANGy T WANG t VI RYA SOY t T INGt SOLOVE V+ ( JI NR)'
BRQWNy CUL'WICKy FOWL ERyGAILLOUD + (BNL+YALE)

CARHQNYy PJ ERRQU ( UCLA 1

FERRO-LUZZIyALSTON ~ ROSENFELDtWOJCICKI (LRL)
JAUNEAU+ (EPOL+CERN+LOUC+RHEL+BERGEN)
JAUNEAUy+ ( EPQL yCERNt LQUC t RHE Ly BE RGEN)
H SCHNEIDER {CERN)

F PHI ANGLE {SIN( PHI ) /COS (P HI )= BETA/GAMMA) (DEGRE
F 0 {-16~ 0) (45 ~ 01 JAUNEAU 63 FSC
F Q 62 (45 ~ 0) (36~ 0) SCHNEIQER 63 HBC
F 356 54 ~ 0 30 0 CARHONY 64 HBC
F 1004 0» 12 ~ BERGE 66 HBC
F L 364 0 ~ 0 20 ~ 4 LONDON 66 HBC
F M 2529 {9»8) (11 6) MERRILL 68 HBC
F 2781 -14» ll e DAUBER 69 HBC
F 27 24 -26 ~ 0 30 ~ 0 BINGHAM 70 OSP
F A USED ALPHA LAMBDA = 0 647 +- 0 020 ~

F D ERRORS MULTIPLIED BY 1 ~ 2 OUE TO APPROXINAT IONS
F D POLARIZATION ~ (SEE DAUBER 68 FOR DETAILED DISC
F L LONDON 66 USES ALPHA-LAMBDA = 0 62
F M DATA OF MERRILL 68 INCLUDED IN DAUBER 68 e

F 0 OLD DATA NQT INCLUDED IN AVERAGE»
F ~ e ~ e e e e e e
F AVG -4 3 8 ~ 1 AVERAGE (ERROR INCLUDES

S
S

S
S

5, t 1»51) (0 ~ 55) CHIEN
12 (I 9) (0 7) (0 5) SHEN
34 1 ~ 6 0 ~ 3 STONE
35 (le 55) (0 ~ 35) (0~ 20) VOTRUBA
THE ERROR IS STATISTICAL ONLY

66 HBC + 6»g PBAR P ~ ANTI 9/67
67 HBC ANTI-XI- 10/67
70 HBC 10/70
72 HBC 10 GEV/C K+ P 11/72¹

22 Xl- PARTIAL DECAY NODES

22 ANTI-XI+ MEAN LIFE (UNITS 10¹¹-10)

CARHQNY
BAOI ER1
HUBBARD
8 INGHAM
P JERRQU
PJERRQU

SERGE
BERGE 2
LONDON

C HI EN
S HEN
TRI PPE

64 PRL 12 482
64 DUBNA CONF I 593
64 PR 135 8 183
65 PRSL 285 202
65 PRL 14 275
65 THESIS

CARMQNYy P JERRQUt SCHLEINt SLAT ERy STORK+( UCLA) J
BADI ER ~ DEMOULI Nt SARLOUTAUD+{ EPOL t SACLt ZEEN1
HUBBARDy BERGEy KALBFLEI SC Hy SHAFER + (LRL)
H H BINGHAN {CERN)
+ SCHLEINt SLATERySMITHySTORK ~ TICHO t UCLA)
G N PJERRQU (UCLA)

6& P R 147 945
66 BERKELEY CONF
66 PR 143 1034
66 PR 152 1171
67 PL 25 8 443
67 PRI V CONN

BERGEtEBERHARDyHUBBARDyMERRILL + tLRL)
46 BERGEt CAB IBBO ( LRLy CERN t RVUE) )

LONDON y RAU t GOL DB ER G t L ICHTMAN+( BNL+ SYRACUSE )
+LACHySANDWEISSy TAFT yYEHyQREN + ( YA(. E+BNL)
BeC ~ SHEN ~ A »FIRESTONE tG ~ GOLDHABER (UCB+LRL)
7 TRIPPE ( UCLA 1

Pl
P2
P3
P4
P5
P6
PT

XI- INTO LAMBDA P I-
XI- INTO LAMBDA E- NEUTRINO
XI- INTO NEUTRON P I-
XI- INTO LAMBDA NU- NEUTRINO
X.I- INTO SIGHAO E- NEUTRINO
XI- INTO SIGMAO NU- NEUTRINO
XI- INTO NEUTRON E- NEUTRINO

DECAY MASSES
1115+ 139
1115+ ~ 5+ 0

939+ 139
1115+ 105+ 0
1192+ 5+ 0
1192+ 105+ 0
939+ .5+ 0

BURGUN 68 NP 88 447
HUBBARD 68 PRL 20 465
MERRILL 68 PR 16T 1202

DAUBER 69 PR 179 1272
BINGHAN 70' PR Dl 3010
GQLDMASS 70 PR Dl 1960
STONE 70 PL 328 515

+NEYERyPAULI y TALLINI y + t SACL+CDEF+RHEL)
HUBBARDy SERGEt DAUBER (LRL)
MERRILLySHAFER (LRL) J

+BERGE ~ HUSBARDyMERRILLt HILLER (LRL)J
+COOK HUMPHREY SANDER, WILLIAMS+ (UCSD, HASH)
GOLDMASSERt SCHULTZ (ILL)
+BERLINGHIERIt BROMBERGtCOHENt FERBEL +( ROCH)

Rl
Rl
RI
Rl
Rl
Rl
Rl
Rl
Rl
Rl

22 XI- BRANCHING RATIOS

XI- INTO (LAMBDA E- NEU)/(LAMBDA Pl-) (UNITS 10¹¹-3)
(P2) I {Pl )

1 t 155) EFFECTIVE DENOM CARHONY 63 HBC
0 (260) EFFECTIVE DENOM JAUNEAU 63 HBC
0 (220) EFFECTIVE DENOM ~ BERGE 66 HBC
1 {155)EFFECTIVE DENQM ~ LONDON 66 HBC
0 (7171EFFECTIVE DENQH» TRIPPE 67 HBC
2 {1976) EFFECTIVE DENQM ~ HUBBARD 68 HSC

1~ 15 0.90 0 ~ 55 HUBBARD 68 RVUE
HUBBARD 68 t RVUE) INCLUDES ALL ABOVE EVENTS

11/67
11/67
11/67
11/67
11/67
6/68

6/e8

DUCLOS 71 NP B32 493
COOL 72 PRL 29 1630
MAYEUR 72 NP B47 333
VQTRUBA 72 NP 845 77
WILQUET 72 PL 42S 372

+FREYTAG HEINTZE HEINZELNAN JONES+ (CERN)
+GIACOMELLI ~ JENKINSt KYCI At LEQNTIC t LI+ (BNL)
+VAN BINSTy WILQUET+ (BRUX+CERN+TUFT+LOUC)
VOTRUBAy SAFOER t RAT CL IF FE ( S I RN+ ED IN )
+FL I AGINE t GUY t KNIGHT+ ( SRUX+CE RN+TUFT+ LOUC )

23 XI 0 {1314tJP=1/2 ) I =1/2

23 XIQ HASS (MEV)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

R3
R3
R3
R3

XI-

R2 XI-
R2
R2
R2

INTO t NEUTRON PI-) I (l AMBDA PI—) (UNITS 10¹¹-3)
(P3)/(Pl)

5 ~ 0 OR LESS. FERRO-t UZ 63 HBC
1 1 OR LESS DAUBER 69 HBC

INTO (LAMBDA NU- NEUTRINO)/TOTAL {UNITS 10¹¹-3)
(P4)

12~ 0 OR LESS BERGE 66 HBC
1 ~ 3 OR LFSS DAUBER 69 HSC

6/68
6/68

6/68
6/68

N 1 1313~ 4 1 ~ 8
M 49 1315~ 2 0 92
N e ~ ~ e e e» e»
M AVG 1314~ 83 0 82
M F IT 1314~ 90 0 ~ 55

PALMER
WI(.QUET

68 HSC
72 HLBC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

3/68
1/73¹

1/73¹



PARTIcLE DATA GRQUp Ramate Of Pgy'gjgle Py Opgygj'pg

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

0
'0

0
0
0
D AVG
D FIT

23 6e8
45 {e.1)
88 be 1
29 6 ~ 9

e ~ ~ ~

6e 34
be 40

23 (XI-') — (XI'0] MASS 'DIFFERENCE (MEV)

lee
{1e6)
Oe9
2 ~ 2

'e ~ ~ e e
0.74
0 ' 55

JAUNEAU
CARMONY
PJERROU
LONDON

63 FBC
64 HBC REP SY P JERROU 65
65 HBC 11/67
66 HSC 6/66

AVERAGE (ERROR INCLUDES SCALE FACTOR OF leG)
FRON:FD' (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0) 1/73¹

{FREIGHTED AVERAGE = -0.38? + 0.090
ERROR SCALEO BY 1e2

23 XIO HEAN LIFE (UNITS 10¹¹-10)
T 24 3 ~ 9
T 45 {3~ 5)
T 101 2 ~ 5
T 80 3e0
T 340 3 07
T 469 2 85
T 157 3 04
T ~ ~ ~ ~

T AVG 2 ~ 98

1 e4
{1 0)
Oe4
0 ' 5
0 ' 22
0 ' 20
0 ' 26

e ~ ~ ~ ~

0 ' 12

Oe 80
(0 8)
0 3

0 20
Oe18
De 23

JAUNEAU
CARMONY
HUBBARD
PJERROU
DAUBER
SRIOGCMAT
NA YEUR

63 'FSC
64 HSC
64 HBC
65 HSC
69 HBC
72 HBC
72 HLBC

REP SY PJCRROU 65

11/67
6/68

1e75 GEV/C K-P 1/73¹
2 ~ 1 GEV/c K- 1/73¹

Pl
P2
P3
P4
P5
P6
P7
PB

23 XIO PARTIAL DECAY MODES

XIO INTO LAMBDA P ID
XIO INTO PROTON P I-
XIO ENTO PROTON E- NEU
XIO INTO SIGMA+ E- NEU
XIO INTO SIGHA- E+ NEU
XIO INTO SIGMA+ HU- NEUTRINO
XID INTO SIGHA- MU+ NEUTRINO
XI0 INTO PROTON MU-' NEUTRINO

DECAY MASSES
1115+ 134

938+ 139
938+ e5+ 0

1189+ 5+ 0
1197+ e5+ D
1189+ 105+ 0
1197+ 105+ 0
938+ 105+ 0

Dell AVERAGE (ERROR INCL SCALE FACTOR OF 1 ~ 0)
~ ~ ~ f1AYEUR

'OAUBER
~ ~ LONOON
~ ~ ~ BERGE

~ PJERROU

-1.5 -1.0 -0.5 0.0 0 ~ 5 1.0
ALPHA FOR' )(IO

?2 HLBC
69
66 HBC
66 HBC
65 HBC

CHISQ
2.8
0.2
0.2
2.3
0.4
6.0

{CONLEV
=0.202)

Rl
Rl
Rl
Rl
Rl

'R2

R2
R2
R2
R2

R3
R3
R3
R3
R3

23 XID BRANCHING RATIOS

XIO INTO (PROTON PI-}/t tAHSDA P IO] (UNITS 10¹¹-3]
(P2) /(Pl)

27 ~ 0 OR I ESS 63 HSC
5 ~ 0 OR LESS ee HBc
0e9 OR LESS 69 HS'C

7 ICHO
HUBBARD
DAUBER

XI0 INTO {SIGMA+ E- NEU}1(LAMBDA PID} (UNITS 10¹¹-3}
(P4) /( P 1)

13 0 OR LFSS TICHQ 63 HBC
7 ~ D OR LESS HUBBARD 66 HBC
1 ~ 5 OR LESS DAUBER 69 HSC

XIO INTO (PROTON E- NEU)/(LAHBDA PIO) (UNITS 10¹¹-3)
{P3)/(Pl )

27 0 OR LESS TICHO 63 HBC
6 ~ 0 OR LESS HUBBARD ee HSC
1~ 3 OR LESS DAUBER e9 HBc

e/e8
6/68
6/68

6/68
6/68
6168

6/68
6/68
6/68

)]EIGHTEO AVERAGE = 24.8 + 20.8
ERROR SCALEO BY 1.3

R4
R4
R4
R4

R5
R5
R5

Re
R6
Re

R7
R7
R7

XIO INTO {SIGHA- E+ NEU)/{LAMBDA PID}

6 0 OR LESS
1 5 OR LESS

HUBBARD
DAUBER

UNITS ),0¹¹-3)
{P5)/(Pl')

66 HBC
69 HSC

XIO INTO (SIGMA+ MU- NEU) /TQTA{. (UNITS 10¹¹-3) (Pb)
7 ~ 0 OR LESS HUBBARD 66 HBC
1~ 5 OR LESS DAUBER 69 HSC

XIO INTO (SIGNA- MU+ NEU)/TOTAL (UNITS 10¹¹-3) (P7]
6 ~ 0 OR LESS HUBBARD ' 66 HBC
1 5 OR LESS DAUBER 69 HSC

XIO INTO (PROTON HU- NEO) /TOTAL t UNITS 10¹¹-3) {PS)
6 ~ 0 QR LESS HUBBARD 66 HSC
1 ~ 3 OR LESS DAUBER 69 HBC.

6/68
6/68

exes
6/68

6/68
6168

6/68
6/6 8

AUBER
ERGE

-100 -50 0 50 100 150
PHI ANGLE FOR )(IO (IN OESREES)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR XIO

69 HBC
66 HBC

CHISQ
0.5
1.2
1.?

( CONLEV
=0.1&5)

23 .XI 0 DECAY PARAMETER

REl ATEO TEXT SECTION IV H AND APPENDIX I II

A ALPHA XI 0
A -0' 09 0 F 46 PJERROU 65 HBC SEE NOTE D SELQM
A 146 -0.13 0 ' 17 SERGE 66 HBC SEE NOTE 9 BELOW
A L 46 -0 2 0 ' 4 LONDON 66 HBC SEE NOTE 0 BELOW
A N 490 (-Oe33} &0 ~ 11) HERRILL 66 HBC SEE NOTE 0 BELOM
A A 739 -Oe 43 0 ~ 09 DAUBER 69 SEE NOTE A BELOW
A 8 507 ( 0 ~ 52] '(0 ~ 09) BRIDGEWAT 72 HBC 1 75 GEV/C K-P
A 130 -Oe S4 0 ~ 27 MAYEUR 72 HLBC 2 ~ 1 GEV/C K-
A A USED ALPHA LAMBDA = 0 ~ 647 +- 0 ~ 020
A D ERRORS MULTIPLIED BY 1 1 DUE TQ APPRQXIHATIQNS USED FOR XI
A D POLARIZATION (SEE DAUBER 69 FOR DETAILED DISCUSSION)
A L LONDON 66 USES ALPHA-LAMBDA = 0 ~ 62
A N NERRI{.L 66 REPLACED BY DAUBER 69
A 8 ERROR PURELY STATISTICAL
A ~ ~ ~ ~ ~ ~ ~ e ~

A AVG -0 ~ 387 0 ~ 090 AVERAGE (ERROR INC{ UDES SCALE FACTOR OF 1 e2)
t SEE IDEQGRAN BELOM )

F PHI ANGLE (SIN(PHI)/CQS(PHI)=BETA/GAMMA} (DEGREES)
F 146 -Se 30 ~ BERGE 66 HSC SEE NOTE 0 BELOM
F. M 490 (107e 0) (46 ~ 0) MERRILL 66 HBC SEE NOTE 0 BELOW
F A 739 .38. 19 DAUBER 69 HBC SEE NDTE A BELOW
F 8 507 (),le 2) t 14e4) SRIDGEMAT 72 HBC 1 ~ 75 GEV/C K-P
F A USED ALPHA LAMBDA = Oe647 +- 0 020 ~

F D ERRORS MULTIPLIED BY 1~ 2 DUE TQ APPROXIMATIONS USED FOR XI
F D POLARIZATION ~ (SEE DAUSER 69 FOR DETAILED DISCUSSION)
F H MERRILL 66 R'EPLACED BY DAUBER 69

8 ERROR PURELY STATISTICAL
.F ~ ~ ~ ~ ~ ~ ~ ~ ~

F AVG 24e 8 20 AS AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
(SEE IDEOGRAM SELOM }

6/68
6/68
6/68
6/68

1/73¹
1/73¹

1/73¹

6/68
6/68

1/73¹

1/73¹

ALVAREZ 59 PRL 2 215 ALVAREZ p EBERHARD g GQODg GRAZ I ANDS 7 ICHQ+ {LRL ]
JAUNEAU 63 SI ENA CONF 1 1 JAUNEAU+ (.EP QL+C ER N+LQUC+RHEL+SE RGEN ]

ALso e3 PL 4 49 JAUNEAU+ ( EPOL+CERN+LQUC+RHEL+BE RGEN)
T ICHO 63 SNL CONF 410 HAROLD 'K 7ICHQ

CARMQNY
HUBBARD
PJERRQU
PJERRQU

64 PRL 12 482
64 PR 135 B 183
65 PRL 14 275
65 THESIS

CARMONYt PJ ERRQU t SCHL EINy SLAT ER y STORK+{UCLA }
HUBBARD' BERGEgKALBFLEISCHgSHAFER + {l.RL)
+ SCHLEINg SLATEReSNITHgSTORKy 7ICHO {UCLA)
G H PJERROU t UCLA')

BERGE 66 PR 147 945
HUBBARD 66 UCRL 11510
{.QNDQN 66 PR 143 1034
MERRILL 66 BERKELEY CONF

ALSO 66 UCRL 16455

SERGEt ESERHARD~HUSBARD ~ MERRILL + (LRL]
J RICHARD HUBBARD (THESIS' BERKELEY) (LRL)
l ONDQN ~ RAV yGOl DB ERG' {I CH THAN+ {BNL+SYRACUS E )
MERRILL' SHAFCR ~ SERGE (LRL')
DEANE MERRILL (THESIS~ BCRKELEY) tLRL)

PALMER
DAUBER

68 PL 268 323
69 pR 179 1262

PALMER' RADOJ

ICICLERAUgRICHARDSON+

(BN(. y SYRA)
+SERGE ~ HUBBARD' MERRILL g HILLER ( LR{.)

BRIDGEWA 72 NEVIS 195(THESIS) ALBERT BRIDGEWATER {COLUMBIA)
NAY EUR 72 NP 847 333 +VAN 8'INST ~ WILQUET+ (8RUX+CERN+TUFT+LOUC)
hlILQUET 72 PL 428 372 +FLIAGINEr GUYtKNIGHT+ (SRUX+CERN+TUFT+LQUC)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹



S72 REVIEWS OF MODERN PHYSICS ' APRIL 1973 PART II

Stable Partic1es Data Card Listings
For notation, see key at front of I.istings.

24 OMEGA- ( 1675 g JP=3/2+) I = 0
QUANTUM NUMBERS ASS IGNED FROM SU3

24 OMEGA- PARTIAL DECAY MODES

Pl OMEGA- INTO LAMBDA K-
P2 OMEGA INTO XIO P I-
P3 OMEGA- INTO XI- P IO

DECAY MASSES
1115+ 493
1314+ 139
1321+ 134

M

M

M

M

M

M

M AVG

1(1620g 0)
1 1673 0
3 1673' 3
3 1671~ 8
5 1674m 2
6 1671.9

~ 0 ~ ~

1672 ' 49

24 OMEGA- MASS (MEV)

(25 ' 0)
8 ~ 0
I ~ 0
0 ' 8
1 6
1 ~ 2

( 10+0) E I SE NBERG
ABRAMS
PALMER
SCHULTZ
SC OTTER
SPETH

54 EMUL
64 HBC
68 HBC
68 HBC
68 HBC
69 HBC

INTO XI- PIO
K P 4 g6 ~ 5 ~ GE V/C ll/69
K-P 5 ~ 5 GEV/C 11/69
K-P 6 ~ GEV/C 11/69
K-P 10' GEV/C 11'/69

~ ~ ~ ~ ~

0 ~ 52

24 ANTI-DMEGA+ MA SS ( ME V)

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2

OMEGA- INTO LAMBDA K-
2 EVENTS
3 EVENTS
5 EVENTS
6 EVENTS

PALMER
SCHULT Z

1 AMBI G» XIO Pl- SCOTTER
SPETH

68 HBC
68 HBC
68 HBC
69 HBC

(P 1)

OMEGA- INTO XIO PI-
1 EVENTS

EVENTS
3 EVENTS
1 EVENT

(P2)
ABRAMS 64 HBC
PALMER 68 HBC
SCOTTER 68 HBC
SPETH 69. HBC

24 OMEGA- BRANCHING RATIOS

11/69
11/69
11/69
11/69

11/69
11/69
11/69
11/69

MB 1 1673~ 1 1 0 FIRESTONE 71 HBC 12 GEV/C K+0 3/71
R3
R3
R3

OMEGA- iNTO XI- P IO
1 EVENT
1 EVENT

(P3)
PALMER 68 HBC
SCOTTER 68 HBC

11/69
11/69

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A

T A
T
T.

T

1 (1~ 63)
1 (0~ 7)
1 (1~ 4)
1 (1~ 85)
1 (1~ 5)
1 (0~93)
1 (2 ' 6)
1 (i+6)
1 (0~21)
1 (1~ 20)
1 (0~ 06)
1 (0~ 63)
1 (0 ~ 25)
1 (0 30)
1 (0~ 71)
1 (0~ 08)
1 (1~ 04)
1 ( 2 ~ 3'8)

ALLISON INCLUDES ALL
21 I~ 31 0 ~ 37

1 (2 ~ 3)
1 (0 ' 31)

ABRAMS
BARNES 1
BARNES 2
COLLEY
R ICHARDSO
ABCLV COL
ABCLV COL
ABCLV COI
ABCLV COL
SCHULTZ
SCHULTZ
SCHULTZ
SCOTT ER
SCOTT E R
SCOTT E R

'SCOTTER
SCOTT ER
SCOTT ER

ABOVE + 3 MORE BNL
0 2II ALL I SON

SPETH
SPETH

64 HBC
64 HBC
64 HBC
65 HBC
65 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
EVENTSg UNPUBLISHED ~

68 RVUE
69 HBC
69 HBC

24 OMEGA- ME AN LIFE ( UNIT S 10¹¹-10SEC)

7/66
7/66
7/66
7/66
7/66

11/67
11/67
11/67
11/67
11/67
11/67
11/67
6/68
6/68
6g(68
6/68
6/68
6/68
6/68
6/6 8

10/69
10/69

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR OMEGA- .

EISENBER 54
ABRAMS 64
BARNES 1 64
BARNES 2 64
COLLEY 65
RICHARDS 65
SAMIOS 65

ABCLV CO 68
ALLISON 68
PALMER 68
SCHULTZ 68
SCOTTER 68
SPETH 69
FIRESTON 71

PR 96 541
PRL 13 670
PRl 12 204
PL 12 134
PI ).9 152
SAP S 10 115
ARGONNE CONF 189

NUC PHYS 84 326
PRIV ~ COMM ~

PL 268 323
PR 168 1509
PL 268 474
PL 29B 252
PRL 26 410

Y EISENBERG (CORNELL)
+ BURNSTEIN ~ GLASSER + (UMD+NRL]
V E BARNESgCONNOLLYgCRENNELLgCULWICK+ (BNL)
V E BARNESgCONNOLLYgCRENNELLgcULWICK+ (BNL)
COLLEYgDODD +(BIRM+GLAS+LOIC+MPIM+OXF+RHEL)
RICHARDSON g BARNES g CRENNEL+ (BNL+SYRACUSE )
N P SAMIOS ((RVUE) BNL)

AACHEN+BERLIN+CERN+LONDON IMP+COLL +VIENNA
JOHN ALLISON (LANCASTER)
PALMERgRADOJICIcgRAUgRICHARDSON+ (BNLg SYRA)
SCHULTZ+ t ILL g ARGONNE g NORTHWESTERN g WI SC )
SCOTTER+ ( BIRM g GLASGOW gLOIC g MUNICH gOXF)
SPETH+ ( AACHEN g BERL IN g CERN g LOICg VIEN)
+GOLDHABERgLI SSAUERg SHEl DONg TRILLING (LRL)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Data Card Listings
For notation, see key at front of Listings.

Me sans
7r, Tf,

CODE EVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TECN SIGN CONNENTS DATE
ABOVE PUNCHED

BACKGROUND

¹¹$$¹¹$¹$¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹$$¹$$¹¹¹¹¹¹¹¹«¹¹¹$««¹«¹««¹«¹«¹¹¹«¹¹
8 CHARGED PION (140e JPG=O—) I=1

SEE STABLE PARTICLE DATA CARO LISTINGS

¹¹¹¹¹¹ ¹¹¹$««¹¹¹«$¹¹$¹¹$¹¹¹¹$¹¹¹¹¹¹¹¹¹¹«¹¹¹$g¹¹¹¹$¹«¹¹$¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹$$¹$¹$¹$«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ $$¹¹¹¹¹$$¹¹¹¹¹$$$$¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

9 NEUTRAL PION {135'JPG 0 ) I 1

SEE STABLE PARTICLE DATA CARD LISTINGS

¹«¹$$$«$$¹¹¹¹¹¹¹¹¹ «¹$¹¹$«¹¹¹¹¹¹¹$¹¹$¹¹$¹$$¹¹$$¹$¹$$$¹¹«¹¹$$$¹¹¹¹¹¹¹¹¹¹¹¹ «$¹$¹¹¹¹¹$$¹¹¹$¹¹$¹¹¹¹¹¹$¹¹
14 ETA (549 t JPG&0-+) I&0

SEE STABLE PARTICLE DATA CARD LISTINGS

¹¹¹¹¹¹¹¹¹ $¹¹¹¹$¹¹¹«$¹¹¹¹¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹«¹¹¹¹¹$¹¹¹¹¹¹««¹¹$¹¹¹¹¹¹¹¹¹¹¹¹¹

14 Pl PI S WAVEe CALLED EPSI'LON

S-wave T)m Interactions in the Region 280-4400 MeV

In this note we first discuss the experimental
results on the I = 0 ~e S-wave, and thereafter we
comment on the possible interpretation.

At thr e shold, vz interactions in the I (J )C =
+ +0 (0 )+ wave are characterized by a scattering length

which still is poorly known {EBEL74, BASDEVANT
72).

No structure or resonant behavior is indicated
near threshold in data from the reaction T)'N ~ T)TrN.

In fact, the only structures claimed in this region are
due to reactions involving the nuclei d, H, or He

(BOOTH 63, HALL 69, BRODY 70, BANAIQS 7i), for
which the background may be difficult to assess
(BROD Y 72), and where kinematic reflections from
low-mass baryons may contribute (DUBAL 7i}.

In the region from the TTm threshold ( 280 MeV)

up to the region near KK threshold { 990 MeV), mTT

scattering is nearly elastic (BATON 70, CARROLL 7Z,
GRAYER 7Z, PROTOPOPESCU 72). Up to the p

meson mass region, & is {qualitatively) uniquely

determined; it rises monotonically and reaches a
value of 60 to 70 near 700 MeV (SONDEREQGER
69, BATON 70, BAILLON 7Z, CARROI L 72, FRENK

IEL 72, QAIDOS 72, GRAYER 72, PROTOPOPESCU
72).

In the mass region of 700 to 900 MeV, all
energy-independent analyses find two solutions ("up-
down ambiguity"), with the exception of CARROLL 72
who claim to find only the lower ("down") solution .
A possibility of resolving the up-down ambiguity arises
from the observation by FLATTE 72, GAIDOS 72, and

1

QRAYER 72 of a very rapid decrease in the S-wave

amplitude between 950 and 980 MeV. The size of the

observed drop corresponds to a change from nearly
the unitarity limit to zero, i.e. to a phase shift change
from 90 to 180 . This is easily compatible with

the "down" solution, which is in the 70 to 90 range
between 800 and 900 MeV; in contrast the "up" solu-
tion is already near 450 at 900 Me V, and it appears
unlikely that it could be smoothly connected with a

90 phase shift at 950 MeV.

In accordance with this, an energy-dependent
phase-shift analysis by PROTOPOPESCU 72 using a
2-channel (ee and KK) effective range parametrization,
gives a (qualitatively) unique I = 0 S-wave phase-
shift solution from 550 to ii50 MeV. After having
reached f80 near the KK threshold, inelasticity sets
in and the phase continues to rise slowly. A prelimi-
nary analysis by GRAYER 72, as well as the analysis
by CARROLL 72, sugge sts that 5 may slowly go

0
0

through 270 somewhere between BAZOO and 4400 Me V.
{This energy region is however very complicated
because the 4TT, pT)'e, etc. channels are no longer
negligible. )

Independent evidence for the cor re ctne s s of
this ("down") solution comes from experiments on

0 0
Tr m scattering (APEL 72, SKUJA 72). They observe

0 0a wide TT m enhancement at ™800 Me V which is much
better described by the "down" solution than by the
11 'II

up solution. Futhermore, indirect information
from elastic Trm scattering in the crossed channel
{NIELSEN 70, ELVEKJAER 74 and 72, HAMILTON
7l) is compatible with the "down" but not the "up"
s olution.

It is clear that the behavior of 50 is much too0

complicated to allow a description in terms of one or
several Breit-%igner resonances. We therefore list
the positions of the poles of the T matrix ~ found by
searching in the complex energy plane, using the best-
fit parameters of the K-matrix or M«matrix. The best
fit of PROTOPOPESCU 72 obtains two poles on the

second sheet, the S (990) and the c(600). The S (990)
is connected. with the rapid variation of 5& near the

KK threshoh3, discussed, above, and is also responsible
for the large KK I = 0 S-wave scattering length. The

e(600) pole is very far from the real axis and therefore-
much less certain; it is inferred from the large size
and slow variation of the S-wave amplitude between
600 and 900 MeV, but PROTOPOPESCU 72 can fit this
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Mes{)ns
e, p(/70)

Data Car{I Listings
+or notation, see Itey at front of L,istings.

Por a recent review see D/E]3OJ D 7P.

24 REAL PART OF PO(. E POSITION (MEV)

t650 ~ 0]. OR LESS '

660» 0 100e 0
BASDEVANT 72 RVVE SHEET 2 1/73¹
PRQTOPOPE 72' HBC SHEET 2 7 ' . PI+P 1/73¹

behavior also without an & pole. FinaUy, BASDEVANT

72 present a set of gm amplitudes consistent with

crossing, unitarity, and analyticity, and with the mm

phase shifts u.p to 4400 MeV; their amplitude has a

very wide (I' & 650 MeV) ~.
%e list the. 8 parameters separately under S-

wave I = 0 KK Interactions.

{NGRDITA]
{UCI )

(CERN)
( RHEL)

APEL
BAlt. lON
BASDEVAN
SRODY
8ROD Y'

CARROLl
DIE BOLD
El.V.EKJAE
FLATTE
FRENKI EL
GA IDOS
GRAYER
ODOR ICO
PRASAD
PROTOPOP
PROTOPOP
RISSER .

SKUJA
WHIT EHEA
NIL.LI AMS
ZYLBERSZ

72 PL 41 8 542
7Z PL 38 8 555
72 Pt. 41 8 178
72 PRL 28 1Z17
72 PRL 28 1215
72 PRL 28 318
72 BATRV CONF ~

72 NP 8 43 445
7. 2 PL 38 8 232
72 NP 8 47 61
72 NP 8 46 449
7. 2 PHII.. ~ CONF ~ .PROC 5
72 P REP e. ANL/HC P7204
72 PR D 6 3216
72 PHI L CONF PR QC 17'
72 LBL 970 SUBM PR
72 PREP DPH T/72/50
72 BAT A Va C ONF ~ PAPE R
72 NP 8 48 365
72 PR 0 6 3178
72 PL 38 8 457

+AUSLANDER MU{.LER BERTOLUCCI .+ (KARL+PISA)
+CARNEGIE sK{.UGEt l.E ITHs LYNCH' RATCLIFF+{ SLAC)'
BASDEVANT g FRQGGATT

CAPET

ERSEN {CERN)
H«BRODY t PE NOSY LV AN I A 2
+GRQVESg MAGLI CHi NOREMg+ f PENN+RUTG+UPNJ )
+t)I AMONG F IREBRUGH MATTHEWS + (WISC+TNTO)
R ~ DI EBOlD RAPPORTEUR TALK (ANL)
F Et,VEKJ'AER tAARHUS).
*ALSTQN GARNJOST i SARBARO-GALTIER I g t LBL]
+GHESQUI ERE' lit. LESTOlgCHVNGg+ (CDEF+CERN)
+MC ILWAI N|THOMPSON t WILLMANN {PURDVE)
+HYAM$ JONES, SCH'LE INt SLUM . DIETL+t CERN+MP IM)
R ~ OOORICO (ANL )
+BREHM (UNI Ve OF MASSACHUSETTS 1.'

+ALSTON'S SARBARO-a F LATT Et FR IEDMAN ~ + ( LSL)
+LAS INSK I g LYNCH' RA BI Ne SOt.MITZ - (LSL )
T ~ RISSER pM ~ D SHVSTER l SACL)
+WAHLIGyRISSERpPRI;PSTElNyt(lELSONN+ (LBL]
WHITEHEADgAULDp+ (AERE+RHEL+SHMP+LOUC)
P. .K a WI LL I.AMS (FSU)
ZYK, SERSZTEJN BASILE SOURQVEN + tGEVA+SACL)

HAMI t TON 7 I SPRI NGER TRACTS MOD» PHYS a t-VOL ~ 57 t Pe 41 J ~ HAMILTON
KIM 71 PR D 4 265 +BANDER
LYNG PET 71 PHYS ~ REPRTS 2 155 J ~ LYNG PETERSEN (REVIEW)
MORGAN 71 PR'EPRINT RPP/C30 O. MORGAN

FUJI'I 73 NC 13 A 311 Y, »,FUJ.IIg M. KATQ f TOKYO)

14 NEGATIVE IMAG PART OF POt. E POSITIQN (MEVl
CORRESPONDS TO HALF WIDTHS NOT FULL WIDTH ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

(325 .01
320aQ

OR MORE
7Q»0

BASDEVANT 72 RVUE
PRQTOPOI?E 72 HBC 7 PI+ P

1/73¹
1/73¹ p(7~0), 9 IlHO ('77oa JPG 1-+) I 1

SAMIOS 62 PRL 9 139

REFERENCES fOR EPS ILON

+BACH]{AN, LEA* l BNL+CUNY+COLU+KNTY)

9 RHO MASS tMEV)

WE DO NOT LIST ALL VALVES PUBLISHED ~ WE AVERAGE ONLY
THE MOST' SIGNIFICANT DETERMINATIONS OF MASS ANO WIDTH ~

SOME OF THE RHO 0 DATA MAY BE INFt UFNCED. BY RHO OMEGA INTERFERENCE»

2/73¹
2/73¹

BlOKHINT 63 JETP 17 80
BOOTH 63 PR 132 2314
KIRZ . 63 PR 130 2481

SLOKf{INTSEVA|GREIBINNI'KyZHUKOV + {Dt(SNA)
+ ABASHIAN (LRL )
+SCHWARTE + TRI.PP H.RL )

M MIXED CHARGES
M 240 {752«0)
M 290 (755«Q)

ALITT I 63 HSC -0 1»6 PI P
CHADWICK 63 HBC +.-0. 0 ~ 0 PSAR P

BAR.ISH 64 PR 135 8 416
CRAWFORD 64 PRl 13 421
DEL FABR 64 PRL 12 674
KALMUS 64 P RL 13 99

BARISH~KURZ ~ PEREE-MENDEZ ~ SOLOMON flRL)
+GRQSSMAN ~ t.LOYOLA PR ICE ~ FOWL ER (LRL)
OEL FABROyDE PRETIStJONES+ (FRASCATI)
+KERNAN| PVaPQNELLt DOWD {LRL+NISCQNSIN)

JACOBS bb PRL 16 669
KQPELMAN 66 Pt. 22 118
LQVELAC, E 66 PL 22 332

+SELQVE
+ALt. ENg. GOODEN|MARSHAt. L +
LOVE(.ACEiHEINZgDONNACHIE

(LRL]
f COLORADO+ IOWA)

{CERN)

ANOERSQN 67
CLEGG 67
CORBETT 67
GUTAY. 67
JOHNSON 67
MALAMUD 67
WALKER . 67
WALKER 67

PRL 18 89
PR 163 1664
PR 156' 1451
PRL 18 142
PR 163 1497
PRt, 19 105b
RMP 39 695
PRt. 18 630

+FUKUI+KESSLER+ (CHI C+ANL+CNRC+MCG ILL+LOQM)'
A 8 ~ C{.EGG (LANCA STER )
+DAMERELL+MIDDLEMAS+NE WTON (OXF+RHEl. )
+JOHNSON+LOEFFLER+MC ILWA IN+ ( PURDUE+{;RL)
+GUTAY r EI SNER i KL EI Ng PETERS gSAHN I g

YEN+�(

PURD )
E ~ MALAMVD ~ P»E ~ SCHLEIN (UCLA)
WeD» WAt KER (W ISCONS IN )
+CARROLL t GARF I NOEL i OH {NISCQNSIN1

BANDER 68
BISWAS 68
BRAUN. 68
DUTTA-RO 68
EISENHAN 68
FOSTER 68
HYAMS 68
JONES 68
J OH. N SON 6 8
LOVELACE 68
MARAT ECK 68

PR 168 1679
PL 27 8 513
PRL 21 1275
PR 169 1357
PRL 20 758
NP' 8 6 107
NP 87 1
PR 166 1405
PR 176 1651
PL 28 8 264
PRL 21 1613

+SHANg FULCO {UC IRVINE+S BARBARA)
+CASONg JOHNSONrKENNEYgPOIR IER+ {NDAM)
BRAUNgCL INES SCHERER ( W ISCONS IN )
8 DUTTA-ROY e I ~ R l„AP I DUS ( STEV)
EIS ENHANDLER» M ISTRYy MOSTEK + (CQR NEI. L )
+GAVI. Ll,ET+LABROSSE+NONTANET+ . (CERN+COEF. )
+KOCHtPOTTERp DEVON t, INDERN|LOREN{CERN+MPIM)
+CALDWELL, +ZACHAROV+HARTING+Bt. EULER+ {CERN)
+POIRIERtSISWAStGUTAY+ (NOAM+PURD+SLAC)
C LOVEL'ACE (CERN]
+HAGOP

IANNA+

( PENN+LRL+COlO+PURD+TNTO+ WI SC)

NP 814 169(SEE P ~

PR 18.0 1333
PL 30 8 359
PR ]80. 1319
PRL 22 316
NP 8 12 3'1
NP 8 12 573
NC 59 A 181
AR GONNE CONF. ~ P e93
NP 8 10 261
Pl. 29 8 368
ARGONNE CONF' 306
PR 186 1387
PRL 23 335

SEE BASDEVANT 72
P-L 29 B 518
N,P 8 24 3.58
NC 64 A 189

190}+FOSTER+GAVILLET&GHESQUIERE+- (CERN+CPEF)
~BACASTON t BARK AS t+ t UCR+UCB]
+MENZIONE gMVLLERpSTAUOENMAIERy+ (KARL+CERN)
+GIDALyHAGOPIAN»~ (UCB+LOUC+WISC)
+FRATI-i GLEESON CHAL PERNiNUSSBAUMg+ ( PENN).
+CARMONY'y CSQNKAg LOEFFLER gMEI ERE {PURDUE]
+MURRAY g RIDOIFQRD t BIRMINGHAM)
J ~ HOPK IN SON|R G ~ ROBERTS (CERN].
Ee MALA MUD |P ~ SCHlE IN l UCLA)
D MQRGANyG PSHAW (RHEL)
RE G ~ ROBERTS' Fe. WAGNER ( CERN, )
SCHARENGVIVEl. (PURDUE)
SCHAR ENGU IVEL f PURD+LRL+C ER N+COLO+P ENN+ TNTO]
Ge A ~ SNIT H g R ~ J a]{ANNI NG (MSU+L RL 1.

SONDE R EGG E R ~ SONAMY ( SACL )
yCHUVILO|. F ENYVESt+ ( WARS+ J INR+ BUDA )
STRUGAlSKI FICHU Vl LOyF ENYVES gGEMESYy ~ (DVBNA]
F ~ WAGNER (CERN)

BIZZARRI 69
DAVI SON 69
OEINET 69
ELY 69
F ELDMAN 69
G VT'AY 69
HALL 69.
HOPKINSO 69.
MRLAMVD 69
MORGAN . 69
ROBERTS 69
SCHAREN1 69
SCHAREN2 69
SMITH 69
SQNDEREG 69
STRVGALS 69

ALSO 70
WAGNER 69

O'ARTSCH 70
BATON 70
8RODY 70
DIAZ 70
HYAMS 70
MAUNG 70
MORGANE 70
MORGAN 2 70
NIELSEN 70
SCHARENG 70
OH 70.
SHIBATA 70

NP S 22 1 +KEPPELgGENSCHyMORRISONt+ (AACH+BERL+CER'N)
PL 33 8 52'8 +LAURENS| REIGNI:ER ( SACLAY1
PRL 24 948 +GROVESi VANSERGg NAGLIC+( PENN+RUTG+UPNJ+ANL)
NP 8 16 239 +GAYILLETpLABROSSEyMONTANET+ (CERN+CDEF)
PHILAD CONF P ~ 41 +SCHLEINtBEUSCHp+(CERN+MPIM+ETHZ+LOIC+HAWA)
PL 33 8 521 ~MASEK MILLER' RUQERMAN VERNON + (UCSD+(.Rl.)
SPRINGER TRACTS MQD»PHYS»t VOL»55iP ~ 1 ~ MORGAN' PISUT {RHEL+CERN).
PR D 2 520. D MORGAN, G .SHAW {RHEL)
NP 8 22 525 ~LYNG-PETERSEN gP IETARINEN (NORDITA)
NP 8 2Z 16 SCHARENGUIVELgGUTAYy MILLER g+ (PURD+ PENN)
PR D 1 2494 +GARF I'NKEL ~MORSE e WALKERt PRENT'ICE (WESC+TNT01
PRL 25 1227 +F R I

SCHWA

NAHL IG (M-IT. )-

ALSTQN-G 71
SANA IGS 71
BEAUPRE 71
BENSINGE 71
DUBAL 71
ERAL 71
ELVEKJAE 71
GUTAY 71

ALSTQN-GARNJOST g BARBARO- GALT IERI e+ (L BL 1
+BERGER' DUFLOt GOLPZAHL yCOTTEREA+t SACL+CAEN)
+OEUTSCHMANNg GRAESSLERg+ l ARCH+BERL+CERN)
BENSINGERt ERWINg THOMPSON' W ~ 0 WALKER l WISC)
L e DUBAL ~ D ~ J ~ BROWN, (CNRC+CARL)
+MULLENS I,EFEN+ l K'RRL+CERN+l. OUC+RHEL+NI JM)
F ELVEKJAER~. H NI El SEN (NORDITA+RHEI. )
+ SCHAR ENGV IVEL p FUCHS ~ GAI DOS y MllL ER s+ ( PURD)

RL 36 8 152
NP B 28 509
NP 8 28 77-
PL 36 8 134
NP 8 32 535
NP B 33 317

PREPRINT RPP/C22
NP 8 27 486

BATON 65 NC 36 1149 Je P ~ BATONS J.~ REGNI ER tSACLAY)
BIRGE 65 PR. 139. 8 1600 +ELY+GIQAL+KALMUS+CAMERINI+ (LRt+WISC)
BROWN 65 CORAL GABLES 219 BROWN+FA IER ( NORTHWESTERN]
DURAND 65 PRL 14 329 t.e DURAND AND Y»T: ~ CHIV ( YALE)

CHARGED ON

t 748 ~ 0')
130 t 775 0)

t 760 ~ 0)
{760~ )
(768 0)
(765» 0)
{760» 0}
(765 ' 0)

2775 {753».5)
f758» Ql.
(.749.0)
(755'a. )

7666 t 755 ~ Q)
900 767 ~

( 768 0)
('777 ~ 0)
(773.0)

1700 (782
9650. 764».3
9'650 (764 3)

ERRORS ARE
1300 777 ~ 0

SYSTEMATIC
e. e a, a
765 ~ 9

LY
62 HBC — 1 ~ 2 PI-P
63 HBC — 3.3 PI-P
64. HBC + 3 5 PI+P gTCUT 4
65 HBC + 2 ~ 8 PI,+P
65 MMSP — 3 5 Pl P
66 HBC + 2-3 P:j.+ P
bb HSC — 3 ~ 0 Pl- P
66 HBC - 2. 14 P I- eTCUT12
bb HBC — 2-3PI-g T CUT 20
66 HBC + 2 ~ 1 PI+g TCVT2 ~ 5
66 HBC — 2»1 PI- P
67 HBC +- 5 ~ 7 PBAR P
67 HBC — 2 ~ 8 Pl P
67 HBC — 4» 2 P I- g T CUT10
67 HBC — 2 7' Pl- T CUT20
68 HBC + 8 PI+P TO P+3PI
68 HBC — 2.8 PI-» T CUT13
68 HSC +- PBAR P AT REST
68 RVUE - l«7-3 2PI iCTEQ
68 R.VVE — 1 7-3 2PI-gCTEQ-
UNCERTAINTIES FROM THEORY
69 HBC - 8 ~ 26 PI- P
AD OF DIFFERENT FITS ~

M

M

M R

M S
M R
M R
M R
M R
M R
M R
M R
M 8
M C

KENN, EY
GUIRAGQSS
CARMONY
ARNENI SE
BL IEDEN
ALFF-STE I
HAGQPIAN];
HAGOPIAN2
JA:COBS
JA.MES
WEST
A L LES=SO R

BATON
E I SNER
MILLER
ABC COLL ~.

BATON
FOSTER
PI SUT
PISUT
YSTEMATI C
REYNOLDS
P ~ TO SPRE

{9aQ)
(10~ l

t5 ~ 0)
(5 »0)
(5 ' 0]
(5.0)'

(10' 5)
(10' 0)

(3 ' 0)
f 10«1

l5 ~ D)
6»

(5.0)
f7 ~ 0)
(2 0)
(.5 a)
1»9 1 ~ 8

( 19 ~ 2) (3~ 3)-
2 STD AND INCLUDE S

5«0
ERRORS ADDE D. CQRRES

~ ~ ~,

2 AS AVERAGE

M R
M S
M R
M

M

M A

M X
M X
M

AVG {ERROR INCLUDES SCALE FACTOR OF 1 ~ 7]:
NEUTRA

190
R 300

160
500

l ONLY
( 750 ~ 0)
( 760,0)
( 775 ~ 01
(.770» Q)
( 750 ~ 0)
('750 ~ Q)
( 775 ~ .0)
{770 )
(758 ~ Q)
(765 ~ 0)
f 760e 01
(765. )
(768» 0)
t-750 ~ 1
(761..)
{770 0)
(770 ' 0)
(775» 0)
(745. Q)'
t776. )
775 ~ Q

(765.01
l. 745 ~ 0)
{760 ~ 0)
766.7

f754. 01
SEE ALS
768

f 768 ~ 4)
( 755 ~ 0)
772» 0

STEMAT IC
759» Q.

f 765 0)
(760~ 0:1
767» 7

( 765 ~ 0)
761 0
767 ~ 0
770» 0
775.4
773 ~ 5
775% 0
764 ~ Q
787 ~ 0

e a. ~ ~

77Q. 3

SA.MI OS
ABOLINS
GUIRAGOSS
GOLDHABER
CLARK
ALFF-STEI
HAGOP IAN1
HAGQP I AN 2
JACOBS
JAMES
NE ST
ASBURY 2
BACON
DANYSZ
HUWE

MILLER
ABC COLL'
ARMENISE
DONALD
FOSTER
HYAMS
JONES
JONES
KEY
Pl SUT
AUSLENDER

e WHO FITS AUS
HAI SSI NSK
MA LAMUD
MOTT
RE YNOlDS

RRES P ~ TO SP RE
SCHAREN.
ALVENSLEB
BATON
BIGGS,
GA LLON AY
BA I'LLON
BALlAN
BA LLAM
BENAKSAS
JACOBS
PROTOPOP E
RATCLI FF
TAKAHA SHI.

0 4»7 Pl P
0 3.5 Pl+P
0 3 3 PI-P
Q 3»7 Pl+P
0 I»5 Pl-P
0 Z-3 RI+ P03~ 0. PI- P
0 2 ~ 1 Pj.-g TCUT 12
0 2-3P I-gT CUT 20
0 2 ~ 1 PI+ P
0 2.1 PI- P
0 GAMMA + PB
0 1 ~ 7 PI-P
0 3 0 PB Pt6 PI
02 ~ 4PI-P
0 2 7 Pl-g T CUT20
0 8 Pl+P TO P+3PI
0 5»l PI+D
0 1»2 PB P|4 PR.
0 PBAR. P AT REST'
011' 2 Pl- P
0 12PI-|. T LT 2,5
0 EBPI-| T LT 2 5030 PI- P
0 1- 7-3 2P I-gCT10
0 E+E- COLL BEAMS

9 DATA
0 E+E- COt. L ~ BEAMS
Q 2-4 PI-P
0 4«1-5 ~ 5 K P
0 2 26 Pl- P

FF ERENT F ITS ..

0 2-4 Pl- P
0 GAMMA Ae TCUT ~ 01
0 2e8 PI-- P
0 PHOTO PRODUCT I ON

0 5»97 PI- P
0 15.. Pl- P
0 2 ~ 8 GAMMA P
0 4 7 GAMMA P.

0 E+E- CQL L ~ BEAMS
0 2 ' 8 PI P
0 7.1 PI+PgTCUT 4
Q 15~ Pj- P080 PI~ P

62 HBC
63 H.BC
63 HBC

HSC
65 OSPK
66 HBC
66 HSC
66 HBC
bb HSC
66 HBC
66 HBC
67. CNTR
67 HBC
67 HBC
67 HBC
67 HBC
68 HBC
68 DBC
68: HBC
68 HBC
68 OSPK
68 OSPK
68 OSPK
68 HBC
68 RVUE
69 OSPK
LENDER 6
69 RVU E
69 R'VUE

69 HBC
69 H'BC

AD OF DI
69 HS.C
70 CNTR
70 HBC
70 CNTR
70 HBC
72 ASPK
72 HBC
72 HSC
72 OSPK
72 HBC.
72 HBC
72 ASPK
72 HBC

( 20 ~ 0)
{.1Q ~ 01

{,IQ ~ 0$
MQ

MO

MQ

MO

MQ

MQ

MO

MO

MQ

MO

MQ

MO.

MQ

MQ

MD

MQ

MQ

MD

MQ

MQ

MQ

MO

MQ

MQ

l5 ~.0)
(5 ~ 0)
l5 ]
(7 ».5)
t8 ~ 0)
f3 0]
(5 a02:
(2 ' 0)

(10 ~ )
(3 ~ )
(4 ..0.)
(3 ~ 0)
f2 ~ 0)
(5 ~ 0)
(5 )
3 ~ 0.

(6 0)-
(13 0)
{5' Q)
2 ' 8

(9 ' 0)
0 HA I SS' IN

10.~
(2 4)

l 15 ~ .0)
cj 0

ERRORS. AD

7. ~ 0
{10 0)

R
R
R
R 4207
R

P 4000
R
8, 327
R

S
R
8

1.900
2250

S
S
S

13300
E
E

E
R
S

X 170.0
X SY
C

P'

C12630
1,40K

S
C

1930
2430.

SKI 69
MO

MQ

MO

MQ

MQ DEO CO
MQ

MQ

MO

MQ 1 ~ 9
(6 ~ 0,)

5 ' 0
4 ~ 0
4 0
7 ~ 3
l»7
4 ' 0
5 ' 0

10 ~ 0

MQ

MQ

MQ

MQ

MQ

MQ

MQ

MO

MQ

MO

2 1'1ZQQ
C 32000
Z 900

880
\ e ~ ~ ~

1 2 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 3)
(SEE IDEOGRAM BEI.OW )

. MQ AVG

6/66
6/66
6/66
9/67
6/68
8/66

10/66
12/66
10/67
1/73¹
9/66
5/68
7/69
1/73¹
6/68
6/68

1/73¹

6/66
6/66
2/67
6/68
6/66

10/66
1/73¹
9/67
7/67
7/67
9/66
5/68
6/68
9/68
1/73¹
9/68
5/68
5/68
5/68
1/73¹
6/68

EZ/72¹
1/73¹
7/69
1/73¹
1/73¹
I/73¹
1/71
1/73¹
1/71
1/73¹
1/73¹
1/73¹
2/72
1/73¹
1/73¹
1/73¹
1/73¹
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Data Card Listings
For notation, see key at front of Listings.

MeSOIIS
p("/70)

AKAHASHI
AT CLIFF
RCITOPOPE

ACOBS
ENAKSAS
ALLAN

ALLAM

AILLON
IGGS
CHAREN

EYNOLDS
AISSINSK
ISUT
YAMS

72 HBC

72 ASPK
'72 HBC

72 HBC

72 CISPK

72 HBC

72 HBC

72 ASPK
70 CNTR

69 HBC

69 HBC

6S RVUE

6B RVUE

6B OSPK

740 760 7BO BOO B20

RHO 0 MASS (MEV)

--—--~-~NOT ES--—————

IJEIGHTED AVERAGE = 770.3 + 1 ~ 2
ERROR SCALED BY 1.3

CHISQ
2.B

1.6
1.4
3 ~ 6
0.5
0.0
0 ~ 7
3.4
1.B
2.6
0.1
0, 1
1 ~ 6
2 ~ 5

22 ~ 7
(CONLEV
=0.046)

119 0
(140e0)
( 131 0)
146.1

ll20«0)
108 ~ 0
155~ 0
145~ 0
149.6

( 178~ 35)
160~ 0
157» 0
144»0

~ ~ ~ ~

146.0

69 HBG
70 CNTR
70 HBC
70 CNTR
70 HBC
72 ASPK
72 HBC
72 HBG
72 OSPK
72 HBC
72 HBC
72 ASPK
72 HBC

20.0
(5 ~ 0)

0 24 PI- P
0 GAMMA Ae TGUT ~ 01
0 2 ~ 8 PI- P
OPHOTOPRGDUCT ION
0 5 ~ 97 P I- P
0 15 ~ PI- P
0 4«7 GAMMA P
0 2 ~ 8 GAMMA P
0 E+E- COLLe BEAMS028 PI-P
0 7 ~ ). PI+P t TCUT ~ 4
0 15~ PI~ P
0 8 ~ 0 PI- P

SCHAREN
ALVENSLE 8
BATON
BIGGS
GALLOWAY
BA ILLON
BALLAN
BALLAN
BENAKSAS
JACOBS
PROTOPOPE
RATCLIFF
TAKAHASHI

WO C
WO P
WO C12630
WO 140K
WO S
WO C
WO 1 2430
WO Z 1930
WO

WO 11200
WO C 32000
WO 1 900
WO Z 880
WO

WO AVG

F 9
f7 ~ 0)
20»0
12 ~ 0
13 ~ 0
23 ~ 2
(2 ~ 5)
10 ~ 0
21 0
19~ 0

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)2 '4

-NOTES-- ——-——
FROM POLE EXTRAPOLATION
INCLUDED IN PISUT 68 RVUE
S-WAVE BREIT-WIGNER F ITe CANNOT BE COMBINED WI TH OTHER VALUES
HIGH COMB I NATORI AL BACKGROUND
FROM PHOTOPRODUCTIONt MODEL DEPENDENT ~

ERRORS INCREASED BY US ~ SEE TYPED NOTE ON K«t' MASS ~

W C
W R
W S
W 8
W P
W Z

9 RHO PARTIAL DECAY MODES

DECAY MASSES
139+ 139
139+ 139+ 139+ 139
139+ 0.5+ .5
139+ 548
105+ 105
139+ 139+ 134

Pl
P2
P3
P4
P5
P6
P7

RHO INTO 2PI
RHO INTO 4PI
RHD I NT0 P I G AMMA

RHO INTO E+ E-
. RHO INTO PI ETA t VIOLATES G)
RHO INTO MU+ MU-
RHOO INTO PI+ PI- P 10 (VIOLATES G)

I/734
1/734
1/71
I/73~
1/71
I/73~
1/734
1/73~

12/72+
I/73+
I/73~
I/73+
I/73+

M C
M R
M S
M B
H P
H Z

FROM POLE EXTRAPOLATION
INCLUDED IN PI SUT 68 RVUE
S-WAVE BREIT-WIGNER FIT e CANNOT BE COMBINED WITH OTHER VALUES
HIGH COMBINATORIAL BACKGROUND
FROM PHOTOPRODUGTION«MODEL DEPENDENT ~

ERRORS INCREASED BY US« SEE TYPED NOTE ON K+ MASS»

9 {RHOO) - {RHO+-) MASS DIFFERENCE t MEV)

9 RHO BRANCHING RATIOS

Rl RHO INTO 4PI/2PI (P2) /t Pl)

Rl
R l.
Rl
Rl
Rl

RHQ+- INTO tP I+- PI+ PI- PIO)
(0»026)OR LESS
(0F 01) OR LESS
(0 002)OR LESS
0»0035 0 ' 004

I ( P I+- P 10)
BL IEDEN 66 HMSP — 3-5 PI- P 6/ee
DEUTSGHMA 66 HBC + 8 ~ 0 Pl+ P 6/66
FERBEL 66 HBC +- PI+- P ABOVE 2 ' 5 10(66
JAMES 66 HBC + 2e1 PI+P 11/66

2 ' 4 2 ' 1

9 RHO WIDTH tMEV)

PISUT 68 RVUE PI N TO RHO N 6/68 Rl
Rl
Rl
Rl
Rl

RHOO INTO ( PI+ PI- PI+ PI-) /
r(0 ~ 008) OR LESS
{0' 002)OR LESS
(0 002)OR l ESS GL=«90
(0«0015)OR LESS CL= ~ 90

( PI+
JAMES 66 HBC
CHUNG 68 HBC
HUSON 68 HLBC
GERMAN CO 69 HBC

0 2 ~ 1 PI+P 6/66
0 3«zr4 2 PI-P 7/67
016 ~ OPI-P 1/71
0 2 ' 5-5 ' 8 GAMMA P 10/67

W SEE NOTE ON RHO MASS ABOVE

W MIXED CHARGES
W 290 (110»0) CHADWICK 63 HBC +-0 0 ~ 0 PBAR P

W CHARGED ONl

W 130 ( 125» 0)
W (90.0)
W 98 ( 180.0)
W R l77 ~ 0)
W S (160~ )
W R (100 0)
W R (127~ 0)
W R (150~ 0)
W R (135 0)
W R 2775 {137 1)
W R (147 0)
W R f 149e0)
W B . (146 ~ )
W C 7666 ( 110~ 0)
W 900 146~

W R f 353»0)
W S f149 ~ 0)
W R (150 0)
W 1700 ( 14 5 ~ 0)
W 9650 147 3
W X 1300 154.0
W X SYSTEMATIC
W ~ ~ ~ e
W AVG 147 ~ 7

3« 3 PI-P
2 ~ 8 PI+P
4 ~ 1 PI~P
3~ 5 PI+P t TCUT 4
2 8 Pj+P
2 3 PI+ P35PI-P
3 ~ 0 PI P
2. 14 PI-p TCUT12
2-3P I- t T CUT 20
2 ~ 1 Pj+r TCUT2 ~ 5
2 ~ 1 PI- P
5»7 PBAR P
2 8 PI- P
4.2 Pl- p T CUT10
2 ~ 7 PI ~ T CUT20
8 PI+P TO P+3P I
2 ~ 8 Pj- P
PBAR P AT REST
1~ 7-3 2PI-t CT10
2 ~ 26 Pj- P
ENT FITS ~

GU IRAGOSS
SA CLAY
BONDAR
CARMONY
ARHENI SE
Al FF-STE I
BL IEDEN
HAGOPI ANl
HAGOPIAN2
JACOBS
JAMES
WEST
ALLES-BOR
BATON
EISNER
MILLER
ABC COLL
BATON
FOSTER

3 9 PISUT
RCYNOLDS

EO CORRESP ~ TO SPRE

63 HBC
63 HBC +
64 HBC
64 HBC +
65 HBC +
66 HBC +
66 MMS P
66 HBC
ee HBC
66 HBC
66 HBC +
66 HBG
67 HBC +
67 HBC
67 HBC
67 HBC
68 HBC +
68 HBG
68 HBC +
68 RVUE-
69 HBC
AD OF OI

(10.0)

(20.0)
(10 ' )

(5 ~ 0)
(20 0.)
( 20 ~ 0)
( 20 ~ 0)
(19e0)

(13 0)
(31 ~ )
(9»0)
13~

(13' 0)
(22 0)

t5 ~ 0)
( 10 ~ 0)

0
13 0

E RRORS ADD FFER
~ ~ e ~ ~

3 ~ 6

6/66
6l66
6/66
9/67
6/68
8/66

10/66
12/66
10/67
9/67
9 /66
5/68
7/69
1/73~
6/68
1/73+

WO NEUTRAL ONLY
WO 190 ( 150~ 0)
WO R 300 t 90» 0)
WO 160 (175 0)
WO R 500 t 130» 0)
'WO ( 130«0)
WO R (100 0)
WO R (120~ 0)
WO R ( 135~ 0)
WO R 4207 l 122«2)
WO R {103~ 0)
WO R {173~ 0)
WO P 4000 l 130.)
WO R l 148 ~ 0)
WO S 327 l 135
WO R (152 )
WO R ( 160~ 0)
WO S ( 165~ 0)
WO R (167 0)
WO 8 ' (150~ 0)
WO 1900 ( 132~ )
WO 1 2250 145 0
WO S {129' 0)
WO S ( 169~ 0)
WO S (113 0)
WO P (160~ 0)
WO C 14890 t 105~ 0)
WO E (105 0)
WO E SEE AL
WO E 140'
WO R ( 132 ~ 0)
WO S {130«0)
WO X 1700 135 0
WO X SYSTEMATIC

{20' 0)
(10' 0)

SAMIOS
ABOL INS
GUIRAGOSS
GOLDHABER
CLARK
ALFF-STE I
HAGOP I AN 1
HAGDPIAN2
JACOBS
JAMES
WEST
ASBURY 2
BACON
DANYSZ
HU WE

MILLER
ABC COLL
ARMENISE
DONALD
FOSTER
HYAMS
JONES
JONES
KEY
LANZEROTT
MARATECK
AUSLENDER

69e WHO FITS AUS
HAISSI NSK
MALAMUO

MOTT
REYNOLDS

CORRESP TO SPRE

62 HBC
63 HBC
63 HBC
64 HBG
65 OSPK
66 HBC
66 HBG
66 HBG
66 HBC
66 HBG
66 HBC
67 CNTR
67 HBC
67 HBC
67 HBC
67 HBG
68 HBC
68 DBC
68 HBG
68 HBC
68 OSPK
68 OSPK
68 OSPK
68 HBC
68 CNTR
68 HBC
69 OSPK
LENDER 6
69 RVUE
69 RVUE
69 HBC
69 HBC
AO OF OI

0 4 ~ 7 PI-P
0 3 ~ 5 Pl+P
0 3«3 PI-P
0 3.7 PI+P
0 le 5 PI-P023 Pj+ P
0 3 ~ 0 PI- P
0 2 ~ 14 PI-PILLOW T
0 2-3P I-,T CUT 20
0 2 ~ 1 Pj+ P
0 2 ~ 1 PI- P
0 GAMMA + PB
0 1 ~ 7 PI P
03 ~ 0 PB Pre PI024PI-P
0 2 ~ 7 PI-t T CUT20
0 8 PI+P TO P+3PI
0 5 ' 1 PI+D
0 1 ~ 2 PB Pg4 PR ~

0 PBAR P AT REST
011» 2 PI- P
0 12PI-g T LT 2«5
0 18PI-«T (T 2 ~ 5
0 3 ~ 0 PI- P
0 GAMMA P
0 1 »9-3 ~ 0 PI- P
0 E+E- COLL« BEAMS

9 DATA
0 E+E- COLL«BEAMS
0 2-4 PI-P
0 4 ~ 1-5~ 5 K P
0 2 26 PI- P

FFERENT FITS

( 10 ~ 0)
{20' 0)
{15' 0)
{13»0)
(13' 0)
(5 ~ )
(8 ~ 0)

f 25»)
(15 ~ )
(15»0)
( 10 »0)

(6 ~ 0)
(13»0)
(10 )
12 ~ 0

t 19 ~ 0)
(41 0)
{16 0)
(10«0)
(15 0)
{20.0)

SO HAISSINSKI
14 ~

(13 ~ 0)
(40 0)
16 ~ 0

E RROR S ADD E D

6/66
6/66
9/67
6/68
6/66

10/66
I/73+
9/67
1/73~
7/67
9/66
5/68
6/68
9/68
I/73~
I/734
5/68
5/68
5/68
I/73~
9/68
6/68

12/72~
1/73+
7/69
1/73~

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

R2 RHO INTO PI GAMMA/2PI
R2 H (0 ~ 02) OR LESS
R2 (0 005) OR LESS GL= 97
R2 (0 ' 007)OR LESS
R2 M (0 ~ 002) OR L ESS CL-" ~ 90
R2 M ONE PION EXCHANGE MODEL

(P3) l(Pl)
LANZEROTT 65 CNTR GAMMA P( BREMS)
F IDECARO 66 OSPK
HUSON 66 HLBC — 15 P I-PB
GERMAN CO 69 HBC
USED IN TH I S EST IMAT ION

11/66
10/66
e/66

+
Note on p ~ e e

R3 RHO I NTO ( E+ E-) I ( P I+P I- ) {UNITS 10+~4) (P4) /( Pl)
R3 P 94 {0 65) {0 14) ASBURY 1 67 CNTR PHOTOPRODUCT ION
R3 P POSSIBLY LARGE RHO-OMEGA INTERFERENCE
R3 H {0~ 65) llel) {0~ 5) HERTZBACH 67 OSPK ASSUME SU(3)+MIXINGe
R3 H NOT SEPARATED FROM OMEGA DECAYS
R3 A 33 le 53) (0 ll) ASTVACATU 68 OSPK ASSUME SU(3)+HIXING
R3 A NOT SEPARATED FROM OMEGA DECAY« ERROR STATISTICAL ONLY ~

R3 E (0 ' 663) (0 ' 085) AUGUSTIl 69 OSPK E+E- COLL ID BEAM
R3 E ASSUMI NG RHO WIDTH ill MEV
R3 0 ~ 50 0 ~ 10 AUSLENDER 69 OSPK E+E COLL ID ~ BEAM
R3 F (0 49) (0 ~ 12) (0 15) BIGGS 70 CNTR PHOTOPRODUCT ION
R3 F ASSUMING RHO WIDTH 140 MEV ERROR STATISTICAL ONLY ~

R3 0 ~ 41 0 «05 BENAKSAS 72 OSPK E+E- COLl. ~ BEAMS
R3 ~ ~ ~ ~ ~ ~ ~ ~ ~

R3 AVG 0 428 0 045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

9/67

10/66

6/6 8

4/69

9/68
6/70

12172"r

R4
R4
R4

RHO INTO (PI ETA) /(2P I)
(0 ' 03) OR LESS
(0~ 008) OR LESS

(P5)/{Pl)
OEUTSCHMA 66 HBC + 8 ~ O. PI+ P 6/66
FERBEI 66 HBG +- PI+- P ABOVE 2 5 11/66

Extraction of a ratio for p
~ e e is complicated

by interference with & decay. In photoproduction,
+

yA ~ e e A, the r e is sub. s tantial inte rfe r enc e between
0 +the allowed (p, G0) ~ e e decays. The interference

+
in the colliding-beam reaction e e ~ Tr m is due to

G parity violating mixing of the overlapping p aad u

resonances; it alters the results for the rate
0 +I"(p ~ e e ) only by a small amount. Therefore we

use at present, for the average, only the values from
+ - +

the e e ~ Tr TT experiments.



S76 REVIEWS OF MODERN PHYSICS APRIL 1973 ' PART II

Mesons
p(770), ~(784)

DB.t8, CBrd Listings
For notation, see key at front of I.istings.

R5 RHO INTO (MU+ MU-) /(PI+ PI-) (UNITS I0¹¹-4}
R5
R5 SEE NOTE UNDER RHO INTO E+E- ABOVE
R5
R5 H

R5 H

R5 R
R5 R
R5 R
R5
R5 W

R5 W

R5 W

R5 W

R5
R5 AVG

(P6)/(Pl)

0 ~ 97 0 ~ 31 0 ~ 33 HYAMS 67 OSPK 11 PI L I H 6/67
HYAMS MASS RESOL ~ IS 20 MEV THE OMEGA REGION WAS EXCLUDED
0 82 0 16 0 ' 36 ROTHWELL 69 CNTR PHOTOPRODUCTION ~ 4/70
POSSIBLY LARGE RHO-OMEGA INTERFERENCE LEADS US TO INCREASE
THE MINUS ERROR
0 56 Ooj5 WEHMANN 69 OSPK 12 PI- ON Ct FE 7/69
RESULT CONTAINS (11 +- 11) PER CENT CORRECTION USING SU{3)
FOR CENTRAL VALUE ~ THE ERROR ON THE CORRECTION TAKES ACCOUNT
OF POSSIBLE RHQ OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES
WITH THE UPPER LIMIT OF {OMEGA INTO MU+ MU-) FROM THIS EXPT0

0.67 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

11/71
11/7 1

REFERENCES FOR RHQ

R6 RHO 0 INTO (P I+ PI- PIO)/(PI+ PI-) (PT)/{Pl)
Rb G (0~ 01) OR LESS GL= ~ 84 ABRAMS 71 HBC 0 3 ~ 7 PI+ P
Rb G MODEL DEPENDENTtASSUMES I = lt2tOR 3 FOR THE 3PI SYSTEM

BA ILLON 72
BALLAM 72
BASDEVAN 72
BENAKSAS 72
DRIVER 72
EISENBER 72
GRAYER 72
GRAYER 72
JACOBS 72
RATCL IFF 72
PROTOPOP 72
TAKAHASH 72

PL 38 8 555
PR D 5 545
PL 41 8 178
PL 39 8 289
NP 8 38 1
PR 0 5 15
PHIL ~ CONF ~ PROC t 5
NP 8 50 29
PR D 6 1291
PL 38 8 345

PREPRINT LBL-. 970
PR 0 6 1266

ALVENSLE 70 PRL 24 786
BATON 70 PL 33 8 528
BIGGS 70 PRL 24 1197
BINGHAM 70 PRL 24 955
GALLOWAY 70 PR 0 1 3077

ABRAMS 71 PR 0 4 653
BLOQDWOR 71 PREPRINT
DEERY 71 PR D 3 635
DRIVER 71 DESY 71/56
E IS ENB ER 71 SLAC-PUB-933

ALVENSLE BEN t BECKER t 8 ERTRAM tc HEN t COHEN( OESY )

+LAURENStREIGNIER ( SAGLAY)

+BRABEN, CL IFFT, GABATHULER, KITGHING+ (DARE)
+FRETTERtMQFFEITtBALLAM+ (LRL+SLAC+TUFT)
+MOTT t ALYA t LEE t MARTI Nt PR ICKETT ( IND)

+BARNHAMt BUTLERtCOYNEt GOLDHABERt HALL ~ +(LBL)
BLOOD WORTH t JAC KSON t P RENT lc E t YOON (TOR ONTO)
+BISWASt CASONt GROVES t JOHNSON t+ (NOTRE DAME)
+HE INLQTHt'HOHNEt HOFMANNt JANATAt KAROW+( DESY }
EISENBERGt HABERt BALLANtCHADWIGK+(REHO+STAN)

+CARNEGI E t KLUGE t LE ITHt LY NCHt RATCLI FF+( SLAG)
+CHADWICK ~ BINGHAMi MILBURNt+ (SLAC+LBL+TUFT)
BASDEVANT t FROGGATT t PETERSEN (CERN)
+COSMEt JEAN-MARI Et JULLIANt LAPLANCHEt+( QRSA)
+HEINLOTHt HOHNEtHOFMANNt RATHJE, +(DESY+HAMB)
E IS ENBERGt BALLAM ~ DAGAN ~ + ( REHO+S LAC+TE LA)
+HYAMS t JONES t SGHLE IN t BLUMt DI ETL+(C ERN+MPIM)
+HYAMSt JONES t WEILHAMMERt SLUM t+ (CERN+MPIM)
L eD ~ JACOBS (SACLAY)
+BULOStCARNEGIE ~ KLUGEt LEITHt LYNCH t+ ( SLAG)
PROTOPOPESCUtALSTONt BARBAROt FLATTE t+ (LBL)
TAKAHASHI t BAR I SH t+ ( TOHQ+PENN+NDAM+ANL )

ANDERSON 61 PRL 6 365
ERWIN 61 PR 6 628
KENNEY 62 PR 126 736
SAMIOS 62 PRL 9 139
XUONG 62 PR 128 1849

ANDERSQNt BANGt BURKEt CARMONYt SCHMITZ {LRL}
A ~ R tR ~ MARCHt W ~ 0 ~ WALKERt E WEST (WISC)
V P KENNEYtW 0 SHEPHARDtC 0 GALL (KENTUCKY)
SAMIOS BACHMAN, LEA+ ( BNL+CUNY+COLU+KNTY)
NGUYEN HUU XUONG t GERALD R LYNCH (LRL )

¹tt¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹p
u(784) 1 OMEGA (784t JPG=1—) I=O

ABOLINS 63 PRL 11 381
ALITTI 63 NG 29 515
CHADWICK 63 PRL 10 62
GUIRAGOS 63 PRL ll 85
SACLAY 63 SI ENA CONF 1

BQNDAR 64 NC 31 729
GARMQNY 64 DUBNA CONF 1 486
GOLDHABE 64 PRL 12 336

BONDAR+ (AACHEN+BIRM+BONN+DESY+LOIC+MPIM)
CARMONYtHOAtLANDERtNG~H. XUQNGtYAGER (UGSD)
GOLDHABERtBROWNtKADYKtSHEN+ (LRL+UCB)

ALYEA 65
ARMENI S E 65
BLI EDEN 65
CLARK 65
GUTAY 65
LANZEROT 65
Z DANI S 65

PL 15 82
NC 37 361
PL 19 444
PR 139 8 1556
NC 39 381
PRL 15 210
PRL 14 721

PL 20 557
PR 145 1 072
PR 145 1103
NC 43 71
PR 146 994
PR 148 1282
PL 20 82
PL 21 111
PL 23 163
PR 145 1 128
PR 152 1183
PL 20 91
UCRL 16877
PR 142 896
PR 149 1089

ACC ENS I 66
ALFF-STE 66
BALTAY 66
BLI EDEN 66
CAMBRIDG 66
CASON 66
DEUTSCHM 66
FERBEL 66
F IOECARO 66
HAGOP I AN 166
HAGOPIAN266
HUSON 66
JACOBS 66
JAMES 66
WEST 66

ALYEAt CRITTENDEN ~ MARTINt RHODE + (INDIANA)
SAC LAY+ORS AY+BAR I+BOLOGNA COLLABORATION
CERN MISSING MASS SPECTROMETER GROUP (CERN)
A CLARKt CHRISTENSQNt CRONINtTURLAY(PRINCETO)
GUTAYt LANNUTTI ~ TUL I (FSU)
LANZEROTT I t BLUMENTHAL t EHN ~ FA ISSLER + ( HARV )
ZDANIStMADANSKYt KRAEMER + (JHU+BNL}

ACCENS It ALLES-BORE LLI t FRENCH t FRISK+ {CERN)
ALFF-STEINBERGERtBERLEYt BRUGGER+(COLU+RUTG)
+FRANZ INI t LUT JENSt SE VERI NS t TYCKO+{

COLUMBIA�)

CERN MISSING MASS SPECTROMETER GROUP (CERN)
CAMBRIDGE BUBBLE CHA'MBER GROUP (MIT+HARV+)
N M CASQN (W ISCONS

IN�)

DEUTSCHMANNt STEINBERG + (AACH+BERLIN+ CERN)
FERBEL (ROCHESTER)
G+M F I DEC ARO t J POI RI ER t P SCH I AVON ( CERN )
HAGQPIAN t SELQVE t AL ITTI t BATON+ ( PENN+SACLAY)
HAGOPIANt PAN (PENNSYLVANIAtlRL-BERKELEY)
HUSONt ALLARDt DRI JARDtHENNESSY+ (ORSAY+EPOL)
L D JACOBS (LRL)
F E JAMEStKRAYBILL ( Y AL E+ BROOK HAY EN )
WEST t BOYD t ER WIN t WALKER (WISCONSIN)

67 NC 50 A 776
67 PRL 19 869
67 PRL 19 865
67 PR 157 1263
67 PL 25 8 300
67 NC 50A 701
67 PL 25 8 419
67 NP 8 3 349
67 NC 49A 3 99
67 NC 51 A 801
,67 PR 164 1699
67 NC 52A 442
67 PR 155 1461
65. ZDANIS
67 PL 248 252
6T PL 248 634,
67 PR 153 1423
67 PR 163 1462

ALLES-BO
ASBURY 1
ASBURY 2
BACON
BANNER
BARLQW
BATON

ALSO
CLEAR
DANYSZ
EISNER
FRENCH
HERTZBAC

ALSO
HUWE
HYAMS
HILLER
PQIRIER

A{.LES-BORELLI t FRENCHt FRI SK t+ (CERN+BONN)
+BEGKER+ 8 ERTRAM+ JQOS+ JORDAN+ ( DES Y+ COLU )
+BECKER+BERTRAM+ JQQS+JORDAN+ (DESY+COLU)
+FICKINGERtHILLt HOPKINSt ROBINSON+ (BNL }
+FAYOUXt HAMELt ZSEMBERYt CHEZE+ (SACLAY+CAEN)
+L llLE STOL+MONTANE 7+ ( CERN+CDEF+ IRAQ+ LI VP )
J ~ BATONt G ~ LAURENSt J ~ REIGNI ER {SACLAY)
J ~ BATONtGoLAURENStJeREIGNIER (SACLAY)
+JOHNSTON+COOPER+MANNER+ (TNTO+ANL+WISC)
DANYSZ+FRENCH+SIMAK {CERN)
+JOHNSON+KLE IN+P ETERS+SAHNI+YEN+ ( PURDUE)
+KINSON+MCDONALD+R IDDIFORD+ (CERN+BIRM )
HERTZ BACH t KRAE ME R ~ MADANSK I t ZDANI S+(JHU+BNL ]

+MARQUIT+OPPENHEIMER+SCHULTZ+W llSON (COLU)
+KOCH+PELL ETT+POTT ER+VONLINDERN+ (CERN+ MP IN)
MILLERtGUTAYt JOHNSONtLOEFFLER + (PURDUE)
+BISWAStCASONt DERADOtKENNEY+ (NDAM+PENN)

ABC COLL
ARMENI SE
ASTVACAT
BATON
BLECHSCH

ALSO
CHUNG
DONALD
FOSTER
HUSON
HYAMS
JONES
J OHNS ON

KEY
LAMSA
LANZERQT
MARATECK
P I SUT

68 NP 84 501
68 NC 54A 999
68 PL 27 8 45
68 PR 176 1574
68 NC 53 A 1045
67 NC 52 A 1348
68 PR 165 1491
68 NP 8 6174
68 NP 8 6107
68 PL 288 208
68NP 871
68 PR 166 1405
68 PR 176 1651
68 PR 166 I430
68 PR 166 1395
68,PR 166 1365
68 PRL 21 1613
68 NP 8 6 325

AACHEN+BERLIN+CERN COlLABORATION
+GHIDI NI t FOR INO+ ( BAR I+8 GNA+F I RZ+ORSAY)
ASTVACATUROVt AZIMQVt BALDIN+ {J INR+MOSCOW )
J ~ PE BATONt G ~ LAURENS (SACLAY)
BLECHSCHMIDTtDOWDtElSNERt+ (DESY+MCHS)

5 ~ U. CHUNGtO I ~ DAHL t J eKIRZt D ~ H. MILLER (LRL)
+EDWARDS tFRODESENt BETTINI+ (LIVP+OSLO+PADQ)
+GAVILLET+LABROSSE+MONTANET+ (CERN+COEF)
+LUBATTI t SIXt VEILLET t+ (ORSA+MILA+UCLA}
+KOGHt POTTER t WILSQNt VON LINDERN+(CERN+MPIM)
+BLEULERt CALDWELL ~ ELSNERt HARTING+ . {CERN)
+POIRIER t BISWASt GUTAY+ ( NDAM+PURD+ SLAG)
+PRENTICE+COOPER+MANNER+ (TNTO+ANL+WI SC )
+C A SON+8 I SWA S+QE RA DO+G ROVE S+ ( NOTRE DAME )
LANZEROTTI t BLUMENTHAL ~ EHNt FA!SSLER + {HARV)
+HAGOP IAN t+ ( PENN+LRL+COLO+ PURD+TNTO+ WI SC )
J ~ P I SUTt M o RODS ( CERN]

AUGUST 11
AUGUSTI2
AUS LANDE
GERMAN C
HAISSINS
JUHALA
MALAMUD
MILLER
MOTT
REYNOLDS
RODS
ROTHWELL
SCHAREN
WEHMANN

69 PL 28 8 508
69 LNG 2 214
69 SJNP 9 69
69 PR 188 2060
69 ARGONNE CONF' 373
69 PR 184 1461
69 ARGONNE CONF' PE 93
69 PR 1TB 2061
69 PR 177 1966
69 PR 184 1424
69 NP 8 10 563
69 PRL 23 1521
69 AR GONNE CONF 306
69 PR 178 2095

+BIZQT+BUON+HAI SSINSKI+LAL ANNE+ (QRSAY)
+LEFRANCOI S t LE HMANNt MARI Nt+ (ORSAY )
AUSL ENDER t BUDKER t P ANTUSOVA t P ESTOV+ ( NOVO)
GERMAN BUBBLE CHAMBER COLL ~ ( DESY)
J HA I SS INSK I (ORSAY)
+LEACOCKt RHODE t KOPELMANt LIBBYt+ ( ISU+COLO)
E ~ MALAMUD t P ~ SCHLE IN ( UCLA }
R ~ MILLER t L ICHTMANt WI LLMANN ( PURDUE )
+AMMAR t DAVIS t KROPACt SLAT Et DAGAN+ (NWES+ANL }
+ALBRIGHTt BRADLEYt BRUCKERt HARMS+ (FSU)
Mo RODS ~ J ~ P ISUT (C ERN+ BRAT I S LA VA )
+CHASEtEARLESt GETTNERt GLASSt WEINSTEI+(NEAS}
SCHARENGUIVEL (PURDUE)
+ENGELSt WI'LSONt+ (HARV+CASE+SLAC+CORN+MCGI)

ABOLI NS t LANDER t MEHLHOP ~ NGUYENt YAGER ( UCSD)
AL I TT I t BATON t A RMEN I SE+ ( SAC L+ORSA+BAR I+ BGNA )
CHADW I CK t DAV I ES t DE RR IGK ~ CREST I + {OXF+PADO }
ZAVEN GUIRAGOSSIAN (LRL )

239 SACLAY+ORSAY+BARI + BOLOGNA- COLLABORATION

1 OMEGA MASS (MEV)

HERE WE L IST ONLY EXPERIMENTS IN WHICH THE EFFECTS
OF MASS RESOLUTION HAVE BEEN EVALUATED ~

M FROM FINAL
M 64 779 ~ 4
M 155 779.5
M 510 781 I 0
M ~ 0 ~ ~

M A VG 780.60

STATE Kl Kl OMEGA
jt4 ARMENTERO 62 HBC
1+5 BARASH 67 HBC
F 6 8 I ZZARRI Tl HBC

0~0 PBAR P K1K1
Oe 0 PBAR P K1K1 11/71
0 0 P PBAR K1K1 11/71

0 ~ 52 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1~0)

2 3-2.9 PI+P
0 0 PBAR P
1 ~ 2 Pl+D

SEEN WITH K+K-
2 1 P I+P

0 ~ 0 P BAR P
3 PI-P
0 P BAR P
12 PI+0
14PI+D
1 7 PI+ 0
1 9 Pl+ 0
2 1 PI+ 0
2 ~ 3 PI+ D

3 ~ 9 PI- P
3 ~ 6 .PBAR P, 7 PI
PHOTOPRODUCT I ON

8 ~ 0 Pl-P t4PI
0 ~ 0 P PB AR K+K-

3 ~ 7 PI+ P

3 ~ 7 PI+ P

695 PI+ D

3 9t4 ~ 6 K- P

SCALE FACTOR OF 1 3)

6/66
9/66

11/67
9/6 9

11/71
11/71
ll/71
11/71
11/71
11/71
6/70
5/70
6/70

11/71
11/71
11/71
11/71
11/71
2/71

12/72¹

IJEIGHTED AUERAGE = 7B3 .76 + 0 . 2B
ERROR SCALED BY 1.3

77e 782
OMEGA MASS (MEU)

AGUILAR
MATTHEWS
COYNE
BIZZARRI
CASON
BIGGS
ATHERTON
ABRAMOUIC
DANBURG
DANBURG

~ DANBURG
~ DANBURG
DANBURG

ANBURG
IZZARRI
EY
ALTAY
AMES
ILLER D
RAEMER
RMENTERO
LFF

790

~ I ~ ~ I I ~

72 HBC
71 DBC
71 HBC
71 HBC
70 HBC
70 CNTR
70 HBC
70 HBC
70 DBC
70 DBC
70 DBC
70 DBC
70 DBC
70 DBC
69 HBC
6B HBC
67 'HBC
66 HBC
65 HBC
64 DBC
63 HBC
62 HBC

CHISQ
2.5'

0.0
0.0
0.11.9
0 ~ 1
0 ~ 1
0.1
0 ~ 41.5
5 ~ 0
0 ~ 1
5.0
0.17.4
0 ~ 9
0 ~ 3
5.0
2 ~ 3
1 ~ 9

' 0 ~ 1
3 ~ 1

37 ~ 9
(CONLEV.
=0.013)

M FROM OTHER FINAL STATES
M 400 782 ~ 0 1 ~ 0 ALFF 62 HBC
M 34 784 0 1.0 ARMENTERO 63 HBC
M 220 781 ~ 0 2 ~ 0 KRAEMER 64 DBC
M 785 ~ 6 1 2 MILLER D 65 HBC
M 666 786 ~ 0 1 0 JAMES 66 HBG
M 2198 783.4 0 7 BALTAY 67 HBC
M 784+8 lej KEY 68 HBC
M 2400 782 4' Or 5 8 I ZZARRI 69 HBC
M 250 784 t jt OANBURG 70 DBG
M 500 786 je DANBURG 70 DBC
M 600 784 ' jo DA NBURG 70 DBC
M 500 786 ~ jo DANBURG 70 0 BC
M 400 785 ~ 1 ~ DANBURG 70 DBC
M 200 785 ' 2 ~ DANBURG 70 DBC
M 750 784 ~ 1 1 ~ 2 ABRAMQVIC 70 HBC
M 784 0 0.7 ATHERTQN 70 HBC
M 783 2 l 6 BIGGS 70 CNTR
M 260 781t 0 2 ~ 0 CASON 70 HBC
M 248 783 ' 4 jo0 BIZZARRI 71 HBC
M C 4270 {784t 1) (0 ~ 3) GOYNE 7}, HBC
M C FROM TOTAL SAMPLE OF COYNE 71
M D 783 7 1.0 COYNE 71 HBC
M D FROM BEST-RESOLUTION SAMPLE OF GOYNE 71
M 369 784 0 1 4 MATTHE WS 71 DBC
M 418 782 ~ 5 0 8 AGUILAR 72 HBC
M ~ ~ ~ ~ ~ ~ ~ ~ ~

M AVG 783 76 0 28 AVERAGE (ERROR INCLUDES
(SEE IDEOGRAM BELOW )
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Data Card Listings
For notation, see key at front of Listings.

Me sons
a (784)

1 OMEGA FULL WIDTH (MEV)

0 0 PBAR P
SEEN WITH K+ K-

SEEN WITH Kl Kl e

0 0 PBAR PrK1 Kl

W 34 9 0 3 ~ 0 ARMENTERO 63 HBC

W 1.3~ 4 2o0 MILLER D 65 HBC

W 155 (12~ 3) (2 o0) BARASH 67 HBC

W 8 171 (5~ 8) (2 ~ 8) BARASH 67 HBC

W 8 UNFOLDED BY COYNE 71
W 750 8 ' 8 3 ' 0 ABRAMOVIC 70 HBC 3 ~ 9 Pj- P

W 11 2 2.7 ATHERTON 70 HBC 3 ~ 6 PBAR P ~ 7 PI
W 510 10~ 3 1 ~ 4 BIZZARRI 71 HBC 0 ~ 0 P PBAR K1K1
W 248 12~ 8 3 ~ 0 BIZZARRI 71 HBC 0 ~ 0 P PBAR K+K-

W 4270 9 5 1 o0 COYNE 71 HBC 3e7 PI+ P

W 418 13e3 2 ~ AGUILAR 72 HBC 3 ~ 9r4 ~ 6 K P

W 9 1 0..8 BENAKSAS1 72 QSPK E+E» COLL ~ BEAMS

W E 940 7e70 1 ~ 65 BROWN 72 MMS 2 5 PI- PrN MMS

W E ERROR TAKES ACCOUNT OF SYSTEMATICS ADDED LINEARLY
W e ~ ~ ~ ~ e e ~ ~

W AVG 9o84 0 51 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 el}

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
P ll

OMEGA
OMEGA
OMEGA

OMEGA
OMEGA
OMEGA
OMEGA
OMEGA
OMEGA
OMEGA
OMEGA

1 OMEGA PARTIAL DECAY MODES

INTO PI+ PI- PIO
I NTO P I+ PI- (V IOLATES G)
INTO PIC GAMMA (ONLY NEUTRAL INPUT TO FIT)
INTO PI+ PI- GAMMA

INTO 2PIQ GAMMA

INTO ETA GAMMA

INTO E+ E-
INTO MU+ MU-
INTO ETA PI 0 t V IOI.ATES C)
INTO 3 GAMMA

INTO PI 0 MU+ MU-

DECAY MASSES
139+ 139+ 134
139+ 139
134+ 0
139+ 139+ 0
134+ 134+ 0
548+ 0

~ 5+ ~ 5
105+ 105
548+ 134

0+ 0+ 0
134+ 105+ 105

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P, , as follows: The diagonal elements are P. + 6P. , where
1 1 i

6P. = Q {'6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-
1 o 1

cients (6P, 6P. ) j(6P. ~ 6P.). For the definitions of the individual P. , see the listings
1

above; only those P. appearing in the matrix are assumed in the fit to be nonzero and
1

are thus constrained to add to i.
P 3P 1 P 2

P 1 ~ 8961+-e 0058
P 2 —.3543 ~ 0130+-o0027
P 3 —~ 9269 — 0226 0909+- ~ 0050

1 OMEGA BRANCHING RATIOS

R4
R4

OMEGA INTO (P I+ P I- GAMMA) /( P I+ P I- Pjo)
{0 05) OR LESS FLATTE 66 HBC

(P4) I ( Pl)
1e8 K-P

R6
R6
R6
R6

OMEGA INTO {MU+ MU-)/(PI+ PI- PIO) (UNITS 10¹¹-3)(PS)/{ Pl)
(1~ 2) OR LESS GALT I ER I 65 HBC 2 ~ 7 K-P
{1 7) OR LESS FLATTE 66 HBC 1 ~ 8 K-P
{0' 2) OR LESS WILSON 69 OSPK 12 PI- ON Cr FE

R7
R7
R7
R7
R7

OMEGA INTO {2PIO GAMM}/(P IO GAMMA)

(0 ~ 1) OR LESS BARM IN 64 P XBC
(0 45) (0 33) STRUGALSK 69 HLBC
{Oo14) OR LESS BALDIN 71 HLBC
(Oe15) OR LESS CL= ~ 90 BENAKSAS2 72 OSPK

(P5)/(P3)
1 ~ 3-2 ~ 8 PI-P
2 34 PI+ N

2 9PI+ P
E+E- COLL ~ BEAMS

R8
RB
RS

OMEGA INTO tETA PIO + ETA GAMMA)/(PI+ PI- PIO) (P9+P6)/tP1)
(Oe017) OR LESS FLATTE 66 HBC 1 ~ 8 K-P
(0 045) OR LESS CL=e95 JACQUET 69 HLBC

Rl OMEGA INTO NEUTRAL/ t PI+ P I- P IO) (P3+...) /( P 1 )
Rl 0 ~ 17 0 ~ 04 ARMENTERQ 63 HBC 0 ~ 0 PBAR P

Rl 20 F 11 0 ' 02 BUSCHBECK 63 HBC 1 5 K-P
Rl 35 0 ~ 08 0 03 KRAEMER 64 DBC 1 ~ 2 P I+D
Rl 65 Oo 10 0 ~ 04 ALFF-STEI 66 HBC CQRRe BY SCHULTZ(COL)
Rl 850 0 134 0 026 DIGIUGNO 66 CNTR 1 ~ 4 PI-P
Rl 348 0 097 0 016 FLATTE 66 H BC 1 ~ 8 K-P
Rl 0 ~ 06 0 ~ 05 0 ~ 02 JAMES 66 HBC 2 ~ 1 PI+P
Rl 19 0 10 0 03 BARASH 67 HBC 0.0 PBAR P

Rl 46 0 15 0 04 AGUILAR 72 HBC 3 ~ 9r4o6 K- P

Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVG 0 ~ 1065 0 0088 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
Rl FIT 0 ~ 1015 0 0067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

R2 OMEGA INTO {PI+ PI-)/{PI+ PI- PIO) SEE ALSO R15 (P2)/{Pl)
R2 R (0 ~ 011)OR MORE CL= ~ 95 ABRAMOVIC 70 HBC 3 ~ 9 PI~ P
R2 R (0~ 035) OR LESS CL= ~ 95 BIZZARRI 70 OBC PBAR N AT REST
R2 {0 019)OR MORE CL= ~ 95 CHAPMAN 70 HBC 1 6-2o2 P PBAR

R2 F ( ~ 002) OR MORE CL= ~ 90 FLATTE 70 HBC le 5 K- P

R2 F FLATTE 70 SEES NO SIGNAL AT le7r 2 ~ 1 ~ 2e 6 GEV/C ~

R2 {Oe0026)QR MORE CL= ~ S4 HAGOPIAN 70 HBC 2 3 PI- P

R2 t0 ~ 040) OR LESS CL= ~ 84 HAGOPIAN 70 HBC 2 ~ 3 PI- P

R2 R 0 ~ 022 0 ~ 009 Oo01 RODS 70 RVUE

R2 R ROOS 70 COMBINES ABRAMOVICH 70 AND BIZZARRI 70
R2 0 ~ 028 0 ~ 006 BEHREND 71 ASPK PHOTOPRODUCT ION

R2 (0~ 0015)OR MORE CL= ~ 95 HAGOPIAN 71 HBC 2 ~ 3 PI- P

R2 S 0 021 0 028 0 009 RATCLIFF 72 ASPK 15 Pl- Pr N 2P I
R2 S SIGNIFICANT INTERFERENCE EFFECT OBSERVED ~ NB OF OMEGA INTO 3PI
R2 S COMES FROM AN EXTRAPOLATION ~

R2 ~ ~ e ~ ~ ~ ~ e ~

R2 AVG Oo 0259 0 ~ 0049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 oo)
R2 FIT 0 ~ 0145 4 ~ 0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

R3 OMEGA INTO (P IO GAMMA) / t PI+ Pl- PIO) ' (P3) I {Pl)
R3 {0~ 125) t0 ~ 025)OR GRTR ~ BARMIN 64 PXBC 2e8 PI P

R3 0 ' 13 0 ' 04 JACQUET 69 HLBC

R3 0 ~ 081 0 ~ 020 BALD IN 71 HLBC 2 ~ 9 P I+ P

R3 0.109 0.025 BENAKSAS2 72 OSPK E+E- COLL ~ BEAMS

R3 ~ ~ e ~ ~ ~ ~ ~ ~

R3 AVG 0 ' 097 Oe015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF loo)
R3 F IT 0 1015 0 0067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

6/66
11/71
11/71
6/70
5/70

11/71
11/71
11/71
12/72»

2/73»
12/72¹

9I66
9/66
9/66
6/66
7/67

12/72¹

6/70
11/71
6/70
8/69

1/71
1/71
6/70

11/71
1/71

12/72¹
12/72¹
12/72¹

10/67
ll/71
ZI73¹

9/66

9/66
9/69

8/69
11/71
2/73¹

9/66
4/70

R9 OMEGA INTO (NEUTRALS) I (CHARGED) (P3+ ~ ~ ~ ) I( Pl+P2 )
R9 0 ~ 124 0 e 021 FELDMAN 67 OSPK 1 ~ 2 PI- P

R9 o ~ ~ ~ ~ ~ o ~ ~

R9 FIT 0.1000 0 ~ 0067 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 1)

R10 OMEGA INTO (2PI 0 GAMMA) /(PI+PI PI 0) (P5)/(Pl )

R10 (0 ~ 08) OR LESS CL= 95 JACQUET 69 HLBC

Rll
Rll
Rll
Rll
Rll

OMEGA INTO (ETA GAMMA)/(PIG GAMMA) (Pb) I (P3)
(0 ' 58) (0.30) STRUGALSK 69 HLBC 2 ~ 34 Pj+ N

(Oo40) OR LESS BALDIN 71 HLBC 2 ~ 9 Pj+ P

Oo 010 0 045 APEL 72 OSPK 4-8 Pj- PrN 3GAM

(0 ~ 27) OR LESS CL= ~ 90 BENAKSAS2 72 OSPK E+E- COLL ~ BEAMS

R12 OMEGA INTO (P I0 MU+ MU-) / TOTAL (UNITS 10¹¹-3) t Pll)
R12 (2o) OR LESS WEHMANN 68 OSPK 12 PI- FE

R13 OMEGA INTO (E+ E-1/TOTAL (UNITS 10¹¹-4) (P7)
R13 3 2 ~ 1 ~ 2 BINNIE 65 OSPK PI-P NEAR THLD ~

R13 8 MASS RESOLUTION OF BINNIE 65 IS ABOUT 15 MEV ~

R13 H (1~ 0) (1 ~ 7) (0.75) HERTZBACH 67 OSPK ASSUME SU(3)+MIXING
R13 H NOT RESOLVED FROM RHO DECAY ~

R13 A 33 ( 0 ~ 65 ) (0 ~ 13) ASTVACATU 68 OSPK ASSUME SU(3)+MIXING
R13 A NOT RESOLVED FROM RHO DECAY ERROR STATISTICAL ONLY ~

R13 0 ~ 40 0 ~ 21 BOLLINI1 68 CNTR 1 ~ 7PI-P, NOTE Z

R13 Z MASS RESOLUTION OF BOLLINI 1 IS +-10 MEVeHIS ERROR IS + «15
R13 Z WITHOUT RHO-OMEGA INTERFERENCE' COMPLETE INTERFERENCE WOULD

R13 Z CHANGE VALUE BY +-35 PER CENT ~ THEREFQRE WE INCREASED ERROR ~

R13 E (0~ 76) (0 ~ 14) AUGUSTI1 69 OSPK SEE NOTE E

R13 E FROM E+ E- COLLIDING BEAMSr ASSUMING OMEGA WIDTH 12.2+-1.3 MEV

R13 0 ~ S3 0 ~ 10 BENAKSAS1 72 OSPK E+E- COLL ~ BEAMS

R13 ~ ~ ~ ~ ~ ~ ~ ~ ~

R13 AVG 0 76 Oo17 AVERAGE (FRROR INCLUDES SCALE FACTOR OF 1 9)

(P3+ ~ ~ ~ }
68 CNTR 2 1 PI- P
69 OSPK 1 ~ 5 P I- P
71 HBC 0 ~ 0 P PBAR
72 CNTR 1 67 PI- P

R14 OMEGA INTO NEUTRALS / TOTAL
R14 Oe084 0 ' 015 BOLL INI
R14 0 ~ 079 0 o 019 DE I NET

R14 0 ' 075 Oo025 BIZZARRI
R14 42 Oe073 0 ' 018 BA SILE
R14 ~ ~ ~ ~ ~ ~ ~ ~ ~

R14 AVG 0 0788 0 0092 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
R14 FIT 0 ~ 0909 0 ~ 0055 FROM FIT & ERROR INCLUDES SCALE FACTOR OF 1 1)

OMEGAR15
R15
R15
R15
R15
R15
R15
R15
R15
R15 AVG

R15 FIT

INTO (PI PI)/(TOTAL) SEE ALSO R2 {P2)
0 032 0.028 0 ~ 019 AUGUSTI2 69 OSPK E+E- COLL BEAMS

(0 ~ 003) OR MORE CL= ~ 95 GOLOHABER 69 HBC 3e 7-4 ~ 0 Pl+P
(0 014}OR MORE CL= 95 AI LISQN 70 HBC 1 ~ 3-1.7 P BAR P

0 ~ 0080 0 ~ 0028 0 ~ 0022BIGGS 70 CNTR PHOTQPRODUCTION

0 ~ 0122 0 ~ 0030 ALVENSLEB 71 CNTR PHOTOPRODUCTION

0.013 0 ~ 012 0.009 MOFFEIT 71 HBC 2 8 4 7 GAMMA P

0.036 0.024 0.018 BENAKSAS 72 OSPK E+E- COLL ~ BEAMS

~ ~ e ~ ~ ~ ~ ~

0 ~ 0102 0.0019 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ' 0130 Oo0027 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 5)

R18
R18'
R18 '0
R18 D

R18 D

OMEGA INTO {PIO GAMMA} / (ALL NEUTRALS) (P3)/(P3+. .. )

(Oo 81) OR MORE CL= ~ 90 DE INET 69 OSPK
{0~ 78) (0 ~ 07) DAKIN 72 OSPK 1 ~ t PI P ~ N MMO

ERROR STATISTICAL QNLYoAUTHORS OBTAIN GOOD FIT ALSO ASSUMING

PIO GAMMA AS THE ONLY NEUTRAL DECAY ~

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FQR OMEGA

MAGLIC 61 PRL 7 178
PEVSNER 61 PRL 7 421
XUONG 61 PRL 7 327

ALFF 62 PRL 9 325
ARMENTER 62 CERN CONF 90
STEVENSO 62 PR 125 687

8 MAGL IC r ALVAREZ r ROSENFELD r STEVENSON (LRL)
PEVSNERr KRAEMERr NUSSBAUMrRICHARD+t JHU+NWES)
NGUYEN HUU XUQNG r GERALD R LYNCH (LRL)

ALFFrBERLEYrCQLI EYrGELFAND + (COLU+RUTGERS)
R ARMENTERQSrR BUODE + (CERN+CDEF+EPOL)
STEVENSONr ALVAREZr MAGLIC rROSENFELD (LRL)

ARMENTER 63 SIENA CONF 1 296 ARMENTEROSr EDWARDS r JACOBSEN+ (CERN+CDEF)
BARMIN 63 SIENA CONF 1 207 BARMINrDOLGOLENKOrKRESTNIKQV+ ( ITEP)
BUSCHBEC 63 SI ENA CONF 1 166 BUSCHBECKr CZAPP+ (VIENNA+CERN+AMSTERDAM)

GELFAND 63 PRL 11 436 GEL FANDr MILLER r NUSSBAUMr RATAU+ (COLU+RUTG}
MURRAY 63 PL 7 358 MURRAYr FERROLUZZIr HUWEr SHAFERr SQI.MITZ+(LRL }

BARMIN 64 JETP 18 1289
KRAEMER 64 PR 136 B 496

BARMINr DOI GOLENKOr KRESTNIKOV + ( ITEP )
KRAEMERr MAOANSKYr MEER+ t JHU+NWES+WOOO)

(LQIC+MCHS )
(LRL)

{COLUMB I A )

BINNIE 65 PL 18 348 SINN I E r DUANE r JANE ~ W JONE S+
GALTIERI 65 PRL 14 279 A BARBARO GALT IERI r R D TRIPP
MILLER 0 65 CU-237(NEVIS 131) DAVID C MILLER (THESIS)

INCLUDES DATA OF GELFAND 63 ABOVE
ALFF-STE 66 PR 145 1072 ALFF-STEINBERGERr BERLEYr BRUGGER+(COLU+RUTG)

ZDANIS 65 PRL 14 721 ZDAN IS MADANSKY KRAE ME R HERT ZBAC H+ ( JHU+BNL )

DIGIUGNO 66 NC 44A 1272
FLATTE 66 PR 145 1050
JAMES 66 PR 142 896

BALTAY 67 PRL 18 93
BARASH 67 PR 156 1399
FELDMAN 67 PR 159 1219
HERTZBAC 67 PR $55r 1461

ALSO 65 ZDANIS

OI GIUGNOr PERUZZ Ir TROISE+ {NAPL+FRAS+TRST)
+HUWEr MURRAY» BUTTON-SHAFER r SOLMITZ+ (LRL)
F E JAMES' KRAYBILL (YALE+BRQOKHAVEN)

+FRANZINIr SEVERIENSr YEHr ZANELLO {COLUMBIA)
BARASHr K I RSCHr MI LL ER r TAN ( COLUMBIA)
+FRATI rGLEESONrkALPERNrNUSSBAUM+ (PENN)
HERTZ SAC Hr KRAEMER r MADAN SK I r Z DAN I S+{JHU+BNL )

ASTVACAT
BQLLINI
BOLL IN I 1
KEY
PISUT
WEHMANN

68 PL 27 B 45
6S NC 56 A 531
68 NC 57 A 404
68 PR 166 1430
68 NP 8 6 325
68 PRL 20 748

ASTVACATUROVrAZIMQVrBALDIN+ (J INR+MOSCOW}
+BUHLERrDALPIAZrMASSAM+ (CERN+BGNA+STRB)
+BUHLERrDALPIAZrMASSAM+ (CERN+BGNA+STRB}
+PR ENT ICE+COOPER+MANNER (TNTO+ANL+ WI SC)
J~ PI SUTr M ~ RQQS (CERN }
+ENGELS+ (HARVARD+CASE+SLAC+CORNELL+MCGILL)

AUGUST I 1 69 PL 28 8 5),3
AUGUSTI2 69 LNC 2 214
BIZZARRI 69 NP 8 14 169
DANBURG 69 UCRLe 19275

ALSO DANBURG 70

+BENAKSASrBUQNrGRACCOrHAISSINSKIr+ (ORSAY)
+L EFRANG O I 5 r L E HM ANNr MARI Nr + (ORSAY)
+FQSTERrGAVILLETrMQNTANETr+ (CERN+CDEF)
JEROME ST DANBURGr THESIS (LRL)

R16 OMEGA INTO t ETA GAMMA) / (ALL NEUTRALS) (P6)/(P3+ .)
R16 (Oo Z4) OR LESS CL=e90 DE INET 69 QSPK
R16 (0~ 36) OR LESS CL ~ 90 DAKIN 72 OSPK 1 ~ r P I P r N MMO

R17 OMEGA INTO (2 P IO GAMMA) / (ALL NEUTRALS) (P5) I (P3+...)
R17 (Oe19) OR LESS CL= ~ 90 DE INET 69 OSPK
R17 D (0.22) (0 ~ 07) DAKIN 72 OSPK 1 4 PI- P rN MMO

R17 D SEE R18

3/67

4I70

8/69
11/71
2/73¹
2/73¹

6/68

6/66

10/66

6/68

9/68

2/72
4/69
2/73¹

6/68
9/69

11/7 1
2/73¹

8/69
11/69
6/70
6/70

11/71
11/71
12/72¹

9/69
12/72¹

9/69
12/72¹

9/69
12/72¹
11/7 1
11/71
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Me sons
~(784), M(940), M(953), }}'(958)

Data Card Listings
For notation, see key at front of Ltstings.

DE I NET
ERWIN
GOLOHABE
JACQUET
MILLER
STRUGALS
WILSON

69 PL 30 8 426
69 NP 8 9364
69 PRL 23t 1351
69 NC 63 A 743
69 PR 178 2061
69 PL 29 8 532
69 P R I V AT E CONN ~

+NENZIONEt NULLER ~ BUNIATOV+ (KARL+CERN)
+WALKER ~ GOSHAWt WEINBERG (WISC+PRIN+VAND)
+BUTL ER t COYNE t HALL t MACNA UGHTON t TRI LI NG ( LRL)
+NGUYEN KHAC ~ HAATUFTtHA}-STEINSLI (EPOL+ BERG)
R ~ HILLERt L ICHTMANt WILLMANN ( PURDUE)
+CHUVILOtFENYVESt+ ( WARS+J INR+ BUDA)
RICHARD WILSON (SEE ALSO PR 178 2095) (HARV)

59 M WIDTH (MEV)

68 (10~0) OR LESS CL=.95 AGUILAR
(15~ ) OR LESS MAGLICH

59 M PARTIAL DECAY NODE 5

70 HBC 3 ~ 9-4 6K-Pt P. K-M 1/71
71 MNS 3 ~ 8 P DtHE3 XO 2/72

ABRAMOVI 70
BIZZARRI 70
ALLI SON 70
AT HE RTON 70
8IGGS 70
CASON 70
CHAPMAN 70
DANBURG 70
FLATTE 70
GOLDHABE 70
HAGOPIAN 70
RODS 70

ABRANS 71
ALVENSLE 71
ANGELON 71
BALD IN 71
BAROADIN 71
8EHREND 71
BIZZARRI 71
BLOODMOR 71
CHAPMAN 71
COYNE 71
FIELDS 71
HAGOP I AN 71
LEFRANCO 71
MATTHEWS 71
MOF FE I T 71

AGUI LAR 72
APEL 72
BAS ILE 72
BENAKSAS 72
8 ENAKSAS 172
8 ENAKS A5 272
BROWN 72
DA KIN 72
EISENBER 72
RATCL IFF 72

NP 8 20 209
PRL 25 1385
PRL 24 618
NP 8 18 221
PRL 24 1201
PR D 1 851
NP B 24 445
PR D 2 2564
PRD11
PHILA CONF' PE 59
PRL 25 1050
DNP L/R7 P ~ 173

PR D 4 653
PRL 27 888
SJNP 12 427
5JNP 13 758
PR D4 2711
PRL 27 61
NP 8 27 140
NP 8 35 133
PR D 3 38
NP 8 32 333
PRL 27 1749

BAP 5 16
PREPRINT LAL1256

PRL 26 400
NP 8 29 349

PR D 6 29
PL 41 8 234
PHIL ~ CONF ~ PROC153
PL 39 8 289
PL 42 8 507
PL 42 8 511
PL 42 8 117
PR D 6 2321
PR D 5 15
PL 38 8 345

ABRAMOVICHtBLUNENFELDtBRUYANTt+ (CERN)
+CIAP ETTI, DORE, GASPERO, GUIDONI, +(ROMA+SYRA)
+COOPERt FI ELDSt RHINES {ANL)
+BLAIR t CELNIKER t DOMINGO t FRENCH+ ( CERN+I PN)
+CLIFFTt GABATHULER t KITCHINGt RAND ( DARE)
+ANDREWStBISWAStGROVEStHARRINGTONt+ (NDAN)
+OAVIDSONt GREEN ~ LYSt ROEt VANDER VELDE (NICHJ
+ABOL I NS t D AHL t DA VI ES t HOC H t K I RZ t MI L LE R+ ( LRL )
STANLEY H ~ . FLATTE (LRL)
GERSON GOLDHABERtREVIEW (LRL)
5 ~ AND V ~ HAGOP IANt BOGART t SELOVE ( FSU+ PENN)
PROC ~ DARESBURY STUDY WEEKEND NO 1 ~ (CERN)

+BARNHANt BUTLERt COYNEt GOLDHABERt HALL t+(LBL)
ALVENSLEBENt BECKER t BUSZA tCHENt COHENt+{ DESY)
+GRAHENITSKYtKANASIRSKYt KERATSCHENt+ ( JINR)
+YERGAKOV TREBUKHOVSKY ~ SHISHOV ( ITEP)
BARDADIN-OTWINOWSKAt HOFNOKLt MICHE J DA+( NARS)
+LEE t NORDBERGt WEHNANt+ ( ROCH+CORN+NAL )
+MONTANETt NILSSONt D-ANDLAUt+ (CERN+CDEF )
BLOODWORTHt JACKSONtPRENT ICEt YOON (TORQNTO)
+FORTNEYtFOWLER ( DUKE)
+BUTLER ~ FANG-LANDAUt MACNAUGHTON (LRL)
+C DOPE Rt RHINE 5 t A LL I SON (ANL+OXF)
5 HAGOP I AN ( FSU+PENN)
J ~ LEFRANCOIS (ORSAY)
+PRENT ICE t YOONt CARROLLtMALKER, + (TNTO+WISC)
+BINGHAMtFRETTERtBALLAM+(LRL+UCB+SLAC+TUFT)

AGUISH

AR 8ENITEZt CHUNGt EI SNER t SAMIOS (BNL }
+AUSLANDER tNULLERt BERTOLUCCI t+ (KARL+PISA)
+BOLLINI t BROGL INt DALPIAZ t FRABETTI ~ + ( CERN)
+COSMEt JEAN MARI Et JULLIANtLAPLANCHEt+(ORSA)
+COSMEt JEAN-MARIE, JULLIANt LAPI ANCHE+(ORSAY)
+COSNEt JEAN-MARI Et JULLIANt LAPLANCHE+(ORSAY)
+DOWNINGt HOLLOWAYt HULDt BERNSTEIN+( ILL+ ILLC)
+HAUSERt KREISLER ~ NISCHKE ( P RI NC ETON )
EISENBERGt BALLAN ~ DAGANt+ ( REHO+SLAC+TELA)
+BULOStCARNEGIE t KLUGEt LE ITHt LYNCH t+, ( SLAC)

Pl
P2
P3
p4
P5

N INTO PI+ Pl- GAMMA .
M INTO RHOO GANMA
M INTO PI+ PI- ETA
M INTO PIO ETA
N INTO PI+ PI- PI 0

DECAY MASSES
139+ 139+ 0
770+ 0
139+ 139+ 548
134+ 548
139+ 139+ 134

59 M BRANCHING RATIOS

R2
R2

N INTO ( PI+ P I- GAMMA)/(P I+ PI- ETA NEUTR ~ ) (P 1)/{ P3N)
58 1 ~ 2 0 3 AGUI( AR 70 HBC 3 ~ 9-4 ~ 6K-PtP K-N 1/71

R3 M INTO ( P I+ P I- P IO) /TOTAL (P5)
R3 58 NOT OBSERVED AGUILAR 70 HBC 3e9-4 ~ 6K-Pt P K-M 1/71
R4
R4

M INTO (PIO ETA NEUTR )/TOTAL (P4N)
58 NOT OBSERVED AGUILAR 70 HBC 3+9-4+6K-Pt P K N 1/71

REFERENCE5 FOR M

AGUILAR 70 PRL 25 1635

MAGL IC H 71 PRL 27 1 479
ROSNER 71 PRL 26 933

AGUILAR-BENI TEZ t BASS ANOt SANIOS t BARNES+ (BNL )

+OOSTENSt BRODY ~ CVI JANOVICH (RUTG+PENN+UPNJ}
J ~ L ~ ROSNERtE W ~ COLGLAZIER ( MINN+C IT )

AGUILAR 72 PR D 6 29 AGUILAR-BENI TEZ t CHUNGt EI SNER t SANIOS (BNL)
BRODY 72 UPR 3E ~ SUBM TO PR +GROVES NOREM CV I JANOVICH +{PENN+RUTG+UPNJ )

v)'(958) 2 ETA PRIME (958t JPG=O-+) I=O

KNOWN ALSO AS XO

Rl M INTO (RHOO GAMMA)/(ALL PI+ PI- GAMMA) . (P2)/(Pl)
Rl 58 Oe05 0 ~ 1 AGUILAR 70 HBC 3 ~ 9 4 ~ 6K Pt P K M 1/71

M(940)
66 M(940)

EVIDENCE NOT CONPE(. LING ~ OMITTED FROM TABLE ~

Note on the J Assignment of g' (958)P

66 M(940J MASS (MEV}

M N 55 940~5 1 ~ 7 CHESHIRE 72 MNS 0 2 4 PI- P tN MM 12/72+
M N NOT SEEN BY BINNIE 72 AT THRESHOLD ~

66 M(940) WIDTH (NEV)

M N 55 (10 4) OR LESS CL= 90 CHESHIRE 72 MMS 0 2.4 Pl- P tN MM 12/72+

CHESHIRE 72 PRL 28 520
BINNIE 72 PL 39 8 275

REFERENCES FOR M{940)

+HOF FMAN t GARF INK'EL t+ (IOWA+ANL+PURD)
+CAMILLERItDUANEtGARBUTT tBURTON+(LOIC+SHJ}P)

M(953)

59 M (953t JPG= +)

66 N(940} BRANCHING RATIOS

Rl M(940) INTO (NEUTRAL)/(TWO-CHARGE)/(FOUR-CHARGE)
Rl Ot 12 0 ~ 86 Oo 02 CHESHIRE 72 MMS 0 2.4 P I- P t N MM 12/72+

From the Dalitz plot analyses of the p' ~ TTTrp

and g' ~ Tr T{ Y decays, and from the observation of
PCa P' ~ YY decay mode, all assignments except J

-+
0 and 2 are excluded. The Dalitz plot analyses
favor spin 0 but cannot rule out spin 2. However,

various attempts to find evidence for a spin different
from. zero, by searching for anisotropies in p' decay,
were unsuccessful. The most complete study was

made by DANE URG 72 with about 1000 p ' decays from
the reaction K p ~ ti'A at 2.2 GeV/c. This number

of events was sufficient to make cuts on rnomenturn

transfer and A polarization angle. No p' decay ani-
sotropies or correlations were found. This is rather
suggestive evidence that the 9' spin is indeed zero.
Presumably an Adair-type analysis could be used to
settle this question unambiguously.

M

'N M

M M

M M

M M

M M

M M

59 M MASS (NEV)

68 953.0 2 ~ 0 AGUILAR 70 HBC 3 ~ 9-4 ~ 6K-P P K-N
(953~ 4) (1 5) (3 8) MAGLICH 71 MMS . 3 8 P Dt HE3 XO

MISSING MASS SPECTRUM SHOWED THIS PEAK AT 953~ 4 INSTEAD OF
ETA PRIME (958). PEAK LISTED UNDER N BECAUSE OF MASS
COINCIDENCE ~ THE 1 5 MEV ERROR NAY BE UNDERESTIMATED BY
A FACTOR OF 2 (SEE BRODY 72t TABLE I II ) t OBSERVED PEAK COULD
THEN MELL CORRESPOND TO ETA PR IME ~

WHILE MASS AND WIDTH ARE CONSISTENT W ITH THOSE OF
THE ETA PRIME (958) t THE (PI+ PI- GAMMA) DECAY DOES

NOT SHOW A RHOO S I GNAL t UNLIKE 'THE ETA PRI ME ~ THIS IS TAKEN AS EVI DENCE
FOR A NEW PARTICLE ~ WHILE THIS DIFFERENCE IN DALITZ PLOT DISTRIBUTIONS
APPEARS 5 I GNI F ICAN Tt I T STILL NEEDS FURTHER CONF IRNATI ON TO BE REGARDED
AS WELL ESTABL ISHEDe POSSIBLY SEEN IN NMS ~

OMITTED FROM TABLE ~

1/71
2/72

M 0 ON

M 85
M K

M K

M 0
M 8
M 0 7
M 0
M 0
M

M 3415
N 535
M

M

M AVG

2 ETA PRIME MASS (MEV}

LY EXP ER
(957~ 0)
( 958 ~ 0)

KALBFL
(957+0)
960 ' 0

(955+0)
{959' 0}
(960e 0)
957.
956~ 0
95bo 1
957~ 4
958.4

~ ~ ~ ~

958 ' 11

IMENTS GIVING ERROR LESS THAN 3 MEV KEPT FOR AVERAGING
DAUBER 64 HBC 1 ~ 95 K-P

(1~ 0) KALBFLEIS 64 HBC 2 ' 7 K P
EISCH 64 SUPERSEDED BY RITTENBERG 69

(3 ~ 0) BADI ER 65 HBC 3 ~ 0 K-P
2 ~ 0 TRILLING 65 HBC 3 ~ 65 P I+ P

(10~ 0} COHN 66 DBC 3 3 PI+0
(3 ~ 0) LONDON 66 HBC 2 ~ 2 K~P
(5.0) MOTT 69 HBC 4 1-5~ 5 K P

1 ~ RITTENBER 69 HBC 1 7-2.7 K- P
2 0 AGUILAR 70 HBC 3~9 4 6K-P
F 1 BASILE1 71 CNTR lab PI- P tN XO
1 ~ 4 BASILE1 71 CNTR 1 ~ 6 P I- P ~ N XO
0 3 DANBURG 72 HBC 2 ~ 2 K- Pt L XO

~ ~ ~ ~ ~

0 37 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 4)
( SEE IDEOGRAN BELOW

12/724

6/66

9/66
6/66
6(66
7/69
9/69
1/71

11/71
11/71
12/72t'
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Data Card Listings
For notation, see Itey at front of Listings.

MeSOIIS

~ (95a)

WEIGHTED AVERAGE = 95B.11 + 0.37
ERROR SCALED BY 1 ~ 4

Rl
Rl
R),
Rl
Rl
R),

R2
R2
R2
RZ

. R2
R2

2 ETA PRIME' BRANCHING RATIOS

CTA PRIME INTO (PI+ Pl-ETA (NEUTRAL OEC ~ ) )/TOTAL (P IN)
K 68 (0+36) (0 ~ 05) KAt. BFLEIS 64 HBC 2.7 K-P
K KALBFL EI SCH 64 SUPERSEDED BY RITTENBERG 69

281 0 ~ 314 0 ~ 026 R I TTENBE'R 69 HBC 1 ~ 7 2 ~ 7 K P
1' ~ ~ t ~ 0'

FIT 0 ~ 336 0 ~ 024 FROM FIT (ERROR INCLUDES SCALE FACTOR OF Zoo)

CTA PRIME INTO (PI+ PI- NEUTRALS) / TQTAL (P1N+P2C)
33 oe 35 0 ~ 06 BAOIER 65 HBC 3 ~ 0 K-P
39 0 ~ 4 0 ~ 1 LONDON 66 HBC 2 ~ 2 K™P

~ e ~ o ~ ~ e ~ o

.AVG 0 ~ 363 0 ~ 051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF Iso)
FIT 0 ~ 407 0' ~ 023 FROM FIT (ERRQR INCLUDES SCALE FACTOR OF 2.3)

10/66

9/69

10'/66
10/66

952 956 960 964
ETA PRII1E t1ASS (NEU)

+ - DANBURG

BASILE1
BASILE1

GU3 LAR

IT ENBER
RI LING

72 HBC

71 CNTR

71 CNTR
70 HBC

69 HBC

65 HBC

CHISQ
0.9
0.3
3.3

1 ~ 2

5.8
(CONLEV
~0.124)

R3
R3
R3
R3
(t3
R3
R3
R3
R3

R4
R4
R4
R4
R4
R4
R4

ETA
K 44
K

7
10

107

AVG
FIT

PRIME INTO (PI+ PI- ETA (CHRGD ~ O'ECAY) )/TOTAL tP IC)
(0.12) (O. OZ) KALBFLEI S 64 HBC 2~7 K-P

KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69
0 F 07 0 ' 04 BADIER 65 HBC 3 ~ 0 K-P
0 1 0' ~ 04 LONDON 66 HBC 2 2 K-P
0.123 0.014 RITTENBER 69 HBC 1.7-2 7 K-P

~ ~ ~ ~ ~ ~ ~ ~ ~

0 116 0 013 A'VERAGE ( ERRO'R INCLUDES SCALE F ACTOR OF 1.0)
0 1364 0 0099 FROM' FIT (.ERROR INCLUDES SC'ALE FACTOR OF 2 0)

ETA PRIME INTO (PI+ PI- NEUTRALS (EXCLUDING (P2C)
PI+ PI- ETA (:NEUTR ~ DEC ~ ) ) ) / TOTAL

K 10 (0~ 05) (0 ~ 04) KALBFLEI. S 64 HBC 2 ~ 7 K-P
K KALBFLEISCH' 64 SUPERSEDED BY RITTENBERG 69

42 0~045 0 ~ 029 RITTENBER 69 HBC 1.7-2 ~ 7 K-P
~ ~ 0 ~ ~ 0 ~ ~ ~

FIT 0 0712 0 ~ 0060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0)

10/66

10/66
10/66
9/69

10/66

9/69

2 ETA PRIME WIDTH (MEV)

W 85
W K
W K

W

W

W

W 3415
W

(4 0) OR LESS
(7 ~ 0) OR LESS
KALBFLEISCH 64

(30~ 0) OR LESS
(15~ 0) OR LESS
(10.) OR LESS
(20 ' 0) OR LESS

(8' ~ ) OR LESS
(3.8) OR LESS

DAUBER 64 HBC
KALBFLEIS 64 HBC

SUPERSEDED BY RI TTENBERG 69
BADIER 65 HBC
LONDON 66 HBC
RITTENBER 69 HBC
AGUILAR 70 HBC
BASILE1. 71 CNTR
DANBURG 72 HBC

2 ETA PRIME PARTIAL DECAY MODES

Pl ETA PRIME

ETA PRIME

P3 ETA P RI ME

P4
P6
P 10
Pll
F12
P13
P14
P15
Ple

ETA PRIME
ETA PRI ME

ETA PRIME
ETA PRIME
ETA PRI ME

ETA PRI ME

ETA PRIME
ETA PR I ME

ETA PRIME

P 17 ETA PR I ME

P18
P19

ETA PRI ME

ETA PRIME

INTO PI+ PI- ETA
Pl(N) ETAS DECAY lNTO ALL NEUTRALS
Pl (C) ETAS DECAY CHARGED
INTO PIQ Plo ETA
PZ(N) ETAS DECAY I'NTQ ALL NEUTRALS
P2( C) ETAS DECAY CHARGED
INTO PI+ PI- GAMMA

( I NCL UD I'NG RHO GAMMA)
INTO GAMMA GAMMA

INTO RHQ'0 GAMMA
INTO Pl+ PI- E+ E-
INTO 2 PI
INTO 3 PI
INTO 4 PI
INTO 5 PI
INTO 6 Pl
INTO Pl 0 E+ E- (VIOLATES C IN

BORN APPROX )
INTO ETA E+ E- (VIOLATES C IN

BORN. APPROX )
INTO PI 0 RRO 0 (VIOLATES C)
INTO PI 0 OMEGA (VIOLATES C)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

1~ 95 K-P
2+7 K P

3 ~ 0 K-P
2+2 K-P172~ 7K-P

3~9-4~6K P
1e6 PI- PrN Xo
2 ~ 2 K» -PgL XO

6/66

6/66

1/71
11/71
12/72e

DECAY MASSES
139+ 139+ 548

134+ 134+ 548

139+ 139+ 0

134+ 5+ 5

548+ -5+ .5

134+' 770
134+ 783

Q+ 0
Q+ 770

139+ 139+ .5+ .5
139+ 139
139+ 139+ 134
139+ 139'+ 139+ 139

R5'
R5
R5
R5
R5
R5
R5
R5
R5
R5

R6
R6
R6
R6
R6
R6
R6
Re
R6
Re

R7
R7
R7
R7
R7

RB
RB

R9
R9'

R lo
Rlo

Rll
Rll

R12
R12

R13
R13

ETA
K 54
K

16
32

123
535

AVG
FIT

ETA

K 42

35
20

298

,AVG

FIT

PRIME INTO (NEUTRALS)' / TQTA'L (P2N+P4)
(oo 25) (0 ~ 05) KALBFLEIS 64 HBC 2 7 K-P

KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69
0 ' 24 0 ~ 17 BAOIER 65 HBC 3 ~ 0 K-P
0 ~ 3 0 1 LONDON 66 HBC 2 2 K-P
0 ' 189 0~026 RITTENBER 69 HBC 1 ~ 7 2+7 K-P
0 ~ 185 0 ~ 022 BASILE1 71 CNTR lee PI- P yN Xo

~ & 0 ~ W 0 0 ~

0 190 0 ~ 016 AVERAGE (ERROR INCLUDCS SCALE FACTOR OF 1 0)
0 ~ l95 0 ~ 025 FROM FI'T (ERROR INCLUDES SCALE FACTOR OF 1 ~ 8)

PRI ME INTO (P I+ PI GAMMA ( INCLUDING RHO GAMMA) )/TOTAL
(P3)

('0 ~ 22 ) ( 0 04) KALBFL EI S 64 HBC 2 ~ 7 K-P
KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69

(0~ 34) (0 o 09) BADIER 65 HBC 3 ~ 0 K-P
0.2 0 ~ 1 LONDON 66 HBC 2 2 K-P
oe 3'29 0 ~ 033 RITTENBER 69 HBC

' 1 ~ 7-2 ~ 7 K-P
~ ~ ~ ~ ~ ~ ~ ~ ' ~

0 ~ 316 0 «038 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 2)'
0+262 0 ~ 035 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 ' 2)'

10/66

10/66
10/6 6
9/69

11/71

10/66

10/66
lo/66
9/69

ETA PRIME INTO (P lo E+ E-)/TOTAL (P 16)
(0+013)OR LESS RITTENBER 65 HBC 2 ~ 7 K-P 10/66

ETA PRIME INTO (ETA' E+ E-) /TOTAL
(0.011)QR LESS RITTENBER 65 HBC

(P17)
2 ~ 7 .K- P 10/66

(P18)ETA PRIME INTQ (PIO RHQO)/TOTAL
(0 F 04) OR LESS RITTENBER 65 HBG

ETA PRIME INTO (P I 0 OMEGA) /TOTAL (P19)
(os 08) OR LESS RI TTENBE R 65 HBC

2.7. K-p 10/e6

2.7 K-p 10/e6

ETA PRIME INTO (P I+ P I- E+ E-)/TOTAL
(oeooe)OR LESS RITTENBER 65 HBC

ETA PRIME INTO (2 O'I) /TOTAL
(0~ 07) OR LESS

(Plo)
2+7 K-P 10/66

(P ll)
LONDON 66 HBC COMP I LATI ON 10/ee

ETA PRIME INTO (PI+ PI- GAMMA ( INCLUDING RHO GAMMA) )/(P I PI ETA)
(P3)/(. Pl+P2)

0 ~ 25 0'. 14 DAUBER 64 HBC 1 95 K-P 10/66
~ ~ ~ ~ ~ ~ 0

FIT 0 ~ 365 0~065 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 ~ 1)

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions; P., as follows: The diagonal elements are P. + 6P., where1 1 I
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 I
cients {6P.6P. ) /(6P. ~ 6P.). For the definitions of' the individual P., see the listingsI i j 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero andi
are thus constrained to add to i.

P 2P 1 P
P 1 4719+-«-0342
P 2 —~ 3506 ~ 2465+- ~ 0207
P 3' -~6026 -~ 5278 ~ 2622+-.~ 6350
P 4 0217 — 1663 0036 0194+-~ 0'029

~ ~

Note on q' ('958) Branching Fractions

In our calculation of the branching fractions of
the p' (958) we assume the decay modes r) Trm (including

&7r~m, 74% of the g' s have neutral decays), p y,
and

In the fit we do not use the constraint
R = I'(q' qm w )/r(q' nm'vr') = t

from I-spin conservation. The result of the fit is

R14
R14

R15
R15

R16
R16

ETA PRIME INTO (3 PI)/TOTAL
(0~.07) OR LESS

ETA PRIME INTO (4 PI) /TOTAL
(oeol) OR LESS

ETA PRIME INTO (6 P I) /TQTA(.
(oeol) OR LESS

(P 12)
LONDON 66 HBC COMP ILATI ON

(P13)
LONDON - 66 HBC COMP I LATI ON

'

(P15)
LONDON 66 HBC COMP I LATI ON

10/66

10/66

10/66

9/68

R19
R19
R19
R19
R19
R19
R19
R19
R19
R19

ETA
5
7

S 41
S SUP

31
68

AVG
FIT

PRIME INTO
0 ~ 055
0 ~ 126

(0 017)
ERSEDED BY

0 ~ 020
0 017I

~ ~ ~ 0 ~ ~

0 0181
0.0194

(2. GAMMA)/TOTAL (P4)
0 ~ 036 os 030 BOLL IN I 68 CNT R 1 9 P I P
0 ~ 075 BENSINGER' 70 DBC 2 2 P'I+ D

(Q.OO4) BASILE2 71 CNTR lee PI- P gN XO
OALPIAZ 72

0 ~ 008 0.006 HARVEY 71 OSPK 3 65 PI-' P N Xo
0 0033 DALPIAZ 72 CNTR 1 ~ 6 P I- P gN XO
~ ~ ~

0 ~ 0030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
0 ~ 0029 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0)

12/72+
12/72e
12/724

ll/71
12/72+

R20
R20

ETA PRIME INTO (P I+PI-) /TOTAL
(0 02) OR LESS RITTENBER 69 HBC

(Pll)
1 7-2 7 K-P 9/69

R21
R21

R22
R22

823
R23

R 24.
R24

ETA PRI ME INTO (P I+PI-PIO) /TQTAL
(0~ 05) OR LESS RITTENBER 69 HBC

ETA PRIME INTO (P I+PI+P I-P'I-)/TOTAL
(0~01) OR LESS RITTENBER 69 HBC

ETA PRIME INTO (P I+PI+P I=PI-PIO)/TOTAL
(0 01) OR LESS R ITT EN BER 69 HBC

ETA PRIME INTO (PI+PI+PI-PI- NEUTRALS)/TOTAL
(0+01) QR LESS RITTENBER 69 HBC

. (P12)'
1 7-2 7 K-P

(P13)
1 7-Zv7 K-P

(P 14)
1 e7-Za7 K-P

(P16+...)
1 7-2 7 K-P

9/69

9/69

9/69

R18 ETA PRIME INTO XRHOQ GAMMA)'/(PI PI ETA) (P6) /( P 1+PZ)
R18 0 ~ 31 0 ~ 15 DAVIS 68 HBC 5 ~ 5 K- P
R18 ~ ~ ~ 0 ~ ~ ~ l ~

R18 FIT 0 ~ 365 0 ~ 065 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 1)

in agreement with it, R = f.9 + 0.2. R25
R25
RZ5

ETA PRIME INTO (RHOO GAMMA) /(ALL PI+ PI- GAMMA)
0 ~ 94 0 ~ 20 AGUI LAR 70 HBC

(la 1) (0 ~ 1) DANBURG 72 HBC

('P6) / ( P3 )
3 ~ 9'-4 6K-P
2 ~ 2 K PtL Xo

l/7 I
12/72+
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Me sons
~'(sss), ~(svo)

Data Card Listings
For notation, see key at front of Listings.

R26 E TA
R26 4
R26
R26 FIT

R27 ETA
R27
R27
R27
R27
R27 FIT

R28
R28
R28
R28
R28 F IT

ETA

16

DAUBER 64 PRL 13 449
ALSO 64 DUBNA CONF 1 418

GOLDBERG 64 PRL 12 546
GOLDBERG 64 PRL 13 249
KALBFLE I 64 PRL 13 349

REFERENCES FOR ETA PRIME

DAUBERt SLATERt SMITHt STORKt TICHO (UCLA) JP
DAUBERt 5LATERt L T SMITHt STQRKt TICHQ (UCLA)
+GUNDZ IK ~ L ICHTHAN t CONNOLLY t HART t+ ( SYRA+BNL ] '

+GUNDZIKtLEITNER, CONNOLLY HART, + (5YRA+BNL]
G ~ R ~ KALBF{-EISCHtO ~ OAHLtA ~ RITTENBERG (LRL) JP

PRIME INTO (P IO P IO ETA INTO 3 PIO)/TOTAL (P2N(3PIO] )0.11 0 06 BENSINGER 70 DBC 2 2 PI+ D
~ ~ ~ ~ » ~ » ~ ~

0 ~ 0739 0 ~ 0062 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

PRIME INTO (P I+ P I- GANHA) /( P I+ P I- E TA(NEUTRAL DEC~) )
(P3)/(P1N)

0 54 010 AGUILAR 72 HSC 3 9t4 ~ 6 K- P
{0 811 {0 09) DANBURG 72 HBC 2 ~ 2 K- P t L XO

~ ~ ~ ~ ~ ~ ~ » ~

0 78 0 15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 ~ 3)

PRIME INTO( 2 GAMMA) /( P IO PI 0 ETA(NEUTRAL DEC ~ )
{P4)/(P2(N) )

0 ~ 188 0 ~ 058 APEL 72 QSPK 3 ~ 8 PI- P tN XO
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ill 0 ~ 054 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 ~ 8)

1/71

12/72¹
2/73¹

1/73¹

36 DELTA(970) MASS (ME V)

3-5 PI- P 9/66

+ 3 ~ 8 PP TQ D + HM 9/66

+ 3 ~ 8-6» 3 P P»-0+HN 1/71
0 2»4 P I- PtN MM 12/72¹

M ETA PI FINAL STAT
M S 30 980 ~ 0
M 5 SEE ALSO AMM

M 10 (960»)
. M 80 (975» 0)

M 20 970» 0
M 980»M, . 15 {980» 0)
M 21 948 0
H 150 972
M ~ » ~ ~ ~

M AVG 965 ~ 8

E ONLY ~

10»0
AR 70.

APPROX

AMHAR 68 HBC +- ~ 5 ~ 5K- t ETA PI 2/73¹

5/70
3/69
9/69
I/73¹
7/6 9
2/72
I/73¹

3 2 Pl-P
+- 1 ~ 2 PB PtETA PI

4-5 K-P ~ P I GRETA+-27PI+0
4 5 K-Nt ETA PI

+- 8 P I+Pt P DO PI
+- 0.7 PBAR P»7 PI

CHUNG 5 68 HBC
DEFQIX 68 HBC

15.0 BA RNES 69 H BC
10 ~ CAMPBELL 69 DBC

(10»0) HILLER 69 HBC
7 ~ 0 BARDADIN 71 HBC

10' DEFQ!X 72 HBC
~ ~ ~ ~

7 ~ 1 AVERAGE ( ERROR INCLUDES
( SFE IDEOGRAM BELOW )

LIEIGHTED AVERAGE = 96' .1
ERROR SCALED BY 1.7

SCALE FACTOR OF 1 ~ 7)

7.1

M PEAKS SEEN IN MISSING MASS EXPERIMENTS
N K 262 (962 ' 0) (5 ' 0) KIENZLE 65 MHS
M K NOT SEEN BY BANNER1 67 (1 8 PI- P)
M 0 (966 ~ 0) (8 ~ 0) OQSTENS 66 MNS
H Q NQT SEEN BY BANNER2 67 ANO ANDERSON 71
M 975 ~ 0 6 0 ABQLINS 70 HNS
M N 215 (962»9) (1»7) CHESHIRE 72 MHS
M N NOT SEEN BY BINNIE 72 AT THRESHOLD

BAD I ER 65 PL 17 337
KI ENZLE 65 PL 19 438
RITTENBE 65 PRL 15 556
TRILLING 65 PL 19 427

COHN 66 PL 21 347
LONDON 66 PR 143 1034
MART IN 66 PL 22t 352

BARBARO- 68 PRL 20 349
BARLOUTA 68 PL 26 8 674
BQLLINI 68 NC 58 A 289
DAVIS 68 PL 27 8 532

BADI ER t DEMOULINt BARLOUTAUD+( EPOL+SACL+ZEEM)
K I ENZLE t MAGLIC t L E VRAT t I.EF E BVRES + ( CERN )
RI TTENB ERG t'KAI BFL E I SCH (LRL+BNL)
+BROWNtGQLDHABERSt KADYKt SCANIQ (LRL)

COHN ~ MCCULLOCHt BUGGt CONDO (ORNL+TENN+UCND)
LONDONtRAUtSAHIQS»GOLDBERG + (BNL+SYRACUSE) IJP
NARTINt CRITTENOENt SCHROEDER ( INDIANA U) I

BARBARO-GALTIERI MAT] SON RITTENBERG+ (LRL) I=O
BAR LOUTAUD+ ( SACLAY+AHST+BGNA+R EHO+ EPOL ) I =0
+BUHLERt DALP IAZt HASSAN+ (CERN+BGNA+STRB)
+AHNARtNOTTtDAGAN»OERRICKtFIELDS (NWES+ANL)

DUFEY 69 PL 29 8 605
MOTT 69 PR 177 1966
RITTENBE 69 UCRL-18863

AGU ILAR 70 PRL 25 1635
BENSINGE 70 PL 33 8 505

SARDADIN 71 PR 04 2711
BASILE1 71 NC 3 A 371
BAS ILE2 71 NP 8 33 29
HARVEY 71 PRL 27 885
OGIEVETS 71 PL ?5 8 69

AGUILAR-BENITEZt BASSANOt SAMIOS » BARNES+ (BNL)
BENSINGERt ERWINt THOHPSONtW ~ 0 ~ 'WALKER ( WI SC)

BARDADIN-OTWINOWSKAt HQFMOKL t MICHE JDA+( WARS)
+BOLL INI t OALP I AZ t FRABETT I t+(CERN+BGNA+STRB)
+BOLL INI t DAL P I AZ t FRABETT I t+( CE RN+BGNA+STR8)
+MARQUIT ~ PETERSON» RHOADESt+ (MINN+MICH)
OGIEVETSKYt TYBOR t ZASLAVSKY (DUBNA)

AGUI LAR
APEL
8 INNIE
Bl OQDWQR
DALP IAZ
DANBURG
RADER

72 PRO 629
72 PL 40 8 680
72 PL 39 8 275
72 NP 8 39 525
72 PL 42 8 377
72 PHIL ~ C'ONF ~ PROC
72 PR D 6 3059

AGUILAR-BENITEZt CHUNGt EISNERtSAMIOS (BNL)
+AUSLANDERtMULLERt BCRTOLUCCI t+ {KARL+PISA]
+CAMILLERI ~ DUANEt GARBUTT tBURTON+(LQIC+SHHP )
BLOODWORTHtJACKSQN»PRENTICEtYOQN (TORONTO)
+FRABETT It MASSAMt NAVARRIAt ZICHICHI {CERN)
+BQRENST EIN» KALBFL El SCHt CHAPMAN t+(BNL+HICH)
+ABOLINS tDAHLt DANBURGt DA VI ES tHOCHt+ (LBL)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

a(SVO)
36 DELTA(970t JPG=O+-) I=1

+GOBB I t POUCHON ~ CNOPS t+ ( ETHZ+C ERN+ SACL) IJP
+AMHARt DAY IS t KROPAC ~ SLAT Et QAGAN+ ( NWES+ANL )
ALAN RITTENBERG (THESIS) {LRL)I=O

920
DELTA {970) flASS (f1EV)

1000

M K KBAR ONLY» SEE THE TYPED NOTE ABOVE
M 143{1003~ 3) 7»0+SYSTEMATIC ROSENF ELO
M SCAT ~ LENGTH 2 TO 6 FERMIS ~ BALTAY

M A 100(1016~ ) (10~ ) ASTIER
H A SCATT»LENGTH ALSO FITSt SEE BELOW

SCATT LENGTH +2 5 +-1 ~ FERMI ASTIER
M OR CHPLX t RE PART=-2»3 F
M IM PART= ~ 5F OR LESS ~ ~ ~ ~ ~

M 8 ( 1 8) (0 ' 4) (0 ' 3) DUBOC

M 8 ABSOLUTE VALUE OF SCAT ~ LENGTH

OI]{
DADlN

PBELL
NES
AR

72 HBC

71 HBC

69 DBC
69 HBC

68 HBC

1040

CHISQ
0.4
6.S
2.0
0.1
2 ~ 0

11 ~ 0
{CONLEV
=0.027)

67 HBC

~ ~ » ~ ~

72 HBC

+- 0-1 ~ 2 PBAR P 7/67
»»» ~ ~ » \» ~ » ~ ~ 7/67
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 7/67

1.2 P BAR P t 3P 12K 12/72¹
12/72¹

65 RVUE +- ~ 8/66
66 HBC 3 7 PBAR P 8/66
67 HBC +- 0 PBAR P 7/67

36 DELTA(970) WIDTH (MEV)

Under this entry, we list three types of I = 1

peaks near KK threshold.

W PEAKS SEEN IN MISSING MASS EXPERIMENTS
W S 262 (5 ' 0) OR LESS KI ENZLE

S (10 0) OR LESS QQSTENS
W 60 ~ 0 16 ~ 0 10~ 0 ABQL INS
'W 5 215 (5»9) OR LESS CL= 90 CHESHIRE
W S SEE NOTES ON DELTA MASS ABOVE

65 MMS

66 MMS

70 HHS

72 MHS

3 5 PI- P 9/66
+ 3 ~ 8 PP TQ D+ HM 9/66
+ 3 8-6 3 PP--0+HM 1/71

0 2 ~ 4 PI- P tN MH 12/72»

2) &TT decays, peaking slightly below KK threshold.
G PThis defines I = 1 and J = Normal.

Threshold enhancements in the (KK) system

with I = i. The Q value is low and J thereforeP

probably 0+

4) Mi. s sing -mas s peaks, some of them controver-

s ial.
W ETA
W

W

W

R

W R

W R

W R

W

W AVG

PI FINAL 5
30 80 ~ 0
80 (25 ~ 0)
20 (50 ~ 0)

40 ~

15 ( 60 ~ 0)
21 (31~ 0)

150 (30 )
RE SOLUTI ON

~ ~ ~ ~

48 ~ 0

TATE ONLY
30 ~ 0 68, HBC

68 HBC
69 HBC
69 DBC
69 HBC
71 HBC
72 HBC

t5 ~ 5K-tETA Pl
1 2 PB P»ETA PI

. 4-5 K-P ~ PI-ETA
2 ~ 7 PI+ 0

4»5 K-Nt ETA PI
8 PI+Pt P 00 Pl
0 ~ 7 PBAR Pt 7 PI

AMMAR

DEFOIX
BARNES
CAMPBELL
HILLER
BAROADIN
DE FO IX

OR LESS
15 ~

(30 ~ 0)
{28 ~ 0)

(5» )
NQT UNFOLOE D

~ ~ ~ ~ ~

16 ~ 0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

W K KSAR ONLYt SEE THE TYPED NOTE ABOVE
143 (57.0) 13~ 0+SYSTEMATIC RQSENF ELD 65 RVUE +-

W A 100 (25 ) APPROX ~ ASTIER 67 HBC + SEE NOTE A ABOVE

2/73¹
3/69
9/69
1/73¹
7/69
2/72
I/73¹

8/66
9/67

In. listing them together undex a common entry

we do not imply that they are necessarily all related.
However, the KK threshold enhancement may b( due

to a virtual bound state that could also be responsible

for the QTT peaks (ASTIER 67). More complete

studies of the mass dependence of the KK threshold

effect, using coupled channel analysis, are needed to

clarify this question.

Pl
P2
P3
P4 S
P4 S

Rl
Rl

Rlo
R10

Rll
Rll

36 DELTA(970) PARTIAL DECAY MODES

DELTA(970) INTO ETA PI
DELTA(970) INTO 3 PI
DELTA(970) INTO RHO Pl
DELTA'{970) INTO K KBAR

SFE THE TYPE D NOTE ABOVE

DECAY MASSES
548+ 134

770+ 134
770+ 134
770+ 134

36 DELTA {970) BRANCHING RAT IQ 5

DELTA(970) INTO (RHQ P I) I ( ETA P I)
(0 ~ 25) QR LESS CL= ~ 70 AHMAR

(P3) /(P2)
70 HBC +- 4 ~ 1 t 5 ~ 5K- t ETA P I 5/70

CHARGED DELTA OF KIENZLE 65 INTO (1 CHARGED)l(3 OR MORE CHARGED)
1.3 0 ~ 9 0.7 K I ENZL E 65 HNS — 3-5 P I - P 9/66

DELTA OF CHESHIRE 72 INTO (NEUTRAL) I (TWO-CHARGE) I {FOUR-CHARGE )
(0 ~ 10) (0»82) (0 08) CHESHIRE 72 NHS 0 2.4 P I P t N MM 12/72&
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Data Card Listings
For notation, see key at front of Listings.

Mesons
6(970), H(990), S (1000), $(1019)

ALLEN D 66 PL 22 543
BALTAY bb PR 142 8 932
FOCACC I 66 PRL 17 890
OOSTENS 66 PL 22 708

+GP FISHER yG GODDENe L MARSHALL y 5 EARS (COLO) G=+
+LACHy SANDWEISSy TAFTyYEHySTONEHILL+ (YALE)
+ KIENZLEyLEVRATyMAGLIC»MA'RT IN (CERN)
+CHAVANONyCROZON»TOCQUEVILLE lSACLAY»CDEF) I=1

REFERENCES FOR DELTA

TURKOT 63 SIENNA CONF 1 661 +COLLINS y FUJII yKEMP+ ( BNL+PITTSSURGH)

ARMENTER 65 PL 17 344 ARMENTEROS yEDWARDSy JACOBS EN + (CERN+CDEF)
BARASH 65 PR 139 8 1659 +FRANZ INIy KIRSCHy MILLERe STEINBERGERt l COLU)
KIENZLE 65 PL 19 438 + MAGLIC»LEVRATyLEFEBVRES + (CERN)
ROSENFEL 65 OXFORD CONF 58 A H ROSENFELD {LRL- RVUE)

M H

M H

M H

M 8
M 8
M

M

M

M AVG

970 '
920 '

CALCULAT ED
(965 ' )

CALCULATED
( 996~ 0)
997~

» ~ ~ »

996~ 6

3 REAL PART OF THE S¹POLE POSITION (MEV)

5 ' 0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)

30 ~ 130~ HOANG 69 OSPK 4 ~ PI P yKS KS N

80 90. HOANG 69 OSPK 5 PI-P»KS KS N

FROM SCATTERING LENGTH FIT OF HOANG 69»
BEUSCH 70 OSPK 4»6 PI~P

FROM SCATTERING LENGTH FIT OF BEUSCH 70
BASDEVANT 72 RVUE SHEET 2

5 ~ PROTOPOPE 72 HBC SHEET 2 7 ~ PI+ P

}./73¹
1/73¹
1/73¹
1/73»
1/73¹

A MMAR 68
C HUNG S 68
DEFOIX 68
GALT IE RI 68
JUHALA 68
SABRE CO 68

PRL 21 1832
PR 165 1491
PL 28 8 253
PRL 20 349
PL 27 8 257
PL 26 8 674

+DAVISyKROPACyOERR ICKy FI ELDS y+ (NWES+ANL)
+0 ~ DAHL y J» KIRZ ~ 0 ~ H ~ MILLER (LRL)

+RIVET ~ SI AUD CONFORTO+ (CDEF+IPNP+CERN)
BAR BARO-GALT I ERI y MAT I SON y R ITTENB ERG+ (LRL )
+PEACOCK RHODE y KOP ELMAN y LI BBY+ ( IOWA+COLO)
BARLOUTAUD+ t SACL+AMST+BGNA+REHO+EPOL)

ALLISON 67 PL 258 619 +CRUZ+ (OX F+ MP 1M+8 I RM+ RHEL+GLAS+LOI C )
ASTIER 67 PL 25 8 294 +MONTANETe BAUBILLIERyDUBOC+{CDEF+CERN+IRAD)

ASTIER b7 INCLUDES DATA OF BARLOW 67 CONFORTO 67 ARMENTEROS 65 ~
BAILLON 67 NC 50A 393 +EDWARDS+0 ANDLAU+ASTI ER+ t CERN+CDEF+IRAD)
BANNER 1 67 PL 25 8 300 +FAYOUXeHAMELy ZSEMBERYyCHEZE+ lSACLAY+CAEN)
BANNER 2 67 Pt. 25 8 569 +CHEZEyHAMELyMARELyTEIGER+ tCDEF+SACL)
BARLOW 67 NC 50 A 701 +MONTANETy Dy ANDLAU+ (CERN+COEF+IRAD+LI VP)
CONFORTO 67 NP 83 469 CONFORTOyMARECHAL+ {CERN+CDEF+IPNP+LIVP)

W H

W H

W 8
W

M P
M P
M

W AVG

3 NEGATIVE IMAGe PART OF THE S¹POLE POSITION (MEV)
CORRESPONDS TO HALF-MIDTHy NOT FULL WIDTH ~

60 '
70»

40 ' 40 ~

30 ~ 30 ~

(13~ )
(65 ' 0)
27. 8

ANOTHER SOLUTION HAS
~ ~ ~ »» ~ ~ »

27»4 7»8

4» PI PeKS KS N

5 ~ PI-P yKS KS N

4 y6 P I-P

T» PI+ P

HOANG 69 OSPK
HOANG 69 OSPK
BEUSCH 70 OSPK
BASDEVANT 72 RVUE
PROTOPOPE 72 HBC

52 MEV AND NO EPSILON POLE ~

A VERAGE ( ERROR INCt. UD ES SCALE F ACTOR OF 1 ~ 0)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR S¹

1/73¹
1/73¹
1/73¹
1/73¹
1/73¹

BARNES 69 PRL 23 610
CAMPBELL 69 PRL 22 1204
CRENNELL 69 PRL 22 1398
JUHALA 69 PR 184 1461
KRUSE 69 PR 177 1951
MILLER 69 PL 29 8 255

ALSO 69 PR 188 2011
SCHROEDE 69 PR 188 2081

+CHUNGy E I SNER y BASSANO ~ GOLDBERG+ ( BNL+ SYRA)
J ~ H»CAMPBELL y LICHTMANyLOEFFLERy+ {PURDUE )
+KAR SHON y KMAN WU LAI y+ lBNL+NYU}
+LEACOCK y RHODEe KOPELMANy LIBBYe+ ( ISU+COLO)
KRUSE»LOOSyGOLDWASSER l ILLINOIS)
D»H»MILLER yS ~ L»KRAMERy 0»D CARMONYy+(PURDUE)
YEN y AMMANNyCARMONY y ELSNERy+ (PURDUE )
SCHROEDE Re KERNAN y F ISHER y LI BBYy+ l ISU+COLO)

WANG 61
8IGI 62
8 INGHAM 62
ERM IN 62
BALTAY 64
BARM IN 64
CRENNELL 66
HESS 66

JETP 13 323
CERN CONF 247
CERN CONF 240
PRL 9 34
DUBNA CONF 1 409
DUBNA CONF 1 433
PRL 16 1025
PRL 17 1109

WANG TSU-TSENGyVEKSLERyVRANAy+ ( JINR)
A BIGI eS BRANDTy R CARRARA + (CERN)
H H 8INGHAMy M BLOCH + ( E POL+CE RN )
ERMIN»HOYERe MARCHy WALKEReMANGLER (MI SC+BNL)
BALTAYeLACHe CRENNELLeORENe STUMP +{YALE+SNL]
BARMIN DOLGOLENKOy YEROFEEV KRESTNI+ ( ITEP)
CRENNELL»KALBFLE ISCH»LAI eSCARR»SCHU+ (BNL]
+DAHL+HARDY+KIRZ+MILLER (LRL )

ANDERSON 71 PRL 26 108
BARDADIN 71 PR D4 2711

+DIXIT y+ (CHIC+ANL+CARL+LASL+CNRC+NAGOYA)
BARDADIN-OTWINOWSKAy HOFMOKLy MICHEJDA+l WARS)

ATHERTON
8 INN I E
CHESHIRE
DEFO IX
DUBt3C
HOLLOWA Y

72 SUSM TO PL . +FRANEKe FRENCHy GHI DINI e HIL PERT y+ t CERN)
72 PL 39 8 275 +CAMILLERI DUANE GARBUTT BURTON+ (LOIC+SHMP)
72 PRL 28 520 +HOFFMANy GARF INKEL y+ (IOMA+ANL+PURD)
72 NP 8 44 125 +NASCIMENTOyBI ZZARRI y+ (CDEF+CERN)
72 NP 8 46 429 +GOLDBERGeMAKOWSKIyOONALDy+ {LPNP+LIVP)
72 PHIL ~ CONF PROC 133+HUl Dy KOETZy KRUSEy BERNSTEINy+ ( ILL+ ILLC )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

H(990) 35 H (990»JPG=A -) 1=0

THE EV IDENCE OF BENSON 66 HAS DI SAPPEARED AFTER
RE-ANALYSIS (CHAUDHARY 70) ~ NO STATISTICALLY
SIGNIFICANT EVIDENCE FOR THE PRE~1968 H-ENHANCE-
MENT THEREFORE REMAINS l BARBARO-GALT IERI 69) ~

HOWE VERy GOLDHABER 69 REPORT A NEW ( PI+PI-PIC)
ENHANCEMENT AT ABOUT THE SAME MASSy M=1000 MEVy
SEEN UNDER CONDITIONS DIFFERENT FROM THOSE OF THE
EARLIER OBSERVATIONS OMITTED FROM TABLE ~

¹¹¹¹¹¹¹¹¹

REFERENCES FOR H

ABOL INS 70 PRL 25 469 +GRAVEN e MCCARTHY ~ G»SMITH e L ~ SMITH+ l LRL+UCD)
AMMAR 70 PR 0 2 430 +KROPACy DAVIS y DE RR ICK+ t KANS+NWE S+ANL+WI SC)
COOPER 70 NP 8 23 605 +HA NNER y MUSG RA VE y P OL LARD y VOY VOD I C l ANL )
YIOU 70 THESISy A 646 TCHIU-PUNG YIOU (ORSAY)

SARLOW
BEUSCH
DAHL
AL ITTI
LAI
PHELAN

At. SO
AGUI LAR-

AL SO
ALSO

HOANG
HOANG

BADIER
BATON
BEUSCH
HYAMS

ALSO
OH
ALSTON-G

67 NC 50A 701
67 PL 25 8 357
67 PR 163 1377
68 PRL 21 1705
68 PHILAD»CONF»P ~ 303
68 THESIS
68 PRL 21 316
69 PL 29 8 241
67 BARLOM
69 NP 8 14 195
69 NC 61 A 325
69 PR 184 1363

70 NP 8 22 512
70 PL 33 8 528
7 0 P HI L A ~ CONF»P ~ 185
70 PHILA»CONF»P»41
70 NP 8 22 189
70 PR D 1 2494
71 Pt. 36 8 152

+LIL LESTOL+MONTANET+ ( CERN+CDEF+IRAD+LI VP )
+FISCHER y GOBBI e ASTBURY+ lETHZ+CERN)
+HARDY+HESS+K I RZ+MILLER tLRL )
+SARNES y C RENNE LL yF LANI NI Oy GOLDBERG ~ + (BNL )
KWAN WU LAI .(SNL }
JAMES J PHELAN {ANL+ST LOUIS

UNIV�)

HOANGe EARTLY y PHE LAN y ROBERTS+ (ANL+CHIC+NOAM)
M AGUI LA R-BENI TEZy J ~ BARLOW y+ l CERN+CDEF )

M ~ AGUILAR-BENITEZy J~ BARLOWy+
T»F ~ HOANG
+EARTLYyPHELANyROBERTSe+

(CERN+CDEF)
lANL )

( ANL+ IL LC )

+BONNETeDREVILLONy BAUBILLIERy+ tEPOL+IPNP)
+LAURENS y REIGN IER ( SACLAY}
M ~ BEUSCH {ETHZ+CERN)
+KOCH»BEUSCHe+ {CERN+MPIM+ETHZ+LOIC+HAWA)
HYAMS ~ KOCHy POTTER» VON LI NDERNy+ (CERN+MPIM)
+GARF INKEL y MORSE y WALKERy PRENTICE (W ISC+TNTO)
ALSTON GARNJOSTy BARBARO-GALT IERI y+ tLBL)

SASDEVAN 72 PL 41 8 178 BASDEVANT y FROGGATTy PETERSEN (CERN]
DAMERI 72 NC 9 A 1 +SORZATTAyGOUSSUy+ ( GENO+MILA+ SACL )
DUBOC 72 NP 8 46 429 +GOLDBERG» MAKOMSKI e DONAL Dy+ ( LPNP+ LI VP)
FLATTE 72 PL 38 8 232 +ALSTON-GARNJOST e BAR BARO-GAL TIER I y+ (LBL )
GRAYER 72 PHIL ~ CONF ~ PROC ~ 5 +HYAMS y JONES y SCHLE IN y SLUM y DI ETL+

(CERN+

MP�IM�)
PROTOPOP 72 PREPRINT LBL-970 PROTOPOPESCU ~ ALSTONe SARBAROy FLATTE e+ (LBL)
WI{.LIAMS 72 PR D 6 3178 P ~ K ~ WI LL I AMS (FSU]

FUJI I 73 NC 13 A 311 Y FUJI I y M ~ KATO l TOKYO]

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

BARTSCH
GOLDHABE
BENSON
COHN
ROSENFEL
ARMENISE
BARBARO-
FUNG
GOLDHASE
CHAUDHAR
GORDON
MICHAEL

64 PL 11 167
65 CORAL GASLES PE 76
66 PRL 17 1234
67 NP 81 57
67 RMP 39 1eAPPENDIX
68 PL 268 336
68 PHILAD. CONF. P»137
68 PRL 21 47
69 LUND CONF ~ P ~ 271
70 PR D 2 2110
70 COO 1195 179
72 PRL 28 1475

AACHEN-ZEUTHEN-BIRM-BONN-HAMS-MUNCHEN COLL
G ~ GOLDHABER (LRL)
+MARQUITy ROEySINCLAIRy VANDER VELDE (MICH) I JP
+MC CULL OCHy BUGG y CONDO {ORNL+UNI V ~ TENN }

ROSENFELD eBARBARO-GALT I ER I+(LRL+CERN+ YALE)
+GH IDI NI ~ FOR I NO+ l SARI+8 GNA+F I RZ+ORSAY)
A BARBARO-GALT IERI yP ~ SODING (LRL )
+JACKSON+PU+BROWN+GI DAL l U»C ~ RI VERS+LRL)
G ~ GOLOHABER QUOTED BY 8 MAGL IC (LRL}
8 ~ CHAUOHARYy E MARQUIT l MI NNESOTA )
THE S ISy ILL INDI S {ILL)
W. MICHAELeG»GIDAL (LBL)

S-wave KZ Interactions in the Region 990-&ZOO MeV

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

S (1000) 3 5* (1000 JPG=O++) 1=0

WE ONLY LIST DETERMINATIONS OF POLE POSITION
FOR EARLY WORK USING BREIT-WIGNER OR SCATTERING
LENGTH PARAMETRIZATION IN FITS TO THE (K KBAR) MASS
SPECTRUM SEE REFERENCE SECTION AND OUR 1972 EDITION ~

M

M

M

M

M

M

M

M'

M

M

M

M

M

M

$(1019)» PHI (1019 JP»=1—& I=O

4 PHI MASS {MEV)

1019»0
1018~ 6
1020.0
1021» 5
1019»
1021 0

165 1022'
101S~

(1020.)
1021»0
1019»9

410( 1019»9)
120 1019~ 6
100 1019»9

87 1020.8
131 1020» 4

»» ~ ~ ~

AVG 1019 59

2.0 SCHLE IN 63 HSC 2 ~ 0 K- P
0 ~ 5 MILLER D 65 HBC 0 ~ 0 PBAR P
2 0 LONDON 66 HBC 2 ~ 2 K-P
0 ' 8 ABRAMS 67 HBC 4 ' 2 K- P
3 ~ BARLOM 67 HSC 1»2 PBAR P
4 0 0AHL 67 HBC 1-4 PI P
1 ~ 5 MOSTEK 68 OSPK 1 ~ 8 GAMMA + C
0 ~ 5 0 ~ 35 HYAMS 70 OSPK ll» PI- P

ll ~ ) SABRE 70 DBC 3 0 K- N

1 ~ 5 ALVENSLE 71 OSPK GAMMA+C
0 ' 6 DI BIANCA 71 DBC 4»93 K- N

(0 ~ 3) STOTTLEMY 71 HBC 2 ~ 9 K-Py Y K KBAR
0 ' 3 AGUILAR 72 HBC 3»9y4 ~ 6 K- P
0 ~ 4 AGUILAR 72 HBC 3»9 y4 ~ 6 K- P
0 8 BALAKIN 72 OSPK E+ E- COLL»BEAMS
0 ' 5 COLLEY 72 HBC 10~ K+ PyK+ P PHI

~ ~ ~ ~

0 31 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 9)
( SEE IDEOGRAM BELOW ]

8/66
6/66

11/67
11/66
9/66
6/68
6/70
1/71
1/72
1/72

11/71
12/72¹
12/72¹
12/72¹
12/72¹

Under this entry we list parameters of the 5 pole

in the I (J' )C = 0 (0 )+ wave. For discussion, see theG P + +

entry "S-wave HATT interactions, "near the beginning

of these Meson Data Card Listings.
Note that possible evidence of D-wave TT+ inter-

actions in the S region is listed separately under

q (1080).

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

3»5
6 ~ 0
1 8

(10 ' )
165 (4 5)
150 4 2

4»09
3~ 3
4» 67
5 ~ 5

S {4»7)
S SUPERSEDED

110 (4» 5)
120 4 6
100 4.7
131 5 ~ 0

3.Bl
» ~ » ~

AVG 4 16

4 PHI WIDTH (MEV)

l»0
4 ' 0
3 0 1 5

OR LESS
l3 0)
0»9
0 ' 29
1 ~ 5 0 9
0 42
1 ~ 3 l»l

(0 7)
BY JEAN-MARIE 73

t3 ~ 0) (4»0)
1 0 0 ' 8
1 ' 3 1 ~ 0
1 ~ 3
0 34

{2 0)

MILLER 0
LONDON
ABRAMS
BARLDW
MOSTEK
AUGUST IN
8 I ZOT
HYAMS
BA LAKIN
DI BI ANCA
LEFRANCOI

65 HBC
66 HBC
67 HBC
67 HBC
68 OSPK
69 OSP K

70 OSPK
70 OSPK
71 OSPK
71 DBC
71 OSPK

STOTTLEMY 71 HBC
AGUILAR 72 HBC
AGUI LAR 72 HBC
COLLEY 72 HBC
JEAN MARI 73 OSPK

0 ' 0 PBAR P ~ 8/66
2 2 K P 6/66

4 ' 2 K- P 11/67
1~ 2 PBAR P 11/66

1 8 GAMMA + C 6/68
E+ E- COLL BEAMS 12/72¹
E+ E- COL L ~ BEAMS 12/72¹
ll PI P 6/70

E+ E- COLL BEAM 11/71
4»93 K- N 1/72
E+E- COLL. BEAMS 2!73¹
2»9 K-Pe Y K KBAR ll/71
3 9»4 6 K- P 12/72¹
3 9»4 6 K- P 12/72¹
10» K+ P y K+ P PHI 12/72¹
EeE- COLL BEAMS 2/73¹

~ » ~ ~ ~

0» 17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
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Data Card Listings
For notation, see key at front of Listings.

WEIGHTED AUERRGE = 1019.59 + 0.31
ERROR SCALED BY 1;9

RB
' RB

PHI INTO (Pl+ PI-]/(K KBAR] (SEE ALSO R18) l PB)./(P 1+P2)
(0~ 2) OR {.ESS LONDON 66 HBC 2»2 K-P 10/66

R9 PHI INTO (E+ E-]/(K+ K-) {UNITS Ip¹¹-4) CP5) /(. PI ]
R9 {SEE ALSO R16)
R9 40 6 1 1 7 BECKER 68 CNTR GAMMA C 9I68

PHI t(ASS (I1EV)

1022

72 HBC

72 QSPK
72 HBC

72 HBC

71 DBC
71 OSPK
?0 OSPK
6B QSPK
67 HBC

67 HBC

67 HBC

66 HBC

6S HBC

63 HBC

10.26 1030

~ COLLEY
-Bl-ILAKXN
~ AGUILAR
.AGUILAR
.DIBIANCA
ALUENSLE
HYAt1'S

f)DSTEK
DAHL

' .BflRLOW

ABRRMS
-LONDON

fiILLER D

SCHLEIN

CHISQ
2.6
2.3
0.6
0 ~ 0
0.3
0.9

14.0
2.6

5.7

3.9

32.9
(CONLEV
=0.000)

R 10 PHI
Rlp
R 10
Rlp
Rlp
Rlp

: R10 AVG

INTO l HU+
3 5
2 ~ 34
2e 17
2 ~ 69

e e' ~ e ~

2 ~ 50

(P6)
68 OSPK 12 K- C
69 CNTR PHOTOPROO
70 CNTR 6» 0 BREN SSTR ~

71 CNTR PHOTOPROD

NU-) /TOTAL l UNITS 10¹¹-4)
3 ~ 5 1 8 WEHNANN

I ~ 01 NQY
0 ~ 60 EARLES
0 F 46 HAYES

e e e»
p. 34 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1-0]

6/68
11/70
11/70
11/71

. Rll
Rll
R 11

:Rll A

Rll A

Rll
Rll
Rll

, Rll AVG
: Rll FIT

PHI

10
SUP
27
25

(P4)
BADIER 65 HBC 3 ~ 0 K-P
LINDSEY 66 HBC 2 7 K-P.
BENAKSAS 70 OSPK E+ E-

R12 PH'I INTO l-PI+ PI- GAHHA) I(K KSAR] (P9) /(Pl+P2)
R12 (0~ 05) OR LESS LI'NDSEY 65 HBC 2 ' 7 K-P

R13 PHI INTO (ETA NEUTRA'LS)'/(K KBAR) (P 13)I ( P 1+P2)
R13 (0~ 15) OR LESS EINOSEY 66 HBC 2 ~ 7 K-. P

R14 PHI INTO (OMEGA GAMMA) I TOTAL CP10)
R14 (0»05) OR LESS LI NOSEY 66 HSC 2 7 K-P

10/66

10/66

10/66

INTO (ETA GANMA)/TOTAL
(0 ~ 2) OR' LESS 10/66{0.08) OR LESS 10/66
l 0.020} (0.0075} 2/72

ERSEDED BY BENAKSAS2 72 '
0..073 0' 019 BASILE 72 CNTR 1 8 PI- P' 12/72¹
0 ~ 026 0 F 007 BENAKSAS2 72 QSPK E+E- CQLL ~ BEANS 2/73¹

~ ~ ~ ~ ~ ~ ' ~ ~ ~

0 ~ 032 0 ~ 015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 3)p. p3p p. pll FROM FIT (.ERROR INCLUDES SCALE FACTOR OF 1 6)

4 PHI PART IA(. DECAY NODES
R15 PHI INTO (RHQ' GAMMA) / TOTAL (P12)
R15 (0~ 02) OR LESS LINDSEY 66 HBC 2 7 K-P 10/66

P].
P2
P3
P4
P5
P6
P7
P8
P9
Plp
Pll
P12
P13
P14

PHI INTO K+ K-
P. HI II%TO KL KS
PHI I NT'0 PI+ PI- PIO (INCLUDING RHQ PI)
PHI IN'TQ ETA GAMMA

PHI INTO E+ E-
PHI INTO NU+ HU-

. PHI INTO Pip GAMMA

PHI INTO P I+ Pl- (V IQLATES G)
PHI INTO PI+Pl-GAHNA
PHI INTO OMEGA GAHNA (VIOLATES C)
PHI. lNTO ETA Pjp (VIOLATES C]
PHI INTO RHQ GAMMA l VIOLATES C)
P H'I I NTO ET A NEUT RA LS
PHI INTO 5PI

DECAY MASSES
493+ 493
497+ 497
139+ 139+ 134
548+ 0

»5+ ~ 5
105+ 105
134+ 0
139+ 139
139+ 139+ 0
783+ 0
548+ 134
770+ 0

(P5)

OSPK 4 PI- P
SIGMACPHI) UNCERTAINTY
OSPK 1 ~ 6 PI- P
CNTR le9 PI- P
QSPK E+ E- COLt »BEANS

BAL'AKIN 71 OSPK E+ E COLL ~ BEAN
CHATELUS 71 OSPK E+ E- COLL BEAMS

6/68
6/68
6/6 8
9/68

11/71
11/71
11/71
11/71

R17
R 1?
R17 A
R17 A
R1.7

PHI INTO (PIO GAHHA)/ {TOTAL)
(»0035)QR LESS

(Oe0024)QR LESS. CL »95
SUPERSEDED BY BENAKSAS2 72

7 (0 ~ 0025) lp 0012)

(P7)
BEMPORAD 69 CNTR 5 F 5 GAMMA N 7/69
BENAKSAS 70 OSPK E~ E- 2/?2

BENAKSAS2 72 OSPK E+E- COLL ~ BEAHS 2/73¹

Rl& PHI INTO (E+ E-)ITQTAL (UNITS 10¹¹-4)
R16 (SEE ALSO R9)
R16 A 5 l 6 ~ 6) ( t ~ t) l 2»8] ASTVACRTU 68
R16 A ERROR OF ASTVACATUROV 68 DOES NOT INCLUDE
R16 27 7 ~ 2 3 ~ 9 8 I'NNI E 68
R16 9 6 ~ 1 2 ~ 6 BOLLIN I 68
R16 C l3 45) (0»27) 8 I ZOT. 70
R16 C SUPERSEDED BY CHATELUS 71
Rl& F 81 0»25
Rl& 3 50. 0 27
R16 ~ e ~ ~ ~ ~ e ~ e
R16 AVG 3»15 0»34 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P., as follows: The diagonal elements are P. + 5P. , where
1 1 1

&P. = il(&P.&P.) t while the off-diagonal elements are the normalized correlation coeffi-
cients (& P.&P. ) /(&P. ~ &P.) . For the definitions of the individual P. , see the listings

1
above only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to-i.

P 1 P 2 P 3 'P
P 1 ~ 4675+-e 0258
P 2 - 3525 3496+-.0272
P 3 — 3805 —~ 6557 1524+- 0304
P 4 - 1338 —,1588 —~ 1287 ~ 0305+- 0107

R18
R18
R'18
R18
R18
R18

RHI INTO ( PI+ P I-)I (TOTAL) (UNITS 10¹¹-4)
(SEE ALSO RB)

(500 ) OR LESS
(50 ' ) OR I ESS CL= 95
(80»] OR LESS CL= 95
(2 ' 7) QR LESS CL= 95

LINDSEY2 65 HBC
8I ZQTZ 70 OSPK
BALAKIN 71 OSPK
ALVENSLE 72 OSPK

(PB)

1 7-2 ~ 7 K-P
E+ E- COLL ~ BEANS ll/71

E+ E- COLL ~ BEAM 1/71
GAHMA+C 1/72

R19 PHI
RI9 144
R19 125
R19
R19 AVG
R19 FIT

INTO (KL KS)/(K+ K-)
0 ~ 89 0 10 AGUI(. AR
1~ 15 0 ~ 15 CQLLEY

~ ~ ~ ~ ~ ~ e ~ e'

0 97 0 12 AV'ERAGE (ERROR
0 ~ 748 0 ~ 082 FROM F IT (ERROR

(P2)/(Pl)
72 HBC 3 9t4 ~ 6 K- P 12/72¹
72 HBC 10 K+ PtK+ P PHI 12/72¹

INCLUDES SCALE FACTOR OF I 4)
INCLUDES SCALE FACTOR OF 1 6)

R20 P'HI I NTQ (Pl+ P I- P Ip( I NC L ~ RHQ P'I ] /(K+ K ] (P3) / {.Pl ]
R20 34 0 28 0 ~ 09 AGUILAR 72 HBC 3 9t4.6 K- P 12/72¹
R20 ~ ~ e e ~ ~ ~ e ~

R20 FI T 0 ~ 326 0 ~ 074 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 4)'

PHI BR'ANCHING RATIOS

{P1)
BADIER 65 HBC
LINDSEY 66 HBC 2. 7 K-P
BIZOT 70 OSPK E+ E- COLLeBEAHS

BALAKIN 71 QSPK E+ E- COLL ~ BEAM
CHAT'ELUS 71 OSPK E+ E- COLL ~ BEANS

10/66
10/66
11/71
11/71
11/7.1
11/71

R2 PHI
R2 8 25
R2 167
R2
R2
R2 AVG
R2 F IT

INTO (KL KS] /TOTAL
l 0 23) (0 06)
0«40 0 ~ 04
0 257 0 ~ 038

e ~ ~ ~ ~ e ~ ~ ~
0' ~ 325 0 ~ 071 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2 ~ 6)
0 350 0 ~ 027 FROM FIT (.ERROR INCLUDES SCALE FACTOR OF I 6)

(P2)
BADIER 65 HBC 10/66
LINDSEY 66 HBC 2, 7 K-P 10/66
BALAKIN 71 OSPK E+ E COLL BEAMS 1/73¹

R3 PHI INTQ (PI+ PI- PIO l'INCLeRHO PI) )/TOTAL
R3 30 0 ~ 12 0 08. LINQSEY 66 HBC
R3 ~ ~ ~ e ~ » ~ » ~
R3' FIT 0 ~ 152 0» 030 FROM F IT ( ERROR INCLUDES

(P3)
2 ~ 7 K-P

SCALE FACTOR OF 1 ~ 5)

10/66

Rl PHI INTO (K+ K-)/TOTAL
Rl 8 27 (0'~ 26] lp 06)'
Rl 252 0 ~ 48 0 ~ 04
Rl C (0 ~ 493) (0 ~ 044)
Rl C SUPERSEDED BY CHATELUS 71
Rl 0 540 0 034
Rl 0 ~ 486 0 F 044
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVG 0»507 0 ~ 022 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0]
Rl FIT 0 ~ 468 0 ~ 026 FROM FIT (ERROR iNCLUDES SCALE FACTOR OF 1 6)

GRAY, . L 66 PRL 17 501
L I NDSE Y 66 PR 147 913
LINDSEY1 66 PL 20 93

L INDSEY I 66 DATA INCLUDED
LONDON 66 PR 143 1034

+HAGERTY, BIZZARRI, CIAPETTI + (SYRA+RQHA) JPG
JAHES S LINDSEYt GERALD A SMITH (LRL)
J ~ S LINOSEYt G»A SMITH (LRL}

IN LINDSEY 66 ABOVE
LONDON t RAU t SAM'I OSt GOLDBERG + ( BNL+SYRACUSE )

R 21 P Hl INTO ( 2P I+ 2P I- P I'0 ) I( K+ K-)
R21 (0 02) OR LESS CL"-0 95 AGUILAR 72 HBC 3 9t4.6 K- P 12/72¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR PHI

BERTANZA 62 PRL 9: 180 BERTANZA ~ BRI SSQNtCONNOLLYt HART + l BNL+SYRA)
GELFANQ 63 PRL 11 438 . GELFANDt MILLERt NUSSBAUMt KI RSCH+ (CQLU+RUTG)

GELFAND 63 DATA INCLUDED IN HILLER 65 BELOW
SCHLEIN 63 PRL 10 368 SCHLEINtSLATER, SMItTH t STORK tTICHO (UCLA]

BADIER 65 PL 17 337 BADIER t OEHOULINt BARLOUTAUD+ (SAC L+ZEEM]
BERLEY 65 PR' 139 B 1097 0 BERL EY t N GELFANO ( BNL+CQLUNB I A)
GALTIERI 65 PRL 14 279 A BARBARQ GALT IERI t R D TRIPP. (LRL)
LINOSEY 65 PRL 15 221 JAMES S LINDSEYt GERALD A SMITH (LRL)

LINOSEY 65 DATA INCLUDED IN LINDSEY 66 BELOW
L I NOSE Y2 65 UCRL 16526 JAMES S LINDSEY (THESIS) (LRL]
MILLER D 65 CU-237(NEVIS 131) DAVID C HI LLER (THESIS) ( COLUNB IA)

R5 PHI
R5 10
R5 52
R5
R5
R5 AVG
R5 FIT

INTO (KL KS) / (K KBAR)
0 ~.40 0» lp SCHLEIN 63 HBC
0 ~ 48 0 ~ 07 BADI ER 65 HBC
P»44 0 07 LONDON 66 HBC

e ~ ~ ~ ~ ~ ~ e
0 448 0 ~ 044 AVERAGE (ERROR INCLUDES
0 428 0 027 FRQH FIT (ERROR INCLUDES

(P2) I ( Pl+P2)
2 ~ 0 K-P
3 ~ 0 K-P
2»2 K P

SCALE FACTOR OF 1»0)
SCALE FACTOR OF 1 6)

10/66
11/67

F 10/66

R6 PHI
R-6
R6
R6 FIT

INTO (PI+ PI- Pip ( INCL ~ RHO PI) )I (K KBAR)
0 30 0 ~15, LONDON 66 HBC

(P3)/(Pl+P2}
2 ~ 2 K-P

~ ~ ' ~ ~ ~ ~ ~ ~ ~

0 18'? 0 ~ 044 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 5)

10/66

R7 PHI
R7.

. R7
R7
R? F IT'

~ ~ ~ ~ ~. ~ ~ ~ ~

0 44 0 11 FROM F IT (ERROR INCLUDES S'CALE FACTOR OF 1»5]

INTO (PI+ PI- Plp (INCL. RHO PI) )/(KL KS) (P3)l(P2)
(0 3) OR LESS BERLEY 65 HBC 2 ' 9 PI+P 10/66
0»69 0 14 BI ZOT1 70 OSPK E+ E- COLL ~ BEAN 1/71

ABRANS
BARLOW
CHASE
DAHL
HERTZBAC
KHACHATU

ABRAHS
ASTVACAT

ALSO
BECKER
8 INN I E

BOLLINI
MOSTEK
WEHMANN

67 MD TECH REP 720
67 NC 50A 701
67 PRL 18 710
67 PR 163 1377
67 PR 155 1461
67 PL 248 349

68 PR 175 1697'
68 PL' 27 8 45
67 PRL 19 869
68 P RL 21 I 50CJI

68 PL 27B 106
68 NC 56 A 1171
68 PRL 20 1057
68 PRL 20 748

AUGUSTIN 69 PL 28 8 517
BALAKIN 69 IYAF 327 TRANS

ALSO 69 SIDORQV

GERALD ABRAMS t THESIS (MARYLAND)
.+L IL LESTOL+MONTA NET+ ( CERN+CD EF+IRAD+8 I VP ).
R ~ C C'HAS'Et P ~ ROTHWE LL tR ~ WEI NSTE IN ( CEA+NEAS )'
+HAR DY+HE 5 S+KIRZ+NIL t.ER (LRL)
HERTZ BACHt KRAEHE Rt MADANSKI t ZDANI S+ {JHU+BNL )
KHACHATURYAN+AZ I MOV+ BALD IN+8 Et OUSOV+ l DUBNA)

+GLASSER tKEHOE t SECH]-ZORNt WOLSKY (MARYLAND)
ASTVACATURQVtAZIMQV ~ BALDIN+ (J INR+MOSCOW)
ASBURYtBECKERtBERTRAMtTING+ (DESY+COLUHBIA)
+BERTRAHtBINKLEYt JORDANt KNASEL+ (DESY+HI T)
+DUANE+FARUQI+HORSEY+ (LOIC+RHEL]
+BUHLERt DALPIAZt MASSAH+ (CERN+BGNA+STRB}
+EISENHANDLERtHCCLELLANtHISTRY+ (CORNELL)
+E){GELS+ (HARV'ARD+CASE+SLAC+CORNELL+MCGILL)

+BI ZOT t BUON ~ DELC QURT t HAI SS INSK I t+ (ORSAY)
+BUDKERr KORSHUNQVt Ml SHNEVt SIDORQV~ (NOVO)
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Data Card Listings Mesons
f)g f&0&g Of I f&t&'& & $(1019), M(1Q33), Bl(1Q4Q), T)N(1Q8 ), ](11Q )

BALAKI N

8ENAKS AS
BI ZOT

ALSO
BIZOT1
BIZOT2
FARLES
HYAMS
SABRE

70 PREPRINT
70 LAL 1240
70 PL 32 416
69 PEREZ-Y- JORBAt
70 PRIV COMM.
70 LNC 4 1273
70 PRL 25 1312
70 NP 8 22 189
70 PREPRINT

+BUTLER t PAKHTUSOVA 0 S IDOROV t SKRIN SKYE+(NOVO)
+COSMEt JEAN-MARI Et JULLIANE LAPLANCHE+ (ORSA)
+BUONtCHATELUSEJEANJEANt(. ALANNA + (ORSA)

LIVERPOOL SYMP»69
PEREZ-Y- JORBA (ORSA)
+DELCOURTEJEANJEANELAI ANNEt+ (ORSAY)
+FAISSLERtGETTNERELUTZEHOYETANGE+ (NEAS)
+KQCHt POTTEREV (. INDERNELORENZt LUTJENS(CERN)
SABRE COLLABOR ~ (SACL+AMST+BGNA+REHO+EPOL)

ALVENSLE
BALAKIN
0 I 8 IANCA
CHAT ELUS
HAYES
LEFRANCO
STOTTLEM

71 PRL 27 441
71 PL 34 B 328
71 NP 8 35 13
71 LAL 1247(THES IS)
71 PR D 4 899
71 PREPRINT LAL1256
71 THE S I 5

ALVENSLE BENE BECKERtBUSZA tCHENt+ (MIT+OESY)
+BUDKEREPAKHTUSOVAtSIDOROVESKRINSKYt+(NOVO).
+E INSCHLAGEENDORFt ENGLER 0 FISKE+ ( PITT)
Y ~ CHAT EL US (STRASBOURG)
+IMLAYEJOSEPHEKE IZERESTEIN (CORN)
J ~ LEFRANCOIS (ORSAY)
A. R ~ STOTTLEMYER (MARYLAND)

AGUILAR 72 PR 0 6 29
ALVENSLE 72 PRL 28 66
BALAKIN 72 PL 40 8 431
BASILE 72 NP 8 44 605
BENAKSAS272 PL 42 8 511
COLLEY 72 NP 8 50 1

AGUILAR BENITEZ ~ CHUNGE EI SNER tSAMIOS (BNL)
AL VENSLE BENt BECKER ~ 8 IGGS tB INKLEY+( HIT+ DES Y)
+BOKINt PAKHTUSOVAt SIDOROV ~ + (NOVOS I BIRSK)
+DALPIAZ EFRABETTI 3 ZICHICHI+(CERN+BGNA+STRB)
+CO SHE, J EAN-MARI E, JULL I AN, LA PLANCHE+ (QRSAY )
+JQBES t RIDDI FORD t GRIFF IT HS 0+ (8IRM+GLAS )

BEMPORAD 69 PL 29 8 383 +BRACC IN I 0 CASTALD I t LUBEI SMEYER 3+ (P ISA+BONN )
HOY 69 THESIS KEN MIN MOY (NORTHEASTERN UNIVERSITY)
SCOTTER 69 NC 62 A 1057 +ERSKINEEPALERt+ (BIRM+GLAS+LOIC+MPIM+OXF)
SIDOROV 69 LI VERPOOL SYMP ~ ON EI.ECTRONS+PHOTONSE P ~ 227 ~ S IDOROV ( NOVO)

Note that the selection made in some HBC experi-
ments to reduce the background under the q (1080}
in the reaction TT p ~ TT m n may lead to a sample of

0 0 » ~events ambiguous with rr p ~ pvr TT TT . Thzs zs so
because selection on small rnomenturn transfer to the

TI Tr system, together with large 7T . 7T scatteringln out +angle, leads to rather high lab rnomenta of the m, so
that ionization cannot be used to discriminate between
the two hypothe s e s (BATON 70, footnote, p. 525; and

private communications from G. Laurens}.

30 ETA N MASS (MEV)

JEAN-MAR 73 PRI V» COMM. 8 JEAN-MAR IE 3 G P ARROUR

EVIDENCE NOT CQMPELI ING OMITTED FROM TABLE ~

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

M(1Q33)

(ORSAY)
M

H

M

M

M

M

M

M AVG

1060~ 0
70 1085»0

1120 0
1112 0

( 1080~ 0)
1070 0
~ ~ ~ ~

1083 3

15 0
10 ~ 0

100»0
16 ~ 0

20.0
~ ~ ~ ~ ~

9 ~ 8

40 ~ 0

MILLER
WHITEHEAD
OH

CLAYTON
DIAZ
REYNOLDS

68 HBC
68 ASPK
69 HBC
70 HBC
70 HBC
70 HBC

4 ~ 0 PI- P
3 1-3 6 PI-P

7 ~ PI- PE PI+ 0
2 ~ 5 PBAR PE4 Pl

0 ~ PBAR Pt 4 Pl
2 ~ 26-2.36 PI- P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»4)

9/68
10/67
9/69
1/71
5/70
1/71

30 ETA N WIDTH (MEV)

240 1032»6

'W

67 M( 1033) MASS (MEV) W

W

2 ~ 3 GARFINKEL 72 MHS 0 2 ~ 4 PI- PEN MM 12/72¹
W

W

W

W AVG

(70.0)
(25 0)
150~ 0
( 80.0)
(80 ' 0)
85 ~ 0

» ~ ~ ~

98 ~ 0

OR LESS
OR LESS

100' 0

35»0
~ »»» ~

31 ~ 3

40 ' 0

MILLER
WHITEHEAD
OH

CLAYTON
DIAZ
REYNOLDS

68 HBC
68 ASPK
69 HBC
70 HBC
70 HBC
70 HBC

4 ~ 0 PI- P
3 ~ 1-3~ 6 P I-P

7» PI- Pt PI+ D

2 5 PBAR P ~ 4 PI
0» PBAR P t 4 Pl

2 ~ 26-2 ~ 36 PI- P

AVERAGE ( ERROR INC(. UDES SCALE FACTOR OF 1 ~ 0)

9/68
10/67
9/69
1/71
5/70
1/7 1

W 240 16 2 4 8 7 ~ 5 GARFINKEL 72 HMS 0 2»4 PI- PEN MM 12/72¹
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR M(1033)

GARF INKE 72 PRL 29 1477 GARFINKELt HOFFMANE JACQBELt+ (PURD+ANL+IOWA)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

BI(1Q4Q) 40 Gl(10401 IG=I+

~Ed Vl' EVIDENCE NOT COMPELLING' OMITTED FROM TABLE

HILI ER
WHITEHEA
OH

BATON
CLAYTON
DIAZ
QH
REYNOLDS
WHITEHEA

68 PRL 21 1489
68 NC 53 A 817
69 PRL 23 331
70 PL 33 8 528
70 NP B 22 85
70 NP 8 16 239
70 PR D 1 2494
70 NP 8 21 77
72 NP B 48 365

REFERENCES FOR ETA N

+GUTAY 0 JOHNSON t KENNEY+ ( PURDUE+NDAM+ SLAC )
C ~ WHITEHEAD + ( AER E+SHMP+ LQI C )
+WALKERECARROI. LEFIREBAUGHt+ (WISC+TNTQ)
+LAURENSEREIGNIER (SACLAY)
+MASONtMUIRHEADt RIGOPOULOSE+ (LIVP+ATEN)
+GAVILLETELABROSSE EMQNTANET+ (CERN+COEF)
+GARFINKEL tMORSE 3 WALKER t PRENTICE ( W ISCt TNTQ)
+ALBRI GHT I BRADLEYE + (OHIQ+FSU+MINN+COLO)
WHITEHEAD 3 AULD 3+ (AER E+RHEL+SHMP+LQUC )

( 1040~ )

48 Bl(1040) MASS (MEV)

DEFOIX 72 HBC +- 0 ~ 7 PBAR Pt 7 P9 2/73¹

48 Bl(1040) WIDTH (MEV)

DEFOIX 72 HBC +- 0 ~ 7 PBAR Pt7 P9 2/73¹

48 81(1040) PARTIAL DECAY MODES

Al(11QQ) 10 Al(1100 JPG=I+-I I=l

The A ~ p7T bump has been mainly observed
in the diffraction-like process mN ~ (TTvr7T}N without
quantum number exchange and at small mornenturn
transfer. There are also observations of structure

Pl 81(1040) INTO OMEGA PI

REF ERENCES FOR 81(1040)

DECAY MASSE S
139+ 783 in the A& mass region in reactions with production of

additional mesons, and in backward production from
pions (see Data Card Listings). The indications forDEFOIX 72 SUBMITTED 'TO PL +DOBRZYNSKItESPIGATENASCIMENTOE+ (CDEF)

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

'
¹¹¹¹¹¹¹¹¹

N(1Q8Q) 30 ETA N (1030 JPG=N+I 1=0 J GREATER THAN I7j
SOME EXPERIMENTS SUGGEST J-2 ~

M7rvr
OMITTED FROM TABLE

Note on Tr TT Peaks Called g (f080}
+The q (1080}is seen in TT p ~ TT TT n predorninant-

N
ly at backward decay angles, cos Q & -0.75. OH 70

state that this "bump is almost certainly the result
of P-D interference. "

A& production in charge exchange reactions, or in
pp annihilation, do not appear significant.

The dominant effect in the A& mass region,
for diffractive three-pion production, is a broadP
J = 1 pTI S-wave enhancement, starting from pTr

thre shold; it has a maximum at i 150 Me V and a
width of the order of 300 to 400 MeV (ASCOLI 7i and
72}. Such a behavior is obtained in Reggeized pion ex-
change Inodels (the so-called Deck effect) [BERGER
7f]. In recent partial wave analyses of the three-
pion system (ASCOLI 72} one finds very little phase
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Me sons
~,(11OO), M(115O)

Data Card Listings

For notation, see key at front of Listings.

variation of the J = 4 (& = 0) per amplitude relativeP

to various possible "background" amplitudes. Though

not completely model-independent, these results sug-
P +gest that the J = 1 p7] system is not resonant in the

A& mass region. The observed effect may still be

due to a pole on an unphysical sheet, shielded from the

Pl
PZ
P3
P4
P5

Rl
Rl

Al INTO RHO PI
Al INTO KBAR K

Al INTO ETA P I
Al INTO ETA PRIME PI
Al INTO 3 PI

10 Al BRANCHING RATIOS

Al INTO (KBAR K)/{ RHO PI)
(0 ' 0025)OR LESS DA HL

10 Al PARTIAL DECAY NODES

DECAY MASSES
770+ 139
493+ 497
548+ 139
958+ 139
139+ 139+ 139

(P2)/(Pl)
67 HBC — 4 0 PI- P ~ 10/66

physical region by a cut due to coupling to e. g. the

S T] channel (%RIGHT 72). In this case the Breit-
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR Al

tA'iger approximation is not a good representation of
the effects of the pole. (For further discussion of our

criteria for resonances, see our text, Sect. II), 3).

BELLINI 63 NC 29 896

ADERHOLZ 64 PL 10 226
GOI DHABE 64 PRL 12 336
LANDER 64 PRL 13 346 A

BELL IN Iy F IORINI y HERZ tNEGRI t RATTI

(MILAN�)

AACH+8 ER I.+8 IRM+BONN+DESY+HAN BURG+LOI C+MP I H

GOLDHABER y BROWN y KA DYKy SHEN+ (LRL+UCB]
LANDERyABOLINS ycARMONYyHENDRICKS + (UCSD) JP

For a recent review of the A&, see DIEBOLD 72.
ABOLINS 65 ATHENS(OHIO) CONF ~ +CARMONYt I ANDERt XUONGy YAGER
ALITTI 65 PL 15 69 A L I TT I t BAT ON y D E L ER y C RUS S AR 0+

( LA JOLLA] 1=1
( S ACL+ BGNA )

ALLARD 66 NC 46A 737
DEUTSCHM 66 PL 20 82
HES S 66 UC RL-16832

+DR I JARD+HENNESSY+ (OR SAY+ MILAN+SAGL+UCB)
DEUTSCHMANNt STEI NB ERG + (AACH+BERLIN+CERN)
R I HESS (THESIS t BERKELEY) {LRL]

M

H

M

M

M

H

H

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

H

M

M

M

N

M

M

10 Al HASS (MEV)

PRODUCED BY PI +
(1080~ 0)
(1080.) APPROX
( 1040~ 0)

PRODUCED BY PI
( 1060~ ]
( 1089~ 0) (12 ~ 0)
{1090 ) APPROX
{1055~ 0) (6»0)

S ( 1119» ) (30 )
S SHOULDER ON A2 ONLY

( 1069~ 0) (7 ~ 0)
(1120 0)

AOERHOLZ 64 HBC 4»0 Pl+P
BOESEBECK 68 HBC + 8 PI+ P
ARMENI SE 70 HBC 0 9 PI+ N —Al P

ASCOLI 68 HBC
BALLAN 68 HBC
C HUNG 68 H BC
JUNKMANN 68 HBC
KEY 68 HBC

-0 5 PI-P
16» 0 PI- P
3.2y4 2 PI-P
16~ P I- P y 5P I
3 PI P

CASO 70 HBC - 11~ 2P I-P
CRENNELL 70 HBC - 6 ~ PI- PyF PI

6/68
1/71

~ 6/68
9/68
2/67
9/69
9/68

5/70
5/70

MMS — 16 PI P yBACKW9 8/69
HBC — 2 5 PI- P .11/71

HBC +- 3y 3 ~ 6 PBAR P 7/67
HBC +- 5 ' 7 PBAR P 6/68
HBC .+- 5 7 PBAR P 1/73¹
D-WAVE 1/73¹

PRODUCED BY K-y SEE TYPED NOTE ~

(llll ) (10~ )
(1117' ) {30»)
(1060 ' ) (15»)

ALLISON 67 HBC + 6 K-Py( AM +5 PI
ALLISON 67 HBC + 6 K-PyLAM +4 PI
JUHALA 67 HBC 0 4.6-5 K-Py 5BOOY

1/68
1/68
1/68

PRODUCED BY K+y SEE TYPED NOTE ~

K+ ( 1060 0) {20 ~ 0)
K+ ( 1030~ 0) (20 ~ 0)
K+ FOR CONTRADICTORY EVIDENCE SEE
A

A AVERAGING NOT MEANINGFUL

ALEXANDER 69 HBC + 9 K+P
BERL INGHI 69 HBC + 0 12 ~ Y K+ P
RABIN 70 ANO TYPED NOTE ~

9/69
9/69

10 Al WIDTH ( HEV)

PRODUCED BY PIONSy BACKWARDS SCATT»
(1115.0) (20 ' 0) ANDERSON 69
(1046 ' ] (10.) 8 UHL 71

PRODUCED BY PBARSy SEE TYPED NOTE
(1054. ) (7») DANYSZ 67
(1042 ' ) (21 ' ) FRIDMAN 68

A (1076.) (5») ATHERTON 72
A JP ANALYSIS GIVES SOME EVIDENCE FOR RHO PI

ALLISON 67 PL 25B 619
DAHL 67 PR 163 137Y
DANYSZ 67 NC 51 A 801
JUHALA 67 PRL 19 1355
SLATTERY 67 NC 50A 377

+CRUZ+ (OXF+ MP 1M+8 IRM+RHEL+GLAS+LOI C )
+HARDY+HE 5 S+K I RZ+H IL LER (LRL]
DANYSZ+FRENCH+SIMAK (CERN)
+LEACOCK+RHODE+KOPELNAN+ (IOWA+COLO)
+KRAYBILL+FORMAN+FERBEL ( YAL E+ROCH) J P

ARHENIS E
ASGOLI
BALLAM
BOES EBEC
CASQ
C HUNG

CNOPS
FRIDMAN
JUNKNANN
KEY

ALEXANDE
ALLABY
ANDERSON
BERL INGH
DONALD
FAYOLLE
JUHALA
KENYON

68 PL 26 8 336
68 PRL 21 113
68 PRL 21 934
68 NP 8 4501
68 NC 54 A 983
68 PR 165 1491
68 PRL 21 1 609
68 PR 167 1268
68 NP 88 471
68 PR 166 143D

69 PR 183 1168
69 PL 298 198
69 PRL 22 1 390
69 PRL 23 42
69 NP B ll 551
69 NP B 13 40
69 PR 184 1461
69 PRL 23 146

+FOR I NO+CA RTACC I+ ( BAR 1+8GNA+F I RZ+ORSAY )
+CRA WL EY K RUSE NOR TARA ~ S CHAF ER + ( ILL I NO I S )
+BRODYyCHADWICKy FRIESy GUIRAGOSSIAN+ ( SLAC) JP
BOESEBECK y DEUTSCHMANNy+(AACHEN+BERLIN+CERN)
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB+HILA+SACL)
S~ U»CHUNG y O»DAHL ~ J» KIRZ t 0» H» MILLER (LRL )
+HOUGHycOHN y BUGG+ ( BNL+ORNL+UCND+T ENN+ PENN )
+MAURER ~ MICHALONtOUDET+ (HEID+STRASBOURG)
+COCCON I+ {AACH+B ER L+ BONN+C ERN+ WARS ]
+PRENT'ICE+COOPER+MANNER+ {TNTO+ANL+WISC)

G»ALEXANDERyA. FIRESTONEyG»GOLDHABER (LRL)
+8 INON+D I DDENS+DUT E I L+KL OVNI NG+ ~ ~ ~ ( CERN )
+COLLINS y+ ( BNL+ CAR N )
BERL INGHIERI yF ARBERt+ ( ROCH) .

+EDWARDSt BURANy BETTINI t+ ( LIVP+OSLO+PADO)
+DE NONTAIGNAC yHORANDy STRACHMAN+ (PARIS)
+LEACOCKy RHODE yKOPELMANy LI BBYy+ ( ISU+COLO)
+KINSONy SCARRy+ (BNL+UCND+ORNL)

ARNENISE 70
BRANQENB 70
GASO 70

ALSO 68
GRENNELL YO
C HIE N1 70
CHIEN2 70
GARELICK 70
RABIN 70
SHIH 70

LNC 4 199
NP 816 369
LNC 3 707
CASO
PRL 24 781

TORONTO PREPRINT
JHU 7011

PHILAD»CONF P ~ 205
PRI 24 925

BNL 14059-R EV

+GHIDINI y FOR INGy CARTACCI y+ ( BARI+BGNA+Fl RZ)
+BRENNER y IOFFREDOy JQHNSONy KIM+ (HARVARD)
+CORDSyCOSTA+ (GENO+DESY+HAMB+NILA+SACL)

+KARSHON y LAI y 5 CARR t S INS (BNL )
+CHAD ~ JOHNSTON y P RENT ICE y WALKER ( TNTO+WI SG )
C ~ Y»CHIEN (JOHNS HOPKINS)
0 A» GAREL ICKy REV,IE W (NORTHEASTERN)
+GALTIERI y DERE NZOt FLATTE ~ FRI EDHAN+ (LRL )
+YOUNG (BNL )

ASCOLI 71 PRL 26 929
BEMPORAD 71 NP B 33 397
BERGER 71 PHENOMENOLOGY
8UHL 71 PRE PR IN T
LAMSA 71 PREPRINT
RINAUDO 71 NC 5 A 239

ILL I NO I S+GENO+HAMB+MIL+ SAC L+HARV+TNTO+ WI SG
+BEUSCHy MELI SSINOS y+ (CERN+ETHZ+LOIC+NILA)

IN PARTICLE PHYSICSy CALTECH 1971 (LRL)
+CLINEyTERREL ( W ISGONS IN )
+EZELLyGAIDOSy WILLMANN (PURD) JP
+BOECKHANNyNAJOR+{ TQRI+BONN+DURH+NI JM+EPOL) JP

BY DECK EFFECTW PRODUCED BY PIONSy RESONANCE INTERP ~ CONFUSED
W

W PRODUCED BY PI +
W (80»0) ADERHOLZ
W (130~ ) APPROX BOESEBECK
W (50»0) OR LESS ARMENI SE
W F (300 ~ ) APPROX» RI NAUDO

W F FOR J P=l+ (RHO PI ) STATE
W

W PRODUCED BY PI
W (140' 0) (31»0) BALI AN

W (125» ) APPROX ~ C HUNG

W (77 ~ 0) {17 0) JUNKNANN

W K (76 ~ ) (46 ) KEY
W K SHOULDER ON A2 ONLY
W (99 0) (15 0) CASO
W

W PRODUCED BY PIONSy BACKWARDS SCATT ~

W (98»0) {45~ 0) (20 0) ANDERSON 69
W

W

W

W

W A

W A

W

W PRODUCED BY K-y SEE TYPED NOTE ~

W (50 ' ) {50' ]
W (50 ) (25 )
W (120~ ) (15~ )
W

W

W

W

W

W

W A

W A A VERAGI NG NOT MEANINGFUL

72 PHIL ~ CONF ~ PROC ~ +ASCOL I y BUSNELLO y DAMGAARDy+ ( S ERP+ CERN )
72 SUBM ~ TO PL +FRANEKt FRENCH ~ GHIDINI tHILPERTt+ (CERN)
72 NP B 37 621 +PRENTICEySTEENBERGyYOONyWALKER (TNTO+WISC)
72 NP 8 46 402 BLOODWORTH y JACKSONyPRENT ICEy YOON (TORONTO)
72 BATAV ~ CONF ~ R DIEBOLD RAPPORTEUR TALK (ANL )
72 NP B 41 388 +EZELLyGAIOOSy WILLMANN (PURDUE)
72 NP 8 43 77 +OHy WALKER y JOHNSTONy YOON ( W I SC+TNTO)

ANT IPOV
ATHERTON
BERENYI
BLOODWOR
0 IEBOLD
LANSA
MORSE

4 ~ 0 PI+P
+ 8 PI+ P 6/68

0 9 Pl+ N -~ Al P 1/71
+ 5 ~ PI+PyP (3PI)+ 11/71

11/71

64 HSC
68 HBC
70 HBC
71 HBC

16 0 PI- P
3 ' 2y4»2 PI-P
16 P I- P ~ 5 P I

30 PI P

9/68
2/67
9/69

11/67

68 HBC
68 HBC
68 HBC'
68 HBC M(1150)

5/7011~ 2P I-P70 HBC
68 M( 1150)

EVIDENCE NOT COMPELLING. OMITTED FROM TABLE ~HMS — 16 PI- PyBACKW9 8/69

7/67
6/68
1/73¹
1/73¹ M

HBC +- 3y 3 ~ 6 PBAR P
HBC +- 5 ~ 7 PSAR P
HBC +- 5»7 PBAR P
D-WAVE

68 M( 1150) MASS (MEV)

65 1148.3 3 3 JACOSEL 72 MMS 0 2 ~ 4 Pl- P yN HM 12/72¹

ALLISON 67 HBC + 6 K-PyLAM +4 PI 1/68
ALLISON 67 HBC + 6 K-PyLAM +5 PI I/68
JUHALA 67 HBC 0 4»6-5 K-Py5BODY 1/68

68 M( 1150) WIDTH {MEV)

W 65 15~ 0 9 0 11»7 JACOSE L 72 MMS 0 2 ~ 4 P I- P y N MM 12/72¹

9/69 ¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

8/69
HBC + -9 K+P
HBC 12 7 K+ P
TYPED NOTE ~

HBC + 0 12 ~ 7 K+ P
REF ERENC ES FOR M (1150)

+GAR F INK EL y HOF FH AN y +
9/69

JACOBEL 72 PRL 29 671 ( IOWA+PURD+ANL )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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Me sons
Ag 8(1170), B(1835)

Ag 8(1170)
~377

4 t A le 5 ( 1170~ JPG= ) I=1

THIS ENTRY LISTS REFERENCES TQ PEAKS OF LOW STATISTI-
CAL SIGNIFICANCE IN THE 3 PI SYSTEM BETWEEN THE Al AND

THE A2e OMITTED FROM TABLE

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR A 1 ~ 5

BUTT ERWO

CASON
ASCOL I
DONALD
VON KROG
JUNKMANN
ARMENISE
GALLOWAY
MORSE

67 HEI DELB ~ CONF ~ P ~ 28
67 PRL 18 880
68 PRL 21 113
68 PL 26 8 327
68 PL 278 253
68 NP 8& 471
69 LNG 2 501
70 PR D 1 3077
72 NP 8 43 77

REVIEW TALK ON MESONS AT HEIDELBERG CONF ~

+LAMSAg BISWAS5DERAD05GROVESy+ (NOTREDAME)
+CRAWLEY 5KRUSE5MORTARA5SCHAFERG+ ( ILLINOIS)
+FRODESEN PBETT INI 5+ (L I VERPOOLg QSLOP PADUA)
+MIYASHITAtKOPELMANy MARSHALL L IBBY t COLO)
+COCCONI+ {AACH+BERL+BONN+CERN+WARS )
+GHIDINI 5 FOR INOGCARTACCI+ ( BARI+BGNA+FIRZ I
+MOTT 5 ALYEAg LEE i MART IN 5 PRICK ETT {IND)
+OH' WALKERS JOHNSTON' YOON ( W ISC+TNTO )¹¹¹¹¹¹¹*¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

B(1835) 11 5.11235 JPG=1++I 1=1

JP=2+ NOT YET COMPLETELY RULED DUD FRENKIEL 72 FIT
TWO STATES 5 JP=1+ AND JP=1- 2 IN THE 8-REGION ~

11 8 WIDTH (MEV)

+ 3 5 P I+P
3 ~ 7 P I+5 PI-P

+- Oe0 PBAR P
3 ~ 6 Pi- P

+ 8 ~ P I+ P
3 2342 PI- P

+- 0 PBAR P

ABOLINS 63 HBC
GOLDHABER 65 HBC
BALTAY 67 HBC
LEE 67 HBC
BQESEBECK 68 HBC
CHUNG 68 HBC
BIZZARRI 69 HBC

0 5-18+GAMMA P
11 2P I-P

70 CNTR
70 HBC

70 HBC
70 HBC
70 HBC
70 DBC
70 HBC
70 HBG
ONLY
72 HBC

8 0 PI-P 54P I
3 25 Pl- P

+ 18~ 5 PI+ P
3 ~ 0 K- 0
6 7 PI~P 54P I

+ 5 ~ PI+ P

+- 0 ~ PBAR P I25 PI

72 HBC + 7 1 PI+ PPP 8+

72 HBC + 7 1 PI+ PyP 8+

73 HBC
73 HBC

+ 11 7 Pl+ P

11~ 2 Pl- P

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

11 8 PART I AL DECAY MODE S

W 60 100 0 20 ~ 0
W ( 80 ~ 0)
W 376 100 ~ 30 ~

W 25 (100e ) ESTIMATED
W 203 ~ 75 ~

W 150e 20 '
W 8 300 (83e) t12 )
W 8 SUPERSEDED BY FRENKIEL 72
W ( 100 0) APPROX ANDERSON
W C (150~ 0) CA SO
W C SUPERSEDED BY AFZAL 73
W {122.0) (38 ~ 0) ( 28 ~ 0) CA SON
W 100e 0 20 ~ 0 EROFEEV
W 78 ' 0 14 ' 0 46 ' 0 HONES
W 132 0 20.0 HOOGLAND
W 113 0 4450 M I YASH I TA
W P (120~ ) (20e ) PQLS
W P HANDDRAWN BACKGROUND ERRORS STATISTICAL
W W (126~ ) (10e ) FRENKIEL
W W SEE NOTE UNDER THE MASS ABOVE ~

W 0 1163 134 23 ~ 26 ~ QTT
W 0 FROM FIT OF THE MASS SPECTRUM
W A (156~ ) (21e) (18~ ) OTT
W A SEE NOTE UNDER THE MASS ABOVE ~

W 120 ~ 50 ~ AF ZAL
W 130~ 50 ~ AFZAL
W e ~ ~ ~ ~ ~ e ~ ~

W AVG 118~ 3 Be 1

2/67
1/68

11/67
9/67

12/72¹

11/70
2/73¹

1/71
11/70

2/7 1

11/71
11/71
12/72¹

2/73¹
2/73¹
2/73¹
2/73¹

11 8 JIIASS ( ME V)

63 HBG + 3 5 PI+P
65 HBC 3 ~ 7 PI+5PI~P
67 HBC +- Oe0 PBAR P
67 HBC — 3 ~ 6 P I- P
68 HBC + 8 ~ 0 PI+ P
68 HBC — 3 224 2 PI- P
69 HBC +- 0 PBAR P

M 60( 1220 ~ 0) ABOLINS
M

'

( 1220 ~ 0) GOLDHABER
M 376 1200. 20. BALTAY
M 25 ( 1250 ~ ) ESTIMATED LEE
M 1259e 0 27 e 0 BOESEBECK
M 1220. 20. CHUNG
M 8 300(1245~ ) (10 ~ ) 8 I ZZARRI
M 8 SUPERSEDED BY FRENKIEL 72
M 1240 ~ 0 20 ~ 0 ANDERSON 70 CNTR 0 5 18 GAMMA P
M C (1265~ 0) (19.0) CASO 70 HBC — 11~ 2PI-P
M G SUPERSEDED BY AFZAL 73
M (1272 ' 0) (15 0) CASON 70 HBC — 8 ~ 0 PI-P 54PI
M 120050 (10e0) EROFEEV 70 HBG — 3 25 PI- P
M 1225 ~ 0 22 ~ 0 HQNES 70 HBC + 18~ 5 PI+ P
M 1236 0 15 ~ 0 HOOGLAND 70 DBC — 3 0 K- D
M 1200e 0 15 ~ 0 MIYASHITA 70 HBC — 6 7 PI-P24PI
M P (1230~ ) (10 ~ ) PQLS 70 HBC + 5 ~ PI+ P
M P HANDDRAWN BACKGROUND ~ ERRORS STATISTICAL ONLY
M W ( 1228 ~ ) (5 ~ ) FRENKIEL 72 HBC +- 0 PBAR P 155 PI
M W FIT REQUIRES AN ADDITIONAL JP=1- RESONANCE
M W AT 1256 MEV5 WIDTH 129 MEVe
M 0 1163 1243. 6 ~ QTT 72 HBG + 7 ~ 1 PI+ PyP 8+
M 0 FROM FIT OF THE MASS SPECTRUM
M A t 1252. ) (6. ) QTT 72 HBC + 7.1 PI+ PPP 8+
M A FROM FIT OF MASS SPECTRUM AND MOMENTS DISTRIBUTION WITH A STRONG
M A INTERFER ENCE WITH THE BACKGROUND ~

M 1235 e 15 e AFZAL 73 HBC + 11 7 PI+ P
M 1268~ 16 ~ AFZAL 73 HBG — ll ~ 2 PI- P
M ~ ~ ~ ~ ~ ~ ~ ~ e
M AVG 1236.8 5 ~ 6 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 3)

( SEE IDEOGRAM BELOW )

2/67
1/68

10/67
9/67

12/72¹

11/70
2/73¹

1/71
11/70
2/71

11/71
11/71
12/72¹

2/73¹
2/73¹

2/73¹
2/73¹

Pl
P2
P3
P4
P5
P6
P7

8 INTO OMEGA+PI
8 INTO 2P I+ 2PI-
8 INTO K KBAR
8 INTO PI PI
8 INTO PI PHI
8 INTO ETA PI (FORBIDDEN BY G)
8 INTO K KBAR Pl

DECAY MASSES
783+ 139
139+ 139+ 139+ 139
493+ 493
139+ 139
134+1019
548+ 139
493+ 493+ 139

11 8 BRANCHING RATIOS

Rl 8 INTO (4PI)/ tOMEGA PI) (P2) /(Pl)
Rl (0.5) OR LESS ABOLINS 63 HBC + 3~ 5 PI+P

R2 8 INTO {K KBAR)/(OMEGA PI) (P3)/(Pl)
R2 (0 02) OR LESS DAHL 67 HBC — 1e6-4 2 PI- P 10/66
R2 (0~ 10) QR LESS CL= ~ 90 BALTAY 67 HBC +- Oe0 PBAR P 2/67
R2 (0.08) OR LESS CL"- ~ 95 BIZZARRI 69 HBC +- 0 PBAR P 9/69

R3 8 INTO (PI Pl )/(PI OMEGA) (P4J/(Pl)
R3 (0 3) OR LESS ADERHOLZ 64 HBC 4 0 PI+P
R3 (0 15) OR LESS CL= ~ 90 QTT 72 HBC + 7 1 PI+ P

7/66
12/72¹

R5 8 INTO {ETA P I ) / {PI OMEGA) (P6) /(P 1)
R5 t 0 ~ 25) OR LESS CL= 90 BALTAY 67 HBC +- 0 ~ 0 PBAR P

R6 8+- INTO ((K KBAR)+- P IO) / (PI OMEGA)
R6 (0 ~ 08) OR LESS CL=e90 BALTAY 67 HBC +- 0 ~ 0 PBAR P

2/67

2/67

R4 8 INTO (PI PHI) / (Pl OMEGA) (P5)/(Pl)
R4 (0 ~ 015) OR LESS DAHL 67 HBC 1 6-4 2 Pl- P 10/66
R4 (0~ 04) OR LESS CL= ~ 95 BI ZZARRI 69 HBC +- 0 PBAR P 9/69

JIEIGHTED AVERAGE = 1236.B + 5 ~ 6
ERROR SCALED BY 1.3

R6 8+- INTO (KS KS PI+-) / (PI OMEGA)
R6 (Oe 02) OR LESS CL=e90 BALTAY 67 HBC +- 0 ~ 0 PBA- P

R6 8+- INTO (KS KL PI+-) / (PI OMEGA)
R6 (0 06) OR L ESS CL= ~ 90 BALTAY 67 HBC +- 0 ~ 0 PBAR P

¹¹¹¹ ¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR 8

2/67

2/67

1150 1200
B MASS {MEV)

1250 1300 1350

~ AFZAL

AFZAL
OTT

MIYASHITA
~ HOOGLAND

HONES
~ ANDERSON
~ CHUNG

BOESEBECK
ALTAY

73'HBC
73 HBC

72 HBC

70 HBC

70 DBC

70 HBC

70 CNTR

6B HBC

68 HBC

67 HBC

CHISQ
3 ~ B

0 ~ 0
1 ~ 1
6 ~ 0
0 ~ 0
0 ~ 3
0 ~ 0
0 ~ 7
0 ~ 7
3 ~ 4

16.0
(CONLEV
=0.067)

ABOLINS 63 PRL 11 381
BQNDAR 63 PL 5 209
ADERHOLZ 64 PL 10 240
CARMONY 64 PRL 12 254
GQLDHABE 65 PRL 15 118

ASCOLI 68 PRL 20 1411
BOESEBEC 68 NP 8 4 501
GASO 68 NC 54 A 983
CHUNG 68 PR 165 1491
BIZZARRI 69 NP 8 14 169

ANDERSON
CASO
CASON
EROFEEV
HQNES
HOQGLAND

'MIYASHI T
POLS
WERBROUC
D EVONS

70PRD127
70 LNC 3 707
70 PR D 1 851
70 SJNP 11 450
70 PR D 2827
70 PL 33 8 631
70 PR D 1 771
70 NP 8 25 109
70 LNC 4 1267
71 PRL 27 1614

FRENKIEL 72 NP 8 47 61
OTT 72 LBL-1547
SISTERSO 72 NP 8 48 493

BALTAY 67 PRL 18 93
DAHL 67 PR 163 137.7
LEE 67 PR 159 1156

'

SLATTE RY 67 NC 50A 377

ABOLINSGLANDERPMEHLHOPGXUONGtYAGER (UCSD)
BONDAR| DODD+ (AACHEN+8 IRM+HAMB+LOIC+MPIM)
AACHEN+BERLIN+BIRM + BONN+HAMBUR+LOIC+MP IM
CARMQNY5LANOER pRINDFLEISCHPXUONG5 YAGER (UCB) JP
G GQLDHABERPS GOLDHABERPKADYKPSHEN (LRL)

+SEVER IENS +YE H+Z ANFL LO ( COLU+BNL )
+HARDY+HE SS+KI RZ+MI L LER (LRL )
+MOEBS yRQE yS INCLAIRy VANDERVELDE t MICH)
+KRAYBI LL+FORMAN+F ERBEL (YALE+ROCH)

+CRAWLEYP MORTARAySHAPIRO ( ILL ) JP
BOESEBECK5 DEUTSCHMANNP+( AACHEN+BERLIN+CERN)
+CONT E+CQRDS+D IAZ+ (GENOVA+HAMB+MILA+ SACL )
S ~ UeCHUNGPOGDAHLG J eKIRZGD ~ HG MILLER (LRL )
+FOSTERP GAV ILL ETG MONTANETg+ (CERN+CDEF )

+GUSTA VS QN y JOHNSON 5+ ( SLAC+C IT+UCSB+ NEAS)
+CONTE TOMAS IN I, CORDS+ t GENO+HAMB+MILA+SACL )
+ANDREWSPBISWASPGRQVESPHARRINGTONP+ ( NDAM)
+VETLITSKYGWLADIMIRSKYGGRIGOREVt+ ( ITEP)
+CASON58I SWAS, HELLANDGKENNEYPMCGAHAN+( NDAM)

SABRE COLLABOR ( ZE EM+SAC L+BGNA+REHO+ EPOL)
MIYASHITA5 VON KROGHP KOPELMANP LIBBY ( COLO)
+BOECKMANNPCIRBA 5+ ( BONN+DURH+E POL+TORI )
WERBRQUCKPRINAUD05+ (TORI+NI JM+BONN+LBL I JP
+KOZLOWSK I yHORWI TZ 5+ (CQLU+SYRA)

+GHESQUIERE5{ ILLESTQLGCHUNGP+ (CDEF+CERN) JP
R ~ L ~ OTT THESIS (LBL) JP
SISTERSONP HARRISON ~ HEYDA PJOHNSONP+(HARVARD)

AFZAL 73 NCL +BASSLER5+ ( DURH+GENO+DESY+MILA+SACL) JP
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Meson s
f(1SV0)

Data Card Listings
For notation, see key at front of Listings.

5 F BRANCHING RATIOS

r(12VO)
5 F (1270 I J P G=2++) I=0

WE NO LONGER LIST EVERY PUB(. ISHED VALUE
WE AVERAGE ONLY THE MOST SIGNIFICANT
DETERMINATIONS OF MASS AND WIDTH ~

1/73¹
1/73¹
1/73¹

R10
R10
R10
R10
R10
Rlo
Rlo AVG

01«26 PI- PgP F
08 P I+ P D EL TA++F

F PARTI AL WAVE ( I ~ E ~ I 1t JP=2+ ) AMPLITUDE AT F RESONANCE
WE TABULATE X = 1/2 (1 + ETA) THIS SHOULD BE PI PI FRACTION
FOR PURE BW WI TH NO BACKGROUND ~

600 0 ' 8 0 ' 04 OH 70 HBC
250 0 85 0 05 BEAUPRE 71 HBC

~ ~ ~ ~ ~ ~ ~ ~ ~

0«820 0 ~ 031 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

1/71
1/71

5 F MASS t MEV)

M ( 1250.0) (25 ~ 0)
M 1416(1267 0) {10.0)
M 1276» 11'
M T 1960 1261~ 5 ~

M T 360 1270 10
M 1265» 8 ~

M J 1268~ 0 '6 ~ 0
M J JOHNSON 68 INCLUDES BONDAR
M 1275~ 0 13 ~ 0
M 1273.0 7 0
M C 1277 16 ~

M C INCLUDES 14 MEV SYSTEMATIC
M 600 1275~ 0 10 0
M E ( 1273 ~ 0) (6 ~ 0)
M 5300 1277«0 4»0
M E 300(1272 )
M 2000 1261~ 0 10 0
M 600 1258 ~ 0 10 ~ 0
M 1200 1274 ~ 12 ~

M

M E
M T
M

M AVG

SELOVE 62 HBC 3 ~ 0 PI- P
JACOBS 66 HBC 2-3 P I-P |T CUT20
RABIN 67 HBC 8 ~ 5 PI+ P
ARMENI SE 68 DBC 5 1 PI+Ng P PI+
ARMENISE 68 DBC 5 ~ 1 PI+Ng P PIO 0
BOESEBECK 68 HBC 8 PI+ P
JOHNSON 68 HBC 3742 PI-P
63t LEE 64' DERADO 65t E ISNER 67 ~

ARMENI SE 70 HBC 9 PI+ N —F P
ARMENISE 70 HBC 9 PI+ N —MM P
E I SENSTE 70 DBC 4 2 PI+ N

ERROR ESTIMATED FROM RHO MASS SHIFT
OH 70 HBC 1 26 PI- PtP F
STUNTEBEC 70 HBC 8 ~ PI-Pg 5 ~ 4 PI+0
FLATTE 71 HBC 7 ~ 0 PI+ P
KEMP 72 DBC 11~ 7 PI+ N

JACOBS 72 HBC 2 ~ 8 PI- P
TAKAHASHI 72 HBC 8 ~ PI- Pg N 2PI
WHITEHEAD 72 ASPK 3 1-3 6 PI- P

EVIDENCE FOR A STRUCTURE CLAIMED
ERROR INCREASED BY US SEE TYPED NOTE ON K¹MASS

~ ~ ~ ( ~ ~ ~ ~ ~

1269«9 2 ~ 1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

5 F WIDTH (MEV)

(25 ' 0)
(10 0)

17 ~

20 '
(40 ' )

23 ~

13 ~ 0
68 INCLUDES

25 ~ 0
11~ 0
15 ~ 0

( 18 ~ 0)
15 ~ 0

SELOVE 62 HBC
JACOBS 66 HBC
RABIN 67 HBC
ARMENI SE 68 DBC
ARMENI SE 68 DBC
BOESEBECK 68 HBC
JOHNSON 68 HBC

BQNDAR 63' LEE 64' DERADO
ARMENI SE 70 HBC
AR, MENI SE 70 HBC
OH 70 HBC
STUNT EBEC 70 HBC
FLATTE 71 H BC
KEMP 72 DBC
JACOBS 72 HBC
TA KAHA SH I 72 HBC
WHITEHEAD 72 ASPK

( 100~ 0)
(99 ' 0)
155»
216,

(188 ' )
128 '
176.0

JOHNSON
131' 0
173.0
120 0

(196»0)
183~ 0

(143 )
130.0
166~ 0

(217.)

W

W 1416
W

W T 1960
W T 360

W J
W J
W

W 600
W E

W 5300
E 300

W 2000
W T 600
W 1200
W

W E
W T
W

W

3 ~ 0 PI-P
2-3 PI-P T CUT20
8.5 PI+ P
5 ~ 1 PI+Ng P PI+—
5 1 PI+N, P PIO 0
8 P I+ P

3 ~ 7-4 ~ 2 P I- P
65' EISNER 67 ~

9 PI+ N —MMP
9 PI+ N —F P

1 ~ 26 PI- PtP F
8 ~ P I-Pg 5 ~ 4 PI+D
7 P I+P y D E LT A++ F
ll 7 PI+ N

2, 8 PI- P
8 PI- Pg N 2PI
3 1-3~ 6 P I- P

25 ~ 0
28 ~ 0

(24 )

WEIGHTED AVERAGE = 162.9 + B.B
ERROR SCALED BY 1 .7

EVIDENCE FOR A STRUCTURE CLAIMED
ERROR INCREASED BY US SEE TYPED NOTE ON K¹ MASS ~

« ~ ~ ~ ~ ~ ~ ~ ~

AVG 162 ~ 9 8 8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 7)
(SEE IDEOGRAM BELOW )

1/73¹
10/67
9/67
1/73¹
1/73¹
6/68
7/69

1/71
1/71
1/71

1/71
11/71
6/71

12/72¹
1l73¹
1/73¹
2/73¹

12/72¹

10/67
9/67
1/73¹
1/73¹
6/68
7/69

1/71
1/71
1/71

11/71
1/71

12/72¹
1/73¹
1/73¹
Z/73¹

12/72¹

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl A

F INTO (2PI+ 2PI-) / {PI
ASCOL I 68 SUGGEST DECAY IS

0«08 0»06
0 0 ~ 04 0» 05

D CORRECTED BY 0«DAHL
50 0.07 0 04

0«022 0 ' 045
0»047 0 013

~ ~ ~ ~ ~ ~ ~ ~ ~

VG 0.047 0»011

PI) (P2) /( Pl )
MAINLY RHO-RHOy 1/3 OF WHICH YIELD 2PI+ 2PI

BONDAR 63 HBC 4. 0 PI-P
CHUNG 65 HBC 3 2 PI-P

5 P I- P
8 PI+
1 ~ 26 PI — PpP F

ASCOLI
0 ' 022 BARDADIN

OH

68 HBC
71 HBC
70 HBC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)

11/71
6/68
2/72
2/73¹

R4
R4

F INTO (ETA PI PI)/{PI PI) (P5) /(Pl)
(0 ~ 19) OR LESS CL= ~ 95 AGUI(. AR 72 HBC 3»9y4«6 K- P 12/72¹

SELOVE 62 PRL 9 272
BQNDAR 63 PL 5 153
GUIRAGOS 63 PRL 11 85
HAGOPIAN 63 PRL 10 533
VEIL(.ET 63 PRL 10 29

ADERHOLZ 64 PL 10 240
BRUYANT 64 PL 10 232
LEE 64 PRL 12 342
SODICKSO 64 PRL 12 485

REFERENCES FOR F

SELOVEgHAGOPIAN| BRODY| BAKERi LEBOY ( PENN)
BONDAR+ (AACHEN+BI RM+BONN+DESY+LOIC+MP I M }
Z«G AT ~ GUIRAGOSSIAN {LRl }
V HAGOPIANgW SELOVE (PENN)
VEILLETgHENNESSYiBINGHAMgBLOCH+(EPQL+MILAN)

AACHEN~BERLIN~BERL IN~BONN~HAMBURG LOIC~MPI IJ
BRUYANTy GOLDBERG ~ HOLDER| FLEURY+ t

CERN+EPOL�
) I

LEEgROEy SINCLAIR' VANDERVELDE f MICH)
SODICKSONg WAHLIG pMANNELLI |FR ISCH+ (MIT) I

BARMI N 65
BARMIN 65
C HUNG 65
DERADQ 65
GUIRAGOS 65
WANGLER 65

SJNP 1 230
SJNP 1 623
PRL 15 325
PRL 14 872
PRL 11 85
PR 137 8 414

+DOLGOLENKOg ELENSKY| EROFEEV+ f ITEP MOSCOW) JP
+DOLGOLE NKO+EROF EE V+ KRES TNIK QV+ ( I TEP MOSC )
CHUNGgDAHL gHARDYiHESSp JACOBS gK IRZ fl RL)
DERADQ sKENNE Y» POIRIER ~ SHEPHARD ( NOTRE DAME)
Z G T GUIRAGOSSIAN (LRL )
T P WANGLERgA R ERWINgW WALKER (WISCONSIN)

R2 F INTO (K KBAR) /( P I P I) {P3)/tP1)
R2 DETERMINATION DIFFICULT BECAUSE PROXIMITY OF A2 WHICH HAS SAME
R2 NEUTRAL fK KBAR) MODES SINCE INTERFERENCE MAY BE CONSTRUCTIVE
R2 OR DESTRUCTIVE' EVEN UPPER LIMITS ARE DUBIOUS
R2 SOME UPPER LI MITS (X OR LESS) HAVE BEEN PUNCHED AS (0 +-X)
R2 {0.00) (0.09) BARMI N 65 HLBC 2 ~ 8 PI- 2/73¹
R2 (0 00) (0 16) WANGLER 65 HBC 3 ' 0 PI-P 2/73¹
R2 PROBABI.Y SEEN BARLOW 67 HBC 1 2 PBAR P- K1K1 11/66
R2 (0 ~ 047) (0 ~ 012)+ SYST BEUSCH 67 OSPK 5 ~ 7t12 PI-P ~ 9/67
R2 D 0 ' 05 0 ' 05 0AHL 67 H BC 1 6-4 2 PI- P 10/66
R2 0 CORRECTED BY 0 ~ DAHL 11/71
R2 A (0.031) (0.012} ADERHOLZ 69 HBC 8 PI+ P|K+K-PI- 8/69
R2 A K+K- PEAK IS AT ABOUT 1260 MEV WHILE (KKBAR)+ PEAKS AT 1320~
R2 A ALSO {CROSSSECTION¹BRANCHING RATIO) FOR A2 IS SMALL ~
R2 (0.06} (0.02) OH 70 HBC 1 ~ 26 PI- P g P F 1/73¹
R2 L {0 07) OR LESS CL= 95 AGUILAR 72 HBC 3 ~ 9t4 ~ 6 K- P 12/72¹
R2 L 0»0 0 ~ 04 LIMIT ABOVE RESTATED FOR AVERAGING '12/72¹
R2 L SMALL (CROSS SECT IQN¹BRANCHING RATIO) FQR A2 12/72¹
R2 0.13 0 ~ 05 8ISWAS 72 HBC 18~ 5 PI+- P . 1/73¹
R2 (0 ~ 02) OR LESS CL= ~ 85 WHITEHEAD 72 ASPK 3 1-3 ~ 6 PI- P 12/72¹
R2 ~ « ~ ~ ~ ~ ~ ~ ~

R2 AVG 0.051 0 ~ 063 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 0)
R3 F INTO ( KO K- PI+ AND C ~ C ~ ) /( PI P I) (P4) / t P 1 )
R3 0~ 07) OR L ESS CL= »95 AGUI EAR 72 HBC 3 ~ 9 t4 6 K P 12/72¹

ACCENSI 66 PL 20 557
JACOBS 66 UCRL-16877
WAHL IG 66 PR 147 941

ACCENSItALLES BORELLIeFRENCHvFRISK+ (CERN)
L 0 ~ JACOBS i THESIS (LRL)
+SHI BATAgGORDQNy FRISCHt MANNELL I (MIT+PISA) J

F WIDTH (MEV)

150 250

72 HBC

72 HBC

71 HBC

70 HBC

70 HBC

70 HBC

GB HBC

GB HBC

GB DBC

67 HBC

350

~ TAKAHASHI
~ JACOBS
FLATTE
OH

ARMENISE
ARMENISE
JOHNSON

BOESEBECK
ARMENISE
RABIN

CHISQ
0.0
1 ~ 7
1.B

B,2
O. B-
1 ~ 6
1.0
2 ~ 3
7.1
0 ~ 2

24. B
(CONLEV
=0.003)

BARLOW
8 EUSCH
DAHL
E ISNER
POIRIER
RABIN

67 NC 50A 701
67 Pl 25 8 357
67 PR 163 1377
67 PR 164 1699
67 PR 163 1462
67 THESIS

+L II LESTOL+MQNTANET+ (CERN+CDEF+IRAD+LIVP )
+FI S CHER g GOBB I ~ A ST BURY+ {ETHZ+CERN)
+HARDY+HESS+KIRZ+MILLER (LRL)
+JOHNSON+KLEIN+PETERS+SAHNI+YEN+ (PURDUE)
+8ISWAS ~ CASONt DERADQyKENNEY+ (NDAM+PENN)
M» RABIN (RUTGERS )

ARMENISE
ASCOLI
BOESEBEC
FOSTER
J OHNSON

ALSO
LAMSA

ALSO
WHITEHEA

68 NC 54 A 999
68 PRL 21 1712
68 NP 8 4 501
68 NP 8 6107
68 PR 176 1651

63BQNDARi LEE
68 PR 166 1395
67 POIRI ER
68 NC 53A 817 +MCEWENt OTT» AITKEN+ ( AER E+S HMP+ LOUC )

ADERHQLZ 69 NP 8 11 259
AGUILAR- 69 PL 29 8 241
ARMENI SE 69 LNC 2 501
CASO 69 NC 62 A 755
DONALD 69 NP 8 11 551

+BARTSCHi+ {AACH+BERL+CERN+JAGL+WARS)
M ~ AGUILAR-BENITEZgJ BARLOWt+ {CERN+CDEF)
+GHIDINI FQRINO CARTACCI+ {BARI+BGNA+FIRZ)
+CONTE iBENZ»+ (GENO+DESY+HAMB+MILA+SACL)
+EDWARDS»BURANy BETTINI t+ ( LIVP+QSLO+PADO)

AGUI LAR 70
ARMENISE 70
BADIER 70
EISENSTE 70
QH 70
STUNTEBE 70

PRL 25 58
LNC 4 199
NP 8 22 512

COO 1195 194
PR D 1 Z 494
PL 32 8 391

AGUILAR BENI TE 2» BARNESy BASSANOy+ ( BNL+SYRA )
+GHID IN I t FOR ING» CARTACCI y+ ( BARI+BGNA+F IRZ)
+BONNET t DREV ILLON ~ BAUBILLI ER g+ ( EPOL+ IP NP )
E I SENSTE IN»GORDON {ILL)
+GARF INK EL t MORSE» WALKERS PRENTICE ( W ISC+TNTOJ}
STUNTEBECK yKENNEYt DEERYg BI SWAS tCASON+( NDAM}

+FOR I NO+CA RTACCI+ ( BAR I+ BGNA+F IRENZE+ORSAY)
G. ASCOLI gH»8 ~ CRAWLEYgD ~ W ~ MORTARAg+ (ILL)
BOES EBECK g DEUTSC HMANNg+(AACHEN+BERL

IN+CERN�

)
+GAVILLET+LABROSSE+MONTAhlET+ (CERN+CDEF)
+POIR I ER 1 8 I SWA S ~ GUTAY+ ( hlDAM+PURD+ SLAC)

64» DERADO 65' EISNER 67
+CASQN+BISWAS+DERADQ+GROVES+ (NOTREDAME)

5 F PARTIAL DECAY MODES

BARDADIN 71 PR 04 2711
BEAUPRE 71 NP 8 28 77
FARBER 71 NP 8 29 237
FLATTE 71 PL 34 B 551

BARDANIN-OTWIhlQWSKAg HOFMOKL g+ ( WARS)
+DEUTSCHMANN t GRAESSLER g+ ( AACH+8 ERL+ CERN)
+DE PINTOt BI SWASgCASON ~ DEERYiKENNEY ~ +(NDAM)
+ALS lON-GARNJOST»BARBARO-GALTIERI ~ + {LBL)

Pl
P2
P3
P4
P5

F INTO PI PI
F INTO 2P I+ 2PI-
F INTO K KBAR
F INTO K KBAR PI
F INTO ETA PI P I

DECAY MASSES
139+ 139
139+ 139+ 139+ 139
497+ 497
497+ 497+ 139
548+ 139+ 139

AGUILAR
8 IS WAS

FOGL I
GRAY ER
JACOBS
KEMP
SCARRQTT
TAKAHASH
WHITEHEA

72 PR D 6 29
72 PR D 5 1564
72 NC 8 A 670
72 PHIL ~ CONF ~ PROC
72 PR 0 6 1291
72 NC 8 A 611
72 LNC 3 271
72 PR D 6 1266
72 NP 8 48 365

AGUI LAR BENI TEZ»CHUNG y EI SNER t SAM{ OS ( BNL)
+CASON g HARRINGTON' KE NNEY g SHE PHARD ( NDAM )
FOGL I-MUC I ACCI A|PI CC IARELL I ( BARI )

5 +HYAMS |JONES y SCHLE IN g BLUMi DI ETL+ {CERN+ MP IN)
D.JACOBS {SACLAY}

+MAJQR|CONTRIi+ (DURH+GENO+MILA+EPOL+LPNP)
SCARRQTTgKEMP (DURHAM)
TAKAHASHI gBARISHy+ (TOHQ+PENN+NDAM+ANL)
WHIT E HEA 0|AULD g + ( A E R E+R HE L+S HMP+ LOUC )



PARTicLE DATA GRoUp Reviewer of Particle Properties S&7

Data Card Listings
For notation, see key at front of Listings.

MCSOIIS
D(laa5), x,(telo)

D 1
8 0 l 1285e,JPG= +I I=Q

( ) (Je"-0- 1», 2 »IT» 1» FllllORED l

8 D MASS t NEVI

H (1290») APPROX' BAR(.GM 67 HBC
M 1283»0 5 0 DAHL 67. HBG

1290» 7 ~ Oe RNDL AU 68 H BG
N l 1310~ 0) DEFOIX 68 HBC
M 1270».0 10 ~ Q C ANP BEt.L 69 DSC
H 1285» 7 LORSTAD 69 HBC
M 13Q3 .0 8 0 BARDADIN 7E HBC
M 1283~ 0 6 ~ 0 BOESEBECK 71 HBG
M 150 1292. 1Q ~. OEFOIX 72 HBG
M 180 1286» 3 ~ DUBOG 72 HBC
N: S 500(1280~ ) t3 ~ ) THUN 72 MHS

M S SEEN IN THE HISSING MASS SPECTRUM
H ~ ~ e ~ ~ e ~ e ~

M. AVG 1286».l 2»Z AVFRAGE t ERROR INCLUDES

leg. - PBAR Py 4PFS
1 6-4Z Pl- P

1~ 2 PBAR Py 5-6 PFS
l»2 PS P ~ 7 PI
2 ' 7 PI+ D

0»7 PB Pe 4¹5-BODY
8 PI+ P, P+6PI
16 0 PI Pg5 PI
0 ~ 7' PSAR Pe7 PI
1»2 PSAR Pr2K4PI
13»4 Pl- P

SCALE FACTOR OF 1»l)

5/67
10/66
6/68
3/69
8/69
9/69
9/69
6/Tl
I,/73¹

12/72¹
12/TZ¹
12/72¹

8 O WIDTH (HEY)

I 35 ~ 0) ( 10~.Q:) DAHL 67 HBC
46» 20 e. D .ANOLAU 68 HBC

UNFOLDED BY OOBRZYNSKI, 71
(40'e 0)' DEFOIX 68' HBC
30~ 0 15 ~ 0 CAMPBELl. 69 DBC

(60 ). (.15 ~ ). I.ORS.TAD 69 HBG
(44 0) (24»0) SARDADIN. 71 HBC

10».0 10»0 BOESEBEC K 71 H SG
150 l 28e ) l5 ~ 1 DEFOIX 72 HBG
180 (46») (9 DUBOC 7'2 HBC
500 t 37 l. (5 THUN 72 MHS

SEEN. IN THE HISS ING MASS SPECTRUM
RESOLUTION NOT UNFOLDED

~ e ~ e. ~ ~ e.

VG 20 ~.6 9 ~ 6 AV FRAGE ( ERROR INC(. UD ES

W R
U

'W U

M R

W R
W R

W R
M R
W S
M S

W

A

1».6-4e 2 PI'-- P 11/71
1 2 PBAR Py 5-6 PFS 2/72

1.2 PB Pe7 PI
2.7 PI+ 0

0 7 PB Pe 4r5 BODY
8 PI+ Pg P+6P. I
16 0 PI P 5 PI'
0»T PSAR Pvj P9
1»2 PB'AR P p2K4P I-

13»4 PI- P

SCALE FACTOR GF. 1»3)

11/7 1
8/69

11/71
11/7.'1
6/71
1/73¹

12/72¹
EZ/72¹
12/72¹
11/7. 1

Pl
PZ
P3
p4
P5

8 D PARTIAL DECRY MODES

D INTO K KSAR PI
D INTO PI PI RHO

0 It4TO ETA RI PI
D I't4TO DELTA PI
0 INTO 2PI+ 2PI-

DECAY MASSES
497+ 497+ 134
134+ 134+ 770
548+ 134+ 134
970+ 134
139v 139* 139+ 139

R2 D INTO (K KBAR PI')/(ETA P. I PI ) (PE)/(P3)
RZ K R 0 ~ 166 0 ~ 055 OEFOIX 68 HBC 1.»2 PSA'R P
RZ R REVISEO BY DEFGIX 72
RZ 0 16 0 F 08 CAMP&EL( 69 DBC 2 ~ 7 P lv 0
RZ K Qe ZO 0 ~ QS DEFO'IX 72 HBC 0»7 P BAR Ps 7 PI,
R2 K K KSAR SYSTEM CHARACTERIZED SY THE I=1 THRESHOLD
R2 K ENHANCEMENT (SEE UNDER DELTA(970))
R2 ~ ~ ~ e e e ~ ~ ~

RZ AVG 0 ~ 173 0 ~ 039 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

1/73¹
I/73¹
1/73¹

R3
R3
R3
R3

D, I'NTO (DEt, TA. PI) /t ETA. P. l PE). ( P 4):/'l P 3 )
POSSIBLY S,EEN AMHAR. 70 HBC 4 ~ 1,5 5K, ETA 5/70
POSSIBLY SEEN OTWINOWSK 70 HBC 8 PI+ P P+6PI 9/69

(0 ~ 8) . (0 ~ 2) DEFOIX 72 HBC 0 ~ 7 PBAR Pg.T Pl e 1/73¹
R4 0 I NTO' (2PI+ 2PI- (INCL . RHO PI PI ))/ (ETA P I+ P I-)
R4 (P 5) /( 2/3P3)
R4 50 l0 ~ 55) OR MORE SOESEBECK 71 HBC 16~ PI+ PeP 5PI ll/71

8 D BRANCHING RATIOS

Rl 0 INTO (PI PI RNG1 / (K KBAR PI) (P2)/(Pl)
R), (2 ~ 0) OR LESS DAHL 67 HSG CHARGED PI GNl. Y 10/66
RE D (4»0) OR LESS DONALD 69 HBG 1 2 PSAR P.

' 5P+
RE D THIS I S FOR (RHOQ PI+ PI.-) /I K KBAR PIG)

x,(131o)
12 A2 ( 1310'JPG~Zv-) I~l

%e list the A& as an ardinary Breit-signer
resonance. This conclusion is based an the failure af

~e ~ e 'eM '% e ~ e ~e 'ew «e» e

12 AZ MASS tMEV) e 3PI NODE

64 HBC
64 HBG
65 DBC
65 MNSP
65 DBC
66 HBC
66 OBC
66 NNS
67 NMS

68 DBC
68 HBC
68 HBC
68 HSG
68 HBC
68 HBC
69 HHS
69 DSC
69 HBC
70 HBG
70 HBG
7Q HBC
70 HBG
70 HBG
7-0 D.BC
70 DBG
71 HSC
71 MH.S
7'1 NHS
71 NMS
71 MMS

71. NHS
71 HSC
72 CN'T R
72 HBC
73 HBC

ADERHOLZ
GOLOHABER
FORI NO

LEFEBVRES
SE IDLI TZ
BARNES
BENSON
LEVRAT
C HI KOVAN I
ARHENI SE
BOESEBECK
CHUNG
VON KROGH
JU NKNA NN

LAMSA
At4OE RSON
ARNENI SE
E ISENBERG
ASCOLI
Al. STON-GR
BGCKMANt4
GA SO
0 I'AZ
GARF INKE L
GORDON
BARNHAH
BINNI El
BI NNI E 1
&OWEN
&OWEN
&OWEN

B UHL
ANTI PGV
BLOOOWORT
CHALOUPKA

4 0 P I+P
4- 3 ~ 7, PI+- P
+ 0 4 5 PI+ 0

5 6g6 0 Rl-P
3» 2' PI-D
6 0 PI-P

0 3~ 65 PI+D
' 67 Pl P
7 PI- P

0 5 1 PI+D
0 8 PI+ P

2 7-4»5 PI- P
6 7 Pl- P
16» Pl Ps 5PI
8 PI- P
16 P I- P e BAC KW9

+ 5 ~ 1 PI+0 e3P I++-
+ 4'3r5»3 GAMMA P

5 — 7 5 PI- P
+ 7 0 P I+P, 3PI P

05. P I+P
11»2P I-Pg PI RHO

v- 0 ~ PBAR Pg 4 PI
4 ~ 5 K Dg LAMBDA

0 4»2 PI+ 0
+ 3»7 PI+ Pg(3PI)v

P I-P NEAR A2 THR
PI-P NEAR AZ THR
5 ~. PI- P
5 PI+ P
7 ~, PI- P
2.~ 5 P I- P
40 . Pl- P gP 3PI

+ 5 45 PI+ PgP 3PI
3 9 PI- PeP A2

M (1320.Q)
H 1335»0 10 ~ 0
H 130(1310 .0)
t4 1425 1290»0 (5 0)
H (130' 0)
M (1290 0) ('10»0)
H 1310.0 10 0
M 1060 12S6. (8 ~ )
M 4000 1307~ 16
M 260 1311»0 6 ~ 0
N 120 1320» 10 ~ '.

H 0 (1310~ ) (20 ~ )
N ( 1301~ 0) (8 0).
H A t 1300~ 0) (4 ~ 0)
H A (1299 ) (14
H 0 ( 1295 ~ 0)' t 20 ~ 0)
M A 241( 1299~ Q) (.12 ~ 0)
H 1310 0' 14 0
N 1305~ (3»)
H 941 1306~ Q 4 ~ 0

280 1313e0 7 .0
M A 581 ( 1288~ Ol t 10 ~ 0')
M 1335~ 0 15 ~ 0
M D (1330~ 0) l 15 0)
M (1274' 0) (22 ' 0)
M 36Q 1.304» 0 4 ~. 5
M 10000 1307' 5..

M 5000 1309~ 5 ~

M 28000 1299~ 0' 6 ~ 0
H 24000 1300. 6 0
M 17000 1,309» 0 4 ~ .0
M C (1307» ) t 12 ~ )
M P 13),5 ~ 4 ~

160 1307~ 7 ~

M 1580 I306. 9 ~

M

H G ONLY. EXP ERIHENTS G IV'ING ERROR
M 0 H'AY BE DIFFERENT OBJ EGTy ALTH
H A ANALYSIS COMPLICATED BY NEARB
H C BACKWARD PRODUCTION
M P FROM A F IT TO JP=2+ RHO PI
M e e ~ ~ ~ ~ ~ ~ ~

M AVG 1308~ 8 1 ~ 6

LESS THAM 20 N'EV KEPT FOR AVERAGING
OUGH JPC=Z++ COMPARE CRENNELL 69
Y PEAK (Ale 51 AND/OR Al

AVERAGE t ERROR INCLUD'ES SCALE FAGTQR OF 1 ~ 1 )

10/66
I/73¹
6/66
2/73¹
6/66
1/73¹
& /67
9/67
6/68
5/68
9/68
1/73¹
1/71
8/69
5/70

12/69
1/71
1/71
5/70
1/73¹
5/70
1/71
1/71

11/71
11/71
11/7 1
11/71
11/71
11/71
11/T 1
12'/72¹
1/73¹
2/73¹

12/72¹

11/71

12 AZ MASS (HEV)e K KBAR NODE

experiments with high statistics and good resolution
ta confirm the reported splitting; moreover the

analyses of the most significant "split-peak" experi-
ment have reduced the significance of the dip and

revealed some experimental difficulties (DAMGAARD

7Z, e. g. , Fig. 8; KIENZLE 7Z, e. g. , Fig. 6).
For a recent review see DIEBOLD 7Z.

D .ANDLAU
MI (.LER
BARLOM
DAHL
D»RNDLAU
DEFOIX

65 PL 17: 347
65 PRL 14 1074
67' NC 50 A 701
67 PR 163 1377
68' t4P 8 5 693
68 PL 28 8 353

+BARLOWtADAHSONrv (CDEF+CERN+IRAD+LIVP)
+GHUNGeDAHLeHESS ~ HARDYeKIRZyv (LRt.+UCB)
vHOhLTANETg, D-ANDLAUv tCERN+CDEF+IRAD+LIVP. )
+HARDY+HESSvKI RZ+MILLER (LRL) I JP
vASTIERy BARLOM+ (COEF+CERN+IRAD+LIVP) I JP
+RIVET ~ S IAUDeCONFORTO+ (COEFvIPNP+CERN)

CAMPBELL 6.9 PRL 22 1204
DONALD 69 NP 8 11 551
LORSTAO 69 NP 8 14 63'
OTWING'WS 69 PL 29 8 529

AHMAR 70 PR D2 430

BAROADIN 71 PR D4 2711.
BOESEBEC 71 PL 34 8 659
DOBRZYNS 71 PRIV ~ GOMHUN ~

GOLOSERG Tl LNC 1 627

+L ICHTNANr+ ( PURD)
+EDWARDS g BURANe BETTI'NI ev (.LIVP+OSL'0+PAGO)
8 LGRSTADgO ANDLAUeASTIERev (COEF+CERN) JP
S ~ OTWI'NOWSKI (WARSAW)

vKROPAG'e DAVIS' DERR IGK+ ( KANS+NME S+ANL+WI SCl

BARDAOIN-OTMINOMSKAgHGFMOKLg MIGHE JOA+l'WARS)
( AACH+8 ER Lv BONN+ G ERN+CRAC+HE I D+ WARS )

L' ~ DG BR ZY NSK I I (CERN+COEF)
+HAKOWSKIeTOUCNARDyDONALDgv l IPN+LI VP ) J P

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR D

67 HSC
67 HBC
67 OSPK
67 HBC
67 HBC
67 HBG
68 HBG
69 HBC
70 HBG
71 HBC
71 ASPK
72 GNTR

(3 ~ 0)
13 ~ 0
(7 )
12 ~ 0

0
(10 &)

(5 ~ 0 l

HK 80( 1317e 0)
HK 60 1333.. 0
MK N t 1344 0.)
HK 130 1280» 0
HK 13-17 2
HK N ( 1315~ 7)
MK N l 1311 0)
HK 12 ( 1315.0)
MK 132 1301 0
MK 1'90 1313~ 0
HK S 1500 1319 0
MK 730 1313~ 0
HK

HK N

HK S
HK
MK A VG

BARl;O'W

BARL GW

SEUSCH
CONF ORTO
DAHL
DAHL
CRENNELL
ADERHOLZ
ALSTON-GA
C RENNE L

'GRAYER
FOLEY

+- 1 ~ 2 PBAR Py KK ~
+- 1 ~ 2 PBAR Pa KK

0 5-12 PI-Pp KEK1.
+- 0 ~ PBAR P IN KK»

2 7-4 5 PI- P
0 2 ~ 7 4e5 PI- P
0 6 ~ 0 P. I-P gKEKE

+ 8 PI+ Pp K+KG
+ 7 0 PI+P)K+KS P

4 ~ 5 PI:- P'yKSK~P'
17 2 PI-P gK-KS P
20 ~ 3 PI PeK- KS

(6.)

7 ~ 0
7 ' 03.0
4 ~ 0

12 AZ MASS (HEV) e ETA PI MODE

THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON
SYSTEMAT IC ERROR IN MASS SCALE SUBTRACTE 0

~ e ~ e ~ e' ~ ~ ~

1315»0 3 ~ 1 AVERAGE (ERRO'R I'NCLUDES SCALE FACTOR OF 1 7)
(SEE IDEOGRAN BELOW )

2/7. 2
9/67

11(TE
9/67
8!67

11/71
11/71
8/69'
1/TE

11/7 1
2/72

12/72¹

BERENYI 7Z NP 8 37 621
CHAPMAN 72 NP 8 42 1
DEFOIX 72 NP 8 44 125
DUBOC 72 NP B 46 429
THUN 72 PR I. 28 1733

vPRENTICEpSTEENBERGy YGONyMALKER (TNTO+WISC)
vCHURCHsLYSyHURPHYyRINGvVANDER VELDE (MICH)
+NASCIMENTOe BI ZZARRI gv (CDEF+CERN)
+GOLDBERG y HAKOWSKI y DGNALDy v (LPNP+LIVP I
+BL I EDEN s F INOGCHIARG g BOWEN ev ( STON+NEAS )

M 189 1312~ 0
M 1300»0
M 32 1300».0
M 30 1288'~
M. 132'0.~

M 906( 1326» )
M ~ ~ e ~

H AVG 1300~ 8

7 ' 0
20 »0

8»
7 ~

20 ~

(3 ~ )

ALSTON-GA 70 HBG + 7. 0 PI+Pp PI ETA
GASO 70 HBC - 1le 2P I-Pe PI ETA
DZIERBA 70 HBC — 8 ~ PI.- P gPI ETA
JOHNSTON 70 HBC - TePI-PgPI-ETA P
ESPIGAT 72 HBC +- 0 ~ PBAR PESETA 2PI
PREPOST 72 OSPK — 6 PI- PpP PI ETA

5 ~ 3 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
(SEE IDEOGRAM BELOW )

1/71
5'/70
I/73¹
1/71,

11/71
I/73&

FOR THE MASSES OF A2L AND A2H SEE GUR APRI'L 72 EDITIONS
SEE RLSO THE TYPED NOTE ABOVE ~

»»
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Mesons
X,(3.310)

Data Card Listings
For notation, see key at front of Listings.

WEIGHTED AVERAGE = 1315.0 + 3.1
ERROR SCALED BY 1.7

FOLEY 72
GRAYER 71

'CRENNEL 71
ALSTON-GA 70
DAHL 67
CONFORTO 67
BARLOW 67

CNTR

ASPK
HBC

HBC

HBC

HBC

HBC

14061240 1280 1320 1360
A2 MASS fMEV)~ K KBAR MODE

CHISQ
0.2
1.8
0.1
4.0
0.3
8.5
1 ~ 9

16.8
(CONLEV
=0 F 010)

12 A2 WlDTH (MEV)» K KBAR MODE

18
(36 ' 5)
(10 ~ 0 )

WEIGHTED AVERAGE = 104 .2 '& 12 .1
ERROR SCALED BY 2.3

60 56 ~ 0 28 ~ 0 BARLOW 67 HBC +- 1 2 PBAR Pi KK

WK 80 56 ~ 0 15 0 BARLOW 67 HBC +- 1~ 2 PBAR P ~ KK

WK N (88~ ) ( 23 ~ ) ( 22 ~ ) BEUSCH 67 OSPK 0 5 12 P I P» K1Kl
WK 130 (90» 0) CONFORTO 67 HBC +- 0 PBAR P IN KK

WK DAHL 67 HBC - 2»7-4 5 PI- P

(80 ~ 5) DAHL 67 HBC 0 2 ~ 7-4»5 PI- P

WK N (21~ 0) (6 ~ 0) CRENNELL 68 HBC '0 6»0 PI-P iKlK1
WK 12 (34 0) ADERHOLZ 69 HBC + 8 PI+ P|K+KO

132 90~ 0 24 ~ 0 ALSTON-GA 70 HBC + 7 ~ 0 P I+PiK+KS P

190 125~ 0 19 ~ 0 16~ 0 C RENNE L 71 HBC 4 ~ 5 P I P g KSK~ »
— - -P

WK 1500 123.0 7 0 GRAYER 71 ASPK — 17 2 PI-PtK-KS P

WK 730 113»0 19~ 0 FOLEY 72 CNT R — 20 ~ 3 Pl- Pg K- KS
WK N THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON

WK AVG 104 ~ 2 12 ~ 1 AVERAGE (ERROR INCI UDES SCALE FACTOR OF 2»3
(SEE IDEOGRAM BELOW )

9/67
9/67

11/71
9/67
8/67

11/7 1
1 1 /71

8/69
1/71

11/7 1
11/71
12/724

WEIGHTED AVERAGE = 1300.8 + 5.3
ERROR SCALED BY 1.3

I

I
I

I
~ t I I

I

j

FOLEY 72
~ GRAYER 71
~ CRENNEL 71

ALSTON-GA 70
~ DAHL 67
BARLOW 67
BARLOW 67

2500 50 100 150 200
A2 WIDTH f MEV) s K KBAR MODE

CNTR

ASPK
HBC

HBC

HBC

HBC

HBC

CHISQ
0 ~ 2
7 ~ 2
1.4
0 ~ 3

10.1
10.3
3,0

32.6
[CONLEV
=0.000)

1240 1280 1320 1360
A2 MASS (MEV) s ETA PI MODE

GAT 72 HBC

STON 70 HBC

RBA 70 HBC

70 HBC

ON-GA 70 HBC

1400

CHISQ
0.9
3.4
0 ~ 0
0.0
2 ~ 6
6.8

(CONLEV
=0.145)

W

W

W

W

W

W

W

W

'W

12 A2 WIDTH (MEV)» ETA PI MODE

189 103~ 0 20 ~ 0
(120 0)

32 (41» 0) (20 ~ 0
T 30 (38~ 0) t 30 ~ 0

120. 30
906 (116 ' ) tl6 ~ )

T ERROR INCREASED BY
~ ~ ~ ~ ~ ~ » ~

AVG 108.2 16.6

ALSTON-GA 70 HBC
CASO 70 HBC

I 16» 0) DZ IERBA 70 HBC
JOHNSTDN 70 HBC
ESPIGAT 72 HBC
PREPOST 72 OSP

US ~ SEE TYPED NOTE ON Ke MA

K

SS ~

7 ~ 0 P I+P| Pl ETA
11~ ZP I-P» PI ETA

8 PI- P»PI ETA
7 ~ PI-P t P I-ET A P

0 PBAR Pg ETA 2P I
6 ~ PI- P»P PI ETA

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

1/71
5/70

11/70
1/73e

11/71
1/73*

12 A2 WIDTH (MEV)» 3PI MODE

HBC
HBC
HMSP
DBC
HBC
DBC
MMS

MMS

DBC
HBC
HBC
HBC
HBC
MMS

OBC
HBC
HBC
HBC
HBC
HBC
DBC
OBC
HBC
MMS

MMS

MMS

MMS

MMS

CNTR
HBC
HBC

0 PI+P
+- 3.7 Pl+- P

6 ~ 0 PI-P
3»2 PI D

6, 0 PI-P
0 3 ~ 65 PI+0

6» 7 PI-
7 PI- P

0 5 ~ 1 Pl+D
08 PI+ P

2»7-4»5 PI- P
6 ~ 7 PI- P
16~ Pl- Pg 5PI
16 P I- P y BACKW9

+ 5 ~ 1 PI+0)3PI++
+ 4»3g5 3 GAMMA P
+ 7 0 PI+Pg3PI P

05. PI+P
ll ZP I-P» PI RHO

+- 0 ~ PBAR Pg 4 Pl
4» 5 K-0 g LAMBDA042 PI+ D

+ 3~ 7 PI+ Pg (3PI)+
Pl-P NEAR A2 THR
P I-P NEAR A2 THR
5 ~ PI P

+ 5 PI+ P
7 Pl- P
40» PI- P tP 3PI

+ 5 45 Pl+ PyP 3PI
3 9 PI- P»P AZ

MEV KEPT FOR AVERAGING

COMPARE CRENNELL 69 ~

AND/OR Al

UDES SCALE FACTOR OF 1»0)

W ( 100~ 0) ADERHOI Z 64
W 90 ~ 0 10 0 GOLDHABER 64
'W 1425 99~ 0 t 1'5 ~ 0) LEFEBVRES 65
W (140' 0) SEIDLITZ 65
W (70.0) (10 0) BARNES 66
W 100~ 15 ~ BENSON 66
W 1060 98 (5 ~ ) LE VRAT 66
W 4000 90' 15 ' CH I KOVANI 67
W 260 96~ 0 16 ~ 0 ARMENI SE 68
W 0 120 (56 ~ ) (21 ) BOESEBECK 68
W 0 (80 ) (20 ) C HUNG 68
W (40 ' 0) (25 ' 0) VON KROGH 68
W A (52 ' 0) (16»0) JUNKMANN 68
W 90» 0 10.0 50.0 A NDE RS ON 69
W AE 241 (164»0) (20 ~ 0) ARMENISE 69
W 0 (80' 0) (30' 0) EISENBERG 69
W 941 79 ~ 0 12 ~ 0 ALSTON-GA 70
W 0 280 (70 ' 0) (29 ' 0) BOCKMA NN 70
W A 581 I 135~ 0) (26 ~ 0) CA SO 70
W 0 (90.0) (20.0] DIAZ 70
W D (35»0) t35 ~ 0) GARFINKEL 70
W (215 0) (22.0) GORDON 70
W 360 111~ 4 18 ~ 0 BA RNHAM 71
W 10000 ( 100~ ) 8INNI El 71
W 5000 72 16. 8 INNI El 71
W 28000 105' 0 5.0 BOWEN 71
W 24000 99' 0 5 ' 0 BOWEN 71
W 17000 103 0 5»0 BOWEN 71
W P 110~ 15 ~ ANTI POV 72
W 0 160 (72 ~ ) (25 ~ ) BLOODWORT 72
W 1580 99' 15 ' CHALOUPKA 73
W

W 0 ONLY EXPERIMENTS GIVING ERROR LESS THAN 20
W E BACKGROUND SUBTRACTION MODEL-DEPENDENT
W D MAY BE DIFFERENT OBJECTS ALTHOUGH JPC=2++»
W A ANALYSIS COMPLICATED BY NEARBY PEAK (Al»5)
W P FROM A FIT TO JP=2+ RHO PI
W ~ ~ ~ ~ ~ ~ ~ ~

W AVG 99 ~ 6 2 ~ 4 AVERAGE ( ERROR INCL

1/73e
6/66
2/73e
1/67
1/73'
8/67
9/67
1/73«
5/68
9/68
1/734
8/69
5/70

12/69
1/71
5(70
1/73+
5/70
1/71
1/71

11/71
11/71
11/71
11/7 1
11/71
11/71
12/7.2&
12/72e
2/73e

12/72e
5/70

FOR THE WIDTHS OF A2L AND A2H SEE OUR APRIL 72 EDITION»
SEE ALSO THE TYPED NOTE ABOVE ~

12 AZ PARTIAL DECAY HODES

Pl
P2
P3
P4
P5 S
P6 S
P7 S

. PB S
P S

A2 INTO
A2 INTO
A2 INTO
A2 I NTO
A2 I NTO
A2 I NTO
A2 INTO
AZ INTO

SMALL»

RHO PI
K KBAR
ETA Pl
OMEGA PI Pl
PI+ PI- P 10 EXCL»RHO PI
PI+ PI- .PI- EXCL~ RHO PI
PI GAMMA

ETA PRIME PI
NOT USED IN THE FIT

DECAY MASSES
770+ 139
493+ 497
548+ 139
139+ 139+ 783
139+ 139+ 134
139+ 139+ 139
139+ 0
958+ 139

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where
6P. = wl(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-r 1 I
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P., see the listings1
above only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

P 1 P 2 P 3 P 4
P 1 ~ 7236+ ~ 0211
P 2 ~ 0 077 ~ 0475+ ~ 005 8
P 3 —~ 2538 — 0925 1526+- ~ 0132
P 4 -~ 7960 —~ 2131 -» 3270 ~ 0764+- ~ 0223
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Data Card Listings
For notation, see key at front ofListings.

Me sons
X,(~31O), E(i4ao)

12 A2 BRANCHING RATIOS

Rl A2 INTO (K KBAR) / (RHO P I) (P2)/(Pl)
Rl (0 08) OR LESS LANDER 64. HBC + 3 ~ 5 PI+P
Rl N (0 13) (0 ~ 03} BEUSCH 67 OSPK 0 5t 7t 12 PI~+
Rl 11 0 ~ 09 0 «06 0 ~ 09 ASCOL I 68 HBC - 5 PI-P
Rl 0.054 0 ~ 022 GHUNG 68 HSG — 3.2 PI-P
Rl (0 03) (0 012) DONALD 68 HBC +- 1 ~ 2 PBAR P.
Rl N (0«14) (0 ~ 05) SOCKMANhl 70 HBC 0 5 ~ 0 PI+P
Rl 0 07 0 05 BOCKMANhl 70 HBC + 5 0 PI+P
Rl N THE NEUTRAL MODE CAN INTERFERE WITH F ~

Rl 0 ' 06 0 ' 03 ASRAMOVIG 70 HBC - 3 ' 93 PI P
Rl E (0 024) (0 006) DIAZ 70 HSC + 0 ~ PBAR Pt 4 Pl
Rl E SUPERSEDED BY ESP{GAT 71 ( SEE UNDER R2 AND RB]
Rl 0 F 07 0 ' 03 NEF 70 MHS - 7 ~ 0 PI- P
Rl 113 0 097 0 ~ 018 ALSTON-GA 71 HBC + 7 ~ 0 PI+ P
Rl 50 0 ~ 056 0 ~ 014 CHALOUPKA 73 HBC - 3 ~ 9 P I- P t P A2
Rl ~ ~ ~ ~ ~ ~ ~ « ~

Rl AVG 0 0678 0.0088 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
Rl FIT 0 ~ 0656 0 ~ 0082 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

10/66
9/67
6/68
1/67

~ 2/72
9/69
9/69

1/7 1
11/71
11/7 1
6/7 0
2/71
2/73¹

R2 A2 INTO ( ETA PI
R2 34 0 ~ 15
R2 0 ~ 13
R2 « ~ «« ~ ~

R2 AVG 0«140
R2 FIT 0 165

)/(RHO PI + K KBAR + ETA PI) (P3) /(Pl+P2+P3}
0«04 BARNHAM 71 HBC + 3 ~ 7 Pl+ P
0 ' 04 ESP IGAT 72 HBC +- 0 ~ PBAR Pt
~ « ~

0 ' 028
0 ~ 013

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1«0)
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

11/71
11/7 1

R3 A2 INTO (ETA PI] / (RHO PI)
R3 0 ~ 3 0 ~ 2 ADERHOLZ
R3 0 22 0 09 CONTE
R3 22 0 ~ 23 0 ~ OS ASCOLI
R3 0 ~ 12 0 ~ 08 C HUNG

R3 (0~ 072) OR LESS DONA LD
R3 0 16 0 10 KEY
R3 D (0 18) {0 06) VETL ITSKY
R3 0 ' 3 0 ' 13 ABRAMOVIG
R3 15 0 ' 25 0 ' 09 BOCKMANN
R3 0 ~ 34 0 ~ 17 0 ~ 34 BOC KHANN
R3 D 39 (0 ~ 18) (0 ~ 07) DZIERBA
R3 167 0.246 0.042 ALSTON GA
R3 149 0 ~ 211 0 ~ 044 CHAL OUPK A

R3 ~ ~ ~ ~ ~ ~ ~ « ~

R3 AVG 0 ~ 221 0 ~ 023 AVERAGE ( ERROR INC(. UDES
R3 F IT 0.211 0 021 FROM FIT (ERROR INCLUDES

64 HBC
67 HSC
68 HBC
68 HBC
68 HBG
68 HBC
69 HBC
70 HBC
70 HBC
70 HBC
70 HBC
71 HBC
73 HBC

(P 3]/(Pl)
4 0 PI+P
11«0 P I-P
5 Pl-P
3.2 PI-P
1 ~ 2 PBAR P
3 PI-P
3 3 PI- P
3 93 P I- P
5 ~ 0 PI+P

05 DPI+
8 ~ P I- P
7 ~ 0 PI+ P

3«9 Pl.— P eP

8/67
6/68

12/66
6/68

«11/67
9/68
1/71
9/69
9/69

11/7 1
2/71

A2 2/73¹
SCALE FACTOR OF l«0)
SCALE FACTOR OF 1 0)

R5 A2 INTO (ETA PRIME PI)/(RHO PI)
R5 S 14 (0~ 07} (0«03) ASCOL I 68 HBC
R5 S SUPERSEDED BY EISENSTEIN 72
R5 0~ 04 0 ~ 03 0«04 BOCKMANN 70 HBC
R5 0 8 (0 ~ 15) (0 ~ 09) DZIERBA 70 HBC
R5 D STRONGLY DEPENDENT ON BACKGROUND SUBTRACTION
R5 (0«04) OR L ESS ALSTQN-GA 71 HBC
R5 (0~ Oll) OR LESS CL= ~ 90 EISENSTE I 72 HBC

(PS)/(Pl)
5 ~ 0 PI-P

0 5 ' 0 PI+ P
8 ~ PI- P

+ 7 ~ 0 Pl+ P
5 ~ PI PGP 6PI

12/72¹

9/69
11/7 1
11/71
2/71

12/72¹
R6
R6

A2 INTO ( PI+ PI- PIO) / (RHQ PI )
(0~ 17) OR LESS BENSON

(P5)/(Pl)
66 DBC 0 3~ 7 Pl+D

R4 A2 INTO (ETA PRIME PI ) / TOTAL (PB)
R4 (0~ 1} OR LESS CHUNG 65 HBC — 3 ~ 2 PI P
R4 S 0 02 OR LESS CL=.97 BARNHAH 71 HBC + 3 ~ 7 PI+ P ~ 2/72
R4 S 0 ~ 0 0 ~ 01 LIMIT ABOVE RESTATED FOR AVERAGING 2/72

BART SCH
8EUSCH
CASON

ALSO
GHIKOVAN
GHUNG

ALSO
COHN
CONFORTO
CONTE
DAHL
DANYSZ
SLATTERY

ARMENISE
ASCOLI
BALLAM
BENZ
BOESEBEC
CASO
CHUNG
CRENNELL
DONALD
FOSTER
FR I DMAN

JUNKHANN
KEY
LAHSA
VON KROG

67 PL 258 48
67 PL 25 8 357
67 PRL 18 880
68 LAMSA
67 PL 258 44
67 PRL 18 10D
66 UCRL-16832
67 NP Bl 57
67 NP 83 469
67 Nc 51 A 175
67 PR 163 1377
67 NC 51 A 801
67 NC 50A 377

68 PL 268 336
68 PRL 20 1321
68 PRL 21 934
68 PL 28 8 233
68 NP 8 4501
6S NC 54 A 983
68 PR 165 1491
68 PRL 20 1318
68 PL 26 8 327
68 NP 8 8 174
68 PR 167 1268
68 NP 88 471
68 PR 166 1430
68 PR 166 1395
68 PL 27 8 253

+DEUTSCHHANN+GROTE+COCCONI+( AACH+BERL+CERN )
+F I SCHER 2 GOBBI 2 A STBURY+ {ETHZ+CERN]
+LAMSAGBISWASe DERADOt GROVESt+ {NOTREDAME)

CERN ){ISSING MASS SPECTROMETER GROUP (CERN)
+DAHLt HARDYt HESSGKIRZe MILLER (LRL )
RICHARD I HESS—THESISGBERKEl EY (LRL)
+MCCULLOCH+BUGG+CONDO (ORNL+UNIV ~ TENN«)
+MARECHAL iHQNTANET+ (CERN+CDEF+IPN+LIVP)
+TOMAS IN I,CORDS+ ( G ENOVA+ HAMB +M IL AND+ SA CLA Y )
+HAR DY+HE 5 5+K I RZ+M I L LE R (LRL )
DANYSZ+FRENCH+S IHAK (CERN)
+KRAYBILL+FORMAN+FERBEL (YALE+ROGH) JP

ARMENISE eFORINOt+ ( BARI+BGNA+FIRZ+QRSAY)
+CRAWLEY 2 MORTARAt SHAPI RO 2 BRIDGES+( ILLINOIS) JP
+BRQDY ~ CHADWICK FRIES GUIRAGOSSIAN+ (SLAC)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
BOESEBECKt DEUTSCHHANNt+(AACHEN+BERLIN+CERN)
+CONTE+CORDS+DIAZ+ (GENOVA+HAHB+HILAN+SACL)
S ~ U ~ CHUNGtO«DAHLGJ ~ KIRZGD«H«HILLER (LRL)
+KARSHON+KWAN LAI e SCARRG SKILLICORN (BNL)
+FRODESEN+BETT INI+ {LI VERPOOL+OSLO+PADUA)
+GAY ILLETt LABROSSE tMONTANETt+ (GERN+CDEF )
+MAURER 2 MI CHALON 2 DUD ET+( HE ID +

STRASBOURG�

)
+COGCONlt+ (AAGH+BERL+BONN+CERN+WARS)
+PRENTICE+COOPER+MANNER+ (TNTO+ANL+WISG)
+CASON+8 ISWAS+DE RADO+GROVES+ {NOTRE DAME )
+MIYASHITAGKOPELMANGMARSHALL LIBBY (COLO)

' ADERHQLZ 69
AGUILAR 169
AGUILAR 269
ANDERSON 69
ARHENISE 69
CHIKOVAN 69
CRENNELL 69
DONALD 69
EISENBER 69

ALSO 67
VETLITSK 69

NP 8 11 259
PL 29 8 62
PL 29 8 241
PRL 22 1390
(NC 2 501
PL 28 8 526
PRL 22 1327
NP 8 12 325
PRL 23 1322

+BARTSCHe+ (AACH+BERL+CERhl+JAGL+WARS)
+BARLOWGJACOBSGDELLA NEGRA+(CERhl+GDEF+LIVP)
M ~ AGUI LAR BENI TEZ t J~ BARLOW t+ ( GER N+CDE F )
+COLl INS t+ ( BNL+CARN)
+GHIDINI 2 FORINOt GARTACCI+ ( BARI+BGNA+FIRZ)
CERN HISSING MASS SPECTROMETER GROUP (CERN) JP
+KARSHON eKWAN WU LAI t+ (BNL) I JP
+EDWARDSGFOSTERt MOORE ( LIVER POOL )
EISENBERGt HABERt BALLAMG

CHADWICK+�(REHO+SLAG)

ABRAMOVI 70
ALSTON-GA70
ASCOLI 70
BAS ILE 70
BAUD1 70
BAUD2 70
BAUD3 70
BOCKMANN 70
BUTLER 70
GARQLL 70
CASO 70
DIAZ 70
DZI ERBA 70

ALSO 68
GARF INKE 70
GORDON 70
JOHNSTON 70
KRUSE 70
NEF 70
SUTHERLA 70

NP 8 29 466
PL 33 8 607
PRL 25 962
LNC 4 838
PL 318 397
PHILAD. CONF P 311
PL 31 8 401
NP 8 16 221

UGRL 19845
PRL 25 1393
LNC 3 707
NP 8 16 239
PR 0 2 2544
LAMSA
PL 33 8 536

GOO 1195 179
NP 8 24 253
PHI LAD. C. ONF. P 359

THESIS+PRIV COMM

PHILAD ~ CONF ~ P ~ 3b9

ABRAHOVI GH 2 BLUMEhlF ELDe BRUYANTt+ {CERN) JP
+BARBARO 2 BUHLt DERENZOt EPPERSONGFLATTE+ (LRL)
+BROCKWAYGCRAWLEYt EI SENSTEINGHANFT ~ + (ILL) JP
+DALPIAZGFRABETTIe MASSAHG+ (CERN+BGNA+STRB)
CERN BOSON SPECTROMETER GROUP {CERN)
CERN BOSON SPECTROMETER GROUP {CERN)
CERN BOSON SPECTROMETER GROUP (CERN)
+MAJORtPOLSt+ (BONN+DURH+NIJM+EPOL+TORI)'
THESIS (L'RL )
+FIREBAUGHGGARFIhlKELt HORSE eQHt+ (WISG+TNTO)
+CONTE 2 TOMAS INI t CORDS+ ( GENO+HAMB+MILA+SACL )
+GAVILLETt LABROSSE eMONTANET+ (CERN+CDEF ) JP
+SHEPHARDe BI SWASGCASON 2 JOHNSON GKENNEY{ NDAM)

GAR F I NKE L 2 AMM ANN 0 CAR MONY 2 YEN (PURDUE J) C
THES IS t I LL INDI S ( ILL)
+KEYGPRENTICE tYOONGGARFINKELt+ (TNTO+WISC)
U KRUSEe PARTIAL WAVE ANALYSIS (ILL) JP

~ CERN BOSOhl SPECTROMETER GROUP (CERN )
G«SUTHERLAND 2 INTERFERING RESONANCE (GLASGOW)

BARLOWt 67 CONFORTO
SJNP 9 596 VETL ITSKY t GRI GORE YEV t GRI SHIN 2+ ( ITEP }

11/71
ll/71

RB
RS
RB A

RS
RS A

RB
RS
RB AVG
R8 FIT

A2 INTO (K KSAR) /(RHO PI + K KBAR + CTA Pl ) (P2)/(Pl+P2+P3)
17 0.06 0.03 BARNHAM 71 HBC + 3 ~ 7 P I+ P tKSK+P

(0 020) {0~ 004) ESPIGAT 72 HBG +- 0 PBAR Pe
NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES
FROM (K KBAR) AND (RHO PI) MODES

8 0 ~ 03 0 ~ 02 DAMERI 72 HBG — 11 PI- P
~ ~ ~ ~ ~ ~ ~ ~ ~

0 039 0 ~ 017 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 0514 0 ~ 0062 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 0)

11/71
2/72

~ 12/72¹

R7 A2 INTO (ETA Pl)/(K KSAR) (P3)/(P2)
R7 E (3~ 0} OR LESS FOSTER 68 HBC PBAR P t P BA REST
R7 E SUPERSEDED BY ESPIGAT 72 (SEE UNDER R2 AND RS)
R7 « ~ ~ ~ ~ ' ~ ~ ~ ~

R7 F I T 3 ~ 22 0 ~ 50 FROM FIT

AGUILAR 71
ALSTON-GA71

,
BARNHAM 71
8EKETOV 71
8 INNIE 1 71
BINNI E2 71
BOWEN 71
8UHL 71
CLAYTON 71
GRENNE L 7 1
EISENBER 71
FARBER 71
FOLEY 71
GRAYER 71
LYNCH 71
R I NAUDO 71

PR D 4 2583
PL 34 B 156
PRI 26 1494
SJNP 4 765
PL 36 8 257
PL 36 8 537
PRL 26 1663

PRE PRINT
PRE PRINT

PL 35 8 185
SLAG-PUS 933

NP 8 29 237
PRL 26 413
PL 34 8 333
UGRL 20022 AND

NG 5 A 239
71

AGUILAR-BENITEZt EI SNER GKINSON (BNL}
+BARBARO ~ BUHLtDERENZOtEPPERSONtFLATTE+(LRL)
+ABRAMSGBUTLERtcOYNEGGOLDHABERGHALLt+ (LBL)
+SOMBKOWSKYtKONOWALOVt KRUTSGHININt+ ( ITEP ) J P
+CAMILLE RI tDUANEt FARUQI 2 BURTONe+(LOIC+SHMP)
+CAMILI. ERI tDUANE t F ARUQI t BURTONt+ (LOIC+SHMP )
+FARLESGFAISSLERGBLIEDENt+ NEAS+STON
+CLINEGTERREL (WISCONSIN)
+MASONt HUIRHE ADe RI GOPOULOS 2+ ( L IVP+AT EN )
+GORDONGKWAN-WU LAI t SCARR (SNL )
CISENBERGe HASERe BALLAMt CHADWICK+{REHO+STAN}
+DE PINTO BISWAS CASON DCERY KENNEY +(NDAM)
+LOVEGOZAKIGPLATNERGLINDENBAUM ~ + ( BNL+CUNY)
+HYAHS 2 J ONES t SCHLE IN t BLUMt 0 I ETL+ (CERN+MP IM )
AMSTERDAM CONF ~ G LYNCH (LBL)
+BOECKMANNG MAJOR+(TORI+BONN+DURH+NI JM+EPQL ) JP

R9 A2 INTO (PI+ Pl- PI-) /(RHOO PI-) ( P 6C ) / ( P 1C )
R9 (0 ~ 23) OR LESS CL= ~ 90 ABRAHOVIG 70 HBC — 3 ~ 93 PI- P

Rll A2 INTO (PI GAMMA)/TOTAL (P7)
Rll R . (0~ 005) (0.005) (0 003) EISENBFRG 71 HBC PHQTOPRODUCTION
Rll R PION EXCHANGE MODEL USED IN THIS ESTIMATION

R12 A2 INTO (OMEGA PI P I)/(RHO PI ) (P4) /( Pl )
R12 D 0 ' 23 0«10 DEFOIX 72 HBC 0 0 ~ 7 PBAR Pt7 PI
R12 0 DECAYS TO Bl ( 1040) P I 2 Bl INTO OMEGA PI ~

R12 D ERROR INCREASED TO ACCOUNT FOR POSSIBLE SYST ERRORS
R12 D OF COMPLICATED ANALYSIS ~

R12 0 ~ 08 0 ~ 05 GARNJOST' 72 HBG 0 7 ~ 1 PI+ P
R12 279 0 ' 10 0 ' 05 CHALOUPKA 73 HBG — 3«9 PI- PGP A2
R12 ~ ~ ~ ~ ~ ~ ~ ~ ~

R12 AVG 0«106 0.033 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
R12 F IT 0 ~ 106 0 ~ 033 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

REFERENCES FOR A2

1/71

11/71
11/71

2/73¹

2/73¹
2/73¹

ANKENBRA 72
ANT IPOV 72
8ERENY I 72
BLOODWOR 72
DAMER I 72
DAMGAARD 72
DEFOIX 72
DI EBOLD 72
EISENBER 72
EISENSTE 72
ESP IGAT 72
FOLEY 72
GARNJOST 72
GETTNER 72
KIENZLE 72
LASS ILA 72
MORSE 72
PREPOST 72

PRL 29 1688
PHIL ~ CONF ~ PROC ~

NP 8 37 621
NP 8 37 203
NG9A1

UNPUBL I SHED MEMO

SUBMITTED TQ PL
BATA V«CONF «

PR D 5 15
CQO-119 5-247

NP 8 36 93
PR D 6 747

PRIV GOMMUNLC.
PREPRINT NUB2145
UNPUBLI SHED MEMO

PRL 28 1491
NP 8 43 77
PHIL «CONF PROC

CHALOUPK 73 SUBMITTED TO PL

ANKENBRANDTGBRABSONt CRITTENDENGHEINZe+(INO)
+ASGOLIGBUSNELLOGDAMGAARDt+ (SERP+GERN)
+PRENTIGEt STEENBERGt YOONG WALKER (TNTO+WI SG)
BLQODWORTHGJACKSONPPRENTICEGYOON (TNTO)
+BORZATTAGGOUSSUt+ ( GENQ+MILA+SACL )
+LECHANOINEt MART IN (BOHR+GEVA)
+DOBRZYNSKIt ESP IGATt NASCIHENTOe+ (CDEF)
R DI EBOLD RAPPORTEUR TA].K (ANL )
EI SENBERGe BALLAH 2 DAGANe+ ( REHO+SLAC+TELA)
EI SENSTE IN e SCHULTZ 2 ASCOL I 2 IOFFRE DOG+ (ILL )
+GHESQUIEREtLILLESTOL ~ HONTANET (CERN+CDEF }
+LOVEGOZAKIGPLATNERGLINDENBAUMG+ ( BNL+CUNY)
H«ALSTON-GARN JOST {LBL)
H«GETTNER ( NEAS )
W«KIENZLE ( CERN)
LA S5 I LA 2 YOUNG ( IOWA }
+OHt WALKERt JOHNSTONt YOON {W I Sc+TNTQ )
+CONFORTO 2 KEY t MOBL EY ~ + ( WI SC+CHI C+TNTQ+NAL )

CHALOUPKAGDDBRZYNSKItFERRANDOGLOSTYt+(CERN)

ADERHOLZ 64 PL 10 248 ( AAGHEN+BERL IN+8 IRM+BONN+HAMBURG+LOI C+HP IM)
GHUNG 64 PRL 12 621 +DAHI. e HARDYe HE SS t KALBF LEISGH tKIRZ (LRL )
GOLDHABE 64 OUBNA CONF 1 480 G GOLDHABERt S GOLDHABERGOHALLORANt SHEN(LRL)
LANDER 64 PRL 13 346 +ABOLI NS 2 CARHQNY 2 HENDRIKS 2 XUQNG+ ( LA JOLLA)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

ABOL I NS
ADERHQLZ
ALITTI
G HUNG
FQRI NO

LEFEBVRE
SEIDLITZ

65 ATHENS{ OHIO) CONF ~

65 PR 138 8 897
65 PL 15 69
65 PRL 15 325
65 PL 19 68
65 PL 19 434
65 PRL 15 217

+CARHONY ~ LANDERGXUONG ~ YAGER ( LA JOLLA) I=1
{AA CHEN+BE R I+8 I RH+ BONN+ HAH B+LOI C+ HP I M )

AL ITTI t BATON tDELERGCRUSSARD+ (SACLAY+BGNA) JP
+DAHL HARDY HESS JACOBS KIRZ HILLER (LRL)
+GESSAROLI+ ( BGNA+BAR I+FI RZ+ORSA+ SAC L )
CERN HISSING MASS SPECTROMETER GROUP (CERN)
L SEIDLITZGO I DAHLGD H HILLER (LRL) 6 E MASS {HEV)

E(1480) 6 E(1420 JPG=A 41 1=0

BAILLON 67 FAVOR JP=O- DAHL 67 FAVOR 1+ BUT DQ NOT

EXCLUDE 2- ~ 0- ~ LORSTAD 69 F IND 0- OR 1+~

BARN ES
BENSON

ALSO
EHRL IGH
F ER8 EL
LEVRAT

66 PRL 16 41
66 MI CH COO-1112-4
66 PRL 16 1177
66 PR 152 1194
bb PL 21 ill
66 PL 22 714

ARMENISE 67 PL 258 53
BALTAY 67 PL 258 160
BARLOW 67 NC 50A 701.

BARNES t FOWLER t LA I ~ OR ENST EI N + ( BNL+CUNY )
G«C ~ BENSONt THESIS ( MICH)
G BENSON GLOVELLGHARQUITG ROE + ( MICH)
R ~ EHRLIGHtW ~ SELOVEt H«YUTA ( PENN }
FERBEL (ROCHESTER)
CERN MISSING HASS SPECTROMETER GROUP {CERN)

ARMENISE e FOR INOt+ ( BARI+BGNA+F IRZ+ORSAY)
+KIRSCH+KUNG+YEH+RAB IN (COLU+BNL+RUTGERS)
+LILLESTOL+HONTANET+ (CERN+CDEF+IRAD+LI VP)

M

M

M

M

M

M

M AV

1425~

1420
1423 ~

310 1420~

170 1398'
280 1406'

~ ~ ~ ~ ~

G 1415' 5

7 ~

20 ' 0
10 ~

7 ~

10 ~

7 ~

4 ~ 3

67 HBG 0 ~ PSAR P
67 HBG 1.6-4.2 PI- P
67 HBC 3 4 PBAR P
69 HBC 0.7 PB P t 4t 5-BODY
72 HBC 0 7 PBAR PG7 PI
72 HBC 1 2 PBAR P22K4PI

BAIL LON
DAHL
FRENCH
LORS TAO
DEFQIX
DU BOG

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

11/66
10/66
6/67
9/69
1/73¹

12/72¹



S90 REVIEWS OF MODERN PHYSICS ~ APRIL I973 ' PART II

MeSOnS
E(1420), XD(1430), Xt(1440), f'(1514)

Data Card Listings
For notation, see key at front of Ltst'ings

6 E WIDTH {MEV) 38 X.( 1440) MASS (NE V)

'M

M

W

W

H

H

W

M AVG

80 ~

60«0
45 ~

310 60«
170 50
280 50

59 8

),0
20«0
20«
20 ~

10
12

AD

0« PBAR P
1 ~ 6-42 PI P
3-4 PBAR P

0«7 PB PE 455 BODY
0 7 PBAR P, 7 PI
1 «2 PSAR P52K4P I

BAILLON 67 HBC
DAHL 67 HBC
FRENCH 67 HBC
LORSTAD 69 HBC
DEFOIX 72 HBC
DUSOC 72 HBC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1«j)'

11/66
10/66

6/'67
9/69
1/73¹

12/72¹

N 8 POSSIBLY SEEN
M 8 THF AUTHORS ASSOCIATE TH
M 8 E ST IMAT ION IS DIFFICULT
M 1412« 23 ~

M 1439~ 0 5 ~ 0 6 ~ 0
M ( 1425 ~ 0)
M ( 1405~ )
M ~ ~ ~ ~ ' ~ ~ «« ~

M AVG 1437«5 5 ~ 3 ' AVER

ABRANS 67 HSC 4«25 K- P
E PEAK WITH THE F PRINEE BUT BACKGROUND

BARLOM 67 HBC 1 ~ 2 PBAR P
BEUSCH 67 OSPK 5@7~ 12 PI-P
FOLEY 71 CNTR — 20 ~ 3 PI- PEK- KS
DEFOIX 72 HBC 0 0 ~ 7 PBAR P37 PI

AGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

5/67

5/67
9/67
2/7 1
2/73¹

Pl
P2
P3
P4
P5

6 E PART I A& DECAY MODES

E INTO K K¹(892)
E INTO K KBAR Pl
E INTO PI Pl RHO
E INTO DELTA Pl
E INTO ETA PI PI

DECAY MASSES
497+ 891
497+ 497+ 139
134+ 134+ 770
970+ 139
548+ 139+ 139

38 X( 1440) WIDTH (NEV)

BARLOH
BEUSCH
FOLEY
DEFOI X

46.4 17 0

H 70 '
W 17 ~ 0 18~ 0
W OR LESS
W

H ~ ~ ~ ~ ~ ~ ~ ~ ~

H AVG AVERAGE {ERROR

67 HBC 1 2 PBAR P 5/67
67 OSPK 5373 12 PI-P 9/67
71 CNTR — 20.3 PI- PEK KS 2/71
72 HBC 0 D 7 PBAR P37 Pl 2/73¹

INCLUDES SCALE FACTOR OF 1 0)

6 E BRANCHING RATIOS

Rl E INTO (KBAR K¹(892] + C«C ~ )/{K KBAR PI) (Pl) /'( P2)
R}. ~ 50 ~ 10 BA ILLON 67 HBC 0 ~ 0 PBAR P jl/66

R2 E INTO (PI PI RHO} / (K KBAR PI) (P3)/(PZ)
R2 (2 ~ 0) OR LESS DAHL 67 HBC 0 1«6-4 ~ 2 PI- P ~ 10/66

A BRANS
BARLOH
8 EUSCH
FOLEY
DEFO IX

REFERENCES FOR X(1440}

67 PRL 18 620 +KEHOEEGLASSERESECHI-ZORNG HOl SKY {MARYLAND)
67 NC 50 A 701 +NONTANETED'ANDLAU+ (CERN+CDEF+IRAD+LI VP)
67 PL 25 8 357 +FJSCHERgGOSSI EASTBURY+ {E THZ+ CERN)
71 PRL 26 413 +LOVEGOZAKI ~ PLATNERELINDENBAUMg+ ( BNL+CUNY)
72 SUBMITTED TO PL +DQBRZYNSKI 5 ESP I GATE NASC IMENTOE+ ( CDEF }

R3 E INTO (ETA 2 PI]/(K KBAR PI) (P5)/(P2)
R3 (1~ 5) OR LESS CL'= 95 FOSTER 68 HBC —0 ~ 0 PBAR P 9/69
R3 1 ~ 5 0«8 DEFOIX 72 HBC 0 ~ 7 PBAR P 1/73¹

E INTO (DELTA Pl}/(ETA PI PI) (P4) /(P5)
0«4 0 ~ 2 DEFOIX 72 HBC 0 ~ 7 PBAR P57 Pl 1/73¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

f (1514) 13 P PRIME 2151«, IPG=2++I I=O

13 F PRIME NASS (MEV]

BAILLQN 67 NC 50A 393
BARASH 67 PR 156 1399
DAH1 67 PR 163 1377

ALSO 65 PRL 14 1074
FRENCH 67 NC 52A 438

FOSTER 68 NP 8 8 174
BETT INI 69 NC 62 A 1038
LORSTAD 69 NP 8 14 63
DEVONS 71 PRL 27 1614

REFERENCES FOR

+EDWARDS+0«ANDLAU+ASTIER+ {CERN+CDEF+ IRAQ)
BARASHEKIRSCHENI LL ER 5 TAN ( COLUMS I A )
+HARDY+HE SS+KI RZ+MI L t E R (LRL) I JP
NILLERECHUNGEDAHLE HESSEHARDYEKIRZ+{LRL+UCS)
+KINSON+MCDONALD+R IDDIFORD+ (CERN+BIRN)

+GAVILLET5LABRQSSE ~ MONTANETE+ (CERN+CDEF)
+CR EST I 5 L INENTAN I 5 BERTAUZA 38 IG I+ {PADO+P I SA ) IC
8 ~ LORSTAD 0 ANDLAU ASTIER + (CDEF+CERN) JP
+KOZLOHSKIGHORWITZE+ (COLU+SYRA)

M

M 8
M 8
M

M S
M S
M

N

M

M

M AVG

14(
5{

BAC

70(
SUP

100
46
47

1480 0)
1460 ' )
KGRQUNO
1515 0
1513~ 0)
ERSEDED
1519
1514«
1521'
~ ~ ~ «

1516«j

(10~ )
EST INATION

7 0
(7 ~ 0)

BY AGUILAR
7 ~

4 ~

7«
~ ~ «

2 ~ 8

CRENNELL
ABRAMS

0I FF IC ULT «

AMNAR

BA RNES
72

AGUILAR
COLL EY
VI DEAU

66 HBC
67 HBC

67 HBC
67 HBC

72 HBC
72 HBC
72 HBC

6«0 PI- P
4«25 K- P

5 5 K P
4 ~ 6v 5 ~ K- P

3 954 6 K- P
10«K+ P
4 K- PE L FPRI ME

AVERAGE {ERROR INCL, UDES SCALE FACTOR OF 1 ~ 0)

8/66
5/67
5/67
9/67

12/72¹

12/72¹
12/7 2¹
12/72¹

CHAPMAN 72 NP 8 42 1
DEFOIX 72 NP 8 44 125
DUBOC 72 NP 8 46 429

+CHURCHE LYSE MURP HYGR ING 5 VANDER VELDE ( NI CH )
+NA SCI ME NTOE 8 I ZZ ARRI g+ (CDEF+CERN )
+GOLDBERG' MAKQMSKI EDONALDE+ (LPNP+LI VP ) 13 F PRIME MIDTH (MEV)

x,(143o)
KSKs,p p

29 X (14305JPG= ) 1=0

EVIDENCE NOT COMPCLLING ~ OMITTED FROM TABLE
PEAKS SEEN IN (KS KS) SPECTRA QUOTED UNDER
X( 1440) ( 1=1 ) AS WELL ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

W 8
H 8
W

W S
W S
W

W

W E
M E
H

W AVG

(18~ )
ESTIMATION

25. 0
(15 ' 0)

BY AGUILAR
22 ~

15 ~

20«
EASED BY US

~ ~ ~ ~ ~

9.7

5 (53«)
BACKGROUND

35 0
70 (87 ' 0)
SUPERSEDED

100 69
46 28 '
47 40
ERROR INCR

~ ~ ~ ~

39 9

ABRANS
DIFF I CULT ~

AMNAR 67 HBC
BARNES 67 HBC

72
AGUILAR 72 HBC
COLLEY 72 HBC
VIDEAU 72 HBC

SEE TYPED NOTE ON K¹ MASS«

67 HBC 425 K P

5 ~ 5 K-P
4«65 5 ~ K- P

3«934.6 K- P
10«K+ P

K- PE L FPR IME

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

5/67
5/67
9/67

12/72¹

12/72¹
12/72¹
12/72¹
12/7 2¹

29 X{1430) MASS {NE V)

M ———-RHOO RHQ0 MOD E——
M (1410 0)

M 8
M 8
M 8
M

M

M

M AVG

BETTINI 66 DBC 0 0 PBARP TO 5PR 9/66

KS KS NODE
POSSIBLY SEEN ABRAMS 67 HBC 4 25 K- P
THE AUTHORS ASSOCIATE THE PEAK WITH THE F PRIME 5 BUT BACKGROUND
ESTIMATION IS DIFFICULT
1412. 23 ~ BARLOH 67 HBC 1 2 PBAR P
1439~ 0 5 D 6 0 BEUSCH 67 OSPK 557512 PI P
~ ~ ~ « ~ « ~ \ ~

1437«5 5 «3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

5/67

5/67
9/67

Pl
PZ
P3
P4
P5
P6
P7

F PR INE
F PRIME
F PR I ME

F PR IME
F P R INE
F PR IME
F PR INE

13 F PRIME PARTIAL DECAY MODES

INTO P I+ P I-
INTO K KBAR
INTO K K¹(892)
INTO ETA ETA
INTO PI P I ETA
INTO PI K KSAR
INTO PI+ PI+ PI- PI-

t

13 F PRIME BRANCHING RATIOS

DECAY MASSE S
139+ 139
497+ 497
493+ 891
548+ 548
139+ 139+ 548
139+ 497+ 497
139+ 139+ 139+ 139

29 X( 1430) WIDTH (MEV)
Rl F PRIME INTO {PI+ PI-)l (K KBAR) (Pl) l(P2)
Rl (0 ~ 2) OR LESS CL=«67 AMMAR 67 HBC 5 5 K-P 9/67
Rl (0 36) OR LESS CL= 95 AGUILAR 72 HBC 3 9 4 6 K- P 12/72¹

W ———-RHOO RHOO MODE-———
M (90~ 0:) BETTINI 66 DBC 0 0«PBAR P TO 5PR 9/66 R3

R3
F PRIME INTO {ETA ETA)/{K KSAR) (P4)/(P2)

(0 ' 50) OR LESS BARNES 67 HBC 4 65 5 0 K- P 10/67
H

W

H

W

H ' AVG
~ « ~ « ~ «« ~ ~

46«4 17 ~ 0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

———--KS KS MODE100«70~ BARLOW 67 HBC 1 ~ 2 PBAR P
43.0 17.0 18 0 SEUSCH 67 OSPK 537512 PI-P

5/67
9/67

R4
R4
R4 A

R4 A

PRIME INTO (PI PI ETA)/(K KBAR)
(0~ 3) OR LESS CL= ~ 67 AMNAR

(0 ~ 25) (0 ~ 13) BARNES
SUPERSEDED BY AGUILAR 72

( 0«41) OR LESS CL= ~ 95 AGUILA R

(P5)/(P2)
67 HBC 10/67
67 HBC 4 6 5 ~ 0 K- P 10/67

72 HBC 3 954 ~ 6 K- P 12/72¹

BETT INI
ABRAMS
BARLOW
8EUSCH
DONALD

66 NC 42A 695
67 PRL 18 620
67 NC 50 A /01
67 PL 25 8 357
69 NP 8 11 551

REFERENCES FOR X{1430}

+CRESTI3 LIMENTANI 5 LORI AE PERUZZO+( PADO+P ISA)
+KEHDEEGLASSER ~ SECHI-ZORNE WQLSKY {MARYLAND)
+MONTANET3 D-ANDLAU+ {CERN+CDEF+IRAD+LI VP )
+F IS CHER 5 GOBS I 3 A ST BU+ {ETHZ+CERN}
+EDMARDSEBURANESETTINIE+ (LIVP+OSLO+PADO}

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

R5 F PR I'ME INTO (PI K KBAR + K K¹(892)}/(K K BAR) (P6+P3)l (P2}
R5 (0~ 4') OR L ESS CL= 67 AMMAR 67 HBC 10/67
R5 (0~ 35) QR LESS CL= ~ 95 AGUILAR 72 HBC 3«954 ~ 6 K- P 12/72¹

R6 F PRIME INTO (Pl+ PI+ P I- P I-)l (K KBAR) (.P 7) l( P2)
R6 (0~ 32) QR .LESS CL= 95 AGUILAR 72 HBC 3 ~ 934«6 K- P 12/72¹

¹¹¹¹ ¹¹¹¹¹

REFERENCES FOR F PRIME

x,(144o)
~KSKs 38 X {14403JPG= ) I 1

EV IDENCE NOT CDNPE LL ING«OMITTED FROM TABL E ~

PEAKS SEEN IN (KS KS) SPECTRA QUOTEO UNDER
X{1430) (1=0) AS HELL

BARNES 65 PRL 15 322

CRENNELL 66 PRL 16 1025

ABRAMS 67 PRL 18 620
AMNAR 67 PRI 19 1071
BARNES 67 PRL 19 964
A L I TT I 68 PRL 21 1 705

+CULWICKEGUIDQNI EKALBFLEISCHEGOZ+( BNL+SYRA)

+ KALBFLEISCHELAI 5 SCARR 5SCHUNANN + (BNL ) I

+KEHOEEG( ASSERESECHI-ZORNEMOLSKY {MARYLAND&
+DAVI S g HHANG 3 DAGAN 5 DERR I CK + ( NMES+ANL ) JP
+DORNAN ~ GOLDBERG' LEITNER + (BNL+SYRACUSE) ICJP
+BARNESECRENNELL 5 F LAMINI OE GQLDSERGG+ (BNL )

LORSTAD
SCOTTER

69 NP 8 14 63
69 NC 62 A 1057

8 LQRSTADE 0«ANDL AU 3 AST I ERE+ (CDEF+CERN) JP
+ERSKINE PALER + (BIRM+GLAS+LOI C+MPIM+OXF )
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Data Card Listings
For notation, see key at front of Listings.

Mesons
f'(1514), Fj(1540), p'(1600). AB(1640)

AGUILAR 72 PR D 6 29
COLl EY 72 NP 8 50 1
VIDEAU 72 PL 41 8 213

AGUILAR-BENITEZECHUNGEEISNERGSAMIOS (BNL)
+JOBES 5 RIDDIFORDEGRIFF ITHS 5+ (BIRM+GLAS)
+VI DEAUE ROUGE ~ BARRELETEDEBRIONE+(EPOL+SACL)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

FI(1540) 47 5111540,JPG= 1 1=1

71 JP = 2-51+ FAVORED ~

M

M

M

M

(1600 ' )
400 14306

1586 '
S 400(1500 ' )

~ ~ ~ ~

AVG 1560 ' 7
S LATER FITS

65 RHO PRIME MASS (MEV)

APPROX 6 BARBARI1 72 OSPK 0 E+ E- TQ 4 PI 1/73¹
50 ~ BINGHAM 72. HBC 0 9 ~ 3 GAM PEP 4PI 12/72¹
22 ~ DAVIER 72 STRC 0 4 5-18~ G P P4PI 12/72¹

M ~ OF PEAK 400/40 SMADJA 72 HBC 0 9 3 GAM P EP 4PI 12/72¹
~ ~ ~ ~ ~

57 ~ 5 AVERAGE ( ERROR INCLUDES SCALE FACTOR QF 2 ~ 9}
G I VEN BY 8I NGHAM 72

65 RHO PRIME WIDTH (ME V)

10(149060)
142 15406 0
25(1543 0)

47 Fl MASS (MEV)

(20~0]
5 ' 0

(340)

47 Fl WIDTH (MEV)

ADERHOLZ 69 HBC + 8 PI+ PGKKBARP I ll/69
AGUILAR 69 HBC 0 ~ 7PBARPGKKBARP I ll/69
DUBOC 71 HBC 0 161-1~ 2 PBAR P ~ 2/72

BINGHAM 72 HBC 0 9 3 GAM P sP API 12/72¹
DAVIER 72 STRC 0 4 5~18 G PEP4PI 12/72¹

400/40 SMADJA 72 HBC 0 9 3 GAM PEP 4PI 12/72¹
HALF MAX ~ LATER FITS GIVEN BY BINGHAM 72

CERADINI 73 OSPK 0 E+ E- TO 4 P I 1/73¹

W 400 650~ 100 ~

W 303~ 64 6

W S 400 (600} FWHM

W S EXP TL FULL WIDTH AT
W (3506) APPROX
W ~ 6 6 ~ ~ ~ ~ 6 6
W AVG 403 ~ 8 157 ~ 5 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 9)

Pl
P2

10 (85 ' 0)
142 40 ' 0

25 (16~ 0)

(39' 0)
15 ' 0

(10 0)

ADERHQLZ
AGUI LAR
DUBOC

Fl INTO K KBAR PI
Fl INTO K¹(892) KBAR

47 Fl PARTIAL DECAY MODES

69 HBC + 8 PI+ PEKKBARPI 11/69
69 HBC 0 ~ 7PBARP ~ KKBARPI ll/69
71 HBC 0 1 l-l 2 PBAR P 2/72

DECAY MASSES
134+ 497+ 497
891+ 497

Pl
P2
P3
P4
P5
P6

65 RHO PRIME PARTIAL DECAY MODES

RHO PRIME INTO RHO PI PI
NEUTRAL RHQ PRIME INTO ALL CHARGED 4 PI MODES
RHQ PR I ME INTO RHQ RHO
RHO PRIME INTO PI PI
RHO PRIME INTO K BAR K
RHO PRIME INTO PI OMEGA

DECAY MASSES
139+ 139+ 770
139+ 139+ 139+ 139
770+ 770
139+ 139
493+ 493
139+ 7 83

ADERHOLZ 69 NP 8 11 259
AGUILAR 69 .PL 29 8 379
AGUILAR 69 NP 8 14 195
DUBOC 71 PL 34 8 343

+BARTSCHP+ {AACH+8 ER L+C E RN+KRAK+ WAR S)
+BARLOW5 JACOBSE D ANDLAUG ASTI ER+ (CERN+CDEF)
+BARLOWE JACOBSGD ANDLAUEASTIER+ (CERN+CDEF)
+GOLDBERGEMAKOWSKI 5TQUCHARDE+ (IPNP+LIVP)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR Fl Rl
Rl S
Rl S
Rl S
Rl S

65 RHO PRIME BRANCHING RATIOS

RHO PRIME INTO (RHO PI+ PI-)/(4 PI ~ ALL CHARGED} (Pll/(P2)
DOMINANT BARBARI1 72 OSPK 0 E+E- TO 4 Pj

{ 80) 8 INGHAM 72 HBC 0 9~ 3 GAM P EP 4P j.
DOMINANT DAVIER 72 STRC 0 4 5-186 G PGP4PI

THE PI PI SYSTEM IS IN S WAVE

1/73¹
1/73¹
1/73¹
1/73¹

CHAPMAN 72 NP 8 42
DUBOC 72 NP 8 46 429

+CHURCH LYS, MURPHY RING VANDER VELDE (MICH}
+GOLDBERGEMAKOWSKI EDONALDE+ (LPNP+LIVP)

R2 RHO PRIME INTO (RHO 0 RHD 0)/(RHQ 0 Pj+ PI-) (P3)/(Pl)
R2 NONE (FORBIDDEN BY IEP 1)BINGHAM 72 HBC 0 9 ~ 3 GAM P EP 4PI 1/73¹

¹¹¹¹¹¹¹ Q¹
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

R3 RHO PRIME INTO (P I+ P I-)/(4 PIE ALL CHARGED) (P4) / t P 2)
R3 ( ~ 2) OR LESS 2 SIGMA BINGHAM 72 HBC 0 9 ~ 3 GAM P P 2PI 1/73¹
R3 E ( ~ {)I). OR LESS 2 SIGMA EI SENBERG 72 HBC 0 5 PI+P 2 OR 4 PI 1/73¹
R3 E SEE DISCUSSION IN TYPED MINI-REVIEW ABOVE ~ 1/73¹

p'(16QQ) 65 RMG PRIME(1600, JPG=1-41 1=1

~4'
R4
R4

¹¹¹¹¹¹

RHQ PRIME INTO (K BAR K)/(4 PIP ALL CHARGED) (P5)/(P2)
( ~ 04) OR LESS 2 SIGMA BINGHAM 72 HBC 0 963 GAM P 1/73¹

The p', long sought by looking for its ZTr deca.y,
has been seen clearly only in the reaction

ytreal or virtual) ~ p' ~ p &,~ 4m.

There is some evidence from ALVENSLEBEN 71 and

BULOS 7L for a Zm bump far out on the p tail, but

. interpretation is difficult. EISENBERG 7Z claim to
establish a width of less than Z MeV for p' ~ ZTr.

This is not easily put in the format of the data cards
+below, so it is summarized here: Their 5 GeV(c Er p

++ ++experiment yields 5600 pE and &37 p'A; i. e. ,
production ratios are &400:1. With minor corrections,
the OPE model then gives a ratio of coupling con-
stants squared for the Zm decay of p' and. p to be

g {p')/g (p) & 0. 02, which then yields the surprising
I'{p'~ Zm) & Z MeV. If no ZTr mode is found, MORTARA

7Z suggests that the p' is just a p& threshold on the
tail of the p, but again EISENBERG 7Z claim to refute

Mass and width values punched below are only
indicative, because for such a broad. peak they are
extremely dependent on the parametrization chosen.
For reviews, see DIEBOLD 72 and SILVESTRINI 72.

DAV I ER 69 SLAC PUB 666

ALVENSLE 71 PRL 26 273
BRAUN 71 NP 830 213
BULQS 71 PRL 26 149

REFERENCES FOR RHO PRIME

+DERADOE FRIES ~ LIUE MOZLEYE QDIAN + (SLAC) G

AL VENSLEBEN BECKER 8 ERTRAM CHEN +( DESY+MI T) G
+FRIDMANE GERBERE GIVERNAUDE+ (STRASBOURB) G
+BUS ZAP K EHQE 5 BENI STONE+ ( SL AC+UMD+I BM+L BL) G

BACCI 72
BARBARI1 72
BARBARI2 72
BARTOL I 72
8 INGHAM 72
BRAMON 72
DAY IER 72
0 I EBQLD 72
E ISENBE1 72
EISENBER 72
MORTARA 72
SILVESTR 72
SMADJA 72

PL 388 551
LNC 3 689

BAT ~ CONF PAP 561
PR D 6 2374
PL 418 635
LNC 3 693

BAT ~ CONF. PAP 797
BAT A V PC ONF 6

PR D 5 15
PREP ~ WIS 72/41-P
COO-1 195-249
BATAV. CONF

PHIL PCONF ~ PROC349

+PENSO SALVINI STELLA BALDINI-CE(ROMA+FRAS) JPC
BARBARINOECERADINI, + (FRAS+RQMA+PADO+UMD) IGJP
BARBARINQE CERADI NIP+ t FRAS+ROMA+PADO+UMO}
+F EL IC ETT I 5 OGREN ~ + ( FRAS+ROMA+ NAPL ) I GJP
+RABINEROSENFELDE SMADJAP YOST+(LB{ 5UCBP SLAC} IGJP
+GRECO (THEORETICAL PAPER) ( FRASCATI )
+DERADOt FR IESE Lj UE MOZLEY POOI ANEPARKE+(SLAC)
RPDI EBOLD RAPPORTEUR TALK (ANL)
EISENBERGE BALI AMEDAGANP+ (REHO+SLAC+TELA)
H PL(TO BE PUBL 73) +KARSHON +++ (REHO)
D W MQRTARA {ILL)
V SILVESTRINI RAPPORTEUR TALK ( FRASCATI )
+8 INGHAM 5 FRETTER 58AL LAME CHADWICK+( LBL+SLAC )

CERAD IN I 73 BAT ~ CONF ~ PAP ~ 560( PL 19731+CONVE RS I 5 DE AN (F RAS+ROMA+PAOO+ MARY) I G JP

AB(1640) 34 6311640 JPG=E—1 1=1

The A3(4640) is seen as a bump in the diffrac-
tion-like process TrN ~ (TrvrTT)N. The dominant effect

Pis a 300-400 MeV wide enhancement in the J = 2 fTr

S-wave system, starting from fvr threshold. Neither
additional {narrower) structure in the 3' mass distri-
bution, nor other decay modes, have been clearly
established. There appears to be little variation of

Pthe J = 2 fTr phase in the A3 mass region (ASCOLI
72). The situation thus resembles that of the A&.
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MeSOIIS
X,(164O), ~(16V5)

Data Card Listings
For notation, see key at front of Listings.

N

M

N

M

H

M

M

M

M

M M

M H

M

M

M P
M P
M

H F
N F
M F
M

M AVG

34 A3 MASS {MEV)

65 DSC
66 HBG
68 HBG
68 HBC
68 HBG
69 DBC
69 HBC
69 HBC
70 HBC
70 HBC

04 ~ 5 PI+ D
4 ~ '7 PI- P
7 ~ 8 ~ 5 PI+ P
8 ~ PI+ P t3PI P
8 ~ 0 PIMP t PI F
5 ~ 1 PI+Dt3PI++-
11 PI- P
11 P I-P PI-F
6 ~ PI- PtF PI
6 7 PI-PtPI-F

10/66

6/68
8/69

11/67
5/70
5/70
5/70
5/70
1/71

71 HBC — 4»45 PI- P 11/71
71 DBC + 13 PI+ OtO(3P I J+» 11/71
72 H BC — 5 ~-25 P I P t P A3 12/72¹

72 HBC +
72 HBG
EV ~

I CL AIMED

11/71
12/72¹
12/72¹

30 ( 1600» 0) FORINO
20 1630.0 30 ~ 0 VETLITSKY

1630~ 10 ~ BALTAY +
1660 0 16 ' 0 BARTSCH +
1610. 19 ~ LANSA

297 1673~ 0 40 ~ 0 ARMENI SE +
( 1680 ) ( 20 ~ 0) CASO
1660.0 20 ~ 0 CA SO
1645~ 0 . 10»0 CRENNELL

(1633' 0) (12 0) MI YASHI TA
BACKGROUND SUBTRACT ION DIFF IGULT

( 1672 ~ 0) BEKETOV
1600» 50 ~ PALER
1660~ 10 ASCOLI

FROM A FIT TO JP=2- F PI
260 1660 25 ' CASO 11~ 7 PI+ P

(1658~ ) (8») HARRI SON t20» PI P
FIT ASSUMES AN ADDITIONAL PEAK AT 1830 M

EVIDENCE FOR A SUBSTANTIAL DECAY INTO 3P
~ ~ .~ o ~ o ~ o ~

1645, 1 5 ~ 5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

VETLITSK 66 PL 21 579
DANYSZ 67 NC 51 A 801
DUBAL 67 NP, B3 435

ALSO 68 THESIS 1456

SALTAY 68 PRL 20 887
BARTSCH 68 NP 8 7 345
CASO 68 NG 54 A 983
F ERB EL 68 PHIL A» CONF »335
IOFFREOO 68 PRL 21 1212
LAMSA 68 PR 166 1395
YOST 68 UMD T ~ RE PORT849

ARMENISE 69 LNC 2 501
BARNES 69 PRL 23 142
GASO 69 LNC 2 437

ALSO 68 CASD

VETL ITSKYt GUSZAVINtKLIGERt ZOLGANOV+ ( ITEP )
DANYS 2+ FR E NCH+5 I MA K {CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
L DUBAL (GENEVE)

+KUNG+YEH+FERB EL+ ( COLU+ ROCH+RUTG+YAL E ) I=1
+KEPPELt KRAUSt+ (AACH+BERL+CERN) JP
+CQNTE+CORDS+DIAZ+ (GENOVA+HANB+NILA+SACL )
T ~ FERBEL (ROCHESTER}
+BRANDENBURGt BRENNERt EISENSTEIN+ (HARVARD)
+CASON+BISWAS+DERADQ+GRQVES+ (NOTREDANE)
+YODHt EINSCHLAGt DAYt GLAS SER (UND)

+GHIDINIt FORINOt CARTACCI+ ( BARI+BGNA+FIRZ)
+CHUNGt EISNERt FLAM INIOt+ (BNL )
+CONTE t TOMASINI ~ CANTORE+ ( GENO+MILA+SACL)

BRANDE NB 70 NP Bl 6 3 69 +BR ENNER t I OFFREDOt JOHNSON t KIN+ (HAR VARD)
CRENNELL 70 PRL 24 781 +KARSHON t LAI t SCARR t 5 I MS (BNL )
CHIEN1 ZO TORONTO PREPRINT +CHAQt JOHNSTONt PRENT ICE t WALKER (TNTO+WISC)
CHIEN2 70 PHI LAO»CONF P ~ 275 C ~ Y ~ CHIENt REVIEW ( JOHNS HOPKINS)
MIYASHIT 70 PR D 1 771 NIYASHITA t VON KROGHt KOPELMAN t LIBBY ( COLO)

34 A3 WIDTH {MEV)

BEKETOV 71 SJNP 4 765
G LAYTQN 71 PRE PRINT
PALER 71 PRL 26 1675

+SQMBKOWSKY t KQNOWA LQVt KRUTSCHININt+ ( ITEP ) J P
+MASONtMUIRHEADtRIGOPOULOSt+ . (LIVP+ATEN)
+BADEWITZt BARTONtMILLERt PALFREYt TEBES(PURD)

W 20
W

W

W

W A 297
W A BA
W

W

W

W M

W M

W

W

W P
W P FR
W J
W J
W 260
W F
W F FI
W F EV
W

W AVG

( 100~ ) VETL IT SKY 66 H BC — 4 ~ 7 P I-P
70 ~ 40 ~ BALTAY 68 HBC + 7t 8 5 PI+ P

115 0 45 ~ 0 BARTSCH 68 HBC + 8. PI+ Pt3PI P
100e 50 ~ 30 ~ LANSA 68 HBC 8 ~ 0 Pl P PI F

(240 ~ 0) (50.0) ARMENISE 69 DBC + 5 ~ 1 PI+Dt3PI++-
CKGROUND SUBTRACTION MODEL-DEPENDENT ~

{130~ ). CASO
' 69 HBG

(150» 0) CASO 69 HBC
130~ 0 30 ~ 0 CRENNELL 70 HBC
(37' 0) (24 ' 0) MIYASHITA 70 HBC

BACKGROUND SUBTRACT ION DIFF ICULT
(128 ' 0) BEKETQV
220 ' 80 ' PALER
270 ~ 60 ~ ASCOLI

OM A F IT TO JP=2- F Pl
200 ~ TO 400» CASO 72 HBC + 11~ 7 PI+ P
FROM PARTI AL-WAVE ANALYS IS t FOR JP=2- {F P I ) -STATE
190~ 100~ CASO 72 HBC + ll ~ 7 PI+ P
(53~ ) (20 ~ J (16~ ) HARRISON 72 HSC — 13~ t20» P I- P

T ASSUMES AN ADDITIONAL PEAK AT 1830 MEV ~

IDENGE FOR A SUBSTANTIAL DECAY INTO 3PI CLAIMED
~ ~ ~ ~ ~ ~ o o ~

).28 6 22 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»3)

11 PI- P
11»0 PI-PtPI- F

6 ~ PI- PtF PI
6»7 PI-P tPI-F

71 HBC - 4»45 Pl- P
71 DBC + 13~ PI+ Dt D(3P I)+~

72 HBC — 5 -25 ~ PI- PtP A3

6/66
6/68
8/69

11/67
5/70
5/70
6/68
6/68
5/70
j/71

11/71
11/71
12/72¹

1/72

11/7 1
12/72¹
12/72¹

ALEXANDE 72
ARMENISE 72
ASCOLI 72
ASGOLI 72
GASO 72
HARRISON 72
SALZBERG. 72

NP 8 45 29
LNC 4 201

,PRE P o GOO-11 95233
PHIL ~ CONF ~ PROC ~

NP 8 36 349
PRL 28 775
NP 8 41 397

ALEXANDERtBAR-NIRt BEVARYtDAGANt+ (TELA)
+FORINO CARTACCI + ( BARI+BGNA+F IRZ)
ILL+TNTO+GENO+HAMB+MILA+SACL+HARV+ COLLAB. JP
I NT ERNAT ~ COLL ABORA TI ON { ILL+)
+HADDOCK t BASSLER+( DURH+GENO+DE SY+MILA+SACL )
+HEYDA t JOHNSON t KIM t LAWtMUELLERt+ ( HARV)
+HARRISON t HEYDAt JOHNSONtKIMtLAWt+ (HARV)

»(1675) NAME CHANGED 1973

~P 7T THIS 3PI BUMP OVERLAPS IN MASS WITH THE A3t BUT
IN SOME EXPTS ~ ONE CAN ESTABLISH THAT THE
ENHANCEMENT IS (RHO 0 PI ) INSTEAD OF {F PI) t
SO THE OMEGA ( 1 675) AND A3 HA VE DIF F ERENT I SQSPIN ~

MATTHEWS 71 SUGGEST JP=NORNALt A POSSIBLE
RECURRENCE OF OMEGA( 784) ~

45 OMEGA(1675) MASS {ME V)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Pl
P2
P3
P4
P5
P6
P7
PS
P9

34 A3 PARTIAL DECAY MODES

A3 INTO 3 PI
A3 INTO RHO P I
A3 I NTO ETA P I
A3 INTO 5 PI
A3 INTO K K¹{892)
A3 INTO K KBAR PI
A3 INTO K KBAR
A3 INTO F PI
A3 INTO OMEGA PI PI

DECAY MASSES
134+ 134+ 134
134+ 770
134+ 548

497+ 891
497+ 497+ 134
497+ 497

1 270+ 134
783+ 134+ 134

N

M

N G

M

M G

N AVG

1636 ~ 0
1670» 0

{1640.00)
( 1616~ 0}

100 1679' 0
NQT CERTAIN

~ ~ ~ ~ ~

1663»6

68 DBC 0 5 1 PI+0
69 DBC 8 P I+ Dt3PI 2P
70 DBC 9 PI+ D

70 DBG 0 4 ~ 2 PI+ D

71 HBG 06 ~ 95 PI D t2P 3PI
THIS EXPERIMENT

45 OMEGA( 1675) WI DTH {MBV)

20 0 ARMENI SE
20 ~ 0 KENYON

ARNENI SE
(30 ' 0) GORDON

17 ~ 0 MATTHEWS
IF OMEGA(1675) OBSERVED IN

~ ~ ~ ~

12 ~ 9 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

9/68
8/69
1/71
1/71
1/71

R2
R2
R2
R2

34 A3 BRANCHING RATIOS

A3+- INTO {PI+- RHOO)/(ALL PI+- PI+ Pl-) (P2G)/(Plc)
(0»3) OR LESS BARTSCH 68 HBC + 8 ~ PI+ P t3PI P 8/69
{0 4) OR LESS FERBEL 68 RVUE +- 9/68

( ~ 18) OR L ESS CL= ~ 95 PALER 71 DBC + 13~ P++ Dt D(3P+)+ 11/71

112~ 0 60 ~ 0 ARMENISE 68 OBC 0 5 ~ 1 PI+D
100.0 40. 0 KENYON 69 DBC 8 PI+ Dt3PI 2P

G (188' 0) (47 ' 0) GORDON 70 DBG 0 4»2 PI+ D

100 155» 0 20 ~ 0 MATTHEWS 71 HBC 06 ~ 95 PI Dt2P 3PI
G NQT CERTAIN IF OMEGA{1675) OBSERVED IN THIS EXPERIMENT

~ ~ ~ ~ ~ ~ ~ o ~

AVG 141.4 . 17 1 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF »0)

W 9/68
W 8(69
W 1/71
W 1/71

W

W 1

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

A3+- INTO (PI+- F)/(ALL PI+- PI+ PI )
(WITH F INTO PI+ PI-)

INDICATION SEEN LUBATT I
(0~ 59) FOR J P=2- BARTSCH
{0~ 51)FOR JP=1+ BARTSCH
{0~ 20) FOR JP=O- BARTSCH
0»35 0 ' 20 BALTAY
CONSISTENT WITH 1 ~ 0 CASO

( Oo 76) (0 ~ 24) ( 0.34) ARMENI SE
CONSISTENT WITH 1 ~ 0 GRENNELL
( ~ 85) OR MORE CL=»95 PALER

66 HLBC
68 HBC
68 HBC
68 HBC
68 HBG
68 HBG
69 DBC
70 HBG
71 DBC

(PS)/( Pjc)

16 PI- 11/66
+ 8 ~ P I+ P t3PI P 8/69
+ 8 ~ Pl+ P t3PI P 8/69
+ 8 ~ PI+ P t3PI P 8/69
+ 7 8 5 Pl+P 5/68

11 PI P ~ 6/68
+ 5 1 PI+D t3P I++ 5/70

6 ~ PI- P ~ F P I 5/70
+ 13»P++ Dt D(3P+)+ 11/71

R5
R5
R5
R5

A 3+- INTO {PI +- E TA) / {ALL P I+- PI+ PI -)
{ALL ETA DECAYS)

(0 09) OR LESS BALTAY
(0 ~ 10) OR LESS GRENNELL

(P3) /( P1C)

68 HBC + 7-8.5 P I+P 5/68
70 HBG — 6e PI- P tF PI 5/70

R6 A3+- INTO (PI+- 2PI+ 2PI-) /(ALL PI+- PI+ PI-) (P4C)/(P1C)
R6 (0 ~ 1) OR L ESS BALTAY 68 HBC + 7t 8 ~ 5 PI+ P 6/68
R6 (0 ~ 10) OR LESS CRENNELL 70 HBC - 6» P+- P t F P+ 5!70

Pl
P2
P3

45 OMEGA(1675) PARTIAL DECAY MODES

ONEGA(1675) !NTO 3 PI
OMEGA(1675) INTO 5 PI
OMEGA(1675) INTO RHO PI

DECAY MASSES
134+ 134+ 134
134+ 134+ 134+ 134
770+ 134

45 OMEGA (1675) BRANCHING RATIOS

Rl
Rl

OHEGA(1675) INTO (5 PI)/(3 PI)
0.10 0.10 KENYON

(P2)/(Pl)
69 DBC 0 8 ~ PI + D 8/69

R2 ONEGA(1675) INTO (RHQ PI)/{3 PI ) (P3)/(Pl )
R2 G (0 ' 75) (0 11} GORDON 70 DBC 0 4e 2 PI+ 0 1/7 1
R2 100 (0 ~ 70) OR MORE MATTHEWS 71 HBC 0 6»95 PI Dt 2P3PI 11/71
R2 G NQT CERTAIN IF OMEGA(1675) OBSERVED IN THIS EXPERIMENT

RS A3+ INTO (RHO PI )/(F Pl) (P2)/(PS)
RS 0 ~ 03 0 37 0 ~ 03 GASO 69 HBC - 11 PI P 5/70

GS

45 OMEGA {1675) CROSS SECTI QNS

FOR A COMPILATION SEE MATTHEWS 71 HBC 06 ~ 95 PI D»2P 3PI I/71
R9 A3+- INTO (Pl+- PI+ PI-)/(F Pl) (P1C-PS) /(PS)
R9 0 06 0.47 0 ~ 06 CASO 69 HBC - 11 PI- P 5/70
R9 POSSIBLY SEEN HARRISON 72 HBG - 13 ~ t 20 P I- P 12/72¹

R 10 A3+- INTO ( UNCORREL ~ PI+- P I+ PI-] /( ALL PI+- P I+ P I-)
R10 M {~ 05) OR LESS CL= ~ 95 PALER 71 DBC + 13~ PI+Dt D(3P I)+ 11/71
R10 M MODEL DEPENDENT FIT 11/71

REFERENCES FOR A3

FORINQ 65 PL 19 68 +GESSAROLI+ ( BGNA+SARI+FIRZ+ORSA+SACL)
FOCACCI 66 PRL 17 890 CERN NISSING MASS SPECTROMETER GROUP (CERN)
LEVRAT 66 PL 22 714 CERN MISSING' HASS SPECTROMETER GROUP (CERN)
LUBATTI 66 THESIS BERKELEY H ~ J LUSATTI (LRL)l 2

ARHENI SE 68 PL 26B 336
KENYON 69 PRL 23 146

ARMENISE 70 LNC 4 199
GORDON 70 CQQ 1195 179

MATTHEWS 71 PR 0 3 2561
MATTHEW1 7 1 LNG 1 361

¹¹¹¹ ¹¹¹¹¹S¹¹¹¹¹ +PRENTICEtYOONtCARRQLLt+
+PRENTICE t YOON t CARROLL ~ +

(TNTO+Wl SC )
(T NTO+ W I SC )

REFERENCES FOR OMEGA(1675)

+GHIDINI, FORINO+ (BARI+BGNA +FIRZ +ORSAY)
+KINSONt SCARRt + {BNL+UCND+QRNL )

+GHIDINI t FOR INQt CARTACCI t+ ( BARI+BGNA+FI RZ)
THE S I S t I LL INDI S ( ILL )
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Data Card Listings
For notation, see key at front of Listings,

Mesons
g(1680)

g(1680) 15 G &1»»O, JPG = 3-») 1=1

This entry contains the 2'', 4TI', ~T(', KK anand

KKTI peaks in the region of 1700 MeV. The spin-

parity determination and the mass and width in the

Meson Table come from the 2Tr decay mode. Analy-

ses of 2TI using OPE models suggest elasticity con-
siderably less than 1 (BARTSCH 70, MATTHE%S 71).
On the other hand, the discrepancies in masses,
widths, and branching ratios indicate that there may

G ~ ~be more than one I = 4 meson in thxs region (see
BARNHAM 70, HOLMES 72). For convenience we

have collected all the data here under a common

il allentry, without implying that they are necessari y
related. For a review see BARTSCH 70.

M (4PI]+- MODE
M

H

N

M

M

M

M

M

. M

M

M

M

N

H

M

1720. 15 ~
1710 23 ~

J (1675~ 0) (10 ~ 0)
8 (1627»] {12~ )
8 INCLUDED IN HOLMES 72

144 1680» 0 40 ~ 0
90(1640' 0) (20 »0)

102(1689.0) {20' 0)
1705~ 0 21 ~ 0

(1700~ ]
300{1710.)

1630' 15'
~ ~ e ~ ~ e ~ e ~

AVG 1685,0 19F 6

BALTAY 68 HBC
BISWAS 68 HBC
JOHNSTON 68 HSC

(17~ ) BARNHAM 70 HBC

+ 7r 8 ~ 5 P I+ P
8 ~ PI- P

7 ~ 0 PI- p
+ 10 K+ Pr RHO P IPI

BARTSCH
BARTSCH
BART SCH
CASO
BALLAM
ARMENISE
HOLMES

70 HBC
70 HBC
70 HBC
70 HBC
71 HBC
72 HBC
72 HBC

+ 8 Pl+ Pr4 Pl
+ 8 PI+ PrA2 PI
+ 8 PI+ Pr2 RHO

ll ~ 2PI-Pr RHO 2PI
16~ PI- P

9 1 PI- Prp 4pl
+ 10~ -12~ K+ P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2»3)

6/68
2/72
6/68
1/73¹
4/71
4/ /1
4/71
5/70
2/72

12/72¹
1/73¹

5(67

2/71
11I71

N OHEGA P I NODE
M

M 1654~

M 1630~ 0
H ~ ~ ~ ~ ~

N AVG

24»
11~ 0

1634' 2 10 ' 0

M R PEAKS FROM MME (FOR
H

M NR1 (1632» ) {15 ~ )
M NR2 (1700»] (15 )
M NR3 (1748» ) ( 15 )
M N NOT SEEN BY BOWEN 72
M R ( 1700 0) (47 0)

BARNHAM 70 HBC + 10 K+ Pr OMEGA PI
CASO 70 HBC lle2P I-P r PI OMEG

6/70
5/70

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
DIFFICULTIES WITH MMS EXPT SEE A2 MINI REVIEW) 1/73¹

FOCACCI 66 MNS - 7-12 PI-P»P MMS 12/72¹
FOCACCI 66 MHS — 7-12 PI-Pr P MMS 12/72¹
FOCACCI 66 HMS - 7-12 Pl-P»P MNS 12/72¹
ANDERSON 69 MHS — 16 PI- P, BACKW 8/69

(4PI ) 0 NODEM

M

N R 80 1717~ 7 ~ DANYSZ 67 HBC OSEE NOTE R BELOWM R SEEN IN 2e5-3 PBAR P ~ 2PI+2PI-r WITH 0 ~ lr 2 PI+Pl- PAIRS IN RHOO BANDH M ( 1700~ 0) MAURER 70 HBC 05 7 PBAR Pr7 PIM N ( 1700~ 0) BRAUN 71 HBC 05 7 PBAR P 7 PIM M SEEN IN 2 RHOO NOT IN 4 PI OUTSIDE RHO BANDS

),5 G MASS ( MEV)

15 G WIDTH ( ME V)M Pl+ Pl- MODE
M

M

M

M

M

N

M

N

M

M T
T

M L

M L
M H

H H

M

M

H

M AVG

1700~ 0 100 ~ 0
( 1640» 0)
1670e 0 30 ~ 0

().683 ) (13 )
1720» 0 20 ~ 0

(1655' 0) (lpep)
(1750.0)
1737~ 0 23 ~ 0
1687~ 21 ~

FROM FIT WITH SINGLE
(1655~ ) (4»)

FROM FIT WITH 2 BW

i 1764.) ( 15.)
FROM FIT WITH 2 BW

1678~ 12 ~

1652 ~ 13 ~

~ ~ ~ e ~ ~ ~ ~ ~

1681.7 12 ~ 0
{SEE

BM

BELL IN I
FORI NO

GOLDBERG
ARMENISE
CRENNELL
JOHNSTON
CASO
ARMENISE
STUNTE BEC

65 HLBC
65 DBC
65 HBC
68 DBC
68 HBG
68 HBC
69 HBG
70 DBC
70 HDBC

06 ~ 1 pl P
p 4. 5 Pl+0
0 6 Pl+Dr 8 PI-P
p 5.1 PI+ 0
06 ~ 0 PI- P
0 7 ' 0 PI P
0

llew

Pl- PrN2PI09 PI+ N

0 8 ~ PI-P»5 ' 4 PI+0

6/66
6/66

6/68
12/68
6/68
8/69
1/71
2/72

STUNTEBEC 70 HDBC 0 8 ~ Pl Pr5 ~ 4 PI+D 2/72

STUNTEBEC 70 HDBC 0 8 PI-P»5»4 Pl+0 2/72

2/72
2/72

MATTHEWS 71 DBC 0 7» PI+ N

NATTHEWS 71 HBC 0 7 PI- P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 7)
IDEOGRAM BELOW )

W PI+ PI- MODE
W

W

W

W

W

W

M

W

W T
W T
W L
W L
W H

W H

W

M

W

M AVG

FOR( NO 65
GOLDBERG 65
ARMENISE 68
CRENNELL 68
JOHNSTON 68
GASO 69
ARMENI SE 7P
ST UNTE BEC 70

DBC 0 4 5 PI+D 6/66
HBC 0 6 Pl+0, 8 pl-p
DBC 0 5 1 PI+ D 6/68
HBC 0 6 ' 0 PI- P 12/68
HBC 0 7 ' 0 pl- p
HBC 0

llew

PI- PrN2PI 8/69
DBC 0 9 Pl+ D 1/71
HDBG 0 8 PI-P, 5»4 P I+0 2/72

HDBC 0 8 ~ PI-Pr 5 ~ 4 P I+D 2/72

HDBC 0 8 ~ Pl Pr 5 ~ 4 Pl+0 2/72(20 ) STUNTEBEC 7p

DBC 0 7 P I+ N 2/72
HBC 0 7 p I p 2/72

UDES SCALE FACTOR OF 1»3)

(40 ' 0)
180.0 4p. p
188' 49 ~
200 ~ 0 100,o
(80 0) (2P P)

(200» 0)
171~ 0 65 ~ 0

267 e 72 46 '
FROM FIT WITH SINGLE BM

(20 ~ ) (8 ~ ) STUNTEBEC 7P
FROM FIT WITH 2 BW

(87~ ) (14.)
FROM FIT WITH 2 BW

156' 36 ' MATTHE WS 71
NATTHE WS 71

~ ~ ~ ~ ~ ~ e ~ \
157 3 22.7 AVERAGE (ERROR INCL

(SEE IDEOGRAM BELOW ]
WEIGHTED AVERAGE = 1681.7 + 12 ~ 0

ERROR SCALED BY 1.7
WEIGHTED AVERAGE = 157.3 + 22. 7

ERROR SCALED BY 1.3

~ MATTHEWS
~ ~ ~ MATTHEWS

~ STUNTEBEC
ARMENISE

~ CRENNELL
GOLDBERG

~ BELLINI

1550 1650 1750 1850
G MASS (MEV) r PI+ PI- MODE

71 HBC

71 OBC
70 HDBC

70 DBC
68 HBC

65 HBC
65 HLBC

CHISQ
5.2
0.1
0.1
5 ~ 8
3.7
0.2

15 ~ 0
(CONLEV
=0.010)

MATTHEWS 71
MATTHEWS

STUNTEBEC 70
ARMENISE 70
CRENNELL 68

MENISE 68
LDBERG 65

500-100 100 300
G WIDTH (MEV) r PI+ PI — MODE

HBC

DBC
HDBC

DBC
HBC

DBC
HBC

CHISQ
5.5
0.0
3 ~ 5
0 ~ 0
0 ~ 2
0.4
0 ~ 3
9.9

(CONI EV
=0.130)

M ( 2P I ) +- HODE
M

M

M

M

N

H

M AVG

1640~ 0
(1600 ' )

122 1650~ 0
( 1652 0) .

~ e ~ ~ ~

1643»4

25 ~ 0

35.0
( 15»0)
~ ~ ~ ~

20.3

CRENNEL(. 6S HBG
BARISH 69 HBC
BARTSCH 70 HBG
KRANER 70 HBG

6 ~ 0 Pl- P
PI P

+ 8 PI+ Pr2 PI
+ 13» 1 Pl+ Pr 2P I

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 0)
M K KBAR + K KBAR PI MODE
M

H

M K
M K
N F
M F
M

M

M

M

M AVG

( 1675~ ) EHRL ICH 66 HBC +- 7 ~ 9 PI-P r K KBAR
( 1700~ ) FRENCH 67 HBG 0 3r3 ~ 6 PBAR P

OBSERVED IN NEUTRAL(K¹ KBAR) MODE (G PARITY UNKNOWN)
(1740») FRENCH 67 HBC {Kp K+ ) 3~4 PBAR P

SEE F IG ~ 9 OF FRENCH 67
1640 ~ 0 20 ~ 0 25 ~ 0 CRENNELL 68 HBC + 6 »0 PI P r KSAR K13( 1650» 0) ADERHOLZ 69 HBC + 8 PI+ Pr K+KP
1690e 0 16 ep ADERHOLZ 69 HBC + 8 PI+ Pr KKBARPI

1673~ 2 23 ~ 6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 8)

12/68
5/70
5/70

),1/70

2/72
7/67

7/67

12/68
8/69
8/69

W (2PI)+- MODE
M

W 200» 0
M (200 )
W 122 180.0
W (40e 0)
W ~ e ~ ~

W AVG 181 7

100 ~ 0

30 ~ 0
(32 ' 0)

~ ~ ~ ~ ~

28 ~ 7

CRENNELL 68 HBC
BAR I SH 69 HBC
BARTSCH 70 HBC
KRAMER 70 HBC

6 ~ 0 PI- P
8 PI P

+ 8 Pl+ Pr2 PI
+ 13 1 PI+ Pr2PI

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
W K KBAR + K KBAR PI MODE
W

W F
M F
M

M

W

W

W AVG

( 120» ] APPROX ~ FRENCH 67 HBC (Kp K+-) 3-4 PBAR PABOVE VALUE ESTIMATED FROM F IG 9 OF FRENCH 6779 0 70 ~ 0 25 0 CRENNELL 68 HBC +- 6 ~ 0 P I-P r KBAR K13 ( 100» 0) ADERHOLZ 69 HBC + 8 PI+ Pr K+Kp112' 0 60»0 ADERHOLZ 69 HBC + 8 Pl+ P r KKBARP I
91~ 7 37 ~ 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

12/68
5/70
5/70

11/70

11/69

12/68
8/69
8/69
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Mesons
g(1680), X(1690), X (1795)

Dots. Card Listings

For notation, see key at front of Listings.

W (4PI)+- NODE
W

W

W

W J
W J
W B
W 8
W

W

W

W

W

W

W

W AVG

100. 35
162 58 '
{90»0) (20 ' 0)

NOT SEPARATED FROM

(72 ~ ) (29» )
INCLUDED IN HOLMES 72

144 135.0 30 0
90 (180' 0) (30 ' 0)

102 (160' 0) {30' 0)
{160 0)

300 (200 ~ )
130' 30 '

~ » ~ » ~ r ~ » ~

128 ~ 4 17»0

BALT AY
40 ~ 8 I SWAS

JOHNSTON
2 PI DECAY
( 20 ~ ) BA RNHAM

68 HBC + 79 8 ~ 5 PI+ P
68 HBG — 8 ~ P I- P
68 HBC — 7 ~ 0 PI- P

6/68
2/72
6/68

70 HBG + 10 K+ PtRHO PIPI 1/73¹
BARTSCH
BART SGH
BARTSCH
CASO
ARNENI SE
HOLMES

70 HBC + 8 PI+ P54 PI
70 HBC + 8 PI+ Pr A2 PI
70 HSC + 8 PI+ Pt 2 RHO
70 HBC — 11~ 2PI~PtRHO 2PI
72 HBC — 9 ~ 1 P I- P tP 4PI
72 HBG + 10~ -12~ K+ P

4/71
4/71

5/70
12/72¹
1/73¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

W OMEGA PI NODE

W

W 130'
W (60.0)

73 43'» BARNHAM
CASO

70 HBC + 10 K+ PtONEGA PI
70 HBC — ll ~ 2P I-P 9 PI ONEG

6/70
5/70

W R PEAKS FROM MMS» {FOR
W

W NR1 (21~ ) OR LESS
W NR2. (30~ ) OR LESS
W NR3 (38 ~ ) OR LESS
W N NOT SEEN BY BOWEN 72
W R (195~ 0)

DIFFICULTIES WITH MMS EXPT SEE A2 MINIREVI EW] 1/73¹
FOCACC I
FOCACC I
FOCACC I

66 MMS — 7-12 PI-Pr P MMS 12/72¹
66 MMS - 7-12 PI-Pt P HMS 12/72¹
66 MMS — 7-12 PI-PtP MMS 12/72¹

ANDERSON 69 MMS - 16 PI~ P tBACKW 8!69

15 G PARTIAL DECAY MODES

W {4PI)0 MODE

W

W R 80 (40» ) (12 ~ ) DANYSZ 67 HBC OSEE NOTE R BELOW» 5/67
W R SEEN IN 2 5 3 PBAR P ~ 2P I+2PI t WITH Ot lt 2 Pl+PI PAIRS IN RHOO BAND

BELLINI 65 NC 40 A 948
DEUTSCHM 65 PL 18 351
FQRINQ 65 p 19 e5
GOLDBERG 65 PL 17 354

EHRL ICH 66 PR 152 1194
FOGACC I 66 PRL 17 890
LEVRAT 66 PL 22 714
SEGUINOT 66 PL 19 7).2

ABRAMS 67 PRL 18 620
DANYSZ 67 PL 248 309
DUBAL 67 NP B3 435

ALSO 68 THES IS 1456
FRENCH 67 NC 52A 442

ARMENISE 68 NC 54 A 999
BALTAY 68 PRL 20 887
BISWAS 68 PRL 21 50
BQESEBEC 68 NP 8 4 501
CASO 68 NC 54 A 983
CRENNELL 68 PL 28 8 136
JOHNSTON 68 PRL 20 1414

ADERHOLZ 69 NP 8 11 259
ANDERSON 69 PRL 22 1390
BAR ISH 69 PR 184 1375
GASO 69 NC 62 A 755
VETLITSK 69 SJNP 9 461

BELLINItDI CORATOr QUIMIOtFIQRINI (NILANO)
M ~ DEUTSCHMANN ET AL ( AACHEN+BERLIN+CERN)
FORINOt GESSAROLI + (BOLOGNA+ORSAY+SACLAY)
GOLDBERG+ (CERN+EPQL+ORSAY+NILANO+CEA-SACL)

R EHRLICHtW ~ SELOVEt H YUTA (PENNSYLVANIA)
CERN MISSING MASS SPECTRONETER GROUP (CERN)
CERN MISSING MASS SPECTRQNETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)

+KEHOE+GLASSER+SECHI-ZORN+WOLSKY (MARYLAND)
+FRE NCH+K I NSON+S IMAK+ ( CERN+I I VER POOL )
+FOCACC I+K IENZ LE+LEC HANO INE+L EVRAT+ {CERN )

L ~ DUBAL {GENEVE)
+KINSON+MCDONALO+RIDDIFORD+ (CERN+BIRM)

+FOR I NO+CARTACCI+ ( BAR I+BGNA +F IRENZE+ORSAY ] I
+KUNG+YEH+FERBEL+ (COLU+ROCH+RUTG+YALE) I=1
+CASON 5 DZI ERBAt GROV ES 9 KE NNEY 9+ ( NDAN ]
BOES EBEGK 5 DEUT SCHMANNt+( AACHEN+BERL

IN+CERN�)
+CONT E+CORDS+D IAZ+ {0 ENOVA+HAMB+M ILA+ SACL ]
+KAR S HON 9 LAI 9 SCARR 9 5 KI LL ICORN (BNL)
+PRENTICEt STEENBERGt YOON (TORONTO+WISC) I JP

+BART SCH r + ( AACH+8 ERL+CERN+ JAG L+ WARS)

+COLLINS t BLI EDEN+ ( BNL+CARN )

+SELOVE ~ 8 I SWAS r CASON t+ {PENN+NDAM+ROCH]

+CONTE 5 BENZt+ ( GENO+D ESY+HANS+M I LA+ SAGL )
+GUZHAVINtKLIGERtKQLGANOVt LEBEDEV+ ( ITEP)

R13 R FRACTION INTO ONE / THREE / FIVE OR MORE CHARGED TRACKS

R13 Rl (0 ~ 37)/ (0~ 59)/ 0 ~ 04 FOCACC I 66 MMS — 7-12 PI-Pr P NNS 2/72
R13 R2 (0 ~ 42)/ (0»56)/ 0 01 FOCACCI 66 NMS — 7-12 PI-PtP NNS 2/72
R13 R3 (0»14)/ (0.80)/ 0.05 FOCACCI 66 HMS .— 7—12 PI-PGP MNS 2/72

¹¹¹¹¹¹¹¹

REFEREN'CES FOR G

Pl
P2
P3
P4
P5
pe
P7
PB
P9

G INTO PI P I
G INTO 4PI
G INTO 2 RHO

G INTO PI P I RHO

G INTO A2 PI
G INTO K KBAR
G INTO OMEGA PI
G INTO K KBAR PI
G INTO PHI PI

0
139+
139+
770+
139+

1310+
497+
139+
497+

1019+

ECAY MASSES
139
139+ 139+ 139
770
139+ 770
139
497
783
497+ 139
139

ARMENISE 70
BARNHAN 70
BARTSCH 70
CASO 70
KRAMER 70
MAURER 70
STUNTEBE 70

{.NC 4 1 99
PRL 24 1083
NP B 22 109
LNC 3 707
PRL 25 396

THESIS NO 588
PL 32 8 391

BALLAM 71 PR D 3 2606
BRAUN 71 NP B 30 213
GRAYER 71 PL 35 8 610
MATTHEWS 71 NP 8 331

+GHIDI NI 5 F QRINO ~ CARTACCI 5+ ( BARI+BGNA+FI RZ)
+COLLEYt JOBESr KENYONtPATHAKt RIDDIFQRD( BIRM)
+KRAUS r TSANOS 5 GROT Et KOTZAN+( AACH+B ERL+CERN)
+CONTE r TOMAS INI t CORDS+(GENO+HANB+MILA+ SAGL )
+BARTONr GUTAYt LICHTNANr MILLERt+ (PURDUE)
G ~ NAURER (STRASBOURG)
STUNTEBECKtKENNEYt DEERYtBISWAStCASON+( NDAM]

+CHADWICK tGUIRAGOSSIANt JOHNSONt+ (SLAG)
+FRIDMANr GERBERt GI VERNAUDtKAHNt+ ( STRB)
+HYAMS 5 JONES t SCHLE IN r SLUM 5+ ( C ERN+NP I N ) J P3
+PRENT ICE 5 YOON 9 CARROLL 9+ {TNTO+WI SC) JP3-

15 G BRANCHING RATIOS

Rl G INTO (2PI )/TOTAL (P 1)
Rl P (0 4) BARTSCH 70 HBC + 8 ~ PI+ P
Rl P {0 22) (0 04) MATTHEWS 71 HDBC 0 7 PI+Nt PI-P
Rl P OPE MODEL USED IN THIS ESTIMATION

R2 G INTO {PI+- PIQ) / (ALL PI+- PI+ PI- PIO) (P 1) /( P2G)
R2 D (0~ 081 OR LESS BALTAY 68 HBG + 7 8 ~ 5 PI+ P

R2 D USING DATA OF DEUTSCHMANN 65 ON PI+P TO Pl+ PIO P
R2 0 8 0 2 JOHNSTON $8 H BC — 7 ~ P I- P

R2 0 ' 8 0 ' 15 BARTSCH 70 HBC + 8 ~ PI+ P
R2 (0~ 12] OR LESS BALLAH 71 HBC — 16 ~ PI- P
R2 {0 2) OR LESS HOLMES 72 H BG + 10 ~ -12 ~ K+ P
R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

R2 AVG 0.80 0 12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)

2/72
2/72

6/6 8
6/68
2/72
2/72
2/72
1/73¹

ARMENISE 72 LNC 4 205 +F QR I NO, CARTACC I,+ ( BARI+BGNA+F I RZ )
BOWEN 72 PRL 29 890 +EARLESt FAISSLERr BLI EDEN t+ (NEAS+STON)
CLAYTON 72 NP 8 47 81 +MASON t NUI RHEADt RI GO POULOS 9+ ( L IVP+ PATR )

GRAYER 72 PHIL ~ CONF ~ PROC ~ 5 +HYAMSt JONESr SCHLE INtBLUMt DIETL+(GERN+MPIM)
HOLNFS 72 PR D 6 3336 +FERBEL~ SLATTERYGWERNER ( ROGH )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

X(1690)
64 X{1690]

THIS ENTRY CONTAINS (OMEGA PI PI ) PEAKS AROUND

1690 MEV ~ EVIDENCE NOT COMP E LL ING ~ OMITTED F RON TABLE 9

R3 G+- INTO ( 2P I )/ (2RHO)
R3 (0.48) OR LESS

(Pl) I (P3)
BISWAS 68 HBC» 8 ~ PI- P 2/72

R4 G+-
R4
R4
R4
R4
R4
R4 AVG

INTO {K KBAR]/(2PI)
INDICATION SEEN
INDICATION SEEN
0» 08 0 ~ 08
008 003

» ~ ~ ~ ~ ~ ~ ~ ~

0» 080 0 ~ 026

EHRL ICH
ABRA MS

0 ' 03 CRENNELL
BARTSGH

(P6)/(Pl)
66 HBC +-0 7'9 PI- P
67 HBC 0 4 ~ 25 K- P
68 HBC 6 ~ 0 PI- P
70 HBC + 8 PI+ P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

3/67
6!67

12/68
1/71

M

N

M

M

M AVG

64 X( 1690) MASS ( MEV)

1689' 10 ~

1670~ 0 18 0
1695~ 0 20 0
~ ~ »» ~ ~ ~ » ~

1686 2 8 0

0 39 3 6 PBAR P 1/73¹
04 3 K-PPLMBD 5PI 1/73¹
0 4.6 K-Pt OMEG2PI 1/73¹

67 HBC
68 HBC
69 HBC

DANYSZ
YQ ST
BARNES

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)

R5 G+- INTO (K KBAR PI)/(2PI)
R5 0 ~ 10 0 03

(P 8) /( Pl)
BARTSCH 70 HBC + 8 PI+ P 2/72 64 X( 1690) WIDTH {MEV)

R6 G+-
R6
R6
Rb
R6
R6 AVG

INTO (RHO 2PI )/ (ALL 4P I)
CONSISTENT WITH 1 ~

1 ~ 0 15
0 88 0 15

r ~ ~ ~ ~ » ~ ~ ~

0 ~ 94 0 ll AVERAGE (ERROR

(P4) /( P2)
68 HBC ~ 11 PI- P
70 HBC + 8 PI+ P
71 HBC — 16 ~ P I- P

INCLUDES SCALE FACTOR OF 1 0]

6/6 8
2/72
2/72

W

W

W

W

W AVG

38.
50 ~ 0
90 ~

~ ~ » » ~

56» 3

18 ~

15»0
20

~ r ~ ~

14.2

DANYSZ
YOST
BARNES

67 HBC
68 HBC
69 HBG

0 393.6 PBAR P
04 3 K-P rl MBD ~ 5P I
0 4 6 K-P 5 OMEG2P I

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 4)

I/73¹
1/73¹
1/73¹

R7
R7
R7
R7
R7
R7
R7

G+- INTO {2RHO)l {ALL 4P I)
SEEN
SEEN

(0 ' 63) OR MORE
SEEN
0 ~ 7 0 ~ 15

( 0 ~ 92)

DANYSZ
BALTAY
SISWAS
JOHNSTON
BARTSCH
ARHE NI SE

( P3) /( P2]
67 HBC 0 3 4 PBAR P
68 HBC + 79 8 5 PI+ P
68 HBC — 8 ~ PI- P
68 HBC - 7 PI-P
70 HBC + 8 PI+ P
72 HBC 9' ~ 1 PI» PrP 4PI

5/68
6/68
2/72
6/68
2/72

12/72¹

¹¹¹¹¹¹¹¹¹

REFERENCES FOR X{1690)

DANYSZ 67 NC 51 A 801 DANYSZ+FRENCH+SI MAK (CERN]
YOST 68. UMD T ~ REPQRT849 +YODHt EINSCHI AGr DAYr GLASSER (UHD)

BARNES 69 PRL 23 142 +CHUNG t E IS NE R 5 F LAMINI Q 9+ (BNL)

RS G+- INTO (2 RHO)/(ALL RHO 2PI)
RB 0 48 0 16 CA SO
RB (0 75) OR MORE 8 ISWAS

(P3)/(P4)
68 HBC — 11 PI- P
68 HBC — 8 ~ PI- P

R9 G+-
R9
R9
R9
R9

INTO (P I+- A20) /(ALL API]
(WITH A20 INTO (PI+ Pl- PIO) )

0 40 0 20 BALTAY 68 HBG + 79 8»5 PI+P
NOT SEEN JOHNSTON 68 HBC — 7 PI- P

(0 6) (0 15) BARTSCH 70 HBC + 8 PI+ P

6/68
2/7 2

6/6 8
6 j(68
2/72

(179$) 63 x- 11795 JPG= 1 I=l

SEEN AS A {PBAR N) BOUND STATE IN PBAR 0 ANNIHILATIONS
AT REST ~ NEEDS FURTHER CONFIRMATION»OMITTED FROM TABLE ~

BOGDANOVA 72 PREDICT A VECTOR MESON
AT TH I S ENERGY

R10 G+»
R10
R10
R10
R).0
R10
Rlo AVG

INTO {PI OMEGA) /( ALL 4P I)
(WITH OMEGA INTO(P

0 ~ 25 0 ~ 10 BALTAY
~ 25 0»10 JOHNSTON

0 12 0 07 BALLAM
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 184 0 050 AVERAGE (ERROR

(P7) I (P2)
I+ P I- P IO) )

68 HBG +
68 HBC
71 HBC

7-8 ~ 5 P I+P
7 ~ 0 PI- P
16 PI P

INCLUDES SCALE FACTOR OF 1 0)

5/68 63 X-(1795) MASS (MEV)
6/68
2/72 M P 1794' 5 I GRAY

M D DECAYS TO FOUR OR MORE PIQNS
71 DBC — 0 PBAR D 1/72

Rll G+- INTO (PI PHI) /(ALL 4P I)
Rll {0 11) OR LESS BALTAY

{P9)/(P2)
68 HBC + 75 8 5 PI+P 6/68 63 X (1795] WIDTH(MEV)

R12 G+- INTO (PI+- 2PI+ 2PI- PIQ)/(ALL PI+- PI+ PI- PIO)
R12 (0~ 15) OR LESS BALTAY 68 HBG + 7t 8 ~ 5 PI+ P

W D (8~ ) OR LESS CL=»95 GRAY
6/68 W D DECAYS TO FOUR OR MORE PIONS

71 DBC — 0 ~ P BAR 0 1/72



PARTIcLE DATA GRQUP Review of ParticLe Properties S95

Data Card Listings
For notation, see key at front of'Listings.

REFERENCES FOR X {1795)

GRAY 71 PRL 26 }.491 +HAGERT y KAL QGERQP OULOS (SYRA)
BOGDANOV 72 PRL 28 1418 BOGOANOVA 9 DALKAROV 9 SHAP I RO ( ITEP)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REGION THIS ENTRY CONTAINS THE STRUCTURE OBSERVED IN
PBAR P BACKWARD ELASTIC SCATTERING AND VARIOUS
PEAKS NEAR 1970 MEV ~ OMITTED FROM TABLE ~
FOR REVIEW SEE DIEBOLD 72«

MeS()nS
I (1795), v}/p(1830), u)/ vr(1830), S(1930),

p(-2100)
S(1930) 31 s(1930 JFG= I

nip(183$
~4vr, K K 42 ETA/RHO (1830y JPG= +)

THIS ENTRY CONTAINS 4PI AND K KBAR PI PEAKS
AROUND 1830 MEV OMITTED .FROM TABL'E ~

M

M R
M R

M

M K

M

M AVG

42 ETA/RHOI 1830) MASS ( ME V }

110 1832 ' 6 ~ DANYSZ 67 HBC OSEE NDTE R BELOW
SEEN IN 2 5-3 PBAR P ZP I+2P I-9 WITH 09192 PI+PI- PAIRS

IN RHOO BAND
1820 ~ 12 ~ FRENCH 67 HBC OSEE NOTE K BELOW
SEEN IN 3 ~ -3 6 PBAR P TQ tKS KQ PIO ) ~ G PARITY UNKNOWN

e ~ ~ ~ ~ ~ ~ e ~

1829~ 6 5»4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

5/67

7/67

31 S MASS (MEV)

M

M

M

M A

M A

M

M

M

M

M

M

M

M

M

M

M

M

M

M

N ( 1929~ 0) ( 14 0) CHIKOVANI 66 MMSP — 12 0 P I-P
N NOT SEEN BY BOWEN 72

1900' 40 ' BQFSEBECK 68 HBC + 8 PI+ Py PI+ PIO
1973~ 0 15 0 CASQ 70 HBC - 11~ ZPI- P yNOTE C
SEEN IN RHO- Pl+ PI- (OMEGA AND ETA ANTISELECTED IN 4 Pl SYSTEM)

K 1975~ 0 12 ~ 0 KRAMER 70 HBC + 13~ 1 PI+ Py ZP I
K HAS IG=1+ FROM ABSENCE OF PI+PI+ PEAK ~ THUS JP=(ODD)- ~

C ( 1940» ) (8 ~ ) CLINE 70 HBC 0 »25-«74 PBAR P
C (1939») 0¹ANDLAU 71 HBC 0 ~ 37- »65 PBAR P
C FROM FIT OF A SINGLE BW FORMULA TO THE PBAR P BACKWARD ELASTIC
C CROSS SECTION / C'OS(THETA) IN (-«99-1~ 0) /e SOME I'NDICATIQNS
C OF AN ADDITIONAL STRUCTURE IN BOTH DATA.
C RESONANT INTERPRETATION QUESTIONED BY LYS 70 AND 8IZZARRI 72
8 {1968~ ) BENVENUTI 71 HBC 0 ~ 1 — ~ 8 PBAR P
8 SEEN AS A BUMP IN THE PBAR P - KS KL CROSS SECTION 'WITH JPC=1
8 BASED ON ONLY 71 EVENTS OF THIS REACTION
8 NOT SEEN BY CARSON 72 WITH 69 EVENTS ~

e ~ 9 e ~ e ~ ~ \
AVERAGE MEANINGLESS {SCALE FACTOR = l«3)

3.2/72¹
6/68
5/70
5/70

11/70
11/70
2/72
2/72

2/7Z

12/72¹

W 110
W R
W R
W

W K

W

AVG

42 ETA/RHO{ 1830) WI DTH (MEV)

429 11 ~

SEEN IN 2 5-3 PBAR

50 ' 23 '
SEEN IN 3 -3 6 PBAR

OANYSZ 67 HBC OSEE NOTE R BELOW
P, 2P I+ZPI- WITH 0 1 2 PI+Pl- PAIRS

IN RHOO BAND
FRENCH 67 HBC OSEE NOTE K BELOW

P TO (KS KO P IO ~ } G PARITY UNKNOWN

43 ~ 5 9»9

Pl
P2
P3
P4

42 ETA/RHO(1830) PARTIAL DECAY MODES

ETA/RHQ(1830) INTO 4 PI
ETA/RHO{1830) INTO RHO PI Pl
ETA/RHO(1830) INTO RHQ RHO

ETA/RHQ(1830) INTO K KBAR PI

DECAY MASSES
139+ 139+ 139+ 139
139+ 139+ 770
770+ 770
134+ 497+ 497

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 190]

5/67

7/67

W N

W N
'W

W A

W A

W K
W K

W C
W C
W C
W 8
W 8

31 S WIDTH l MEV)

(35.0) OR LESS CHIKQVANI 66 MMSP — 12 ~ 0 PI-P
NQT SEEN BY BOWEN 72

216 ~ 105 ~ BOESEBECK 68 HBC + 8 PI+ P PI+ PIO
t80 0) CASO 70 HBC - ll ~ 2P I- P yNOTE C

SEEN IN RHO- PI+ PI- (OMEGA AND ETA ANTISELECTED Ihl 4 Pl SYSTEM)
(52 ~ 0) OR LESS CL= ~ 90 KRAMER 70 HBC + 13 1 PI+ Py 2P I

HAS IG=1+ FROM ABSENCE OF PI+PI+ PEAK THUS JP=(QDD)-
(49 ~ ) (9 ~ ) CL INE 70 HBC 0 ~ 25- ~ 74 PBAR P
(63, ) D¹ANDLAU 71 HBC 0 ~ 37- ~ 65 PBAR P

SEE REMARKS UNDE R MASS ABOVE
t35. ) BENVENUT I 71 HBC 0 e 1 e 8 PBAR P

SEE REMARKS UNDER MASS ABOVE

31 5 PARTIAL DECAY MODES

12/72¹

6/68
5/70
5/70

11/70
11/70

2/72
2/72

2/72

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

I

REF E RENCES FOR E TA/RHO ( 1830)
DECAY MASSES

Pl S INTO PI+ Pl- 139+ 139
P2 S INTO PBAR P 938+ 938

DANYSZ 67 PL 248 309
FRENCH 67 NC 52A 442
CLAYTON 72 NP 8 47 81

+FRENCH+KINSQN+S IMAK+ t CERN+LIVERPOOL)
+K INSON+ MCDONALD+R IODI FORD+ l CERN+BIRN )
+MASON MUIRHEAO RIGQPOULOS + (LIVP+PATR}

¹ ¹¹¹¹¹¹ ¹¹

REFERENCES FOR S

ta/vr(1830}
-Nuvrvr, K K

43 OMEGA/PI (18309JPG=

THIS ENTRY CONTAINS OMEGA PI PI AND K KBAR P I PEAKS
AROUND 1830 MEV l=l IF (OMEGA RHO) MODE EXISTS
THE KS KO PI PEAKy IF PRESENT AND EVEN IF NOT PART

OF ETA/RHO(1830)y IS ONLY A MINOR MODE
OMITTED FROM TABLE ~

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

CHIKQVAN 66 PL 22 233
FOCACC I 66 PRL 17 890
BGESEBEC 68 NP 8 4 501
CLINE 6'8 PR(. 21 1268

CERN MISSING MASS SPECTROMETER GROUP {CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
BQES EBECK 3 DEUT SCHMANN9+{ AACHEN+BERL

IN+CERN�)
+ENGLISHEREEDERy TERRELLE TWITTY {WISCONSIN)

BENVENUT 71 PRL 27 Z83
CLINE 71 REVIEW
DEEANDLAU 71 PRE PRINT
P INSK. I 71 PRL 27 1548

BENVENUTI CL ICE RUTZ REEOER SCHERER (WISC)
D CLINEy TA( K AT ANL WORKSHOP JULY 71 ( WI SC)
+ASTIERGPETRIG + ( C OEF+ PI SA )
STEPHEN S PINSKY {UT AH+AR GONNE )

CASO 70 LNC 3 707 +CORDSECOSTAy+ (GENOSDESYy HAMBEMILAy SACL)
CL INE 70 PREPRINT D ~ CLINE ~ J ~ ENGLISHy De 0 REEDER t WISC) J
KRAMER 70 PRL 25 396 +BARTQNy GUTAYy LICHTMANEMILLERy+ (PURDUE)
LYS 70 PREPRINT J ~ LYS {MICH(

M 0
M 0
M K
M K

43 OMEGA/P I (1830) MASS (MEV)

(1848 ' ) (11 ' ) DANYSZ 67 HBC 0 3'y3 ~ 6 PBAR P
OBSERVED IN (OMEGA PI+ PI-) (AND POSSIBLY (OMEGA RHO(0) ) ) MODE

(1820 ) {12 ) FRENCH 67 HBC 0 3, 3 ~ 6 PBAR P
OBSERVED IN (KS KD PIO ~ ~ ~ ) MODE (G-PARITY UNKNOWN}

7/67

7/67

BIZZARRI 72
BOWEN 1 72
8 OWEN 72
CARSON 72
D IEBQLD 72
K IENZLE 72
WOHL NUT 72

PR D 6 160
PRL 29 890

PREP»NUB 2167
BAT CONF PAP .498
BATA V ~ CONF.

PHI L «CONF ~ PROC207
BAT ~ CONF«PAP ~ 275

+GUIDONI yMARZANOGCASTELL I 9+ (ROMA+TRST)
+EARLESy FAISSLER9 BLI EDEN ~ + (NEAS+STON)
+EARLES ~ FAISSLEREGARELICKGGETTNERy+ {NEAS)
+BUTTON-SHAFEREYAMAMQTOE+ (MASA+TOKY)
RE DIEBQLD RAPPORTEUR TALK tANL)
W«KI ENZLE (CERN)
+YEEE JOHNSONy PETERSy STENGER (HAWAI I )

W Q
W Q

W K

W K

43 OMEGA/PI {1830} WIDTH {ME V)

(67 ~ ) (27 ~ ) DANYSZ 67 HBC 0 39 3~ 6 PBAR P 7/67
OBSERVED IN (OMEGA P I+ PI-) ( AND POSSIBLY ( OMEGA RHO(0) ) ) MODE

(50 ~ ) {20~ ) FRENCH 67 HBC 0 3 4 PBAR P 7/67
OBSERVED IN {KS KO PIO ~ « ~ ) MODE (G-PARITY UNKNOWN)

43 OMEGA/P I t 1830) PARTIAL DECAY MODES

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

p( ~ 10 ) 51 RHO I2100 JFG= FI 1=1

REGION NIGHGLsoN 69 SUGGEST IG=IA, JR=3- FR0M ANALYsls DF
DIFFERENTIAL CROSS-SECTIONS FOR PBAR PI —2PI
NOT SUPPORTED BY EHRLICH 72 ~

OMITTED FROM TABLE ~

Pl
P2
P3
P4

OMEGA/PI{1830) INTO 4 PI
OMEGA/PI(1830) INTO OMEGA PI PI
OMEGA/PI {1830) . INTO 2 RHO
OMEGA/PI {1830) INTO K KBAR PI

DECAY MASSES
139+ 139+ 139+ 139
139+ 139+ 783
783+ 770
139+ 497+ 497

2086 ~ 0
( 2120. )

50( 2070« )

51 RHO (2100) MASS (MEV)

38 ~ 0 ANDERSON 69 MMS — 16 PI- P yBACKW 8/69
NICHOLSON 69 CNTR 0 ~ 7-2 ~ 4 PB Py ZP.I 9/69
TAKAHA SHI 72 HBC 8 ~ PI- P 3 N 2P I 1/73¹

DANYSZ 67 NC 51A 801
FRENCH 67 NC 52A 442
C LAYTON 72 NP B 47 81

REFERENCES FOR OMEGA/Pl(1830)

DANYSZ+FRENCH+SI MAK

+K IN SON+ MC DON ALD+R IDDI FORD+
+MASON 5 MU I RHE AD 9 RI GOPOULOS 9+

( CERN)
I C ERN+ BIRM )
(L IVP+ PATR)

51 RHO (2100) WIDTH t ME V)

W ( 150«0) ANDE RSON 69 MMS — 16 P I- P 3 BACKW
W N (249 ~ ) NICHOLSON 69 CNTR 0 ~ 7'-2 4 PB P ~ 2PI
W N THE WIDTH INCLUDES RESOLUTION

50 ( 160~ ) TAKAHASHI 72 HBC 8 PI-. P 9 N 2P I

8/69
9/69

1/73¹

ANDERSON 69 PRL 22 1390
NICHQLSO 69 PRL 23 603

EHRLICH 72 PRL 28 1147
TAKAHASH 72 PR D 6 1266

REFERENCES FQR RHO(2100)

+COLLINS 9 BL I EDEN+
NICHOL SON 9 SARI SH 3 DELORME 3+

{BNL+CARN)
(CIT+ROCM+BNL }

+ETKINGGLODISy HUGHESEKONDQGLUEMORI 9+ l YALE)
TAKAHASHI, BARISH + {TQHO+PENN+NDAM+ANL )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹'¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹'¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹
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Mesons
T(8200), p( 2275), U(2360)

Data Card Listings
For notation, see key at front of Listings.

(T 2200
32 T (2200 ~ JPG= )

REGION THIS ENTRY CONTAINS VARIOUS PEAKS NEAR 2200 MEV ~

OMITTED FROM TABLE»
FOR REVIEWS SEE BERTANZA 725 DIEBOLD 72

W

W N

W N

52 RHQ(2275) WIDTH (MEV}

(25 ~ 0) OR LESS ANDERSON 69 MMS — 16 PI- P GBACKW 8/69
(165.) NICHOLSON 69 CNTR 0 7-2.4 PB P52P I 9/69

THE WIDTH INCLUDES RESOLUTION»

REFERENCES FOR RHO (2275)

M

M 8
M 8
M 8
M K

M K

M K

M

M

M AVG

32 T MASS (MEV)

S CHANNEL NBAR N

2190 10 ABRAMS 70 CNTR S CHANNEL NSAR N

SEEN AS BUMP IN I=1 STATE SEE ALSO COOPER 68
BRICMAN (69) SEES NO SUMP SPIN LESS THAN 5 IS SO EXCLUDED

{2190' 0) KALBFLEIS 69 'HBC 0 S-CHANNEL PBARP
SEEN IN PBAR P TO RHOO RHOO PIO IG=1-

NOT SEEN BY DONALD 72»
2195~ 5 ~

'

COHEN 72 CNTR S CHANNEL PSAR P
~ r ~ » ~ ~ ~ » ~

2194 ~ 0 4 ~ 5 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

M

M N

M N

M

M A

M

M

M C
M

H

M

M A

PEAKS FROM PRODUCTION EXPERIMENTS
(2195.0) ( 15 0] CHIKOVANI 66 MMSP — 12 ~ 0 PI-P

NQT SEEN BY BOWEN 72 ~

2207 ~ 13~ ALI ES-BOR 67 HBC 0 5 7 PBAR P
ALLES-BORELLI 67 SEE NEUTRAL MODE ONLY (PI+Pl-P IQ)
2190~ 0 10 ~ 0 CLAYTON 67 HBC +- 2 ~ 5PBARyA2+OMEGA
2207. 0 22 ~ 0 CASO 70 HBC - 11.2PI- PGNOTE C ~

SEEN IN RHO- PI+ PI- (OMEGA AND ETA ANTISELECTED IN 4 PI SYSTEM)
D 2157» 0 10~ 0 KRAHER 70 HBC + 13~ 1 Pl+ P ~ 2PI
0 HAS IG=1+ FROM ABSENCE OF PI+PI+ PEAK THUS JP=(ODD)-

~ ~ ~ » ~ r» ~ ~

VERAGE MEANINGLESS (SCALE FACTOR ~ 2»0)

1/73¹

7/69

12/72¹
12/72¹

12/72¹

12/66

10/67
5/70
5/70

ll/70
11/70

ANDERSON 69 PRL 22 1390
NICHOLSQ 69 PRL 23 603
EHRLICH 72 PRL 28 1147

+COLLINSGBLIEDEN+ ( BNL+ CARN i
NICHOL SON 5 BARI SH5DELORME 5+ {CI T+ROCH+BNL)
+ETK INGGLQDI SG HUGHES SKONOOGLU ~ MORI 5+ ( YALE)

33 U (23605 JPGGG ) I=1

THIS ENTRY CONTAINS THE BROAD BUMP OBSERVED
IN THE S CHANNEL NBAR N5 AND VARIOUS OTHER PEAKS5
HOSTLY CONTROVERSI AL ~ OMITTED FROM TABLE»
FOR REVIEW SEE ASTBURY 725 DIEBOLD 72»

M

M R
M R
M A
M A

M N

M N

M I
M I

33 U(2360) HASS (HEV)

S CHANNEL NBAR N

(2370»0) {10»0) R I NG

NQT CONFIRMED IN EXTENSION OF THE
2350 10 ~ ABRAMS

FOR Icr1 NBAR N

(2360~ 0) I 25 ~ 0] OH

NO EVIDENCE FQR THIS BUMP SEEN IN
( 2360 ~ ) (5 ) COHEN

ISOSPINS 0 AND 1 NOT SEPARATED

69 HBC 0 S-CHANNEL PBARP 11/71
EXP ~ ~ SEE CHAPMAN 71 ~ 11/71

70 CNTR S CHANNEL NBAR N 1/73¹
70 HDBC -0PBAR(PEN)GK¹K2PI

THE PBAR P DATA OF CHAPMAN 71
72 CNTR S. CHANNEL PBAR P

1/73¹
1/73¹
1/73¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

32 T WIDTH (MEV)

W

W 8
W 8
W K

W

S CHANNEL NBAR N

(85. ) ABRAHS 67 CNTR
SEE NOTE 8 UNDER T(2200) MASS ABOVE

BETWEEN 20 AND 80 MEV KALBFI EIS 69 HBC
95 ~ 15. COHEN 72 CNT R

S CHANNEL NBAR N 7/67

0 S-CHANNEL PBARP 7/69
S CHANNEL PBAR P 12/72¹

PEAKS FROM PRODUCTION EXP ERIHENTS
(13 0) OR LESS CHIKOVANI 66 MHSP — 12 0 Pl-P 85{66
62» 52 ~ ALLES-BOR 67 HBG 0 5 ~ 7 PBAR P 12/66

( 130r 0) CASO 70 HBC — 11~ 2P I- PGNOTE C ~ 5/70
SEEN IN RHO- PI+ P I- (OMEGA AND ETA ANTISELECTED IN 4 PI SYSTEM) 5/70

0 68 ~ 0 22 ~ 0 KRAMER 70 HBG + 13~ 1 PI+ P52P I 11/70
D HAS IG=1+ FRQH ABSENCE OF PI+PI+ PEAK ~ THUS JP=(ODD]- ~ 11/70

r ~ ~ ~ ~ r ~ ~ ~

VERAGE MEANINGLESS {SCALE FACTOR = l»0)

W

W N

W

W

W G

W

W

W

W A

66 PL 22 233
66 PRL 17 890
69 CASQ
67 PRL 18 1209
67 NC 50 A 776
67 HEIDBG»CONF P 57
68 PRL 20 1059

GHI KOVAN

FOCACGI
ALSQ

ABRAMS
ALLES-80
CLAYTON
COOPER

BAUBILLI 69 LUND PAPER 87
BR]CHAN 69 PL 29 8 451
CASO 69 NG 62 A 755
KALBFI EI 69 PL 29 8 259
MONTANET 69 LUND CONF ~ P 189

ABRAMS 70 PR 0 1 1917
CASO 70 LNG 3 707

ALSO 69 CASO
KAI BFLE I 70 PHILAD»CONF P 409
KRAMER 70 PRL 25 396

REFERENCES FOR T

CERN MISSING MASS SPECTROMETER GROUP (CERN)
CCRN HISSING MASS SPECTROMETER GROUP {CERN)

+CQQI GGIACOHELLI GKYCIAGLEONTIC fLI ~ + (SNL}
ALLES-BORELLI GFRENCHGFRISKG+ (CERN+BONN)G=-
+MASON 5 MU I RHE AD 5 F I L I PP AS+ ( L I VERP QDL+AT HEN 5 )
+HYMAN ~ MANNER 5 HUSG RAVE 5 VOYVODIC (ANL )

BAUBILLIER GDUBOC ~ HURIAUX 5+ ( IPN+LI VP)
+FERRO-LUZZIGBIZARDG+ ( CE RN+CAEN+ SACL)
+CONTE GBENZG+ ( GENO+DESY+HAMB+II ILA+SACL )
G KALSFLEISCHG R STRANDGV VANDERBURG (BNL)
L» HONTANET ~ RAPPORTEUR (CERN)

+COOL ~ GIACOMELLI GKYCIAGLEONTICGLI 5+ (BNL)
+CONTEG TOMASINI GCORDS+(GENO+HAMB+MILA+SACL)

G» KALBFLEISCH AND 0 MI LL ER REVUES {SNL )
+BARTONG GUTAYG LICHTHANGHILLERG+ (PURDUE )

32 SIGMA (HB) FOR FORMATION BY NUCLEON ANTINUCLEON

CS A (5 ' 5) ABRAMS 70 CNTR S CHANNEL NBAR N 1/71
CS A FOR 1=1 NBAR N

CS 2 ~ 25 0 ~ 08 COHEN 72 CNTR S CHANNEI PBAR P 1/73¹

M

M M

M M

M C
M C
M' C
M

M

M

PEAKS FROM PRODUCTION EXPERIMENTS
( 2382 ~ 0) {24 r 0) CHIKOVANI 66 MMS — 12 ~ 0 PI-P

NOT SEEN BY BQWEN 72
{Z324»0) {20' 0) CLAYTON 67 HSC +- 2 65PSARGA2+OMEGA

MAY BE DIFFERENT OBJECT ~ VALUE QUOTED IN HEIDELBERG PROC» OF
2380 + 10 IS M ISTAKE r ~ PRI V ~ CQMH ~ FROM M UI RHEAD ~

2370 ~ 17~ ANDERSON 69 ASPK — 16 PI- BKSGAT
( 2420 ~ 0) ( 25 ~ 0) JOHNSON 70 HBC - 12 ~ 0 PI- P

73(2374. ) (4 ) ATHERTON 71 HBG 0 5 7 PBAR P

12/72¹
12/72¹
11/69

11/69
1/71
2/73¹

W

W

W R
W R
W N

N

W I
W I

33 U(2360) WIDTH (MEV)

S CHANNEL NBAR N

(140 ' ) ABRAMS
{40' 0} OR LESS RING

NOT CQNFIRHED IN EXTENSION OF THE
(60» 0) QR LESS OH

NO EVIDENCE FOR THIS BUMP SEEN IN
(163.) (15 ) COHEN

ISOSPINS 0 AND 1 NOT SEPARATED

67 CNTR 5 CHANNEL PBAR N

69 HBG 0 S-CHANNEL PBARP
EXP»r SEE CHAPMAN 71 ~

70 HDBC -OPSAR(PGN) GK¹K2PI
THE PBAR P DATA OF CHAPMAN 71

72 CNTR S CHANNEL PBAR P

1/73¹
ll/71
11/71
1 1 /71
11/71
1/73¹

W PEAKS FROM PRODUCTION EXPERIMENTS
W H {30~ 0) OR LESS '

CHIKOVANI 66
W M NOT SEEN BY BOWEN 72
W (57. ) ANDERSON 69
W

(BOER

0) OR LESS JOHNSON 70
W 73 {24~ ) OR LESS ATHERTON 71

MMS - 12 ~ 0 PI-P

ASPK — 16 PI- BKSCAT
HBC — 12 ~ 0 P+- P
HBC 0 5 ~ 7 P BAR P

8/66
12/72¹
11/69
1/71
2/73¹

CHIKOVAN 66 PL 22 233
FOCACC I 66 PRL 17 890

CERN MISSING MASS SPECTROMETER GROUP (CERN)
CERN HISSING MASS SPECTROMETER GROUP (CERN)

ABRAMS 67 PRL 18 1209 +GOOLSGI ACQHELLI 5KYC I AELEQNT ICS LIP+ {BNL )
CLAYTON 67 HEIDBG CONF P 57 +MASONGHUIRHEADPFILIPPAS+{LIVERPOOL+ATHENS)

ALSO 71 PRI V 6 COMM» W ~ MU I RHEAD {LIVP]

33 SiGNA {HB) FOR FORMATION BY NUCLEON ANTINUCLEON

CS A (3~ 2] ABRAMS 70 CNTR S CHANNEI NBAR N 1/7].
CS A FOR I=l NBAR N

GS I (2 0) (0 ~ 07) COHEN 72 CNTR S CHANNEL PBAR P 1/73¹
CS I ISQSPINS 0 AND 1 NOT SEPARATED

¹¹¹¹¹¹

REFERENCES FOR U(2360)

BACON
F IELDS
YQH

71 NP 8 32 66
71 PRL 27 1749
71 PRL 26 922

ALEXANDE 72
SERTANZA 72
BQWEN 72
BUGG 72
CLAYTON 72
COHEN 72
D IEBQLD 72
DONALD 72
DONALD 72
DONALD 72
KIENZLE 72
MING MA 7Z
WQHL MUT 72

NP 8 45 29
CERN 72-10
PREP ~ NUB 2167

PR 0 6 3047
NP 8 47 81
PHIL ~ CONF ~ PROC

BATA Vr G ON'F ~

PL 40 8 586
BAT CONF PAP 263
BAT ~ CONF ~ PAP ~ 265

PHIL ~ CONF ~ PROC207
NP 8 51 77

BAT ~ CONF ~ PAP ~ 275

+BUTTERWORTHGMILLERG PHELAN5+ (RHEL+LI VP )
+COO P ERG RHI NES 5 A LL ISON (ANL+OXE )
+BARISHGCAROLLGLOBKOVICZ+ (CIT+BNL+ROCH}

ALEXANDERGBAR-NIRG BEVARYGDAGANG+ (TELA)
L»BERTANZA REVIEW AT CHEXBRES 72 (PISA)
+EARLES, FAISSLER ~ GARELICKGGETTNERG+ (NEAS)
+CONDOR HART 5 GQHN 5 ENDORF 5+ ( TENN+ORNL+CI NC )
+MASONS MU I RHE ADG Rl GOPOULOS 5+ ( L IVP+ PATR )
K» J ~ COHEN (RUTGERS)
R DI EBOLD RAPPORTEUR TALK (ANL )
+GALLETLYGEDWARDSG DE 8ILLYG+ (L IVP+LPNP)
+EDWARDS 5 GISBINS 5BRI ANDS DUBQCG+ {L IVP+LPNP )
I NT E RNAT ~ COLL ABOR AT I ON (L IVP+)
W ~ KI ENZLE (CERN)
+EASTHANGQHGPARKERPSHITHGSPRAFKA (MSU)
+YEEGJOHNSONGPETERSGSTENGER (HA WAI I )

ANDERSON 69 PRL 22 1390
BRICMAN 69 PL 29 8 451
CASO 69 LNC 3 707
RINGl 69 MICH PREPRINT
R ING 69

ABRAHS 70 PR D 1 1917
JOHNSON 70 UH 511 77 70
LYS 70 PREPRINT
OH 70 PRL 24 1257
SMITH 70 PRE PRINT

+BLESERG 8IRNBAUMGE OE LSTE IN 5+ ( BNL+CARN)
+FERRO-LUZZI ~ 8 I ZARDG+ ( GERN+CAEN+SACL)
+CONTE GBENZG+ ( GENO+DESY+HAMB+MILA+ SACL)
+CHAPMANGGHURCHP'I YSG MURPHYGVANDERVELD{ MICH)
JOINT PREPRINT COMBINES RING1 AND OH 70

+COQLSGIAGOHELLI GKYCIAGLEONTICELI 5+ (BNL)
+PETERSGSTENGERG YEE (HA WAI I )
J ~ LYS ( IVII CH)
+PARKER ~ EASTMAN 5 SM 1TH ESP RAFKA5 HA (MSU)
G A. SMITH (MSU)

ATHERTON 71 CERN PHYS»71-18 +GELNIKIERPCLAYTONGFRANEK ~ FRENGHG+ (CERN)
GHAPHAN 71 PR D4 1275 +GREEN GLYS GMURPHYG RINGS+ ( MICH)
F IEI DS 71 PRL 27 1749 +COOP ERG R HI NE S 5 A LL I 5 ON (ANL+OXF }
YQH 71 PRL 26 922 +SARI SHE CARQLL 5 LOBKOVI CZ+ (C IT+ BNL+ RQCH)I'I¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

] (- 275) 52 RHO 12275 JPG= 61 1=1

REGION NIOHGLsoN 65 SUGGEsT IG=16 JP=5- FRUIT ANALYSIS 0F
DIFFERENTIAL CROSS SECTIONS FOR PBAR PI 2PI r
NOT SUPPORTED BY EHRLICH 72
OMITTED FROM TABLE ~

A ST BURY

SOWEN
COHEN
D IEBOLD
DONALD
EASTMAN
K i ENZLE
HING MA

'WOHLHUT

72 CERN 72-10
72 PREP ~ NUB 2167
72 PHIL ~ CONF ~ PROC ~

72 BATAV CONF
72 BAT ~ CON F ~ PA P ~ 265
72 NP 8 51 29
72 PHIL ~ CQNF ~ PROC207
72 NP 8 51 77
72 BAT ~ CONF ~ PAP ~ 275

A ASTBURY REVIEW AT CHEXBRES 72 {RHEL)
+EARLES ~ FAISSLERGGARELIGKGGETTNERG+ (NEAS)
K ~ J ~ COHEN {RUTGERS }
R DIEBOLD RAPPORTEUR TALK {ANL)
INTERNAT»COLLABORATION (L I VP+]
+MING MA GOHG PARKER 5 SMITH 5 SPRAFKA {MSU)
W KI ENZLE (CERN)
+EASTMANGOHGPARKERGSMITHGSPRAFKA (MSU)
+YEEGJOHNSONGPETERS, STENGER ( HA WA I I )

52 RHO( 2275) MASS (HEY)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

2260. 0
(2290 ' )

18.0 ANDERSON 69 MHS — 16 Pl- PGBACKW 8/69
NICHOLSON 69 GNTR 0 7-2 4 PB P52PI 9/69



PARTIcLE DATA GRQUp Review of Particle Properties S@'

Data Card Listings
For notation, see key at front of Listings.

MeSOIIS
NNI o(2375), X(2500—3600), K+, K, K (892)

46 X(2500-3600) MASSES AND W IDTHS ( MEV)

NNI o(2375)
41 N NBAR (23758 JPG= ) I=O

2500 ~ 0
( 87 ~ 0)

32 ~ 0 ANDERSON 69 MMS - 16 PI- P tBACKW9
ANDERSON 69 MMS — 16 P I- P t BAC KW9

8/69
8/69

EVIDENCE FOR RESONANCE PREL IMINARY8
OMITTED FROM TABLE.

41 N NBAR(2375) MASS

M 2375 ~ 10 ~ ABRAMS 70 CNTR S CHANNEL NBAR N

M I (23608) (5 ~ ) COHEN 72 CNTR S CHANNEL PBAR P
M I ISOSPINS 0 AND 1 NOT SEPARATED

41 N NBAR(2375) WIDTH

1/71
1/73¹

M

W G

2676 ~ 0 27 ~ 0 CASO 70 HBC - 11~ 2PI P tNOTE C
(1508 0) CASO 70 HBC — 11~ 2P I- P 9 NOTE C
SEEN IN RHO- PI+ Pl- (OMEGA AND ETA ANTISELECTED IN 4 PI SYSTEM)

M 640 2800 20 ~ BAUD 69 MMS — 8 ~ -109 P I- P
W 640 46 10 BAUD 69 MMS — 8 -10. P I- P

M C 15 28208 10 ~ SABAU 71 HBC + 8 ~ PI+ P

W C 15 508 10 ~ SABAU 71 HBG + 89 PI+ P

W C SEEN IN (K KBAR PI PI)+ MASS DISTRIBUTION

M 66 2613~ 7 ~ ATHERTQN 71 HBC 0 5 ~ 7 PBAR P

W 66 (90~ ) OR LESS ATHERTON 71 HBC 0 5 ~ 7 PBAR P

M 550 26208 20 ~ BAUD 69 MMS - 8 ~-10~ P I- P

W 550 85 ' 30 ~ BAUD 69 NMS - 8 -10 P I- P

2/73¹
2/73¹
9/69
9/69

5/70
5/70
5/70

9/69
9/69

11/71
11/71
11/7 1

'W (190 ' ) ABRAMS
W I (163~ ) (158) COHEN
W I ISOSPINS 0 AND 1 NOT SEPARATED

70 CNTR
72 CNTR

S CHANNEL NBAR N

S CHANNEL PBAR P
1/71
1/73¹ M 230 28809 209 BAUD 69 MMS — 8 -10~ P I- P

W 230 (158) OR LESS BAUD 69 MMS — 88-10~ P I- P

9/69
9/69

41 N NBAR(2375) SIGNA (MB) FOR FORMATION BN

M Y 43 3013~ 5 ~ YOST 71 HBC + 1 1 ~ PI+ P 8 P(BP I )+ ll/71
W Y 43 (40 ~ ) OR LESS YOST 71 HBC + 11~ PI+ Pt P(BPI) 5/71
W Y 4 ~ 3 S ~ 08 EFFECT ~ DECAY TO 7 PIONS 11/71

CS (2.5) ABRAMS 70 CNTR
GS I (2 ~ 0) (0 ~ 07) COHEN 72 CNTR S CHANNEL PBAR P
CS I ISOSPINS 0 AND 1 NOT SEPARATED

1/71
1/73¹

3025 ~ 0 20 ~ 0
(25 ~ 0) APPROX ~

3075 ~ 0 20 ~ 0
(25 ' 0) APPROX

BAUD 70 MMS — 10~ 5-13 P I- P
BAUD 70 MMS — 10.5-13 P I- 7

BAUD 70 MMS - 10%5-13 P I- P
BAUD 70 NMS - 10.5-13 P I- P

5/70

5/70
5/70

BRICMAN 69 PL 29 8 451
ABRAMS 70 PR D 1 1917
COHEN 72 PHIL CONF' PROC
EASTMAN 72 NP 8 51 29
MING MA 72 NP 8 51 77

REFERENCES FOR N N BAR (2375)

+FERRO-LUZZI t BIZAROt+ (CERN+CAEN+ SACL)
+COOL ~ GIACOMELLI tKYCIAt LEONT IGtLIt+ (BNL)
K9J9COHEN (RUTGERS )
+Ml NG MA 8 OHt PARKER 8 SMITH t S PRAFKA (MSU )
+EASTMAN 8 OHt PARKER 8 SMITH 8 SPRAFKA (MSU)

1/73¹
1/73¹

3145~ 0 20 ~ 0
(1080) OR LESS

BAUD
BAUD

70 MMS — 10~ 5-15 P I- P 5/70
70 MMS - 108 5-15 P I- P 5/70

M D 3370. 10
W D 150' 40 ~

D DECAYS TO 4P I+ 4P I-
ALEXANDER 72 HBC
ALEXANDER 72 HBC

0 6 ' 94 PBAR P
0 6 ' 94 PBAR P

1/73¹
1/73¹

M D 3080 ~ 20 ~ ALEXANDER 72 HBC 0 6 ~ 94 PBAR P
W D 220 ~ 70 . ALEXANDER 72 HBC 0 6 94 PBAR P

D DECAYS TO 3P I+ 3PI

x(25oo-36oo)
46 X ( 2500-3600)

THIS ENTRY CONTAINS VARIOUS HIGH MASS NON-STRANGE
PEAKS OMITTED FROM TABLE

M D 3390~ 20 ~

W D 2208 100 9

0 DECAYS TO 3P I+ 3PI-

3475 ~ 0 20 ~ 0
( 30 0) APPROX ~

3535,0 20 0
(30 ' 0) APPROX'

BAUD
BAUD

BAUD
BAUD

70 MMS

70 MMS

70 MMS

70 MMS

14-15~ 5 P I- P
14-15~ 5 P I- P

14-15~ 5 P I- P
14-15.5 P I- P

ALEXANDER 72 HBC 0 6 ~ 94 PBAR P
ALEXANDER 72 HBC 0 6 94 PBAR P

1/73¹
1/73¹

5/70
5/70

5/70
5/70

The high ma s s region is covered nearly con-
tinuously by evidence for peaks of various widths and

decay modes (see figure). As a satisfactory grouping

into particles is not yet possible, we list all the Y = 0

bumps with M & 2400 Me V together by increasing
mass. Note that ANTIPOV 72 (v( p ~ pMM at 25 and

40 GeV/c) eee no narrow burnpe.

ANDERSON
BAUD
ALEXANDE
BAUD
CASO
ATHERTON
SABAU
YOST
ALEXANDE

69 PRL 22 1390
69 PL 308 129
70 PRL 25 63
70 PL 31 8 549
70 LNC 3 707
71 CERN PHYS ~ 71-18
71 LNG 1 514
71PRD3642
72 NP B 45 29

M D 3600~ 20 ~

W 0 140 ~ 20 8

0 DECAYS TO 4P I+ 4PI-

ALEXANDE R 72 HBC
ALEXANDE R 72 HBG

0 6 ' 94 PBAR P
0 6 ' 94 PBAR P

REFERENCES FOR X (2500-3600)

+COLLINS + ( BNL+ CARN)
CERN BOSON S PECT RO ME TER GROUP (CERN)
+BAR-NIR8 DAGAN 8 GIOAL 8 GRUNHAUS+ (TEL-AVI V)
CERN BOSON SPECTROMETER GROUP ( CERN)
+CONTE 8 TOMASI NI 8 CORDS+ (GENO+HAMB+MILA+SACL )
+CELNIKI ER 8 C LAYTON 8 F RANE K 8 FR ENCH ~ + ( CERN)
+URETSKY (BUCH+ANL)
+MORRIS, AL BRIGHT 8 BRUCKER8 LANNUTT I (FSU )
ALEXANDER ~ BAR NIRt BEVARY tDAGANt+ (TELA)

1/73¹
1/73¹

I I I
I

I I

ALEXANDER 72 (4vr+4vr )

BAUD 70 (MM )

BAUD 70 (MM )

ALEXANDER 72 (3vr+3vr )

ALEXANDER 72 (4vr+4vr )

BAUD 70 (MIVI )

ALEXANDER 72 (3vr+3vr ):
BAUD 70 (MM )

BAUD 70 (MM )

YOST 71 (7 vr )

BAUD 69 (M M )

SABAU 71 (KKvrvr)+
BAUD 69 (M M )

CASO 70 (p vr+vr )
BAUD 69 (MM )

AT HERTON 71 (K K vr vr )'
ANDERSON 69 (MM )

I I I I 8 I I

3,0 35
I I I

2,5

M + I'/2 (Geg)

Masses and widths of reported enhancements with
Y = 0, M ) 2400 MeV. (—0- indicates that upper limit
only was reported for the width. )

¹¹¹¹¹¹¹¹¹'¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

ll NEUTRAL K (498tJP=O-) I=1/2

SEE STABLE PARTICLE DATA CARO LISTINGS

'f /$892) 18 89 (892 JP=1-) I=1/2

18 K¹(892) MASS (MEV)

CHARGED

3870

ONLY ~ THI
898 ~ 0
891~ 0
889 ~ 5
895 ' 0
895
891
892 ~ 5
898
883 ~

890'
889 '
896.0
893~

891~

887
89080
892 ' 0
89680
892 ~ 0
884 ~ 0
891~,0
892 ~ 0

S IS WHAT APPEARS
5 ' 0
1 ~ 0
2 5
3 ' 0
3 ~

2 ~

2 ~ 5
4 ~

59
3 ~

3 ~

5 ' 0
48
4 ~

3 ~

5 ~ 0
3 ' 0
480
?80
5.0
2 ~ 0
3 ~ 0

ON MESDN T
CHADWICK
WOJCICKI
ADELMAN
GELSEMA
BOMSE
DE BAERE
DE BAERE
SA LLST ROM

SALLSTROM
BARLOW
BARROW
CONFORTO
ADERHOLZ
F ICENEC1
F I CENECl
F ICENEC?
F ICENEC2
SGHWE INGR
SCHWE I NG R
KANG
CRENNELL
ER WIN

ABLE
63 HBC
64 HBG
65 HBC
65 HBC
67 HBG
67 HBG
67 HBC
67 HBC
67 HBG
67 HBC
67 HBG
67 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBG
68 HBC
68 HBG
69 06C
69 HBG

1 5K+P
17K-P
1 ~ 5 K-P
1 ~ 5 K-P

23K+P
3 ~ 5 K+P ( KO P I+)
395 K+P (K+ P IO)
3 K+ P (KO PI+)
3 K+ P (K+ PIO)

1 ~ 2 P BAR P
1.2 PBAR P
0 ~ P BAR P

10 K- P
1 3 K-P (K-P IO)
1 ~ 3 K-P (KOP I-)
2 ~ 7 K- P (K-P IO)
2 ~ 7 K- P (KOP I-)
49 1 K-P
5 ~ 5 K-P
496 K- P
3 ~ 9 K-N (K OP I- )
3~ 5 K+ P

10 CHARGED K (4949 JP=O-) I"-1/2

SEE STABLE PARTICLE DATA CARO ( IST INGS

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

6/ee

7/67
7/67
7/67
7/67
7/67
2/72

11/66
9/67
6/68
9/67
9/67
2/69
2/69
9/67
9/67
7/69
7/69
9/69
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Me sons
K (892)

Data Card Listings
For notation, see key at front of Listings.

2886
728

3229
1027

4404

AVG

(894» )
(892~ )
(892~ )
(892 )
895
892» 2

» ~ ~ ~ ~

891~ 71

fl ~ )
(2 ~ )
(1 ~ )
(1 )
2 ~

1 5»»» ~

0»50

FRIEDMAN
FRIEDMAN
FR IEOMAN
FRIEDMAN
LIND
AGUILAR1

69 HBC
69 HBC
69 HBC
69 HBC
69 HBC
7). HBC

2.1 K-P {3BDY)
2.45 K-P l38DY)
2»6 K-P (3BDY)
2 7 K-P (3BDY)
9 ~ K+ P
3»9s 4»6 K- P

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1»0)

SEE TYPED NOTE
0 2 ~ 0 PI-P
0 2 ' 3 K+P023 PI P
0 1 ~ 2 PBAR P
0 l»2 PBAR P
0 0. PBAR P
0 2»0 K- P
05 ~ OK+ P
0 3 ~ K D

0 1 ~ 3 K-P (K-PI+)
0 2 ~ 7 K-P (K-PI+)

0 4 ~ 1 KsP
0 5 ~ 5 K~P
04 ~ 6K-P
0 12 ~ K+ P
05 ~ 0 K+P

SEE TYPED NOTE.
0 3 ~ K N

0 3 9 ~ 4 6 K- P
0 3 9»4 ~ 6 K- P

0 4»6 K+ Nt K+ PI-P

SCALE FACTOR OF 2.0)

WE DONT USE THIS FOR MASS DIFF
10 ~ 0 COLLEY 62 HBC
2»0 KRAEMER 63 HBC

SMITH 63 HBC
4 ~ BARLOW 67 HBC
4 ~ BARLOW 67 HBC
5.0 CONFORTO 67 HBC
1 ~ 3 DAUBER 67 HBC
4 ' 0 GEORGE 67 HBC
3 DE WIT 68 DBC
4 ~ FICENEC1 68 HBC
4 ~ FICENEC2 68 HBC

AISED SEE TYPED NOTE
0 SCHWEINGR 68 HBC

4 ' 0 SCHWEINGR 68 HBC
5 ' 0 KANG 68 HBC
2 ~ 0 DAVI S 69 HBC
1 25 DE BAERE 69 HBC

ENLARGED BY US TO GAMMA/SQRT( N) ~

1 ~ 0 HABER 70 DBC
0 ' 8 AGUILAR1 71 HBC
0 ' 5 AGUILAR1 71 HBC
1 ~ 3 BUCHNER 72 DBC

~ ~ » ~

0»65 AVERAGE {ERROR INCLUDES
( SEE IDEOGRAM BELOW )

M NEUTRAL ONLY» BUT
M 70 897» 0
M 200 892 ~ 0
M 150 l 885 ~ 0)
M 899 ~

M 897 '
M 889 ' 0
M 894» 7
M 892 ~ 0
M 893»
M F 895~

M F 901~

M F FI C ENEC ERROR R

M 896 ~ 0
M 903~ 0
M 899 0.
M 10700 893~ 7
M D 2000 890~ 0
M 0 ERRORS
M 4000 895 ' 0
M 2934 897 9
M 5362 898 0
M D 1700 898' 4
M ~ ~ ~ ~ ~

M AVG 896 ' 57

WEIGHTED AUERAGE = 896.57 + 0.65
ERROR SCALED BY 2 ' 0

CHISQ
2.0
8.2
2.8
2.5

27.6
2 ~ 1

BUCHNER
AGUILAR1
AGUILAR1
HABER
DE BAERE
DAUIS
KANG
SCHWEINGR
SCHWEINGR
FICENEC2
FICENEC1
DE WIT
GEORGE
DAUBER
CONFORTO
BARLOW
BARLOW
KRAEl1ER
COLLEY

900 910 920

?2 DBC
71 HBC
?1 HBC
70 DBC
69 HBC
69 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 GBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
63 HBC
62 HBC

2.6
0.0
1.2
0 ~ 2
1 ~ 4
1.3
2.1.

0.0
0.4
5.2

59.5
(CONLEU
=0.000)

880 890
NEUTRAL K+(892) i%ASS (tlEU)

2/72
2/72
2/72
2/72
9/69

11/71

11/66
11/66
9/67

12/66
11/67
9/69

11/69
11/69

9/67
9/67
7/69
9/69
9/69

5/70
11/71
11/71
12/72¹

(For detailed discussion see the April 197k edition
of this note. ) We have increased some unrealistic
errors and scaled up some errors that are incon-
sistent.

3) There are two more difficulties in measuring a
mass difference m(K ) - m(K ) of 7 MeV when

gc
the half-width I'/2 of the K is 25 MeV:

a) The two charges of K have different topologies;
this introduces differences in the measuring and

fitting of the events, which can also produce mass
shifts.

b) Interferences between the resonant amplitude
and background can in general shift the peak in the

mass spectrum by some fraction of I'/2.
Some reactions (symmetric under reQection

of I ) are immune to this difficulty. Thus compare the
o',c

Omass of K produced in
+Trp~ &m K

with the mass of K in the I -reQected reaction
+ +

TT n~ ATI K .
The final-state amplitudes of each will contain

not only the ~K ) with I-spin i/2, but also an interfer-
ing I = 3/2 P-wave, which we can call ~K

& ~2) . But
gc

O
3/ 2

I syrnrnetry forces ( rr p ~AK ) to equal (rr+ n ~AK );Z

and similarly for the two K 3 /2 amplitudes, so that

the shifting of the K peak is the same in both reac-
tions. Nobody has published. a mass difference ex-
ploiting this fact.

Note on K (892) Mas s es and Mas s Differ enc e

1) All mass values listed above come from
physical region fits of Breit-Wigner functions.
However, a recent KTI phase shift analysis (BINGHAM

4c
72) indicates that part of the K (892) peak may be due

to a large S wave (see note "S-wave KTI interactions").
Because the S-wave phase shift is ambiguous ("upII

and "down" ) in the K (892) region, BINGHAM 72 find
two solutions for the P wave:

"up" solution m = 900 Me V, I' = 48 MeV
"down" solution m = 895 MeV, I'& 48 MeV.
2) Impossibly small errors are reported by

some experiments. We use simple "realistic" tests
for the minimum errors on the determination of
mass and width from a sample of N events:

-(m)= ~ 5 . (I)=4-= r
min ~N

' min

D

D

D

D

D

D AVG

330 6 ~ 3
1400 6 5
1600 9» 5
7338 5 7

F 1

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W AVG

CHARGED ONLY» THI
46 ~ 0

3870 46. 0
51~ 0
47 ~ 0
50 0
50 '
53 '
68 '
47 '
44»
43 '
53 '
58 '
58 ~

44 '
41 ~ 0
47. 0
57~ 0
48 ~ 0
52 ~ 0

(27» 0)
(53 ~ )
(49 ~ )
(46 ~ )
l49. )
50.

4404 54 ' 3
» ~ ~ »»

50 ~ 1

18 K¹(0) — K¹(+-) MASS DIFF {MEV)

67 HBC 0 P BAR P
68 HBC 1 ~ 3 K- P
68 HBC 2 ~ 7 K P
71 HBC', -0 3 9»4 6 K- P

6 ' 0
5 ' 0
5 0
l»7

~ ~ ~ ~ ~

1»5

BA RASH
F I CENEC1
F I CENEC2
AGUI LAR1

8/67
2/69
2/69

11/71

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1»0)

18 K¹(892) WIDTH (MEV)

TABLE
63 HBC
64 HBC
65 HBC
65 HBC
65 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 HBC
69 HBC
69 HBC
69 HBC
69 HBC
69 HBC
71 HBC

S ON MESON
CHADWICK
WO JC I CK I
ADELMAN
FERRO-LUE
GELSEMA
BOMSE
DE BAERE
SALLSTROM
SALLSTROM
BARLOW
BARLOW
BARLOW
ADERHOLE
F ICENEC1
F I CENEC1
SCHWE INGR
SCHWEI NGR
FI CENEC2
F I CENEC2
KA NG

ER WIN
FR IEDMAN
FR IEDMAN
FRIEDMAN
FR IEDMAN
L I ND

AGUILAR1

S I S WHAT
8 ~ 0
3 ~ 0
3 ' 0
4 ' 0

15 ~ 0
5 ~

8 ~

10 ~

10 ~

7 ~

9 ~

7 ~

7 ~

16 ~

13»
8 ~ 0
4 ' 0

13 ~ 0
9 ~ 0
8 ~ 0

(8 ~ 0)
(3 )
(4 )
(2 ~ )
(3 ~ )
7 ~

2 ' 6

APPEAR
1 ~ 5 K+P.
1~ 7 K P
1 ~ 5 K-P
3 ' 0 K+P
1 ~ 5 K-P

2»3 K+P
3 5 K+P {K+ P IO)
3 ~ K+ P (KO PI+)
3 K+ P (K+ PIO)
1 2 PBAR P

1 ~ 2 P BAR P
1 ~ 2 PBAR P
10 K- P
1 ~ 3 KP {K P IO)
1»3 K-P (KOPI-)

1 K-P
5 ~ 5 K~P
2 7 K- P(K PIO)
2 ~ 7 K- P(KOP I—)
4 ~ 6 K P
3 ' 5 K+ P
2 1 K-P (38DY)
2 ' 45 K-P (3BDY)
2 ~ 6 K P (38DY)
2 ~ 7 K—P ( 3BDY)
9 ~ K+ P
3 ~ 9»4 6 K- P

6/66

7/67
7/67
7/67
7/67

11/66
11/66
11/66
6/68
9/67
9/67
9/67
9/67
2/69
2/69
7/69
9/69
2/72
2/72
2/72
2/72
5/70

11/71

'(6 ~ 0)

2 ~ 3
~ »» ~

1 ~ 1 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
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Data Card Listings
For notation, see key at front of Listings.

Mes()ns
K'(sea), ~

W NEUTRAL
W 70
W 200
W

W

W

W

W

W

W

W

W 10700
W D 2000
W D

W 4000
W 2934
W 5362
W D 1700
W

W AVG

ONLY
60 ' 0
50, 0
53 '
34 '
44+
58 ~

52 ~

50 0
48 ~ 0
51 ~ 0
53 ~ 0
53 ~ 2
58s 0

ERRORS
54 ' 0
55s 8
48 ~ 5
51 ~ 4

s ~ ~ 0 s
51 7

10s0
5 ' 0

13 ~

8 ~

4 ~

8 ~

12 ~

8 ~ 0
8 ' 0

ll ~ 0
11 ~ 0

1 ' 6
5 ' 0

ENL ARGED
3 ' 0
4 ' 2
2 ~ 2
5 ' 0

COLLEY
KRAEMER
BARLOW
BARLOW
DAUBER
DE WIT
F ICENEC1
F ICENEC2
KA NG

SCHWE I NGR
SCHWEI NGR
DAVI S
DE BAERE

BY US TO 4+GAMMA/S
HABER

3 ~ 4 AGUILAR1
AGUI LAR1
BUCHNER

62 HBC
63 HBC
67 HBC
67 HBC
67 HBC
68 0BC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69' HBC
69 HBC
QRT ( N)
70 DBC
71 HBC
71 HBC
72 DBC

0 2t0 Pl P
0 2 ' 3 K+P
0 ls2 PBAR P
0 1 ~ 2 PBAR P
0 2 0 K- P
0 3 ~ K- 0
0 1 ~ 3 K-P (K-PI+)
0 2.7 K- P(K PI+)
04 ~ 6 K- P
0 5 ~ 5 K-P
0 4 ~ 1 K-P
0 12 ~ K+ P
0 5s0 K+ P

SEE TYPED NOTE
0 3 ~ K-N
0 3 9y4 ~ 6 K- P
0 3 9y46 K- P

0 4s6 K+ NyK+ PI-P

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 1)

11/66
11/66
12/66
9/69
9/67
2/69
7/69
9./67
9/67
9/69
9/69

5/70
11/71
11/71
12/72~

19 K PI S WAVEy CALl. ED KAPPA(750-1700 MEV)

S-wave KTI Interactions in the Region 750-1700 MeV

Ks interactions in the l(J ) = I/2(0 ) stave canP

be described by the elastic phase shift 60 from the

KTr threshold ( 630 MeV) up to at least 1400 MeV

(BINGHAM 72). The first inelastic S -wave thresholds

are KTTTrTI and Kg, neither of which is known to be irn-
18 K (892) PART IAL DECAY MODE S

Pl
P2
P3

K4(892) INTO K Pl
K+(892) INTO K PI PI
K&{892)+ INTO K+ GAMMA

DECAY MASSES
493+ 139
493+ 139+ 139
493+ 0

Rl
Rl

R2
R2

ALSTON 61 PRL 6 300
ALEXANDE 62 PRL 8 447
COLLEY 62 CERN CONF 315

CHADWICK 63 PL 6 309
GOL DHABE 63 ATHENS CONF 92
KRAEMER 63 ATHENS CONF 130
SMITH 63 PRL 10 138

REFERENCES FOR K&( 892)

ALSTON ALVAREZ ~ EBERHARD GOGO GRAZIANO+(LRL)
ALEXANDER ~ KALBFLEISCHt MILLER yG SMITH (LRL)
D COLLEYyN GELFAND + (COLUMBIA+RUTGERS)

CHADWICK yCRENNELLy DAVI ES yBETTINI+(OXF+PADO)
SULAMITH GOLDHABER (LRL)
R KRAEMER L MADANSKY + (JOHNS HOPKINS)
SMITHy SCHWARTZ y MIL LERy KALBFL EI SC Hy HUF+ (LRL)

'WOJCICKI 64 PR 135 8 484 STANLEY G WOJC ICKI (LRL)

ADELMAN 65 ATHENS 527
FERRO-l. U 65 NC 36 1101
FERRO-LU 65 NC 39 417
GELSEMA 65 THESIS
WANGLER 65 PR 137 B 414

STUART LEE ADELMAN (CAV ENDISH)
FERRO-LUZZI y GEORGE yHENRI y JONGEJANS (CERN)
FERRO-LUZZI y GEORGE y GOLDSCHMI DT-CLER+ ( CERN)
E ~ 5 ~ GELSEMA (SEE ALSO PL 10 341) (AMSTERDAM)
WANGLERy ERWINy WALKER {WISCONSIN)

18 Ka'(892) BRANCHING RATIOS

KA(892) INTO (K P I PI)/(K PI) (P2) /(Pl)
0 (0 ~ 002) OR LESS WOJC ICKI2 64 HBC - 1~ 7 K P.

Ka'( 892) + INTO ( K+ GAMMA) /TOTAL ( UNITS 10't4-3) (P3)
( 1 ~ 6) OR LESS CL ~ 95 BEMPORAD 72 CNTR + 10 ~ 16t K+ A ~ COH 1/73+

portant below 1400 MeV. Apart from the inelastic
thresholds, the S-wave Tr7(' and K7(' interactions are re-
rniniscent of each other. Thus, the remarks in the

mTI section about the meaningfulness of resonance pa-
r arne te r s apply.

There are two intrinsic ambiguities in the

solutions plotted below:

I) Any phase shift can be shifted modulo 480

Z) If one amplitude is dominant [e.g. , the Io wave

near K (89Z) or the D vyave near K (i4ZO)], then

the observed S-P or S-D interference can be

explained by two ambiguous S-wave solutions,
known as "up" and "down". Readers unfamiliar
with the origin of the ambiguity can find a graph-
ical explanation in our 1972 edition.

BARASH
BARLOW
BOMSE
CQNFORTO
DAUBER
DE BAERE
FRENCH
GEORGE
SALLSTRO

67 PR 156 1399
67 NC 50 A 701
67 PR 158 1298
67 NP B3 469
67 PR 153 1403
67 NC 51 A 401
67 NC 42A 442
67 NC 49A 9
67 NC 49A 348

BARASHyKIRSCHy MILLERy TAN (COLUMBIA)
+MONTANETyO'ANDLAU+ (CERN+CDEF+IRAD+LIVP)
+BORENSTEIN+CQLE+GILLESPIE+ ( JOHN HOPKINS)
+MARECHAL MONTANET+C ERN+CDEF+IPN+L IVER POOL
+SCHLEINy SLATERy TI CHO ( UCLA )
+GOLDSCHMIDT-CLERMONTy HENRI+ (BRUX+CERN)
+KI NSON+ MCOONAI 0+RIDDI FORD+ t CERN+BIRM)
+GOLDSCHMIDT-CLERMONT+HENRI+ (CERN+BRUX)
SALLST ROM+QTTER+EKSPONG {STOCKHOLM)

The combination of these two sorts of ambigui-
ties leads to the multiple paths plotted in the figure.
Simplicity favors the most slowly varying ("down")

solutions, but where the authors give both, we plot
68 NP 8 5 567
68 THESIS
68 PR 169 1034
68 PR 175 1725
68 PR 176 1587
68 PR 166 1317

ADERHOLZ
DE WIT
F ICENEC1
F ICENEC2
KANG
SCHWEING

CRENNELL 69
DAVIS 69
DE BAERE 69
ERW IN 69
FRIEDMAN 69
JUHALA 69
LIND 69

PRL 22 487
PRL 23 1071
NC 61 A 397
NP B 9 364

UCRL-18860
PR 184 1461
NP 8 14 1

+DEUTSCHMANN+ (AACH+BERL+CERN+LOIC+VI ENNA)
S ~ DE WIT (AMSTERDAM)
+HULSIZER+SWANSON+TROWER (ILL)
F IC ENEC y GORDON y TROWE R ( ILLINOIS )
Ys W ~ KANG ( IOWA )
SCHWEINGRUBERy DERR ICKy FIELDS+ (ANL+NWES)

+KARSHON y LAI yONEALLt SCARR (BNL )
+DER ENZO y F LATTE y AL STON y LYNCH y SOLMI TZ (LRL)
+GOLDSCHMIDT-CLERMONT HENRI + (BELG+CERN)
+WALKER GOSHAW WEINB ERG {WISC+PRIN+VAND)
J ~ FRI EDMANy PHs D ~ THESIS (LRL)
+LEACOCK y RHODE y KOP ELMANy LIBBYy+ ( ISU+COLO)
+ALEXANDER ~ FIRESTONE yFUt GOLDHABER (LRL)

ATHERTON 70 NP B 16 416 +FRANEKt FRENCH ~ FRI SKy BEDNAR+ (CERN+ PRAG)
DE BAERE 70 CERN PHYS 70 41 +DEBAISIEUXyDE WOLFyDUFOURy+ (BELG+CERN)
HABER 70 NP 8 17 289 +SHAPIRAyALEXANDER+ {REHO+SACL+BGNA+EPOL)

JP

both.

The figure displays the 50 solutions of four

expe r imental g roup s:
1) BINGHAM 72 (an international K collaboration),+

++
using data on K p ~ Ksz up to i2.7 GeV/c,
find two solutions for 50, neither of which is a

priori preferred:
AGU ILAR
AGU I LAR1
BARNHAM
BUCHNER
CORDS
MERCER
YUTA

71 PRL 26 466
71 PR D 4 2583
71 NP 8 28 171
71 NP 8 29 381
71 PR D 4 1974
71 NP B32 381
71 PRL 26 1502

39 189
1

51 1
37 114
45 333
51 317
6 1220
36 373
5 2162
46 29
39 596

ABRAMQV I 72 NP 8
8 INGHAM 72 NP 8
8 EMPORAD 72 NP 8
BRUNET 72 NP 8
BUCHNER 72 NP 8
CHARRIER 72 NP 8
CRENNELI 72 PR 0
DEUTSCHM 72 NP 8
ENGELMAN 72 PR D
ROUGE 72 NP 8
T IFCKE 72 NP 8

sBARNESyBASSANOyEISNERyKINSONySAMIOS (BNL)
+E I SNER y K I NSON {BNL)
+COLLEYy JOBE 5 y GRIFFITHS y HUGHES y+(8 IRM+GLAS )
+DEHMy GOEBELyGOLDSCHMIDT y+ (MPIM+CERN+BELG)
+CARMONY y ERWIN yME I ER Ey+ (PURD+UCD+ IUPU )
+ANT I CH t CALLAHANy CHI EN yCOX t+ ( JOHN HOPKI NS )
+DERRICK ~ ENGELMANN ~ MUSGRAVE (ANL+EFI )

ABRAMQVICHtCHALOUPKAtCHUNGtHILPERTy+ (CERN)
+ ( I NTERNAT IONAL K+ COLLABORATION )
+BEUSCHy FREUDENREICHy+ (CERN+ETHZ+LOIC)
+OANYSZy GOLDSACK y+ (CDEF+SACL+LOIC+LOWC)
+OEHMyCHARRIEREy CORNET y+ (MPIM+CERN+BRUX)
CHARRIEREy DRI JARDy DE BAEREy+ (CERN+BEl. G)
+GORDONyKWAN-WU LAIt SCARR (BNL )
OEUTSCHMANNy+ (ABC(.V COLLABORATION)
ENGELMANNyMUSGRAVEyFQRMANy+ (ANI +EFI )
+V IDEAUy VOLTE y DE BRIQN y+ (E POL+ SACL)
+GR IJNS ~ HE INEN y 0 E GROOT y+ (NI JM+ZEEM )

~ "up", a resonant K with m ™890MeV,
30 MeV (this requires 6 to be resonant

near 900 MeV with 48 MeV width}. Note,

however, the evidence of CHUNG 72 against a
narrow-width S-wave state in the K (892) region;
in addition, the more recent partial-wave analy-

sis of MATISON 72 (see 5, below) seems to rule

out the "up" solution.
~ "down", a slowly rising 50 reaching 70 at
about 4400 MeV (requiring 6 to be resonant at
about 895 MeV). Note that the up-down ambigui-

ty is limited to the region 850-920 MeV. Above
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Me sons
K&i=8/8(& &75)

Data Card Listings
For notation, see key at front of Listings.

920 MeV the "up" solution joins the "down"

solution, since all phase shift values are deter-
mined only modulo 180

2) MERCER 7i, using the first half of the data of
BINGHAM 72, give phase shifts up to 1230 MeV,

560 BINGHAIVI 72
"Up" spIUt(pp seerr) s ~ MERCER 71

~ YUTA 71
+ and „FIRESTONE7

— MATISON 72
270'

3)

ignoring possible inelasticity.
YUTA 7i, using 5.5 GeV/c K p ~ KeN, agree
with the solutions of BINGHAM 72, their "down" 180'

5) MATISON 72 has performed a recent analysis of
+ + - ++iZ GeV/c K p~ K s n (the same reaction as

+studied by the International K Collaboration,
and with comparable statistics, but all at l2
GeV/c). Matison' s analysis was similar to that

of the Collaboration, except that she added two

important constraints to impose internal consis-
tency:

solution agreeing also with MERCER 7l, ignor-
ing possible inelasticity up to f250 MeV.

4) FIRESTONE 7i and 7Z, using iZ GeV/c
+ +K n ~ K Tr p, have continued Km partial wave

analysis up to 1700 MeV. They find that 50
0 O,

'4 +crosses 90 just below the K {1420, 2 ), and,

indeed, near 4420 MeV, shows the "up-down"

ambiguity mentioned above. Their unique solu-
tions are plotted as solid crosses, their ambi-
guous ones as pairs of dashed crosses joined by

dashed vertical lines.

go ——+=l

0.8 Kq8~2) 1.0 1.2
MK (Ge V/c )

. KN (I420)
I

1.4 1.6

XBL 732 2324

REFERENCES FOR KAPPA

TRIPPE 68 PL 28 8 203 +CHI ENt MALAMUD ~ MEl LEMAt SCHLE INs+ ( UCLA)

CRENNELL 69 PRL 22 487 +KARSHON t LAI s 0 NEALLtSCARR (BNL)
DODD 69 PR 177 1994 +J OL DE RS MA 4 PAL ME R t SAMI OS (BNL )
GOLDBERG 69 PL 30 8 434 SABRE COLlABOR (SACL+AMST+BGNA+REHO+EPOL)
SCHLEIN 69 ARGONNE CONF' 446 P ~ SCHLEIN ( UCLA)

F IRESTON 71 PRL 26 1460
MERCER 71 NP 832 381
YUTA 71 PRL 26 1502

A ~ F IRESTONEs G ~ GOLDHABER p D ~ LI SSAUER (LRL )
+ANTICHsCALLAHANsCHI ENgCOXg+ ( JOHN HOPKINS )
+DERRICK t E NGELMANN gMUSGRAVE (ANL+EFI)

S-wave KTr phase shUt. The "up-down"
ambiguity now seems resolved by MATISON 72, who
performs a partial-wave analysis of Km rnornents
extrapolated to the pion pole. In addition, CHUNG
72 imposes positivity on physical region K& moments, ,
and finds a narrow resonance most unlikely.

i) The P wave in the K region was deter-
0

mined by a Breit-signer fit to the Y moment.

(This yielded mKg = 896 MeV, I'Kg: = 47 MeV. )

ii) a'K (tot) was included in the overall fit.
She was then able to resolve the ambiguity in

AGU ILAR
8 INGHAM
BUCHNER
CHUNG
CORDS
CRENNELL
DIEBOLD

"ENGELMAN
F IRESTON
FRAT I
ROUGE
MAT I SON

72 PR D 6 11
72 NP 8 41 1
72 NP 8 45 333
72 PRL 29 1570
72 COO-1428-308
72 PR D 6 1220
72 BATA V ~ CONF.
72 PR D 5 2162
72 PR D 5 2188
72 PR D 6 2361
72 NP 8 46 29
72 LBL 1537 (THES IS )

AGUI LAR-BENI T EZs CHUNGs EI SNER (BNL )
+ ( INTERNAT IONA( K+ COLLABORATION)
+DEHMgCHARRIEREg CORNETT+ (MPIM+CERN+BRUX)
s'E I SNE R ~ AGUI LAB BENI TEZ (BNL)
+CARMONY el ANDERg ME I ERE p+ (PURD+UCD+ IUPU )
+GORDON s K WAN-WU LA I p SCARR (8NL ]
R DIEBOLD RAPPORTEUR TALK (ANL)
ENGELMANNsMUSGRAVEyFORMANs+ ( ANL+E F I )
+GOLDHABERe LI SSAUERs TRILLING (LBL)PWA
+HALPERNpHARGISrSNAPEsCARNAHANs+(PENN+CINC)
+VI DEAUy VOLTE ~ DE BRI ON t+ (EPOL+SACL)
REVISED VERSION WILL GO TO PHYS REV LBL

favor of the "down" solution. ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Meanwhile several groups have attempted

to clarify the situation around 4370 MeV. CORDS 72,

FRATI 72, and ROUGE 72 give some support to the

resonant S-wave interpretation of FIRESTONE 7l.
The other groups (AGUILAR 72, BUCHNER 72,
CRENNELL 72, ENGELMANN 72) agree that the

S wave is important but not necessarily resonant.

In analogy with the TrTr case, where a possible e pole

is located several hundred Me V below the observed

z Tr peak and quite far from the real a~is, the 4370

bump could also be caused by a quite distant K pole.

WANGLER 64
MILLER 65
ROSENFEL 68
DODD 69
CHO 70
GIACOMEL 70

PL 9 71
PL 15 74
PHI LAe CONF ~ P.~ 455
PR 177 1991
PL 32 8 409
PL 33 8 373

T P WANGLERp A R ERWINs W 0 WALKER (WISCONSIN)
MILLER ~ KOVACS ~ MC IL WAIN s PAL FREY + ( PURDUE )
ApH ~ ROSENFELD (LRL)
+JOLDERSMA ~ PALMER SAMIOS (BNL )
+DERRICKtJOHNSONsMUSGRAVEs+ (ANL+NWES+KANS)
G ~ GIACOMELLI + ( BGNA+SACL+ZEEM+REHO+EPOL )

¹¹¹¹¹¹¹ ¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

] ]75) 2+ KA 3/2 (1175,Jp= ) f — 3/p

EVIDENCE NOT COMPELLING OMITTED FROM TABLE ~

FOR A DISCUSSION SEE ROSENFELD 68 AND

GIACOMELLI 70 WHO CONCLUDES THAT IF THIS
STATE HAS WIDTH NOT LARGER THAN 100 MEVs
THEN ITS PRODUCTION CROSS SECTION IS 1 OR 2
ORDERS OF MAGNITUDE SMALLER THAN THAT OF
NON-EXOTIC K¹S

REFERENCES FOR KA3/2(1175)
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For notation, see Itey at front of Listings.

Me sons
K&1—» (1a65), Q

KA 1=8/8(1265)
25 KA 3/2 (1265s JPe- ] I = 3/2

EVIDENCE NOT COMP ELLING ~ OHITTED FROM TABLE ~

FOR A DISCUSSION SEE ROSENFELD 68»

REFERENCES FOR KA3/2(1265)

Q REGION, Kvr7r(1240 —1400)

FRENCH 67 NC 52A 442 +K5 NSON+ NG DONAL 0+R I DDI FORD+ (CERN+ BIRN )
ROSENFEL 68 PHILA»CONF ~ P»455 A»H»ROSENFELD (LRL)
CHO 70 PL 32 8 409 +DERRICKsJOHNSONsHUSGRAVEs+ (ANL+NWES+KANS)

¹¹¹¹¹¹¹¹

¹¹¹¹¹¹

PRODUCED BY K BEAHS
12(1320~ 0) (25 0] AL ME ID A 65

C (1230~ 0) (15»0) BA SSOMP I E 67
C 35(1280' 0) (10' 0) BA SSOMP I E 67
C ( 1320» 0) ( 15 0) SASSONPI E 67
C SPL IT THE Q REGION INTO 3 BUMPS

(1270 ' ) APPROX' DE SAERE 67
1335 0 6 ~ 0 BARTSCH 68

( 1300~ ) APPROX» BARBARO 69
45 1301~ 0 10~ 0 8 I SHOP 69
21 1300.0 10 ~ 0 ER WIN 69

1281~ 7 ~ FRIEDNAN 69
1300~ 0 10~ 0 ABRAMS 70
1260» 20 FARBER 70

( ).325. 0) DE NE GR I 71
~ ~ ~ »» ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2 9]

HBC + 3-5 K+ P
HBC + 5 ~ K+ P
HBC + 5 ~ K+ P
HBC + 5. K+P

12/72¹
11/67
11/67
ll/67

HBC + 3 5 K+ P 7/67
HBC 10~ K- P K NP I ~ 9/69
HBC + 12 ~ K+ P (K 2PI) 9/69
HBC + 3 ~ 5 K+P ( K¹ P I ) 9/69
HBC 0 3 5 K+P(K¹ PI) 9/69
HBC 2»6 ~ 2 ~ 7 K P 9/69
HSC + 2 ~ 5-3 2 K+ P ll/70
HBC + 12»7 K+ P ~ 6/70
DBC 12 ~ 6 K Dt K 2PI 0 5/7$

The main effect in the Q region is a broad bump

in the Km~ spectrum between 4200 and 4400 MeV, i. e.
not far above .K (892)m threshold, produced by K beams

without charge exchange. In particular, it has been
+observed in coherent K d intereactions (FIRESTONE

72) and in coherent interactions on heavy nuclei

(BINGHAM 73). The dominant S assignmentP

throughout the whole region is 4 and I = q. In addi-
tion, evidence for narrower states in the Q region has
been reported from non-diffractive reactions (T] p, pp).

The following points are relevant to the rather
complex situation in the Q region:

o The broad Q peak does not have a simple
Breit-Wigner shape. It can be fitted at all energies
by a superposition of two Breit-Wigner amplitudes-
[FIRESTONE 70» BARNHAM 7 &» BOWLER 7&] ~

e The Q bump was observed with a similar shape
in the backward direction by FIRESTONEI 72.

A,

~ In addition to the dominant modes K Tr and Kp,
there is sorg. e evidence for a KvrT(' mode, with the T]'e.

system in an S wave. [ALEXANDER 69,
DAVIS 72],

~ Analyses of the interference between the K m

and Kp modes show the relative magnitude and rela-
tive phase of the two amplitudes varying with KTTm

mass. This is suggestive of the presence of two
P = i resonances coming possibly from a mixing

between the strange members of the Z = 1 ("A ")PC ++

s.nd t (B] nonets [GOLDHABER 67, BARNHAM 7t,
BOWLER 7 i, GARFINKEL 7 i, FIRESTONE 72] . Tbe
Kmm mass spectra and the relative magnitudes of the
K TT and Kp amplitudes may be understood from the
mixing hypothesis, the relative phase variation has
not been eapiained yet [ BOWLER 72].

28 Q REGION MASS (NEV)

HL
ML

ML

ML

ML

NL
ML

ML

ML

. ML

ML

MH

MH

MH

HH

NH

MH

MH

MH

MH

MH

MH

W

W

W

W

WL

WL
WL

WL

. WL

Wl

WL

WL

WL

WL

WL

WH
'WH

WH

WH

WH

WH

WH

WH

WH

WH

WH

28 Q LOW (QA) MASS (MEV)

FROM EXPERIMENTS SPLITTING Q REGION INTO TWO PF

( 1280» )
1260» 0 10 ~ 0
1240» 0 5 ~ 0
1243 ~ 8 ~

1228~ 14»
(1260» ]
1234. 12 ~

~ ~ ~ ~ » ~ » ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR -" 1~ 1)

SHEN 66 HBC
ALEXANDER 69 HBG
BARNHAM 70 HBC
GARFINKEL 71 DBC
ANDERSON 72 DBC
DA VI S 72 HSC
FIRESTONE 72 DBC

EAKS

+ 0 4 6 K+Ps5 BODY
9 ' 0 K+ P

+ 10~ 0 K+Ps K 2PI
+ 9~ K+ 0

7»3 K- D
+ 12~ K+ P
+ 12 ~ K+ D

12/72¹
12/72¹
12/72¹
12/72¹
12/72¹
12/72¹
2/73¹

28 Q HIGH (QB) MASS (NEV)

F

70 1320~ 0 10 ~ 0
1380» 0 20 ~ 0
1420» 0 5 ~ 0
1344» 8 ~

1414» 15 ~

( 1420 ~ )
1368' 18 '
~ ~ ~ ~ » ~ » ~ ~

AVERAGE MEANINGLESS (SCALE

FROM EXPERIHENTS SPL ITT ING Q REGION INTO TWO PEAKS

SHEN
ALEXANDER
BARNHAM
GARF INKE L
ANDERSON
DA VIS
F I RESTONE

FACTOR = 4 9)

66 HBG +
69 HBC
70 HBC +
71 DSC +
72 DBG
72 HBC +
72 0BC +

4»6 K+ P
9 ' 0 K+ P

10 0 K+PsK 2PI
9 ~ K+ 073K-D
12. K+ P
12 ~ K+ D

12/72¹
12/72¹
12/72¹
12/72¹
12/72¹
12/72¹
2/73¹

28 Q REGION WIDTH (MEV)

PRODUCED BY BEAHS OTHER THAN K MESONS
127~ 0 7 ~ 0 25 ~ 0 ASTI ER 69 HBC

45 (60 ) CRENNELL 67 HBC
40 (6D» ) CRENNELL 72 HBG

0 PBAR P ~ 9/6906PI-P 7/67
0 4» 5P I-P s LK2P I 12/72¹

PRODUCED BY K BEANS
12 (60» 0) (20 ~ 0) ALMEIDA

C (60' 0) (20 ' 0) BASSQMPIE
C 35 (80»0) (20 0) BA SSONP I E
C (60» 0) (20 ~ 0) BASSOMPIE
C SPLIT THE Q REGION INTO 3 BUMPS

(200») APPROX» DE BAERE
196 0 16' 0 BARTSCH

8 250 ~ A PP ROX» SARSARQ
8 NO BACKGROUND SUBTRACTION ~

45 40 ~ 0 10 ~ 0 BISHOP
21 40» 0 15 ~ 0 ERWIN

51~ 22 ~ FR IEDMAN
80» 0 20 ~ 0 ABRAMS

180» 28 ~ FARBER
( 180~ 0) DENEGR I
~ ~ ~ ~ ~ ~ » ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 4 2)

65 HBG
67 HBC
67 HBC
67 HBC

67 HBC
68 HBC
69 HBC

69 HSC
69 HBC
69 HBC
70 HBC
70 HBC
71 DBG

3-5 K+P
5 ~ K+ P
5 K+P
5 ~ K+ P

12/72¹
11/67
11/67
11/67

+3 ~ 5K+ P 7/67
10' K- PtK NPI » 9/69

+ 12 K+ P (K 2PI) 9/69

3 5 K+P(K¹ P I) 9/69
3 5 K+P(K¹ P I) 9/69
2 6g2 ~ 7 K- P 9/69
2 ~5-3~ 2 K+ P 11/70
12 ' 7 K+ P 6/70
2 ' 6 K-DsK 2PI D 5/71

28 Q LOW (QA) WIDTH (NEV)

F

AVERAGE

66 HBC
69 HBG
70 HBC
71 DBC
72 DBC
72 HBC
72 DBC

+ 0 4 6 K+Ps5 BODY
9 0 K+ P

+ 10 0 K+Ps K 2PI
+ 9 K+ D

7 ' 3 K- D
+ 12 ~ K+ P
+ 12 K+ 0

100.0
40» 0

110» 0
70» 18'

111.
(120» )
188' 21

~ » ~ ~ » ~ ~ »»
MEANINGLESS (SCALE FACTOR = 3»l)

20 0
10»0
15 ~ 0
26 ~

33 ~

SHEN
ALEXANDER
SARNHAH
GARFINKEL
ANDERSON
DAVIS
FIRESTONE

12/72s'
12/72¹
12/72¹
12 /72¹
12/72¹
12/72¹
2/73¹

28 Q HIGH (QB). WIDTH (HEV)

FRQH EXPERIMENTS SPL ITT ING Q REGION INTO TWO P EAKSF

70 80» 0 20 ~ 0
120» 0 20 ~ 0
120 0 15 0
(60. ] QR LESS
89» 24 ~

(80 ~ )
241 ~ 30 ~

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE HEANINGLESS (SCALE FACTOR = 2 ~ 3)

SHEN
ALEXANDER
BARNHAM
GARF INKEI.
ANDERSON
DA VI S
FIRESTONE

66 HBC +
69 HSC
70 HBC +
71 DSC +
72 OBC
72 HBC +
72 DBC +

6 K+P
9 ~ 0 K+ P

10~ 0 K+PsK 2PI
9 ~ K+ 0
7 ' 3 K- D
12 ~ K+ P
12 ~ K+ 0

12/72¹
12/72¹
12/72¹
12/72¹
12/72¹
12/72¹
2/73¹

FROM EXPERIHENTS SPLITTING Q REGION INTO TWO PEAKS

PRODUCED BY BEANS OTHER THAN K HESONS
1242 ~ 0 9 ~ 0 10~ 0 ASTI ER

A THIS IS THE C NESON ~

45( 1300~ ) CRENNE LL
40( 1300~ ) CRENNELL

69 HBG 0 PBAR P ~ 9/69

67 HBC
72 HBG

0 6 PI- PgLK2PI 7/67
0 4 ~ 5PI-PsLK2PI 12/72¹ Pl

P2
P3
P4
P5
P6

Q REGION
Q REGION
Q REG IQN
Q REGION
Q REGION
Q REGION

28 Q REGION PARTIAL DECAY MODES

INTO K¹(892) PI
INTO K RHQ
I NTQ K P I
INTO K ETA
INTO K OMEGA
INTO K P I PI

DECAY MASSES
891+ 139
497+ 770
497+ 139
497+ 548
497+ 783
497+ 139+ 139
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Mes ons
Q, KN(1480)

Data Card Listings
For notation, see key at front of L)stings.

28 Q REGION BRANCHING RATIOS

PRODUCED BY BEAMS OTHER THAN K MESONS
Rl Q REGION INTO (K RHO) /TOTAL (UNITS OF 10»»-2)
Rl 75 ~ 0 10 ~ 0 ARMENTERO 64 HBC
Rl DOMINANT CRENNEL{ 72 HBC

(P2)
0 ' 0 PBAR P

0 4 ~ 5PI-P»LK2PI
6/66

12/7 2»

FRATI 72 PR D 6 2361 +HALPERN» HARGI S» SNAPE ~ CARNAHAN, +{

PENN+GING�)

HAATUFT 72 NP 8 48 78 +ARNOLD» HAGUENAUER»+ ( BERG+STRB+EPOL+MADR)
8 INGHAM 73 NP 8 (TO APPEAR) +FARWELL + (LBL ORSAY ~ BNL SACLAY MILAN)»»»»»»»»»»»»»»»»»»»»»»»»»»»»»v»»vvv»»v»»v»»»»»»»»»»»»»

R2
R2

R3
R3

R4
R4

Q REGION INTO (K» P I) /TOTAL ( UNITS OF 10»»-2)
25 ~ 0 10 ~ 0 ARMENTERO 64 HBC

Q REGION INTO (K+ Pl-} / (K+0 PIO+ PI-)
(0 2) OR LESS CL=.90 CRENNELL 67 HBG

Q REGION INTO (KO PI+ PI- PIO) / (K+0 PIO+ PI-)
(0 ~ 1) OR LESS C( = ~ 90 CRENNELL 67 HBG

(Pl}
0 ~ 0 PBAR P

0 6 ~ 0 PI-P

06 0 PI-P

6/66

7/67

7/67

KN($4/0) 22 KN (le2O, JP=2+111/2

JP = 3- IS UNLIKELY BUT NOT YET COMPLETELY RULED OUTe

22 KN(1420) MASS (MEV]

M FOR DIFF ICULTIES IN MEASURING MASS DIFFERENCE» SEE TYPED NOTE UNDER K»
PRODUCED BY K BEAMS

R10 Q REGION INTO (K PI ) / (K»(892) PI) (P3) /{ Pl)
R10 {0~ 8) OR LESS SHEN 66 HBC 4e6 K+P» 5 BODY
R10 Q R EG ION INTO K» ( 892) PI AND K RHO (OVERLAPP ING BANDS) ( P 1+P
R10 70 {1 0) SHEN 66 HBC + 4 ~ 6 K+P

Rlj Q REGION INTO (K OMEGA)/(K»(892l Pl) (P5) /( Pl)
Rll (0~ 1) OR LESS SHEN 66 HBC + 4 ~ 6 K+P

R12 Q REGION INTO (K Pl) / (K»(892) PI) {P3) I ( Pl)
R12 (0 ' 30) OR LESS SHEN 66 H BC + 4 ~ 6 K+P

R13 Q REGION INTO K»(892) PI AND K RHO (OVERl APPING BANDS}
R13 (Pl+P2)
R13 200 (1~ Ol BERL INGHI 67 HBC + 12 e7 K+ P

R14 Q REGION INTO (K Pl) / TOTAL (P3)
R14 (0 ' 02) OR LESS. BERL INGHI 67 HBC + 12 ~ 7 K+ P
R14 (0 02l OR L ESS CL= ~ 95 BARTSCH 68 HBC — 10~ 0 K- P

R15 Q REGION INTO {K ETA) / TOTAL ( P4)
R15 {0' 02) OR LESS BERL INGHI 67 HBC + 12 7 K+ P

11/67

8/66

10/66

10/66

7/67

11/67

11/67

M

M

M

M

M

M

M

M

M

M

M

CHARGED ONLY»
1440 '
1423 '
1401~ 0
1427e 0
1425 0
1416 0
1414e
1430'

1400 1420 0
200 1425e

e ~ ~

AVG 1421' 3

WITH F INAL
24 ~ 0
21 ~

20 ~ 0
9 ' 0

15 ~ 0
loco
11 ~

10 ~

3 1
6 ~

2 ~ 3

STATE K P I
40e DE BA ERE

ADERHOLZ
SG HWE I NG R
SG HWE I NGR
BISHOP
CRENNELL
LIND
ABRAMS
AGUILAR1
BARNHAM

67 HBC
68 HBC
68 HBC
68 HBC
69 HBC
69 DBC
69 HBC
70 HBC
71 HBC
71 HBC

+ 3 ~ 5 K+P {K+ P IO)
10 K- P (K P I)
4 1 K- P (K P I )
5 ~ 5 K- P (K PI )

+ 3 5 K+ P
3 9 K-N (KOP I-)

+ 9 ~ K+ P(KO PI+}
+ 2 5-3 2 K+P ~ K2PI

3e9» 4e6 K- P
+ K+ P»KO PI+ P

AVERAGE {FRROR INCLUDES SCALE FACTOR OF 1 ~ 0)

10/66
6/68
2/72
9/67
9/69
7/69
9/69

11/70
11/7 1

1/72

CHARGE D ONLY ~ W I
1400e0

20 1440 ~ 0
240 1396~

( 1411~ )

M

M

. M

M 8
M

M

M AVG 1399~ 7

TH OTHER FINAL STATES
20 ~ 0 BADI ER 65 HBG
20 ~ 0 DUBAL 68 MMS

6 ~ BA SSOM PI E 69 H BC
(7 ~ ) FR IEDMAN 69 HBG

3e K- P (K»PI ) 10/66
ll ~ 5 K- P 6/68

+ 5 K+P (K 2PI ) 11/69
2e7 K-P (K ZPI ] 2/72

8 ~ 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

R17
R17
R17
R17
R17 AVG

Q REGION INTO (K RHO) / (K»(892] PI) (P2)/(Pl)
0~ 91 0 ~ 25 BERL INGHI 67 HBC + 12 ~ 7 K+ P

701 04 01 BART SCH 68 HBC - 10~ 0 K- P

~ ~ e ~ ~ e ~ ~ ~

0 ~ 47 0 ~ 18 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 e9)

R16 Q REGION INTO (K OMEGA) / TOTAL (P5)
R16 (0 02) OR LESS BERLINGHI 67 HBC + 12e7 K+ P
R16 12 0 ~ 01 0 ~ 005 BART SGH 68 HBG — 10 ~ 0 K- P

11/67
9/68

11/67
9/68

M

M

M

M

M

M

M

M

CHARGED AND NEUT
1404 ~ 0
1390~ 0
1430e 0
1423e0
1420 ' 0
~ ~ ~ ~ ~

AVG 1421.2

RAL
15.0
30 ' 0
10 ~ 0
7e0

10 ~ 0

4 ~ 7

FOCARDI 65 HBC
SHEN 66 HBC
SHEN 66 HBC
BASSANO 67 HBG
GOLDHABER 67 HBC

—0 3 ~ K- P (K PI)
+ 0 4 ~ 6 K+ P (K PI)
+ 0 4 6 K+ P {K»PI)-04 ~ 6» 5 ~ OK- P

9 0 K+ P(K 2PI)

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

10/66
10/66
10/66
10/67
10/67

(P3) /( Pl )
67 HBC + 3 ~ 5 K+ P

(P6)
68 HBG -10~ OK- P
69 HBC 9 ~ 0 K+ P
72 HBC + 12 ~ K+ P

REFERENCES FOR Q REGION

PRODUCED BY BEAMS OTHER THAN K MESONS

R18 Q REGION INTO {K PI) / (K»{892) PI)
R18 {0~ 21) OR LESS DE BAERE

R19 Q REGION INTO (K Pl P I) / TOTAL
R19 201 0~ 22 0 ~ 08 BART SCH
R19 S POS SI BLY SEEN ALEXANDER
R19 S POSSI BLY SEEN DAVI S
R19 S WITH THE (PI PI) SYSTEM IN S-WAVE

11/66

9/68
2/73»
1/73»
1/73»

M NEUTRAL ONLY
M 1446 ~ 0
M 1425~ 0
M 1405 0
M 1397.0
M 8 420 1422 ~

M 8 BASSOMP ERRORS
M 2200 1421.1
M 1800 1419~ 1
M 600 1416.
M 1100 1427.
M ~ ~ ~ ~ ~

M AVG 1422 ~ 8

7 ~ 9 DAHL 67 HBC 0 4.PI- P {KPI)
15 ~ 0 KANG 68 HBC 0 4 ~ 6 K- P
18 ~ 0 SCHWEINGR 68 HBC 0 4.1 K- P (K PI)
19 ~ 0 SCHWEINGR 68 HBC 0 5 ~ 5 K- P (K PI)
5e BASSOMPI E 69 HBC 0 5 K+P {K PI)

ENLARGED BY US TO GAMMA/SQRT(N) ~ SEE K» TYPED NOTE ~

2 ~ 6 DA VI S 69 HBC 0 12 ~ K+ P {K+PI-)
3»7 AGUILAR1 71 HBC 0 3e9»4 ~ 6 K- P
6 ~ CORDS 71 DBC 0 9e K+ N»K+ PI- P
3 ~ BUCHNER 72 DBC 0 4 6 K+ N» K+ PI-P

~ ~ ~ ~

2 ~ 5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 6)
( SEE IDEOGRAM BELOW )

10/66
7/69
9/67
9/67

11/69
11/69
9/69

11/71
2/72

12/72»

ARMENTER
ALSO
ALSO

CRENNELL
AST IER
BETT INI

64 DUBNA CONF 1 577
64 DUBNA CONF 1 617
66 P R 145 1095
67 PRL 19
69 NP 8 10 65
69 NC 62 A 1038

ARMENTEROS» EDWARDS»D-ANDLAU + ( CERN+CDEF )
R ARMENTERGS (RAPPORTEUR)
BARASH» K IRSCH» MI LL ER» TAN ( COLUMB I A)
+KALBFLEISCH»LAI » SCARR»SCHUMANN (BNL) I
+MARECHAL»MONTANET»+ (CDEF+GERN+IPNP+LIVP) I JP
+CREST I, LIMENTANI » BERTAUZA» 8 IGI+ (PADO+P ISA) I

LIEIGHTED AVERAGE = 1422.8 + 2 ~ 5
ERROR SCALED BY 1.6

PRODUCED BY K BEAMS

ALMEIDA 65 PL 16 184 ALMEIDA»ATHERTON»BYER»DDRNAN»FORSON+ (CAVE)

SHEN 66 PRL 17 726 +BUTTERWORTH»FU»GOLDHABERS»TRILLING (LRL)
ALSO 66 (PRIVATE COMMUN)GERSON GOLDHABER (LRL)

(LBL)

BARTSCH 68 NP 88 9
BOMSE 68 PRL 20 1519
DENEGRI 68 PRL 20 1194

ALSO 70 ANTICH

+COCCONI»+ ( AACH+8 ERL+CE RN+LOI C+ Vl EN )
+BOREN ST E IN» CALL AH AN» COLE» COX»+ ( JOHNHOPK ) 1+
+CALLAHAN+ETTLINGER+GILLESPIE+ ( JOHNHOPK] 1+

ALEXANDE 69
ANDREWS 69
BARBARO 69
BISHOP 69
CHI EN 69
C HUNG 69
COLLEY 69
ERWIN 69
FR I EDMAN 69
WERNER 69

NP 8 13 503
PRL 22 731
PRL 22 1207
NP 8 9 403
PL 298 433
PR 182 1443
NC A 59 519
NP 8 9 364

UCRL-18860
PR 188 2023

G ALEXANDER» F I RE STONE» GOLDHABER»+ (LRL )
+LACH» LUDLAM» SANDWEI SS» BERGER»+ ( YALE+LRL }
BARBARO-GALT IERI »DAVIS» FLATTE»+

'
(LRL)

+GOSHAW» ERMIN»WALKER (MISC)
+MALAMUD»MEI LENA»RUONICK»SCHLE IN+ (UCLA)
+EISNER+BALI+LUERS (BNL )
+EASTWOOD»+ (8IRM+GLAS+LOIC+MP IM+OXF+RHE{. )
+WALKER» GOSHAW»WEINBERG (WISC+PRIN+VAND)
J e FR I EDMAN» PH ~ 0 ~ THE SI S (LRL)
+AMMAR»DAVIS»KROPAC» YARGER»CHO»+ {NWES+ANL ) 1+

BASSOMPI 67 PL 268 30 BASSOMPI ERRE» GOL DSCHMI DT+ (CERN+BRUX+BIRM) I JP
BERLINGH 67 PRL 18 1087 BERLINGHIERI+FARBER+FERBEL+FORMAN {ROCH) I JP
DE BAERE 67 NG 49A 374 +DE BA IS I EUX+FA ST+F I(. IPPA 5+ ( CERN+ BRUX )

ALSO PRIVATE COMMUNICATION BY B. JONGE JANS
GOLDHABE 67 PRL 19 976 G GOL'DHA BER

BUCHNER

CORDS
AGUILAR1

~ DAVIS
~ BASSOMP IE
SCHLIEINGR

~ SCHLIEINGR
KANG

DAHL

1360 1400 1440 1480
NEUTRAL KN (1420) MASS (MEV)

72 DBC

71 DBC

71 HBC

69 HBC

69 HBC

68 HBC

68 HBC

68 HBC

67 HBC

CHISQ
2.0
1 ~ 3
1.0
0.4
0.0

8 ~ 7
13.3

(CONLEV
=0.020)

8ARNHAM 71
BOWL ER 71
DENEGR I 71
FORMAN 71
GARF INKE 71
SLATTERY 71

NP 825 49
BOLOGNA CONF ~ PROC
NP 8 28 13
PR 0 3 2610
PRL 26 1505

UR-875 332 {PREP )

ANDERSON 72
8 INGHAM 72
BRANDENB 72
BRANDENB 72
CRENNELL 72
DAVIS 72
F I RE ST ON172
FIRESTON 72

PR D 6 18Z3
NP B 48 589
NP 8 45 397
PR1

' 28 932
PR D 6 1220
PR 0 5 2688
NP 8 47 348
PR D 5 505

ABRAMS 70 PR D 1 2433
ANT ICH 70 NP 8 20 201
BOWL ER 70 PL 31 8 318
FARBER 70 PR D 1 78
F IRESTON 70 PHILAD. CONF. P 229

+EISENSTEIN»'KIM»MARSHALL»O-HALLORAN»+ (ILL)
+CARSON»CHIEN»COX» DENEGRI » ETTLINGER»+ ( JHUl
M G ~ BOWLER {OXFORD)
+F ERBEL» SLATTERY» YUTA (ROCH)
A ~ FIRESTONE REVIEW {LRL)

+COLLEY»GRIFF ITHS» ALPER» + (BIRM+GLAS+OXF )
M ~ G ~ BOWLER INTRODUCTORY TALK {OXFORD )
+ANTICH GALLAHAN CARSON CHIEN COX»+ (JHU) 1+
+GELFAND»LEARY»MOSER»SEI DL»WOLFSON (EF I )
GARF INKEL» HOLI AND» GARMONY» LANDER+( PURD+UCD ) I+
P SLATTERY»A REVIEW OF STRANGE MESONS( ROCH)

+FRANKLIN»GODDEN»KDPELMAN» LIBBY» TAN (COLO)
»EISENSTEIN» GRARD» HERQUET»+ (CERN+BRUX)
BRANDENB URG» BRODY» JOHNSON» LE ITH» LOOS4' ( S LAC )
BRANDENBURG JOHNSON LE ITH» LOOS LUSTE+( SLAG }
+GORDON» KWAN-WU LA I » SGARR (BNL )
+ALSTON» BARBARO» FLATTE»FRIEDMAN» LYNCH+(LBL)
A FIRESTONE (CIT)
F IRESTONE» GOLDHABER» LI SSAUER» TRILLING (LBL)

22 KN( 1420) WIDTH ( ME V)

CHARGED ONLY»
175'
110~ 0
96 '
80 ~ 0

1400 94e 7
200 115~

W

W

'W

W

W

W

W

W

W AVG 99 F 1

WITH FINAL
57 ~

25e0
18.
20 ~ 0
15 ~ 1
20

F 1

STATE K PI
ADERHOLZ
8 I SHOP
LI ND

ABRAMS
12 ~ 5 AGUI LAR1

BARNHAM

68 HBG
69 HBG
69 HBC
70 HBG
71 HBC
71 HBC

10 K- P {K PI)
+ 3 5 K+ P
» 9 ~ K+ P
+ 2 ~ 5 3 ~ 2 K+P»K2PI39»46KP
+' K+ P»KO PI+ P

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 e 0)

6/68
9/69
5/70

11/70
11/71
I/72

CHARGED ONLY» WITH OTHER
105' 0 30 ' 0

240 110 25-
(43 ~ ) (13~ )

W

W

W 8
W

W

W AVG
~ ~ ~ ~ ~ ~ ~ ~ ~

108 0 19 2

FINAL STATES
BADIER 65 HBG
BASSOMPI E 69 HBC
FRIEDMAN 69 HBC

3 ~ 0 K-P 6/66
5 K» P (K 2PI ) 11/69
2 ~ 7 KP (K ZPI ) 2/72

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
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Data Card Listings
For notation, see key at front ofListings.

MeSOEES

KN(1480), KN(1660)

CHARGED AND NEUT
92 ~ 0
75 ~ 0
65 ~ 0
80 0

107~ 0

W

W

W

W

W

W

W

W AVG

~ ~ ~ ~ ~

85 ~ 9

W NEUTRAL ONLY
W 61~ 0
W 116~ 0
W 8 420 1100
W 8 ERRORS
W 2200 1010
W 1800 116 6
W 600 144»
W 8 1100 1090
W 0 ~ ~ 0 ~

W AVG 108 ~ 4

RAL
14 ~ 0
25 ~ 0
20 0
20 0
20 ~ 0

24 00
17~ 0
21 ~

ENL ARGEO
10 ~

10 3
22 ~

12 ~

6 ' 3

FOCARDI 65 HBC -0 3~ 0 K- P (K Pl)
SHEN 66 HSC + 0406 K+ P
BASSANO 67 HBC -0 4064 500 K- P
GOLOHASER 67 HBC 900 K+ P(K 2PIl
SCHWEINGR 68 HBC -0 4 ~ 1+505 K-P

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

DAHL 67 HBC
KANG 68 HBC
BA SSOM PI E 69 H BC

SY US TO 4¹GAMMA/SQRT( N) ~

DAVIS 69 HSC
15.5 AGUI LAR1 71 HBC

CORDS 71 DBC
BUCHNE R 72 DBC

038402 PI- P
0 406 .K P
0 5 K+P (K PI]

SEE K¹ TYPED NOTE0
0 12~ K+ P (K PI)
0 3094406 K- P

0 9~ K+ N4K+ PI- P
04 6 K+ N4K+ PI P

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 101)

8/66
10/67
10/67
9/67

9/66
7/69

11/69

9/69
11/71

Z/72
12/72¹

R10 KN(1420) INTO (K OMEGA) / (K¹(892) PI)
Rlo Q ( 0, 10) (0 04) FIELD 67 HBC
R10 ~ 0 ~ ~ ~ ~ ~ ~ ~

R10 FIT - 0 ~ 149 00061 FROM FIT

(P4)/{P2)
308 K- P

R11 KN{ 1420) INTO (K ETA) / (K¹(892) PI)
Rll Q ( 00 07) (0 004) FI ELD
Rll ~ ~ ~ 0 0 0 0 0 ~

Rll FIT 00067 0 ~ 069 FROM FIT

(P 5) /(P2)
67 HBC - 3 8 K- P

R12 KN(1420) INTO (K ETA) / (K PI)
R12 (0002) OR LESS BISHOP 69 HBC
R12 (0 04) OR LESS CL= ~ 95 AGUILAR1 71 HBC
R12 ~ ~ ~ ~ ~ ~ 0 ~

R12 F IT 0 ' 036 0 ' 037 FROM FIT

(P5)/(Pl)
3 ~ 5 K+P
3 ~ 9-4 6 K- P

R9 KN{ 1420) ENTO (K RHO) / (K¹{892)Pl) (P3)I ( P2 )
R9 (0 39) OR LESS BASSOMPI E 67 HBC + 5 ~ K+ P
R9 (0~ 40) OR LESS CL= ~ 90 FIELD . 67 HBC - 3 ~ 8 K- P
R9 ~ 0 ~ ~ 0 ~ 0 ~ ~

R9 FIT 0 ~ 313 0 095 FROM FIT

9/67
6/67

6/67

6/67

9/69
11/71

Pl
P2
P3
P4
P5

22 KN(1420) PARTIAL DECAY MODES

KN(1420) INTO K PI
KN( 1420) INTO K¹(892) P I
KN(1420] INTO K RHO
KN( 1420) ENTO K OMEGA
KN(1420) INTO K ETA

DECAY MASSES
493+ 139
891+ 139
493+ T70
493+ 783
493+ 548

R Q FOLLOWING SUGGESTION BY AGUILAR 704 WE 00 NOT MAKE USE OF MEASURE
R Q MENTS WHERE THE (K PI Pl l BACKGROUND SUBTRACTION IS DIFF ICULT OUE
R Q TO THE NEARBY Q REGION ~

REFERENCES FOR KN{ 1420)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

BADIER 65 PL 19 612
CHUNG 65 PRL 15 325
FOCARD I 65 PL 16 351

BADI ER4DEMOUL IN ~ GO(.DBERG+( EPOL+SACL+ZE EMAN )
+DAHL4HARDY4HESS4JACOBS4KIRZ4MILLER (LRL]
FOCARDI 4 MINGUZZI RANZI 4 S ERRA+(BOLOGNA+SACL )

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P., as follows: The diagonal elements are P. + 6P. , where1 1 1
6P. = Q(6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients (6P.6P. )/{6P. ~ 6P.]. For the definitions of the individual P., see the listingsI 1 J i
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

P 2 P 3P P 4 P 5
P 1 ~ 5495+ ~ 0274
P 2 — 2293 ~ 2945+- ~ 0247
P 3 —3950 -03925 0923+- ~ 0241
P 4 —~ 2443 -02458 - ~ 1182 ~ 0440+- ~ 0166
P 5 —4097 — 2442 —«0787 - ~ 0502 0197+-~ 0200

{LRL)
(LRL )

BASSANO 67
BASSOMPI 67
CRENNELL 67
DAHL 67

ALSO 65
DE BAERE 67
F IELD 67
GOLDHABE 67

ADERHOLZ 68
ALSO 66

ANT ICH 68
DUBAL 68
KANG 68
SCHWE ING 68

ALSO 67

PRL 19 968
PL 268 30
PRL 19 44
PR 163 1377
PRL 14 401
Nc 51 A 401
PL 248 638
PRL 19 972

NP B 5 567
PL 22 357
PRL ?1 1842
THES IS 1456
PR 176 1587
PR 166 1317

THE SI S

+GOLDBERG4 GOZ4 BARNESeLEETNER+t BNL+ SYRACUSE]
SASSOMPI ERRE2GOLOSCHMIDT+ (CERN+BRUX+BIRM) I JP
+KALSFLEISCH4LAI 4 SCARR 4 5 CHUMANN (BNL }
+HARDY+HE S 5+K I RZ+M I L LER (LRL)
HARDY2CHUNG2DAHL4HESS2KIRZ4M jf LER (LRL)
+GOLOSCHMIDT-CLERMONT4HENRI+ (BRUX+CERN)
+HEN DR ECK S+P ICC I ON I+Y AGER (LAJOLLA)
G0 GOL DHA BE R4 FI RE STONE 4 SHEN (LRL]

+DEUTSCHMANN+ tAACH+BERL+CERN+LOIC+VIENNA)
BARTSCH DEUTSCHMANN MORRISON+ {ABCL{EC) V)

+CALLAHAN4CARSON4COX4 DENEGRI4+ {JHU)
L0DUBAL {GENEVE)
Y0 W0 KANG ( IOWA)
SCHWEINGRUBER4DERR ICK4FI ELDS+ (ANL+NWES)
F ~ L0 SCHWEINGRUBER (NORTHWESTERN 4 EVANSTON )

SHEN 66 PRL 17 726 +BUTTERWORTH4F U4 GOLDHABERS 4 TRILL ING
ALSO 66 (PRI VATE COMMUN)GERSON GOLDHABER

22 KN(1420) BRANCHING RATIOS

Rl KN ( 1420) INTO ( K P I 1/TOTAE. (Pl)
Rl R (0 ' 37) (0 ' 19) BADIER 65 HBC 3 ~ 0 K-P
Rl R (0 39) (0011] BASSANO 67 HBC — 4 62 5 ~ 0 K- P
Rl R WE CANNOT USE THIS STATISTICALLY REDUNDANT RATIO ~ AUTHORS
Rl R OSTAIN IT MERELY BY SUBTRACTING FROM UNITY THEIR
Rl R MEASUREMENTS OF OTHER RATIOS ~

Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl FIT 00550 0 ~ 027 FROM FIT

6/66
10/67

BASSOMPI 69
ALSO 69
ALSO 70

8 ISHOP 69
CRENNELL 69
DAVIS 69
DE BAERE 69

ALSO 70
FREEDMAN 69
L IND 69

NP 813 189
DE BAERE
DE BAERE
NP 8 9403
PRL 22 487
PRL 23 1071
NC 61 A 397
DE BAERE

UCRL-18860
NP 8 14 1

+GOSHA We ERWI N4 WALKER (WI Sc)
+KARSHON 2L AI 40NEAL L4 SCAR R (BNL)
+DERENZ04FLATTE4ALSTON4LYNCH4SOLMITZ (LRL)
+GOLDSCHMIDT CLERMONT2HENRI4+ (BELG+CERN)

J ~ FRI EDMAN4PH0D0 THESIS
+ALEXANDER4FIRESTONE4FU4 GOLOHABER

(LRL]
(LRL) JP

BASSOMPI ER Et GOLOSCHMI DT CL ERM ~ + ( CERN+ BRUX ) JP

R2 KN( 1420) INTO (K¹(892) PI ) / TOTAL
R2 Q ( 41) (0 ' 14) SADE ER
R2 Q ( 0 047) (0 ~ 10) BASSANO
R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

R2 FIT 0 ~ 295 0 025 FROM FIT

65 HBC
67 HBC

{P2)
3' 0 K P
4.64 5 ' 0 K- P

6/66
10/67

ABRAMS 70 PR 0 1 2433 +E ISENSTE IN4MIM4MARSHALL40'HALLORAN4+ (ILL]
AGUILAR 70 PRL 25 1362 AGUELAR-BENITEZ BASSANO EISNER + t BNL+PURD]
BIRMINGH 70 KIEV CONF0 AST IER RAPPORTEURS TALK (BIRM+GLAS+OXF )
DE BAERE 70 CERN PHYS 70 41 +DEBAISIEUX4DE WOLF4DUFOUR4+ (BELG+CERN)

R3 KN(1420) INTO (K RHO)/TOTAL
R3 Q (0 ~ 14) (0 ~ 05) BADI ER 65 HBC
R3 Q (0.14) (0 ' 10) BASSANO 67 HBC
R3 ~ ~ ~ 0 ~ ~ ~ ~ ~

R3 FIT 0 ~ 092 0 ~ 024 FROM F IT

R4 KN(1420) INTO (K OMEGA)/TOTAL
R4 0 07 0004 BADIER 65 HBC
R4 0 ~ ~ 0 ~ ~ 0 ~ ~

R4 FIT 0 ~ 044 0 ~ 017 FROM F IT ( ERROR INCLUDES

{P3)
3 ~ 0 K-P

0462/00K-P

(P4)
3 0 K-P

SCALE FACTOR OF 1 ~ 0)

KN( 1420) INTO (K ETA)/TOTAL
0 ' 02 0 ' 02 BADIER 65 HBC

{0 025)OR LESS BASSOMPIE 69 HBC
0 ~ ~ 0 ~ ~ 0 ~ ~

0 ~ 020 0 ~ 020 FROM FIT (ERROR INCLUDES

R5
R5
R5
R5
R5 FIT

{P5)
3 ~ 0 K-P
5.0 K+ P

SCALE FACTOR OF 1 ~ 0)

(K¹(S92
0033
0 ' 20

(0 ~ 20)
0 ' 12

(0.2)
Y CHARRI

(0 ~ 11}
0 08
0 ~ 15

0 ~ ~ ~

0 058
0 ~ 057

KN( 1420) INTO
6 0033

0 65
(0 ~ 63)
0 ~ 52

(0 9)
SUPERSEDED 8
84 (0093)

0 F 47
0 ' 78

~ ~ ~ ~ ~

00 537
0 ~ 536

) PI ) I (K PI )
C HUNG
SHEN
SHEN
SCHWE INGR
SASSOMPI E

(P2l/( Pl )
+ 0 309-4 ' 2 PI- P

0 N¹ PRODUCED
+ NO N¹ PRODUCED

0 401+5~ 5 K- P
+05K+P

R6
R6
Rb
R6 Q

R6
R6 8
R6 8
Rb Q
R6
R6
R6
Rb AVG
R6 FIT

65 HBC
66 HBC
66 HSC
68 HBC
69 HBC

ERE 72
BISHOP 69 HBC
AGUILAR1 71 HBC
CHARRIERE 72 HBC

3 ~ 5K+P
30944 6 K P

0 5 ~ K+ P4K P 3PI

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 00]
FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

6/66
10/67

6/66

6/66
9/6S

8/66
10/66
10/6 6
10/67
1/73¹
9/69

11/Tl
1/73¹

8UCHNE R 72
CHARRIER 72
CRENNELL 72
DEUTSCHM 72
ENGELMAN 72
FRAT I 72
ROUGE 72
TIECKE 72

NP 8 45 333
NP 8 51 317
PR 0 6 1220
NP 8 36 373
PR D 5 2162
PR D 6 2361
NP 8 46 29
NP 8 39 596

+DEHM4CHARRI ERE ~ CORNET4+ ( MPIM+CERN+BRUX )
CHARRIERE4 DRI JARD2DE BAERE4+ (CERN+BELG]
+GORDON4KWAN-WU LA14 SCARR (BNL )
DEUTSCHMANN2+ (ABCLV COLLABORATION)
ENGELMANN2MUSGRAVE4FORMAN2+ {ANL+EFI)
+HALPERN4HARGIS4SNAPE4CARNAHAN4+{PENN+CINC)
+VIDEAU4VOLTE2DE BRION4+ (EPOL+SACL)
+GRI JNS4HE INEN40E GROOT4+ {NI JM+ZEEM )

KN(1660) 27 KN (1660 JP= l 2 = 2/2

EVIDENCE NOT COMPELL ENG2 OMITTED FROM TABLE

27 KN(1660) MASS t MEV)

M

M J
M J
M

{16600 0) CARMONY 67 HBC - 3 ' 8 K-P40MEGA K 11/67
1660~ 0 10 ~ 0 JOSES 67 HBC + 5 ~ K+ P 11/67
CLAIMED BY JOBES IN (K Pl ) 2 (K¹(892) PI ]4 AND ( KN(1420) P I l
MODES ~ K PI BUMP INTERFERES MOSTLY WITH DFLTA(1236)

( 1660~ l CHARRI ERE 72 HBC 0 50 K+ P4K P 3PI I/73¹

AGUILAR1 71 PR D 4 2583 +E ISNER4KI NSON {BNL)
BARNHAM 71 NP 8 28 171 +COLLEY4 JOBE S ~ GRIF F I THS4 HUGHES 4+(8 IRM+ GLAS l
CORDS 71 PR D 4 1974 +CARMONY 4ERWIN4MEIERE4+ (PURD+UCD+ IUPU)
Sl ATTERY 71 UR-875 332{PREP) P ~ SLATTERY4A REVIEW OF STRANGE MESONSt ROCH)

R7 KN t 1420) ENTO ( K OMEGA) / K PI
R7 {0~ 08) OR LESS SHEN 66 HBC
R7 {0~ 2) OR LESS BASSOMPIE 69 HBC
R7 0 13 0 ~ 07 BASSOMPIE 69 HBC
RT 0 ' 05 0 F 04 AGUI LAR1 71 HBC
R7 ~ ~ ~ 0 ~ ~ ~ ~ ~

R7 AVG 0 070 0 035 AVERAGE (ERROR INCLUDES
R7 FIT 0 ~ 080 0 ~ 031 FROM F IT (ERROR INCLUDES

{P4)It Pl)
4 ~ 6 K+P

+ 5 K+ P
05K+P

3 ~ 9-406 K- P

SCAl E FACTOR OF 1 ~ 0)
SCALE FACTOR OF 100)

8'/66
9/69
9y69

11/71 60 ~ 0
(60~ )

27 KN {1660) W E 0TH ( ME V)

20 ~ 0 JOBES 67 HBC + 5 ~ K+ P 11/67
CHARRI ERE 72 HBC 0 5 K+ P4K P 3PE 1/73¹

R8 KN{
R8
RS
RS
RB
RB Q 15
R8
RB
RB AVG
RS F IT

1420) INTO ( K RHO)
(0~ 09) OR LESS

00 26 0 ~ 16
(0, 2) OR LESS
(003) OR LESS
( 00 11) {0 06)
0 16 0 ~ 05

~ 0 ~ ~ ~ ~ ~ ~ ~

0 169 0 ' 048
0 168 0.048

I (K PI)
CHUNG
SCHWEINGR
BASSOMP I E
SASSOMPIE
BISHOP
AGUELARl

65 HBC
68 HSC
69 HBC
69 HBC
69 HBC
71 HBC

{P3)/(Pl)
+ 0 3 ~ 9 4 ~ 2 P

0 4 ~ 1+505 K-
+ 5 K+ P

05K+P
3 ~ 5 K+ P
3 ~ 94406 K-

I- P
P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0)

8/66
10/6T
9/69
9/69
9/69

11/71

27 KN(1660) PART I AL DECAY MODES

Pl KN{ 1660) INTO K PI
P2 KN(1660) INTO K PI PI
P3 KN{ 1660) INTO K¹(892) PI
P4 KN( 1660] INTO KN( 1420) PI

DECAY MASSES
493+ 139
493+ 139+ 139
891+ 139

1421+ 139

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Me sons
KN(1660), KN(1760), L(1770),KN(1850), K (2800)

Data Card Listings
For notation, see key at front of Listings.

CARMONY 67 PRL 18 615
JOBES 67 Pl. 268 49
CHARRIER 72 NP 8 51 317

REFERENCES FOR KN(1660)

D CARMONY8 TeHENDRICKS8L LANDER {LA JOLLA)
+BASSOMPIERRE80E BAERE + (BIRM+CERN+BRUX)
CHARRIERE8ORIJARD5 DE BAERE8+ (CERN+BELG)

K){(1760) 60 KN (1760,JP= I

NEEDS FURTHER CONF IRMATION»OMITTED FROM THE TABLE ~

FAVORED JP IS 3- 2 I=1/2 ~

23 L BRANCH1NG RATIOS

Rl L INTO {KN(1420) PI) / (K Pl PI )
Rl LARGE DENEGRI 68 DBC
Rl (1» 0) BARBARO 69 HBC
Rl 0 ~ 2 0 ~ 2 AGUILAR 70 HBC
Rl LESS THAN 1 ~ 0 BARTSCH 70 HBC
Rl LESS THAN 1.0 COLLEY 71 HBC
Rl P CONSISTENT WITH 1 ~ FIRESTONE 72 DBC
Rl P PRODUCED IN CONJUNCTION WITH D¹
Rl R LESS THAN 1 ~ 0 SEEMS TO BE ESTABLISHED
Rl R FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON

Rl R MODES SEE HUGHES 718 SLATTERY 71 ~

(P2)/(Pl)
12 ~ 6K D

+ 120K+ P
4 ' 6 K P
10F 1 K P

10 ~ K+ P
+ 12 ~ K+ 0

OTHER DECAY

1/7 1
1/71
1/71
1/71

11/71
12/72¹
12/72¹

11/71
11/71

60 KN(1760) MASS (NEV)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹I((¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR L(1770)

M C 76(1753 ) (12 ~ ] CARMONY 71 DBC 0 9 ~ K+ N 11/71
BARTSCH 66 PL 22 357
BERt INGH 67 PRL 18 1087
JOBES 67 PL 268 49
DENEGRI 68 PRI 20 1194
BARTSCH 68 NP 88 9

+DEUTSCHMANN2+ (AACH+BERL+CERN+LOIC+VIEN)
BERLINGHIERI+FARBE R+FERBEL+FORMAN+ {ROCH) I
+BASSOMPIERRE8OE BAERE + (BIRM+CERN+BRUX)
+CALLA HAN+ETTL INGE R+GI LL ESP I E+ (JHU)
+COCCONI 8+ ( AACH+8 ERL+CERN+l 0IC+ VI EN)

60 KN ( 1760) WIDTH ( ME V)

W C 76 (60 ) (20 ~ ) CARMONY 71 DBC 0 9 ~ K+ N

W C DISAGREEMENT BETWEEN THE FIT AND DATA ON BOTH SIDES OF THE SIGNAL
11/71
11/71

ANDREWS 69 PRL 22 731
BARBARO 69 PRL 22 1207
COLLEY 69 NC A 59 519

+LACH8 LUDLAM5SANDWEI SS2 BERGERP+ (YALE+LRL)
BARBARO-GALT IERI 5DAVIS2 FLATTE8+ (LRL)
+EASTWOOD 5+ ( BI RM+GLAS+LO IC+NPI M+OXF+ RHEL )

Pl
P2
P3
P4
P5

60 KN(1760) PARTIAL DECAY MODES

KN(1760) INTO K PI
KN(1760) INTO K¹(892) PI
KN(1760) INTO K RHO
KN(1760) INTO KN( 1420) Pl
KN( 1760) INTO K P I PI

DECAY MASSES
493+ 139
891+ 139
493+ 770

1421+ 139
493+ 139+ 139

AGUILAR 70 PRL 25 54 AGUI LAR- 8 ENI T E Z 8 BARNES 2 BASSA NO 5 C HUNG 5+ ( BNL )
BARTSCH 70 PL 33 8 186 +DEUTSCHMANNg+ (AACH+BERL+CERN+LOIC+VIEN)
CHIEN 70 PHILA ~ CONF P ~ 275 C ~ Y CHIEN (JOHNS HOPKINS)
LUDLAM 70 PR D 2 1234 . +SANDWEISS8SLAUGHTER (YALE)

COLLEY 71 NP 8 26 71 +JOBES8KENYONPPATHAK8HUGHESP+ (BIRM+GLAS)
DENEGRI 71 NP 8 28 13 +ANTICH CALLAHAN CARSON CHIEN COX + (JHU) JP
HUGHES 71 BOLOGNA CONF ~ PROC I ~ S ~ HUGHES8 TALK AT BOLOGNA CONF» {GLASGOW)
SLATTERY 71 UR-875-332( PREP) P ~ SLATTERY8A REVIEW OF STRANGE MESONS( ROCH)

60 KN(1760) BRANCHING RATIOS

Rl KN(1760) INTO (K PI)/(K¹{892) PI + K RHO) ( P 1) /( P2+P3)
Rl' E ( 0» 40) (0 8 10) CARMONY . 71 DBC 0 9 ~ K+ N

R2 KN{ 1760) INTO (K¹(892) PI)/(K P I PI ) (P2) /( P5)
R2 E (0F 40) (0 ' 15) CARMONY 71 DBC 0 9 ~ K+ N

R3 KN(1760) INTO (K RHO) /(K PI PI) (P3)/(P5)
R3 E {0~ 60) (0 ~ 25) CARMONY 71 DBC 0 9 ~ K+ N

R4 KN(1760) INTO {K¹(892)Pl + K RHO)/(K PI PI ) (P2+P3)/(P5)
R4 E (1 ~ ] (0 ' 12) CARMONY 71 DBC 0 9» K+' N

R5 KN(1760) INTO (KN(1420) PI)/(K Pl PI ) (P4)/(P5)
R5 E (0 ' 06) OR LESS CARMONY 71 DBC 0 9 ~ K+ N

R5 E DIFF ICULT BACKGROUND SUBTRACTION ERRORS STATISTICAL ONLY

11/71

11/71

11/7 1

11/71

11/71
11/71

ANDERSON 72 PR D 6 1823
BLIEDEN 72 PL 39 8 668
CHARRIER 72 NP 8 51 317
FIRESTON 72 PR D 5 505

+FRANKLIN8 GODDEN8 KOP ELMAN5LI BBY8TAN (COLO)
+FINOCCHIARO5BOWEN8EARLES8+ (STON+NEAS)
CHARRI ERE 5 DRI JARO5 0 E BAE RE 8+ {CERN+ BELG )
FIRESTONE5GOLDHABER8LISSAUER8TRILLING (LBL)

STRUCTURE IS SEEN IN THE K PI SCATTERING ANGULAR DISTRIBUTION
AT MASSES NEAR 1850 MEV THE MOST SIMPLE EXPLANATION INVOLVES
A RAPIDLY INCREASING F-WAVE AMPLITUDE 5POSSI BLY INDICATING
PRESENCE OF A JP=3- RESONANCE ~

NEEDS FURTHER CONF IRNATI ON» OMITTED FROM THE TABI E ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹Q¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹ ¹¹¹

KN(1850) '1 KN (1850 JP=

REFERENCES FOR KN( 1760) 61 KN( 1850) MASS ( N EV )

CARNONY 71 PRL 27 1160 +CORDS8CLOPP8ERWINPMEIERE8+ (PURD+UCD+IUPU)
M I ( 1850~ ) AP PROX ~ FIRESTONE 71 DBC 0 12.K+ NPK+ PI-P 11/71

L(1770) 25 I. (1770, JP= I I = 1/2

FOR REVI EWS SEE HUGHES 718 SLATTERY 71

61 KN()850) WIDTH (MEV)

W I (300. ) APPROX. FIRESTONE 71 DBC 0 12 ~ K+ NP K+ PI-P ll/71
W I APPARENT INTERFERENCE W ITH OTHER AMPLITUDES PRECLUDES 11/71
W I PREC I SE OETERMINAT ION ~ 11/71

M

M

M 8
M B
M

M

N

M X
M X
M

M

M P
M P
N

M AVG

23 L MASS (MEV)

BERL INGHI 67 HBC
JOBES 67 HBC
BARTSCH 68 HBC

23 L WIDTH (NEV)

20(1780 ' )
( 1760e 0) ( 15 ~ 0)
(1785~ 0) (12 ~ 0)

INCLUDED IN BARTSCH 70
1745 0 20 0 AGUILAR 70 HBC
1780~ 0 15 ~ 0 BARTSCH 70 HBC

{1760 0) (15 0) LUDLAM 70 HBC
1765 0 40 «0 COLLEY 71 HBC

SYSTEMATIC ERRORS ADDED CORRESP ~ TO SPREAD OF
( 1740» 0) DENEGRI 71 DBC
1767 6. BL I EDEN 72 MMS

306 1730' 20» F IRESTONE 72 DBC
PRODUCED IN CONJUNCTION WITH D¹

~ ~ ~ ~ ~ ~ ~ ~ ~

1764~ 6 6 ~ 7 AVERAGE ( ERROR INCLUDES

+ 12 7K+P
+ 5 ~ K+ P

10 ~ 0 K- P

46 K- P
10 ~ 1 K- P
12.6 K- P

+ 10 K+PPK 2PI
DIFFERENT FITS ~

12.6 K-DPK 2PI 0
ll»-16» K- P

+ 12 ~ K+ D

SCALC FACTOR OF 1 ~ 3)

7/67
1/73¹

11/71
11/71
6/70
1/71
1/73¹
1/73¹
5/71

12/72¹
1/73¹

REFERENCES FOR KN(1850)

FIRESTON 71 PL 36 B 513 FIRESTONE 5 GOLOHABERP LI SSAUER 8 TRILLING (LBL )

K (8800) 40 K«(2200, JP= I

ENHANCENENT SEEN IN (ANT IHYPERON-NUCLEON) MASS
NEAR THRES HOLD ~ INTERPRETATION UNCERTAIN
OMITTED FROM TABLE

40 K¹(2200) MASS (MEV)

M 20 2240 ' 20 ' LISSAUER 70 HBC
' 9 K+ P

M C (2200 ' ) 'APPROX' SLATTERY 71 RVUE 8-13 K+ P
M C COMP ILATI ON OF (ANT IHYP ~-NUCLEON) MASS IN K+ P 8 -13~ GEV/C

11/71
11/71
11/71

BERLINGHI 67 HBC +
JOBES 67 HBC +
BARTSCH 68 HBC

W

W

W 8
W 8

W

W

W X
W X
W

W

W P
W P
W

W AVG

23 L PARTIAL DECAY MODES

20 (80~ ) 12,7 K+P
(60 ' 0) (20»0) 5 ~ K+ P

(127' 0) (43 ' 0) 10~ 0 K- P
INCLUDED IN BARTSCH 70
100~ 0 50 ~ 0 AGUI LAR 70 HBC — 4» 6 K- P
138~ 0 40 ~ 0 BARTSCH 70 HBC - 10 ~ 1 K P
(50 ~ 0) (40 ~ 0) (20 ~ 0) LUOLAM 70 HBC 12 ~ 6 K P
90 ' 70 ' COLLEY 71 HBC + 10 ~ K+PPK 2PI

SYSTENATIC ERRORS ADDED CORRESP ~ TO SPREAD OF DIFFERENT FITS»
( 130~ 0) DENEGRI 71 DBC — 12~ 6 K-05K 2PI D
100 26« BLIEDEN 72 MMS — 11«-16 K- P

306 210» 30 ~ FIRESTONE 72 DBC + 12 ~ K+ 0
PRODUCED IN CONJUNCTION WITH 0¹

~ ~ ~ ~ ~ ~ ~ » ~

137~ 7 24 ~ 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

7/67
I/73¹

lll71
11/71
6/70
1/71
1(73¹
1/73¹
5/71

12/72¹
12/72¹

40 K¹(2200) WIDTH (NEV)

W 20 80 ' 20 LI SSAUER 70 HBC 9 K+ P
W C (200 ' ) APPROX SLATTERY 71 RVUE 8-13 K+ P
W C COMPILATION OF (ANT IHYP ~-NUCLEON) MASS IN K+ P 8 -13 GEV/C

ALEXANDE 68 PRL 20 755
L ISSAUER 70 NP B 18 491

REFERENCES FOR K¹(2200)

ALEXANOER5FIRESTONEPGOLDHABERPSHEN (LRL)
+ALEXANDER ~ F IRESTONE 8 GOL DHAB ER (LBL)

CARNONY 71 PRL 27 1160 +CORDS ~ CLOPP ERWIN MEIERE ~ + (PURD+UCO+IND)
SLATTE RY 71 UR 875 332( PREP ) P ~ SLATTERY 2 A REV I EW OF STRANGE MES ONS ( ROCH )

11/71
11/7 1
11/71

Pl
P2
P3
P4
P5
P6

'P7

L INTO K PI Pl
L INTO KN(1420) PI
L INTO K Pl Pl PI
L INTO K¹(892) PI
L INTO K¹{892)RHO
L INTO K¹(892) OMEGA
L INTO K¹(892) PI PI

DECAY MASSES
497+ 134+ 134
134+1421
497+ 134+ 134+ 134
891+ 134
891+ 770
891+ 783
891+ 134+ 134

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Me sons
K"(a8oo)

K (2800)
62 K¹ (2800' JP= )

NEEDS FURTHER CONF IRNATIONoOMITTED FROM THE TABLE ~

M H 59( 2800 ~ )

62 K¹(2800) MASS (MEV)

HUGHES 71 HBC + 10@K+Pt P MNS+ 11/71

W H

W H

W H

62 K¹(2800) WIDTH (NEV)

59 (40 ~ ) OR LESS HUGHES 71 HBC + IO.K+Pg P MMS+ ll/71
ONLY SEEN IN MISSING MASS DISTRIBUTIONgNOT IN FITTED EVENTS ~ 11/71
PROBABLY DECAYS INTO (3 CHARGED + 2 OR NORE NEUTRAL) PARTICLES 11/71

REFERENCES FOR K¹(2800)

HUGHES 71 PRE PRINT +MC&CORMICKs PROCTER' TURNBULL (GLASGOW)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Note on Speed Plots P33 ROPER UIA nOORHOUSE . P33 CERN THEORETICAL FIT .
20

In the discussion whi, ch follows, we use the term
"speed plot" to indicate a plot showing the variation
with C. M. energy m of the derivative ~dT/dm

~
of a

partial-wave amplitude T. (See section IV C of th6
1234

18

1236

main text. ') In principle such plots are a very sensi-
tive and useful means of searching for a resonance.
A rapid increase in speed folio~ed by a rapid decrease
is certainly a good indication of the presence of a
resonance. In practice these plots must be judiciously
used because;

i) The values of dT/dm are sensitive to variations
in T. It is difficult enough to determine T{m); finding

its derivative is necessarily more difficult.

2) Once the speed plot tells us that a resonance is
present, the'determination of precise parameters from
such a plot requires additional considerations:

6.
a

1000 1300

P33 CERN KIRSOPP

20

18

1236

8

1800 I 1900 2200
VS

8.

err

2500 1000
s

1300- 1600 I 1900 2200 2500v'S

1236

P33 CERN EÃPERI(TENTAL SOLUTION.

20

a) the maximum of the speed is not necessarily
at the resonance mass,

b) the width cannot simply bc obtained by the re-
lation ~dT/drn

~

= 2x/I'.
Consider for example the P partial-wave am-

plitude in ~-N scattering. Since its elasticity (x) is
one, we have

4

1000 1300 1600 g 1900 2200v's

4

I
1000 1300 1800 g 1900 2200 2500v's

Fig i. Speed. plots as computed from four solutions
compiled in Ref. l. (~S = m = c. rn. energy in MeV)

some 10 to 15 MeV lower in mass and. at a value of

&8. 5 GeV ~ Hence, were we to estimate the mass
I (m)/2

ir (m)/2

If we let I (rn) = dl"/drn, then we find that

idT
i

2 i (M- )I" /I'
1+4 (M-m) 2/I'2

(2)

and width of the 33-resonance from the maximum

speed, we would. get M ™4220 MeV and I" = 108 MeV.

For ad, ditional discussion on the mass and width of

this resonance, see the mini-review at the begin-

ning of the D(4236) listings.

To estimate where Eq. (2) is maximum, we let
m = M + 5 and. find. that for small 5,

(3)

Reference

I. D. Hernd. on, et al. , "mN Partial-%'ave Amplitudes,

a Compilation, " UCRL-20030 mN, Feb. 1970.

Since all reasonable parametrizations of I'{m) agree
that 1"' ~~ 0, we may conclude that the "speed" will

have its maximum value at an energy about I I"/8
less than the resonant value, m=M.

This effect is illustrated in Fig. 1, which is taken
from UCRL-20030 T(N. For the P33 partial wave, the
CERN experimental and. CERN Kirsopp solutions in-
dicate the instability of )dT/dm) in the region of a

resonance {the other solutions are "smooth" by the

nature of the analysis). In addition, each of the plots,
finite consistently, gives 2/'I" - 16 GeV i at a resonant
mass of 4236 MeV. This corresponds to a width at
resonance of 125 MeV. The speed, however, peaks

Note on N's and 4's: Partial-Wave Analyses

There now exist complete partial-wave analyses
performed by two groups after the beginning of 1970.
The older analysis, AYED 70, is an update of the pre-
vious Saclay analyses. These are essentially energy-
independent solutions selected on the basis of various
energy " smoothness" criteria. A more recent analy-
sis, ALMEHED 72, is a continuation of the "CERN
group" program, which uses "smoothness" criteria
supplemented by constraints from partial-wave dis-
persion relations. For a discussion of earlier partial-
wave analyses see Refs. i and Z.
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Baryons
N's and h, 's

of the earlier analysis. These irnprovernents include

checking the final results for smoothness in energy
of invariant amplitudes at fixed. t and the unmeasured

charge exchange polarization Legendre coefficients,
as well as a qualitative check of the fina, l results for
consistency with an unsubtracted forward dispersion
relation for the B amplitude. The main differences
between the resonance parameters extracted from
this new analysis (AYED 7Z) and those of
ALMEHED 72 are surnrnarized below. None of the

states listed below were reported. by AYED 7Q except
the P11 with M = 1461, I' = 164, and x = 0.56.

ALMEHED 7Z AYED 72

Wave M

2100 ZOO

P 1470 ZZO

13

D15 2100 150

0.5

0.2

M 1

Z1 95 Z 80 0.173

1427 236 0. 524
1530 65 0. 120

1730 130 0.1

Z055 170 0.09

F 2000 200 0.15 Z048 183 0.058
17

For the purposes of comparison, we show Argand

plots of the solutions in Figs. 1 and 2. The arrow-
heads on the lines connecting points at discrete en-

ergies are 5 MeV long, and. are spaced at 20 MeV in-

tervals. The AYED 70 analysis extends in c. rn. en-

ergy from. 1400 to Z450 MeV; the ALMEHED 7Z anal-

ysis, from 1100 to ZZOO MeV. We have indicated the

energies where AYED 70 and ALMEHED 7Z claim.

resonances, and in the case of ALMEHED 7Z we have

also indicated the grade, A through D, assigned to
each of their resonances by this group. In addition,
we also show in Figs. 3 and 4 plots of 5 and q versus
c. xn. energy i gs) for the same two solutions.

The Saclay group has presented preliminary results
on a new mN phase-shift analysis in an unpublished

report to the 1972 Batavia conference. This analysis
includes recent data, and ixnproves some of the methods

what narrower and at soxnewhat lower mass than that

obtained from partial-wave analysis. The Saclay
group now claims two states. As for the D 3, the

quark xnodel predicts an inelas tic re s onance in the

neighborhood. of 1700 MeV, and the existence of such

a state is now indicated by isobar model fits to

mN ~ arm'N (see the mini-review on this subject) and.

by AYED 7Z. The effect now claixned by AYED 7Z to

be the D13(1700) is visible in both the ALMEHED 7Z

and AYED 70 s olutions ( s e e Fig s. 3 and 4) in the

1700 MeV region.
The rexnaining new results listed above are five

»gh mass resonances, four of which were seen by
ALMEHED 7Z, but none by the earlier Saclay analysis.
In the case of the D35 it may well be that

ALMEQED 72 and AYED 72 are reporting completely
different effects.

. Spread in Value s of Resonance Parameter s

Values of masses, widths, and branching ratios can

be obtained only from phase-shift analyses. In pro-
duction experiments, in fact, it is seldom. clear which

of the many states at similar masses is being observed.

In addition to the two coxnplete phase-shift analyses dis-
cussed above, we have other analyses, done by using

somewhat incomplete data, by several different groups,

but we are quite far from having reliable masses and

widths derived therefrom,
The r e ar e e s s entially two p roblexn s in obtaining

reliable resonance paraxneters. First there is often

disagreement as to just what the values of the phase

shifts (p's and. &'s) are. This problem is obviously
P

related to the quality and quantity of the data and to

the procedures used to determine or choose the phase

shifts. Secondly, even if smooth curves were avail-
able for the phase shifts, there would still be some

ambiguity in deciding what the resonant parameters
are. We might hope that some sort of energy-depend-

ent fit to the smooth phase shifts would yield unique

D35 ZZQQ

2130 250 0.08

600 0 Z5 1870 160 0 095

par arneter s. Unfortunately, however, a sufficiently

clever combination of background and/or resonances
could fit the phase shifts, satisfy elastic unitarity, and

Of particular interest are the new results on the P11
and. D partial waves. Previous partial-wave analyses

13
have seen a single fairly elastic (x &. 0.5) P11(1470)
resonance in the xnass range 1440-1500 MeV, while

many production experiments have observed a bump

in the invariant mass distribution tending to be some-

still yield the wrong parameters. (See the Comxnents

on the Mass a.nd Width of A(1236), below. )

We list the values of M, I' and x quoted by the

various authors with a comment on the method used

to derive such parameters. We now discuss briefly
the different methods used. AYED 70 analyze their
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1.0 1.0 1.0 1.0

1.0
0
I 1.0 LO 1.0

.0

0

0 —.4 -8 0

1.0 1.0

(A)

1.0
-.4 0

1.0
—.4 0

1.0 1.0

19 5(A)

V5(A

0
I

P

0

Fig. i. mN Argand plots from the solution of ALMEHED 72. The bases of t'h e arrowheads are
20 MeV apart; the end point is at 2200 MeV. The numbers are the resonant masses claimed
by ALMEHED 72, and the letters indicate their evaluation of the resonance.
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garyons
N'S all@

1.0 1.0 1.0 1.0

52

1.0 1.0 1.0 1.0

675

,2 —.2 0 2

1.0 1.0 1.0 1.0

1.0 1.0 1.0 1.0

.8

0

Fig. Z. IIN Argand plots from the "minimum sur'face" solution of AYED 70 [ Phys. Letters 3iB,
598 (f970)]. To conserve space, we arbitrarily do not show the "minimum path" solution; it is
not significantly different. The bases of the arrowheads are ZO MeV apart; the last point is at

Z400 MeV.
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' '

I
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' ' I ' '
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eft scale
—18O4

o ~. left scale

1.2 «6, right scale
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D
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Fig. 3. & and p versus c. rn. energy ('in MeV) froxn the ~N partial-@rave analysis solution
of ALMEHED 72. X denotes 6 (right-hand scale), Q denotes q (left-hand scale) . .
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Fig. 4. & and p versus c.m. energ (in MeV) from the &N partial-wave analysis ' mini-
mum surface" solution of AYED 70 Phys. Letters 3i8, 598 (f970)]. X denotes 6 (right-
hand scale), Q' denotes q (left-hand scale).
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phase-shift results with an energy-dependent back-
ground and Breit-Wigner amplitudes. (This analysis

appears only in the unpublished Kiev Conference re-
port of AYED 70, not in their Physics Letter. )

BAREYRE 68 uses two methods: 1) cross-section
(

method —the energy where the total cross section is
maximum; 2) speed method —the energy where the

speed of variation of the amplitude in the Argand plot

is maximum. CERN, as well as ALMEHED 72, quotes

Note on N' s and 6' s'. Isobar Model Fits

In the figure below we show the inelastic Argand

plots of Herndon 72. These plots are the result of
a partial-wave analysis, using the isobar model, of
mN ~ mmN data in the c.m. energy range 4300- 2000
MeV. The partial waves are labeled

only one method, usually where the absorption is maxi- where L is the incoming (mN) angular momentum, an
mum. The Glasgow group {DAVIES 70) uses Breit-
Wigner parametrization; their solutions A and B dif-

fer in the starting values of the minimization (CERN I
solution was used for solution B). Only the parameters
from solution A are included in the listings. For some

states no parameters have been quoted by the authors.
At the beginning of the Data Card Listings for N's

and A' s, we present a table giving our evaluation of

the N and A resonances based on information contained

in the Listings. In the Table of Particle Properties,
we do not quote values and errors for parameters, but

only give ranges for masses and widths in order to

emphasize that in some cases these parameters are
quite poorly determined.

Availability of Partial-Wave Analyses and Data

All the solutions mentioned in this note, including

AYED 70 and. ALMEHED 72, are available on tape

from the Particle Data Group. This tape is essenti-

ally an updated version of the one corresponding to the

compilation of Ref. 2. In addition, the extensive in-

put data used by ALMEHED 72 (courtesy of C.

Lovelace) are also available on tape from the Particle

A 0 XX Z(M-E)
I'tot

T'
el I'.

in&1
p X=~

tot

thus, at resonance (e =0) the circle diameter is Qxx'.
The amplitudes at resonance thus estimated are given

L' is the outgoing angular rnornenturn between the iso-
bar 8 [ p, e (~ harv I=O, S wave), A ] and the remaining
hadron (vr or N); as usual I and J are the isospin and

total spin (S = L + f= L'+S') re spe ctive ly. Also indi-

cated on these Argand plots are the locations {inMeV)

of known or suspected resonances from mN~mN

partial-wave analyse s.-

Clear circular behavior is observed in many of
these plots. Perhaps the most interesting among

these are the DPg3(c) and DSg3(4) partial waves.
While all the D 3 waves show evidence for the well-
known N(4520), these two indicate some effect in the

f700- 1800 MeV region —perhaps the long sought after
D ~3{f700).

In order to estirrlate the inelastic coupling of the

resonance s indicated in these plots, we measured
(with a ruler t ) the diameters of "interpolated" circles.
Recall that

Data Group.

References
in the following table. The spread in values represents
our guess as to the range in resonance circles consis-

Particle Data Group, Rev. Mod. Phys. 43, No. Z,

Part II, S4 (&97&).

2. D. J. Herndon, A. Barb aro -Galtieri, A. H.

Rosenfeld, UCRL-20030 mN {Feb. 1970).

tent with the data.

Re ference

D. J. Herndon et al. , LBL-1065 Rev. {%972),
submitted to Phys. Rev.
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Baryons
N's and h.'s

00

0

I

Di

0 4 0 -4 0

17

4 —4 0 2 4 -4 0 2 4

0-

167

1688

0 0 2 4 ..4 0

I

D31( PSI(~&) . - )- ~PPqq(~pq)

1850

4 0 4 0

0 4 0 4 -4 -2 0

35

2

Fig. "Isobar" model Argand plots from Herndon 72. The bases of the arrowheads are ZO MeV
apart. The solution covers the energy interval l300-Z000 MeV. See the mini-review text for
partial-wave notation.
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Amplitude at resonance, gxx', a.s estimated from Argand plots of Herndon 7Z. A da. sh
indicates coupling cannot exist or is essentially zero.

Ws x
( )

mN~pN mN~ &N +N~~~ L's
(PDG)

S~~{4535}

S~~(&700)

. 35 .07-. 09 small

P ('1470) . 60 . L8-. 22 . 35-.-4Z

. 60 . ZO-. 30 .39-.44

S3~ (46 50) .&8 .15-. 21

P3~(f940) . 25 . 08-. 20

P33(1680) . 40

. 27-. 30

. 40-. ZO

. 29-. 45

P (1780) . 20

P (4860) . 25 .43-. 5&
13

.48-. 55 .43-. 50 D (4670) . 45 small

F (1890) . &7

. 18-.Zi

small

D~3('4520) . 50 . 3l-. 35 .05-. IO '
~~ ~5c F (1950) .45 . 49-. Z3. Z8-. 34 . 25-. 29

D& 3(4700) . 10 small 09-. 43b
small

D (1670) .4045 .45-. 49

F~5(4688) .60 . 29-. 3i . 27-. 28 . 27-. Z8

Not in main Baryon Table. b
DS~3.

c
DDg 3 ~

Note on N' s and 6' s'. Photon Couplings

In this edition we start to quote results on the

couplings of baryon resonances to the yN system.
They can be studied in reactions like

yN N" mN, KA, KZ, ma, .. .
A partial-wave a.na1ysis of these forxnation processes
is the standard technique to determine the coupling

strengths, g(N'Ny). Up to now almost all results
are derived from analyses of pion-photoproduction.
In the following we therefore outline the formulation
of pion-photoproduction and define the conventions
in which results will be quoted. .

The pxocess yN ~ N" ~ mN for a specific inter-
mediate resonance can be symbolically described as

The fir'st term is measured in strong interactions,
e. g. by partial-wave analysis of mN elastic scatter-
ing. A common feature of almost all analyses of
pion-photoproduction is a strong reliance on the know-

ledge of resonance parameters from mN phase-shift

analyses. Very few attempts are made to determine
new mN re sonance parameters, partly because of
lack of precise enough data, partly because photo-
production is complicated by the fact that the photon
has spin states +I and can react a.s an isoscalar or
isovector. Consequently in general, several couplings
for N ~ yN (2 for 6, 4 for N) have to be determined.

Isospin Decomposition

We ignore possible isotensor components and

treat the electx'omagnetic current as having isoscalar
and isovector components only, while the final vrN-

state has isospin i/2 and 3/2 components. There-
fore three independent isospin amplitudes describe
the 4 reactions

+
pp ~ Tl' ng TT p

0yn~vr p, m n.

They can be chosen as the isoscalar transition to
final state I=i/2, isovector transition to final state
I=i/2 arid isovector transition to final state I=3/2.
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Sary ons
N'S a.lid. h, 'S

We define amplitudes A, A, and. A such that they
are naturally related to the excitation of the physical

Q+states ~, N and N . Ignoring spin labels, a trans-
ition amplitude A(YN ~ mN) is described. by

A(Yp~mN)=C ' A +C ' AP,3,12 ~ ~/2
mN

(2)
A(Yn~mN) =C ' A +C ' A,3/2 z ~~2

mN mN
Iwhere C

N
is the C-G coefficient for the coupling of

isospin I to the specific mN state under consideration.
An alternative set of amplitudes A, A, and,

V3 V4

S .A is used by Walker with the relations

2Each of these is expanded in the usual way

(w, e) = p(2)+c) A~ (w) d' (e) (8)
p,~ pX, Xp,

into partial wave amplitudes A (W) of total angular
Ij,k

momentum j (but mixed parity) and the Wigner rota-
tion functions.

We define amplitades of definite parity by

C (W) = —[Af/2~(W)+ A I/2~(w)]2g

C (W) = —[Ai/2 (W) - A i/2 (W)]
C2

A =p(A - AP), (3)

= &(A + AP),

V3where A refers to isovector transition to final
Vl Sstate I=3/2, and A and A refer to isovector and

isoscalar transitions to final state I=i/2 respective-
lye

Partial Waves

The S-matrix element for pion-photoproduction

vrhere k = i/2, 3/2. The superscripts f+ refer in

the usual notation to states with pion orbital angular

momentum f snd total angular momentum j = f + i/2.
Unitarity of the S-matrix imposes a phase con-

dition on the C amplitudes known as Watson' s

theorem. It states that in the elastic region the
g+phase of each C is equal to the scattering phase

of the corresponding mN-partial wave.
Since we are interested in intermediate

resonances, we approximate the energy dependence

(YN& ~ mN2) is written 1n the «rm

S . = i(2~) 5 (Pf-P. )W(k~E&E2) A-i/2
(4)

of C (W) by a Breit-Wigner form

+( ), ( ) ( )
k ~ q W -m -iWI'2 2

where Pf and P. are the total 4-momenta in the final

and initial state, k, ~, E&, and E
2

denote the c.m.

energies of photon, pion, initial and final nucleon,

and W is the total c.m. energy.
For a partial-wave analysis it is convenient to

decompose A into helicity amplitudes . Choosing

the x-z plane as the scattering plane, the z-axis

along the photon direction, a.nd. (9 as the c.m.
scattering angle between photon and pion, we define

helicity amplitudes A &(W, 9) (ignoring isospin labels}.
Here p, and ) denote the total final and initial helici-
ties, p. = g - g ~ g= g - ~ . Since X. =+I and.

= +i/2, vre have a set of 8 helicity amplitudes.

Because of parity conservation only 4 are indepen-

dent, which we choose by fixing X. = +4. We thus
Y

consider A+i/2 i/2 and A~i/2 3/2 They are
normalized such that the differential cross section
is given by

do' I q 2

where s is the sign of the amplitude, m the reso-R
nance energy and. k, q the c.m. momenta. in the ini-
tial, final states. At resonance (W = m&)

l, k I, i/2
C" (m ) = s

ks q ~ T

A dominant feature in pion-photoproduction is
the Born approximation which contains the nucleon
pole in the s - and u-channel and the pion pole in the
t-channel. It reproduces, e. g. , the experimentally
observed forward peak in charged pion-
photoproduction. In partial-wave analyses the sign
factor s is well determined. relative to the Born
terms. .P

Introducing helicity amplitudes A~ for the deca.y
N (j ) ~(YN) (where j labels spin and parity of the
N ), we can calculate the radiative width I' at3

Y
resonance energy W = m&

2k m 4 .P 2

~)+I- ~ AZ (ma. )
~
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where m& is the nucleon mass.
pression into eq. (8) we find

Introducing this ex- .P 2 .P
0~ = (C ) 2 A~ + A~3 (l2)

i/z™Nr, I A& ( )C(m)-, (. )
— — gR

R. r
(&0)

We quote results of partial-wave analyses in terms
.P

of the amplitudes A in units of GeV g/2
k

The tota, l radiative width I' and. the contribu-
g+tion o'~T of the partial waves C to the total cross

section are given by

3/2 ~2k m 2

z;+i ~"'i/z~ '~A3/z~ I

Information in this Ed.ition

The Baryon Table contains the branching frac-
tions r /r for i 3 resonances.

Many partial-wave analyses have been performed

over the last years using different methods and dif-
ferent data sets. R. Crawford has av'eraged the4

results and tried to estimate the certainty of the

parameters. His table is included in this mini-

review.
The Data Card Listings contain the results of

5
the analyses by Moorhouse and Oberlack and Met-

6calf and W'alker which use the most recent data set

4
Photon couplings of baryon resonances as compiled. by R. Crawford.

State
|GeV) (GeV)

AP A A A
1 ~ 1 ~ 1 ~ 1

(GeV) ~ (GeV) ~ (GeV) ~ (GeV)

References

Df
43

i. 470 0. 200 0. 55 i/2 —.04

i/2 -.03i. 520 0. i20 0. 50 3/2 + i7

wo

-.08b

-. 13a

+. OZ -.OZ

-. 03 -. 06
-. 15 +. OZ

1, 5, 9, lo, 4'l, 42, l3

&, 5, 9, 10, 11, 42, l3

i. 530 0. 080 0, 35 i/2 +. 07b -. 07b -. 07 i, 5, 9, iO, il, iZ, l3

D'i5 i. 670 0, 445 i/2 +. Oi
3/Z +. OZc

+. Oi
03C

0
-. 03

+, Ol
-, Oi

1, 5, 'l0, 12

i. 690 0. &25
i/2 -. Oi
3/Z +. iZ"

+. OZ +. Oi
-. o6 +. o6 4, 5, 'lo, l2

S"

Pfl

i.700 0. 200 0. 65 i/2 +. 07

i.750 0. 300 0. 25 i/2 + d

-. 07

+. 03

-. 07

+, 03

A'=A V'
1

(GeV)

P33 1.236 0, 420 i. 00 i/z i, 5, 7, 8, 40

i. 650 0. i60 0. 25 i/2 +. 09

33 l. 650 0. 220 0. 15 i/2 +. 07

The uncertainty of the coupling is less than 20%.
The uncertainty of the coupling is less than 50%.
The sign of the coupling is probably established, but its size may be uncertain by up to f00%.

d The sign of the coupling is not clearly established.
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Baryons
N's and. 6's, p, n, N(147p)

and cover a large energy region (up to the 4th reso-
nance region).

Moorhouse and Oberlack quote their results in
.P

terms of the A introduced above. Metcalf and

Walker follow the conventions of Walker. Their
3P

amplitude s A, B are related to the A by:
g+ g+

(2. W. A. Ra.nkin, DNPL/R&&1

l3. A. Proia and. F. Sebastiani, Let. al Nuovo

Cimento 3, 483 (4970).

CODE EVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TECN SIGN COMMENTS DATE
ABOVE PUNCHED

BACKGROUND

.P
N (/2 R)

km I'
R I(2j+t.)77 c) mR p, 'i

I

r
I

~/2, .P
CwN A3/2 R

3 (&4)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹'¹¹¹¹¹¹¹¹¹¹ ¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

STATUS OF N¹ RESONANCES
THOSE WITH AN OVERALL STATUS OF ¹¹¹ OR ¹¹¹¹ ARE INCLUDED IN THE MAIN BARYON
TABLE ~ THE OTHERS AWAIT CONF IRMAT ION ~

STATUS AS SEEN IN

OVE RALL TOTALS OTHER
PARTICLE LI J STATUS CR ~ S ~ PI N ETA N K LAM K SIG PI DE GAM N CHANN ~

A more comprehensive collection of results and.

of the relationships between conventions used in

different analyses will be included in the net edition.

(H. Oberlack, LBL)

References

R. L. Walker, Phys. Rev. 482, 4729 (l 969).
2. M. Jacob and G. C. Wick, Ann. Phys. 7, 404

(&959).
3. L. A. Copley, G. Karl and. E. Obryk, Nucl.

Phys, B13, 303 (4969).
4. R. Crawford (Glasgow), private communication.

5. R. G. Moorhouse and H. Oberlack, Phys. Lett.

N(940)
N¹(1470)
N¹(1520)
N¹(1535)
N¹(1670)
N¹(1688)
N¹(1700)
N¹(1700)
N¹(1780)
N¹(1860)
N¹(1990)
N¹(2040)
N¹(2100)
N¹(2100)
N¹(2175)
N¹(2190)
N¹(2220)
N¹(2650)
N¹(3030)
N¹(3245)
N¹(3690)
N¹(3755)

DE( 1236)
DE ( 1650)
DE ( 1670)
DE( 1690)
DE( 1890)
DE( 1910)
DE ( 1950)
DE($960)
DE( 2160)
DE(2420)
DE(2850)
DE(3230)

P)1
Pl 1
013
$11
015 ¹¹¹¹

F), 5
$11
D13
P 1 1.

P13
F17
013
Sll
015
F15
Gj 7
H19

P33
$3)
D33
P33
F35
P3)
F37
D35
P33
H311 ¹¹¹

F
0

R
8

I
D

D

E
N

F
0

R

EPS N

RHO N

RHO N

RHO N

EPS N

EPS N

EPS N

RHO N

RHO N

RHO N

RHO N

RHO N

43B, 44 (1973).
R. G. Moorhouse, H. Oberlack, and A. H.

Rosenfeld, LBL-f590 ('l973).

6. W. J. Metcalf and R. L. Walker, private com-
munication of preliminary results of a phenom-

enological analysis of pion photoproduction data,
CALTECH, Zan. 4973. Model, conventions and

units as in ref.
7. F. A. Berends and D. L. Weaver, Nucl. Phys.

B30, 575 (197k).
8. W. Pfeil and. D. Schwela, Nucl. Phys. B45,

379 (1972).
9. Y. C. Chan, N. Dombey, and, R. G. Moorhouse,

Phys. Rev. 463, 1632 (4967).
IO. R. L. Walker, Proc. 4th Int. Symp. on Elec-

tron and. Photon Interactions at High Energies,
Liverpool, p. 23 ('l969).
R. G. Moorhouse and, W. A. Rankin, Nucl.
Phys. B23, i8 I (4970).

GOOD7 CLEAR ~ AND UNMISTAKABLE ~

GOOD7 BUT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN ~

NEEDS CONF IRMA T ION e

WFAK
ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS ~

16 PROTON (938| J=1/2) I= 1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

17 NEUTRON (9397 J=1/2) I=1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

)
N(147P) 11 N+1/2/1170, JP=1/2+) 1=1/2

FOR DISCUSSION CONCERNING RESONANT PARAMETERS SEE NOTE
ABOV E

THE MASS AND WIDTH ARE BEST DETERMINED FROM PHASE SHIFT ANALYSES ~ WE
LIST PRODUCT ION EXPERIMENTS SEPARATELY —SEE BELOW ~

A PRELIMINARY ENERGY DEPENDENT ANALYSIS BY AYEO 72 CLAIMS THERE ARE
TWO Pll STATES IN THE 1500 MEV REGIONS THE MOST SERIOUS DISAGREEMENT
BETWECN ALMEHED 72 AND AYED 72 IN FACT OCCURS IN THIS WAVE
SEE THE N¹ MINI REVIEW ~



S118 REVIEWS OF MODERN PHYSICS APRII. 1973 PART II

Baryons
W(14'0)

Data Card Listings
For notation, see key at front of Listings.

M

M

M 1
M 1
N 3
M 6
M 6
M 4
M 7

61 N¹1/2 ( 1470) MA SS ( ME V)

( 1370» 0)
( 1380~ 0)
( 1470~ 0)

WHERE
( 1466~ 0)
( 1461 0)

FROM ENE R ~ DEP
{1462 ~ 0)
( 1470«)

61 N¹1/2(1470) WI DTH (MEV]

BRANDSEN 65
ROPE R 65
BAREYRE 68

CROSS SECT ION I S GRE ATEST
DONNACH1 68
AYED 70

~ FIT OF ARGAND DIAGRAM
DAVIES 70
ALMEHEO 72

RVUE
RVUE
RVUE
EYEBALL
RVUE
I PWA

RVUE
IPWA

PHASE-SHIFT ANAL
PHASE-SHIFT ANA(.
PHASE-SHIFT ANAL
F IT
PHASE-SHIFT ANAL

P-S ANAL SOL A

9/66
9/66

11/67

6/68
1'/7 1

8/69
2/72

AYED
DAVIES
DIEM
SAXON

MAKAROV
MICKENS

70 KI EV CONF
70 NP 821 359
70 KI EV CONF
70 PR D2 1790

71 SJNP 13 510
71 LNC 1 707

ALMEHED 72 NP B40 15I
OBERLACK 72 PL 438 44
ROSSI 73 NC 13A 59

ALSO 71 LNC 2 1183
WALKER 73 TO BE PUB ~

R AYEDy P BAREYRE y G VILL ET (SACL) IJP
A DAVIES ( GLAS )
+ SMAOJA y CHAVANON y DELERy DQLBEAU+ ( SACL )
SAXONy NULVEY y CHI NOWSKY (OXF yLRL)

y GASILOVAy NE] YUBINy++
R E MICKENS

( IOFFE INST) I JP
( FISK }

+LOVELAC E (LUNDy RUTG) I JP
HE OBERLACKyR. G ~ MOORHOUSE (LBL)
+PIAZZAy SUSINNO ~ + (ROMAy FRASy NAPLy PAVIA ] I JP
CARBQNARAy FIOREy+ (NAPLyFRASyPAVIAyROMA) IJP
R L«WALKERyW J ~ METCALF (CIT)

PAPERS NOT REFERRED TO IN DATA CARDS.

1 (255 0)
3 (211 0)
6 ( 164» 0)

(391 ' )
7 {220 ' )

SEE THE NOTES ACCOHPANYING THE

BAREYRE 68 RVUE
DONNACH1 68 RVUE
AYED 70 IPWA
DA VIE S 70 RVUE
ALMEHED 72 IPWA
HASSLES QUOTED»

I

11/67
6/68
1/71

P S ANAL SOL A 8/69
2/72

BAR EYRE
BAREYRE
DALITZ
JOHNSON
DONNACHI
AYED
BERARDO
AYED

64 PL 8 137
65 PL 18 342
65 PL 14 159
67 UCRL-17683 THESIS
69 NP 108 433
70 PL 318 598
70 PRL 24 419
72 BATA VI A CONF

+BRICHANy VALLADASy VILLETy +
+BRICNANy STIRLINGy VILLET
R H DALITZy R G MOORHOUSE
C H JOHNSON
A DONNACHIEy R KIRSOPP
+BAREYRE y VILLET
+HADDOCK y NEFKENS y ~ y PARSONS+
R AYEDyP BAREYRE ~ Y (.EMOIGNE

(SACLAYy CAEN) I J
{SACLAY)IJP

( OXF y RHEL )
(LRL)

( GLAS+ED IN )
(SACLAY)

(UCLA+LRL)
( SACL)

Pl
P2
P3
P4
P5
P6
P7
PB

N ¹1/2( 1470)
N¹1/2 ( 1470)
N¹1/2(1470)
N¹1/2 {1470)
N¹1/2 (1470)
N¹1/2(1470)
N¹1/2{1470)
N¹1/2(1470)

61 N¹1/2(1470) PARTIAL DECAY MODES

INTO PI N

INTO N EPSILON
INTO N¹3/2(1236) PI
I NTO N PI P I
INTO GAMMA N

INTO N RHO
INTO GAN Py HELICITY=l/2
INTO GAH Ny HELICITY=1/2

D ECAY MASS ES
139+ 938
938+ 600

1236+ 139
938+ 139+ 139

0+ 938
938+ 770

0+ 938
0+ 939

61 N¹1/2( 1470) BRANCHING RATIOS

Rl N¹1/2(1470) INTO (PI N)/TOTAL (P 1)
Rl 1 {0 ~ 68) BAREYRE 68 RVUE
Rl 3 {0 658) DQNNACH1 68 RVUE
Rl 6 {0' 564) AYED 70 IPWA
Rl 4 {0«49) DAVIES 70 RVUE P-S ANAL SOL A

Rl A (0.67) (0 18) SAXON 70 HBC AT 1400 MEV
Rl B (0 58) (0 ~ 09) SAXON 70 HBC
Rl A ANO B CORRESPOND TO THE 2 BEST SOLUTIONS ANALYSIS IS DONE ON THREE
Rl B BODY DECAYSy ASSUMING ONLY Ply P2 AND P3 DECAYS PRESENT«
Rl 7 (0.65] ALMEHED 72 IPWA

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED

11/67
6/68
1/71
8/69
6/7 0
6/70

2/72

N(1470)
BUMPS

91 N¹1/2(1470y JP= ) I=1/2 PRODUCTION EXPERINENTS

IT IS NOT CLEAR THAT THE BUMP SEEN IN PRODUCTION EXPER-
IMENTS AT LOW INVARIANT MASS CORRESPONDS TO THE Pll
RESONANT STATE ~ DIFFRACTION SCATTERING SFENS TO BE THE
DOMI NANT FEATURE IN THIS MASS REGION- SEE GELLERT 66
WALKER 68 AND CLEGG 68 FOR DISCUSSION OF THIS POINT.

WE LIST VALUES OF MASSES AND WIDTHS FROM THESE EXPERIMENTS FOR
THE READER'5 CONVENIENCE- THE LIST MAY NOT BE COMPLETE ~

THE CNTR AND SPRK EXPERIMENTS SEE A BUMP IN THE MISSING MASS
PLOT ~ THE HBC EXPERIMENTS SEE ENHANCEMENTS MAINLY IN THE
P PI Pj MASS PLOT» PRODUCTION OF THIS STATE IN GAHMA-P OR
GAMMA-D IS VERY SMALLy SEE ALBERI 68 ~

91 N¹1/2(1470) MASS (MEV) (PROD ~ EXP ]

THE FOLLOWING ARE THEORETICAL PAPERS CONCERNING THE N¹1/2(1470]
RESNICK 66 PR 150 1292 L RFSNICK ( Nj EL S BOHR)
SCHWARZ 66 PR 152 1325 J H SCHWARZ (LRL)
BALL 67 PR 155 1725 JS BALL ~ GL SHAWy DY HONG (UCLAyUCIyUCSD)
GOLDBERG 67 PR 154 1558 . H GOLDBERG (CORNELL)

(P2)
65 RVUE—
66 RVUE
67 RVUE
68 RVUE ISOBAR MODEL
70 I PWA 3 BODY ANALYSIS

70 HBC
70 HBC
SEE NOTE IN Rl ~

{P3)
70 IPWA 3 BODY ANALYSIS

70 HBC
70 HBC
SEE NOTE IN Rl.
71 IPWA 0 PI- P TQ PI PI N

ED WAS 1435 MEV.

11/67
11/67
11/67
6/6 8
1/71

6/7 0
6/70

1/71

6/7 0
6/70

3/72

R4 N¹1/2(1470) INTO (GAMMA N) I (PI N)
R4 F STRONG INDICATION ROSS I
R4 F DISAGREES WITH OTHER DATA

{P5)/(Pl)
73 DBC 0 GAM N TO PI-P «2/73¹

2/73¹
R5 N¹1/2 (1470) I iNTO (N RHQ ) /TOTAL
R5 D ( 0.07) DIEM
R5 0 ASSUNING Rl= 0 61

{P6)
70 IPWA 3 BODY ANALYSIS 1/7 1

R6 N¹1/2(1470) INTO (GAMMA N) /TOTAL
R6 E ( ~ 0006 ) MICKENS
R6 E TOTAL WIDTH TAKEN AS 250 MEV

71
{P5)

THEORETICAL EST ~ 10/71

R2 N¹1/2(1470) INTO {N EPSILON)/TOTAL
R2 DOMINANT INELASTIC DECAY THURNAUER
R2 DOMINANT IN EL AST I C DECAY NA MY SLOWS
R2 DOMINANT INELASTIC DECAY RQSENFELD
R2 DOMINANT INEL AST I C DECAY NQRGAN
R2 D (0.16] DIEM
R2 0 ASSUMING Rl»» 0«61
R2 A {0 30) (0 20] SAXON
R2 8 (0.20) (0 ~ 12] SAXON
R2 A AND 8 CORRESPOND TO THE 2 BEST SOLUTIONSy

R3 N¹1/2(1470) INTO (N¹3/2(1236) P I ) /TOTAL
R3 D {0«17) DIEM
R3 D ASSUMING Rl= 0 61
R3 A ( 0.03) (0 ~ 20) SAXON
R3 8 (0 ~ 22) (0 ~ 12} SAXON
R3 A AND 8 CORRESPQiND TO THE 2 BEST SOLUTIONS y

R3 R {0 20} NA KA RQV
R3 R ASSUMES R1=0 ~ 6«MAXI MUM CM ENERGY ANALYZ

M

M

M

M

M

M

M

M

M

M

M S
M S
M

M

M

M

M

M

M

N

M

M

M

M

M

M S
M S
M S

APPROX
APPROX
APPROX
APPROX
(15«)
(15 ~ )
{30' )
l 17 ~ )

APPROX
APPROX

(llew )
(20 «)
(15 ' ]
(13~ )
(20 ~ ]

(1400«)
( 1425 )
( 1430~ )
(1400 ' )
( 1405. )
(1410 ' )
( 1400. )
(1450.}
( 1420. )
(1400. )

175(1446«)
(1390 ' )

120(1443 ' )
(1410.)
(1430.}
(1460.)
(1461 ' ) (10 ' )

120(1462«0) {6' 0) 120/80
1460~ TQ 1510

(1510«0) (20 ~ 0)
( 1425 ~ ) ( 25 «)
( 1411~ 0) {10 ~ 0)

64 ( 1410«0) (.33 ~ 0)
( 1464.0} (7 0) 45/45
( 1440. ) ( 15 ~ )

TAN 68 SHAPIRA 68 AND GAGE
SEE PPI DECAY HOWEVER THE
DATAy HAS ALMST DISAPPEARED

COCCONI 64 CNTR + PP 3 ~ 6-12 GEV/C
ADFLMAN 65 HBC + K-P 1 45 GEV/C
ANKENBRAN 65 CNTR + PP 7. 1 GEV/C
BELLETTIN 65 SPRK + PP, D 10-26 GEV/C
ANDERSON 66 SPRK + PPy 6-30 GEV/C
BLAIR 66 CNTR + PP 2. &-7» 9 GEV/C
FOLEY 67 CNTR PI+- P AND PP
ALMEIDA 68 HBC + PP-P2PI y 10GEV/C
BELL 68 HBC PI+- Py 6 GEV/C
LAMSA 68 HBC PI-P y 8 GEV/C
SHAP I RA 68 DBC INTO PP I y PN 7 ~ 0
TAN 68 HBC PP TO PIP y 6. 1
RHODE 69 HBC PP 22 GEV/C
ANDERSON 70 HMS — Pl- P TO PI- MMS

BALLAM 71 HBC +- PI+ P AT 16GEV
BEKETOV 71. HBC + P I- P 4 45GEV/C
BQESEBEC 71 RVUE PPyPI PyK-P PROD
MA 71 HBC + P P TO P N PI
NORSE 71 HBC +0 P I-P y 7 GEV/C
MORSE 71 HBC + PI-Py 25 GEV/C
RUSHBROOKE71 HBC + PP TO P2P I 16GEV
EDELSTEIN 72 MMS + PP 6 TO 30 GEV
GAGE 72 0 PD 5 ~ 9GEV/C
KARSHQN 72 DBC + PD.--POZPI 7 GEV
RONAT 72 HBC PI+P TO 3PI P

72 ARE ONLY PRODUCTION EXPERIMENTS TO
EFFECT OF SHAPIRA 6&y WITH MUCH IMPROVE
( YEKUT IE L 1 72)

7/66
7/66
7/66
7/66
7/66

11/67
10/69
6/68
6/68

10/69
10/69
10/69
2/71
2/72
3/72
3/72

10/71
3/72
3/72
2/72
1/73¹

12/72¹
12/72¹
2/73¹

91 N¹1/2(1470] WIDTH (MEV) (PROD ~ EXP ~ )

Al
Al
Al

A2
A2
A2

61 N¹1/2(1470) PHOTON DECAY AMPL( GEV¹¹-1/2)

N¹1/2(1470) INTO GAM Ny HELICITY=1/2 (GEV¹¹-1/2)
+ ~ 002 .025 OBERLACK 72 DPWA

(+ ~ 058) WALKER 73 DPWA
PI N PHOTO-PROD
P I N PHOTO- PROD

REFERENCES FOR N¹1/2(1470)

FOR DEF INITION OF GAMMA-NUCLEON DECAY AMPLITUDES y SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS ~

N¹1/2t1470) INTO GAM Py HELICITY=1/2 (GEV¹¹1/2)
—.055 .028 OBERLACK 72 DPWA ' P I N PHOTO-PROD(-.073) WALKER 73 DPWA PI N PHOTO-PROD

2/73¹
2/73¹

2/73¹
2/73¹

( 100 ~ )
S 175 l 198~ )
S {150.)

120 (100 )
l 210«)
(150 )
(100.)

(60 ' )
T 120 (54.0)
T NARROW W I 0

80 ' T
(100.0)
(125~ )
l 188«0)
(212 ~ 0)
( 124.0)
( 100~ )'

(40. )
(60 ~ )
(15 )
{15«)
(40 )

(20 ~ )
(12 0)

TH SUGGESTS
0 120 ~

(30 0)
(25 )
{38' 0)
(62 0)
(20 ' 0)
(30 ~ )

BE LL 68 HBC
SHAP I RA 68 DBC
TAN 68 HBC +
RHODE 69 HBC
ANDERSON 70 MMS

BALLAM 71 HBC +-
BEKETOV 71 HBC +
BOESEBEC 71 RVUE

120/80 MA 71 HBC +
THIS IS NQT THE USUAL N¹(147

MORSE 71 HBC +
MORSE 71 HBC +
RUSHBROOKE71 HBC +
EDELSTEIN 72 NMS +
GAGE 72 DBC 0
KARSHON 72 DBC +
RONAT 72 HBC

PI+- P AND PP

PP 22 GE V/C
P I- P TO PI- MMS

P I+-P AT 16GE V

P P I+ PI- MASS
PPy PI-P y K-P PROD
P P TO P N PI

0)
P I-P y 7 GEV/C
P I-P y 25 GEV/C
PP TQ PZP I 16GEV
PP 6 TO 30 GEV
PD 5 9GE V/C
PD--PD2PI 7 GEV
PI+P TO 3PI P

6/68
10/69
10/69
10/69
2/71
2/72
3/72
3/72

10/71
10/71
3/72
3/72
2/72
1/73¹

12/72¹
12/72¹
2/73¹

BRANDSEN 65 PR 139 B1566
ROPER 65 PR 138 B190
THURNAUF 65 PRL 14 985

+ODQNNELLy MOQRHOUSE
LD ROPERyRM WRIGHTyB1 FELD
P G THURNAUER

tDURHAMy. RHEL) IJP
(LRL-LVMRy NIT ) I JP

(ROCH) 91 N¹1/2(1470) PARTIAL DECAY MODES (PROD ~ EXP )

BAREYRE 68 PR 165
DONNACH1 68 PL 268

ALSO 68 VIENNA
ALSO 68 THESIS

MORGAN 68 PR 166

1731
161
139

1731

NANYSLOW 66 PR 157 1328

ROSENFEL 67 IRVI NE CONF

NAMYSLOWSKI ~ RAZNI y ROBERTS (STAN y EDINy LOIC)

A H RQSENFELDy P SQDING {LRL)

P BAREYREy C BRICMANy G VILI ET (SACLAY] I JP
A DONNAC HIE y R G KIRSOPP y C LOVE LACE (CERN) I JP
OONNACHIE RAPPORTEUR ~ S TALK (GLAS]
R G KI RSOPP ( EDIN)
D MORGAN ( RHEL)

Pl
P2
P3
P4
P5
P6

N¹1/2 (1470)
N¹l/2(1470)
N¹1/2(1470)
N¹1/2t 1470)
N¹1/ 2 ( 1470)
N¹1/2 ( 1470)

INTO PI N

INTO N PIPI(JyI-0)
INTO N¹3/2(1236] PI
INTO N PI PI
INTO GAMMA N

INTO N RHO

DECAY MASSES
139+ 938
938+ 139+ 139

1236+ 139
938+ 139+ 139

0+ 938
938+ 770
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Data Card Listings
For notation, see key at front of Listings.

Baryons
N(1470), N(1580)

91 N¹l/2( 1470) BRANCHING RATIOS {PROD ~ EXP )

Rl N¹1/2(1470) INTO (PI N)/TOTA]. (Pl)
Rl (.66) TAN 68 HBC PP TO PIP ~ 6 ~ 1 10/69

R2
R2
R2
R2 0
R2 0

N¹1/2(1520] INTO (N¹3/2( 1236) P I ) /TOTAL (P4}
0 ' 20 0 ' 05 KIRZ 66 HSC 0 ASSUHING R1~0e72
DOHINANT- INEL DECAY QLSSON 66 RVUE Pl P TO PI PI N

(0 ' 40) DIEM 70 IPWA 3 BODY ANALYSIS
ASSUMING Rl= 0~5

9/66
9/66
1/71

R2
R2
R2

N¹1/2{1470) I NTG t N¹3/2(1236) PI) /TOTAL (P3)
PROBABLY SEEN JESPERSEN 68 HBC PP 22 BEV/C
PROBABLY SEEN LAHSA 68 HBC Pl-P 8 BEY/C

11/68
11/68

R3 N¹1/2(1470) INTO (N PIP I( Jg 1=0) )/TOTAL (P2)
R3 HAIN DECAY HODE MORSE 71 HBC + PI-P 7e25 GEV/C 3/72

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

R3
R3
R3
R3
R3
R3

N¹1/2(1520) INTO
LARGE
LARGE
LARGE
L ARGE
L ARGE

I N¹3/2(1236} P I ) /(N PI P I )
THURNAUE R 65
NAHYSLDWS 66
ROBERTS 67
RQSENFELD 67
MORGAN 68

(P2)/(P3)
RVUE
RVUE
RVUE-
RVUE—
RVUE ISOBAR HODEL

11/67
11/67
11/67
ll/67
6/68

COCCGNI 64 PL 8 134
ADELMAN 65 PRL 14 1043
ANKENBRA 65 NC 35 1052
BELLETTI, 65 PL 18 167
ANDERSON 66 PRL 16 855
BLAIR 66 PRL 17 789

FOLEY 67 PRL 19 397
ALHEIDA 68. PR 174 1638
BELL 68 PRL 20 164
JESPERSE 68 PRL 21 1368
LAHSA 6S PR 166 1395
SHAP IRA 68 PRL. 21 1835
TAN 68 PL 288 195
RHODE 69 PR 187 1844
ANDERSON 70 PRt 25 699

REFERENCES FOR N¹1/2(1470) (PROD ~ EXP ~ )

+l. ILLETHUN gSCANLQN g STAHt. BRANDT g + I CERN)
S L AD EL MAN

(CAMBRIDGE�(CERN)

)
ANKENBRANDTgCLYDEy CORKyKEEFEgKERTH+ (LRL)
BELLETTINI gCOCCONI g DIDDENS + (CERN}
+BLESERg COLI. INSy FUJI I e+ ( BNL g CARN )
+TAYLORy CHAPHANy+ (HARWELL g QUEENHARYe RHEL)

+JONESgLINDENBAUHg LOVE gOZAKI+ (BNL)
+RUSHBRQOKEgSCHARENGUIVEL+ {CAVEg DESY)
+CRENNELLy HOUGHgKARSHONeLAI+ (BNLyCUNY)
JESPERSENyKANGgKERNAN+ t IQMA STATE)
+CASON y 8 I SWAS g DERADOg GROVES g+ t NOTRE DAHE)
+BENARYyEISENBERGyRONATyYAFFE+ (REHQ}
TANg PERLgHARTINg VHINOWSKU + (SLAC+LRL+UCI )
RHODE g LEACOCKg KERNANy JESPERSEN ~ + t ISU)
+BLESERy BLIEDLNgCOLLINS++ ( BNL g CARN)

R4 N¹l/2(1520) INTQ (N EPSILON)/TOTAL (P7)
R4 PROBABLY PRESENT MORGAN 68 RVUE ISOBAR MODEL
R4 D {0~ 02) DIEM 70 IPWA 3 BODY ANALYSIS
R4 0 ASSUMING R 1= 0 ~ 5

R5 N¹1/2(1520) INTO (N ETA]/TOTAL tpb)
R5 0 (0 ' 006) APPROX DA V I ES 67 RVU E
R5 DAVIES 67 GIVES SEVERAL VALUES DEPENDING GN INPUT DATA~ ALL ARE SMALL
R5 8 I 0 014) BGTKE 69 HPMA T POLE+ RESON ~

R5 8 (0 ' 003] (0 F 001) DEANS 69 HPWA T POLE+ RESGN ~

R5 8 (0.002)OR 0 F 004 CARRERAS 70 HPWA T POLE+ RESON ~

R5 8 PARAHETR IZAT ION USED COULD BE IN DANGER OF DOUBLE COUNTING

R6 N¹1/2{1520) INTO (N RHQ )/TOTAL (PS)
R6 0 (0 07) DIEM 70 IPWA 3 BODY ANALYSIS
R6 D ASSUMING R 1= 0 ~ 5

62 N¹1/2( 1520) PHOTON DECAY AMPL( GEV¹¹-1/2)

6/68
1/71

11/67

10/69
5/70
5/70

1/7 1

BALLAM
BEKETOV
BOES ESEC
HA

MORSE
RUSHBROO

71 PR D4 1946
71 SJNP 13 605
71 NP 833 445
71 PRL 26 333
71 PR D4 133
71 PR D4 3273

+CHADWICKyGUIRAGGSSI ANy JOHNSONg++ ( SLAG) I
g ZOMBKOVSK II ~ KONOVALOV ~ KRUCHININ g++ {ITEP ] IJ
BOESEBECK g GRAESSLE Rg KRAUSg+++ (ABBCHLV) I
+COLTON (MSU+LSL)1
+OHyWALKERgCARROLLgLYNCH + (MISC+TNTQ)IJ
RUSHBROOKE ~ WILLI AHS+BAREFORD++ tCAVEgLOIC) I J

Al
A1
Al

N¹1/2(1520} INTO GAM Py HELICITY=l/2 (GEV¹¹-1/2)
026 015 GBERLACK 72 DPMA

{-+007] WALKER 73 DPWA
PI N PHOTO-PROD
PI N PHOTO-PROD

FOR DEFINITION OF GAHMA-NUCLEON DECAY AMPLITUDES ~ SEE MINI-
REVIEM PRECEDING THE BARYON LISTINGS ~

2/73¹
2/73¹

EDELSTEI 72 PR D5 1073
GAGE 72 NP 846 21
KARSHON . 72 NP 837 371
RONAT 72 NP 838 20
YEKUTIEL 72 NP 840 77

GELLERT 66 PRL 17 BS4
ALBER I 68 PR 176 1631
CLEGG 68 PRE PRINT
WALKER 68 PRL 20 133

EDELSTE I N y CARR IGAN y HI EN g HCMAHQN g +( CARN+BNL )
W GAGE ~ E COLTONg W CHINOWSK I (LBL)
+YEKUTI EL I g YAFFE y SHAPIRA g RGNAT g+ I REHQ) I

40 +EISENBERGgLYQNSgSHAPIRAgTOAFF+ . {REHQ)
YEKUTIELI ~ YAFFEg SHAPIRAgRONAT + (REHO)

PAPERS NOT REFERRED TQ IN DATA CARDS

+SHITHy MOJCICKly CQLTGNySCHLE IN + (LRLy UCLA)
+APP EL g 8 UDNI T Z y CHEN y DUNNING g GQ IT E IN+ ( HARV )
A 8 CLEGG t LANG }
+THOMP SON y ROBE RTSONy QH g LEE g HARTUNGg+ (WISC)

A2
A2
A2

A3
A3
A3

A4
A4
A4

N¹1/2(1520) INTO GAM P g HELICITY=3/2 (GEV¹¹I/2)
+el94 ~ 031 QBERLACK 72 DPWA

t+ 176] WALKER 73 DPWA

N¹1/2(1520] INTO GAM Ng HELIC ITY~l/2 (GEV¹¹-1/2}-~ 085. ~ 0 14 OBERLACK 72 DPWA
t-+043) WALKER 73 DPWA

N¹1/2{1520) INTO GAH Ng HE{.ICITY=3/2 t GEV¹¹-1/2)
—.124 ~ 013 QBERLACK 72 DPMA

(~ F 116) WALKER 73 DPWA

PI N PHOTO-PROD
PI N PHOTO-PROD

PI N PHOTO-PROD
P I N PHOTO-PROD

PI N PHOTO-PROD
P I N PHGTG- PROD

2/73¹
2/73¹

2/73¹
2/73¹

2/73¹
2/73¹

(1580) 62 N~l/2(1520 JP=3/2-l I 1/2

¹¹¹¹¹¹ ¹¹¹¹ ¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR N¹l/2(1520)

SEE A PREVIOUS EDITI QN (RMP 37g 633g 1965) FOR EARLIER REFERENCES
FOR DISCUSSION CONCERN ING RESONANT PARAHETERSg SEE NOTE
PRECEDING N¹1/2{1470)~ BRANDSEN 65 PR 139 81566

ROPER 65 PR 138 8190
THURNAUE 65 PRL 14 985

+ODQNNELLg HOQRHOUSE (DURHAMy RHEL)IJP
LD ROPERgRH WRIGHTgBT FELD (LRL-LVHRgMIT) I JP.
P G THURNAUER (RGCH)

M

M

H 1
M 1
M 3
H 6
M 6

M 7

62 N¹1/2(1520) MASS (MEV)

( 1530~ 0)
( 1536~ 0)
( 1510~ 0)

WHERE C
( 1541~ 0)
(1523e 0)

FROM ENERGY DEP ~

( 1512~ 0)
( 1520~ )

BRANDSEN 65
ROPER 65
BAREYRE 68

ROSS SECTION IS GREATEST
DONNACH1 68
AYED 70

FIT OF ARGAND DIAGRAM
DAVI ES 70
Al. ME HE D 72

62 N¹1/2( 1520) WI DTH ( MEV)

RVUE
RVUE
RVUE
EYEBALL
RVUE
IPMA

RVUE
IPMA

PHASE-SHIFT ANAL
PHASE-SHIFT ANAL
PHASE-SHIFT ANAL
FIT
PHASE-SHI FT ANAL

P-S ANAL SOL A

9/66
9/66

11/67

6/68
1/71

8/69
2/72

KIRZ 66 PRIVATE CQHH J KIRZ {LRl )
NUMBER EXTRACTED FROM DATA DISCUSSED IN KIRZ 63e Z 63 ~

NAHYSLQW 66 PR 157 1328 NAMYSLGWSKIgRAZMlg ROBERTS t STANgEDINy LOIC)
QLSSGN 66 PR 145 1309 M G QLSSONg G 8 YOOH ( WI SC g UHD)

DAVIES 67 NC 52A 1112
ROBERTS 67 PREPRINT
ROSENFEL 67 IRVINE CONF

BAREYRE 68 PR 165 1731
DQNNACHl 68 PL 268 161

ALSO 68 VIENNA 139
ALSO 68 THESIS

MORGAN 68 PR 166 1731

A T DAVIESg R G HGQRHOUSE (GLASGOW y RHEL)
R G ROBERTS (DURHAH)
A H RQSENFELDy P SQDING ( LRL)

P BAREYREg C BRICHANy G VILLET (SACLAY) I JP
A DONNACHIEg R G KIRSGPP g C LQVELACE (CERN) I JP
DONNACHI E RAPPORT EUR ~ S TALK (GLAS)
R G KIRSOPP {EDIN)
0 MORGAN t RHEL ]

BQTKE 69 PR 180 1417 J C BOTKE ( UCSB)
DEANS 69 PR 185 1797 S DEANSy J WOQTEN (UNIV S FLORIDA)

W 1
M 3
W 6
W 4
W 7

I 125+0) BAREYRE 68 RVUE
(149' 0) DONNAC Hl 6S R VU E
(131~ 0) AYED 70 IPWA
t 106~ 0} DAVIES 70 RVUE
{120+) ALHEHE0 72 IPWA

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED'

P-S ANAL SOL A

11/67
6/68
1/71

2/72

AYED 70 KIEV CONF
CARRERAS 70 NP 168 35
DAVIES 70 NP 821 359
DIEH 70 KIEV CONF

R AYEDgP BAREYREg G VILLET ( SACL) I JP
8 CARRERAS g A DONNACHIE (DAREg MCHS)
A DAVIES (GLAS)
+ SHADJAe CHAVANGNg DELERy DQt. BEAU+ {SACL)

62 N¹1/2( 1520) PARTIAL DECAY MODES

ALHEHED 72 NP B40 157
DBERLACK 72 PL 438 44
WALKER 73 TO BE PUBS

+LGVELACE
H OBERLACKgR G HGORHOUSE
R+ L ~ WALK ER g We J ~ HETCALF

(LUNDy RUTG) I JP
(LBL)
(CIT)

Pl
P2
P3
P4
P5
P6
PY
P8
P9
P10
Pll
P12

N¹1/2(1520)
N¹l/2(1520J
N¹1/2( 1520)
N¹1/2( 1520)
N¹1/2(1520)
N¹1/ 2 ( 1520)
N¹1/2(1520)
N¹1/ 2( 1520]
N¹1/ 2 ( 1520)
N¹1/2{1520)
N¹1/2{1520)
N¹1/2( 1520)

INTO Pj N

INTO N¹3/2(1236} PI
INTO N PI PI

+ INTO NEUTRON PI+
+ INTO PROTON PI+ P I-

INTO N ETA
INTO N EPSILON
INTO N RHQ

INTO GAM Pg HEI ICITY"-1/2
INTO GAH Pg HELICITY=3/2
INTO GAH Ng HELICLTY=l/2
INTO GAH Ng HELICITY=3/2

DECAY MASSE S
139+ 938

1236+ 139
938+ 139+ 139
939+ 139
938+ 139+ 139
939+ 548'
938+ 600
93S+ 770

0+ 938
0+ 938
0+ 939
0+ 939

PAPERS NQT REFERRED TO IN DATA CARDS ~

KIRZ 63 PR 130 2481 J KIRZe J SCHWARTZy R 0 TRIPP (LRL]
BAREYRE 65 PL 18 342 + BRICMANe STIRLINGy VILLET (SACLAY) I JP
CROUCH 65 DESY CONF II 21 + (BROMNyCEAy HARVARDyMITy PADOVAg WEIZHANN)
DERADQ 65 ATHENS CONF 244 +KENNEYgLAMSAy + t NOTRE DAMEy KENTUCKY)
MERLQ 66 P RQY SDC 289 489 J P MERLQg G VALLADAS {SACLAY)

THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE REQNANCE ~

JOHNSON 67 UCRL-17683 THESIS C H JOHNSON {LRL)
DEANS 69 PRL . 177 2623 S R DEANS (UNIV S FLORIDA)
DONNACHI 69 NP 108 433

'

A DGNNACHIEg R KIRSQPP (GLAS+EDIN}
AYED 70 PL 318 598 +BAR EYRE+V ILLET ' ( SACLAY)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹

62 N¹1/2{ 1520) BRANCHING RA TI OS

11/67
6/68
1/71 .

P-S ANAL SOL A 8/69
2/Y2

Rl N¹1/2(1520) INTO (PI N)/TOTAL (Pl)
Rl 1 t 0 ~ 54) BAREYRE 68 RVUE
Rl 3 -(0 ' 509) DONNACH1 68 RVUE
Rl 6 t 0 ~ 593} AYED 70 IPWA
Rl (0 ' 45] DAVIES YO RVUE
Rl 7 {,0~ 58) ALMEHE0 72 I PWA
Rl SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ~

Rl
Rl ALMOST THE ENTIRE INELASTICITY IS IN N PI Pj (ONLY N ETA COULD COMPETE
R 1 AND IT DOE SNT }e THE N P I Pl SEEHS TO BE H AI NLY N¹3/2( 1236 ) PI ~ IN BOTH
R 1 S AND D WAVES ~
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Baryons
N(1535)

Data Card Listings
For notation, see key at front of Listings.

]
N(1535) 63 N+?/?(1535y JP ?/?-) I=1/?

FOR DISCUSSION CONCERNING RESONANT PARAMETERS' SEE NOTE
PR EC ED ING N¹1/2 {1470) o

BAREYRE 68
DONNACH1 68

ALSO 68
ALSO 68

DEANS 69
DELCOURT 69

PR 165 1731
PL 268 161
VIENNA 139
THES IS
PR 185 1797
PL 298 75

P BAREYRE? C BRI CMAN? G VILLET (SACLAY) I JP
A DONNACHIE? R G KIRSOPP? C LOVELACE I CERN} I JP
DONNACHI E RAPPO}(TEUR~ S TALK (GLAS}
R G KIRSOPP ( EDIN)
S DEANS? J MOOTEN (UNIV S FLORIDA)
DE{.COURT?LEFRANCOIS?PEREZ-Y-JORBAg+ (ORSA)

63 N¹1/2( 1535) MASS (ME V)

AYED 70 KIEV CONF
CARRERAS 70 NP 168 35
DAVIES 70 NP 821 359
DIEM 70 KIEV CONF ~

R AYEDtP BAREYRE? G VILLET ( SACL) I JP
8 CARRERAS i A DONNACHIE (DARE? MCHS)
A DAVI ES ( GLAS)
+ SMADJA? CHAVANON? DELER? DOLBEAU+ {SACL)

M

M

M N

N N

M 1
M 1
M 3
M

M 6
M 6
M 4
M 7

( 1519~0) HENDR'Y 65 RVUE
(1570 0) MICHAEL 66 RVUE
(1557~ 0) OR 1565~ 0 UCHIYAMA- 66 RVUE

FITTING 'GIVES TMO SOLUTIONS ~ PROBLEMS MATCHING
( 1535~ 0) BAREYRE 68 RVUE

WHERE CROSS SECTION IS GREATEST - EYEBALL
{1591 0) DONNACH1 68 RVUE
(1535.0) (10 ~ 0) DELCOURT 69 CNTR
{1534+0] AYED 70 IPWA

FROM ENER DEP ~ FIT OF ARGAND DIAGRAM
( 1502.0) DAVIES 70 RVUE
(1500 ' ) ALNEHED 72 IPWA

ETA N+ Sll PI N

F ITS BARE YRE Sl1
FITS N ETA DATA
PI P PHASE SHIFT
PHASE-SHIFT ANAL
FIT
PHASE-SHIFT ANAL
PHOTOPRODUCT ~

P-S ANAL SOL A

9/66
7/66
9/66

11/67

6/68
8/69
1/71

8/69
2/72

ALNEHED 72 NP 840 1.57
DEANS 72 PN 3 217
OBERLACK 72 PL 438 44
WALKER 73 TO BE PUB ~

+LOVELAC E (LUND? RUTG) I JP
+JACOBSt LYONS? HICKS (U S FL TANPA+CARN}
He OB ERLACK iR ~ G ~ NOORHOUSE (LSL)
RE L WALKER?WE J.METCALf (CIT)

PAPERS NOT REFERRED TO IN DATA CARDS~

( SACLAY) I JP
{DURHAM' RHEL) I JP

(LRL )
{CERN) I JP

( 6 LAS+ ED IN )
(SACLAY)

BAREYRE 65 PL 18 342 + BRICMAN? STI RL ING? VILLET
BRANDSEN 65 PR 139 81566 +ODONNELL? MOORHOUSE

BASIS OF NUMBERS HE QUOTE FROM HENDRY 65 ~

JOHNSON 67 UCRL-17683 THESIS C H JOHNSON
LOVELACE 67 HEI DELBERG C ~ 79 C LOVELACE
DONNACHI 69 NP 108 433 A DONNACHIE? R KIRSOPP
AYED 70 PL 318 598 +BAREYRE+V II.LET

63 N¹1/2(1535} WIDTH {MEV)

RVUE
RVUE
RVUE
RVUE
RVUE
CNTR
IPMA
RVUE
IPWA

Do

HENDRY 65
MICHAE L 66
UC HI YA NA- 66
BAREYRE 68
DONNAC Hl 68
DELCOURT 69
AYED 70
DAY I ES 70
ALMEHED 72
MASSES QUOTE

63 N¹1/2(1535) PART IAI DECAY MODES

Pl
P2
P3
P4
P5
P6
P7
PS
P9

N¹1/2{1535)
N¹1/2(1535)
N¹1/2(1535)
N¹1/2{1535)
N¹1/2(1535)
N¹1/2 ( 1535)
N¹1/2 (1535)
N¹1/ 2 ( 1535)
N¹1/2{1535)

INTO PI N

INTO N ETA
INTO N PI PI
INTO N EPSILON
INTO N¹3/2(1236) PI
INTO N RHO
INTO N GAMMA

I NTO GAM P? HEL ICITY=1/2
INTO GAM N? HELICITY~1/2

H ( 130~ 0}
W ( 130~ 0)
W N (156~ 0) OR 144+0
W 1 (155~ 0)
W 3 (268.0) AP PROX
W ( 120r 0)
W 6 (96~ 0)
W 4 {36~0)
H 7 (50~ )

SEE THE NOTES ACCOMPANYING THE

9/66
7/66

SEE NOTE ON MASS 9/66
11/67
6/68
8/69
1/71

P-S ANAL SOL A 8/69
2/72

DECAY MASSES
139+ 938
939+ 548
938+ 139+ 139
938+ 600

1236+ 139
938+ 770
938+ 0

0+ 938
0+ 939

BULOS
SACC I
JONES
RICHARDS
PREPOST
BLOOM
BULOS
HEUSCH

BALL
DOBSON
M INAMI
DEANS
L DGAN
MENCUCCI
MI NA MI
MOSS
DEANS
PAL
BALL
LEF IEVRE

THE FOLLOHING ARTI CLES DEAL WITH THE REACT IONS PI- P TO ETA N

AND GAMMA P TO ETA P NEAR THRESHDLD ~ THE DATA AND THE THEORETICAL
ARTICLES ARE USEFUL IN UNDERSTANDING THE BEHAVIOR OF THE Sl1 AMPLI-
TUDE AS DETERMINED IN PI P PHASE-SHIFT ANALYSES FURTHER REFERENCES
MAY BE FOUND IN THEM ~

NAINLY EXPERIMENTAL
64 PRL 13 486 + I BROHN? BRANDEI S y HARVARD' MI7? PADOVA} I
66 NC 45A 983 +PENSO? SALVINI s MENCUCC IN I t+ (RONA? FRAS GATI ) I JP
66 PL 23 597 +BINNIE|DUANE? HORSEY? MASON?+ (LOI C? RHEL)
66 PRL 16 1221 +CHIVES EANDly HELMHDLZ&KENNEY?+ (LRL? HAWAII ) IJ
67 PRL 18 82 R PREPOST 0 LUNDQUI ST 0 QUINN {STANFORD)
68 PRL 21 1100 +HEUSC H? P RE SCOTT ~ ROCHE ST ER (CI T)
69 PR 187 1827 +LANOU BORDNER BASTIEN+{ BOST+HARV+MIT+ PENN}
70 PRL 25 1381 +PRESCOTT? ROCHESTER? MINSTE IN (CIT)

MAINLY THEORETICAL
66 PR 149 1191 J S SALL (UCLA)
66 PR 146 1022 P N DOBSON {HA WAI I )
66 PR 147 1123 S Ml NANI (OSAKA)
67 PR 161 1466 S R DEANS y W G HOL LADAY ( VANDER SILT)
67 PR 153 1634 R K LOGAN? F UCHIYAMA-CANPBELL {ILL]
67 NC 48A 579 C NENCUCC I NI ~ A REALE ( FRASCATI )
67 PR 162 1619 S NINA MI (OSAKA)
67 PR 163 1785 T A MOSS (LSU)
68 PR 165 1S86 S R DEANS? M G HOLLA DAY ( VANDER BI LT )
68 PR 167 .1350 8 K PAL ( NPL N EW D EL HI )
69 PR 177 2257 +GARG+SHAW (UCLA+UCI)
70 NC 66A 349 +LERUSTE {CDEF)

63 N¹1/2( 1535) BRANCHING RATI OS

Rl N¹1/2t
Rl
Rl
Rl N

Rl
Rl 3
Rl
Rl 6
Rl
Rl 1

1535) INTO {PI N)/TOTAL
(Oo69)
{0' 32)
{0' 71) OR 0 ' 28
(0.31) OR 0 43
( 0 ~ 696)
(0 ' 33)
(Oe397)
{0.36)
( 0 ~ 25)

HENDRY
MICHAEL
UCHI YA�N-
ADA�VI
DONNAC Hl
DELCOURT
AYED
DA VIES
ALNEHED

65 RVUE
66 RVUE
66 RVUE
67 RVUE
68 RVUE
69 CNTR
70 IPWA
70 RVUE
72 IPWA

(Pl)
9/66
9/66

SEE NOTE ON MASS 9/66
PIP TO N ETA? 8?'C ll/67

6/68
8/69
1/71

P-S ANAL SOL A 8/69
2/72

N(1580) ? Nel/?(15?0, /P= I I=1/? P?ODUCT1?N EXPERINFNTS

BUMPS
THIS INFORMATION REFERS TO EITHER THE 013 OR THE Sll
STATE SEEN AT THIS MASS

FOR SPIN-PARITY ANALYSIS OF THIS MASS REGION SEE JOHNSTAD 72 ~

8 N¹1/2(15201 MASS (MEV) (PROD. EXP ~ )
R2 N¹1/2(1535) INTO (N ETA)/TOTAL
R2 DOMINANT INEL DECAY HENDRY
R2 {Oo681 MICHAEL
R2 N (0 ' 29) OR 0 ' 71 UCHIYAMA-
R2 (0+69} OR 0 45 DAVIES
R2 8 (0' 4) (0 ' 1) DEANS
R2 {0' 66] DELCOURT
R2 8 (0 ' 69) OR 0 ' 696 CARRERAS
R2 8 PARAMETRIZAT ION USED COULD BE IN DANGER
R2 THE VALUES OF RZ LISTED ABOVE ARE INCONPAT
R2 OF DIEM ET AL ~ (70)

R3 N¹1/2(1535) INTO (N¹3/2(12361 PI)/TOTAL
R3 D ( 0 ~ 07) DI/M
R3 0 ASSUMING R1= 0%34

(P2)
65 RVUE
66 RVUE
66 RVUE
67 RVUE
69 MPWA

69 MPWA

70 MPHA
OF DOUBLE
ISLE WITH

SEE NOTE ON MASS
PIP TO N ETAt 8? C
T POLE+ RESON ~

T PDLE+ RESON
COUNTING
THE RESULTS

(P 5)
10 IPWA 3 BODY ANALYSIS

9/66
9/66
9/66

11/67
5/70
8/69
5/70

1/71

M

M

M

M

M

M

M

M

M

1507 0
1503'
1500% 0
1512~ 0
1501~ 0
~ ~ ~

AVG 1510+8
1 ( 1500+ )
1 DETERNINE

6 ' 0 A-BORELLI 67 HBC 0 PBAR P 5 7 GEV
be ANDERSON 70 MMS — PI- P TO PI- MMS

10 ~ 0 ANALDI 71 CNTR P P AT 24 GEV
2.0 ELLIS 71 CNTR NMS PP 3+ 7 GE V/C
5e7 EDELSTEIN 72 MMS + PP 6 TO 30 GEV

~ ~ ~ 0 ~ ~

3 4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8)
OH 72 DBC 0 PI-N TO P I-PI-P

J=3/2? O)3 PROBABLE

8 N¹1/2(1520) WIDTH (MEV) (PROD. EXP }

10/71
2/71

10/71
10/71
1/73¹

2/73¹
2/73¹

R4 N¹1/2(1535) INTO (N EPSILON]/TOTAL
R4 D (0 ~ 26) DIEM
R4 D ASSUMING Rl= 0 34

R5 N¹1/2{1535) INTO (N RHO )/TOTAL
R5 D {0 ~ 20) DIEM
R5 0 ASSUMING Rl= 0~34

{P4)
70 IPHA 3 BODY ANALYSIS

{P6)
70 IPHA 3 BODY ANALYSIS

1/71

1/71

W

H

W

H

W

W

AVG

55 ~ 0
120~

118~ 0
88 ~ 0

140.0
~ ~ ~ ~

88 1

15 0
10.
20 0

2 ~ 0
43 ~ 0

~ ~ ~ ~ ~

2 ' 0

A-SORELLI 67 HBC 0 PBAR P 5.7 GEV 10/71
ANDERSON 70 MNS — Pl- P TO PI- NMS 2/71
AMALDI 71 CNTR P P AT 24 GEV 10/71
ELLIS 71 CNTR NNS PP 3 ~ 1 GEV/C 10/71
EDELSTEIN 72 MMS + PP 6 TO 30 GEV 1/73¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

R6
R6

N¹1/2(1535) INTO N GAMMA

0+004 0 001
tP7)

DEANS 72 MPHA N ETA PHOTOPROD 1/73¹ 8 N¹l/2(1520) PARTIAL DECAY MODES (PROD ~ EXP )

Al
Al
Al

A2
A2
A2

N¹1/2 (1535) I NTO
+ ~ 053

{+.063}

N¹l/2(1535) I NTO
—.048

050)

GAM P HELICITY=1/2 (GEV¹¹-1/2)
~ 020 OBERLACK 72 DPWA

WALKER 73 DPMA

GAN Ng HELICITY=l/2 {GEV¹¹-1/2]
~ 021 DBFRLACK 12 DPHA

WALKER 13 DPMA

PI N PHOTO-PROD
PI N PHOTO-PROD

PI N PHOTO-PROD
PI N PHOTO-PROD

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

63 N¹l/2{1535) PHOTON DECAY ANPL(GEV¹¹-1/2)

fOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES? SEE NINI-
REVIEW PRECEDING THE BARYON I. ISTINGS ~

2/73¹
2/73¹

2/73¹
2/73¹

Pl
P2
P3
P4
P5
P6
P7
PB

Rl
R},
Rl

N¹l/2(1520) INTO PI N
N¹1/ 2( 1520) I NTO N¹3/2 ( 1236] PI
N¹l/2(1520) INTO N PI Pl
N¹1/2(1520)+ INTO NEUTRON PI+
N¹1/2(1520)+ INTO PROTON PI+ PI~
N¹1/2(1520) INTO N ETA
N¹1/2(1520) I NTO N PI P I ( J? I =0)
N¹1/2(1520) INTO N RHO

DECAY MASSES
139+ 938

1236+ 139
938+ 139+ 139
939+ 139
938+ 139+ 139
939+ 548
939+ 139+ 139
938+ 770

8 N¹1/2( 1520) BRANCHING RATI OS ( PROD ~ EXP. ]

N¹1/2(1520) INTO (N Pl)/TOTAL (P 1)
N¹(1520) INTO (N P I )/TOTAL PRODUCTION EXPERIMENTS

0 78 0.24 BASSONPIE 67 HBC + K+P TO K¹ N¹ 11/68

REFERENCES FOR N¹1/2{1535) R2
R2

N¹1/2(1520) INTO (NEUTRON Pl+)/(P PI+ PI-) (P4)/(P5)
0 77 Oe45 ALEXANDER 67 HBC + PP 5 5 BEV/C 9Z66

HENDRY 65 PL 18 171 A W HENDRY| R G MOORHOUSE {RHEL )
REVIEWS EARLY PHASE-SHEFT-ANALYSIS RESULTS AND PI- P TO ETA N

EXPERIMENTS ~ WE TAKE NUMBERS' FROM THE SOLUTION USING BRANDSEN 65 ~

MICHAEL 66 PL 21 93 C MICHAEL {OXF)
UCHI YAMA 66 PR 149 1220 F UCHI YAMA-CAMPBELL' R K LOGAN (ILL) IJP
DAVIES 67 NC 52A 1112 A T DAVIES? R G MOORHOUSE (GLASGOW? RHEL)

R3
R3

R4
R4

N¹1/2{1520) INTO (N¹3/2{1236) P I ) /(N P I P I ) (P2) /(P3)
0 ~ 00 0 ~ 09 A-BORELLI 67 HBC, 9/66

N¹l/2(1520) ItPO tN PI)/(N PI PI) (P 1}/(P3)
1 ~ 25 0 ~ 4% 0 ~ 71 A-BORELL I 67 HBC 0 PBAR P 5 ~ 7 BEV/C 9/66
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Data Card Listings
For notation, see key at front of Listings.

9aryons
N(1535), N(1870), N(1688)

R6
R6

N¹1/2(1520) INTO (N Pl Pl)/TOTAL {P3)
(0»08) OR I ESS BASSQMPI E 67 HBC + K+P TO K¹N¹ 11/68

N¹1/2(1520} INTO (N ETA)/TOTAL (P6}
0 ~ 22 0 ~ 14 BASSQMPIE 67 HBC + K+P TO K¹N¹ ll/68

REFERENCES FOR N¹1/2(1520) ( PROD ~ EXP ~ )

R7 N¹1/2(1520) INTO (PI N)/(PI N¹3/2(1236) ) (P 1) /( P2)
R7 t0 ~ 42) OR LESS LEE 67 HBC PI-P 3 6 GEV/C 11/67

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

A3
A3
A3

A4
A4
A4

M¹1/2(1670) INTO GAM N5 HELICITY»81/2 (GEV¹¹-1/2)
+ ~ 010 040 OBERLACK 72 DPWA

( ~ 00) WALKER 73 DPWA

N¹1/2{1670) I NTO GAM NP . HELIGITY=3/2 {GEV¹¹-1/2)- ~ 035»014 OBERLAGK 72 DPWA

( F 00) WALKER 73 DPWA

REFERENCES FOR N¹1/2{1670)

PI N PHOTO-PROD
PI N PHOTO-PROD

2/73¹
2/73¹

Pl N PHOTO-PROD 2/73¹
P I N PHOTO-PROD 2/73¹

A-BORELL 67 NG 47 232
ALEXANOE 67 PR 154 1284
BASSOMPI 67 PL 258 440
LEE 67 PR 159 1156

ANDERSON 70 PRL 25 699
AMALDI 71 PL 34B 435
ELLIS 71 PRL 27 442

EDELSTEI 72 PR D5 1073
JOHNSTAD 72 NP 842 588
OH 72 PL 428 497

ALLES BORELL I 5 FRENCHPFRI SKP MICHE JDA ( CERN)
ALEXANDERPBENARY8CZAPEKP+ (WEIZMANNtCERN))
BASSOMPIERREP + ( CERN 8 BRUXE LLE S )
+MOEBSPROE 5SINCLAI R8 VANDER V ELDE (MICH)

+BLESERP BL IEDEN8 COLLINS++ ( BNL 5 CARN)
+BIANCASTELLI 5 SOSIQ8+ ( I SANITA ROMA+CERN)
+MAGL ICH5NOREM8 SANNESPSILVERMAN ( RUTG)

EDELSTE I N 2 CARR IGAN 5 HI EN5 MC MA HON ~ +( CARN+BNL )
+MOI. LERUD+ ~ ~ + JACOBS EN(BOHR HELS OSLO STOH) I JP
+FUNG5KERNAN5 POE5SCHALKP SHEN I VCR) I JP

BRANDSEN 65 PL 19 420
TRIPP 67 NP B3 10

+ODONNELL 5 MOORHOUSE (DURHAMP RHEL) IJP
+ LE ITHP + (LRLPSLACPCERNPHEI08SACLAY}

BOTKE
DEANS

69 PR 180 1417
69 PR 185 1197

J C BOTKE
S DEANS5 J WOQTEN

( UCSB)
( UNIV S F LQRI DA }

BAREYRE 68 PR 165 1731 P BAREYRE 5 C BRI CHAN ~ G VILL ET t SACLAY }I JP
DONNACH1 68 PL 268 161 A DQNNACHIEP R G K IRSOPP 8 C LOVELACE (CERN) I JP

ALSO 68 VIENNA 139 DONNACHI E RAPPORT EUR S TALK (GLAS)
ALSO 68 THESIS R G KIRSOPP ( EDIN)

DUKE 68 PR 166 1448 +JONES PKEMPPMURPHYt THRESHERP + (RHEL&OXF) IJP
INSIGHTFUL QUAL ITAT IVE ARGUMENTS CONCERNING EXISTENCE AND I JP ~

RUSH 68 P R 1 73 1776 J E RUSH (UNIV ALABAMA)

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

N(].870) 66 N¹1/2l 1620 JP=5/2-1 1=1/2

FOR DISCUSSION CONCERNING RESONANT PARAMETERS8 SEE NOTE
PRECEDING N¹l/2(1470) ~

AYED 70 KIEV CONF
CARRERAS 70 NP leB 35
DAVIES 10 NP 821 3'59

R AYED5P BAREYREP G VILLET
8 CARRERAS8 A DONNACHIE
A DA VI ES

( SACL) I JP
t DARE MCHS)

( GLAS )

BRODY 71 PL 348 665 +CASHMOR E+ ~ ~ +HERNDON+ (SLAC+LRL )
WAGNER 71 NP B25 411 F WAGNERP C LOVELACE ( CERN)

ALMEHED 72 NP 840 157
OBERLACK 72 PL 438 44
WALKER 73 TO BE PUB»

+LOVE LAC E
H ~ OB E Rl AC K 8 R ~ G ~ MOO RHOUS E
R ~ L» WALKERPW ~ J ~ METCALF

t LUNDP RUTG) I JP
(LBL)
{CIT)

64 N¹1/2( 1670) MASS (ME V) PAPERS NOT REF EPREO TO IN DATA CARDS»

M

M 1
M 1
M 3
M

M 6
M 6
M

M 7

( 1650» 0) APPROX BRANUSEN 65
(1680' 0) BAREYRE 68

WHERE CROSS SECTION IS GREATEST
( 1678.0) DONNAC Hl 68
(1674.0) DUKE 68
( 1675 0) AY ED 70

FROM ENER DEPT FIT OF ARGAND DIAGRAM
(1669' 0) DA VIE S 70
( 1683 } ALMEHED 72

RVUE
RVUE
EYEBALL
RVUE
CNTR
IPWA

RVUE
I PWA

PHASE~SHIFT ANAL
PHASE-SHIFT ANAL
FIT
PHASE-SHI FT ANAL
PI-P EL + POL

P-S ANAL SOL A

7/66
11/67

6/68
6/68
1/71

8/69
2/72

BAREYRE
DUKE
JOHNSON
D EA I'JS

DONNAC Hl
AYED

65 PL 18 342
65 PRL 15 468
67 UCRL-17683 THESIS
69 PRL 177 2623
69 NP 108 433
70 PL 318 598

+ SRICMANP STIRLING ~ VI LLET
+JONES 5KEMPPMURPHY5 PRENT ICE
G H JOHNSON
S R DEANS
A DONNAC HIE, R K I R SOPP
+BAREYRE+VILLET

t SAGLAY) I JP
+ (RHEI. , QXF) I JP

(LRL)
(UNIV S FLORIDA)

( GLAS+ ED IN )
(SACLAY)

64 N¹l/2 ( 1670) Wl DTH t MEV )

1 {135' 0) SAREYRE 68 RVUE
3 (173~ 0) DONNACH1 68 RVUE
6 ( 143 ~ 0) AYED 70 IPWA
4 (115 0) DAVIES 70 RVUE
7 (150 ' ) ALMEHED 72 IPWA

SEE THE NOTES ACCOMPANYING THE MASSES QUOTEO

SOL A AND 8

11/67
6/68
1/71
8/69
2/72

N(] 888) 65 N¹1/2(1688, JP=5/2¹1 T=l/2 15
FOR DISCUSSION CONCERNING RESONANT PARAMETERS SEE NOTE
PR EC ED ING N¹1/2 ( 1470)

65 N¹1/2(168S} MASS (MEV)

Pl
P2
P3
P4
P5
P6
P7
PS
P9

N¹1/2(1670)
N¹1/2{1670)
N¹1/2 t 1670)
N¹1/2( 1670)
N¹1/2{1670)
N¹1/2( 1670)
N¹l/2(1670)
N¹1/2(1670)
N¹1/2( 1670)

64 N¹1/2(1670} PARTIAL DECAY MODES

INTO PI N

INTO N ETA
INTO LAMBDA K
INTO N¹3/2(1236) PI
INTO N Pl Pl
INTO GAM P 2 HELICITY=1/2
INTO GAM P2 HELICITY»83/2
INTO GAM N HFLICITY=l/2
INTO GAM NP HELICITY=3/2

DECAY MASSES
139+ 938
939+ 548

1115+ 497
1236+ 139

938+ 139+ 139
0+ 938
0+ 938
0+ 939
0+ 939

M

M 1
M 1
M 3
M

M 6
M 6
M

M 7

I 1680~ 0) BRANDSEN 65
( 1690~ 0) BAREYRE 68

WHERE GROSS SECTION IS GREATEST
( 1687~ 0) DONNAC Hl 68
(1682' 0) DUKE 68
(1682»0) AY ED 10

FROM ENER ~ DEP ~ FIT OF ARGAND DIAGRAM
( 1685.0) DAVI ES 70
( 1688~ ) ALMEHED 72

65 N¹l/2( 1688) WIDTH (MEV}

RVUE
RVUE
EYEBALL
RVUE
CNTR
IPWA

RVUE-
IPWA

PHASE SHIFT ANAL
PHASE-SHIFT ANAL
FIT
PHASE-SHIFT ANAL
PI-P EL + POL

P-S ANAL SOL A

7/66
11/67

e/68
6/68
1/71

8/69
2/72

64 N¹1/2 ( 1670) BRANCHING RATIOS

Rl N¹1/2(1670) INTO (PI N}/TOTAL
Rl 1 (0»41)
Rl 3 (0 391)
Rl 6 ( 0 392)
Rl 4 (0 ' 50)
Rl 7 (0.45)

SEE THE NOTES ACCOMPANYING THE

BAREYRE 68 RVUE
DONNACH1 68 RVUE
AYED 70 IPWA
DAVIES 70 RVUE
ALMEHED 72 IPWA
MASSES QUOTED'

tP1}

P-S ANAL SOL A

R2
R2
R2 8
R2 8
RZ B
R2 B

N¹1/2(1670) INTO (N ETA)/TOTAL
(0 ' 02) OR LESS TRIPP
(0~ 018) BOTKE
(0»006) {0»004} DEANS
{0 ~ 006) QR 0 ~ 012 CARRERAS

PARAMETRIZATIQN USED COULD BE IN DANGER

(P2)
67 R VUE
69 MPWA T POLE + RESON»
69 MPWA T PQI E + RESON»
70 MPWA T POLE + RESQN»
OF DOUBLE COUNTING

R3
R3
R3 8
R3 8
R3

N¹1/2(1670) I NTO (LAMBDA K) /TOTAL (P3)
(0~ 01) OR LESS TRIPP 67 R VUE
(0»00) OR LESS RUSH 68 MPWA T POLE + RESON

PARAMETR IZATION USED COULD BE IN DANGER OF DOUBLE COUNTING
(0 ~ 00) OR LESS Cl = ~ 63 WAGNER 71 IPWA P I P TO K LAMB

11/67
6/68
1/7 1
8/69
2/72

8/67
10/69
5/70
5/70

8/67
8/69

1/71

W 1
W 3
W 6
W 4
W 7

Pl
P2
P3
p4
P5
P6
P7
PB
P9
F10
P ll

( 110»0)
(177»0)
(109' 0)
(104»0)
I 140 ' )

SEE THE NOTES ACCOMPANYING THE

BAREYRE 68 RVUE
DONNACHl 68 RVUE
AYED 70 IPWA
DAVI ES 70 RVUE
ALMEHED 72 IPWA
MASSES QUOTED ~

N¹1/2(1688) INTO
N¹l/2(1688) I NTO
N¹l/2(1688) INTO
N¹1/2{1688) I NTO
N¹1/2( 1688) INTO
N¹1/2( 1688) I NTO
N¹1/2( 168S) I NTO
N¹1/2(1688} INTO
N¹1/2(168S) I NTO
N¹1/2 t 1688) I NTO
N¹l/2(1688) INTO

PI N

N ETA
LAMBDA K
N¹3/2 ( 1236) PI
N PI PI
GAM P HELICITY=l/2
GAM P 5 HELIC ITY=3/2
GAM NP HELICITY=l/2
GAM NP HELICITY=3/2
N EPSILON
N RHO

65 N¹1/2(1688) PARTIAL DECAY MODES

D

139+
939+

1115+
1236+

938+
0+
0+
0+
0+

938+
938+

ECAY MASSES
938
548
497
139
139+ 139
938
938
939
939
600
770

P-S ANAL SOL A

11/67
6/68
1/71
8/69
2/72

R4 N¹1/2{1670) INTO (N¹3/2(1236) P I)/TOTAL (P4)
R4 E 12600 0 ~ 63 0 ~ 1 BRODY 71 HBC Pl-P—2PI NPPWA
R4 E ASSUMES ELAST IC BRANCHING RATIO 0642+ 0»04

SEE NOTE PRECEDING THE N¹1/2(1688) INELASTIC DECAY MODE MEASUREMENTS ~

64 N¹1/2t 1670) PHOTON DECAY AMPL(GEV¹¹ 1/2)

6/70
65 N¹l/2(1688} BRANCHING RATIOS

BAREYRE 68 RVUE
DQNNACH1 68 RVUE
AYED 70 IPWA
DAVIES 70 RVUE
ALMEHED 72 IPWA
MASSES QUOTED

Rl N¹1/2(1688) INTO (PI N)/TOTAL
Rl 1 (0»64)
Rl 3 (0 ~ 560)
Rl 6 (0.593)
Rl 4 (0.54)
&I 7 (0»65)

SEE THE NOTES ACCOMPANYING THE

(Pl)
11/67
6/68
1/71

SOL A AND 8 8/69
2/72

FOR DEFINITION OF GAMMA-NUClEON DECAY AMPLITUOESP SEE MINI-
REVIEW PRECEDING THE 8ARYON LISTINGS ~

MORE INFORMATION ON THE INELASTIC DECAY MODES OF THE 1690 MEV
BUMP8 AS SEEN IN PRODUCTION EXPERIMENTSP MAY BE FOUND BELOW

Al
Al
Al

A2
A2
A2

N¹1/2t 1670) INTO GAM P 5 HEL IC IT V= 1/2 ( GE V¹¹-1/2)
+.011 012 OBERLACK 72 DPWA

(+ ~ 010) WALKER 73 DPWA

N¹1/2(1670) INTO GAM PP HELICITY=3/2 (GEV¹¹-1/2)
+ ~ 021 .020 OBERL ACK 72 DPW A

(+ 039) WALKER 73 DPWA

P I N PHOTO-PROD
PI N PHOTO-PROD

PI N PHOTO-PROD
PI N PHOTO PROD

2/73¹
2/73¹

2!73¹
2/73¹

R2 N¹1/2(1688) INTO (N ETA)/TOTAL
R2 (0 015) OR LESS TRIPP
R2 8 ( 0 ~ 0004 ) BQTKE
R2 8 (0 ' 003) (0.002) DEANS
R2 8 (0 0005)OR 001 CARRERAS
R2 8 PARAMETRIZATIQN USED COULD BE IN DANGER

(P2)
67 RVUE
69 MPWA T POI E + RESQN
69 MPWA T POLE + RESON ~

70 MPWA T POLE + RESON ~

OF DOU BL E COUNT ING

8/67
10/69
5/70
5/70
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Baryon s
N(1888), N(1700)

Data Card Listings
For notation, see key at front of Listings.

R3 N¹1/2(1688) INTO {N ETA)/{PI N)
R3 (0 ~ 027 ) OR L ESS HEUSCH

R4 N¹1/2(1688) I NTO (LAMBDA K) /TOTAL
R4 (0 ~ 00) OR LESS TRIPP
R4 8 (0~ 001)OR LESS RUSH
R4 8 PARANETRIZAT ION USED COULD BE IN DANGER
R4 (0 ~ 001) OR LESS CL= ~ 63 WAGNER

(P2)/( Pl)
66 RVUE + PIOt ETA PHOTO

(P 3)
67 RVUE
68 MPWA T POLE + RESON ~

OF DOU BL E COUNT I NG

71 IPWA PI-P TO K LAMB

R5 N¹1/2 (1688) I NTO (N¹3/2 (1236) P I ) /TOTAL (P 4)
R5 E 12600 (0~ 13) (0 ~ 04) SOLNtA BRODY 71 HBC PI-P—2PI N/PWA
R5 E 12600 t 0+39) {Oal0) SOLN ~ 8 BRODY 71 HBC PI-P—2P I N/PWA
R5 E ASSUMES E LAST IC BRANCHING RATIO 0 62+-0 ~ 06

9/66

8/67
5/70

1/71

6/70
6/70

66 N¹1/2( 1700) WIDTH (MEV)

MICHAEL
BAREYRE
DONNACH1
OR ITO
AYED
DA V I ES

66 RVUE
68 RVUE
68 RVUE
69 RVUE
70 IPHA
70 RVUE

SCHORSCH 70 DPWA
HAGNER 71 I PWA

ALNEHED 72 IPWA
MASSES QUOTED~

W l 240 ~ 0)
W 1 (260~ 0)
H 3 (300m 0)
H (104' 0) (15+0)
W 6 (lbbt 0)
'H 4 (404 ~ 0)
H 4 SOL 8 GIVES 121 MEV
W (99~ 0)
W A ( 110~ 0) OR (140 ~ 0)
W 7 (120t )

SEE THE NOTES ACCOMPANYING THE

P-5 ANAL SOL A

K LAN PHOTOPRO
P I-P TO K LAMB

7/66
11/67
8/69
8/69
1/71
8/69
2/73¹

10/71
1/7 1
2/72

Al
Al
Al

A2
A2
A2

N¹1/2(1688) INTO GAN P t HELICITY=l/2 (GEV¹¹-1/2]- e 008 ~ 004 QBERLACK 72 DPWA
(+.009) WALKER 73 DPWA

N¹1/2(1688) INTO GAM Pt HELICITY=3/2 ('GEV¹¹-1/2)
+ ~ 100 ~ 012 OBERLACK 72 DPHA

(+ 135) HALKER 73 DPWA

PI N PHOTO-PROD
P I N PHOTO-PROD

P I N PHOT 0-PROD
PI N PHOTO-PROD

65 N¹1/2(1688) PHOTON DECAY AMPL{ GEV¹¹-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPL ITUDESt SEE NINI-
REVIEW PRECEDING THE BARYON LISTINGS ~

2/73¹
2/73¹

2/T3¹
2/73¹

Pl
P2
P3
P4
P5
P6
P7
PB
P9

N¹1/2(1700)
N¹1/2 ( 1TOO)
N¹1/2(1700)
N¹1/2( 1700)
'N¹1/2 ( 1700)
N¹1/2(1700)
N¹1/2{1700)
N¹1/2(1700)
N¹1/ 2 ( 1700)

66 N¹1/2{1700) PARTIAL DECAY MODE5

INTO PI N

I NTC{ N ETA
INTO LAMBDA K
INTO N GAMMA

I NTO GAN P t HEL IC lTY= 1/2
INTO GAN Nt HELICITY=l/2
INTO N PI PI
INTO N EPSILON
INTO N RHO

DECAY MASSES
139+ 938
939+ 548

1115+ 497
938+ 0

0+ 938
0+ 939

93&+ 139+ 139
938+ 600
938+ 770

A3
A3
A3

N¹1/2(1688) INTO GAN Nt HELICITY=l/2 .(GEV¹¹-1/2)
+.017 .014 GBERLACK 72 DPWA

( ~ 00) WALKER 73 DPWA
P I N PHOTO-PROD
PI N PHOTO-PROD

2/73¹
2/73¹ 66 N¹1/2(1700) BRANCHING RATIOS

A4
A4
A4

N¹1/2(1688) INTO GAN Nt HELIC ITY=3/2 (GEV¹¹-1/2)- ~ 005 ~ 018 OBERLACK 72 DPWA
( F 00) HALKER 73 DPWA

PI N PHOTO-PROD 2/73¹
P I N PHOTO-PROD 2/73¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR N¹1/2(1688)

SEE A PREVIOUS EDITION {RNP 37t 633t 1965) FOR EARLIER REFERENCES

Rl
Rl
Rl 3
Rl 6
Rl 4
Rl 7

R2
R2
R2 A

N¹1/2l 1700) I NTO {PI N) /TOTAL
(1~ 0) APPROX
l 0 ~ 79)
(0.642)
(Oe56)
(0 5)

MICHAEL
DQNNACH1
AYED
DAVIES
ALMEHED

66 RVUE
68 RVUE
70 IPWA
70 RVUE
72 IPWA

(Pl)
7/66
8/69
1/71

P-S ANAL SOL A 8/69
2/72

8/69
1/71

N¹1/2(1700) INTO (LAMBDA K)¹(PI N)/TOTAL¹¹2 (P3¹Pl)
0.039 0 e 019 OR ITO 69 RVU E

t0 ~ 043)OR Oo054 WAGNER 71 IPWA PI-P TO K LAMB
BRANOSEN 65 PL 19 420
HEUSCH 66 PRL 17 1019
TRIPP 67 NP 83 10

+ODONNELLt NQQRHOUSE (DURHANt RHEL) IJP
C A HEUSCHt C Y PRESCOTTt R F DASHEN (CIT)
+ LEITHt + (LRLtSLACtCERNtHEIDtSACLAY)

R3
R3 8
R3 8

N¹1/2t 1700) INTO (LAMBDA K)/TOTAL (P3)
(0~ 028) APPROX ~ RUSH 68 NPHA T POLE + RESON ~

PARAMETRIZAT ION USED COULD BE IN DANGER QF DCUBLE COUNTING
8/69

BAREYRE 68
DQNNACH1 68

ALSO 68
ALSO 68

DUKE 68
RUSH 68

PR 165 1731
PL 268 161
VIENNA 139
THESIS
PR 166 1448
PR 173 1776

P BAREYREt C BRICMANt G VILLET ( SACLAY) I JP
A DQNNAC HIE t R G K IRSOPP t C LOVE LACE ( CERN) I JP
DONNACHIE RAPPORTEUR+ 5 TALK l GLAS)
R G KI RSOPP ( EDIN)
+JONEStKE){Pt MURPHYt THRESHERt + {RHEL tOXF ) I JP
J E RUSH t UNIV ALABANA)

R4
R4 8
R4 8
R4 C
R4 8
R4 C

N¹1/2(1700) INTO {N ETA)/TOTAL
(0.013) BOTKE 69
(0 ~ 03) (0 t 02) DEANS 69
(0 ' 19) OR 0 ' 27 CARRERAS 70

PARAMETRIZATION USED COULD bE IN DANGER OF
CARRERAS 70 USES REGGE POLES + RESONANCES ~

(P2]
NPWA T POLE + RESON
NPWA T POLE + RESON.
MPWA T POLE + RESONt
DOU BL E COUNT I NG

VALUES SUSP IC IOUS LY LARG

10/69
8/69
5/TO

BOTKE
DEANS

69 PR 180 1417
69 PR 185 1797

AYED 70 KIEV CONF
CARRERAS 70 NP 168 35
DAVIES 70 NP 821 359

J C BOTKE
S DEANSt J WOOTEN

R AYEDtP BAREYREt G VILl ET
8 CARRERAS t A DONNAC HIE
A DAVIES

( UCSB)
I UNIV 5 FLORIDA)

(SACL) IJP
(DAREt NCHS)

(GLAS)

R5
R5
R5
R5

N¹1/2{1700) FROM N GAMMA TO LAMBDA K SQRT l P3¹P4)
(0 ~ 002) OR LESS ORITO2 69 CNTR K LAN PHOTQPRO
(0 ' 0072) SCHORSCH 70 DPWA K LAM PHOTOPROe
{0.006) DEANS 72 NPWA

10/7 1
10/71
1/73¹

BROOY 71 PL 348 253 +CA SHNOR E+ ~ +HER ND QN+ l SLAC+LRL )
WAGNER 71 NP 825 411 F' 'WAGNERt C LOVELACE {CERN) 66 N¹1/2( 1700) PHOTON DECAY AMPL l GEV¹¹-1/2)

ALNEHED 72 NP 840 157
OBERLACK 72 PL 438 44
WALKER 73 TO BE PUB

+LOVELACE
H ~ OBER{ACK t R ~ G ~ MOO RHOUS E
R L WALK ER t W J NETCALF

( LUND t RUTG) I JP
(LBL )
(CIT)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES t SEE MINI—
REVIEW PRECEDING THE BARYON LISTINGS ~

PAPERS NOT REFERRED TO IN DATA CARDS ~

Al
Al
Al

N¹1/2(1700) INTO GAN P t HEL ICIT'Y= 1/2 {GEV¹¹-1/2)
+ ~ 066 ~ 042 '

OBERLACK 72 DPWA
{+~ 011) WALKER 73 DP WA

PI N PHOTO-PROD
P I N PHOT 0-PROD

2/73¹.
2/73¹

CROUCH
DERADQ
DUKE
MERLQ
ROBERTS
BANNER

THE
BAREYRE
DEANS
DONNAC HI
AYED

65 DESY CONF II 21
65 ATHENS CONF 244
65 PRL 15 468
66 P RQY SQC 289 489
67 PREPRINT
68 PR 166 1347
ABOVE PAPERS DISCUSS
65 PL 18 342
69 PRl 177 2623
69 NP 108 433
70 PL 318 598

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

+ ( BROWN tCEA tHARVARD tMIT t PADOVAr WE IZMANN)
+KENNEYt LANSAt + (NOTRE DAME t KENTUCKY)
+JONES tKENP tMURPHY tPRENT ICE t + (RHEL t QXF ) I JP
J P MERLQ G VALLADAS (SACLAY)
R G ROBERTS {DURHAM)
+DETOEUF tFAYQUXtHAMELt + (SACLAYtCAEN)
INELASTIC CHANNELS NEAR THE BUMP
+ BRICNANt STIRLINGt VILLET (SACLAY) I JP
S R DEANS ( UNIV 5 FLORIDA)
A DONNACHIEt R KIRSOPP l GLAS+EDIN)
+BAR EYRE+ V IL L E T (SACLAY)

A2
A2
A2

BRANDSEN 65 PL 19 420

MICHAEL 66 PL 21 93

REFERENCES FOR N¹1/2(1700)

+ODONNELLt NOORHOUSE

C NICHAEL

N¹1!2{1700)INTO GAN Nt HEL ICITY=1/2 {GEV¹¹-1/2)-i 072 ~ 066 QBERLACK 72 DPWA(-~ 015) WALKER 73 DPWA
PI N PHOTO-PROD
PI N PHOTO-PROD

(DURHANt RHEL) I JP

{QXF)

2/73¹
2/73¹

N +II(1700) 66 Nel/2(1700 JP=1/2-) I=1/2

FOR DISCUSSION CONCERNING RESONANT PARANETERSt SEE NOTE
PRECEDING N¹l/2(1470) ~

BAREYRE 68 PR 165 1731
DQNNACH1 68 PL 268 161

ALSO 68 VIENNA 139
ALSO 68 THES IS

RUSH 68 PR 173 1776

P BAREYRE t C BRICNANt G VILLET (SACLAY) I JP
A DONNACHIEt R G KIRSOPP t C LOVELACE (CERN) I JP
DONNACHIE RAPPORTEUR' 5 TALK {GLAS)
R G KIRSOPP ( EDIN)
J E RUSH (UNIV ALABAMA)

66 N¹1/2{1700) MASS (NEV)

BOTKE
DEANS
ORI TO
QRITO2

69 PR 180 1417
69 PR 185 1797
69 LNC 1 936
69 INS J 113

J C BOTKE
5 DEANSt J WOOTEN
5 ORITOt 5 SASAKI
S ORITO (THESIS)

(UCSB)
(UNIV 5 FLORIDA)

(TOKYO-OSAKA)
(TOKYO)

N

M

M 1
N 1
N 3
N

M 6
N 6
M

M

M A

M A

M 7

l 1695' 0) BRANDSEN 65
( 1700~ 0) NICHAE L 66
( 1710m 0) BAREYRE 68

WHERE CROSS SECTION IS GREATEST
{1710.0) DQNNACH1 68
( 1705~ 0) ( 10 ~ 0) OR ITO 69
{168900) AYED 70

FROM ENER ~ DEPT FIT OF ARGAND DIAGRAM
( 1766~ 0) DAVI ES 70
( 1678~ 0) SCHORSCH 70
( 1685~ 0) WAGNER 71

THERE ARE 3 SIMILAR SOLUTIONS
(1670 ) A{.MEHED 72

RVUE
RVUE
RVUE
EYEBALL
RVUE
RVUE
IPWA

RVUE
DPWA
IPWA

IPWA

PHASE-SHIFT ANAL
FITS BAREYRE Sll
PHASE-SHIFT ANAL
FIT
PHASE-SHIFT ANAL
K L ANBDA PS ANA{.

P-5 ANAL SOL A

K LAM PHQTOPRQ ~

PI-P TO K LAMB

9/66
7/66

11/67

8/68
8/69
1/71

8/69
10/71
1/71

2/72

AYED 70 KIEV CONF
CARRERAS 70 NP 168 35
DAY I ES 70 NP 821 359
SCHORSCH 70 NP 825 179.

WAGNER 71 NP B25 411

ALMEHED 72 NP B40 157
DEANS 72 PN 3 217
QBERLACK 72 PL 438 44
HALKER 73 TO BE PUBS

R AYEDtP BAREYREt G VILL ET
8 CARRERAS t A DONNACHI E
A DA V IES
+T I ETGE t WE ILNBOECK

F WAGNERt C LQVELACE

( SACL) I JP
(DAREt MCHS)

{GLAS)
{MPIM)

{CERN)

+LOVELACE ({UNDt PUTG) I JP
+JACOB St LYONS t HI CKS l U 5 FL TAMPA+ CARN)
H+OBERLACKtR. GeMOORHOUSE (LBL)
RE L HAIKERtW J ~ NETCALF {CIT)

PAPERS NOT REFERRED TO IN DATA CARDS

BAREYRE 65 PL 18 342 + BRICMANt STIRLINGr VILLET (SACLAY) IJP
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON {LRL)
DEANS 69 PR 177 2623 5 R DEANS (UNIV S FLORIDA)
DONNACHI 69 NP 108 433 A DONNACHI Et R K IR SQPP ( G LAS+ ED I N)
AYED 70 PL 318 598 +BAREYRE+V ILLET (SACLAY)
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Data Card Listings
For notation, see key at front ofListings.

Baryons
N(1700)

20 N hl/2( 1700) WIDTH (MEV) (PROD ~ EXP ~ )

(N 1"l00
18 N+I/2(1700r JP=3/2-) I=1/2 ~ $3
FOR DISCUSSIQN CONCERNING RESONANT PARAMETERSr SEF- NOTE
PRECEDING N+I/2(1470) ~

A NEW PRELIMINARY ENERGY DEPENDENT ANALYSIS BY AYED 72 INDICATES THE
PRESENCE OF THIS STAT E ~ IN ADDITION AN ISOBAR MODEL ANALYSIS BY
HERNDON 72 SHOWS EVIDENCE FOR THIS STATE IN THE SIGMA N AND DELTA PI
CHANNELS ~ SEE THE N+ MINI REVIEW ~

18 N+I/2(1700) MASS (MEV)

3 ( 1730» ) DONNAGH2 68 RVU E P HAS ~ SHIFT-C E RN1 10/69
3 (1680e) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69
3 WHERE MAX ~ ABSORPTION IS -DONNACHlr 2 rKIRSOPP EYEBALL FIT CERN 1 10/69
A I 1780e 0} WAGNER 71 I PWA PI-P TO K LAMB 1/71
A 013 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE SOL ~

18 N41/2(1700) WIDTH I MEV)

(70 0)
( 140 ~ 0)
(55 ~ 0)

1 (TO ~ 0)
A (105 0)
B 190 (235. )

(130~ )
177 {66e)

(102 )
505 t130e0)

60 (220. )
A (63 ' 0)

(152' 0)
(120 ' )
(57. )

(102e0)
80 (94 ' 0)

(70. )
70 ' TQ

(120 ' )
(133.0)
(168' 0)
(80 0)

2 (128~ )
(eo. ]

SEE THE NOTES

{20' 0)
(57 ' 0)
(15 0]
{15' 0)
( 16 ~ 0)
(50 )
(10~ )
(26 ~ )
(40.)
(30e0)

(12PO)
(15 ~ 0)
(50 ~ )
(15 )

(9 ~ 0)
(20 ~ 0) 80/120
(20e]
120 ~

(40e)
(26 ' 0)
(64e0)

APPROX ~

40 '
(40 ' )
ACCOMPANYING THE

A-BORELL I 67 HBC
ALME IDA 68 HBC +
GALLOWAY 68 HBC
BARNES 69 HBC
BENVENUT I 69 DBC 0
RHODE 69 HBC
ANDERSON 70 MMS

C IRBA 70 HBC +
COOPEP. 70 HBC +
CRENNELL 70 HBC +
KUZNETSQV 70 HLBC
WILLMANN 70 HBC +
AMALDI 71 CNTR
BALLAN 71 HBC +-
BDESEBEC 71 RVUE
ELLIS 71 CNTR
MA 71 HBC +
MORSE 71 HBC +
MORSE 71 HBC +0
RUSHBROOKE71 HBC +
EDELSTEIN 72 MMS +
KARSHON 72 DBC +
LAMSA 72 HBC
QH 72 DBG 0
RONAT 72 HBC
MASSES QUOTED

K-P TO K-P 2PI

PP 22 GEV/G
PI- P TO PI- MMS
PI+ P AT 5 GEV/C
P I+P 2 5 ~ 5 GE V/C

PI-Pr 4 GEV/C

P P AT 24 GEV
P I+-P AT 16GE V

PPr P I-Pr K-P PROD
MMS PP 3 ~ 7 GEV/C
P P TO P NPI
PI-P 25 GEV/C
P I-P 7 GEV/G
PP TO P2P I 16GEV
PP 6 TO 30 GEV
PO~-PDZPI 7 GEV
PI P 18 5 GEV/C
P I-N TO PI-PI-P
PI+P TO 3PI P

9/69
9/69
8/69
7/70
5/70

10/69
2/71
ZI71
2/71
1/71
2/71
5/70

10/71
2/72
3/72

10/71
10/71
3/72
3/72
2/72
I/73~

12/724
12/724
2/734
2/734'

Pl
P2
P3

Rl
RI

18 hj41/2( 1700) PARTIAL DECAY MODES

N41/2 (1700) INTO PI N

N~l/2(1700) INTO LAMBDA K
N+1/2(1700) INTO N GAMMA

DECAY MASSE S
139+ 938

1115+ 497
938+ 0

18 N41/2 ( 1700) BRANCHING RATIOS

Nhl/2(1700) FRDM N GAMMA TO LAMBDA K SQRT (PZ+P3)
{0 ~ 008) DEANS 72 MPWA I/73+

Pl
P2
P3
P4
P5
P6
P7
PB

N&1/2{1700) INTO PI N

N41/2(1700) INTO N PI Pl
N41/2(1700) INTO N43/2(1236) PI
N+1/2(1700}+ INTO NEUTRON PI+
N41/2(1700)+ INTO PROTON PI+ PI-
N+I/2(1700)+ INTO N+3/2(1236)++ PI-
N41/2(1700) INTO N ETA
N'hl/2(1700) INTO LAMBDA K

DECAY MASSES
139+ 938
938+ 139+ 139

1236+ 139
939+ 139
938+ 139+ 139

1236+ 139
939+ 548

1115+ 497

20 N+I/2( 1700) PARTIAL DECAY NODES (PROD. EXP e)

DONNACH2 68 V I ENh}A 139
KIRSOPP 68 THESIS
WAGNER 71 NP B25 411
DEANS 72 PN 3 217

REFERENCES FOR N'hl/2(1700)

DONNACHIE RAPPORTEUR ~ S TALK ( GLAS)
R G KI RSOPP (EGIN)
F WAGNER r C LOV E LACE ( CERN }
+JACOBSr LYQNSr HICKS {U S FL TAMPA+CARN)

PAPERS hlOT REFERRED TO IN DATA CARDS ~

Rl
Rl
Rl

R2
R2
R2

20 N+1/2(1TOO} BRANCHING RATIOS {PROD. EXP ~ )

Nl/2(1700) INTO (PI N)/(PI N+3/2(1236) ) (P 1)I ( P3)
(0 77) OR LESS LEE 67 HBC P I-P 3 6 GEV/C

A t 9e 0) OR MORE BENVENUTI 69 DBC 0

N+I/2{ 1700} INTO (N ETA) /(N PI + N PI PI ) (P7) /( Pl+P2)
(OP025}OR LESS KRAEMER 64 DBC + PI+D le2
(0.042) OR L ESS CL=.95 A-BORELL I 67 HBC + P BAR P 5e 7 BE V/C

11/67
5/70

9/69
AYED 72 BATAVI A CONF
HERNDON 72 BATA V I A CONF

R AYED ~ P BAREYREr Y LEMQIGNE
+e ~ ~ ROSENFELDe e e+CASHMORE+ ~ ~ ~

( SAC L]
( LBLr SLAC] R3

R3
R3

N+I/2(1700) INTO (LAMBDA K)/{ P PI+ PI-) . (PB)/(P5)
(OP034)QR LESS ALEXANDER 67 HBC + PP 5 ~ 5 BEV/C
(0 ~ 07) OR L ESS CL= 95 CIRBA 70 HBC P I+P AT 5 GEV/C

11/67
2/71

N(170Q)
BUgps 20 Nell 2I ITOII JP= I I=1/2 PRODUSTIDN EXPSNINENTS

R4
R4
R4
R4
R4
R4
R4

N41/2(1700) INTO (LAMBDA K) /(N
(0.013) OR LESS CL= ~ 95

SEEN
LIMITS 0 ~ 025 TO 0 ~ 11

25 Oe025 0 ' 005
LESS THAN 0 ' 025

25 SEEN ~ CONS WITH J=l/2

PI + N PI PI)
A-BORELL I 67 HBG
CHINOWSKY 68 HBC
BARNES 69 HBC
CRENNELI 70 HBC
WILLMANN 70 HBC
NORSE 71 HBC

(PB)/(Pl+P2)
+

PP TO K+ Y N
K-P TO K-P 2PI

P I+P TO 3PI P
0 P I-P 7 GEV/C

8/67
6/68
7/70
1/71
6/70
3/72

PARTIAL WAVE ANALYSIS REQUIRES AT LEAST FOUR 1=1/2 STATES IN THE 1670 7
1780 REGION {015 F15 Sll Pll) AND AT LEAST ONE 1=3/2 STATE (D33) ~

OBVIOUSLY DIFFERENT EXPER IMENTS ARE SEEING DIFFERENT STATES AND OFTEN I
IS NOT CI.EAR WHAT ISOSPIhl STATE IS BEING OBSERVED ~ NO EFFORT WAS MADE
TO SEPARATE THES E EXPERIMENTS ACCORDING TQ JPr SINCE NONE OF THE
REPORTED JP IS FIRMLY ESTABLI SHCOe WE LIST ALL THF INFORMATION HERE r
BUT WE HAVE NOT USED IT IN THE BARYON TABLE

FOR SPIN-PARITY ANALYSIS OF THIS MASS REGIONS SEE JOHNSTAD 72 AND
LAMSA 72 '

20 N+I/2(1700) MASS (MEV) (PROD EXP )

R5
R5
R5

R6
R6

R7
R7
R7
R7
R7 AVG

N41/2(1700] INTO {N PI)/(N PI PI) {Pl)/{P2)
(1~ 26) OR L ESS CL= 95 A-BQRELL I 67 HBC +

0 ~ 025 0 ~ 13 CRENNELL 70 HBC +

N&1/2(1700) INTO (N&3/2(1236) PI)/(N PI PI) {P3) /( P2)
NO EV I DENC E A-BORELI. I 67 HBC +

SEE MERLO 66 FOR A REVIEW

(P4) I I P5)
+ PP 5 5 BEV/C

PBAR P 5 ~ 5 GEV/C

N'hl/2{ 1700) INTO ( NEUTRON PI+) /( P PI+ PI-)
0 ~ 67 0 ~ 40 ALEXANDER 67 HBC
0 47 0 25 A-BORELLI 67 HBC

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 53 Oe21 AVERAGE (ERROR INC! UDES SCALE FACTOR OF 1 ~ 0)

8/67
1/71

8/67

11/67
7/70

A-BORELLI
ALME IDA
GALLOWAY
BARNES
BENVENUT I
RHODE
ANDERSON
CIRBA
COOPER
CRENNELL
KUENETSOV
WILLMANN
AMALDI
BALLAN
BEKETOV
BOESEBEC
ELLIS
MA

MORSE
NORSE
RUSHBROOKE
EDELSTEIN
KAPSHQN
LAMSA
OH
RQNAT

+ PBAR P 5 ~ 7 BEV/C
+ PP 10 BEV/C

PI-P 6 GEV/C
K-P TO K-P 2PI

0 PI-0 2 26 GEV
PP 22 GEV/C
PI- P TO PI- MMS

+ P I+ P TO P+3P I
+ LAMB ~ K PROD ~

+ PI-P r PI+P 6 GEV
LAMB ~ K PRQDe

+ P I+P 13~ GEV
P P AT 24 GEV

+- P I+-P AT 16GE V
+ P I- P 4 45GEV/C

PP ~ PI P ~ K P PROD
MMS PP 3 ~ 7 GE V/C

+ P P TO P N PI
+ P I P 25 GEV/C
+0 PI-P 7 GEV/C
+ PP TO P2P I 16GEV
+ PP 6 TO 30 GEV
+ PD--PD2PI 7 GEV
+ P I+-P BTO18 G EV

0 PI-N TO PI-PI-P
PI+P TO 3PI P

67 HBG
68 HBC
e8 HBC
69 HBC
69 DBC
69 HBG
70 MMS

70 HBC
70 HBC
70 HBC
70 HLBC
70 HBG
71 CNTR
71 HBC
71 HBG
71 RVUE
71 CNTR
71 HBC
71 HBC
71 HBC
71 HBG
72 MMS

72 DBC
72 HBC
72 DBC
72 HBC

0) OR Pl 1( 1780) IN FORMATION
7/2

M (1695e0) (9 ' 0)
M (1734.0) (21 ~ 0)
M (1730~ 0) (18.0)
M 1 ( 1712~ 0) {6e0)
M A (1667 0) (5 ~ 0)
M 8 190( 1693~ ) ( 15 ~ )
M ( 1691~ ) (4 ~ )
M 177(1710 ) (10e)
M 40(1763 ' ) t25 ~ )
M 505(1730~ 0) (15~ 0)
M 60t1710.)
M A ( 1719~ 0) (6 ~:0)
M I 1694e 0) (8 «0)
M ( 1730~ ) ( 20 ~ )
M ( 1700~ )
M ( 1711~ ) ( 10 ~ )
M ( 1672.0) (4 ~ 0)
M 80 ( 1650~ 0) ( 10 0) 80/120
M ( 1700~ 0) ( 10 ~ 0)
M 1670~ TQ 1730
M ( 1720~ ) ( 20 ~ )
M I lb90e 3) (4e5)
M (1668 0) (19e0] 24/45
M C ( 1715~ 0), (5 ~ 0)
M 2 (1660~ ) (15e
M I 1720.} (15e]
M C ANALYSIS GIVES JP = 5/2+
M 2 DET ERMIhlE J= 5/2r F 15 PROBABLE
M 8 JP I S PROBABLY 5/2+
M 1 I JP CONSI STENT WITH Sll(170
M A J CONSISTENT WITH 5/2 OR

8/67
9/69
8/69
7/70
5/70

10/69
2/71
2/71
2/71
1/71
2/71
5/70

10/71
2/72
3/72
3/72

10/71
10/71
3/72
3/72
2/72
I/73~

12/724
1/73&
2/734'
2/734

2/734

RB
RB
RB
RB
RB
RB
RB
RB
R8
RB
RB
R8
RB
RB

N+1/2 (1700) I NTO ( N&(
0 ~ 74 0 ~ 14
1 ~ 0 0 ~ 3

(0~ 83)
LESS THAN 0 15

t 0 ~ .50) OR LESS
NO EVIDENCE

(2 ' 3) (1 6)
(1 0) OR MORE
'' 0 ~ 75 0 ~ 75
0 35 0.20
0 65 OP15

~ ~ ~ ~ ~ e ~ ~ ~

0 ~ 66 0 e10

1

A

C

AVG

1236)++ PI-)/{P PI+ PI-)
ALEXANDER 67 HBC
AI MEIDA 68 HBC
KAYAS 68 HBC
BARNES 69 HBC

4L= ~ 95 CIRBA 70 HBC
CRENNELL 70 HBC
WILLMANN 70 HBC

CL= 95 BEKETOV 71 HBC
BOESEBEC 71 RVUE
RUSHBRQQKE71 HBC
LAMSA 72 HBC

(P6) /( P5]
+ PP 5 5 BEV/C
+ PP 10 BEV/C

PP 8 ~ 1 BEV/C
K-P TO K-P 2PI
PI+P AT 5 GEV/C

PI+P TO 3PI P
+ DEL {1236)++ P I-

PPr PI PS K-P PROD
+ PP TO P2PI 16GEV

PI P 18 5 GEV/G

AVERAGE ( ERROR 'INCLUDES SCALE FACTOR OF 1 e2)

R9

KRAEMER 64 PR 136 B496
ALEXANDE 67 PR 154 1284
A-BORELL 6T NC 47 232
LEE 67 PR 159 1156

ALME IDA 68 PR 174 1638
CHINOWSK 68 PR 165 1466
GALLOWAY 68 PL 278 250
KAYAS 68 NP 85 169

REFERENCES FOR N+I/2(1700) ( PROD ~ EXP ~ )

+MADANSKYr+ {J HOPKINSSNWESTERNTWOODSTOCK) I
ALEXANDERSBENARYSCZAPEKr+ {WE IZMANN(CERN] )
ALLES-BOREI L I 2 FRENCHr FRI SK 2 NICHE JDA ( CERN)
+MOEBS, RQE ~ SINCLAIR, VANDER VELDE (MICH)

+RUSHBRQOKEr + (CAVETDESY(CERN))
GHINQWSKY ~ KINSEYSKLEINr + (LRLr SLAG)
GALLOWAYT ALYEASCRITTENDENr PRICKETTr+ (IND)
+GUYADER r SENE 2 YIQU ~ ALITT I 2+ ( QRSAYr SACLAY )

N'hl/2(1700) INTO (S IG K]l (LAMB K)

PROOFS

EXP'
IESS THAN ~ 20 COOPER 70 HBC + P I+PS 5 ~ 5 GEV/C

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED

11/67
9/66

11/68
7/7 0
2/71
1/71
6/70
3/72
3/72
2/72

12/72&

2/7 1
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Baryons
N(1700), N(1780), N(1860)

Data Card Listings
For notation, see key at front of Lt'stings.

BARNFS 69 PRL 23 1516
8 ENV ENUT 69 PR 1 87 1852
RHODE 69 PR 187 1844

ANDERSON 70
CIRBA 70
COOPER 70
CRENNELL 70
KUZNETSOV70
WILLMANN 70

PRL 253 699
NP B233 533
NP 8233 605
PRL 25 187
SJNP 103332
PRL 24 1260

AMALDI 71 PL 348 435
BALLAM 71 PR D4 1946
BEKETOV 71 SJNP 13 605
BOESEBEC 71 NP 833 445
ELLIS 71 PRL 27 442
MA 71 P RL 26 333
MQRSE 71 PR D4 133
RUSHBROO 71 PR D4 3273

EDELSTEI 72 PR D5 1073
JOHNSTAD 72 NP 842 588
KARSHON 72 NP 837 371
LAMSA 72 NP 837 3 64
QH 72 PL 428 497
RONAT 72 NP 838 20

+BASSANO+CHUNG+EISNER+FLAMINTO+KINSON (BNL) IJ
BENVENUT I 2 MARQUIT 3 OPPENHEI MER (MINN2 COLO)
RHGDE2 LEACOCK3 KERNANg JESPERSENg+ {ISU)

+BLESER2 BLIEDENgCOLLINS++ (BNL2CARN)
+VANDERHAGEN+ ( E POLy DURH2 NI J M3 TOR I 3 BONN)
+MANNERPMUSGRAVEPPOLLARDPVGYVODIC (ANL)
+LAI 3 LOUIE' S CARR 2 SI MS (BNL )
+MELNIKOVgRYLTSEVAPCHADRAA38ALINTP ( JINR)
+LAMSA ~ GAIDOS3EZELL ( PURO) I J

+BIANCASTELLIPBOSI02+ ( I SANITA ROMA+CERN)
+CHADWICK 5GUIRAGOSSI AN 2 JOHNSON 3++ (SLAC) I
3 ZOMBKOVSKI I 3 KONGVALOVPKRUCHININ3++ ( ITEP ) I J
BOESEBECKPGRAESSLER2KRAUSP+++ (ABBCHLV) I
+MAGLICH3NOREMg SANNES2SILVERMAN ( RUTG)
+COLTON {IIIISU+L BL ) I
+OH2WA'LKERgCARROLL3LYNCH + (WISC+TNTO} I
RUSHBROOKE 2 WILLI AMS+BAREFORD++ (CAVE 2 LOIC) IJ

EDELSTEI Ng CARR IGAN gHI EN2 MCMAHONy+(CARN+BNL)
+MOLLE RUD+ ~ +JACOBS EN( BOHR 3 HELS 3 OSLO ~ STOH ) IJP
+YEKUTIEL I 2 YAFFE 3 SHAPI RA PRONATP+ ( REHO) I
+W I LLMANN+e ~ +GO ~ BI SWAS+ ~ ~ ~ (PURDgNDAM) IJP
+FUNG2KERNAN2POE3SCHALKPSHEN (UCR) I JP

40 ' +EISENBERGgLYONS2SHAPIRA3TGAFF+ (REHO)

PAPERS NOT REFERRED TO IN DATA CARDS ~

Al N$1/2(1780) INTO GAM PP HELICITY=1/2 (GEV$$-1/2)
Al + 026 028 OBERLACK 72 DPWA
Al (- ~ 061} WALKER 73 DPWA

A2 N$1/2(1780) INTO GAM NP HELICITY=1/2 (GEV$$-1/2)
A2 + ~ 027 ~ 022 OBERLACK 72 DPWA
A2 {+~ 052) WALKER 73 DPWA

P I N PHOTO-PROD
PI N PHOTO-PROD

P I N PHOTO-PROD
PI N PHOTO-PROD

REFERENCES FOR N$1/2(1780)

DONNACH1 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THESIS

RUSH 68 PR 173 1776

A DONNACHIE 3 R G K IRSOPP 2 C LOVE LACE ( CERN) I JP
DONNACHIE RAPPORTEUR ~ S TA(.K {GLAS}
R G KIRSOPP (EDIN)
J E RUSH (UNIV ALABAMA)

SOT KE
DEANS
ORI TO
OR I T02

69 PR 180 1417
69 PR 1S5 1797
69 LNC 1 936
69 INS J 113

J C BOTKE
S DEANSP J WOQTEN
S ORI T02 5 SASAKI
5 OR I TO (THESI S)

(UCSB)
(UNIV S FLORIDA}

(TOKYO-OSAKA)
(TOKYO)

14 N$1/2(1780) PHOTON DECAY AMPL(GEV$$-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPL ITUDESP SEE MINI-
REVIEH PRECEDING THE BARYGN LISTINGS ~

2/73$
2/73$

2/73$
2/73$

MERLO 66 P ROY SOC 289 489 J P MERLGP G VALLADAS (SACLAY)
AYED 70 KIEV CONF
CARRERAS 70 NP 168 35
DAVIES 70 NP 821 359
SCHORSCH 70 NP 825 179

R AYED2P BAREYRE3 G VILLET
8 CARRERASg A DONNACHIE
A DAVIES
+T IETGE 2 WE ILNBOECK

( SACL) I JP
( DAR EP MCHS )

{GLAS)
( MP IM)

II(]78O) 16 h)61/2) 1266, JP=I/2+) I=l/2 11
FOR DISCUSSIGN CONCERNING RESONANT PARAMETERS2SEE NOTE
PRECEDING N$1/2(1470) ~

WAGNER 71 NP 825 411

ALMEHED 72 NP 840 157
DEANS. 72 PN 3 217
QBERLACK 72 PL 438 44
WALKER 73 TO BE PUB

F WAGNERP C LOVELACE (CERN)

+LOVELACE {LUNDP RUTG)IJP
+JACQBS3 LYONS 2 HICKS (U S FL TAMPA+CARN)
H ~ QBERLACK 3R ~ G ~ MOORHOUSE (LBL)
R L ~ WALKER ~ W ~ J ~ METCALF (CIT)

PAPERS NQT REFERRED TO IN DATA CARDS ~

M 3
M

M

M 6
M 6
M 4
M

M A

M A

M 7

14 N$1/2(1780) MASS (MEV)

DONNAC Hl
OR ITO
OR IT02
AYED
DIAGRAM
DAVI ES
SCHORSCH
WAGNER

68 RVUE
69 RVUE
69 CNTR
70 IPWA

70 RVUE
70 DPWA
71 IPHA

ALMEHED 72 IPHA

( 175160)
{1640 0) (70 0)
( 1700~ 0)
( 16456 0)

FROM ENER 0EP ~ FIT OF ARGAND
( 17706 0)
( 1809~ 0)
{1685.0)OR(1740 0)

THERE ARE 3 S IMILAR SOLUTIONS
( 1720~ )

P-S ANAL SOL A

K LAM PHOTOPRO
PI-P TO K LAMB

8/69
10/71

1/71

2/72

PHASE-SHIFT ANAL 8/69
K LAMBDA PS ANAL 8/69
K LAM PHOTGPRO 10/71

1/71

DEANS 69 PR 177 2623
DONNACHI 69 NP 108 433
AYED 70 PL 31B 598

S R DEANS (UNIV S FLORIDA)
A DONNACHIE2 R KIRSOPP {GLAS+EDIN)
+BAREYRE+V ILLET ( SACLAY)

N(1880) 15 N6)/2)1660 JP=3/2+) I=1/2 P}3
FOR DISCUSSION CONCERNING RESONANT PARAMETERSPSEE NOTE
PRECEDING N$1/2(1470) ~

14 N$1/2 ( 1780) Wl DTH ( ME V )
15 N$1/2( 1860) MASS ( ME V)

W 3
H

W

W 6
W

W

W A

W 7

(327.0)
(31060) (50 0)
( 21060)

(50 0}
(445. 0)
{280' 0)
( 160 0) OR (220.0)
(1606)

SEE THE NOTES ACCOMPANYING

DONNAC Hl 68 RVU E
GRITO 69 RVUE
GRIT02 69 CNTR
AYED 70 IPWA
DAVI ES 70 RVUE
SCHORSCH 70 DPWA
WAGNER 71 IPWA
ALMEHED 72 IPWA

THE MASSES QUOTED6

K LAM PHOTOPRO

SOL A

K LAM PHOTOPRO ~

PI-P TO K LAMB

8/69
8/69

10/7 1
1/71
8/69

10/71
1/71
2/72

M 3 ( 1860~ 0) DONNAC Hl 68
M X ( 1860~ 0) APPROX LEA 69
M X SEE ALSO APLIN 71
M 6 ( 1766~ 0) AY ED 70
M 6 FROM ENER6 DEP ~ FIT OF ARGAND DIAGRAM
M 4 ( 1844.0) DAVIES 70
M A ( 1800~ 0) WAGNER 71
M A P13 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE
M 7 (18506) ALMEHED 72

IPHA 1/71

RVUE P-S ANAL SOL A 8/69
IPWA PI-P TO K LAMB 1/71
SOL UT ION S
IPHA 2/72

RVUE PHASE-SHIFT ANAL 6/68
CNTR PI-P ELASTIC 8/69

14 N$1/2{ 1780) PARTIAL DECAY MODES

15 N$1/2(1860) WIDTH (MEV)

Pl
P2
P3
P4
P5
P6
P7
PS
P9

N$1/2(1780)
N$1/2{ 1780)
N$1/2 {1780)
N$1/2(1780)
N$1/2(1780)
N$1/ 2 ( 1780)
N$1/2 ( 1780)
N$1/2(1780)
N$1/2(1780)

INTO PI N

INTO LAMBDA K
INTO N ETA
INTO N GAMMA

INTO GAM P 2 HELICITY=1/2
INTO GAM N3 HELICITY=1/2
INTO N PI PI
INTO N EPSILON
I NTO N RHO

DECAY MASSES
139+ 938

1115+ 497
939+ 548
938+ 0

0+ 938
0+ 939

938+ 139+ 139
938+ 600
938+ 770

W 3
W 6
W

W 4
W A

W 7

DQNNAC Hl
AYED
DAVIES

( 2966 00)
(1826 0)
(449 ~ 0)

SOL 8 GI VES 307 MEV
{220 ~ 0) WAGNER
(3006 ) ALMEHED

SEE THE NOTES ACCOMPANYING THE

68 RVUE
70 IPHA
70 RVUE SOL A

71 IPHA PI-P TO K LAMB
72 IPWA

MASSES QUOTED

8/69
1/71
8/69
2/73$
1/71
2/72

Rl
Rl 3
Rl 6
Rl 4
Rl 7

N$1/2(1780} INTO (PI N) /TOTAL
(0.32)
{0 149)
{0 43)
(0 2)

(P 1)
DGNNACH1 68 RVUE
AYED 70 IPWA
DAVIES !0 RVUE SOL A

ALMEHED 72 IPWA

14 N$1/2{ 1780) BRANCHING RATIOS

8/69
1/71
8/69
2/72

Pl
P2
P3
P4
P5
P6

N$1/ 2 ( 1860)
N$1/2(1860)
N$1/2( 1860)
N$1/2 ( 1860)
N$1/2(1860)
N$1/ 2 ( 1860)

15 N$1/2(1860) PARTIAL DECAY MODES

INTO PI N

INTO LAMBDA K
INTO N ETA
INTO N PI PI
INTO N GAMMA

INTO N RHO

DECAY MASSES
139+ 938

1115+ 497
939+ 548
938+ 139+ 139
938+ 0
938+ 770

R2 N$1/2(1780) INTO (LAMBDA K)${PI N)/TOTAL$$2 (P 2$P1 }
R2 0 004 0 003 OR ITO 69 RVUE
R2 A (0 ~ 025) OR 0 ~ 043 WAGNER 71 I PWA PI-P TO K LAMB

R3 N$1/2(1780) INTO (LAMBDA K) /TOTAL (P2)
R3 8 (0 ' 003}TO 0 ' 065 RUSH 68 MPHA T POLE + RESON ~

R3 B PARAMETRIZAT ION USED COULD BE IN DANGER OF DOUBLE COUNTING

R4 N$1/2(1780) INTO (N ETA)/TOTAL (P3)
R4 8 '(0 19) BOTKE 69 MPHA T POLE + RESON.
R4 8 (0.09) (0.05) DEANS 69 MPWA T POLE + RESON
R4 8 (0 ' 015)OR 0 ' 035 CARRERAS 70 MPWA T POLE + RESON ~

R4 8 PARAMETR IZATION USED COULD BE IN DANGER GF DOUBLE COUNTING

8/69
1/71

8/69

10/69
5/70
5/70

Rl
Rl 3
Rl 6
Rl 4
Rl 7

R2
R2 8
R2 8

15 N$1/2( 1860) BRANCHING RATI OS

N$1/2{1860) INTO (PI N)/TOTAL
{0~ 21)
( 0 ~ 149)
( 0 ~ 40)
(0~ 25)

DONNAC Hl 68
AYED 70
DAVIES 70
ALMEHED 72

(Pl)
RVUE
IPHA
RVUE
IPWA

SOL A

N$1/2(1860) INTO (LAMBDA K)/TOTAL (P2)
(0 ~ 014) TO 0 ~ 16 RUSH 68 MPWA T POLE + RESON ~

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING

8/69
1/71
8/69
2/72

8/69

R5
R5
R5
R5

N$1/2(1780) FROM N GAMMA TO LAMBDA K SQRT (P2$P4)
(0 ' 0027) ORIT02 69 CNTR K LAM PHOTOPRO
(0 F 0088) SCHORSCH 70 DPWA K LAM PHOTOPROP
(0 ' 0104) DEANS 72 MPWA

10/71
10/71
1/73$

R3
R3 8
R3 8
R3 8
R3 8

R4
R4 A

R5
R5

N$1/2(1860) INTO (N ETA)/TOTAL (P3)
{0~ 0364 } BOTKE 69 MPHA T POLE + RESON ~

(0 ' 003) (0.003) DEANS 69 MPWA T POLE + RESON ~

(0 ~ 030) OR 0 ~ 094 CARRERAS 70 MPWA T POLE + RESON6
PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING

N$1/2(1860) INTO {LAMBDA K)$(PI N)/TOTAL$$2 (P2$Pl)
(0 015) WAGNER 71 IPHA PI-P TO K LAMB

N$1/2(1860) FROM N GAMMA TO LAMBDA K SQRT ( P 2$ P5)
(0 F 008) DEANS 72 MPWA

10/69
5/70
5/70

1/71

1/73$

$$$$$$$$$ $$$$$$$$$ $$$$$$$$$ $$$$$$$$$ $$$$$$$$$ $$$$$$$$
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Data Card Listings
For notation, see key at front of Listings.

Baryons
N(1860), N(1990), N(2040), N(~100)

DONNACH1 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THESIS

RUSH 68 PR 173 1776

REFERENCES FOR N¹1/2(1860)

A DONNACHIE9 R G KIRSQPP9 C LOVELACE (CERN)I JP
DONNACHI E RA PPO RT EUR. S TALK (GLAS)
R G KI RSOPP ( EDIN)
J E RUSH (UNIV ALABAMA)

N
~Ill(8040) le »el/212090, JP 3/2-& 1=1/2 ~13

FOR DISCUSSION CONCERNING RESONANT PARAMETERS ~ SEE NOTE
PRECEDING N¹1/2(1 t70) ~

BOT KE
DEANS
LEA

69 PR 180 1417
69 PR 185 1797
69 PL 298 584

J C BOTKE (UCSB)
S DEANS9 J MQOTEN (UNIV S FLORIDA)
LEAP OADES 9 WARD ~ COWAN9+ (RHE L9 BR I STOLP DARE )

16 N¹1/2 ( 2040) MASS (ME V)

ALMEHED
DEANS

72 NP 840 157
72 PN 3 217

AYED 70 KIEV CONF
CARRERAS 70 NP 168 35
DAVIES 70 NP 821 359

WAGNER 71 NP 825 411

R AY ED 9 P BAREYRE 9 G VI LL ET
8 CARRERASy A DONNACHIE
A DAV IES

( SAC(. ) I JP
(DAR EP MCHS )

(GLAS)

F WAGNERP C LOVELACE

+LOVELAC E
+J ACQBS9 LYONS 9 HI CKS

(CERN)

( LUND 9 RUTG) I JP
(U S FL TAMPA+CARN)

PAPERS NOT REFERRED TO IN DATA CARDS'

3 ( 2057. 0) DONNACH1

3 (20309 ) DONNACH2

3 {2040. ) K IRSOPP
3 WHERE MAX ~ A BSOR PT ION I S -DQNNAC Hl 9 2
X (2030 ' 0) APPROX LEA
X SEE ALSO APLIN 71
7 (2075. ) ALMEHED 72 IPMA 2/72

68 RVUE PHASE-SHIFT ANAI 6/68
68 RVUE PHAS ~ SHIFT-CERNl 10/69
68 RVUE PHASE SHIFT ANAL 10/69

9KIRSOPP EYEBALL FIT CERN 1 10/69
69 CNTR PI-P ELASTIC 8/69

DEANS 69 PR 177 2623
DQNNACHI 69 NP 108 433

AYED
APL IN

70 PL 318 598
71 NP 832 253

S R DEANS
A DQNNACHIE9 R KIRSOPP

+BAREYRE 9 VILLET
+COMAN2GIBSONPGILMQRE++

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

( UNI V 5 F LORI DA)
(Gt AS+EDIN)

(SACLAY)
(RHEL9BR I STOL )

'W

W 3
W 3
W 7

16 N¹1/2(2040) WIDTH tMEV)

(2939 0) DQNNACHl 68 RVUE
(290 ) DQNNACH2 68 RVUE
(240. ) KIRSOPP 68 RVUE

(150 ' ) ALMEHED 72 IPWA
SEE THE NOTES ACCOMPANYING THE MASSES QUOTEDe

8/69
&HAS ~ SHI F T-C E RNl 10/69
PHASE SHI FT ANAL 10/69

2/72

N(1990) 11 0*1/2&1990 JP 72 /1+==&1/2 1/
A NEWy PRELIMINARY ENERGY DEPENDENT ANALYSIS BY
AYED 72 NQW FINDS THIS STATE ~ SEE THE N¹ MINI REVIEW

17 N¹1/2(1990) MASS (MEV)

Pl
P2
P3
P4
P5

16 N¹1/2(2040) PARTIAL DECAY MODES

N¹1/2(2040) INTO PI N

N¹1/2(2040) INTO N PI PI
N¹1/2(2040) INTO N ETA
N¹l/2{2040) INTO LAMBDA K

N¹1/2(2040) INTO N GAMMA

DECAY MASSES
139+ 938
938+ 139+ 139
939+ 548

1 115+ 497
938+ 0

3 ( 1983 0) DQNNACH1 68 RVUE PHASE-SHI FT ANAL
3 {1995~ ) KIRSQPP 68 RVUE PHASE SHIFT ANAL 10/69
3 WHERE MAX ABSORPTION IS -DONNACH19 2 9 KIRSOPP EYEBALL FIT CERN 1 10/69
X (2000 0) APPROX LEA 69 CNTR PI-P ELASTIC 8/69
X SEE ALSO APL IN 71
7 (2000 ' ) ALMEHED 72 IPWA 2/72

16 N ( 1/2 ( 2040) BRANCHING RAT I OS

Rl N¹l/2(2040) INTO (P I N) /TOTAL
Rl 3 ( ~ 26)
Rl 3 ( ~ 15)
Rl 7 (093)

(P 1)
DQNNACH2 68 RVUE PHASe SHIF T-CE RN1 10/69
KIRSQPP 68 RVUE PHASE SHIFT ANAL 10/69
ALMEHED 72 IPWA 2/72

W 3
W 3
W 7

(225 0)
( 250. )
(200 ' )

17 N¹1/2(1990) WIDTH (MEV)

DONNACHl 6& RVUE 8/69
KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69
ALMEHEO 72 IPWA 2/72 R3

R3
N¹1/2(2040) FROM N GAMMA TO LAMBDA K

(0 007) DEANS
SQRT(P4¹P5)

72 MPWA 1/73¹

R2 N¹1/2(2040) INTO (N ETA) /TQTAL (P3)
R2 8 (0 ~ ) OR 0 ~ 009 CARRERAS 70 MPWA T POLE + RESQN ~ 5/70
R2 8 PARAMETRIZATION USED COULD BE IN DANGER QF DOUBLE COUNTING

Pl
P2
P3
P4
P5

17 N¹1/2(1990) PARTIAL DECAY MODES

N¹1/2(1990) INTO PI N

N¹1/?{1990) INTO N PI P I
N¹1/2(1990) INTO N ETA
N¹1/2 ( 1990) I NTO L AIIIIBDA K
N¹1/2{1990) I NTO N GAMMA

17 N¹1/2( 1990) BRANCH I NG RATI OS

DECAY MASSES
139+ 938
938+ 139+ 139
939+ 548

1115+ 497
938+ 0 LEA 69 PL 298 584

CARRERAS 70 NP 168 35

ALMEHED 72 NP 840 157
DEANS 72 PN 3 217

DONNACH1 68 PL 268 161
DONNACH2 68 VIENNA 139
K I RSOPP 68 THES IS

REFERENCES FQR N¹1/2(2040)

+LOVELACE
+JACQBS9 LYONS9 HICKS

(LUND9 RUTG) I JP
{U S FL TAMPA+CARN)

A DONNACHIE9 R G KIRSOPP9 C LQVELACE (CERN) I JP
DONNACHI E RAPPORT EURe S TALK ( GLAS)
R G KIRSOPP t EDIN)

LEA9 QADES 9 MARDPCOWAN9+ (RHEL 9 BR ISTOLP DARE)

8 CARRERAS9 A DONNACHIE (DAREP MCHS)

Rl
Rl 3
Rl 7

R2
R2 8
R2 B

N¹1/2{1990) INTO {PI N)/TOTAL (P 1)
( ~ 09) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69

{0 ~ 15) ALMEHED 72 IPWA 2/72

N¹1/2(1990) INTO (N ETA)/TOTAL (P3)
{0902) (0 ' 02) DEANS 69 MPWA T POLE. + RESQN ~ 5/70

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTiNG

PAPERS NQT REFERRED TO IN DATA CARDS ~

DQNNACHI 69 NP 108 433
AYED 70 PL 318 598
APLIN 71 NP 832 253

A DONNAC HI E 9 R K I R SQ PP
+BAR EYRE 9 V ILL ET
+CO WAN 2 G I 8SON 9 GI LMOR E++

(GLAS+EDIN)
(SACLAY)

(RHELPBRISTOL)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹&9&¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

R3
R3

N¹1/2{1990) FROM N GAMMA TG LAMBDA K

(Oe 003) DEANS
SQRT (P4¹P5)

72 MPWA 1/73¹ N(Q 100) 09 &&el/212100 ~ JP=1/2 & 1=1/2 11
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

DEANS
LEA

ALME HED
DEANS

69 PR 185 1797
69 PL 298 584

72 NP 840 157
72. PN 3 217

DQNNACH1 68 PL 268 161
KIRSOPP 68 THESIS

~ LOVELAC E
+JACQBSP LYONS9 HICKS

l RUTG) I J P

(U S FL TAMPA+CARN)

PAPERS NQT REFERRED TO IN DATA CARDS ~

REFERENCES FOR N¹1/2(1990)

A DQNNACHIE9 R G KIRSOPP 9 C LOVELACE (CERN) I JP
R G KI RSOPP (EDIN)

S DEANS9 J WQQTEN ( UN IV S FLORIDA )
LEAPOADES9WARD9CQWAN9+ (RHEL98RISTOLP DARE)

M

M 7
{2070 ~ )
(2100 ' )

A NEMP PRELIMINARY ENERGY DEPENDENT ANALYSIS BY
AYED 72 NQW FINDS EVIDENCE FOR THIS RESONANCE AT

ABOUT 2200 MEV ~ SEE THE N¹ MINI REVIEW.

04 N¹1/2(2100) MASS (MEV)

ROYCHQUD 71 DPWA
ALMEHED 72 IPWA

3/72
2/72

DEANS
AYED
APLIN
AYED

69 PR 177 2623
70 PL 318 598
71 NP 832 253
72 BATA VIA CONF

S R DEANS &UNIV S FLORIDA)
+BAR EYRE 9 V IL LET (SACLAY)
+COWAN9GIBSQN9 GILMQRE++ (RHEL ~ BRI STOL)
R AYED, P BAREYRE, Y LEMOIGNE (SACL)

¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹p¹ (200 )

04 N¹1/2(2100) WIDTH (MEV)

ALMEHED 72 IPWA

04 N¹1/2(2100) PARTIAL DECAY MODES

2/72

Pl N¹1/2(2100] INTO PI N

DECAY MASSE S
139+ 938
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Baryons
N(P. 100), N(8175), N(2190)

Data Card Listings
For notation, see key at front of Listings.

04 N¹1/2 ( 2100) BRANCHING RATIOS

Rl N¹1/2(2100) INTO (PI N)/TOTAL (Pl)
Rl 7 f 0.5) ALNEHED 72 IPHA 2/72

N(2190) 71 N*1/2(2190 JP=T/2-) 1=1/2

ROYCHOUOHURY 71 FIND SOME INDICATION OF Pl 1 AND F17 IN
THIS REGION ~ BRANSDEN 71 ALSO FIND Pll t F15 t AND G19 RESO
NANT NEAR THIS MASS ~

ROYCHOUD 71 NP 827 125
ALMEHED 72 NP 840 157

REF ERENCES FOR N¹1/2(2100)

R K ROYCHOUDHURYt 8 H BRANSDEN (DURH) I JP
+LQVELAC E {LUNDt RUTG) I JP

PAPERS NOT REFERRED TO I N DATA CARDS

AYED 72 BATAVIA CONF R AYEDtP BAREYREt Y LEMOIGNE (SACL)

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

}I
N(p100) 05 N*1/2(2100i JP=5/2-l I=1/2 )8

A NEWt PRELIMINARY ENERGY DEPENDENT ANALYSIS BY
AYFD 72 NOH FINDS EVIDENCE FOR THIS RESONANCE AT
ABOUT 2055 NEV» SEE THE N¹ MINI REVIEW

M

N

M

M 3
M

M

M 6
M 6
M

N

M

M

M 7
M

(2190»0)
(2210 ' 0)
(2190»0)
(2265 ' 0)
( 2000 ~ 01
2180.

(2158.0)
FROM ENER ~

(2260 ~ 0)
(2160 0)
(2160» )
{2200 ' )
(2225 )
(2190 ' )

DIDDENS
HOHLER
YOKOSAHA
DONNACH1
LEA
ANDE RSON
AYED

OF ARGAND DIAGRAM
HULL
AMALDI
BRANSDEN
ROYCHQUD
ALNEHED
OTT

AP PROX

APPROX
25 '

DEP F IT

(50 0)

71 N¹1/2(2190) MASS (NEV)

63 CNTR
64 RVUE
66 CNT R
68 RVUE
69 CNTR
70 MMS

70 IPWA

70 NPWA

71 CNTR
71 DPWA
71 DPWA

72 IPWA
72 MPWA

P I+- P TOTAL
DATA + DISP REL
PI- P DSIG + POL
PHASE-SHIFT ANAL
PI-P ELASTIC
PI- P TO PI- MNS

SNALL ANGLE P I-P
P P AT 24 GEV

0 PI-P BKWD ELSTC

7/66
6/68
8/69
2/71
1/71

1/71
10/71
3/72
3/72
2/72
2/73¹

N 7 (2100~ )

05 N¹1/2(2100) MASS (MEVl

ALMEHEO 72 IPWA 2/72
71 N¹1/2 {2190) WI DTH ( MEV )

(150.)

05 N¹1/2(2100} WIDTH (MEV)

ALNEHED 72 IPHA

05 N¹1/2( 2100) PARTIAL DECAY MODES

2/72

H

W

W

W 3
W

6
W

H 7

( 200» 0)
(200 0)
(220 ' 0)
(298 ~ Ol
275

(-325.0)
(239~ 0)
(150 )

SEE THE NOTES

DIDDENS 63 CNTR
HOHLER 64 RVUE

APPROX YOKOSAWA 66 CNTR
DONNACH1 68 RVUE

70 ~ ANDERSON 70 NMS

AYED 70 IPWA
HULL 70 MPHA
ALNEHED 72 I PHA

ACCOMPANYING THE MASSES QUOTED ~

7/66
7/66
6/68

PI- P TO PI- MMS 2/71
1/71

SMALL ANGLE P I-P 1/71
2/72

Pl N¹1/2(2100) INTO PI N

DECAY MASSES
139+ 938 71 N¹1/2(2190) PARTIAL DECAY MODES

05 I'I¹1/2(2100) BRANCHING RATIOS

Rl N¹1/2(2100) INTO (PI N)/TOTAL (Pl)
Rl 7 {0»2) ALNEHED 72 IPHA

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

2/72

Pl
P2
P3
P4

N¹1/2(2190) INTO PI N

N¹1/2( 2190) INTO LAMBDA K
N¹1/2(2190) INTO N PI PI
N¹1/2(2190) INTO N GAMMA

71 N¹1/2(2190) BRANCHING RATIOS

DECAY MASSES
139+ 938

1 115+ 1765
938+ 139+ 139
938+ 0

ALMEHED 72 NP 840 157

AYED

REFERENCES FOR N¹1/2(2100)

+LQVELAC E {LUND t RUT G }I JP

PAPERS NOT REFERRED TO IN DATA CARDS'

72 BATAVIA CONF R AYEDtP BAREYREt Y LEMOIGNE (SACL)

Rl
Rl
Rl
Rl 3
Rl 6
Rl
Rl 7
Rl

N¹1/2(2190) INTO ( P I N ) /TOTAL
(0.3) APPROX
(0»3) APPROX
(0 ' 349)
(0»150)
( 0 ~ 09)
{0 35)

( ~ 25)

DIDDENS
YOKOSA WA

DONNACH1
AYED
HULL
ALMEHED
OTT

63 CNTR
66 CNTR
68 RVUE
70 IPWA
70 MPWA

72 IPWA
72 MPHA

(Pl}
7/66
7/66
6/68
1/71

SMALL ANGLE P I-P 1/71
2/72

0 PI-P BKHD ELSTC 2/73¹

N ~II(2175) oe N»1/2(2175 Jp=t/2+1 I=|/2 F/8
SEE THE NOTE ON N'S AND DELTAS PRECEDING THE

BARYON DATA CARO LISTINGS

R2 N¹1/2(2190) FROM N GAMMA TQ LAMBDA K SQRT (P 2¹P4)
R2 (0 016) DEANS 72 NPWA

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹ ¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR N¹1/2 (2190)

1/73¹

M 7 (2175.)

06 N¹l/2!2175) MASS (MEV)

ALNEHED 72 IPWA 2/72

DIODENS 63 PRL 10 262
HOHI. E R 64 PL 12 149
YOKOSA WA 66 PRL 16 714

DONNACH1 68 PL 268 lbl
ALSO 68 VIENNA 139
ALSO 68 THESIS

+JENKINS t KYCIAt RILEY (BNL) I
G HOHLERt J'GIESECKE (KARLSRUHE) I
+SUHA ~ HILL ~ ESTERLINGt BOOTH [ANLt CHIC) JP

A DONNACHICt R G KIRSOPPt C LOVELACE (CERN) I JP
DONNACHIE RAPPORTEUR ~ S TALK ( GLAS )
R G KIRSQPP {EDIN)

L EA 69 PL 298 584 LEAt OADESt WARDtCOWANt+ (RHELt BRISTOLt DARE)

W 7 (150.)

06 N¹1/2(2175) WIDTH (MEV)

ALMEHED 72 IPHA 2/72
ANDERSON 70 PRL 25t 699
AYED 70 KI EV CONF
HULL 70 PR D2 1783

+BLESERt BL IEDENt COLL INS++
R AY EDt P BAREYRE t G VILL ET
J HULL ~ R LEACOCK

( BNL t CARN)
{SACL) I JP
(I SU)

Pl
P2
P3

06 N¹1/2(2175) PARTIAI DECAY NODES

N¹1/2(2175) INTO PI N

N¹1/2(2175) INTO lAMBDA K
N¹1/2(2175) INTO L GAMNA

06 N¹1/2{2175) BRANCHING RATIOS

DEC AY MASSE S
139+ 938

1115+ 497
938+ 0

AMALDI 71 PL 348 435
BRANSDEN 71 NP 826 511

ALSO 70 NP 816 461
ROYCHOUD 71 NP 827 125

+BIANCASTELL I t BOSIOt+ ( I SANITA RONA+CERN)
tOGDEN ( DURH) I JP
ROYCHOUDHURY t P ERR I N BRAN SDEN (DURH) I JP
R K ROYCHOUDHURY ~ 8 H BRANSDEN - (DURH) I JP

ALMEHED 72 NP 840 157 +LQVELAC E (LUNDt RUTG) IJP
DEANS 72 PN 3 217 +JACOBSt LYONS t HICKS (U S FL TAMPA+CARN)
OTT 72 PL 428 133 +TRISCHUK tVAVRAt RICHARDS t+ (MCGI t STLOt IOWA) I JP"

ALSO 72 NCGILL THESIS J VAVRA (MCGI ) JP

PAPERS NOT REFERRED TO IN DATA CARDS ~

Rl N¹1/2(2175) INTO (P I N)/TOTAL (Pl)
Rl 7 (0 ~ 25) ALMEHED 72 IPHA 2/72

AYED 70 PL 318 598 +BAREYREt VILLET (SACLAY)

QUANTUM NUMBER DETERMINATIQNS NOT REFERRED TO IN DATA CARDS
R2
R2 1/73¹

ALMEHED 72 NP 840 157
DEANS 72 PN 3 217

REFERENCES FOR N¹1/2(2175)

t LOVELAC E (RUTG) IJP
+JACOBSt LYQNSt HICKS (U S FL TANPA+CARN)

N¹i/2(2175) FROM N GAMMA TO LAMBDA K SQRT (P2¹P3)
f0 ' 002) DEANS 72 MPWA BARGER 66

CARROLL 66
CARROLL 66

ERRATUM
KORMANYO 66
BUSZA 67

PRL 16 913
PRL 16 288
PRL 17 1274
CHANGING THE
PRL 16 709
NC 52A 331

V BARGER t 0 CL INE {WISC) P
+CQRBETTtDAMERELLt MIDDLENASt + (RHEL tOXF) J-L
+CORBETT, DAME RElL, NI DDLENAS, + ( RHEI, OXF )J-L

RATHER WEAK DETERMINATION OF J-L TO +1 (2 ~ )
KORMANYOSt KRISCHtQFALI ONt + (MICHtANL) P
+DAVISt DUFF t HEYNANNt + ( LOUC t WESTF IELD)
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Data Caid Listings
For notation, see key at front ofListings.

Baryons
N(8220), N(8650), N(3030), N;(3245)

N(2830) 90 NPS/2(22202 JP=9/2Pl 2 3/2

FOR DISCUSS IOh} CONCERNING RESONANT PARRMETERSSSEE NOTE
PRECEDING N¹I/2 {1470) ~

PAPERS NOT REFERRED TO IN DATA CARDS ~

BAACKE 67 NC 51A 761 J BAACKE 5 M YVERT (KARLSRUHE 90RSAY) J-L
DOLEN 68 PR 166 1768 R DOLEN9 D HORNE C SCHMID (CIT)
WAHLIG 68 PR 168 1515 M A WAHLIGE I MANNELLI (MITEPISA)

FINAL VERSION. DF DATA USED IN WAHLIG 64 IN CONFUNCTION WITH
CITRON 66 TOTAL CROSS SECT IONSE THIS CHARGE FXCHANGE DATA GIVES
COMP{ EX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES

90 N¹1/2(2220) MASS (MEV)

BRANSDEN 71 NP B26 511
ALSO 70 NP 816 461

ROYCHOUD 71 NP 827 125

EOGDEN
ROYCHOUDHURYEPERRINEBRANSDEN
R K ROYCHOUDHURYEB H BRANSDEN

{DURH) I JP
( DURH} IJP
(OURH)IJP

M

M 6
M 6
M

(2200 ' ) APPROX' BUSZA
( 2221 ~ 0) AYEO

FROM ENER ~ DEP FIT OF ARGAND DIAGRAM
(2245 ' 0) HULL

90 N¹1/2(2220} WIDTH (MEV)

67 OSPK
70 IPWA

70 MPWA

LEG ~ POLYNPANAL ~ 2/71
I/71

SMALL ANGLE PI-P I/71

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

N(3030)
73 N¹1/2( 3030 9 JP= } I= 1/2 PRODUCT ION EXPERI MENTS

W 6
W

(258 ~ 0)
(329~ 0)

AY ED
HULL

70 IPWA
70 MPWA

1!71
SMALL ANGLE PI-P 1/71

73 N¹1/2(3030) MASS (MEV) ( PROD ~ EXP ~ )

Pl
P2

90 N¹1/2( 2220) PARTIAL DECAY MODES

N¹1/2(2220) INTO PI N

N¹1/2(2220) INTO N ETA

DECAY MASSES
139+ 938
939+ 548

( 3080.0)
(3030 ' 0)

HOHLER
CITRON

64 RVUE DATA + DISP REL 7/66
ee CNTR PI+- P TOTAL 7/66

90 N¹1/2(2220} BRANCHING RATIOS
{400 ~ 0)

73 N¹1/2{3030) WIDTH (MEV) (PROD. EXP 9)

CITRON 66 CNTR 7/66

R I N¹1/2(2220) INTO (PI N) /TOTAL
Rl 6 (0 140) AYED
Rl (0~ 15) HULL

(Pl)
70 IPWA I/71
70 MPWA SMALL ANGLE PI-P I/71 73 N¹1/2(3030) PARTIAL DECAY MODES (PROD EXP ~ )

REFERENCES FOR N¹1/2(2220)
Pi N¹1/Z(3030} INTO Pl N

P2 N¹1!2(3030) INTO N PI PI

DECAY MASSES
139+ 938
938+ 139+ 139

BUSZA
AYED
HULL

67 NC 52A 331
70 KIEV CONF
70 PR D2 1783

+DAV IS 9 DUFF 9 HEYMANNE NIMMON + (LOUC+LOWC)
R AYED5 P BAREYRE2 G VILL ET ( SACL) I JP
J HULLS R LEACOCK (I SU)

73 N¹1/2{3030] BRANCHING RATIOS ( PROD ~ EXPO ]

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

N(2650)
BUMPS

72 N¹l/2(26509 JP= -) I=i/2 PRODUCTIOhf EXPERIMENTS

ROYCHOUDHURY 71 CLAIM F15{2400) AND G19(2400) TO BE
POSSIBLE RESONANCESP BRANSDEN 71 FIND THE POSSIBLE
RESONANT CANDIDATES Sll(2520) AND H19( 2590) ~

72 N¹1/2(2650) MASS (KIEV) ( PROD EXP )

PAPERS NOT REFERED TO IN DATA CARDS

AYED 70 PL 318 598 +BAR EYRE 9 VILLE T {SACLAY)

HOHLER
BARGER
C I TRON

BARGER
0 IKMEhl

64 PL 12 149
66 PR 151 1123
66 PR 144 1101
67 PR 155 1792
67 PRL 18 798

REFERENCES FOR N¹1/2(3030) (PROD ~ EXP ~ )

G HOHLERE J GI ESECKE (KARLSRUHE) I
V BARGERE M OLSSON ( Wl SC)
+GAL BRAITHSKYC IA 2LEONTIC 9 PHI LL IPSE + ( BNL ) I
V BARGERS D CLINE (WISC) P
F N DIKMFN (MICH)

Rl N¹1/2(3030) I NTO (P I N) /TOTAL (Pl}
Rl ONLY ( J+I/2) ¹(PI N!TOTAL) MEASURED FOR THIS STATE
Rl 8 (0 F 088) (0 016) BARGER 66 RVUE TOTAL + CH EXC 11/67
Rl (0 048) -CITRON 66 CNTR TOTAL CROS SECP 11/67
Rl 8 (0 ~ 12) BARGER 67 CNTR USES KORMANYOS66 ll/67
Rl 8 USES REGGE AMP +RESON ~ TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGRE
Rl 8 FOR CRITICISM OF THIS METHODE SEE DOLEN 68 ~

Rl D (0 ~ 016) DIKMEN 67 RVUE USES KORMANYOS67 11/67
Rl 0 USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGREES

(2700 0)
( 2660 0)
{260090)
( 2633.0)
2649 0 10 ~ 0

APPROX

Al VAREZ
HOHLER
WAHL IG
BARG ER
C I TRON

64 CNTR PI PHOTOPROD
64 RVU E DATA + D I SP R EL
64 OSPK 0 PI-P CH EX
66 FIT TOTAL + CH EX
66 CNTR PI+- P TOTAL

11/67
7!66

KORMANYO 67 PR 164 ].661
DQLEN 68 PR 166 1768

PAPERS NOT REFERRED TO IN DATA CARDS

KORMANYOSE KRI SCHE OFALLONE + {MICHPANL) P
R DOLENE D HORNE C SCHMID (CIT)

( 100~ 0)
(200 ~ 0)
(425 0)
360 ~ 0 20 ~ 0

ALVAREZ 64 CNTR
HOHLER 64 RVUE
BARGER 66 F IT
CITRON 66 CNTR

7!66
TOTAL + CH EX 11/67

7/66

72 N¹1/2(2650) WIDTH (MEV) {PROD EXP ~ ) N~(3~45) .4 NP /2(3245 JP= +) P RODUCT ION EXPERIMENTS

BUMPS EXISTENCE NET CDNCLUSlvELY ESTAELI SHEE. I-EPIN
NOT DETERMINEDE BUT THE NARROW WIDTH PRECLUDES
IDENT IF ICAT ION WITH THE N¹3/2{3230]9
OMITTED FROM TABLE ~

72 N¹1/2(2650) PARTIAL DECAY MODES (PROD ~ EXP ~,)

Pl
P2
P3

N¹1/2(2650) INTO PI N

N¹l/2{2650) INTO LAMBDA K
N¹1/2(2650) INTO N PI PI

DECAY MASSES
139+ 938

1115+ 497
938+ 139+ 139

74 N¹ /2(3245) MASS (MEV) (PROD ~ EXP )

3245 ' 0 10 ' 0 KORMANYOS 67 CNTR P I-P 180 DEG EL 6/68

72 N¹1/2(2650) BRANCHING RATIOS ( PROD ~ EXP ~ )

Rl N¹1/2(2650) INTO {PI N)/TOTAL (Pl)
Rl ONLY (J+I/2)¹{ PI N/TOTAL) MEASURED FOR THIS STATE
Rl 8 (0 ~ 456) (09018) BARGER 66 RVUE TOTAL + CH EXC» 11/67
Rl 0 ~ 436 0 ~ 028 C I TRON 66 CNTR TOTAL. CROSS-S ECN 11/67
Rl 8 (0 ' 30) BARGER 67 RVUE USES KORMANYOS67 11/67
Rl 8 USES REGGE AMP +RESON ~ TO CALCULATE DIF4 CROSS SECTIONS AT 180 DEGRE
Rl B FOR CRITICISM OF THIS METHODS SEE DOLEN 68 ~

Rl D (0 ' 24) DIKMEN 67 RVUE USES KORMANYOS66 11/67
Rl D USES ONLY RESONANCES TO CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGREES
Rl (0 ' 06) KORMANYOS 67 CNTR PI-P AT 180 DEGP 11/67

74 N¹ l2(3245) WIDTH (MEV) (PROD EXP ~ )

(35 ' 0} OR LESS KORMANYOS 67 CNTR

Pl N¹ /2(3245) INTO PI N

DECAY MASSES
139+ 938

74 N¹ l2(3245) PARTIAL DECAY MODES (PROD EXP

6/68

ALVAREZ
HOHLER
WAHL IG
BARGER
C ITRON
BARGER
0 1K MEN
KORMANYO

64 PRL 12 710
64 PL 12 149
64 PRL 13 103
66 PR 151 1123
66 PR 144 1101
67 PR 155 1792
67 PRL 18 798
67 PR 164 ). 661

REFERENCES FOR N¹1/2(2650)

(PROOFS

EXP'�

)

+BAR-YAMEKERNELUCKEY90SBORNE2 + (MITECEA)
G HOHLERE J GI ESECKE (KARLSRUHE) I
+MANNELLI ~ SODICKSONEFACKLERP WARDS + {MIT)
V 8ARGERE M OI SSON ( WISC}
+GALBRAITHEKYCIAELEONTIC, PHILLIPSE + (BNL) I
V BARGERE 0 CLINE {WISC) P
F N DIKMEN ( MICH)
KORMANYOSE KRI SCHE OFALLON9 + (MICHEANL) P

74 N¹ /2(3245) BRANCHING RATIOS {PROD EXPo)

Rl N¹ /2(3245) INTO (Pl N)/TOTAL (P 1)
Rl J IS NOT KNOWN ~ FOLLOWING IS ( J+1/2)¹(PI N) /TOTAL
Rl (0 ' 37) KORMANYOS 67 CNTR

REFERENCES FOR N¹ /2(3245) (PROD EXP )

KORMANYO 67 PR 164 1661 KORMANYOS KRISCH OFALLON + (MICH ANL) P.

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

6/68
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Baryolls
N(3690), Np(3755), 5(1836)

Data Card Listings
For notation, see key at front of Listings.

N(3690)
BUMPS

75 N¹1/2(3690' JP= l I=1/2 PRODUCTION EXPERIMENTS

A BUMP SEEN IN THE INVARIANT MASS OF A VERY COMPLI-
CATED STATE (N + SEVEN PIS) y SO AS EVIDENCE FOR
A NEW RESONANCE IT IS NOT CONCLUSIVE ~ NOT INCLUDED
IN TABLEe

75 N¹1/2{3690) MASS ( ME V) ( PROD ~ EXP ~ )

ranged from f230 to 4235 MeV, and the width from

109 to 424 MeV. Clearly, it is meaningless for us to

average masses and widths corresponding to either

different parametrizations or significantly different

sets of data.
3690 0 10 0 BARTKE 67 HBC + PI+P 8 PRONGS 8/67

75 N¹1/2(3690) WIDTH (MEV) (PROD. EXP ~ )

50 ~ 0 30 ~ 0 BARTKE 67 HBC +

75 N¹1/2{3690) PARTIAL DECAY MODES (PROD ~ EXP )

DECAY MASSES
Pl N¹1/2(3690), INTO N + 7 PIS

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR N¹1/2(3690) ( PROD EXP )

BARTKE 67 PL 248 118 +CZYZEWSKI sDANYSZ y+ (CRACOWyORSAY) I

~)
33 N¹3/2(1236& JP=3/2+) I=3/2 ~ 33~(1a36)
CART ER 71 REPORT NEW PRECISE CROSS SECTION MEASURE-
MENTS FOR PI+PpPI-P AND CHARGE -EXCHANGE ~ THEIR ANALYSIS
COMB INES TOTAL CROSS SECTION DATA WITH THE PHASE SHIFTS
OF DQNNACHIE 68 (USED FQR THE BACKGROUND UNDER THE P33)

THE CHARGE EXCHANGE DATA WERE NOT USED ~

OLSON 65 HAS DONE A SIMILAR ANALYSIS ON OLDER DATA& USING ROPER 65
PHASE SHIFTS WITH A FREE OVERALL NORMALIZATION

SEE THE ACCOMPANYING NOTEy 'COMMENTS ON THE MASS AND WIDTH OF
DELTA{1236) ' ~

3) For good fits to the same data, the pole

position is essentially independent of the parametri-
8/67 zation.

N,, (3755)
BUMPS

76 N¹ /2(3755 t JP= ) PRODUCTION EXPERIMENTS

A SMALL PEAK IN THE ( P P PBAR) INVARIANT MASS FROM
So4 BEV/C PI+ P TO PI+ P P PBAR EVENTS ~ AS EVIDENCE
FOR A NEW RESONANCE IT IS NOT CONCLUSIVE OHITTED
FROM TABLE

76 N¹ /2(3755) MASS (ME V) ( PROD ~ EXP ~ l

33 N¹3/2(1236) MASS (MEV)

HO 1236' 45 0 ' 65
HO 1232 ' 9 Oeb
MO ~ ~ ~ ~ ~ ~ ~ ~ ~

MO AVERAGE MEANINGLESS (SCALE

ROPER
ALHEHED
OLSSON
CARTER

FACTOR = 7 ~ 4)

OLSSQN
CARTER

FACTOR = 4e0)

M (1234+)
M ( 1235, )
M++ 1236+0 0 ' 55
M++ 1230o0 0.6
M++ ~ 0 ~ 0 ~ ~ ~ 0 ~

M++ AVERAGE MEANINGLESS (SCALE

65 RVUE
71 MPWA

0
0 PI P SIG ~ TOTAL 1/71

65 DPWA ++0 PHASE SHIFT AN ~

72 IPWA 2/72
65 RVUE ++ TOTAL-SIGMA DATA
71 MPWA ++ PI+P SIG ~ TOTAL 1/71

3755.0 8 ~ 0 EHRLICH 68 HBC + P I+ P P PBAR 6/68

33 N¹3/2(1236) WIDTH (MEV)

76 N¹ /2(3755) WIDTH (MEV) (PROD+ EXP ~ )

40~0 . 20 ~ 0 EHRLICH 68 HBC +

76 N¹ /2(3755 l PARTIAL DECAY MODES (PROD ~ EXP ~ )

DECAY MASSES
Pl N¹ /2(3755) INTO PI+ P P PBAR 139+ 938+ 938+ 938

6/68

W (120')
W ( 129~ l
W++ 120+0 2 0
'W++ 112~ 8 3 ~ 0
W++ ~ ~ ~ ~ ~ ~ ~ ~

W++ AVERAGE MEANINGLESS (SCALE FACTOR

WO 119~ 6 2 ~ 4
WO 114.7 3.0
WO ~ ~ ~ ~ ~ ~ ~ ~ ~

WO AVERAGE MEANINGLESS (SCALE FACTOR

ROPER
ALHEHE D

QLSSQN
GARTER

2.0)

QLSSON
CARTER

1 3)

65 DPWA ++0 PHASE SHIFT AN+

72 IPWA 2/72
65 RVUE ++
71 HPWA ++ PI+P SIG TOT ~ 1/71

65 RVUE 0
71 MPWA 0 PI-P SIG TOT 1/71

EHRL IGH 68 PRL 20 686

REFERENCES FOR N¹ /2(3755) {PROD ~ EXP ~ )

R EHRLICHtR J PLANOe J 8 WHITTAKER (RUTGERS)
33 N¹3/2{1236) REAL PART OF POLE POSITION{HEY)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

REE ( 1211~ ) BALL 72
REE P 1211 6 0.7 PDG 72 F IT DELTA 33
REE P ERROR EST ~ FROM FITS WITH SOHE WHAT VARYING ASSUMPT IONS

'2/73¹
2/7 3¹

Comments on the Mass and Width of 6, ('l236) 33 N¹3/2(1236) IHAG PART OF POI E POSITION{HEY)

I HE P
I HE

49 ~ 5
'(50' )

1 ~ 8 PDG
BALL

72
72

FIT DELTA 33 2/73¹
2/73¹

In our last edition, we presented an exhaustive

discussion of the relative "uniqueness" of the pole

position. On the basis of that study we have entered

the pole position in both the Table and the Data Card

Listings. We remind the reader of our conclusions.

i) Over a reasonable energy interval on the

real axis, all parametrizations of the amplitude are
equally good provided:

a) they fit the data,

b) they are unitary and have sensible
2&+i"cut" features (e. g. , 5 QG q ).

2) For good fits to the same data, the resonance

mass and width on the real axis depend upon the para-
metrization used (background + BW, different BW.'s,
etc. ). Indeed, we found that the fitted mass parameter

D- R

0 R
D R

33 (N¹0) - {N¹++) MASS DIFF ER ENCE ( ME V)

(0 45) (0 85) OLSSON 65 RVUE
{2' 9) (Oo85) CARTER 71 MPWA PI+- P SIG TQT 2/71

REDUNDANT WITH DATA IN MASS LISTING

Pl
P2
P3
P4
P5

33 N¹3/2(1236) PARTIAL DECAY MODES

N¹3/2(1236) INTO N PI
N¹3/2(1236) INTO N GAMMA

N¹3/2(1236) INTO N PI PI
N¹3/2(1236) INTO GAM NUCLEONS HELICITY=l/2
N¹3/2{1236) INTO GAH NUCLEON& HELICITY=3/2

DECAY MASSES
938+ 139
938+ 0
938+ 139+ 139

0+ 938
0+ 938

33 N¹3/2(1236) BRANCHING RATIOS

N¹3/2(1236) INTO {N GAMMA)/(N PI ) (PERCENT) (P2)/(Pl]
0 ~ 55 0 «02 DALI TZ 66 RVUE
0 53 0 ~ 025 BFRENDS 71 IPWA

~ ~ ~ 0 ~ ~ ~ ~ ~

0 ~ 542 0 ~ 016 AVERAGE (ERROR INCLUDES SCAI E FACTOR OF 1 ~ 0)

Rl
Rl
Rl
Rl
Rl AVG

7/68
P HOTQ PROD ~ ANAL ~ 10/71

R2 N¹3/2(1236) 0 INTO (N PI)/TOTAL (P 1 l

R2 {Oe99) CARTER 71 MPWA 0 PI-P FORM ~ EXPER 1/71
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Data Card Listings
For notation, see key at front ofListings.

Baryons
6(1836), h(1650), h, (1670)

Al
Al
Al

A2
A2
A2

33 N¹3/2( 1236) PHOTON DECAY AMPL( GEV¹¹-1/2)

FOR DEF INITI ON OF GAHMA-NUCLEON DECAY AMPL ITUDES y SEE HINI-
REVIEW PRECEDING THE BARYON LISTINGS

N¹3/2(1236) INTO GAH NUCLEONo HELICITY=l/2 (GEV¹'«-1/2)-~ 142 ~ 006 OBERLACK 72 DPWA' PI N PHOTO-PROD
(-o 139) MALKER 73 DPWA Pl N PHOTO" PROD

N¹3/2(1236) INTO GAH NUCLEONS HELICITY=3/2 (GEV¹¹-I/2)
—~ 259 ~ 016 OBERLACK 72 DPWA PI N PHOTO-PROD(- ~ 253) WALKER 73 DPWA PI N PHOTO-PROD

2/73¹
2/73¹

2/73¹
2/73¹

Q( 1650) 82 N»3/2(1650 JP 1/2-) 1=3/2 53]
FOR DISCUSSION CONCERNING RESONANT PARAMETERSo SEE NOTE
PRECEDING N¹1/2(1470) ~

82 N¹3/2( 1650) MASS t ME V)

OLSSON 65 PRL 14 118
ROPER 65 PR 138 8190

REFERENCES FOR N¹3/2(1236)

M G OLSSON (MISC)
L D ROPERe R M WRIGHTo 8 T FELD {LRL+MIT)I JP

M

H 1
M 1
H 3
M 6
H 6
M 4
H 7

( 1648 ~ 0) ( 12 ~ 0) DEVLIN 65 CNTR
t 1695~ 0) BAREYRE 68 RVUE

MHERE CROSS SECTION IS GREATEST - EYEBALL
{1635~ 0) DQNNACH1 68 RVUE
t 1614» 0) AYFD 70 IPMA

ENER ~ DEP ~ F IT OF ARGAND DIAGRAM
t 1617~ 0) DAVIES 70 RVUE
( 1620~ ] ALMEHED 72 IPWA

Pl+- P TOTAL
PHASE-SHIFT ANAL 11/67
FIT
PHASE-SHI FT ANAL 6/68

1/71

P-S ANAL SOL A 8/69
2/72

DAL ITZ 66 PR 146 1180 DALITZ 0SUTHERL AND ( OX FORD)
CONTAINS REFERENCES TQ EARLIER WORK ON DELTA PHOTOPRODUCTION ~

82 N¹3/2( 1650) WIDTH (){EV)
BERENDS 71 NP 830 575
CARTER 71 NP B26 445

ALMEHED ' 72 NP 840 157.
BALL 72 PRL 28 1143
OBER{.ACK T2 PL 438 44
PDG 72 PL 398 103
WALKER 73 TO BE PUB»

+LOVELAC E
+CAMPBELLyLEEy SHAW
H OBERON. ACKeR ~ G»HOORHOUSE

( LUNDY RUTG) IJP
(UTAHeBOISEtUCI)

(LBL )

R ~ L ~ WALKERoW ~ J ~ HETCALF

PAPERS NOT REFERRED TO IN DATA CARDS'

+WEAVER (CEASE MITt TUFT)
+MILLIAHS BUGG BUSSEY DANCE {CAVE RHEL) W 1

M 3
W 6
W 4
M 7
W

(250»0)
(177» 0)
{142 ~ 0)
t 141~ 0)
{140~ )

SEE THE NOTES ACCOHPANYING THE

BAREYRE 68 RVUE
DQNNACH1 68 RVUE
AYFD 70 IPWA
DAVIES 70 RVUE
Al MEHED 72 IPWA
MASSES QUOTED»

P-S ANAL SOL A

11/67
6/68
1/71
8/69
?/72

DONNACHI 68 PL 268 161 DONNACHIE o LOVELACE oK IRSQPP (CERN)
82 N¹3/2(1650) PARTIAL DECAY MODES

6 1836
81 N¹3/2( 1236' JP-"3/2+] I-"3/2 PRODUCTION EXPERIMENTS

Pl
P2
P3
P4
P5

N¹3/2(1650) INTO PI N

N¹3/2(1650) INTO N PI PI
N¹3/2(1650) INTO GAM NUCLEON HEL ICITY=1/2
N¹3/2 {1650) I NTO N¹3/2( 1236') PI
N¹3/2( 1650) . INTO N RHO

DECAY MASSES
139+ 938
938+ 139+ 139

0+ 938
1236+ 139

938+ 770

M

M

M

M AVG
M++
M++
M++
M++
M++
M++'
M++
M++
M++
M++ AVG

H-

1217~

1227 ' 0
~ o ~ ~

1222 ~ 7
( 1232 ~ 0)
( 1236~ 0)
(1233' 4)
(1224 0)

1236» 0
1226 ~ 0
1222 0
1226» 0
~ ~ ~ ~
1228.4

(1241' 3)
1239 ~ 0

81 N¹3/2t 1236) MASS t ME V) ( PROD» EXP )

8 ~

7 0
ANDERSON 70 MMS — PI- P TO PI- MMS 2/71
ELLIS Tl CNTR MMS PP 3 ~ 7 GEV/C 10/71

o ~ o ~ ~

5 ~ 3
(6 0)

(4 ~ 4)
(2 ~ 0)
2 ' 0
2 ' 0
3 ' 0
2 ' 0

AVERAGE (ERROR INCLUDES
FERRO-LUZ 65 H8C
DEANS 66 RVU
GIOAL 66 DBC
HABER 70 DBC
CQLTON 72 HBC
COLTON 72 HBC
COLTQN 72 HBC
COLTON 72 HBC

SCALE FACTOR OF 1 ~ 0)
++ K+P TO KO P P I+

E ++ PI+P TOTAL
++ D D TO NN(NN) PI

K-D TO 4 BOO(P)
++ PP TO Pl+PN 7GEV
++ TO PI+PI-PP
++ TO PI+PI-PIOPP
++ TO PI+Pl-PI-PN

7/66
7/66
7/70
1/73¹
1/73¹
1/73¹
1/73¹

2 ~ 9
{F1)
5 ' 0

7/66
1/73¹

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 2 ~ 7]
GIDAL 66 DBC
COLTON 72 HBC — TO PI+PI-PI-PN

82 N¹3/? t 1650] BRANCHING RATI QS

Rl N¹3/2( 1650) INTO t P I N) /TOTAL
Rl 3 (0 ' 284) DQNNACH1 68 RVUE
Rl 6 (0 ~ 317) AY ED 70 IP WA

Rl 4 (0~ 2&) DAVIES 70 RVUE
Rl 7 t 0 ~ 35) ALMEHED 72 IPWA

(Pl)
6/68
1/71

P-S ANAL SOL A 8/69
2/72

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR N¹3/2(1650)

DEVLIN 65 PRL 14 1031 T J DEVI IN, J SOLOMON, G BERTSCH {PRINCETON) I

82 N¹3/2t 1650) PHOTON DECAY AMPL( GEV¹¹-1/2)

FOR . DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES ~ SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS ~

Al N¹3/2(1650) INTO GAM NUCLEONS HELICITY=l/2 (GEV¹¹-1/2)
A 1 +» 090 076 OB ER LACK 72 DP W A P I N PHOT 0-PROD 2/73¹
A 1

'

I+» 112) WALKER 73 DPWA PI N PHOTO-PROD 2/73¹

7~ 9 6 ~ 8 GIDAL 66 OBC

81 (N¹-) - (N¹++) MASS DIFFERENCE (MEV) (PROD ~ EXP. ) BAREYRE 68 PR 165 1731
DQNNACH1 68 PL 268 161

ALSO 68 VIENNA 139
ALSQ 68 THESIS

P BAREYREy C BRICMANo G VILLET (SACLAY) I JP
A DONNACHIEy R G KIRSOPP ~ C LQVELACE (CERN) IJP
DONNACHIE RAPPORTEUR'S TALK {GLAS)
R G KIRSQPP {EDIN)

81 N¹3/2(1236] MI DTH (MEV) (PROD EXP )
AY ED 70 KI EV CONF R AYEDoP BAREYREo G VILLET t SACL) I JP
DAVIES 70 NP B21 359 A DA V I ES ( GLAS)

W

W

W

W AVG
W++
W++
W++
W++
W++
W++
M++
W++
W++
M++ AVG
W-
W-

115
105»0

~ ~ ~ ~
ill ~ 6

(125»0)
(121' 0)
{124»0)
(120~ 0)
115~ 0
127~ 0
122» 0
106~ 0

» o ~ ~

118.8
( 149~ 0)
237 0

5»
7 0

~ ~ ~ ~ ~

4 ~ 7
(30 ~ 0)

{14 ~ 0)
(8 0)
6 ~ 0
5 0
9 ' 0
7 ~ 0

~ »» ~ ~

4 ~ 7
(18 ' 0)
22 ' 0

ANDERSON 70 MMS — PI- P TQ PI- MMS 2/71
ELLIS 71 CNTR MMS PP 3 7 GEV/C 10/71

7/66
7/66
7/70
1/7 3¹
1/73¹
1/73¹
1/73¹

AVERAGE (ERROR INCLUDES SCAI E FACTOR OF 1 5)
G IDAL 66 DBC
CQLTQN 72 HBC — TO PI+PI-PI-PN

7/66
1/73¹

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 2)
FERRO-LUZ 65 HBC ++
DEANS 66 RVUE ++
GIDAL 66 DBC ++
HABER 70 DBCC K-D TO 4 BOD( P)
COLTON 72 HBC ++ PP TO PI+PN 7GEV
COLTQN 72 HBC ++ TO PI+PI-PP
CQLTQN 72 HBC ++ TO Pl+PI-PIOPP
COLTON T2 HBC ++ TO PI+Pl-Pl-PN

ALMEHED 72 NP 840 157
OBERLACK T2 PL 438 44
WALKER . 73 TO BE PUBS

+LOVE LAC E
r{.OBERl ACKyR ~ G. MOORHQUSE
R ~ L ~ WALKFReW»J»HETCALF

(LUNDo RUTG) IJP
{LBL)
(CIT)

CARRUTHE
DEVLIN

'HELLAND
BAREYRE
JOHNSON
DONNACHI
AYED
BOWLER

PAPERS NOT REF ERRE 0 TO IN DATA CARDS ~

60 PRL 4 303 P CARRUT HERS {CORNELL) I
62 PR 1?5 690 T J DEVLINr 8 J MOYERo V PEREZ-MENDEZ (LRL) I
64 PR 134 81062 +DEVL INyHAGGEo LQNGOy MOYERe WOOD {LRL) I
65 PL 18 342 + BRICMANy STIRL INGo VILLET (SACLAY)IJP
67 UCRL-17683 THESIS C H JOHNSON t LRL)
69 NP 108 433 A DONNACHIEe R KIRSQPP (Gl AS+EDIN)
70 PL 318 598 +BAREYREo VILLET (SACLAY)
70 NP 178 331 +CASHMORE (U ~ OXFORD)

I

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR N¹3/2(1236) (PROD EXP ~ ) h(1670) 10 N»3/2(1»70 JP=3/2-) 1=3/2 D33
FERRO-LU 65 NC 36 1101
DEANS 66 PREP RINT
GIDAL 66 PR 141 1261

F ERRO-LU ZZI o GEORGE r +
S R DEANS' W G HOLLADAY
G GIDALy A KERNANg S KIM

(CERN)
(VANDERBILT)

(LRL)

FOR DISCUSSION CONCERNING RESONANT PARAMETERS ~ SEE NOTE
PRECEDING N¹1/2 t 1470) ~

ANDERSON 70 PRL 25 699
HABER 70 NP 178 289
ELLIS 71 PRL 27 442
COLTQN 72 PR D6 95

+BLESERy BL IEDENt COLLINS++ ( BN{,y CARN)
+SHAP I RA y MERRILL o MQNARI++ ( SABRE COLL)
+MAGL ICHo NQREHo SANNESo S ILVERMAN ( RUTG)
E COLTONe A KIRSCHBAUM (LBL )

10 N¹3/2{1670) MASS (ME V)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

M 3
6

H 6
M 4
M 7

( 1691~ 0) DQNNACH1 68 RVUE
{1722. 0) AYED 70 IPWA

ENER DEP ~ F IT OF ARGAND DIAGRAM
( 1649» 0) DAVIES 70 RVUE
(1700.) ALMEHED 72 IPWA

PHASE-SHIFT ANAL 8/69
1/71

P-S ANAL SOL A 8/69
2/72
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Baryon s
h(1670), h(1690), h(1890)

Data, Card Listings
For notation, see key at front of Listings.

W 3
W 6
W 4
W 7

Pl
P2
P3
P4
P5
P6

10 N¹3/2{1670) PARTIAL DECAY NODES

N¹3/2(1670)
N¹3/2 ( 1670)
N¹3/2 ( 1670)
N¹3/2( 1670)
N¹3/2( 1670)
N¹3/2( 1670)

INTO PI N

INTO N Pl PI
INTO K SIGMA
INTO GAM NUCLEON ~ HELICITY=l/2
I NTQ GAM NUCLEQNe HEL ICITY=3/2
INTO N¹3/Z(1236) PI

10 N¹3/2(1670) BRANCHING RATIOS

10 N¹3/2(16TO) WIDTH {MEV I

( 26990) DONNACH1 68 RVUE
{258 ~ 0) AYED 70 IPWA
( 188~ 0) DAVIES 70 RVUE
(2609) ALHEHED 72 IPWA

SEE THE NOTES ACCOMPANYING THE MASSES QUOTEDN

SQL A

DECAY MASSES
139+ 938
938+ 139+ 139
493+1189

0+ 938
0+ 938

1236+ 139

R2
-. R2 1

S/69 R2 1
1/71 R2 1
8/69
2/72

OQNNACH2 68 VIENNA 139
KIRSOPP 68 THESIS

AYED 70 Kl EV CONF
FEUERBAC 70 NP 168 85

ALMEHED 72 NP 840 15T

REFERENCES FOR N¹3/2(1690)

DONNACHIE RAPPORTEUR'S TALK
R G KIRSQPP

R AYEDeP BAREYREe G VILLET
FEUERBACHER+HOLLADAY

+LOVELACE

(GLAS)
( EDIN)

( SACL ) I JP
( VANDERBILT )

( LUND 9 RUTG ) I JP

PAPERS NQT REFERRED TO IN DATA CARDS ~

AYEO
BOWLER

70 PL 318 598
70 NP 178 331

+BAREYRE 5 V IL LET
+GAS HHOR E

( SACLAY)
(U ~ OXFORD)

N¹3/2(1690) INTO {K SIGNA)/TOTAL (P2)
( ~ 00002)OR LESS FEUERSACH 70 RVUE PI P TO K+ SI G+

ASSUME MASSe WIDTHe X{ELAST) OF DONNACHIE 68
MODEL USED MAY DOUBLE COUNT ~

7/70

Rl
Rl 3
Rl 6
Rl 4
Rl 7

N¹3/2()670) INTO (PI N)/TOTAL
(0 14)
(0~ 21T)
(0' 12)
(0 16)

(Pl)
DONNACH1 68 RVUE
AYEO 70 IPWA
DAVIES 70 RVUE SOL A
ALMEHED 72 IPWA

8/69
1/71
8/69
2/72

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

h(1890) 11 N93/1(1890, JP"-5/29( (=3/2 F38
R2
R2 1
R2 1
R2 1

N¹3/2(1670) INTO (K SIGMA]/TOTAL (P3)
( ~ 00002)QR LESS FEUERBACH 70 RVUE PI P TQ K+ SIG+ 7/70

ASSUME MASSe WIDTHe X(ELAST) OF DONNACHIE 68
MODEL USED MAY DOUBLE COUNT ~

FOR DISCUSSIQN CONCERNING RESONANT PARAMETERSe SEE NOTE
PRECEDING N¹1/2(1470)

11 N¹3/2 ( 1890) MA SS ( ME V)

10 N¹3/2(1670) PHOTON DECAY AMPL( GEV¹¹-1/2)

FOR DEFINITION QF GAHHA-NUCLEON DECAY AMPLITUDESe SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS ~

Al N¹3/2(1670) INTO GAM NUCLEON 5 HE L ICI TY= 1/2 (GEV¹¹-1/2)
Al +9 068 9042 QBERLACK 72 DPWA PI N PHOTO PROD 2/73¹

M 3
H 6
M 6
M 4
M 7
M

( 1913~ 0)
( 1837~ 0)

FROM ENER ~ D EP ~

( 1841 0)
{1875. )
{1890~ 0)

DQNNACHl 68 RVUE
AYED TO IPWA

FIT OF ARGAND DIAGRAM
DAVIES 70 RVUE
ALMEHED 72 I PWA
HEHTANI 72 DPWA

PHASE-SHIFT ANAL 8/69
1/71

P-S ANAL SQL A 8/69
2/72

PI+P TO D1236 Pl 1/73¹

DONNACH1 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THESIS

A DQNNAGHIEe R G KIRSQPPe C LOVELACE (CERN]I JP
DONNACHIE RAPPORTEUR'S TALK ( GLAS )
R G K IRSQPP ( EOIN)

A2 N¹3/2 ( 1670) I NTQ GAM NUCL EON e HEL IC I TY=3/2 {GEY¹¹)./2)
A2 + ~ 022 9 052 OBERLACK 72 DPWA PI N PHOTO-PROD 2/73¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR N¹3/2(1670)

W 3
W 6
W

W T
W

11 N¹3/2{1890 I WIDTH (HEV)

( 350 ~ 0) DONNAGH1 68
( 198 0) AYED 70
(136' 0) DAVI ES 70
{250 ' ) ALMEHED 72
(300~ 0) MEHTANI 72
SEE NOTES ACCOMPANYING MASSES QUOTED AS

RVUE
IPWA
RVUE SQL A

IPWA
DPWA Pl+P TO D1236 PI
FOR N¹1/2( 1910)

8/69
1/7 1
8/69
2/72
1/73¹

AYED 70 KIEV CONF
DAVIES 70 NP 821 359
FEUERBAC 70 NP 168 85

ALMEHED 72 NP, 840 157
QBERLACK 72 PL 438 44

DONNACHI 69 NP 108 433
AYED 70 PL 318 598
BOWLER 70 NP 178 331

R AYEDeP BAREYREe G VILLET
A QA VI ES
F EUE R BAG HER+HO LL AD AY

+LQV ELAC E
H ~ OBERLACK eR ~ GNMQORHOUSE

( SACL) I JP
( GLAS )

( VANDERBILT)

(LUND, RUTG) IJP
{LBLJ

A DONNACHIF. P R KIRSOPP
+BAR EYRE 5 VILLET
+CASHMORE

{GLAS+ EDI N )
(SACLAY)

(U OXFORD )

PAPERS NOT REFERRED TQ IN DATA CARDS

Pl
PZ
P3
P4
P5
Pe
P7

N¹3/2(1890)
N¹3/2( 1890)
N¹3/ 2 ( 1890)
N¹3/2(1890]
N¹3/2(1890)
N¹3/2(1890)
N¹3/24 1890}

11 N¹3/2(1890) PARTIAL DECAY MODES

INTO PI N

INTO N PI PI
INTO K SIGMA
I NTO N¹3/2 ( 1236) PI
INTO GAM NUCLEON, HELICITY=1/2
INTO GAM NUCLEON 5 HEL IC I TY=3/2
INTO N RHO

DECAY MASSES
139+ 938
938+ 139+ 139
493+1189

1236+ 139
0+ 938
0+ 938

938+ 770

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

~]l(1690) 19 N93/2(1690, JP=3/2+( (=3/2 ~33

ll
R 1 N¹3/2 ( 1890) I NTO
Rl 3 {0' 16)
Rl 6 (09147)
Rl 4 ( 09 20)
Rl 7 (F 18)

(PI N)/TOTAL
DQNNACHl
AYED
DAVIES
ALMEHED

68 RVUE
70 IPWA
70 RVUE
72 IPWA

N¹3/2( 1890) BRANCHING RATIOS

(P1)

SO(. A

8/69
1/71
8/69
2/72

FOR DISCUSSIQN CONCERNING RESONANT PARAMETERSP SEE NOTE
PRECEDING N¹1/2(1410)

19 ' N¹3/2 ( 1690) MASS (ME V)

R2 N¹3/2(1890) INTO (K SIGMA)/TOTAL (P3)
RZ 1 {0 DOS)OR LESS FEUERBACH 70 RVUE Pl P TO K+ SI G+ 7/70
R2 1 ASSUME MASS 9 WIDTHe X{ELAST) OF DONNAGHIE 68
R2 1 MODEL USED HAY DOUBLE COUNT ~

3 (1690.) DONNAC H2 68 R VUE P HA 5 ~ SHIFT-C E RNl 10/69
3 ( 1690.) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69
3 WHERE HAX ~ ABSOR PTIQN IS -DONNACHl 5 2 5 K IRSOPP EYEBALL F IT CERN 1 10/69
6 {180190) AYED 70 IPWA 1/71
6 ENER ~ DEP ~ FIT OF ARGAND DIAGRAM
7 {1680~ ) ALMEHED 72 IPWA 2/72

19 N¹3/2 {1690) WI DTH ( MEV ]

R3
R3

R4
R4

N¹3/2(1890) FROM PI N TO D(1236) PI SQRT (P 1¹P4)
(0 23) HEHTANI 72 DPWA 1/73¹

11 N¹3/2{1890) PHOTON DECAY AMPL(GEV¹¹-1/2)

FOR OEF INITIO(({ QF GAMMA-NUCLEON DECAY AMPLITUDES 9 SEE HINI-
REVIEW PRECEDING THE BARYON LISTINGS ~

N¹3/2(1890) INTO (SIGMA K)¹{PIN)/TQTAL¹¹2 (P3¹P1)
( ~ 0016)OR LESS KAI MUS 70 DPWA PI+P TO K+ SIG+ 1/71

W 3
W 3
W 6
W 7

Pl
P2

( 281~ )
(240 )
( 5989 0)
(220 ' )

DONNACHZ 68 RVUE
KIRSQPP 68 RVUE
AYED 70 I PWA

ALHEHED 72 I PWA

N¹3/2(1690) INTO PI N

N¹3/2(1690) INTO K SIGMA

19 N¹3/2(1690) PARTIAL DECAY MODES

PHAS ~ SHIFT CERN1 10/69
P HASE SHIFT ANAL 10/69

1/71
2/72

DECAY MASSES
139+ 938
493+1189 DQNNACH1 68 PL 268 161

ALSO 68 VIENNA 139
ALSO 68 THESIS

A DONNACHIE 5 R G K IRSOPP e C LOVE LACE ( CERN) I JP
DONNAC Hl E RAPPORT EUR ' S TALK ( GLAS)
R G KIRSOPP ( EDIN)

Al N¹3/2(1890) INTO GAM NUGLEONe HELIGITY=l/2 (GEV¹¹-1/2)
Al (+ ~ 044) WALKER 73 DPWA PI N PHOTO-PROD 2/73¹
A2 N¹3/2{1890) INTO GAM NUCLEON 9 HELICI TY=3/2 (GEV¹¹-1/2)
A2 f- ~ 027) WALKER 73 DPWA PI N PHOTO-PROD 2/73¹

REFERENCES FOR N¹3/2(1890)

19 N¹3/2( 1690) BRANCHING RATIOS

DQNNACH2
KIRSQPP
AYED
ALMEHEQ

f Pl)
68 RVUE PHAS ~ SHIFT-CERN1 10/69
68 RYUE PHASE SHIFT ANAL 10/69
70 IPWA 1/71
72 IPWA 2/72

Rl N¹3/2(1690) INTO {PI N) /TOTAL
Rl 3 ( ~ 10)
Rl 3 (.08)
Rl 6 (0~ 135)
Rl 7 (0 1)

AYED 70 KIEV CONF
DAVIES 70 NP 821 359
FEUERBAC 70 NP 168 85
KALHUS 70 PR 92 1824

'
ALMEHED 72 NP 840 157
MEHTANI 72 PRL 29 1634
WALKER 73 TO BE PUB

R AYEDPP BAREYREe G VILLET
A DA V I ES
F E VER BACH ER+HOLL AD AY
G KALMUS9 G BQRREANI 9 J LOUIE

+LOVEL AC E
+FUNGe KERNANe SCHALKe +
R L WALKER 9 W ~ J ~ METCALF

{SACL) I JP
(GLAS)

( VANOER 8 ILT I
(LRL]

(LUNDe RUTG) IJP
(UCR +LBL)

(CIT)
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Data Card Listings
For notation, see key at front of Listings.

Sary ons
6(1890), h(1910), h(1950)

PAPERS NOT REFERRED TO IN DATA CARDS ~ 83 N¹3/2{1950) WIDTH (ME V)

AYED 70 PL 318 598 +BAREYRE+V ILLET (SACLAY)

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹

4(1910) 12 N»3/2( 191» JP=1/2») 1--3/2 31
FOR DISCUSSION CONCERNING RESONANT PARANETERSySEE NOTE
PRECEDING N¹1/2(1470) ~

W

W

W 1
W 3
W 6
W

W

W

W 7
W

( 170&0)
(200» 0) APPROX
(180' 0)
{221' 0)
l'197» 0)
(221 ~ 0)
(300»0) (60 ' 0)
(227 ' ) (12 ) (30 ' )
(200 ' )
{269 ~ 0)

SEE THE NOTES ACCOMPANYING THE

DUKE 65 CNTR
YOKOSAWA 66 CNTR
BAREYRE 68 RVUE
DONNACH1 68 RVUE
AYED 70 IPWA
DAVIES 70 RVUE
KALMUS 70 DPWA
HEHTANI 71 NPWA

ALMEHED 72 IPWA
HEHTANI 72 DPWA
HASSES QUOTED

7/66
7/66

11/67
6/68
1/71

SOL A 8/69
PI+P TO K+ SIG+ 1/71

++ P I+P TO ( 1236)P I 2/72
2/72

PI+P TO 01236 PI 1/73¹

M 3
M 6
M 6
M 4
M 7

W 3
W 6
W

W 7

12 N¹3/2 ( 1910) MA SS ( ME V)

( 1934» 0)
(1783»0)

FROM ENER ~ DEP ~ FIT OF ARGAND
l 1914»0)
(1900 ' )

DONNACHl 68 RVUE
AYED 70 IPWA
DIAGRAM
DAVIES 70 RVUE
ALNEHED 72 IPWA

12 N¹3/2 ( 1910) W I DT H (MEV )

( 339~ 0) DQNNACHl 68 RVUE
(308~ 0) AYED 70 IPWA
(290») DAVIES . 70 RVUE
(200») ALMEHED 72 IPWA
SEE NOTES ACCONPANYING MASSES QUOTED

P HASE-SHI FT ANAL

P-S ANAL SOL A

SOL A

8/69
1/71

8/69
2/72

8/69
1/71
8/69
2/72

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10

N¹3/2(1950)
N¹3/ 2( 1950)
N¹3/2{1950)
N¹3/ 2 t 1950)
N¹3/ 2 ( 1950)
N¹3/2(1950)
N¹3/2(1950)
N¹3/2(1950)
N¹3/2{1950)
N¹3/2(1950)

83 N¹3/2( 1950) PARTIAL DECAY MODES

INTO PI N

INTO SIGNA K

I NTO N¹3/2( 1236) PI
INTO Y¹1(1385).K
I NTO N¹3/ 2 {1236) RHQ

I NTO NE UTRQN PI+ PI+
INTO N¹3/2(1236) PI Pl (NOT RHO)
I NTQ GAM NUCLEON y HEL IC IT Y»y 1/2
INTO GAH NUCLEQNy HELICITY=3/2
I NTO N RHO

83 N¹3/2( 1950) BRANCHING RATIOS

DECAY MASSES
139+ 938

1189+ 493
1236+ 139
1384+ 493
1236+ 770
939+ 139+ 139

1236+ 139+ 139
0+ 938
0+ 938

938+ 770

Pl
P2
P3
P4
P5
Pb

N¹3/2 {1910)
N¹3/2 (1910)
N¹'3/2 ( 1910)
N¹3/2 ( 1910)
N¹3/2(1910)
N¹3/2 ( 1910)

12 N¹3/2( 1910) PARTIAL DECAY MODES

INTO PI N

INTO N PI PI
INTO K SIGMA
INTO N¹3/2( 1236) PI
INTO GAH NUCLEONy HEL ICITY=l/2'
INTO N RHO

12 N¹3/2(1910) BRANCHING RATIOS

DECAY MASSES
139+ 938
938+ 139+ 139
493+1189

1236+ 139
0+ 938

'938+ 770

Rl N¹3/2{1950) I
Rl (0 41)
Rl (0 ~ 4)
Rl 1 (0 ~ 57)
Rl 3 {0 386)
Rl 6 IO»49$)
Rl 4 t 0 ~ 51$
Rl 7 (0 4)

SEE THE NOTES

NTO ( P I N) /TOTAL {Pl)
DUKE 65 CNTR VERY ENERGY DEP

APPROX YOKOSAWA 66 CNTR
BAREYRE bS RVUE
DONNACH1 68 RVUE
AYED 70 IPWA
DAVIES 70 RVUE SOL A

ALMEHED 72 IPWA
ACCOMPANYING THE HASSES QUOTED

R2
R2
R2 1
R2 1
R2 1
R2

N¹3/2(1950) I NTO ( SIGNA K)¹(PI N) /TQTAL¹¹2 (P2¹Pl)
SEEN BORREANI 68 HBC PI+P l»35-1 68

(0 F 004) (0 F 008) FEUERBACH 70 RVUE PI P TO K+ SIG+
ASSUME HASSy MIDTHy X(ELAST) OF DQNNACHIE 68
MODEI USED HAY DOUBLE COUNT

0 ' 0081 0 ' 0013 KALHUS

7/66
7/66

11/67
6/68
1/71
8/69
2/72

10/69
7/70

1/71
Rl N¹3/2(1910) INTO (PI N) /TOTAL
Rl 3 t0»30) DONNACH1 68 RVUE
Rl 6 (0 ' 128) AYED 70 IPWA
Rl 4 {0 18) DAVIES 70 RVUE
Rl 7 le 33) ALMEHED 72 IPWA

(Pl)

SOL A

8/69
1/7. 1
8/69
2/72

R2 N¹3/2(1910) INTO (K SIGMA)/TOTAL (P3)
R2 1 (0»008)OR LESS FEUERBACH 70 RVUE PI P TO K+ SIG+ 7/70
R2 1 ASSUME HASSy WIDTHy X{ELAST) OF DONNACHIE 68
R2 1 MODEl. USED HAY DOUBLE COUN'

R3
R3
R3
R3
R3
R3 AVG

N¹3/ 2( 1950)
0» 23
0 ~ 24

t 0»48)
~ ~ ~ ~ ~ ~ ~ ~ ~

0»238 0» 018

SQRT ( P 1¹P3)
68 HBC ++ P I+P TO P I+PIO P 11/68
71 NPWA ++ 2/72
72 DPMA 1/73¹

FROM PI N TO D(1236) PI
0»04 FUNG
0»01 0.03 MEHTANI

ME HTAN I

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

NORE INFORMATION ON INELASTIC DECAY MODES OF BUMPS y SEEN IN PRODUCTION
EXPERIMENTS 'AROUND 1950 HEVy MAY BE FOUND IN THE NEXT ENTRY

12 N¹3/2(1910) PHOTON DECAY AMPL(GEV¹¹-1/2)

FQR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDESy SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS ~

Al N¹3/2(1910) INTO GAH NUCLEONy HELICITY=l/2 (GEV¹¹-1/2)
Al ("~ 027) WALKER 73 DPWA PI N PHOTO-PROD 2/73¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR N¹3/2(1910)

83 N¹3/2(1950) PHOTON DECAY AHPL{ GEV¹¹-1/2)

FOR DEFINITION OF GAMMA-NUCLEON DECAY ANPLITUDESy SEE MINI-
REVIEW PRECEDING THE BARYON LISTINGS»

Al N¹3/2(1950) INTO GAM NUCLEQNy HELICITY=l/2 (GEV¹¹-1/2)
A 1 . (-~ 059) WALKER 73 DPWA PI N PHOTO PROD 2/73¹

A2 N¹3/2( 1950) I NTO GAH NUCLEON ~ HE L IC I TY=3/2 (GEV ¹¹ 1 /2)
A2 (-~ 089) WALKER 73 DPWA PI N PHOTO~PROD 2/73¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

DONNACHl 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THESIS

AYED 70 KIEV CONF
DAY I ES 70 NP 821 3 59
FEUERBAC 70 NP 168 85

ALHEHED 72 NP 840 157
WALKER 73 TO BE PUBS

R AY EDy P BAREYRE y G VILL ET
A DA V I ES
FEUERBACHER+HQLLADAY

+LOVELAC E
R ~ L ~ WALK ER y W» J ~ HETCALF

( SACL ) I JP
( GLAS )

( VANDERBILT )

{LUND y RUTG) I JP
(CIT)

PAP ERS N QT REF ERRE D TO I N DATA CARDS ~

A DQNNAC HIE y R G KIRSOPP y C LOVE LACE ( CERN ) I JP
DONNACHIE RAPPORTEUR'S TALK {GLAS)
R G KIRSOPP ( EOIN)

BAREYRE 68
BORREANI 68
DONNACH1 68

ALSO 68
ALSO 68

FUNG 68

PR 165 1731
UCRL 18350
PL 268 161
VIENNA 139
THESIS'
VIENNA CONF

DUKE 65 PRL 15 468
YOKOSAWA 66 PRL 16 714

REFERENCES FOR N¹3/2(1950)

+JONES yKEMPyMURPHYyPRENTICEy + (RHEI. yOXF ) IJP
+SUWAy HILLy ESTERLINGy BOOTH, (ANLy CHIC) IJP

P BAREYREy C BRICMANy G VILLET (SACLAY) IJP
BORREANI y KALMUS (LRL)

A DONNACHIEy R G KIRSOPP y C LOVELACE (CERN) I JP
DQNNACHIE RAPPORTEUR' S TALK {GLAS)
R G KIRSOPP ( EDIN)
FUNG ~ KERNAN ~ KALMUS y BI RGE (RIVERSIDE yLRL f

CARYANN 65 PR 138 8433 CARAYANNQPOULOSy TAUTF EST y WILLNANN ( PURD)
A PARTI AL WAVE ANALYSIS OF PI+P TO S IGMA+ K+

AYED 70 PL 318 598 +BAREYRE+VILLET (SACLAY)

AYED 70 KIEV CONF
. DAVIES 70 NP 821 359

FEUERBAC 70 NP 168 85
KALMUS 70 PR D2 1824

R AYEDyP BAREYREy G VILLET ( SACL) I JP
A DAY I ES (GLAS)
FEUERBACHER+HOLLADAY ( VANDERBILT )
G KALHUS y G BQRREANI y J LOUIE (LRL)

MEHTANI 71 AMSTERDAM CONF» +FUNGyKERNANy WILLI AMSQN+BIRGEy++ (UCRyLBL) I JP
ROYCHOUD 71 NP B27 125 R K ROYCHOUDHURYy 8 H BRANSDEN ( DURH) I JP

h(1950)» N»y/2&1950 JP=7/2»I 1=3/2 F3V
FOR DISCUSSION CONCERNING RESONANT PARAMETERSySEE NOTE
PRECEDING N¹1/2{1470)

ALNEHED 72 NP 840 157
MEHTANI 72 PRL 29 1634
WALKER 73 TO BE PUB ~

+LOVELAC E
+FUNGy KERNANy SCHALKy +
R ~ L ~ WALKERyW ~ J ~ NETCALF

t LUND, RUTG) I JP
(UCR +LBL)

(CIT)

M

H

M 1
M 1
M 3
M 6
H 6
M 4
M

H

M

M 7
M

83 N¹3/2 ( 1950) HASS ( ME V)

DUKE 65
YOKOSAWA 66
SAREYRE 68
S GREATEST
DONNAC Hl 68
AYED 70
DIAGRAM
DAVIES 70
KALMUS 70
HE HTAN I 71
ROYCHQUD 71
ALMEHED 72
NE HTANI 72

CNTR
CNTR
RVUE
EYEBALL
RVUE
IPMA

PI~P EL + POL
PI P DSIG + POL
PHASE-SHIFT ANAL
FIT
PHASE-SHIFT ANAL

RVUE
DPWA
NPWA ++
DPWA
IPWA
DPWA

P-S ANAL SOL A

PI+P TO K+ SIG+
PI+P 1~ 8-2 1 GEV

PI+P TO 01236 PI

I 1920.0)
l1950~ 0) APPROX
I 1975.0)

WHERE CROSS SECTION I
( 1946» 0)
(1931' 0)

FROM ENER DEP FIT OF ARGAND
l1935~ 0)
( 1950~ 0) (30.0)
(1930») (20 ' )
(1930 ' )
(1925»)
{1920' 0)

br 68
7/66

11/67

6/68
1/71

8/69
1/71
2/72
3/72
2/72
1/73¹

PAPERS NQT REfERRED TO IN DATA CARDS'

HOHLER
LAYSON
AUVIL
HELL AND
HQHLER
HQLLAOAY
JOHNSON
DONNAC HI
AYED

63 NP 48 470
63 NC 27 724
64 NC 33 473
64 PR 134 B1062
64 PL 12 149
65 PR 139 81348
67 UCRL-17683 THESIS
69 NP 108 433
70 PL 318 598

G HOHLER y G EB EL
W H LAYS QN

P AUVILy C LOVELACE
+DEVLINyHAGGEy LONGQy NOYERyMOOD
G HQHLERy J GIESECKE
W G HOLLADAY
C H JOHNSON
A DQNNACHIEy R KIRSQPP
+BAR EYRE+V IL L ET

(KARLSRUHE) I
(CERN) IJ
( LOIC) I JP

(LRL) IJ
(KARLSRUHE) I

(VANDERBILT)
(LRL)

( GLAS+ ED IN )
(SACLAY)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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Sary{)ns
h(1960). Iyt(8160)

Data Card Listings
For notation, see key at front of Listings.

70 N¹3/2 ( 1950) BRANCHING RATIOS ( PROD ~ EX P )

( ) 15 N»5/211960. JP=5/2-1 1=3/2 38
Rl
Rl

N¹3/2(1950) INTO (PI N)/TOTAL
('0 ~ 57) (0 ~ 12) DEVl IN

(P 1)
65 CNTR

A NEW PRELIMINARY ANALYSIS BY AYED 72 FINDS
EVIDENCE FOR' THIS EFFECT AT 1870 NEV SEE THE N¹
MI NI REVIEW ~

R2
R2

N¹3/2(1950) I NTO ( SIGMA. K) /( PI. N) (P2)/(Pl )
0 059 0 024 CHINOWSKY 68 HBC ++ PP TO P S IG K 11/68

R3
R3
R3

N¹3/2(1950) INTO N¹3/2(1236) PI PI (NOT RHO) (P7)
SEEN CHINOWSKY 68 HBC ++ PP TO (P 3PI ) N 11/68
SEEN BOGGILD 70 HBC PP TO N3P I(NTRL) 6/70

13 N¹3/2( 1960) MA SS ( ME V) R4
R4

N 3/2(1950) INTO ( PI N) /(N¹3/2( 1236) PI ) (Pl)/(P3)
(0 ' 55} OR LESS LEE 67 HBC P I-P 3» 63 BEV/C 11/67

3 ( 1954 0)
3 (1970»)
X . (1950»0) APPROX
X SEE ALSO APLIN 70
3 WHERE MAX ~ ABSORPTION IS
7 (2200»)

( 1824» 0}

DONNACH1 68 RVUE
KIRSOPP 68 RVUE
LEA 69 CNTR

PHASE-SHIFT ANAL 6/68
PHASE SHIFT ANAL 10/69
P I-P ELASTIC 8/69

-DONNACHl 5 2 5 KIRSOPP EYEBALL F IT CERN 1 10/69
ALMEHEO 72 IPWA 2/72
MEHTANI 72 DPWA P I+P TO 01236 PI 1/73¹

R5 N¹3/2(1950) INTO ((PI N)¹(NEUTRON PI+ PI+))/TOTAL¹¹2
R5 (Pl¹P6)
R5 0 ~ 05 0 ~ 013 GAL} OWAY 68 RVUE ++ PI+P TO N 2PI+ 6/68

R6
Rb

N¹3/2(1950) INTO (Y¹1(1385)K)/(PI N) (P4)/{ Pl)
0» 035 0 ~ 015 CHINOWSKY 68 HBC ++ PP TO P LAM K PI 11/68

13 N¹3/2(1960) WIDTH (MEV)

R7 N¹3/2(1950) INTO (N¹3/2(1236) RHO)/(PI N) (P5) /( Pl )
R7 (0 45) APPROX CHINOW, SKY 68 HBC ++ PP TO {P 3PI) N

R7 THIS INCLUDES CORRECTION FOR UNSEEN DECAY (ISPIN FACTOR 5/3)
11/68

W 3
W 3
M 7
W

(311 00)
(400 )
(600» )
(138 0)

DONNACHl 68 RVUE
KIRSOPP 68 RVUE
ALMEHED 72 IPWA
MEHTANI 72 DPWA

8/69
PHASE SHIFT ANAL 10/69

2/72
P I+ P TO 01236 P I 1/7 3¹

R8
RB
RB

N¹3/2(1950) INTO (N¹3/2(1236) RHO)/TOTAL (P5)
SEEN YOON 67 HBC +
NOT SEEN BOGGILD 70 HBC PP TO N3P I (NTRl)

8/67
6/70

Pl
P2
P4

13 N¹3/2( 1960) PARTIAL DECAY MODES

N¹3/2(1960) INTO PI N

N¹3/2{1960) INTO K' SIGMA
N¹3/2(1960} INTO N¹3/2(1236) PI

DEC AY MASS E S
139+ 938
493+ 1189

1236+ 139

COOL
BRISSON
DEVL IN
LEE
Y DON

56 PR 103 1082
61 NC 19 210
65 PRL 14 1031
67 PR 159 1156
67 PL 248 307

REF ERENC E S FOR N¹3/2( 1950) ( PROD ~ EXP ~ )

R COOLy 0 PICC IONI 5 0 CLARK (BNL ) I
+OETOEUF ~ FALK-VAIRANTy VAN ROSSUMy+ (SACLAY } I
T J DEVL IN 5 J SOLOMONyG BERTSCH {PRINCETON} I
+MOEBSyROEySINCt. AIRyVANDER VELDE (MICH}
+BERENYI yKEYP PRENTICEy + (TORONTOy WI SC)

13 N¹3/2( 1960) BRANCHING RATIOS

Rl N¹3/2(1960) INTO (PI N)/ TOTAL (Pl)
Rl 3 ( ~ 154) DONNACH1 68 RVUE PHASE SHIFT ANA ~ 10/69
Rl 3 ( ~ 12) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69
Rl 7 (0 25) ALMEHED 72 IPWA 2/72

CHINOWSK 68 PR 1/1 1421
CHUNG 68 PR 165 1491
GALLOWAY 68 PL 268 334
BOGGILD 70 NP 816 503
CQLTQN 72 PR 06 95

CHINQWSKYyCONDONyKINSEYy KLEI Ny+ ( LRLy SLAC)
S U CHUNGPDAHL5KIRZy MIlLER (LRL }
K F GALLOWAY (INDIANA) I
+KOREA-AHO+JACOBSEN+ ( BOHR+ HELS+OSI. O+STOH )
E COLTON 5 A KIRSCHBAUM (LBL)

R3
R3

N¹3/2(1960) FROM PI N TO D(1236) PI SQRT t P 1¹P4)
(0 19) MEHTANI 72 DPWA 1/73¹

R2 N¹3/2{1960} INTO (K SIGMA)/TOTAL (P2)
R2 1 (0 013) (0 ~ 01) FEUERBACH 70 RVUE PI P TO K+ S IG+ 7/70
R2 1 ASSUME MASSy WIDTHy X(ELAST) OF DONNACHIE 68
R2 1 MODEL USED MAY DOUBLE COUNT

~Ill(8160) 9 II»3/212160 JP=3/2+I 1=3/2 & 33
ROYC HOUDHURY 71 FI ND POSSI BLE EVIDENCE FOR P31 5 D339 ANO
035 RESONANCES IN THIS MASS REGION IN A SIMILAR ANALYS
BRANSDEN 71 FOUND SOME EVIDENCE FOR S3150335AND 035 RES
NANCES INTHI S REGION» VON SCHLIPPE 72 SUGGESTS A G39

LEA 69 PL 298 584

FEUERBAC 70 NP 168 85

ALME HED
MEHTAN I

72 NP 840 157
72 PRl 29 1634

DONNACH1 68 Pl 268 161
K IRSOPP 68 THES IS

FEUERBACHER+HOlLADAY

+LOVELACE
+FUNGy KERNANy SCHALKy +

(

VANDERBILT�

)

(LUNDy RUTG) IJP
(UCR +LBL)

PAPERS NOT REFERRED TO IN DATA CARDS ~

REFERENCES -FOR N¹3/2(1960)
'

A DONNACHIEy R G KIRSQPP 5 C LOVELACE (CERN) I JP
R G KI RSOPP ( EDIN)

L EA 5 DADE S 5 WARD 5 COW AN 5+ ( RHE L 5 BR I STOL 9 DARE)

M 3
M

M 7

M 3
M 7

(2160. )
(2120»)
(2150. )

(260. )
{200.)

9 N¹3/2 ( 2160} MA SS (MEV )

KIRSOPP 68 RVUE
RQYCHOUO 71 DPWA
ALMEHED 72 IPWA

9 N¹3/2(2160} WIDTH (MEV)

KIRSOPP 68 RVUE
ALMEHE0 72 IPWA

P HASE SHI FT ANAL 10/69
3/72
2/72

PHASE SHI FT A NAL 10/69
2/72

DONNACHI 69 NP 108 433
AYED 70 PL 318 598
APLIN 71 NP 832 253
AYEO 72 RATA VIA CONF

A DONNAC HIE 5 R K I R SOPP {GLAS+EDIN }
+BIAR EYR E+V IL L ET (SACLAY)
+COWANyGIBSONyGILMORE++ (RHELPBRI STOL)
R AYEDyP BAREYREy Y LEMOIGNE t SACL)

9 N¹3/2(2160) PARTIAL DECAY MODES

Pl N¹3/2(2160) INTO PI N

DECAY MASSES
139+ 938

h(1950)
70 N¹3/2(19505 JP= ) I=3/2 PRODUCTION EXPERIMENTS

9 N¹3/2 ( 2160) BRANCHING RATIOS

Rl N¹3/2(2160) INTO {PI N)/TOTAL (P 1)
Rl 3 ( ~ 25) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69
Rl 7 {0.3) ALMEHED 72 IPMA 2/72

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

M

M

M

M N

M N

M

(1922' 0)
(1912' 0)
(1900»0)
{2080».0)

THIS BUMP
(1860 0}

(256 ' 0)
40 ~ 0

(180 0)

70 N¹3/2( 1950) MASS {MEV) (PROD EXP ~ )

APPROX COOL
(15' 0) BRISSON

(9 0) DEVLIN
(12»0) YOON
IS NOT SEEN BY CHUNG 68 AT

COLT QN

56 CNTR PI+ P TOTAL
61 CNTR PI+ P TOTAL
65 CNTR PI+ P TOTAl
67 HBC + 3 BEV/C P I-P
3 2 GEV/C
72 HBC ++ PP TO P I+PN 7GEV

{39' 0)
20 ' 0

DEVL IN 65 CNTR
YOON 67 HBC +
COLTON 72 HBC ++ PP TO PI+PN 7GEV

70 N¹3/2(1950) WIDTH (MEV) (PROD EXP ~ )

7/66
7/66

8/67

1/73¹

8/6'7
1/73¹

KIRSOPP 68 THESIS

ROYCHOUD 71 NP B27 125

ALMEHED 72 NP 840 157

DONNACHI 69 NP 108 433
BRANSDEN 71 NP 826 511

ALSO 70 NP 816 461
VQN SCHL 72 LNC 4 767

REFERENCES FOR N¹3/2(2160)

R G KIRSOPP

R K RQYCHOUDHURYyB H BRANSDEN

+LOVELAC E

( EOIN )

( DURH ) I JP

(lUNDy RUTG) I JP

PAPERS NOT REFERRED TO IN DATA CARDS ~

A DONNACHIEPR KIRSOPP {GLAS+EDIN)
yOGDEN (DURH) IJP
ROYCHOUDHURY 9 P ERR I N 9 BRANSOEN ( DURH) I JP
VON SCHL I P PE ( LOWC }IJP ~

70 N¹3/2(1950) PARTIAL DECAY MODES {PROD ~ EXP» )

Pl
P2
P3
P4
P5
P6
P7

N¹3/2 ( 1950)
N¹3/ 2 ( 1950)
N¹3/2(1950)
N¹3/2(1950)
N¹3/2{1950)
N¹3/2(1950)
N¹3/2{1950)

INTO PI N

INTO SIGMA K
I NTO N¹3/2( 1236) PI
INTO Y¹l{1385) K
INTO N¹3/2(1236) RHO
INTO NEUTRON PI+ PI+
INTO N¹3/2(1236) PI PI (NOT RHO)

DECAY MASSES
}.39+ 938

1189+ 493
1236+ 139
1384+ 493
1236+ 770
939+ 139+ 139

1236+ 139+ 139
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Data Card Listings
For notation, see key at front of Listings.

Baryons
g(8480), h(8850), h(3830)

a(848o) Ee Ne3/2(2420 JP ~ 11/2ej ( 3/2 3 11
BOTH ROYCHOUDHURY 71 AND SRANSDEN 71 SEE A POSSIBLE
RESONANT F35 IN THIS MASS REGION ~ IN ADD IT ION BRANSDEN
71 FIND A RESONANT P33 AT 2600 HEVe

D IDDEN S
ALVARE Z

HQHLER
MAHL IG
BARGER
CITRON

63 PRL 10 262
64 PRL 12 7 10
64 PL 12 149
64 PRL 13 103
66 PR 151 ).123
66 PR 144 1101

REFERENCES FOR N¹3/2(2420) t PROD ~ EXP ~ )

+JENKINS 2 KYCI Ag R ILEY (SNL) I
+BAR-YAH KERN LUCKEY OSBORNE + (MIT CEA)
G HGHLERE J GI ESECKE ( KARLS RUHE ) I
+HANNELLIESODICKSONyFACKLEREWARDy + {MIT)
V BARGER E M QLSSON (MISC)
+GALBRAITHEKYCIAgLEONTIC ~ PHILLIPSE + {SNL) I

M 6
H 6
M

M

M

( 347e 0)

84 N¹3/2{2420) MI DTH t MEV)

AYED 70 IPWA

84 N¹3/2(2420) MASS (MEV)

(2312' 0) AYED 70 IPWA
FROM ENERe DEP ~ FIT OF ARGAND DIAGRAH

(2400 ) BRANSDEN 71 DPMA

(2400 ' ) ROYCHGUD 71 DPWA

(2440e) QTT 72 MPWA

1/71

3/72
3/72

0 PI-P BKMD ELSTC 2/73¹

1/7 1

BARGER 67 PR 155 1792
DIKHEN 67 PRL 18 798
KORHANYO 67 PR 164 1661
GALLOWAY 6& P{ 268 334

V BARGERE 0 CLINE {MISC) P
F N DIKMEN ( MICH)
KORHANYOS 2 KRI SCH 2 OFA(. LON 2 + ( Ml CH 2 ANL) P
K F GALLOWAY (INDIANA} I

PAPERS NOT REFERRED TO IN DATA CARDS ~

BAACKE 67 NC 51A 761 J BAACKEg M YVERT (KARLSRUHEgORSAY)J-L
DGBROWOL 67 PL 248 203 DOSROMGLSKI yGUSKOV ~ LIKHACHEV 2 + (DUBNA) P
DOLEN 6& PR 166 1768 R DGLENg D HGRNg C SCHMID (CIT)
WAHLIG 68 PR 168 1515 M A WAHLIGE I MANNELLI t MIT 2 PISA)

FINAL VERSION OF DATA USED IN MAHLIG 64 IN CONJUNCTION WITH
CITRON 66 TOTAI CRQSS SECT IONSg THIS CHARGE EXCHANGE DATA GI VES
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

84 N¹3/2(2420) PARTIAL DECAY MODES

Pl N¹3/2(2420) INTO PI N

P2 N¹3/2(2420) INTO SIGMA K

DECAY MASSES
139+ 938

1197+ 493

h(8850)
85 N¹3/2(2850» JPeg +) l=3/2 PRGDUCTIQN EXPERIHENTS

84 N¹3/2(2420) BRANCHING RATIOS

(P 1)
70 IPWA
72 MPWA 0 PI-P BKMD ELSTC

Rl N¹3/2(2420) INTO (PI N)/TOTAL
Rl 6 (0.113) AYED
Rl 7 (94) OTT

(

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

1/71
2/73¹

H

M

85 N¹3/2( 2850) MASS (ME V) t PROOe EXP }

t 2870e 0)
t?700. 0) APPROX
(2850e0)
285000 12e0

HGHLER 64 RVUE DATA + DI SP REL
WAHLIG 64 GSPK 0 PI P CH EX
BARDADIN 66 HBC ++ N¹ TO P + 3 P IS 7/66
CITRON 66 CNTR PI+ P TOTAL 7/66

AYED 70 KIEV CONF

REFERENCES FOR N¹3/2(2420)

R AYEDgP SAREYREg G VILLET (SACL }IJP 85 N¹3/2{2850} WIDTH tMEV) (PROD' EXP )

BRANSDEN 71 NP 826 511
ALSO 70 NP 816 461

ROYCHOUD 71 NP 827 125
OTT 72 PL 428 133

ALSO 72 HCGILL THESIS

yOGDEN (OURH) IJP
RQYCHOUDHURYS PERRINg BRANSOEN {DURH) I JP
R K ROYCHOUDHURY 8 H BRANSDEN ( DURH) IJP
+TRISCHUKyVAVRAy RI CHARDSg+ (MCGI ySTLOE IOWA) I JP
J VAVRA (MCGI ) JP

{150' 0)
400. 0 40.0

BAROAD IN 66 HBC ++
CITRON 66 CNTR

7/66
7/66

PAPERS NQT REFERRED TO IN DATA CARDS ~
85 N¹3/2(2850) PARTIAL DECAY MODES (PROD ~ EXP. )

BELLAMY 67 PRL 19 476

AYED 70 PL 318 598

+BUG KLEY 2 DOBINSONg +

+BAREYRE+VILLET

( WEST F I ELDy LOUC ) JP

(SACLAY)

Pl N¹3/2(2850) INTO PI N

P2 N¹3/2t2850) INTO P PI PI PI
P3 N¹3/2(2850) INTO N PI PI

DECAY MASSES
139+ 938
938+ 139+ 139+ 139
938+ 139+ 139

69 N¹3/2(2420) MASS t ME V) ( PROD EXP ~ )

(2360 ' 0) OI DDENS
(252000) (4000) ALVAREZ
(2440 ' 0) . HOHLER
( 2400e 0) APPROX WAHLIG

8 (2452 ~ 0) BARGER
8 USES REGGE 'AMPe+RFSGN ~ TO CALCULATE DIF
B FOR CRITICISM OF THIS METHGDy SEE DOLEN

2423e 0 10 ~ 0 C I TRON

63 CNT'R P I+ P TOTAL
64 CNTR PI PHOTQPROD 7/66
64 RVUE DATA + DISP REL.
64 GSPK 0 PI-P CH EX
66 RVUE TOTAL + CH EX 11/67

~ CROSS SECTIONS AT, 180 DEGRE
68

66 CNTR PI+ P TOTAL . 7/66

69 N¹3/2(2420) WIDTH (HEY) (PRODe EXP ~ )

a(8480)
69 N¹3/2(24202 JP= ) I=3/2 PRODUCTION EXPERIMENTS

Rl
Rl
Rl
Rl
Rl
Rl
Rl
R),
Rl
Rl
Rl
Rl
Rl

HOHLER 64 PL 12 149
WAHL IG 64 PRL 13 103
8 AROADI N 66 PL 21 357
BARGER 66 PR 151 1123
CITRON 66 PR 144 1101

REFERENCES FOR N¹3/2(2&50) {PROD ~ EXP ~ )

G HQHLERg J GIESECKE (KARL SRUHE ) I
+HANNELLI 2 SODI CKSGNE FACKLERE WARDS + (MIT)
BARDADIN-OTMINOWSKAS DANYSZ ~ + ( WARSAW)

V BARGERy M OLSSON (MISC)
+GALBRAITH, KYCIA, LEONTIC, PHILLIPS, + (BNL) I

85 N¹3/2( 2850) BRANCHING RATI OS '{ PROD ~ EXP ~ )

N¹3/2(2850) INTO (PI N) /TOTAL (Pl)
ONLY (J+1/2)¹( Pl N/TOTAL) MEASURED FOR THIS STATE

8 (0 224) {0e016) BARGER 66 RVUE TOTAL + CH EX' ll/67
0 ' 261 0 048 CITRON 66 CNTR . TOTAL CROSS ~ SEC ~ ll/67 '

8 (0 ' 40) BARGER 67 RVUE : USES KORMANYOS66 11/67
8 USES REGGE AMP +RESON ~ TO CALCULATE DIF CROSS SECTIONS AT 180 DEGRE
8 FOR CRITICISM OF THIS METHODy SEE DOLEN 68 ~

C (0 ' 49) DIKMEN 67 RVUE USES KORMANYOS67 11/67
C USES ONLY RESONANCES TO CALCULATE GIFT CROSS SECTIONS AT 180 DEGREES

(0 ' 39) DOBRGWOLS 67 CNTR PI+P AT 180 DEG
(0 10) KORMANYOS 67'CNTR PI-P AT 180 DEGe ' ll/67

D {0~ 06) OR LESS CL= 95 HALDORSE 72 H))C PP 19 GEV/C 12/72¹
D UPPER LIMIT ON ELASTICITY ~ ALSO F IND J 9/2 OR MORE ~

W

W

W B
W

(200 ~ 0)
(245 ~ 0)
(275 0)
310~ 0 20 e0

DIDDENS 63 CNTR
HOHLER 64 RVUE
BARGER 66 RVUE TOTAL + CH EX
CITRON 66 CNTR

7/66
' l l/67

7/66

BARGER 67 PR 155 1792
DIKMEN 67 PRL 18 79&
DOBROWOL 67 PL 248 203
KORMANYO 67 PR 164 1661
HALOGRSE 72 NC 10A 468

V BARGERy 0 CLINE ( MISC) P.
F N DIKMEN t MICH)
DOBROMOLSKIEGUSKOVgLIKHACHEVE + (DUBNA) P
KORHANYGSr KRISCHg' OFALLONg + (HICHEANL) P
HALDORSENEJACOBSEN {OSLO) IJ

69 N¹3/2(2420) PARTIAL DECAY MODES (PROD ~ EXP ~ )
PAPERS NOT REFERRED TO IN DATA CARDS ~

Pl
P2
P3
P4

N¹3/2(2420) INTO PI N

N¹3/2(2420) INTO SIGMA K
N¹3/2 (242 0) I NTO N¹3/ 2 ( 1236) PI
Nsj(3/2(2420) INTO NEUTRON PI+ PI+

DECAY MASSES
139+ 938

1197+ 493
1236+ 139
939+ 139+ 139

BAACKE 67 NC 51A 761 J BAACKE 2 M YVERT (KARLSRUHEEGRSAY) J-L
DOLEN 68 PR 166 1768 R DQLENg D HORNy C SCHMID (CIT)
WAHLIG 68 PR 168 1 515 ' M A WAHLIG 2 I MANNELLI . I HIT 2 PISA )

FINAL VERSION OF DATA USED IN WAHLIG 64 ~ IN CONJUNCTION WITH
CITRON 66 TOTAL CROSS SECT IONSg THIS CHARGE EXCHANGE DATA GIVES
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES ~

Rl
Rl
Rl
Rl 8
Rl D
Rl D

Rl

69 N¹3/2(2420) BRANCHING RATIOS ( PROD ~ EXP ~ )

N¹3/2(2420) INTO (PI N}/TOTAL {P1)
(0 ~ 067} APPROX DIDDENS 63 CNTR ASSUMING J=ll/2 7/66
0 ~ 113 0 ~ 0036 'CITRON 66 CNTR ASSUMING J=ll /2 7/66

(0 12) BARGER 67 F IT ASSUMING Jse1 1/2 11/67
(0 163) 9 IKMEN 67 F IT ASSUMING J=l 1/2 11/67

USES ONLY RESONANCES TO CALCULATE DIFe CROSS SECTIONS AT 180 DEGREES
{0 ~ 06) KORMANYOS 67 CNTR ASSUMING J=1 1/2 11/67

s(383o)
BUMPS

Ee Ne3/2(3230 JE= ( (=3/2 PREOUCT(ON EXEER((EE'((TS

R2
R2
R2

N¹3/2(2420) INTO (PI N) ¹(NEUTRON PI+ PI+) /(TGTAL¹¹2)
(P 1¹P4)

0 ' 0195 0.0048 GALLOWAY 68 RVUE 6/68 {3230~ 0)

86 N¹3/2{3230) MASS (MEV) ( PROD ~ EXP ~ )

CITRON 66 CNTR PI+ P TOTAL 7/66
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Baryons
h(383p), EX(164p), Z 's

Data Card Listings
For notation, see key at front of Ltstings.

(44090)

86 N¹3/2(3230) WIDTH (MEV) (PROD ~ EXP ~ )

CITRON 66 CNTR 7/66

86 N¹3/2(3230) PARTIAL DECAY HODES (PROD EXP ~ )

Pl
P2

N¹3/2l 3230) INTO PI N

N¹3/2(3230) INTO N PI PI

DECAY MASSES
139+ 938
938+ 139+ 139

BARGER 66 PR 151 1123
CITRON 66 PR 144 1101
BARGER 67 PR 155 1792
DIKMEN 67 PRL 18 798

KORHANYO 67 PR 164 1661
DOLEN 68 PR 166 1768

REFERENCES FOR N¹3/2l3230) l PROD ~ EXP ~ )

V BARGER2 M OLSSON (WISC)
+GALBRAITH9KYCIAsLEONTIC2PHILLIPS5 + (BNL) I
V BARGER5 D CLINE (WISC) P
F N OIKMEN (MICH)

PAPERS NOT REFERRED TO IN DATA CARDS

KORMANYOS9 KRISCHt OFALLON2 + (MICH2ANL) P
R DOLE N 5 D HORN ~ C SCHMI D (CIT)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

EXOTIC NUCLEON

THIS I S NOT A COMPLETE LIST WE WI(.L TABULATE EXOTICS FROM NOW ON

EX(164P) 92 Ex(1640, JP= 1 1=5/2

AMMANN 71 ANO JOHNSON 71 WITH COMPARABLE lOR
BETTER) STATISTICS AND AT MOHENTA NEAR 4.91 ARGUE
STRONGLY THAT THE EFFECT SEEN BY PRICE 70 IS A

STATISTICAL FLUCTUATION ~

IN A MISSING MASS EXPERIMENT 9 PI+ P TO PI- X+++2
BIRULEV 71 FIND NO EVIDENCE FOR EXOTIC (1=5/2) RESONANCES IN THE
MASS INTERVAL 1 ' 2 TO 2 2 GEV

92 EX(1640) MASS (HEV]

H A 29(1627 ) (12 ) PRICE 70 DBC —K-D AT 4'91GEV/C 3/71
M A FOUR S ~ 00 EFFECT

92 EX(1640) WIDTH (MEV)

W 8 29 (30~ ) OR LESS CL= ~ 90 PRICE 70 DBC —PI-PI-N BUMP
W 8 CROSS SECTION 13 0+3 ~ 9 MICROBARNS

3/71

92 EX(1640) GROSS SECTION LIMITS (MIGROBARN)

GS 8 (404) OR LESS BANNER 70 OSPK +++ PI+P91 9 GEV/C 7/70
CS 8 1=5/2 LIMIT GIVEN ABOVE IS FOR MASS RANGE 1540-1750 MEV

BANNER
PRICE

70 NP 815 205
70 PL 3385533

REFERENCES FOR EXl 1640)

+CHEZEsHAMELrTEIGER2 ZACCONE + (SACLAY)
+BERG5SALANT9WATERS9WEBSTER9WEINBERG (VAND)

PAPERS NOT REFERRED TO IN DATA CARDS

AMMANN 71 PL 348' 533
BIRULEV 71 SJNP 12 536
JOHNSON 71 PL 348 428

+CARMONYPGARFINKEL 9GUTAY9MILLERP YEN (PURD)
+VOVENKO5GUSKOV5DOBROVOLSK112++ ( JINR)
0 JOHNSON (ANL )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

86 N¹3/ 2( 3230) BRANCHING RA TI OS

R1 N¹3/2(3230) INTO (PI N)/TOTAL (P1)
Rl ONLY ( J+1/2) ¹(P I N/TOTAL) MEASURED FOR THIS STATE
Rl 8 (0003) (0 F 01) BARGER 66 RVUE TOTAL + CH EXC9 jl/67
R1 ( 0 ~ 06) CITRON 66 CNTR TOTAL GROS ~ SEC ~ 11/67
Rl 8 (0~ 03) TO 0 1 BARGER 67 CNTR USES KORMANYOS66 11/67
Rl 8 USES REGGE AMP' +RESON ~ TO CALCULATE DIF CROSS SECTIONS AT 180 DEGRE
R2 8 FOR CRITICISM OF THIS METHOD0 SEE DOLEN 68 ~

R1 0 (0 25) OIKMEN 67 RVUE USES KORMANYOS67 11/67
R1 D USES ONLY RESONANCES TO CALCULATE DIF CROSS SECTIONS AT 180 DEGREES

strangeness baryons cannot be made from three
quarks, it is very important to find out if these
peaks are resonance s.

(a) I = 0 System. New K p total cross+

section data have been reported by the Arizona
group in the 0.57 to 1.16 GeV/c region
(BO%EN 73) and by the BNL group
(CARROLL 73) in the 0.4 to 1.06 GeV/c region.
The cross-sections of both groups fail to ex-
hibit the dip at 0.7 GeV/c previously reported.
The absence of the dip is also observed in the

+K p elastic data reported by ADAMS 7Z. A
+curve through the K p total cross section data

as drawn by CARROLL 73 is shown in Fig. 1.
+The new K d cross section data around 0.7

GeV/c also show smoother behavior than be-
fore, and. both effects result in the I = 0 cross
section shown in Fig. 1. The data points after

unfolding and the smooth curve drawn by

CARROLL 73 are shown in Fig. Za. The

double humped structure reported by

ABRAMS 69, COOL 70, and DOVE ELL 70 now

looks more like a shoulder and a bump, which

is associated with the rapid increase in the in-

elastic cross section.

Fig. 2a shows large disagreement at low
momenta between BOVfEN 73 and CARROLL 73
points. However, only part of this disagreement
xs due to a difference in the measured K d cross
sections (for l5 & 0. 8 GeV/c, there is no system-
atic difference between the two sets of data);
the rest can be attributed to differences in the
unfolding procedures.

There is, however, no doubt about there
being a large broad peak in the isospin 0

elastic cross section. The inelastic cross
section increases smoothly until the K N

threshold at 1.08 GeV/c is approached where,
op

as shown in Fig. Zb, the K N cross section

Note on Possible Z 's

Although much work has been done on the

strangeness +1 reactions during the past few

years, it is not yet clear whether the peaks
seen in total KN cross sections near 1 GeV/c

are resonances; see Fig. 1. Since positive-

cames in strongly (HIRATA 70). The total
KNTT and KNTrT( cross sections are shown in

Fig. 1 as eyeball curves drawn through the

data (GIACOMELL1 72). Subtracting these
from the total cross section one gets p'0(elastic)
also shown in Fig. 1. The resonance (if it
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5aryons
S

25 I.O
pl

I.5
I

2.0

(a)

20 a~ (total)

~ (toto I)

20-

II

~t

I5
10-

6-

C
O

0
0)

IO
lh
O

C3

~L~L

1(KN~~)

I

c, (e lostic)

~)

0
0.0

10—

0.6
I

1.0 1.6 2.0

I I

~ era(KN K N)—

~ crt (KN ~K N}

K beam rnornentum (GeV/c)

0
0.5 I.O l.5

K beom rnornenturn (GeV/c)
2.0

XBL732 2531

Fig. 'I. KN total and partial cross sections.
Subscripts indicate isospin. Total cross sec-
tion curves from CARROLL 73, which uses
new data of BOVfEN 73 as well as previous
data. Elastic I=I curve is hand-drawn through
new and old. elastic data. I=O inelastic curves
taken from GIACOMELLI 72. Isospin I inelas-
tic curve s taken from LOKEN 7 2.

I

K beam momentum (GeV/c)

Fig. 2.
(a) Unfolded I=O cross sections as quoted by

the various author s discus s ed in the Z mini—
review:

0 BOWEN 73 o q.
o BUGG 68 0 T i,

'as unfolded by CARROLL 73)
~ CARROLL 73 0 T~ COOL 70 0 T
r GIACOMELLI 72 0(~KN)
—GIACOMELLI 7Z o' {wwKN}

(h) Energy dependence of the isospin 0 and
isospin I cross sections for the reaction
KN ~ K~N (HIRATA 70).
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exists) would have a xnass M - 1780 MeV,

would be very wide, and would be very elastic
because the inelastic cross section is small at
the peak. If Z were greater than i/2, the

resonant peak would. exceed the observed
height of —4vrk . This fixes the spin as i/2,
and xneans that there is little cross section
left over for other partial waves. Of course
it is quite possible that in fact the peak is not

caused by a resonance at all.
Differential cross section data on the elastic

charge exchange have been reported by

HIRATA 71 (5 xnoxnenta in the 0.87 to 1.59

GeV/c region) and by GIACOMEI I Ii 72 (i3
moments in the 0.64 to i.Si GeV/c region).
More recently GIACOMELLI 2 72 reported
data on the K n ~ K n elastic scattering in the

0;6 to i.6 GeV/c region, and ARMITAGE 72 has
+reported. very preliminary data of K p ~ K n.

Attempts to perforxn partial-wave analyses
for the I = 0 system have also been reported
recently. HIRATA 71, which does not include

the xnost recent elastic and total cross section
data, finds a large P01'- partial wave which

does not go through 90' as expected for an

elastic resonance. WILSON 72 -report energy-
dependent and ener gy-independent analys es,

+which did not include the K n elastic data. S,
P, and D waves only were, included in the fit
and six classes of solutions were found. The
addition of the K n data has reduced the solu;+

tions to four with two being favored over the
others (called C and D). Solution D shows a1

resonant-like F01 partial wave which crosses
the imaginary axis at P = i200 MeV/c and

turns back in toward the center of the Argand

plot. The other solution also has a large P01
partial wave, but it does not look resonant.
Note, however, that very little polarization
data have gone into these analyses, ' therefore

)le

a conclusion on the existence of Z0 (1780)
mu s t await mere data.

{b) I = 1 System. As discussed above there
are new elastic cross section data reported by
ADAMS 72 (0.4.to 0.9 GeV/c) and new K p total+

cross section xne asur ements -by HO&EN 73

and CARROLL 73. Elastic cross section results

have also been reported by CHARLES 72 {0.9
to i.9 GeV/c). For the inelastic. channels new

data have been reported by LOKEN 72. Fig.
1 shows smooth curves drawn through the new

total cross section data, the new elastic data,
and the inelastic data of LOKEN 72.

-Many partial-wave analyses have been per-
+forxned on the K p data since the I = 1 buxnp

first appeared in 1966. We m. ention here only
the most recent ones and refer the reader to
our previous edition for a review of the others.
MILLER 72 has reported an analysis which

uses a new method, ACE .(accelerated converg-
ence expansion), in which high partial waves
are included through conforxnal mapping as
suggested by CUTKOSKY 70. The results of
ACE are then coxnpared with the two solutions
obtained by the same group through convention-
al partial-wave analysis. CUTKOSKY 72 is a
new analysis by the saxne group with energy
smoothing added to a more extensive randoxn

search. CHARLES 72 have performed a corn-

parison of their data to existing phase-shift
analysis and find that the ALBROW' 71-u, P, y
solutions are the preferred ones, although they
cannot choose axnong them. EHRLICH 72 have

reported an- analysis of data between 1.3 and

2.3 GeV/c employing the ACE method. Then

they use the shortest path method to link the

energy-independent solutions and find 25 least
path solutions, soxne resexnbling previously
published solutions, in addition to new ones.
Another new analysis has been reported by
Martin and Miller (MARTIN 72), who use an

energy-dependent paraxnetrization based on

partial-wave dispersion relations. As a
starting point the ALBROW 71 solution j' is used
and they obtain a new solution which is not

v er y diff e r ent fr oxn the s tar ting one.

In conclusion the new analyses, as the old

one s, yield xnore than one solution to choos e

from, which indicates that the data are not

good enough to elixninate soxne of the possi-
bilities. More data of the conventional type,
xneasurexnents of the R and A parameters,
and the sixnultaneous analysis of elastic and



PARTIcLE DATA GRoUP Review of Particle Properties Sl37

Data Card Listings
For notation, see Itey at front of Listings.

Baryons

-4.4

"4.3
( M I LLE R 72)

.4

(BARBER 70}

l.89

I.82 '

O.l

0.97
0.90
86

I

0.2 0.3 I

-0 I O.I

0.97
0.90

0.2
i

0.3 0

l.45
l.89

0

(REBKA 70}

.97
l8-
'-«~ n

«8

(AYED 70)

--Background

(LOVELACE 71)
=Sol. IA

o--~SOI. IB
(ALBROW 7I)

Sol. 7

2500=

0.5 -0 25 0 0.25

-4,
l.71+~

1.48 4~ (CARRERAS-I 70)
1.97

l.25
l.l2 ~~~.52

0 . I .2

0'3 ..14/ GeV /c

'
. t, — 1.32

E 1

01

P13 Amplitude

(GI ACOMELLI 70)
113

+ 106

+ 097

00 01 0 2 q Ref 0.3

Fig. 3. Argand plots for the Pg3 partial wave as obtained in partial-wave analyses
performed by the authors indicated. (CARRERAS-i 70 plotted by us from p, 6. }
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inc 1as tie channels {copious inc las tic data are
desirable at the moment) could improve the

understanding of this system.
The P&3 amplitude still remains the best

candidate for a resonance in the K p systemG
+

The preferred P&3 Argand plots obtained by
some of the groups are shown in Fig, 3. Each
analysis in one way or another gets at least
one solution with a counterclockwise P

3 ampli-

tude. Resonant P&3 is preferred by

REBKA 70, GIACOMELLI 70, and ALBROW 7l;

M

H D

M D

M W

M W

95 Z¹0(1780) HASS ( MEV)

178060 10~ 0 COOL 70 CNTR + K+P ~ D TOTAL
SEEN DOWELL 70 CNTR K+PED TOTAL
SEE ALSO DISCUSSION OF LYNCH 70

( 1800. ) WILSON 72 PWA K+M P01 WAVE

ESTIMATE OF PARAMETERS FROM BW + QUADRATIC BACKGROUND FIT TO P01 ~

95 Z¹0(1780) WIDTH (MEV )

Z 17
95 Z¹0(17805 JP=1/2 ) I=0

0( ) SEE THE MINI-REVIEW PRECEOING THIS LISTING.

THIS EFFECTE IF A RESONANCEG MUST HAVE SPIN=1/29
BECAUSE THE INELASTIC CROSS SECTION IS VERY SHALL
AND THE TOTAL CROSS SECT ION IS ABOUT -4¹PI/K¹¹2~

HIRATA 71 ARGUE THAT IT IS THE P01 WAVE THAT

IS LARGE ~ HOWEVERS THEY CONCLUDE THAT P01 NEED NOT PASS THROUGH 90
DEGREES TO EXPLAIN THE RELEVANT DATA IN THE 1 GEV/C REGION ~

WILSON 72 FIND SOME SOLUTIONS WITH RESONANT-LIKE BEHAVIOR IN THE Ppl
PARTIAL WAVE ~

1/71
7/70
7/70
3/72
3/72

the results of the other analyses are not so

cle ar cut.

( 565 ~ 0)
(300 )

COOL 70 CNTR + K+P 9 D TOTAL
WILSON 72 PWA K+N Ppl WAVE

1/71
3/72

Threshold effects. An alternative way to

describe the P&3 amplitude would be in terms
of a coupled. -channel threshold effect: the KN

95 Z¹0(1780) PARTIAL DECAY MODES

Pl Z¹0(1780) INTO K N

DECAY MASSES
493+ 939

amplitude becomes rapidly absorptive as it
feeds the rapidly increasing KB channel. The

95 Z¹0(1780) BRANCHING RATIOS

Rl Z¹0().780) INTO (K N) /TOTAL
Rl (0 ' 95)
Rl M (06 85)

(P 1]
COOL 70 CNTR + K+P 5 D TOTAL
WILSON 72 PMA K+N POl WAVE

1/71
3/72

main question still remains: Is it also a res-
onance? If it is, its elasticity is small (= 0.2)
and it decays mainly into KD. Partial-wave
analyses in this channel do not seem to favor

COOL 70 DSJKE CONF 47
ALSO 69 PL 308 564
ALSO 70 PR 01 1887

DOWELL 70 DUKE 53
WILSON 72 NP 842 445

(BNL )
(BNL)
(BNL)

( BI RM)
OMA+TRST)

R L COOL
ABRAMS E COOL 5GI ACOMELLI 5 KYC IA 5 L I +
COOLs GIACOMELLIE KYCIAE LEONT ICE LI +
J ~ 06 DOWELL
+GRI FF ITHS EHI RAT A + ( 8GNA+GLAS+R

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR Z¹0(1780)

the resonant hypothesis at this time. See
BLAND 67, BLAND 70, and GRIFFITHS 72.
But a definite conclusion has yet to be made

and awaits much more data.
Production experiments. One more com-

ment on exotic resonances is that, as pointed

out by ERNE 70, the present upper limits for
the cross sections for production of broad

exotic resonances are not very small; that is,
they are of the same order as cross sections
for Y or N production.

PAPERS NOT REFERRED TO IN DATA CARDS

LYNCH 70 DUKE 9
HIRATA 71 NP B30 157
BOWEN 73 PR D7 22
CARROLL 73 BNL PREPRINT

G LYNCH (REVIEWER OF CR ~ SEC. DATA) (LRL)
+GOLDHAB EREHALL 5 SEEGERET HRILLI NGSi@)HL (LBL ) IJP
+JENKINSEKALBACHEPETERSEN + (ARIZ+MICH)
+KYC I A 5 L I 5 M I C HA EL 5 MOCK ET T (BNL )

Z0(1865) 96 16011565 JP I I=o

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K¹ N

THRESHOLD ~ SEE HIRATA 68 AND 706 WILSON 72 REPORTS A

PARTI AL WAVE ANALYS I 5 SEE . ALSO Z¹0 (1780)

96 Z¹0(1865) MASS (HEV)

EXPERIMENTS MAINLY ABOUT ELASTIC CHANNELS
ARHITAGE 72 NAL PAPER 391 +ASTONEDUERDOTH ~ ELLISONE + (HCHS+DARE)
GIACOME1 72 NP B42 437 GIACOMELLI + ( 8 GNA+ GLAS+ROMA+ TRST )
GIACOME2 72 NP SUBMITTED GIACOMELLI + (BGNA+GLAS+ROHA+TRST )

EXP ERI HENTS MAINLY ABOUT INELASTIC CHANNELS
GIACOMEL 72 NP B37 577 GIACOMELLI + ( 8 GNA+ GLAS+ROMA+ 7RST )

References

A description of the new WILSON 72 analy-

( 1860~ 0)
( 1868~ 0)

(15' 0)
( 10 ~ 0)

CARTER
COOL

67 THEO DISPERSION REL ~ 8/67
70 CNTR K+P D TOTAL 8/67

sis as well as an excellent review of recent

work on the Z 's can be found in: J. D.

Dowell, "The Search for Z ' s ", Proceedings
of the XVI International Conference on High

Energy Physic s, Chicago -Batavia (4 97 2).
2. Particle Data Group, Physics Letters
438, No. 1 (1972).

Pl
P2

Rl
Rl
Rl

96 Z¹0(1865) WIDTH (MEV)

(200 0) (50 ~ 0)
(16060) (30 0)

CARTER
COOL.

67 THEO
70 CNTR

Z¹0(1865) INTO K N

Z¹0(1865) INTO N K¹(892)

DECAY MASSES
493+ 939
938+ 891

96 Z¹0(1865) BRANCHING RATI OS

Z¹0( 1865) INTO (K N) /TOTAL
(0 311 (0 05)
(0 F 40) (0 ' 05)

(Pl)
CARTER 67 THEO IF J=l/2
COOL 70 CNT R I F J= 1/2

96 Z¹0(1865) PARTIAL DECAY MODES

8/67
8/67

8/67
8/67

R2
R2

Z¹0(1865) INTO N K¹(892)
MAIN INELASTIC DECAY

(P2)
HIRATA 68 HBC 11/68
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Baryons
Z0(1865), ZL(1900), ZL(2150), Z}(8500)

REF ERENC ES FOR 1¹0(1865) A K-MATRIX ANALYSIS OF SOME OF THE EARLY K+P DATA ——
HITE 67 THESIS G E HITE {ILLINOIS)

CARTER 67 PRL 18 801
HI RATA 68 PRL 21 1485
COOL 70 PR 01 1887

ALSO 66 PRL 17 102
ALSO 69 PL 308 564

A A CARTER (CAVENDISH }
HIRATAy WOHLt GOLDHABERt TRILL ING (LRL)
COOLyGIACOMELLIy KYCIAyLEONTICyLI + {BNL)
+GI ACOME LL I 5 KYCI Ay LEONT I C 5 LI 5 LUNDBY 5 + {BNL ] I
ABRAMS y COOLy GI ACOMELLI 5 KYC IA ~ L I + {BNL )

PAPERS NOT REFERRED TO IN DATA CARDS

HI RATA 70 DUKC 429
AARON 71 PRL 26 407
HIRATA-1 71 NP 833 445
GIACOMEL 72 NP 837 577
WILSON 72 NP 842 445

+GOLDHABERtSEEGERyTRILl. ING+WOHL (LRL)
+AMADO+S IL BAR (NEASyPENNyLASL)IJP
+GOLDHABERyHALLySEEGERyTRILLINGtWOHL (LBL)
GIACOMELL I + ( BGNA+GLAS+ROMA+TRST )
+GRIFF ITHSyHIRATA + (BGNA+GLAS+ROMA+TRST)

M 1
M 1
M 1
M 1
M 1
M 2
M 2
M 2
M

M

M K
M K

M K

M K

97 Z¹l(1900) MASS (MEV)

( 1932 ~ 0) AYED 70 IPWA P13ySOL ~ I
( 1899~ 0) AYED 70 IPWA P135SOL ~ II
(2030 0) AYED 70 IPWA Sll ySOL ~ I II

THREE SOLNS IN ORDER OF DECREASING SI GNLF ICANCE ~ THOUGH AYED 70
GIVE PARAMETERS THEY CONCLUDE RESONANT INTERPREYATION DOUBIFUL ~

( 1840~ 0) BARNETT 70 I P WA P13 5 SOLN I I I
RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS
IN THE AMPLITUDES RESULTING FROM THE ANALYSIS
190090 10 0 COOL 70 CNTR ++ K+P TOTAl

(18809 ) ALBROW 71 I PWA ++ SOL ~ GAMMA
(1890, ) KATO 71 IPWA SOL IlFIT BW)
(2040 ' ) KATO 71 IPWA Sol. I I(FIT BW]

KATO 71 ESTIMATE RESONANCE PARAMETERS —UPDATED PHASE SHIFTS
PUBLISHED IN MILLER 72 ~

6/70
6/7 0
6/70

7/70

1/71
10/71
10/71
10/71
3/72
3/72

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Zg(1900) 99 z9((zooo, Jo- I 1=1

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K N¹
THRESHOLD ~ IF A RESONANCEy THE SPIN-PARITY IS ALMOST
CERTAINLY 3/2+ ~

SEE THE MINIREVIEW PRECEDING 1¹0

THE
CARROLL
ANDERS 1
ANDERS-2
ASBURY
BLAND
BARBER
GIACOMEL
HALL
REBKA
ADAMS
BARNETT
EHRL ICH
WHLTMORE,
ADAMS
CHARLES

ALSO
DANYSZ

MAIN ELASTIC SCATT
68 PRL 21 1282
69 PL 288 611
69 PL 308 56
69 PRL 23 194
69 PL 298 618
70 PL 328 214
70 NP 820 301.
70 DUKE 435
70 PRL 24 160
71 PR D4 2637
7 1 PL 348 655
71 PRL 26 925
71 PR D3 1092
72 NAL PAP ER 326
72 PL 408 289
72 NAL PAP ER 287
72 NP 842 29

ERING AND POLARIZATION EXPERIMENTS
+FISCHER y LUNDBYe PHll. LI PS e + ( BNl. y ROGH)
ANDERSSONy DAUMy ERNEy LAGNAUXy + l CERN)
ANDERSSONy DAUMy E RNE ~ LAGNAUXt + ( CERN)
+DOWELLy KATOt LUNDQUIST e NOVEYe +(ANL y UMD)

R W BLANDt G GOLDHABERy G H TRILLING (LRL)
+BROOMEy DUFF 5 HEYMANNy IMRIE 5+ {LOUCy RHEL ) I JP
GIACOMELLI ~ GRIFFITHSy lBGNAt GLAS yROMAy TRST) I JP
+BLANDyGOLDHABERyTRILl. ING {LRL)
+ROTHBERG ETKLNS GLODIS + ( YALE) I JP
+DA VIE 5 5 DOWE LL 5 GRA VER y HA TTERS+ ( 8 LRM+RHEL )
+LAASANENy STEINBERG + (UMD+ANL+NWES+NAL)
+ETKINyGLODISyHUGHESyKONDOyLUyMORI+ l YALE)
+ABRAMSy E I SENSTE IN tKIM tOHALLORANt+ l ILL )
+COXy DAVIESy DOWElL eGRAYER + (8 IRM+RHEL)
+COWANyEDWAROSyGIBSON ~ + {BRISyRHELySHMP)
CHARLESyCOWANyEDWARDS + (BRIS+RHEI.+SHMP)
+PENNEYySTEWARTtTHOMPSONe+ (LOICyCDEFtLOWC)

PHASE SHIFT ANALYSES
CARRERA1 70 NP 823 525

ALSO 70 DUKE 447
LEA 71 NP 826 413
LOVELACE 71 NP 828 141
EHRLICH 72 NAL PAPER 447
CUTKOSKY 72 NAL PAPER 210
MARTIN 72 PRE PRINT

8 CARRERAS y A DONNACHIE ( DARE) I JP
+DONNACH I E ~ K I RSO PP (DAR E+MCHS y ED IN )
+MARTI Ny THOMPSON (RHELt LOUC) I JP
+WAGNER ( CERN }I JP
+ETKINyGLODI S5 HUGHES 9 LU5 PATTON + ( YALE }
+HICKS tK EL L Yy SHI Hy JOHNSON CARN+ Ii{9(IANL

Bo R MART INy C 9 Eo MILLER ( LOUC )

EARLIER ANALYSES THAT DO NOT INCLUDE RECENT POLARIZATION DATA--
LEA 68 PR 165 1770 LEAy MARTI' OADES {RHELy BNLy CERN }
MARTIN 68 PRL 21 1286 8 R MARTIN (BNL)
CUTKOSKY 70 PR D1 2547 R E CUTKOSKYy 8 8 DEO (CARNEGIE-MELLON) I

REGGE-POLE ANALYSES
CARRERAS 70 NP '819 349 8 CARRERASy A DONNACHLE {DARESBURYt MCHS)

EXPERIMENTS MAINLY ABOUT INELASTIC CHANNELS—
BLAND 68 UCRL-18131 THESIS R W BLAND (LRL)
BLAND 69 NP 813 595 +BOWLERy BROWNt KAOYKy GOLDHABERe + (LRL]
BLAND 70 NP 818 537 +BOWl ERy BROWNy GOLDHABERy (LRL)

BLAND 69 ANO BLAND 70 REPLACE BLAND 67 AND BIAND 68
HI RATA-1 71 NP 833 445 +GOLDHABERyHAL{. ySEEGERyTRILLLNGyWOHL (LBl)
GRIFFITH 72 NP 838 365 +HIRATAy HUGHES 5 JACOBS+(BGNAy GLAS 5 ROMAy TRST) I JP
LOKEN 72 PR D6 2346 +BAR IS Hy GOMEZe DA VI ES ySCHLE IN 5+ ( CITy UCLA]

W 1
W 1
W

W 2
W

W K

W K

97 Z¹1(1900) WIDTH (MEV)

{520 ~ 0)
l397 ~ 0)
l 557 ~ 0)

(80 0)
{240' 0)
(190.)
(280 ' )
{260 ' )

SEE THE NOTES

AYED 70
AYED 70
AYED 70
BARNETT 70
COOL 70
ALBROW 71
KATO 71
KATO 71

ACCOMPANYING MASSES QUOTED

IPWA K+P
I PWA K+P
IPWA K+P
IPWA K+P E IPWA
CNTR ++ K+P TOTAL
IPWA ++ SOL ~ GAMMA

IPWA SOL I(FIT BW)
I PWA SOL I I( FIT BW)

6/70
6/70
6/70
7/70
1/71

10/7 1
10/71
10/71

LATEST REVIEW TALKS
{.EVISETT 69 LUND CONF 341
GOLDHABE 70 DUKE 407 .
DOWELL 72 NAL REV IEW
LOVELACE 72 NAL REVIEW

R LEVI SETTI {RAPPORTEUR)
G GOLDHABER (REVIEWER)
REVIEW TALK LN BARYON SESSION
RAPPORTEURe S TALK

{CHICAGO)
(LRL ]

{BIRM)
( RUTG)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Zi(B 150) 93 29((2150, JP= I 1=1

P1
P2

97 1¹1{1900) PART I AL DECAY MODES

1¹1(1900)INTO K N

1¹1(1900)INTO N¹3/2(1236) K

DECAY MASSES
493+ 938

1236+ 493

A SMALL BUMP IN TOTAL CROSS SECTION AT
PK=198 GEV/C

93 1¹1(2150)MASS l MEV}

97 Z¹1(1900) BRANCHING RATIOS 2150 ~ 20 ' ABRAMS 70 CNTR ++ K+P TOTAL 10/71

R1 1¹1(1900) INTO (K N)/TOTAL
Rl (0 10) OR LESS
Rl 1 (0 16)
Rl 1 (0 ' 20)
Rl 1 l 0.17)
Rl 2 {0 ()9)
Rl {0912) (ASSUMING J=3/2)
R1 (0.15)
Rl K (0.22)
Rl K (0 ~ 27)

CART ER
AYED
AYED
AYED
BARNETT
COOL
ALBROW
KATO
KATO

(P 1)
67 THEO DISPERSION REL
70 IPWA
70 IPWA
70 IPWA
70 IPWA K+P E IPWA
70 CNTR ++ K+P TOTAL
71 I PWA ++ SOL ~ GAMMA

71 IPWA SOL I{FIT BW)
71 IPWA SOL II{FIT BW)

8/67
6/70
6/70
6/70
7/70
1/71

10/71
10/71
10/71

(175.)

93 Z¹1(2150) PARTIAL DECAY MODFS

P1 Z¹1(2150) INTO K N

DECAY MASSE S
493+ 938

93 Z¹1(2150) WIDTH {MEV)

ABRAMS 70 CNTR + K+P TOTAL 10/71

SEE NOT ES ACCOMPANY IN G THE MASS ES QUOTE Do

R2 1¹1( 1900) INTO K N¹3/2( 1236) (P 2)
R2 MAIN INELASTIC DECAY BLAND 67 HBC ++ 8/67
R2 NO EVIOENCEy SPEED HAS MINIM99 GRIFF ITHS 72 HBC K+P ~ 9-195 GEV/C 3/72

REFERENCES FOR 1¹1{1900)

93 Z¹l(2150) BRANCHING RATIOS

Rl 1¹1(2150)INTO {K N)/TOTAL (P1)
Rl J IS NOT KNOWNy THE FOLLOWING IS (J+1/2}¹P.1
R1 (0.04) ABRAMS 70 CNTR + K+P TOTAL 10/71

BLAND 67 PRL 18 1077
CARTER 67 PRL 18 801

+BOWLERy BROWN y G+S GOLDHABERy SEEGER y+ (LRL)
A A CART ER (CAVENDISH)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR 1¹1(2150)
AYED 70 PL 328 404
BARNET T 70 DUK E 443
COOL' 70 +R Dl 1887

ALSO 66 PRL 17 102

+BAREYREy FELTESSE 5 VILL ET {SACLAY) IJP
+GOLDMANyl AASANENy STEINBERG (MARYLAND) IJP
+GIAGOMELLIy KYCIAy LEONTICy LIy + (BNL) I
COOL tGIACOMELLI ~ KYCIAyLEONT ICt LI + (BNL )

ABRAMS 70 PR Dl 1917
ALSO 67 PRL 19 257

+COOLyGIACOMELLI yKYCIAyLEONTICel I ~ (BNL)
ABRA MS y COOL 5 G I ACOME I LI 5 KYC I A 5 L EONT IC+ ( BNl )

ALBROW 71 NP 830 273
ALSO 70 DUKE 375

KATO 71 H ~ E ~ PHEN ~ ~ MORI OND
ALSO 70 DUKE 367
ALSO 70 PRL 24 615

+ANDERSONy ALMEHEDy ~ ~ ~ yUDOt WAGNER
ERNE 5 SENS y WAGNER
+KOEHLER 5 ~ 5 YOKOSAWA+BURt. ESON
Ao YOKOSAWA
KATO, KOEHI ER, NOVEY, YOKOSAWA~

{CERN) IJP
( CERN] I JP

{ANLt NWES) IJP
(ANL) I JP

l ANL 5 NWES ) I JP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Z~(P500) 99 z*1(25oo Jl'= I (=1

GRLFF ITH 72 NP 838 365
MILLER 72 NP 837 401

+HLRATAy HUGHES + (BGNA+GLAS+ROMA+TRST)
+NOVEYy YOKOSAWAyCUTKOSKY + (ANL+CARN+NWES) I JP

A. SMALL BUMP IN TOTAL CROSS SECTION AT
PK=2 ~ 7 GEV/C

PAPERS NOT REFFERED TO IN 1¹1DATA CARDS

TOTAL-GROSS SECTION EXP ER IMENTS
BUGG 68 PR 168 1466 +GLLMORE 5 KNIGHT t + (RHELyBIRMt CAVE) I
BOWEN 70 PR D2 2599 +CA{ DWEL{ 5 DIKMENy J ENKINS 5 KALBACHy+( AR IZ ) I
BOWEN 73 PR D7 22 +JENKINSy KALBACHt PETERSEN + {ARIZ+MICH)
CARROLL 73 BNL PREPRINT +KYCLA ~ L I y MICHAELyMOCKETT (BNL)

2500 '
94 1¹1(2500) MASS (MEV)

20 ' ABRAMS 70 CNTR ++ K+P TOTAL 10/71
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Baryons
Z&(3500), Es and Z's

Data Card Listings
For notation, see A, ey at front of Listings.

( 160» )

94 Z+l(2500) WIDTH (MEV)

ABRAMS 70 CNTR ++ K+P TOTAL

94 Z+1(2500) PART IA(. DECAY MODES

Pl ZAI( 2500) INTO K N

DECAY MASSES
493+ 938

ABRAMS 70 PR Dl 1917
ALSO 67 PRI 19 257

REFERENCES FOR Z&l(2500)

+COOL»GIACOMELLI »KYCIA»LEONTIC»LI + (BNL)
ABRAMS t COOL» GI ACOMEL L I s KYC IA s L EONT IC+ ( BNL )

CROSS SECTION LIMITS

SEE MINIREVIEW PRECEDING Z&0

94 Za'1(2500) BRANCHING RATIOS

Rl Z&1(2500) INTO (K N)/TOTAL (Pl)
Rl J I S NOT KNOWN y THE FOLLOWING IS ( J+I/2) +Pl
Rl (0~ 03) ABRANS 70 CNTR ++ K+P TOTAl

10/71

10/71

tion on I = 0 states is possible only when there is no

I = i state at similar mass. The main controversies
at the present time concern resonances in the 1600 to
1700 MeV region. See the mini-reviews on &(1620)
and on g(f670) in these Listings A good review is

given by MILLER 70. Also, the branching ratios
of g(1915) F& as measured in formation and pro-

%5
ductions experiments do not agree. This is probably

d.ue to two facts: '1) the elasticity is small, 2) the

nearby D ('1940) may contribute to production exper-l3
iments.

Formation experiments. Partial-wave analy-

ses have been performed on KN, ATT, &m and:-K
channels. Given the present accuracy of the data it

CS UNITS MICROBARNS
CS L ESS THAN 50
CS A LF SS THAN ~ 2 + ~ 3
CS A ABOVE LIMIT FOR
CS 8 LESS THAN 1 ~ 4 +1 9
CS B ABOVE LIMIT FOR

BASSOMPI 68 PL 278 468
ANDERSON 69 PL 298 136

- ~ 1
M=1 2 TO

5
M=1» 5 TO

BASSOMPIE 68 HBC K+P TO Z+ PI+
ANDERSON 69 ASPK + PI-P TO K-Z++

1~ 4 GEV — CL= 99 P C ~

ANDERSON 69 ASPK + PI-P TO K-Z++
2»5 GEV

REFERENCES FOR Z&1 CROSS 5 ECTION LIMITS

BASSOMP I ERRE t + ( CERN y BRUXELL E S)
+BLESERg BLI EDEN» COLLINS» + (BNL» CARNEGIE)

10/69
10/69

10/69

is not possible to perform a completely energy-
independent analysis, that is, solv'e for the partial-
wave amplitude s at each energy in a model-

independent way. Usually many solutions are found

and even when it is required that solutions at neigh-

PAPERS NOT REFERRED TO IN DATA CARDS

TYSON 67 PRL 19 255 +GREENBERGs HUGHES» LUgMINEHART»MORI » ( YALE)
MORI 68 PL 28B 152 +GREENBERGs HUGHES» LU»ROTHBERGs + ( YALE)
MORI 69 PR 185 1687 +GR EENBERGs HUGHES s LU y MI NEHART y + ( YALE)

MORI 69 REPLACES TYSON 67 AND MORI 68 '

gC

Noteon Y 's

The number of known or suspected Y states
has increased. considerably in the last few years,
following closely a similar increase in the number of

N states. t'ust as the recently discov'ered N ' s are
only weakly coupled in the TTN TTN reaction, so also

QIc

are the recently discovered Y ' s only weakly coupled.

in the KN EN, KN -ATr, and KN —ZTT reactions.
For this reason the newer Y ' s are more difficult to

uncover, they usually appear as small peaks in invari-

ant mass distributions or make no appearance at all.
Rather when the 2-body reactions are partial-wave

analyzed, some of the amplitudes are found to traverse
resonance-like counterclockwise circles. Clearly theP.results of partial-wave analysis give the Z informa-

tion, whereas a peak seen in an invariant mass distri-
bution or a total cross section often cannot be analyzed.

for its quantum numbers. We will keep information

coming from formation experiments and from produc-
tion experiments separate, whenever necessary.

Production experiments. These types of

experiments are often difficult to analyze. Informa-

bo~i~g energies join smoothly, it is not possible to

select a unique overall solution. To overcome this,
one specifies the form of the energy dependence of

some or all of the partial-wave amplitudes. Analy-

ses in which the energy dependence of all the ampli-

tudes is specified are called energy dependent.

When referring to results of this type of analysis,
the technique listed is DPWA. Thus an amplitude

known to resonate will be given a Breit-Wigner form,

whereas an amplitude not a priori known to resonate

may be tried. alternately with a resonance form and

with some simple nonresonant forxn, the choice

between these then being mad:e by comparing the

goodness-of-fit for the two fits. Analyses in which

the energy dependence of most of the amplitudes is left

unspecified are called. (not quite correctly) energy inde-

pendent. These may involve some fixed input reso-
nances in some of the partial waves and/or some

method for selecting solutions that join together smooth-

ly as functions of energy. The technique used. for these

analyses is listed as IPWA.

Three recent analyses have attempted to fit data

on three channels (ZN, ZT(', and Am) at lab momenta

below f226 MeV/c. ARMENTEROS 70 (CH) fit each

channel separately, They first fit Legendre series to

the available data at each rnornentum in the range 436-
i200 MeV/c, and then obtained smooth curves through

the Legendre coefficients by fitting a polynomial in
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Baryons
A. S alld Z'S

pl b to each coefficient. Finally, the partial wav'e am-lab
plitudes were fit to the smoothed Legendre coefficients
{or reconstructed smoothed angular distributions in the
case of KN), and the continuity of the "data" was used.

to enforce continuity of the amplitudes. With a few ex-
ceptions the S and P waves were varied. freely, while

the higher waves were fixed as sums of Breit-Wigners
(BW's) with no background, representing some well

known resonances. Single channel inelastic unitarity
was imposed. during the fitting, and the results were
checked against the three-channel unitarity constraint

2 2 2
I T~N -

I T~NI + ITE. I
+ ITg -I

chosen by rejecting those that failed to reproduce known

resonance- behavior. Resonances in this solution were
identified by loops in Argand diagrams correlated. with

peaks in the ~3-body final state cross section. Reso-
nance parameters were then extracted by fitting B%' s

with both multiplicative and additive background.
Partial-wave amplitudes from these three analy-

ses are shown in Figs. 1-3. These analyses show, in
addition to the well-established states (which we have
classified with three or four stars in Table II at the
end, of this note), other states which we report in Table
I. T'he table includes effects which show as a clear
signal in at least one of the analyses (i. e. , this is a
list of promising "rookies").

for each isospin. Resonance parameters were esti-
mated vis ually.

KIM 71 (K) fit data from threshold to 1226 MeV/c

using the Ross and Shaw effective-range expansion of
the inverse multi-channel K-matrix. The data in each
of sev'en energy intervals bounded. by 0, 534, 658, 806,
916, 10ZZ, iii7, and 1226 MeV/c, were fit with a con-
stant effective-range matrix. An extra channel was

included for each isospin to approximate the effects of
three -particle final states. The parameters for these
ezra channels were constrained. by information on the

total three-particle cross sections. Only the F&5(4945)
was fixed to a BW form, all other waves includ. ed being

parametrized by the K-matrix formalism. Resonances
were identified. on the basis of loops in the Argand dia-

gram correlated with a peak in the speed plot and a

pole in the K-matrix. The radius of the loop, the speed

criterion, and, the residue of the K-matrix were used.

to determine resonance parameters.
LANGBEIN 72 (LW) performed single energy fits

at 40 momenta between 436 and iZZ6 MeV/c. The par-
tial waves at each energy were parametrized in a form
that automatically satisfied Eq. (I), and that could

easily be specialized. to a BW form by setting one of the

parameters to zero. This capability was used to con-
strain the D03(l690), D~5(1765), F05(1815), and

F17(2030) to pure BW forms in the range IE-M&I & I'.
The resonant parameters were fit to known values.
Approximately 90 acceptable single-energy fits per
energy were generated and were used in shortest path
searches over two regions, f536 to 4700 MeV and 1700
to l900 MeV. Several candidates for acceptable shor-
test paths were generated, and a preferred path was

Table I. Comparison of recent Y claims. Notation
is mass (MeV)/width (MeV)/strongest two-body chan-
nel; CH = CERN-Heidelberg, K = Kim, LW = Lang-
bein and Wagner.
Wave CH K LW

1780/40/KN 1830/7 0/KN

1570/50/? i6ZO/60/?

00/30/IN 1755/35/ZN 1780/120/FN

1850/1 25/KN

1630/65/Zs
1790/100/KN

SO~

Ol

Ol

03
162 0/40/& rr

811 1730/80/Arr 1790/50/KN

Pf 1 1500-1600/50/Err 1670/50/Err

13 1840/120/KN

Although a certain amount of qualitative agreement is
apparent, there are many quantitative discrepancies.
Some of these effects have been seen elsewhere, and

there is also considerable disagreement with some of
these other observations. The branching ratios into

KN, Zm& and Am are particularly poorly determined
(this is also true of some of the better established
resonances).

In addition to analyses which treat all of the
channels KN, &~, and Am, there have been a number

of energy-dependent analyses of a single channel. We

will describe three of the most recent of these. CON-

FORTO 7i fit data on the KN channel between 777 and

1226 MeV/c. The procedure was to parametrize each
wave as a term linear in the lab momentum plus (pos-
sibly) BW' s with adjustable phase. The data were
first fit with BW' s representing only known resonances.
Three more resonances were then added, one at a time,



S142 REVIEWS OF MODERN PHYSICS ' APRIL 1973 - PART II

Baryons
A's and. Z's

Data Card Listings
For no&ation, see key ot frong of listings.

KN So~ P03 D05

CH

-- 913

e: ~we

90

--4

658

393

3?0

I

.4

- 2

122
+91

I I 9$ I I

1220 1040 920

P03 Dos Dos

CH

K
-4

)9l3

.4
-.2

l022

935

393 .2

4I

370

,4

. t I . .

QSI )
534

900 . ,1220

1120,

25

~n~o

/
920

Fig. I. I=O partial wave amplitudes for the reactions KN~ KN and KN ~ Z~ from the analyses of
ARMENTERQS 70 (CH), KIM 7i (K), and LANGBHIN 7Z (LW). The K laboratory momenta are
indicated.
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Baryons
A.'s and Z's

S11

CH, i s ~ ~ s

~500

-4
I

-.2

-.2

SIS)~s„
I I

-4

06
I

.4

S» D,5

sss(

.1"
1170

II'

720

ss ' +IN lss

(psss

'.900 -1080

V
. .~-~~20

ass

..-840

Fig. Z. I=4 partial wave amplitudes for the reactions KN ~EN and KN ~ Zm from the analyses of
ARMENTEROS 70 {CH), KIM 7l (K), and LANGBEIN 72 {Lttkt). The R laboratory momenta are
indicated.
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Di3

--2

606y
)170 )

720

9)6'I Is
g 658,

-.2 I

-.2

---2

22

990
440 '

)i1 100'

/

900 t

—.25-

1080

'1220 ~
840 ~

QAJ
760

-.2S-

,940

Fig. 3. Partial wave amplitudes for the reaction KN ~ Qm from the analyses of ARMENTEROS 70 (CH),
KlM 7l (K), and LANGBEIN 72 (L%). The K la.boratory rnomenta are indicated.

to the waves where they had the most effect on y
2

Best results were obtained by adding a D05(f830),
P03(f883), and S&&(f757). KANE 72 reported an analy-
sis of bubble chamber cross section and polarization
data on the Xm channel between 870 and t694 MeV/c.
Legendre coefficients obtained from this data were

used to fit an energy-dependent background + BW form
for each wave, and the results were checked. against
the angular distributions from this experiment and

against a compilation of Legendre coefficient data.
In addition to known resonances, signals for a F05(2141),
F&5(2057), and a D&3(1985) were seen. VAN HORN 72

fit data, on the Qm channel Legendre coefficients over
the range 1537-2215 MeV, including new bubble cham-
ber data between 1865 a.nd 2106 MeV. An energy de-
pendent parametrization similar to KANE 7Z was used
for the fitting; the ZO best solutions indicate (in addi-
tion to established resonances) the probable resonances

S
~ ~ (I697), D

~ 3(1949), P
& &

(1668), and four possibilities
3

in other waves. VAN HORN 7Z also used. the Barrelet
method to generate ambiguous solutions that correspond

to the same cross sections and polarizations as the best

energy-dependent solutions. Seven ambiguous solu-

tions were found that preserved the established. reso-
nance behavior of the D&3(4670), D& (f765), F&5(1915),
and F&7(2030), but with varying couplings for these

resonances to the Am channel, and. with widely different

resonant structures in the lower waves.
Errors on masses and widths. Often the quoted

errors are only statistical, but the values of masses
and widths can change well above these errors when

a new parametrization is used. For this reason we

report the values of M, I', and w. obtained by different
1

authors even if they analyze the same data. The

spread of these masses and widths is certainly a

better estimate of' the uncertainties than the statistical
errors.
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Baryons
A.'s and. Z's, A, A(1330)

Recently it has become the custom to quote

errors as obtained by inspection of va, rious fits done

with different hypotheses [ see for example BERTHON

70 and GALTIERI 70 under Z{i9i5)]. These errors
are probably more realistic. On the other hand. , the
value of the parameter itself may be consistent with

other determinations and often may even be the best
available value. In such circumstances we put only

the error in parentheses to remind the reader of the

additional uncertainty due to model dependent assump-
tions. For two states, A(4820) and g(f765)&there is

STATUS AS SEEN IN

OVERALL TOTAL¹
PARTICLE LI J STATUS CR SEC ~ KBAR N LAM PI S IG P I OTHER CHANNELS

LAM(1115) P01
LAM( 1330)
LAM(1405) Sol
LAM( 1520) D03
LAM(1670) Sol
LAM(1690) D03
LAM( 1750} P01
LAM(1815) F05
LAM(1830) D05
LAM(1860) P03
LAM( 1870) S01
LAM(2010) D03
LAM(2020) F07
LAM(2100) G07
LAM(2110)
LAM( 2350)
{.AM{ 2585)

DEAD

¹¹¹¹

¹¹¹¹

¹¹¹

¹¹

¹¹

F
0

R
8
I

D

D

E
N

F
0

8
I

D

WEAK TO N PI

LAM2P I, LAM GAM

LAM ETA
LAM2P It SIG2PI

SIG(1385) PI

I.AM OMG

XI Kt LAM OMG
LAM OMG

TABL E II e STATUS OF Y¹RESONANCES
THOSE WITH AN OVERALL STATUS OF ¹¹¹ OR ¹¹¹¹ AR E INC{.UDEO IN THE MAIN BARYON
TABLE ~ THE OTHERS AWAIT CONF IRMAT ION

enough data available to perform an overall fit of the

various x of the type discussed in the main text (sec-
tion V C). In this case we, are forced to use the er-
rors, however small they may be, but we warn the

reader that the final errors are not to be taken seri-
ously.

In conclusion, we chose not to give errors on

masses and total widths determined in partial-wave

analyses, but, whenever necessary, we give a range

of values. As for the branching ratios, we use the

SIG(1190) Pll
SIG(1385) P13
S IG(1440) PE
S IG(1480) P E
SIG(1620) Sll
SIG(1620) Pll
SIG(1620) PE
SIG{1670) D13
SIG(1670) PE
S I G( 1690) P E
SIG(1750) Sll
SIG(1765) D15
SIG(1840) P13
SIG(1880) F11
5 IG(1915) F15
SIG(1940) 013
SIG{2000) 511
SIG(2030) F17
SIG(2070) F15
S IG(2080) P13
SIG(2100) G17
SIG(2250)
SIG(2455)
SIG(2620)
SIG(3000)

DEAD

¹¹¹¹

¹¹

¹¹¹

WEAK TO N PI

LAM 2-PI
SEVERAI OTHERS
SFVERAL OTHERS
LAM 2-PI
SIG ETA
SEVERAL OTHERS

XI K

errors when needed to perform an overall fit, but we

caution the reader.

Conclusions. Table II is an attempt to eval-
uate the status of the various Y ' s. The evaluations

are of course partly subjective. A blank indicates
that there is no correspond. ing evidence at all. This

may mean either that the relevant couplings are small
or that the resonance does not really exist. The

Baryon Table includes only the well-established. reso-
nances. It seems clear, however, that whereas any

particular one of the questionable resonances may

disappear with the next analysis, there definitely are
many new resonances underlying those we are more
familiar with.
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A.(1405)
BUMPS

37 Y¹0(14053 JP=1/2-) 1=0 PRODUCTION EXPERIMENTS

THIS RESONANCE CAN BE IDCNTIFIEO WITH THE VIRTUAL BOUND
STATE IN THE KBAR"N SYSTEN FOUND IN THE ANALYSIS OF LOW

ENERGY K-P INTERACTION ~ WE LIST SUCH EXPERIMENTS SEPA-
RATELY BELOW' WE USE ONLY PRODUCTION EXPERIMENTS FOR
AVERAGING OF MASSES AND WIDTHS

37 Y¹0(1405) NASS (MEV) (PROD EXP )

ABRANS 65 PR 139 8454 G S ABRAMS g 8 SECHI ZORIV (UMD) I JP
DONALD 66 PI 22 711 + EDWARD 5 3 LYS ~ NI SAR 3 MOORE '( L I

VERPOOL�
)

KADYK 66. PRL 17 599 +OREN5 G+S GOLDHABERg TRILLING (LRL ] IJP
FIT SOLUTIONS Gl VING AN 1020 Sl (2 RESONANCE'. )
ABRAMS 653 KADYK 663 AND DONALD 66 SUPPORT THOSE EFFECTIVE-RANGE-

DAL ITZ 67 PRg 153 1617 DAI. I TZ HONG, RA JASEKARA N (OXFORD, BOHBAY)

OALITZ 70 DUKE HR 70 03 R D DALITZ (OXF )
CL INE 7 1 PRL 26 1 194 D CL INE 3 R (.AUHANN 3 J HAPP (WISC)
MARTIN 71 PL 358 62 A D MART INgB R MARTINgROSS (DURH+LOUC+RHEL)
DOBSON 72 PR D6 3256 P N DOBSONgR NCELHANEY ( HAWA)

GALT IERI 72 LBL 555 A ~ BAR 8ARO-GAL 7 I E R I (LBI l

M ( 1405 0)
M ( 1410~ 0)
H ( 1405~ 0)
M (1382 0)
M 1400 0
N 67 1400 0
M 120 1405 0
M' » ~ ~ ~

M AVG 1402 ' 4

(8 0)
24 0
5»0
5»0

~ e ~ ~ ~

3»5

AL STUN
ALEXANDER
ALSTON
ENGLER
HUSGRAVE
8 IRIIIIINGHA
GALTIERI

61 HBC
62 HBC
62 HBC
65 HOB C
65 HBC
66 HBC
68 DBC

K-P 1 15 BEY/C
PI-P 2 1 BEV/C
K-P 1 ~ 2- ~ 5 BEV/C
PI-Pg PI+0 l»68
PBAR P 3-4 BEY/C
K-P 3 ' 5
K-D 2 1~2 7BEV/C

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0]

37 Y¹0(1405) WIDTH (HEV) (PROD ~ EXP ~ )

W

W

W

W

W 67
W 120

W AVG

{20' 0)
35.0

(50 ' 0)
(89' 0)
60 0
50» 0
35 ~ 0

e ~ ~ e

38 F 1

5 0

(20 ~ 0)
20 0
10 ~ 0

8 ~ 0

3 ' 9

ALSTON
ALEXANDER
ALSTON
ENGLER
NUSGRAVE
8 I RM INGHA
GALT IERI

61 HBC
62 HBC
62 HBC
65 HOB C
65 HBC
66 HBC
68 OBC

K-P 3 ' 5
K-D 2 ~ 1-2 ~ 78E V/C

AVERAGE (ERROR INCLUDES SCALE FACTOR OF ), »0)

37 Y¹0{1405) PARTIAL DECAY HODES (PROD ~ EXP»)

DECAY MASSES
Pl Y¹0(1405) INTO SIGNA PI 1197+ 139

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

7/66
7/66
9/67
6/e8

7/66

7/66
7/66
9/6 7
slee

38 Y¹0(1520) MASS (ME V)

145 1517~ 2 3 ~ 0 GALTIERI 63 DBC K-D 1.51 BEV/C
1519.4 ' 2 e 0 WATSON 63 HBC K-P ALL CHANiVELS

29 1520» 0 4 ~ 0 ALME IOA 64 HBC K-P 1 »45 8EV/C
{1511»Ol ( 15 ~ 0) MUSGRA VE 65 HBC PBAR P 3-4 BEV/C 7/66

30( 1510.0) (2 ~ 0) 8 IRHINGHA 66 HBC K-P 3.5 9/67
151T»2 1 ~ 2 BURKHAROT 69 HBC K-P .8-1.2 GEV/C 10/e9

QUOTED ERROR INCREASED TO ACCOUNT FOR DISAGREENENT BETWEEN
TWO HEASUREMENTS DONE BY SAME AUTHORS (K-P AND SIGMA P I I

( 1519~ ) KIM Tl DPWA K MATRIX ANAL ~ 3/71
~ ~ ~ e e ~ » ~ e

1517.85 0.95 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

M

M

M

M

M

M 8
H 8
H B
H

M

M AVG

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

g(].5/0) 30 Y»011520, 12=3/2-1 1=0 DQB
PRODUCTION AND FORMATION EXPERIMENTS AGRFF QUITE WELL
'WITH EACH OTHER 3 THEREFORE THEY HAVE NOT BEEN SEPARATE
FOR THIS PARTICLE

A POSSIBLE EXCEPTION TO ABOVE IS THE LAN PI PI
MODE ~ BOTH CHAN 72 AND MAST 73 (FORMATION) AGREE
THAT I T IS PREDOHI NANTLY Y¹1(1385) P I ~ HOWEVER 3

THEY DISAGREE BY A FACTOR OF 2 AS TO THE CONTRIBUTION
OF Y¹0(1520) TO THE OVERALL LAH PI PI CROSS SECTION ~

BURKHARDT 71 (PRODUCTION) 3 WITH MUCH LESS STATISTICS 3

FIND A i{UCH LOWER BRAIVCHING RATIO ~

REFERENCES fOR Y¹0{1405) ( PROD EXP )
38 Y¹0(1520) WIDTH (NEV)

ALSTON 61 PRL 6 698
ALEXANDE e2 PRL 8 447
ALSTON 62 CERN CONF 311
ENGLER 65 PRL 15 224
MUSGRAVE 65 NC 35 735

+ALVAREZgEBERHAROg GOODgGRAZIANOg + {LRL) I
ALFXANDER g KALBI=LEI SCHg HILLER 3 SI3{ITH (LRL ) I
+ALVAREZgFERRO-LUZZIgROSENFELOg + {LRL) I
+FISKgKRAEMERgHELTZERgWESTGARDg+ (CARN ~ BNL) IJ
+PETMEZASg+ ( BIRNgCERNgEPOLgLOICgSACLAY)

BIRMINGH 66 PR 152 1148 BIRNINGHANgGLASGOWgLOICg OXFORDg RUTHERFORD
GALT IE RI 68 PRL 21 573 BARBARO-GALTIERI 3 CHADWICK + (I RLg SLAC)

¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

W

W

W

W

W

W

W AVG

16~ 4
(19' 0)

30 {50.0)
(18.0)
14»7

(16~ )
» e ~ ~

15~ 5

2 0
( J9 ~ 0)
(10 0)

OR LESS
1 ~ 8

~ e e ~ ~

1 ~ 3

WATSON
HUSGRA VE
8 IRM INGHA
DAHL
BURKHARDT
KIM

63 HBC
65 HBC
66 HBC
67 HBC
69 HBC
71 DPWA

7/66
K-P 3.5 9/67

9/66
K P ~ 8 1 ~ 2 GEV/C 10/69
K-HATRIX ANAL ~ 3/Tl

AVERAGE (CRROR INCLUDES SCALE FACTOR OF 1 0)

S'
24 Y¹0(1405g JP=1/2-') 1=0 01

EXTR APOLAT ION BELOW THRE SHOI. D

A.(1405)

THE QUESTION ON WHETHCR Y¹(1405) IS A KRAR-N BOUND
STATE OR A CDD POLE (DALITZ 70) HAS BEEN INVESTIGATED BY CLINE 71
MARTIN 713 GALTIERI 723 AND DOBSON 72 THE LAST TWO PAPERS CONCLUDE
THAT THE DATA CANNOT TELL THE DIFFERENCE»

EXYRAP.
SEE NOTE IN Y¹0(1405) PRODUCTION EXPERIMENTS -THE DIF-
FICULTIES IN EXTRAPOLATING FROM THE PHYSICAL REGION TO
THE RESONANCE LOCATION ARE DISCUSSED BY DALITZ 67

Pl
P2
P3
P4
P5
P6
P7

Y¹0{1520)
Y¹0(1520)
Y¹0(1520)
Y¹0(1520)
Y¹0(1520)
Y¹0(1520)
Y¹0{1520)

38 Y¹0{1520)PARTIAL DECAY MODES

INTO KBAR N

INTO SIGNA PI
INTO LAMBDA P I P I
INTO LAMBDA GAMMA

INTO SIGMAO GAMMA

INTO SIGNA PI PI
INTO (Y¹1(1385)+PI)

DECAY MASSES
497+ 939

1197+ 139
1 115+ 139+ 139
1115+ 0
1192+ 0
1197+ 139+ 139
1384+ 139

1410'7
1409 6

1407 5
1403 0
1416~ 0

(1421.0l

37.0
28 ~ 2
34» 1
50 ~ 0
29 0

(20 ' 0)

24 Y¹0(1405) NASS (HE V)

(1»0)
tl 7)

(1 2)
{3 0)
(4 ' 0)

KIH
SAKI TT

DATA OF SAKITT ARE
KITTEL
KIH
MARTIN
MARTIN

(3.2)
ll

{4 1)
(5 ~ 0)
(6 0)

KIN
SAKITT
K ITTEL
KIH
MARTIN
MARTIN

24 Y¹0(1405) WIDTH (HEV)

65 HBC
65 HBC

USED IN FIT
66 HBC
67 HBC
69 HBC
70 RVUE

65 HBC'
65 HBC
66 HBC
67 HBC
69 HBC
70 RVUE

0-EFF-RANGE F IT
0-E FF-RAN GE F IT
BY KITTEL ~

0-EFF-RANGE F IT
K MATRIX FIT(KPl
CONST ~ K MATRIX
CONST K MATRIX

7/66
7/66

7/66
8/67

10/69
6/70

7/66
7/66
7/66

K MATRIX FIT(KP) 8/67
CONST ~ K MATRIX 10/69
CONST ~ K NATR I X 6/70

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 6

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P. , as follows: The diagonal elements are P, + 6P, , where
1 . 1 1

6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-l 1 1
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P., see the listings

1

above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

are thus constrained to add to 1.
P 1 P P 3 P 4 P 5

P 1 ~ 4 502+ ~ 0089
P 2 —.7405 4115+- 0092
P 3 — 2227 -e 3403 1004+- ~ 0054
P 4 ~ 0689 ~ 0647 ~ 0324 ~ 0080+ ~ 0014
P 5 - 1739 —~ 1 633 — 0819 —~ 0095 0199+-~ 0035
P 6 ~ 0738 ~ 0693 —~ 0347 .0040 - —0102 0100+- ~ 0015

38 Y¹0(1520) BRANCHING RATIOS

KIH
SAKITT
KITTEL
KIN
MART IN
iiART IN

65 PRL 14 29
65 PR 139 8719
66 PL 21 349
67 PRL 19 1074
69 PR 183 1352
70 NP 816 479

J K KIN
+OAYg GLASSER 3 SEEHANgFRIEDNANg +
W KI TTEL 3 G OTTER» I WAC EK
J KIN
8 R MARTIN, M SAKITT
A D MART INg G G ROSS

{COLUMBIA) I JP
(UHD gLRL) I JP

(V I ENNA ) IJP
(YALE) JP

(LOUC+BNL)
t DURHAM) I JP

REFERENCES FOR Y¹0(1405) (FROM EXTRAPOLATIONS) Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl AVG
Rl FIT

~ ~ ~ ~ ~ » ~ ~ ~

0 85' 0 064
0 ~ 914 0 ~ 036

Y¹0(1520) INTO (SIGHA
le 72 .78
0 ' 96 0 ' 20
0 73 0.11
1.06 .14
0 ' 82 0 ' 08

PI )/(KBAR N)
MUSGRAVE 65 HBC
DAHL 67 HBC
DAUBER 67 HBC
SCHEUE R 68 DBC
BURKHAROT 69 HBC

(P2) / t Pl)
8/67

PI-P 1 ~ 6-4 GEV/C 9/66
K-P AT 2 ~ GE V/C 8/67

0 K-N 3 GEV/C 10/69
K-P ~ 8-1 e 2 GE V/C 10/69

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
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Data Card Listings
For notation, see key at front of Listings.

Eary{]ns
x(~5ao), x(~6vo)

R2
R2
R2
R2
R2
R2
R2
R2 AVG

R2 F IT

Y+0(1520)
0 ~

0 ~

0 ~

t0 ~

0 ~

0.

INTO {LAMBDA
17 0 ' 05
21 0 ' 18
19 .04
22 0 ' 03
2)

» ~ » ~ » ~

202 0 ' 021
223 0»014

PI PI)/(KBAR N)
DAHL
DAUBER
SCHEUER
BURKHARDT
KIM

67 HBC
67 HBC
68 DBC
69 HBC
71 DPWA

(P3)/(Pl)
PI-P 1 6-4 GEV/C
K-P AT 2 ' GEV/C

0 K-N 3 GEV/C
K-P 8-1 2 GEV/C
K-MATRIX ANAL ~

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
FROM FIT l ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

9/66
8/67

10/69
10/69
3/71

] 6I70 40 Y*0(1470 JP=1/2-i i=0 S"01
( SEE THE MINI-REVUE AT THE START OF THE Y II LISTINGS ~

THI 5 RESONANCE IS WELL ESTABLISHED
(SEE THE NOTE FOR THE Y&0( 1330))~

R3
R3
R3
R3
R3
R3 AVG

R3 FIT

Y&0(1520) INTO (SIGMA PI)/(LAMBDA PI PI )
4.5 1.0 ARMENTERO 65 HBC
3 3 1 1 8 I RMINGHA 66 HBC
3 ~ 9 1 0 UHLIG 67 HBC

(P2)/(P3)

K-P 3 ~ 5
K-P ~ 9-1.0 BEY/C

3 ' 94
10

~ ~ ~

0 ~ 59
0 ' 27

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 0)
FROM F IT I ERROR INCLUDES SCALE FACTOR OF 1»0)

7/66
9/67
9/66

Y+0(1520) INTO (SIGMAO GAMMA)/TOTAL (PERCENT) (P5)
2 ~ 0 ~ 35 MAST 68 HBC SEE NOTE 5

RATIOS CAl. CULATED FROM R4«ASSUMING SU(3) ~ NEEDED TO CONSTRAIN
ALL THE Y+0(1520] BRANCHING RATIOS TQ BE UNITY ~

~ ~ ~ ~ ~ ~ ~ ~ ~

1 ~ 99 0 ~ 35 FROM FIT (ERROR INCLUDES SCALC FACTOR OF 1 ~ 0)

R5
R5 5
R5 5
R5 S
R5
R5 FIT

10/69

R6
Rb
Rb
R6
R6
Re
R6 AVG

R6 FIT

Y&0( 1520) IIVTQ (KBAR N) /TQTAl
0 ' 29 0 ' 05 WATSON 63 HBC

» 447» 018 GALT I ERI 69 HBC
0 ~ 47 0 ~ 03 COLL EY 71 DBC

l 0 ~ 45) KIM 71 DPWA
~ ~ ~ ~ ~ ~ ~ ~ ' ~

0»439 0»033 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3)
0 ~ 4502 0»0089 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

(Pl)
K-P ALL CHANNELS
K- P ~ 28-»45 G/C
K-N 1 5 GEV PROD
K-MATRIX ANAL»

10/71
10/69
10/71
3/71

R4 Y&0(1520) INTO {LAMBDA GAMMA)/TOTAL (PERCENT) (P4)
R4 238 0 F 80 0 ' 14 MAST 68 HBC 0 USING ELAST= ~ 45 11/68
R4 ~ ~ ~ » ~ ~ ~ ~ ~

R4 FIT 0 80 0 ~ 14 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 0)

40 Y+0( 1670) MASS (ME V)

M t 1e66.0) QR (1675.0) BERLEY 65 HBC 0 K-P TO LAM ETA
M THE FIRST VALUE ASSUMES THE BRANCHING RATIO INTO LAMBDA ETA IS

SMALL«THE SECOND THAT IT IS LARGE BECAUSE THE RESONANCE IS NEAR
THE LAMBDA ETA THRESHOLD«THE BRANCHING RATIO AFFECTS THE MOMENTUM

DEPENDENCE OF THE TOTAL WIDTH« AND THUS ALSO THE RESONANCE PARA-
iMETERS OBTAINED BY FITT ING TO THE DATA»

N ( lee3. 0) (3.0) ARMENT-1 68 HBC 0 ELASTIC«CH EXCH
N ( 1678~ 0) (2 ~ 0) ARMENT-2 68 HBC 0 K-P TO SIGMA PI
A 1674 ' 0 (5 ' 0) ARMENT-3 69 HBC 0 MULTICHANNEL
N 1662 ~ 0 (3 ~ 0) ARMENT 4 69 HBC 0 ELAST ~ CH ~ EXC ~ ED
N 1680~ 0 (1.0) ARMENT 4 69 HBC 0 K-P TO SIG PI ED

1674 0 BERLEY 69 HBC 0 K-P TO SIGMA PI
1683~ 0 (5 ~ 0) GALTIERI 70 HBC 0 SIG Pl«EDPWA
1670~ KIM 71 DPWA K-M ATRI X ANAl.
1640» 0 (40 0) LANGBEIN 72 IPWA MULTICHANNEL ~

A THE MULTICHANNEL ANALYSIS INCLUDES ELASTIC ANO SIGMA PI
N THE APPARENT DI SCREPANCY BETWEEN THESE RESULTS IS PROBABLY NOT

SERIOUS ~ THE ERRORS GIVEN ARE JUST STATI ST ICAL» THE SYSTEMATIC
ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATION FORCED ON

THF. PARTI AL-WAVE Aii{PL ITUDES ARE NOT INCLUDED«AND CAN BE LARGE

40 Y4'0(1670) WIDTH (MEV)

7/66

11/68
11/68
9/69
9/69
9/69
6/70
7/70
3/71

12/724
10/69

R7
R7
R7
R7
R7
R7
R7 AVG

R7 F IT

YAO ( 1520) INTO (5 I GMA P I ) /TOTAL
0 ' 55 0 ' 09 WATSON
0 F 418 ~ 017 GALTI ERI
0 ~ 43 0 ~ 03 COLL EY

(0 ' 46) KIM
» ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 424 0 015 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ~ 41 15 0 ~ 0092 FROM F'IT {ERROR IN CLUDES SCALE FACTOR QF 1» 1 )

{P2)
63 HBC K-P ALL CHANNELS
69 HBC 0 K-P ~ 28- ~ 45GE V/C
71 DBC K-N 1 5 GEV PROD
71 DPWA K-MATRIX ANAL ~

10/71
6/69

10/71
3/71

R8 Y'RO( 1520) INTO (SIGMA P I P I )/TOTAL {P6)
RB ~ 010 »0015 GALT IERI 69 HBC 0 K P ~ 28 ~ 45GE V/C 10/69
RB » ~ ~ » ~ ~ ~ ~ ~

RB FIT 0 ~ 0100 0 ~ 0015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0)

W M

N

W N

N A

W N

W N

W

W

W

W

(22 ' 0' OR (15.0)
{B.ui
l5»0]
(3 ~ 0)

(15 0)
(5 ~ 0)

{26»0)
(26 ~ 0)
23 ' 0
38 ~ 0
33 ~ 0
31 0
25 ~ 0
35 ~

45 ~ 0
SE

(5»0)

(20.0)
E THE NOTES

BF.RL EY
ARMENT-1
ARMENT-2
ARMENT-3
ARMENT-4
ARMENT-4
BERLEY
GALTIERI
KIM
LANGBE IN

ACCOMPANY I NG THE

65 HBC
68 HBC
2 II iiniIJ IJ I I IJI»

69 HBC
69 HBC
69 HBC
69 HBC
70 HBC
71 DPW
72 IPW

MASSES

0 SEE NOTE M ABOVE
0 SEE NOTE N ABOVE

0
0 ELAST«CH EXCEED
0 K-P TQ SIG PI ~ ED
0 K-P TO SIGMA PI
0 5IG P I«EDPWA

A K-MATRIX ANAL»
A MULTICHANNEL
QUOT ED

7/66
11/68
11/68

9/69
9/69
9/69
6/70
7/70
3/71

12/724

R9 Y'RO( 1520) INTO (YOI(1385) PI ) /(LAM PI P I) (P7) / I P3]
R9 MORE THAN 0.10 CL INE 69 DBC K-D TO 2P I {.AM N

R9 B 0 ' 39 0»10 BURKHARDT 71 HBC LAM ~ 3PI PROD ~

R9 C (1 0) CHAN 72 IPWA K-P TO LAM 2PI
R9 M 0»82 0»10 MAST 73 IP'NA K-P TO 2P I LAM
R9 8 CENTRAL BIN( 1514 1524) GIVES ~ 74+ ~ 10 OTHER BINS LOWER BY 2 5SIG
R9 C ONLY THE Y&t 1385)DS03 SEEMS TO CONTRIBUTE
R9 M BOTH Y&(1385)DS03 AND SIGMA (PI PI)DP03 CONTRIBUTE
R9 ~ ~ ~ ~ ~ ~ ~ ~ ~

R9 AVERAGE MEANINGLESS (SCALE FACTOR = 3 ~ 0)

9/69
3/71
2/734

12/724 Pl
P2
P3

40 Y~O{ 1670) PARTIAL DECAY MODES

Y+0(1670) INTO KBAR N

Y4'0{ 1670) INTO LAMBDA ETA
YR0( 1670) INTO SIGMA P I

40 Y+0( 1670] BRANCHING RATIOS

DECAY MASSES
497+ 939

1 115+ 548
1189+ 139

R10 Y+0 t 1520) INTO (Y'Rl (1385) P I ) /TOTAL
R10 0 F 041 0 ' 005 CHAN

Rll YRO(1520) INTO (LAMBDA PI PI)/TOTAL
Rll 0.10 0.02 CQLLEY
Rll 0 ~ 11 0»01 MAST
Rll ~ ~ ~ ~ ~ ~ ~ ~ ~

Rll AVG 0 ~ 1080 0 ~ 0089 AV ERAGE {ERROR
Rll FIT 0 ~ 1004 0 ~ 0054 FROM F IT ( ERROR

t P7)
72 HBC K-P TO LAM 2P I 3/71

tP31
71 DBC K-N 1 5 GEV PROD 10/71
73 IPNA 0 K-P TO l AM PI PI I/73+

INCLUDES SCAI E FACTOR OF 1 ~ 0)
INCLUDES SCALE FACTOR OF 1 ~ 0)

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

Y&0( 1670) INTO (KBAR N) /TOTAL (P 1)
P (0 ~ 14) (0 ~ 04) ARMENT-1 68 HBC 0 OLD DATA

0 ~ 17 ARMENT-3 69 HBC 0
P 0.14 {0 04) AR44{ENT-4 69 HBC 0 NEW DATA
A (0»39) l0»05) CQNFORTO 71 HBC 0 K P«ELAST«CEX

0.28 KIM 71 DP NA K-MAT R IX ANAL .
0 35 (0 06) LANGBE IN 72 IPWA MULTICHANNEL

A EFFECT BELOW REGION ANALYZED» VALUE OF ~ 18 DOES NQT

A AFFECT F IT OR VALUES OF OTHER PARAMETERS ~

P THIS I S THE DIAMETER OF THE CIRCLE IN THE ARGAND PLOT IT IS
SUPERIMPOSED ON A LARGE BACKGROUND ~

11/68
9/69
9/69
6/7 0
3/71

12/724

8IRMINGH 66
DAHL 67
DAUBER 67
UHl IG 67
MAST 68
SCHEUER 68

PR 152 1148
PR 163 1377
PL 248 525
PR 155 1448
PRL 21 1 715
NP 88 503

BURKHARD 69 NP 814 106
CLINE 69 LNC 2 407
GALT IERI 69 LUND 352

ALSO 70 DUKE 95

GALT I E RI 63 PL 6 296
WATSON 63 PR 131 2248
ALMEIDA 64 PL 9 204
ARMENTER 65 PL 19 338
MUSGRAVE 65 NC 35 735

REFERLNCiL«S FOR Y+0 f 1520)

A BARBARO GALT IERI «A HUS SA IIV ~ RD TR IPP ( LRL )
M 8 WATSON «M FERRO-LUZZI «R D TRIPP (LRL ) I JP
5 P ALMEIDA«G R LYNCH ( CERN)
ARMENTERQS «F-LUZZI «+ (CERN«HE ID«SACLAY)
+PETMEZAS«~ (BIRM«CERN«EPQL«LOI C«SACLAY)

BIRMINGHAM «GLASGOW « I ~ C ~ «OXFORD«RUTHERFORD
DAHL «HARDY«HESS ~ KI RZ «MILLER (LRL)
+ MAL AMUD «SCHLE IN «S LAT ER «STORK (UCLA)
+CHARLTON«CQNDQN«GLASSER«YODH«+ (UMD«NRL)
MAST«ALSTQN«BANG ERTER«GALT IERI+ (LRL)
SABRE COLLAB. ( SACL+AMST+BGNA+REHO+EPOL)

+F ILTHUTH+KLUGE+ ~ (HEID+EFI+C ERN+SACLAY)
+LAUMANN+MAPP {WISC)
BARBARO-GALTIERI«BANGERTER«MAST«TRIPP (LRL)
R D TRIPP tLRL)

R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3

Yco(1670) FROM KBAR N TO
(-0~ 25) (0 ~ 06)
-0.27
-0 ~ 30 (0 ~ 03)
-0» 27-0.29 (0 ~ 03)
-0 ~ 38

5 IGMA P I
ARMENT'-2
ARMENT-3
ARMENT-4
BERLEY
GALTIERI
KIM

68 HBC
69 HBC
69 HBC
69 HBC
70 HBC
71 DPNA

SQRT ( P 1~P3)
0 QLD DATA
0
0 NEW DATA
0 K-P TQ SIGMA PI
0 SIG P I «EDPWA

K-MATRIX ANAL»

REFERENCES FOR YWO( 1670)

Y+0(1670) FROM KBAR N TQ LAMBDA ETA SQRT ( P 1««P2 )
M (0 ' 20) OR 0 ' 23 BERLEY 65 HBC 0 SEE NOTE M ABOVE

(0.26) ARMENT-3 69 HBC 0
{0 ~ 24) KIM 71 DPWA K-MATRIX ANAL»

SEE THE NOTES ACCOMPANYING MASSES QUOTED

7/66
9/69
3/71

9/69
9/69
6/70
7/70
3/71

8 URKHAROT7 1 NP 827 64
CQLLEY 71 NP 831 61
KIM 71 PRL 27 356

ALSO 70 DUKE 161

+F Il-THUTH«KLUGE«OBERLACK++ (HE ID+CERN+SACL)
+COX«EASTWOOD «FRY+ ~ . t 8 IRM+ EDIN+GLAS+LOIC)
J K KIM ( HARV) I JP
J K ~ KIM (HARV) I JP

CHAN
MAST

72 PRL 28 256
73 PR D7 5

+BUT ~ -SHAF ER «HERTZ BACH«KOFLE R++ t MASA«YALE )
+ALSTQN-GARN JOST «BANGERT ER «+ ~ ~ (LBL ) IJP

BERLEY 70 PR Dl 1996

PAPERS NQT REFERRED TQ IN DATA CARDS

+YAMIN KQFLER MANN MEI SNER+ (BNL MASA YAl E) I JP

4444OIR444 2«: 4 IRIS'««444
g QIII g I«INC +4IQ g g+ QI«II«: ++g QOIRQ QI«I +7«I I«II«I+I«IP QIR Q gC Q 7«IQIRI«l I«IIR 7R QgQgr IR I«I I«IQ

BERLEY 65 PRL 15 641
ARMENT-1 68 NP B8 195
ARMENT-2 68 NP BB 223

ARMENT-3 69 LUND PAPER 229
VALUES ARE QUOTED IN LEVI

ARMENT-4 69 NP 814 91
8 ERL EY 69 PL 308 430
GALTIERI 70 DUKE 173
CQNFORTO 71 NP 834 41
KIM 71 PRL 27 356

ALSO 70 DUKE 161
LANGBEIN 72 NP 847 477

8IRMINGH 66 PR 152 1148
LEVISETT 69 LUND 339

+CONNOLLY«HART«RAUM«STONEHILL«+ (BNL) I JP
ARMENTERQS «BAILLON«+ I CERN«HEIDEl. «SACLAY) I JP
ARMENTEROS«BAILLQN«+ t CERN«HEIDEL«SACLAY) IJP

ARMENTERQS«BAILLON ~ + {CERN«HEIDEL«SACLAY]IJP
SETT I 69 ~

ARMENTERQS«BAILLQN« + (CERN«HEIDEL«SACLAY) I JP
+ HART ~ RAHM «WI LL I 5«YAMAMQTO (BNL) I JP
A» BARBARO GALTIERI (LRL)IJP
+LEVI SETTI «LASINSKI ~ ~ QBERLACK++ ( EF I+HEIQ) I JP
J. K KIM {HARV) I JP
J ~ K ~ KI M (HARV) I JP
+WAGNER ( MP I M) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

( BIRMINGHAM Gl ASGQW LOIC ~ OXFORD RUTHERFD)
R LEVI SETTI (RAPPORTEUR) (CHICAGO)
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Baryons
A.(1690), A.(1750)

Data Card Listings
For notation, see key at front of Ltstings.

g( 169O) 55 Y»0(1690 JP=5/2-( (c0 5203
SEE THE NINI-REVUE AT THE START OF THE Y¹ LISTINGS»

THI S RE SONANCE IS WELL ESTABLISHED

55 Y¹0(1690) MASS (ME V)

A RME NT-4 69 NP B 14 91
BERLEY 69 PL 308 430
BERTANZA 69 PR 177 2036

GALT IE RI 70 DUKE 173
CONFQRTO 71 NP 834 41
KIM 71 PRL 27 356

ALSO 70 DUKE 161
LANGBEIN 72 NP B47 477.

ARMENTEROS5 BAILLON5 + t CERNYHEIDELYSACLAY) IJP
+ HART5 RAHN ~ WILL IS5 YAMAMQTQ (BNL) I JP
+BIGI YCARRARA5 GASALI 5 + (PISA5 BNL5 YALE) I JP

A BARBARO GALT I ER I (LRL)IJP
+LE VI SETT I 5 LASINSKI ~ ~ OB ERLACK++ ( EF I+HE ID) I JP
J K KIM ( HARV) I JP
J K» KIM ( HARV ] I JP
+WAGNER ( MPIM) I JP

PAPERS NQT REFERRED TO IN DATA CARDS

M

M

M

M

M M

M A

M A

M

M

M

N

M

M

M M

M M

M M

M A

M A

N A

M A

M A

W

W

W

W

W M

W A

W A

W

W

W

W

W

(3»0)
(2»0)
{8' )
(4 ' 0)
(2 ' 0)
(2 ~ 0)
(2 0)

55 Y¹0(1690) WIDTH (NEV)

(35 0)
(85 ~ 0}
48 '
40 0

( 27 ~ 0)
31 ' 0
72 0
57 ~ 0
28 ~ 0
85.0
64» 0
55.
40 ~ 0

SEE

(7 ~ 0)
(7 ~ 0)

(15 ~ )
{7.0)
(5 ' 0)
(7 ' 0)
(6.0)

(8»0).
(10 0)

(5 ' 0)

(10 0)
THE NOTE S

ARMENT-1
ARMENT-3
BARTLEY
BUGG
GONFORTO
ARMENT-4
ARMENT-4
BERLEY
BERT ANZA
GALT IERI
CONF ORTO
KIN
LANGBE IN

ACCOMPANYING THE

68 HBG 0 OLD DATA
68 HBG 0 OLD DATA
68 DBC 0 K P AND K-D DATA
68 CNTR 0
68 HBG 0 SEE NOTE M ABOVE
69 HBC 0 ELASYCH EXCEED
69 HBG 0 K-P TO SIG P.l ED
69 HBC 0 K-P TO SIGMA PI
69 HBC 0
70 HBC 0 SIG PI5EDPWA
71 HBC 0 K-P5ELAST5CEX
71 DPWA K-MATRIX ANAL

72 IPWA MULTICHANNEL
MASSES QUOTED

55 Y¹0(1690) PARTIAL DECAY MODF. S

( 1696~ 0) ARMENT-1 68 HBC 0 ELASTIG5 CH EXCH
( 1681»0) ARMENT-3 68 HBC 0 K-P TO SIGMA Pl

1681 BARTLEY 68 DBC 0 K-P AND K-D DATA
1695 0 BUGG 68 CNTR 0 K-P5 D TOTAL

{1697~ 0) CONFQRTO 68 HBC 0 ELAST IC5 CH EXCH
1691' 0 ARNENT-4 69 HBC 0 ELAS5CH EXC ~ ED
1688~ 0 ARMENT-4 69 HBC 0 K-P TO SIG PI ~ ED
1689»0 BERLEY 69 HBC 0 K-P TO SIGMA
1701~ 0 (4 ~ 0) BERTANZA 69 HBC 0 ELAST ICY CH EXCH
).680.0 (5.0) GALTIERI 70 HBC 0 SIG PIYEDPWA
1688' 0 (3 ' 0) CONFORTO 71 HBC 0 K-P5ELASTYCEX
1690. KIM 71 DPWA K-MATRIX ANAL'
1680 0 (20 ' 0) LANGBEIN 72 IPWA MULTICHANNEL

THE Y¹0(1690) IS AT THE EDGE OF THE ENERGY REGION ANALYZED BY
CONFORTQ THE SAME DATA AS WELL AS OTHERS EXTENDING TQ LOWER
ENERGIES ARE INCLUDED IN ARMENTEROS 1

ANALYSI S INCLUDES OLD AND NEW DATA OF CHS COLLAB ~ 43- ~ 8 GEV/C
THE APPARENT DISCREPANCY BETWEEN THE SIGMA PI AND OTHER RESULTS IS

PROBABLY NOT SERIOUS THE ERRORS GIVEN ARE JUST STATISTICAL THE
SYSTEMATIC ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATION
OF THE PARTIAL-WAVE AMPLITUDES ARE NQT INCLUDED5 AND CAN BE LARGE ~

11/68
11/68
11/68

7/68
11/68
9/69
9/69
6/70
9/69
7/70
6/70
3/71

12/72¹

10/69

11/68
11/68
11/68
7/68

11/68
9/69
9/69
6/70
9/69
7/70
6/70
3/71

12/72¹

77 Y¹0(1750) MASS ( ME V)

M 0 ( 1745 ~ 0) ARNENTERO 68 HBC
M ( 1740 0) BAILEY 69 DPWA

N ( 1800~ 0) ARNENTERO 70 HBC
M ( 1750~ 0) ARNENTERO 70 HBC
M N (1690 0) (10 0) GALT IERI 70 HBC

M N ERROR STATI ST ~ ONLY- NO ERROR DUE TO PARTICULAR
M (1755.) K IM 71 DPWA

M 1 (1570») KIM 71 DPWA

M A 1620 ~ 0 ( 10»0) LANGBE IN 72 IPWA
M 8 1780~ 0 (20 ~ 0) LANGBE IN 72 IPWA
N A AND 8 CORRESPOND TO 2 DIFFERENT RESONANCES IN P01
M 1 POSSI BLE EFFECT IN SIG(MA PI AND KBAR N CHANNELS
M Q OLD ANALYSISY USING OLD DATA.

0 ELASTIC5 GH EXCH
0 ELASTIC5 CH EXCH
0 ELASTIC5 CH EX
0 SIGMA P I
0 S IG P I5 EDPWA
P»W. ANAL INCLUDED

K-MATRIX ANAL
K—MAT R I X ANAL

MULTICHANNEL
MULTICHANNEL

PREVOST 71 AMSTERDAM CONF + GHS COLLABORATION (CERN+HEID+SACL)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹

'~( 1 /50) 77 Y»0(1750 JP=1/2»( (=0 QI
SEE THE MINI-REVIEW AT THE START OF THE Y¹ LISTINGS ~

THE EVIDENCE FOR THIS STATE IS SOMEWHAT CONFUSED ~ IT
WAS FIRST SUGGESTED IN A PARTIAL WAVE ANALYSIS OF KBAR
N DATA BY THE BEHAVIOR OF THE P01 AMPLITUDE WHEN IT

WAS PARAMETRI ZED AS A TWO-STRAIGHT-L INE BACKGROUND WHEN IT WAS RE-
PARAMETRIZED AS A RESONANCE SUPFRIMPOSED ON A ONE-STRAIGHT-LINE BACK-
GROUND A BROAD RESONANCE RESULTED (ARMENTERQS 68) ~ A REANALYSIS OF
ESSENTIALLY THE SAME DATA, BUT THIS TIME WITH THE P01 AMPLITUDE UNCON-
STRAINED5 SUGGESTED A MUCH NARROWER RESONANC E AT HIGHER ENERGY (ARMEN-
TERQS 70) ~

A WIDER AND MORE ELASTIC P01 RESONANCE AT ABOUT THE SAME MASS IS
SUGGESTED BY THE ANALYSIS QF BAILEY 69 ~ THI S USES CONSIDERABLY LESS
DATA THAN THE ARMENTEROS ANALYSES FOR THIS REASON WE DO NQT QUOTE ANY

PARAMETERS FOR THE OTHER PARTIAL WAVES OBTAINED IN THIS ANALYSIS»
ARMENTERQS 705 GALTIERI 705 AND KIM 71 PRESENT EVIDENCE FOR A

Pol STATE IN THE SIGMA PI CHANNEL ~ IN ADDITION THE ANALYSES OF KIM 71
AND LANGBEIN 72 INDICATE A SECOND POSSIBLE P01 STATE. WE TENTATIVELY
LIST THESE EFFECTS TOGETHER»

11/68
10/70
6/70
6/70
7/70
1/71
3/71
3/71

12/72¹
12/72¹

Pl
P2
P3
P4
P5

Y¹0(1690) INTO KBAR N

Y¹0(1690) INTO SIGNA P I
Y¹0(1690) INTO LAMBDA Pl PI
Y¹0(1690) INTO SIGMA PI PI
Y¹0(1690) INTO Y¹1(1385)PI

DECAY MASSES
497+ 939

1 189+ 139
1115+ 139+ 139
1189+ 139+ 139
1384+ 139

55 Y¹0(1690} BRANCHING RAT I QS

THE SUM OF ALL THE QUOTED BRANCHING RATIOS IS MORE THAN 1 0 ~ THE
TWO-BODY RATIOS ARE FROM PARTIAL WAVE ANALYSES5 AND THUS PROBABLY ARE
MORE RE LIABLE THAN THE THREE-BODY RATIOS 5 WHICH ARE DFTERMINED FROM
BUNPS IN CROSS SECTIONS OF THE LATTERY THE SIGMA PI PI BUMP LOOKS
MORE SIGNIFICANT {THE ERROR GIVEN FOR THE LAMBDA Pl PI RATIO LOOKS UN-
REASONABLY SMALL) HARDLY ANY OF THE SIGMA PI PI DECAY CAN BE VIA
Y¹l(1385)5 FOR THEN NINE TINES AS HUGH LAMBDA PI P I DECAY WOULD BE
REQUIRED ~

W

W

W

W N

W

W 1
W A

W 8

77 Y¹0(1750) W I DTH (NE V )

{147»0)
(300~ 0)
(30 F 01
(70.0)
(22 0)
{35»)
{50.)
60 0 (10 ~ 0)

120» 0 ( 10 ~ 0)
SEE THE NOTES ACCOMPANYING

ARMENTERO 68 HBC
BAILEY 69 DPWA

ARMENTERO 70 HBC
ARMENTERO 70 HBC
GALTIERI 70 HBC
KIM 71 DPWA

KIM 71 DPWA
LANGBE IN 72 IPW A

LANGBE IN 72 IPWA
MASSES QUOTE D

77 Y¹0(1750) PARTIAL DECAY MODES

0
0 ELASTIC5 CH EXCH
0 Et ASTIC5 CH EX
0 SIGMA PI
0 SIG PI YEDPWA

K-MATRI X ANAL»
K-MAT RI X ANAL

MULTICHANNEL
MULTI CHANNEL

10/70
6/70
6/70
7/70
3/71
3/71

12/72¹
12/72¹

Rl Y¹0(1690) INTO (KBAR hl]/TOTAL (P 1)
Rl (0 18) (0 03) ARNE NT-1 68 HBC 0
Rl ( 0» 23) BUGG 68 CNTR 0 ASSUMING J 3/2
Rl N (0~ 22) (0 ~ 03) CONFQRTO 68 HBC 0 SEE NOTE M ABOVE
Rl 0.18 (0 ~ 02) ARNENT-4 69 HBC 0 NEW DATA
Rl 0 ~ 28 {0~ 04) BERTANZA 69 HBG 0
Rl N {0» 34) {0 ~ 02) CONFORTO 71 HBC 0 K-P5ELASTYCEX
Rl 0.22 KIN 71 DPWA K-(MATRIX ANAL ~

Rl 0 ~ 15 (0 ~ 05) LANGBE IN 72 IPWA MULTICHANNEL
Rl 'N EFFECT IS AT END QF REGION ANALYZED ~ THIS COULD AFFECT VALUE OF Xl»
Rl FROM ALL ABOVE WE ESTIMATE X 0 ~ 20

11/68
7/68

11/68
9/69
9/69
6/70
3/71

12/72¹

3/72

R2
R2
R2
R2
R2
R2
R2

Y¹0{1690) FROM KBAR N TO
(-0 33) (0 02]
-0 ~ 36 (0 ~ 02)
-0~ 27
-0 31 (0.03)
-0 ~ 40

0 26 (0 F 07)

SIGNA PI
ARNE NT-3
ARMENT-4
BERL FY
GALTIERI
KIM
LANGBE IN

68 HBC
69 HBC
69 HBC
70 HBC
71 DPWA
72 IPWA

SQRT( P 1¹P21
0 OLD DATA
0 NEW DATA
0 K-P TO SIGMA PI
0 S IG PI 5 EDPWA

K-MATRIX ANAL»
MULTICHANNEL

11/68
9/69
6/70
7!70
3/71

12/72¹

R3 Y¹0(1690) FROM KBAR N TO LAMBDA P I PI SQRT ( Pl¹P3)
R3 8 t 0 ~ 25) (0.02) BARTLEY 68 HDBC 0 (.AM 2PI CROS SEC 11/68
R3 8 ONLY CROSS-SECTION DATA USED ENHANCEMENT NOT SEEN BY PREVQST 71 ~ 3/72

Pl
P2

Rl
Rl
Rl
Rl
Rl
Rl A

Rl 8

R2
R2
R2 N

R2
R2 A
R2 8

Y¹0(1750) INTO KBAR N

Y¹0(1750) INTO SIGMA PI

DECAY MASSES
497+ 939

1 197+ 139

77 Y¹0t1750) BRANCHING RATIOS

Y¹0(1750) INTO (KBAR N) /TOTAL
(0 ~ 4)
{0» 55)
(0 ~ 15)
(0 ~ 30)
0 ~ 25 (0 ~ 15)
0 ~ 36 (0 ~ 05)

ARMENTERO
BAILEY
A R ME NT E RO
KIM
LANGBE IN
LANGBE IN

(Pl)
68 DPWA 0 ELASTIC5 GH EXCH 11/68
69 DPWA 0 FLAST ICY CH EXCH 10/70
70 DPWA 0 ELASTIC ~ CH EXCH 10/70
71 DPWA K-MATRIX ANAL ~ 3/71
72 IPWA

'
MULTI CHANNE{. 12/72¹

72 IPWA MULTICHANNEL 12/72¹

SQRT(P1¹P2)
DPWA 0. K-P TO SIGMA PI
DPWA 0 K-P TO SIGMA PI
DPWA K-MATRIX ANAL ~

IPWA MULTICHANNEL
IPWA MULTICHANNEL

6/70
7/70
3/71

12/72¹
12/72¹

Y¹0(1750) FROM KBAR N INTO SIGMA PI
(+0.20) ARNENTERO 70
(-0 13) (0 ~ 03) GALT I E RI 70
(0 17) KIN 71
0 ' 28 (0 ' 09) LANGBE IN 72
0 01 OR LESS LANGBE IN 72

SEE THE NOTES ACCOMPANYING MASSES QUOTED

R4
R4

Y¹0(1690) FROM KBAR N TO SIGMA PI PI SQRT ( P 1¹P4 )
(0 ~ 21) ARMENT-2 68 HDBC 0 K-N TO SIG PI PI 11/68

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR Y¹0(1750)

DAY IES 67 PRL 18 62
REPLACED BY BUGG 68 ~

ARMENT-1 68 NP 88 195
ARNENT-2 68 NP 88 216
ARMENT-3 68 NP 88 223
BARTLEY 68 PRL 21 1111
BUGG 68 PR 168 1466
CQNFORTQ 68 NP 88 265

{BIRMYCAVEYRHEL) I

ARMENTEROS5 BAILLON5 +
ARNE NTEROS 5 BAIL LQN5 +
ARMENTERQS ~ BAILLON5 +
+CHUPDOWDPGREENE5+
+G ILMORE 5 KNIGHT 5 +
+HARNSEN5 LASINSKI 5 +

( CERN 5 HE I DEL5 SACLAY ) IJP
{CERNPHEIDEL5SACLAY] I
( CERN 5 HEI DEL5 SACLAY ) I JP
(TUFTSYFSU5 BRANDE IS) I

( BIRM5CAVE5RHEL ) I
(CHICAGOPHEIDEL) IJP

REFERENCES FOR Y¹0(1690)
+DOWELLP +

ARNENTER 68
BAIL FY 69
ARNE NT ER 7 0
GALT IE RI 70
KIN 71

ALSO 70
LANGBEIN 72

NP 88 195
THESIS UCRL-50617
DUKE CONF 123
DUKE CONF 173
PRL 27 356
DUKE 161
NP 847 477

ARMENTEROS, BAILLON,
DAVID SAhl BAILEY
ARMENT EROS 5 BA ILLON5
A BARBARO-GALTIERI
J K KIM
J ~ K ~ KIM
+WAGNER

+ (CERN YHEIDELY SACLAY) I JP
(LRL L IVERNCRE) EJP

+ ( CERN 5 HE IDEL ) I JP
(LRL ) I JP

( HARV) I JP
t HARV) I JP
( MP IM) I JP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Data Card Listings
For notation, see key at front of Listings.

BaryonS
A.(1815), A.(1830)

~l
A.(1815) 30 Y*0(1515 JP=5/2»I l=o 3 Q5

SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

R5
R5
R5

'R5
R5
R5

Y¹0 ( 1815) INTO (S IGMA P I P I ) /TOTAL (P4)
P NO CLEAR SIGNAL ARMENT-4 68 HDBC 0 K-N TO SIG PI PI 11/68
P THERE I S A SUGGESTION OF A BUMP ~ ENOUGH TO BE CONSI STENT WITH

WHAT IS EXPECTED FROM SIGHA PI DECAY OF. THE Y¹l(1385)—ABOUT 0 ~ 02 ~

~ ~ ~ ~ ~ ~ ~ ~ ~

FIT 0 ~ 081 0 ~ 054 FROM F IT

39 Y¹0(1815)MASS (ME V)

N N

M N

H N

M N

H N

M N

H

N

M N

N

M N

M N

N N

(2 ' 0)
l4 ~ 0)
(2 0)
l4 ~ 0)
(1 ~ 0)
(1.0)

( 10 ~ 0)
( 10~ 0)

(2 0)

1813»0
1816 0
1817.0
1819~ D
1825~ 0
1819' 0
1830' 0
1820~ 0
1818~ 0
1810~

1823» 0 (3 ~ 0)
1818 0 (3.0)

ERROR STATIST' ONLY

ARNE NT-1 67
BELL 67
ARNE NT-3 68
BUGG 68
BR ICMAN 70
BRICMAN1 70
COOL 70
GALT IERl 70
CONF 0RTO 71
KIM 71
KANE 72
LANGBE IN 72

NO ERROR DUE TO P ART

HBC
HDBC
HBC
CNTR
CNTR
DPWA

CNTR
DPWA
DPWA
DPWA

OPMA
IPWA

I CUL AR

0 K-P TO SIGMA PI
0 K-N TO SIGMA Pl
0 ELASTIC 3 CH EXCH
0 K-Pt D TOTAL
0 TOTAL AND CH EX

SIGTOTt ELASICHEX
K-P ~ D TOTAL

0 K-P TO SIGMA PI
0 ELASTIC 3 CH EXCH

K-MATRIX ANAL ~

0 K-P TO PI SI G

MUL TI CHANNE L
P»W ~ ANA]. ~ INCLUDED

39 Y¹0(1815) WIDTH (MEV)

THIS STATE IS MELL ESTABLISHED ~ HOST OF THE QUOTED ER-
RORS ARE STATISTICAL ONLY» THE SYSTEMATIC ERRORS OUE TO
THE PARTICULAR PARANETR IZATION USED IN THE P»W ~ A» ARE

NOT INCLUDED ~ FOR THIS REASON WE OO NOT CALCULATE WEIGHTED AVERAGES FOR
MASS AND WIDTH ~

8/67
11/6T
11/68
6/68
6/70
1/71

10/70
T/70
6/70
3/71

10/71
12/72¹

1/T 1

BIRGE
ARNE NT-1
ARHENT-2
BELL
ARMENT-3
ARNENT-4
BUGG

65 ATHENS CONF 296
67 PL 248 19S
67 ZEIT PHYS 202 486
67 PRL 19 936
68 NP 88 195
68 NP 88 216
68 PR 168 1466

+ELYt KALMUSPKERNAN 3LOUIE 3 SAHOUP. I At + {LRL)I JP
ARMENTEROS r F LUZZI 0 + ( CERN 3 HEIDELt SACLAY) IJP
ARHENTEROSt F LUZZIt + {CERNPHEIDELPSACLAY) IJP
R 8 BELL (LRL) I JP
ARMENTEROS 3 BAILLONt + (CERN 5 HEIOELt SACLAY) IJP
ARMENTEROSt BAILLONt + (CERNIHEIDELt SACLAY) I
+GILMORE5 KNIGHTt + (RHEL+8 IRN+CAVE) I

BRICHAN 70 PL 318 152
BRICMAN1 70 PL 338 511
COOL 70 PR 01 1887
GALTIERI 70 DUKE CONF 173'

CONFORTO 71 NP 834 41
KIH 71 PRL 27 356

ALSO 70 DUKE 161

+FERRO LUZZII PERREAUt+ {CERNPCAENt SACLAY)
+FERRO~LU?ZI ILAGNAUX (CERN)
+GIACOMELL It KYCIAI LEONTIC t L I I + (BNL] I
A BARBARO-GALTIERI (LRL) I JP

+LEVI SETTIILASINSKI ~ OBERLACK++ (EFI+HEID) IJP
J K KIH ( HARV) I JP
J ~ K ~ KIM (HARV) I JP

KANE 72 PR 05 1583
LANGBEIN 72 NP 847 477

0 F KANE
+WAGNER

PAPERS NOT REFERRED TO IN DATA CARDS

(LBL) IJP
(MPIM) IJP

THE FOLLOWING PAPERS ARE NOW OF ONLY HISTORICAL INTEREST--

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹S¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹

REFERENCES FOR Y¹0(1815)

W

W

W N
'M N

W N

W N

W

M

W N

W

M N

N

(15 ~ 0)
(12 0)

(4»0)
l7 ~ 0)
(6.o)
(3.0)

87»0
64. 0
71 ' 0
T5 ~ 0
80 ~ 0
79» 0

100~ 0
100' 0 (20 ' 0)

90» 0 (4 ~ 0)
70 ~

10 I ~ 0 {16 ~ 0)
70»0 (5 ~ 0)

SEE THE NOTES ACCOHPANYING

ARHENT-1 67
BELL 67
ARHENT-3 6S
BUGG 68
BR I CMAN 70
BRICMAN1 70
COOL 70
GALT IERI 70
C ONF 0RTO 71
KIH 71
KANE T2
LANGBE IN 72

MASSES QUOTED

HBC 0
HDBC 0
HBC 0 ELASTICt CH EXCH
CNTR 0 K-P I D TOTAL
CNTR 0 TOTAL ANO CH EX
DPWA SIGTOTIELAStCHEX
CNTR K-Pt 0 TOTAL
DPWA 0 K-P TO SIGMA PI
DPWA 0 ELASTICt CH EXCH
DPWA K-HATRI X ANAL ~

OPWA 0 K-P TO PI SIG
I PWA HUL TI CHANNE L

8/67
11/67
11/68
6/68
6/70
1/71

10/70
7/70
6/70
3/71

10/71
12/72¹

CHAHSERL
GALT IERI
SOD IC KSO
HOLLEY
8 IRMINGH
COOL
GELFANO
ARNENTER
CONFORTO
LASINSKI
PREVOST

62 PR 125 1696
63 PL 6 296
64 PR 133 8757
65 UCRL-16274 THESIS
66 PR 152 1148
66 PRL 16 1228
66 PRL 17 1224
67 NP 83 592
68 NP BS 265
68 PR 163 1792
71 AMSTERDAM CONF

CHANBERLAINICROWEI KEEFEI KERTHt + (LRL) I
A BARBARO-GAl TIERI A HUSSAIN RD TRIPP (LRL) I J
SODICKSONIMANNELLI 3FRISCHt WAHLIG (NITl BNL) ) J
W R HOLLEY {LRL) J
BIRNINGHANIGLASGOMY I C ~ 3 OXFORDt RUTHERFORD
+GIACOHE LLI IKYCI At LEONTI Ct LUNDBY + (BNL ) I
+HARHSENt LEVI SETTI ~ PREDAZZI+ (EF I tANL)
ARMENTEROSPFERRO-LUZZI+ (CERNt HEIDI SACLAY]IJP
+HARMSENt LASINSKI I + (CHICAGOt HEIDEL) IJP
LASINSKII LEVI SETTI t PREDAZZI (CHICAGO) JP
+ CHS COLLABORATION (CERN+HEID+SACL)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

Pl
P2
P3
P4
P5

39 Y¹0{1815) PARTIAL DECAY MODES

Y¹0{1815] INTO KBAR N

Y¹0(1815) INTO SIGMA PI
Y¹ol1815) INTO Y¹1(1385)PI
Y¹0{1815] INTO SIGMA PI PI
Y¹0(1815) INTO LAMBDA PI PI

DECAY MASSES
497+ 939

1189+ 139
1384+ 139
1192+ 139+ 139
1115+ 139+ 139

A.(1830) 56 Y»0(1030, JP=5/2-I (=0 DQ5
SEE THE HINI-REVIEW AT THE START OF THE Y¹LISTINGS»

THE BEST EVIDENCE FOR THIS RESONANCE CONES FROH THE
SIGMA PI CHANNEL ~ IT APPEARS TO BE WELL ESTABLISHED ~

56 Y¹0(1830)MASS (HEV)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 1 P 4
P 1»6050+- 0243
P 2 —~ 5445 , 1138+- 0084
P 3 0 ~ 0 ~ ~ 2000+- ~ 0500
P 4 —.3638 .0892 —~ 9224 0812+-.0542

P 3P 2

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + SP., where

1 1 1
6P, = Q(SP.SP.) I while the off-diagonal elements are the normalized correlation coeffi-

1 1 1
cients (SP.SP. ) /{SP. ~ SP.). For the definitions of the individual P. , see the listingsi j i j '

1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to f.

H N

M N

M N

M

M N

H
'M K

H

M

M K

M K

M N

(3.0)
(11 0)
(10 ~ 0)
l 15.0)

(5 0)

1827 ~ 0
1837.0
1807~ 0
1840» 0
1831~ 0
1830'

(1720.)
1832 ' 0 (5»0)
1810» 0 l 10 ~ 0)

POSSIBLE EFFECT MAINLY IN
WITH THE 1830 EFF ECT

ERROR STATIST ~ ONLY- NO

ARMENTERO
BELL
ARHENTERO
GALT IE RI
CONF ORTO
KIN
KIH
KANE
LANGBE IN

SIGMA PI NOT

67 HBC
67 HBC
68 HBC
70 DPMA
71 DPMA

71 DPMA
71 DPWA
72 DPWA
72 IPWA
CLEAR IF

0 K-P TO SIGMA PI
0 K-P TO SIGMA PI
0 ELASTICt CH EXCH
0 K-P TO SIGMA PI
0 ELASTIC 5 CH EXCH

K-M AT RI X ANA L ~

K-MATRIX ANAL» '

0 K-P TO PI SIG
MUL T I CHANNEL

UNCOR RE LATE D

8/67
11/67
11/68
7/70
6/7 0
3/71
3/71

10/71
12/72¹

56 Y¹ol1830) WIDTH {HEV)

ERROR DUE TO PARTICULAR P ~ W ANAL» I NCLUDEO 1/71

39 'Y¹0(1815) BRANCHING RATIOS

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE
TO PARAHETRIZATION USED IN THE P M A ~ THEY SHOULD BE INCREASED»

Rl Y¹0(1815) INTO (KBAR N)/TOTAL (Pl)
Rl 0 62 0 ~ 02 ARMENT-3 68 HBC 0 ELASTIC 3 CH EXCH
Rl ( 0 ~ 72) BUGG 68 CNTR 0 K-P I 0 TOTAL
Rl 0» 65 0 ~ 02 SRICHAN 70 CNTR 0 TOTAL ANO CH EX
Rl 0 58 0»02 BRICMAN1 70 DPMA SIGTOTt ELAS5CHEX
Rl (0~ 8) COOL TO CNTR K-P I 0 TOTAL
Rl 0 ~ 63 0»ol CONFORTO Tl OPWA 0 ELASTIC 5 CH EXCH
Rl (0 ~ 52) KIM 71 DP WA K-MAT RI X ANAL ~

Rl 0 F 47 0 ' 02 LANGBE IN 72 I PMA MULTICHANNEL
Rl ~ ~ ~ ~ ~ ~ ~ ~ »

Rl AVG 0 ~ 605 0 ~ 027 AVERAGF. (ERROR INCl UDES SCALE FACTOR OF 3 ~ 8)
Rl F IT 0 ~ 605 0 ~ 024 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 3 ~ 4)

11/68
6/68
6/70
1/71

10/70
6/70
3/71

12/72¹

M

M

M

M

W K

W

l9 ~ 0)
(18.0)
(32 ~ 0)
l30 0)
(35»0)

75 ~ 0
74 0

123.0
150» 0
104.0

80»
(20 ~ )
88.O

600 0
SE E THE NOT E

(10 ' 0)
(20»0)
S ACCOMPANYING

ARMENTERO 67 HBC
BELL 67 HBC
ARMENTERO 68 HBC
GALTIERI 70 DPWA
CONFORTO 71 DPWA
KIN 71 OPWA
KIN 71 DPWA
KANE 72 DPWA
LANGBEIN 72 IPMA

MASSES QUOTED

56 Y¹0(1830) P ART IAL DECAY MODE S

Pl Y¹0(1830] INTO KBAR N

P2 Y¹0(1830] INTO SIGNA PI
P3 Y¹0{1830) INTO Y¹1(1385) PI

0 K-P TO SIGNA PI
0 K-P TO SIGH(A PI
0 ELASTICI CH EXCH
0 K-P TO SIGMA PI
0 ELASTICt CH EXCH

K-MATRIX ANAL ~

K-MATRIX ANAL ~

0 K P TO PI SIG
MULTICHANNEL

DECAY MASSES
497+ 939

1189+ 139
1384+ 139

8/67
8/67

11/68
7/7 0
6/70
3/71
3/71

10/71
12/72¹

R2 Y¹0(1815) FRO
R2 0»27
R2 0 ~ 23
R2 -0» 26
R2 (0»26)
R2 -0 ~ 268
R2 0 ~ 25
R2 ~ ~ ~ ~ ~

R2 AVG HOO 0 2634
R2 FIT 0 ~ 2624

M KBAR N

0 ~ 01
0 025
0 ~ 03

INTO SIGNA PI
AR MENT-1
BELL
GALT IE RI
KIM
KANE
LANGBE IN

0 ~ 027
0 ~ 03

SQRT ( P 1¹P2]
67 DPWA 0 K-P TO SIGII]A PI
67 DPWA 0 K P TO SIGMA PI
70 DPWA 0 K-P TO SIGMA PI
71 OPWA K-MATRIX ANAL ~

72 DPMA 0 K-P TO PI SIG
72 IPWA MULTICHANNEL

R3 Y¹0(1815) FROM KBAR N INTCI Y¹1(1385) PI
R3 A (0~ 3) (0 ~ 05] ARMENT-2 67 HBC
R3 ~ ~ ~ ~ ~ ~ ~ ~ ~

R3 FIT 0 ~ 348 0 ~ 044 FROM F IT

R4 Y¹0{1815) INTO (Y¹1(1385)PI)/TOTAL
R4 0.20 0.05 8 IRGE 65 HBC
R4 ~ ~ ~ ~ ~ ~ ~ ~ ~

R4 F IT 0 ~ 200 0 ~ 050 FROH F IT ( ERROR IN CL UD ES

SQRT( P 1¹P3)
0 K-P TO LAN P+ P+

(P3)
0 K-P TO LAH PI PI

SCALE FACTOR OF 1 ~ 0)

~ ~ ~ ~

0 ~ 008 1 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1»0)
0.0081 FRON FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

8/67
11/67
7/70
3/71

10/71
12/72¹

7/66

Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2
R2
R2

56 Y¹0(1830) BRANCHING RATIOS

Y¹0(183O] INTO
0 ~ 09
0 ~ 03
0 05

(0 ~ 24)
0» 10

{KBAR N) /TOTAL
(0»01)
(0 ~ 02)
(0.02)

l 0 ~ 03)

Y¹0{1830] FRON
0.1.5
04 19

-0 ~ 16
0 ~ 15-0.138
0 ~ 27

KBAR N INTO SIGMA PI
(0 02) ARHENTERO
(0.01) BELL
(0 ~ 03) GALTIERI

KIM
{0 018) KANE
(0 ~ 07) LANGBE IN

SQRT (P 1¹P2)
67 DPWA 0 K-P TO SIGNA PI
67 DPWA 0 K P TO SIGMA PI
70 DPMA 0 K-P TO SIGMA PI
71 DPWA K-MATRIX ANAL.
72 DPWA 0 K P TO PI SIG
72 IPWA MULTICHANNEL

(Pl)
ARNENT ERO 68 HBC 0 ELAST IC t CH EXCH
BR ICNANl 70 DPWA S IGTOT ~ ELAS 5 CHEX
CONFORTO 71 DPWA 0 ELASTIC ~ CH EXCH
KIN 71 DPMA K-NATRIX ANAL ~

LANGBE IN 72 IPWA MULTICHANNEL

11/68
1/71
6/70
3/71

12/72¹

8/67
11/67
7/70
3/71

10/71
12/72¹
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Baryons
A.(1830), A(1860), A(1870), h(8010)

Data Card Listings
For notation, see key at front of Listings.

REF ERENC ES FOR Y¹0(1830)

ARMENTER 67 PL 248 198 ARMENTEROS ~ F~LUZZIg + (CERN3HEIDELy SACLAY) IJP
BELL 67 PRL 19 936 R 8 BELL (LRL) I JP
ARMENTER 68 NP BB 195 ARMENTEROS t BAILLON3 + ( CERNP HE IDELY SACLAY) I JP
CONFORTO 68 NP 88 265 +HARMSEN3 LASINSKI 3 + (CHICAGOYHEIDEL) IJP

IS SUPERSEDED BY CONFORTO 71 ~

BRICMAN1 70 PL 338 511 +FERRQ-L UZZ I 3 LAG NA UX (CERN)
GALT IERI 70 DUKE CONF 173 A BARBARQ-GALTIERI {LRL)IJP

+ III

g(18PP) 36 Y»011878, JP=1/2-1 1=11 M01
THE S01 AMPLITUDE SHOWS A SECOND RESONANCE BEHAVIOR AT
ABOUT 1800 MEV IN 3 ANALYSES THE ELASTICITY OF
KI.M 71 IS SURPRISINGLY LARGER

CONFORTO 71 NP 834 41
KIM 71 PRL 27 356

ALSO 70 DUKE 161
KANE . 72 PR 05 1583
LANGBEIN 72 NP 847 477

+LEVI SETT IP LASINSKI ~ OBERLACK++ ( EF I+HEID}IJP
J K KIM t HARV) I JP
J K KIM (HARV) I JP
D F KANE (LBL) IJP
+WAGNER {MPIM) IJP

PAPERS NOT REFERRED TO IN DATA CARDS

( 1872~ 0)
{1780. )
1830~ 0

36 Y¹0(1870) MASS (ME V }

(10 ' 0)

{20' 0)

BRICMAN 70 DPWA TOT3 ELAS3 CHEX 1/71
KIM 71.DPWA K-MATRIX ANAL 3/71
LANGBE IN 72 I PWA MULTI CHANNEL 12/72¹

PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION ( CERN+HE ID+ SACL )
36 Y¹0(1870) WIDTH ( MEV)

A.(1860) 60 Y»011860 JP=3/2»I 1=0 F08

W

W

W

(100~ 0)
(40 ' )
70 ~ 0

(20 ' 0)

(15' 0}

BRICMAN 70 DPWA
KIM 71 DPWA

LANGBEIN 72 IPWA

TOT ~ ELAS 3 CHEX 1/71
K-MATRIX ANAL ~ 3/71
MULTICHANNEL 12/72¹

THE JP=3/2+ ASSIGNMENT IS CONS ISTENT WITH AL(
AVAILABLE DATA (INCLUDING POLARIZATION) AND RECIENT
PART I AL WAVE ANALYSES ~ THE DOMINANT INELASTIC
MODES REMAIN UNKNOWNS

36 Y¹0(1870) PARTIAL DECAY MODES

Pl Y¹0(1870) INTO KBAR N

PZ Y¹0(1870) INTO SIGMA PI
I

DECAY MASSES
497+ 939

1197+ 139

60 Y¹0(1860}MASS (MEV)

M A F07 1864» 0 2 .0 ARMENTERO 68 DWPA 0 ELA ST IC 8 CH EXCH
M N 1870 0 5»0 BUGG 68 CNTR 0 K-P TOTAL
M A F07 1877' 0 6 ' 0 BRICMAN 70 CNTR 0 TOTAL AND CH EX
M P03 1870.0 6 0 BRICMANl 70 DPWA 0 SIGTOT3 ELASPCHEX
M . N P03 1883 0 10.0 CONFORTO 71 OPWA 0 ELASTIC3 CH EXCH
M 1 P03 1710» KIM 71 DPWA K-MATRIX ANAL ~

M 1850» 0 {20 ~ 0) LANGBE IN 72 I PWA MULTICHANNEL
M A THESE TWO ANALYSES GAVE THE F07 ASSIGNMENT3 THEY HAVE TO BE
M A DISCARDED IN VI EW OF CONFORTO 70 AND BRICMAN1 70
M N DUE TO PARTICULAR PARAMETERIZATION USEDPERROR CAN BE LARGE
M 1 POSSIBLE EFFECT MAINLY IN SIGMA PI WE TENTATIVELY LIST IT HERE ~

60 Y¹0(1860) WIDTH t MEV)

11/68
7/68
6/7 0
1/7 I
6/70
3/71

12/72¹
1/71

1/71
BRICMAN 70 PL 33B 511
KIM 71 PRL 27 356

ALSO 70 DUKE 161
LANGBEIN 72 NP 847 477

REFERENCES FOR Y¹0{1870)
C BRICMAN3 M FERRO LUZZI 3 J P LAGNAUX(CERN) I JP
J K KIM (HARV) IJP
J K KIM ( HARV) I JP
+WAGNER ( MPI M}!JP

36 Y¹0(1870} BRANCHING RATIOS

Rl Y¹0(1870) INTO (K BAR N) /TOTAL (P 1)
Rl ( 0 ~ 18) (0 ~ 02) BRICMAN 70 DPWA TOTP ELASP CHEX 1/71
Rl (0 ~ 80) KIM 71 DPWA K-MATRIX ANAL ~ 3/71
Rl 0 ~ 35 {0 15) LANGBE IN 72 IPWA MULTICHANNEL 12/72¹

R2, Y¹0(1870] FROM KBAR N TO SIGMA PI SQRT( P 1¹P2)
R2 (0 24) KIM 71 DPWA K-MATRIX ANAL ~ 3/71

Pl
P2

A F07 39»0 7 ~ 0 ARMENTERO 68 DWPA
N 40 0 10.0 BUGG 68 CNTR

A F07 24»0 15»0 BRICMAN 70 CNTR
P03 37» 0 10»0 BRICMAN1 70 DPWA

N P03 80» 0 20 ~ 0 CONFORTO 71 DPWA
1 P03 20. KIM 71 DPWA

125~ 0 ( 20 ~ 0) LANGBEIN 72 IPWA
SEE THE NOTES ACCOMPANYING MASSES QUOTED

60 Y¹0(1860) PARTIAL DECAY MODES

Y¹0(1860) INTO KBAR N

Y¹0(1860) INTO SIGMA PI

0 ELASTIC3 CH EXCH
0 K-P TOTAL
0 TOTAL AND CH EX
0 SIGTOT3ELAS3CHEX
0 ELASTICP CH EXCH

K-MATRIX ANAL ~

MUL T I CH ANNE L

DECAY MASSES
497+ 939

1189+ 139

11/68
7/68.
6/70
1/71
6/70
3/71

12/72¹

A.(8010)

(2010.0)
(1971' 0)

~III
89 Y¹0l20103 JP=3/2-) 1=0 ~03
SEE THE MINI-REVIEW AT THE START OF THE Y¹ LISTINGS.

89 Y¹0(2010) MASS {MEV)

{30' 0) GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70
BRANDSTE 72 DPWA K-P TO LAM OMEGA 1/73¹

SUCH A RESONANCE IS SUGGESTED BY ONLY TWD
PARTIAL-WAVE ANALYSES ACROSS THIS REGION UNTIL THERE
IS MORE EVIDENCE3 WE OMIT THIS STATE FROM THE MAIN
BARYON TABLE

60 Y¹0{1860) BRANCHING RATIOS

Rl Y¹0(1860) INTO {KBAR N)/TOTAL
R 1 A F07 0 ~ 12 0 ~ 02 ARMENTERO 68 HBC
Rl ( J+1/2) Pl= 0 ~ 40 BUGG 68 CNTR
Rl A F07 0 07 0 02 BRICMAN 70 CNTR
Rl . P03 0» 14 0 ~ 02 BRICMAN1 70 DPWA
Rl N P03 0 ~ 25 0.~ 03 CONFORTO 71 DPWA
Rl 0 37 (0 ' 05) LANG BE IN 72 I PW A

SEE THE NOTES. ACCOMPANYING MASSES QUOTED

(Pl)
0 ELAST IC 3 CH E XCH
0
0 TOTAL AND CH EX
0 SIGTOTPELAS3CHEX
0 ELASTIC3 CH EXCH

MULTICHANNEL

11/68
7/68
6/70
1/71
6/70

12/72¹

R2
R2
R2
R2
R2
R2

Y¹0(1860) INTO SIGMA PI (P2)
P PROBA BLY SE EN GALTIERI 68 DBC 0 K~N TO SIG PI PI 11/68

0»03 OR LESS LANGBEIN 72 IPWA MULTICHANNE( 12/72¹
P POSSIBLY THIS BUMP SEEN AT 1840~-10 MEV WITH A WIDTH OF 35+-10 MEV

IS THE Y¹0(1830)3 WHICH DECAYS STRONGLY TO SIGMA PI ~ HOWEVER THE
NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y¹0(1860)

Pl
P2
P3

89 Y¹0(2010) WIDTH (MEV)

t 130~ 0) {50 0)
(180' 0)

89 Y¹0(2010) PARTIAL DECAY MODES

Y¹0(2010) INTO KBAR N

Y¹0(2010) INTO SIGMA PI
Y¹0(2010) INTO ) AMBDA OMEGA

DECAY MASSES
497+ 939

1197+ 139
1115+ 783

89 Y¹0(2010) BRANCHING RATI OS

GALTIERI 70 DPWA 0 KP TO SIGMA PI 7/70
BRANDSTE 72 DPWA K-P TO LAM»OMEGA 1/73¹

REFERENCES FOR Y¹0(1860) Rl Y¹0(2010) FROM KBAR N TO SIGMA PI SQRT ( P 1¹P2)
Rl (-0~ 20) t 0 ~ 04) GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70

ARMENTER068 NP 88 195
BUGG 68 PR 168 1466
GALTIERI 68 PRL 2I 573

ARMENTEROSP BAILLON3 + (CERNPHEIDEt PSACLAY)IJP
+GILMORE 3 KNIGHTP + RHEL PBIRM3 CAVE) I
BARBARO-GALTIERIP MATISON3 + (LRL3 SLAG)

R2
R2

Y¹0{2010) FROM KBAR N INTO LAMBDA OMEGA SQRT {Pl¹P3)
(0 ~ 254) BRANDSTE 72 DPWA 1/73¹

BRICMAN 70
BRICMAN1 70
CONFORTO 71
KIM 71

ALSO 70
LANGBEIN 72

PL 318 152
PL 338. 511
NP 834 41
PRL 27 356
DUKE 161
NP 847 477

ARMENTER 67 NP 83 592
REPLACED BY ARMENTEROS

CONFORTO 68 NP 88 265
SUPERSEDED BY CONFORTO

L EV I SETT 69 LUND 339
ALBROW 71 NP 829 413

+FERRO LUZZI 3 PERREAU3+ (CERNPCAENPSACLAY)
+FERRO-LUZZIPLAGNAUX (CERN j
+LEVI SETTI ~ LASINSKI ~ OBERLACK++ {EF I+HE ID) I JP
J K KIM ( HARV) I JP
J ~ K ~ KIM {HARV}IJP
+WAGNER ( MP I M) I JP

PAPERS NOT .REFERRED TO IN DATA CARDS

ARMENTEROS ~ F LUZZI3 + (CERNYHEIDELP SACLAY) I JP
68 AND CONFORTO 68 ~

+HARMSENP LASINSKI 3 + (CHICAGOPHEIDEL) IJP
71

R ~ LE VI SETTI (RAPPORTEUR) (EFI)
+ANDERSONP BOSNJAKOVI C3 DAUMPERNZ3+ (CERN)

GALTIERI 70 DUKE CONF 173
BRANDSTE 72 NP B39 13

REFERENCES FOR Y¹0(2010)

A BARBARO-GALT I ERI (LRL) I JP
BRANDSTETTERYBUTTERWORTH3+ (RHEL+CDEF+SACL)

¹4¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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Data Card Listings
For notation, see key at front of Listings.

Baryons
&(&080). A(8100), A(8110)

g(gpPP) 2T Y'"0)2020 JP T/24) 1=0 FP/
EFFECTS IN THIS PARTIAL WAVE HAVE OBSERVZD AT SOMEMHAT
DIFFERENT ENERGIES IN TWO CHANNELS ~ HOWEVERS LITCHFIELD
71 NOTE THDT THE NEED FOR THIS STATE IN THEIR ANALYSIS
RESTS SOLELY ON A POSSIBLY INCONSISTENT POLARIZATION
NEASUREHENT AT 1~ 784 GEV/CD

R3 Y¹0{2100) FROM KBAR N

R3 {0 05)
R3 8 {0 ~ 09) (0 ~ 01)
R3 {0 ~ 003)
R3 0 ~ 035 Oe 018
R3 8 BURGUN 68 UPDATED BY

TOXI K
TRIPP
BURGUN
HULLER
LITCHF IE

LITCHFIELD 715 MHO

.R2 Y¹0(2100) FROM KBAR N INTO SIGMA PI
R2 L (+0.16] {0' 02) BERTHDN1
R2 +0~ 06 (0 ~ 03) GALT IERI
R2 I 0 16 (0 ~ 05) LITCHF IE
R2 +0~ 096 (0 ~ 037) KA NE

SQRT(Pl¹P3)
67 RVUE 0 K-P TO XI K
68 DPWA 0 K-P TO XI K
69 DPMA 0
71 DPHA K-P TO XI K
TAKES SOI.UTION C OF BURGUN

8/67
10/69
7/70
3/72
3/72

SQRT(P1¹P2)
70 DPMA 0 K-P TO SIGNA Pl 10/70
70 DPMA 0 K-P TO SIGMA PI 7/70
71 DPMA K-P TO SIG PI 10/71
72 DPMA 0 K-P TO PI S IG 10/71

l 2020 ~ 0)
( 2100~ ]

(20 0)
(30 J

GALTIERI 70 DPWA
LITCHFIE 71 DPHA

27 Y¹0(2020) MASS {HEV)

0 K-P TO SIGNA Pl
K-P TO KSAR N

7/70
10/71

R4
R4

V»0{2100) FROM KSAR N INTO LAMBDA OMEGA SQRT(Pl¹P4)
(0 053) BRANDSTE 72 DPWA

SEE THE NOTES ACCOMPANYING HASSES QUOTED
1/73¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

27 Y¹0{2020 J WIDTH (HEV)

( 160~ 0) ( 30.0)
l 120~ ) (30 ~ )

GALTIERI 70 DPMA
LITCHFIE 71 DPWA

2? Y¹0(2020) PART IAL DECAY MODES

0 K-P TO SIGNA PI
K P TOKBAR N

7/70
10/71

REFERENCES FOR Y¹0(2100)

WOHL 66 PRL 17 107 G G WOHLS F T. SOLMITZS M L STEVENSON (LRL) I JP
TRIPP 67 NP 83 10 + LEITHE + {LRLESI AGEGERN ~ HEIDELeSACLAY)
BURGUN 68 NP 88 447 +MEYE R 5 PAULI 5 + (SAC LAY 5 COLF RANC EE RHEL )
DAUM 68 NP 87 19 +ERNEE LAGNAUXS SENSE STEUERS UDO {CERN) JP

CONFIRMS THE SPIN-PARITY ASSIGNMENT ~

MULLER 69 THES ISEUCRL 193?2 R A MULLER (LRL)

Pl
P2

Y¹0(2020) INTO KBAR N

Y¹0(2020) INTO SIGMA PI

DECAY MASSES
497+ 939

1197+ 139

BERTHONl 70 NP 824 417
GALTIERI 70 DUKE CONF )73
LITCHFIE 71 NP 830 125
BRANDSTE 72 NP 839 13
KANE 72 PR D5 1583

+VRANA e BVTTERHORTHE + l CDEF 5 RHFLE SACLAY) I JP
A SARBARO-GALT IERI (LRL ) IJP
L ITCHFI ELD 5 ~ 0 ~ +LESQUOY 5+ ~ ~ ( RHEL+CDE F+SACL ) IJP
BRANDSTETTER+e ~ ~ +TALLINI ( RHEL 5 COEFE SAGL ) IJP
0 F KANE (LSL) I JP

Rl
Rl

27 Y¹0{2020) BRANCHING RATIOS

Y¹0( 2020) INTO (K BAR N) /TOTAL (P 1)
{0005] (0 002) LITCHF IE 71 DPWA K-P TO KBAR N 10/71

GALTIERI 70 DUKE CONF 173
LITCHF IE 71 NP 830 125

A BARSARD-GALTIERI (LRL) I JP
LITCHFIELD 5 ~ +LESQUOY 2+ ~ ( RHEL+CDEF+SACL) IJP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

g(g100) 41 Y4012100 JP=T/2-) 1=0 GPY
SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE
ANALYSES ~ PARAMETERS OF PEAKS SEEN IN GROSS-SECTIONS
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2100 HEV ARE

GIVEN IN THE NEXT ENTRY EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD
GIVE THE BEST RESULTSS AS THEY ISOLATE THE G07 HAVE ~ THIS SUPERIORITY
ISE HOMEVERE PROBABLY NOT YET ATTAINEDE AND WE RELY ON BOTH ENTRIES
FOR PARAMETERS GIVEN IN THE HAIN BARYON TABI. Ee

R2 Y¹0(2020) FROH KSAR N TO SIGMA PI SQRT ( P 1»P2)
R2 (-Oe 15) (0 ~ 02) GALTIERI 70 DPWA 0 K-P TO SIGHA Pl 7!70

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹»
REFERENCES FOR Y¹0(2020)

¹¹¹¹¹¹¹¹¹ ¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹»¹¹»¹¹¹¹¹¹
~ll ~l]A(8110) 35 YAO)2110 JP 5/2) I=O r p8 Ol" D08

BERTHON1 70 F IND FITHER F05 OR 005 POSSISI.E IN
THE SIG PI CHANNELS WITH F05 SLIGHTLY PREFERRED.
IN THE KBAR N CHANNELE L ITCHFIELD 71 {SAME GROUP)
FIND ONLY D05 ~ AS USUAL 5 THE STATI STICS ARE HUGH
SETTER IN THE ELASTIC CHANNEL

ALTHOUGH KANE. 72 FINDS AN F05 EFFECTS THE UNUSUALLY BROAD
WIDTH MAY INVALIDATE A RESONANT INTERPRETATION ~

35 Y¹0(2110] HASS (HEV)

(21100) (10 ] BERTHON1 70 DPWA - K- P TO S IG PI 1/71
(21404 ) {40~ ) LITCHFIE 71 DPWA K-P TO KBAR N 10/71

F05 2034 ' 0 BRANDSTE 72 DPWA K-P TO LAM OMEGA 1/73¹
A ( 2141 ~ 0) {6~ 0] KANE 72 DPMA 0 K-P TO PI SIG 10/71
A RESONANCE OUTSIDE RANGE OF DATA

35 Y¹0(2110]WIDTH (MEV)

W (1850 ) (30e) BERTHON1 70 DPWA — K- P TO S IG PI 1/71
W ( 120~ ) (40 ~ ] LITGHFIE 71 DPHA K-P TO KBAR N 10/71
M l 1544 0) BRANDSTE 72 DPHA K P TO LANe OMEGA 1/73¹
W A (504 ~ 0) (10 0) KANE 72 DPHA 0 K-P TO PI SIG 10/71

M

M A

M L
H

M

M L

M

M

M A

M

M

M

M L

41 Y¹0(2100) MASS ( ME V)

l 21200 0) WOHL 66 HBC K-P CH EX
l 2080 ~ 0) ( 10 ~ 0) BURGUN 68 DPHA 0 K-P TO XI K

{2130.0) ( 20 ~ 0) BERTHON1 70 DPWA 0 K-P TO SI GMA PI
2110' 0 (20 ' 0) GALTIERI 70 DPMA 0 K-P TO SIGHA PI
2100 ( 15 ~ I LITCHFIE 71 DPMA K-P TO KSAR N

211040 (30 0) LITCHFIE 71 DPHA K-P TO SIG PI
( 211340) SRANDSTE 72 DPWA K-P TO I AMOOMFGA
2092. 0 ( 12 0) KANE 72 DPWA 0 K-P TO PI SIG

BURGUN 68 SEE A RESONANCE-LIKE EFFECT IN THIS REGION IN THE
REACTION K-P TO XI Ke HOWEVERS AS THEY POINT OUTS IT IS NOT CLEAR
WHETHER IT IS MAINLY THE GO? Y¹0{2100) OR INSTFAD A SO FAR OTHERWISE
UNOBSERVED RESONANCE WITH A SPIN LESS THAN 7/2 ~

LITCHFIELD 71 IS AN UPDATE OF BERTHON1 70

7/66
10/69
10/70
7/70

10/71
10/71
1/73¹

10/71

3/72

35 Y¹0(2110) PART IAL DF CAY MODES

Pl
P2
P3

Y¹0(2110) INTO KBAR N
Y¹0(2110) INTO SIGMA PI
Y¹0{2110) INTO LAMBDA ONEGA

DECAY MASSES
497+ 939

1197+ 139
1115+ 783

35 Y¹0(21 10) BRANCHING RATI DS

Rl Y¹0{2110)FROM KBAR N TO SIGMA PI SQRT l Pl» P2)
R). {+417) ( 003) SERTHONl 70 DPMA — K- P TO 5 IG PI 1/71
R 1 A l+0 ~ 156) (0 ~ 013) KANE 72 DPMA 0 K-P TO PI SIG 10/71

41 Y¹0(2100) WIDTH (MEV) R2 Y¹0(2110) INTO (K BAR N) /TOTAL (Pl)
R2 (0 14) {0 04) LITCHF IE 71 DPHA K-P TO KBAR N 10/71

W

H A

H

M

M 8
M 8
H

M

H

{145~ 0) WOHL 66
(80' 0) l1040) BURGUN 68
140 ' 0 (15' 0) BERTHDN1 70

600 0 l 25 ~ 0) GALT I ERI 70
{170~ ) TD 300 ~ LITCHFIE . 71

LARGER VALUE CORRESPONDS TO .PURE 8 ~ M ~ LOWER
L 140~ 0 (50.~ 0] (30~ 0) LITCHF IE 71

{208. 0) BRAND STE 72
144e0 (26 ' 0) KANE 72

SEE THE NOTES ACCOHPANYING MASSES QUOTED

HBG
DPWA
DPMA
DPWA
DPMA
VALUE
DPWA
DPHA
DPHA

0 K P TO XI K

0 K-P TO SIGMA PI
0 K-P TO SIGMA Pl

K-IJ TO KBAR N

TO 8 ~ W ~ + 8CK GRD
K-P TO SIG PI
K-P TO LAMeOMEGA

0 K-P TO PI SIG

7/66
10/69
10/70
7/70

10/71

10/71
1/73¹

10/71

R3
R3

REFERENCES FOR Y¹0'(2110)

BERTHON1 70 NP 824 417
LITCHFIE 71 NP 830 125
BRANDSTE 72 NP 839 13
KANE 72 PR D5 1583

+VRANA ~ BUTTERHORTH 5+ (CDEF ERHELSSACLAY) I JP
I. ITCHF IELD 5 0 ~ ~ +LESQUOY ~ + e ~ ( RHEL+COEF+SACI. ) I JP
BRANDSTETTER EBUTTERWORTH 2+ {RHEL+GDEF+SACL )
D F KANE (LSL] I JP

Y¹0{2110) FROM KBAR N INTO LAMBDA OMEGA SQRT {Pl¹P3)
(0 ' 152) BRANDSTE 72 DPMA 1/73¹

Pl
P2
P3
P4

41 Y¹0(2100) PARTIAL DECAY MODES

Y¹0{2100) INTO KBAR N

Y¹0(2100) INTO SIGMA PI
Y¹0(2100) INTO XI K
Y¹0{2100)INTO LAMBDA OMEGA

DECAY MASSES
497+ 939

1197+ 139
1321+ 497
1115+ 783

¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹
A(8100) 25 Y*012100 JP )1=0 PRODUCTION FXPERI MENTS

BUMPS SEE THE MINI —RES)EH AT THE START OF THE Ye LISTINGS

Rl
Rl
Rl D

Rl
Rl D

41 Y¹0(2100) BRANCHING RATIOS

Y¹0{2100) INTO (KBAR N) /TOTAL (P 1)
(0~ 25) MOHL 66 HBG 7/66
{0.33) DAUH 68 CNTR K-P ELAEPOLESIGT 7/70

0 ~ 30 ~ 03 LITCHFIE 71 DPHA K-P TO KSAR N ~ 10/71
DAUH 68 ASSUMES (J+1/2]¹X VALVE SEEN IN TOTAL CROSS SECTION.

SEE THE NOTE TO THE GO? Y¹0{2100) 5 WHICH PRECEDES THIS
ENTRY HERE ME LIST ONLY PARAMETERS OF PEAKS IN CROSS
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS THE CROSS

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE Y¹0(2100]5
BUT HAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB-
LISHED OTHER RESONANCFS IN THIS REGION ~
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Data Card Listings
A(8110). A(2350), ~(2585), Z, ~, ~ ~(1385) For notation, see key at front of Listings.

25 Y¹0(2100) MASS (NEV) (PROD EXP ~ ) REFERENCES FOR Y¹0(2350) (PROD ~ EXP )
(2097 ' 0)
2100»0
2121' 0
2107' 0

{2135' 0)

(6 ~ 0)
(7 0)
(5.0)

( 10 ~ 0)
( 20 ~ 0)

BOCK
BUGG
BRICMAN
COOL
LU

65 HBC PSAR P 5»7 BEV/C 7/66
68 CNTR K-P g 0 TOTAL 6/68
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-Pg 0 TOTAL 10/70
70 CNTR 0 GAMMA P TO K+ Y¹ 1/71

BUGG 68 PR 168 1466
DAUM 68 NP 87 19
BRICMAN 70 Pl 318 152
COOL 70 PR 01 1887
LU 70 PR 02 1846

+GILNORE gKNIGHTg + ( RHEL ~ BIRN ~ CAVE) I
+ERNEg LAGNAUXg SENS3 STEUER3 UDO (CEPN) JP
+FERRO LUZZI 3 PERREAUg+ ( CERN gCAENg SACLAY)
+GIACOHELL Ig KYCIAg LEONTIC3 L l3 + (BNL)
+GREENBERGg HUGHES 3 HINEHART 3 NORI 3+ ( YALE)

(24»0)
140' 0
147»0
185 0
(40 0)

25 Y¹0(2100) WIDTH (HEV) (PROD. EXP )

(14 ' 0)
{15»0)
(15' 0)

(24 0) BOCK
8UGG
BRICMAN
COOL
LU

65 HBC INTO KBAR-N (PI) 7/66
68 CNTR e/68
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-Pg 0 TOTAL 10/70
70 CNTR 0 GAMMA P TO K+ Y¹ 1/71

25 Y¹0(2100) PARTIAL DECAY MODES (PROD» EXP»)

PAPERS NOT REFERRED IN DATA CARDS
COOL 66 PRL 16 1228 +GIACONELL I 3 KYCI Ag LEONTICgLI PLUNDBYg+ (BNL) I

SUPERSEDED BY COOL 70»
LASINSKI 7). NP 829 125 T A LASINSKI (EFI ) IJP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

A.(8585) 7 Y»0(2585 JP= ) I=o PRODUCTION EXPERIMENTS

SEE THE HINI-REVIEW AT THE START OF THE Y¹ LISTINGS ~

Pl
P2
P3
P4

Y¹0(2100) INTO KBAR N

Y¹0{2100) INTO KBAR N PI
Y¹0(2100) INTO LAMBDA ETA
Y¹0(2100) INTO LAMBDA OMEGA

DECAY MASSES
497+ 939
497+ 939+ 139

1115+ 548
1115+ 783 7 Y¹0(2585) HASS (MEV) (PROD ~ EXP ~ )

25 Y¹0(2100) BRANCHING PATIOS ( PROD EXP. )

2585 ~ 0
( 2530 ~ 0)

45 ~ 0
{25 0)

ABRAHS 70 CNTR K-Pg 0 TOTAL 10/70
LU 70 CNTR 0 GAMMA P TO K+ Y¹ 1/71

Rl
Rl
Rl
Rl
Rl

Y¹0(2100) INTO (KBAR N)/TOTAL (P 1)
THESE VALUES OF ELASTICITIES ASSUME J=7/2—

0» 305 BUGG 68 CNTR 6/68
0»24 {0' 02) BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70
0 ~ 4 COOL 70 CNTR K-P 5 0 TOTAL 10/70

(300 ' 0)
(150 AD)

7 Y¹0(2585) WIDTH {HEV) (PROD EXP )

ABRAMS 7D CNTR K-Pg 0 TOTAL 10/70
LU 70 CNTR 0 GAMMA P TO K+ Y¹ 1/71

R2
R2

Y¹0(2100) INTO KBAR N PI
SEEN BOCK 65 HBC

(P2)
7 Y¹0(25S5) PARTIAL DECAY MODES (PROD EXPe)

R3
R3

R4
R4

Y¹0(2100) FROM KBAR N INTO LAMBDA ETA SQRT {P 1¹P3)
{0' 09) OR LESS FLATTE 2 67 HBC 0 K-P TO LAM ETA 6/68

Y¹0(2100) INTO (LAMBDA OMEGA)/TOTAL ( P4)
(0»l) OR LESS FLATTE 1 67 HBC 0 K-P TO LAH OMEGA 8/67

Pl Y¹0(2585) INTO KBAR N

DECAY MASSES
497+ 939

BOCK 65 PL 17 166
FLATTE 1 67 PR 155 1517
FLATTE 2 67 PR 163 1441
BUGG 68 PR 168 1466

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

+COOPERg FRENCH ~ K IN SONg +
S M FLATTE
S M FLATTEg C G WOHL
+GILHORE 3 KNIGHTg +

(CERNg SACLAY)
(LRL )
(LRL)

(RHELgBIRHg CAVE) I

REFERENCES FOR Y¹0(2100) (PROD ~ EXP ~ ) Rl
Rl
Rl
Rl C
Rl C

7 Y¹0(2585) BRANCHING RATIOS (PROD» EXP ~ )

Y¹0{2585) INTO (KBAR N)/TOTAL (Pl)
J I S NOT KNOWN ~ THE FOLLOMING I S (J+1/2 )¹Pl~

(1~ 0) ABRAHS 70 CNTR K-P 5 D TOTAL 10/70
(0 ~ 12) (0 ~ 12) BRICHAN 70 CNTR TOTAL AND CH EX 10/70

RESONANCE AT END OF REGION ANALYZED -- NO CLEAR SIGNAL ~

BRICHAN 70 PL 318 152
COOL 70 PR Dl 1887
LU 70 PR 02 1846

+FERRO LUZZI 3 PERREAUg+ (CERNgCAENgSACLAY)
+GIACOHELLI3 KYCIAg LEONTICg l. lg + (BNL) I
+GREENSERG3 HUGHES g MINEHART 3 MORI ~ + ( YALE)

PAPERS NOT REFERRED TO IN DATA CARDS

ABRAHS 70 PR 1D 1917
BRICHAN 70 PL 318 152
LU 70 PR 02 1846

REFERENCES FOR Y¹0(2585) (PROD» EXP )

+COOLg GIACOHELL I 3 KYCIA3 LEONTICg + {BNL) I
+FERRO LUZZI 3 PERREAUg+ (CERNgCAENgSACLAY)
+GREENBERG g HUGHES g HINEHART 3 MORI 3+ ( YALE)

COOL 66 PRL 16 1228 +GIACOMELLIgKYCIAg LEONTICgLI gLUNDBYg+ (BNL) I
SUPERSEDED BY COOL 70 ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹-¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

g($350) 42 YPO(2350 JP= ) I=o P RODUCT ION EX PERI MENTS

SEE THE MINI-REVIEW AT THE START OF THE Y¹ LISTINGS

DAUM 68 FAVORS JP=7/2- OR 9/2+ ~ BRICMAN 70 FAVORS 9/2+e

COOL

PAPERS NOT REFERRED TO IN DATA CARDS

66 PRL 16 1228 +GIACOMELl I ~ KYCI Ag LEONTI C 3 LUNDBY + {BNL ) I

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

19 SIGMA+ (11893 JP=l/2+) I=1

SEE STABLE PARTICLE DATA CARD LISTINGS

LASINSKI 71 SUGGESTS THREE STATES IN THIS REGION
USING A POMERON + RESONANCES MODEL

42 Y¹0(2350) MASS (MEV) {PROD» EXP ~ )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

20 S I GMA- ( 11983 JP= 1/2+) I =1

SEE STABLE PARTICLE DATA CARD LIST INGS

2340 ' 0
2358 ~ 0
2344'. 0

( 2360 ~ 0)

(7 ~ 0)
(6 ~ 0)

(15 0)
{20»0)

BUGG 68 CNTR K-P 5 0 TOTAL 6/68
BRICHAN 70 CNTR. 0 TOTAL AND CH EX 6/70
COOL 70 CNTR K-PE 0 TOTAL 10/70
LU 70 CNTR 0 GAMMA P TO K+ Y¹ 1/71 21 SIGNAO {11933 JP=1/2+) I=1

SEE STABLE PARTICLE DATA CARD LISTINGS

140e 0
324 ' 0

{190 0)
(55 0)

42 Y¹0(2350) WIDTH {

HEY�

) (PROD ~ EXP ~ )

( 20 »0)
(30 ~ 0)

BUGG 68 CNTR K-Pg 0 TOTAL 6/68
BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70
COOL 70 CNTR K-P 5 0 TOTAL 10/70
LU 70 CNTR 0 GAHMA P TO K+ Y¹ 1/71

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

I

g(] 385) 43 Y»1()385, JP=3&2P) (=1 13
FOR DISCUSSION OF INCONSISTENCY OF ERRORS AND OUR
NOD IF ICAT IONS g SEE NOTE ON K¹(892 )

P 1 Y¹0{2350) INTO KBAR N

DECAY MASSES
497+ 939

42 Y¹0(2350) PARTIAL DECAY MODES (PROD. EXP. ) FOR THE TAB(.ES ME USE ONLY THE UNSTARRED DATAg WHICH
ATTEMPTS TO OBTAIN THE SEPARATE CHARGE-STATE MASSES AN

WIDTHS SEE HOWEVER THE IDEOGRAHS INSERTED IN LISTING
THESE INDICATE SERIOUS SYSTE HAT ICS 3 PERHAPS ARISING FROM INTERFERENCE E
FECTS THAT CHANGE WITH PRODUCTION MECHANISM ANO BEAM MONENTUN.

Rl
Rl
Rl
Rl
Rl

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹4¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

42 Y¹0(2350) BRANCHING RATIOS (PROD EXP ~ )

Y¹0( 2350 ) INTO (K BAR N) /TOTAL (P 1)
J IS NOT KNOWN ~ THE FOLLOWING IS (J+1/2)¹P1

(0 57) BUGG 68 CNTR K-P 0 TOTAL 6/68
1 ~ 1 0 ' 25 BRICMAN 70 CNTR 0 TOTAL AND CH EX- 6/70

(1~ 0) COOL 70 CNTR K-P 3 0 TOTAL 10/70
H

M

M

M

N

MO

141( 1384» 0)
(1385' 0)

38( 1384.0)
(1392»0)
(1389' 0]
(1392' 0)

106{1381' 0)

(7 ~ 0)
(3 ~ 0)

( 10 ~ 0)
{4~ 0)

Ai STON
SERGE
HARTIN
COLLEY
BALTAY
MUSGRAVE
CURTIS

43 Y¹l(1385) MASS (NEV)

60 HBC +- K-P 1 e15 BEV/C
61 HSC +- K-P ~ 4- ~ 85 SE V/C
61 HBC +0 K20 P 98 BEV/C
62 HLBC -0 PI- PRP 2 ~ BEV/C
65 HBC +- PBAR P 3 ~ 7 BEV/C 7/66
65 HBC +-OPBAR P 3-4 BEY/C 7/66
63 OSPK 0 PI-P 1.5 BEV/C



pARTIcLE DATA GRoUP Review of Particle Properties S153

DB tB. Car{I Listings
For notation, see key at front of Listings.

Baryons
Z(1385)

M+ E 154
M+ E'
M+ 170
M+ 859
M+ 750
M+ S 250
M+ S 250
M+ S
M+ S
M+ 8 40
M+ 8
M+
M+ 1260
M+
M+
M+

M+ AVG

1376.0
ERROR

1375~ 0
1381' 0
1382 ' 0
1382~ 6
1384 3

ERROR
ERROR

1383' 0
ERROR

1378~ 0
1384e4
1390e0
1384 8
~ ~ e ~ ~ ~

1382~ BX

WEIGHTED AUERAGE = 1382.81 + 0.68
ERROR SCALED BY 1.3

3 ' 9 ELY 61 HLBC + K-P 1~ ll BEV/C
OF 3~ 0 ENLARGED TO 3 ~ 9 BY US| BECAUSE LT STATIST ~ ERR ~

3 ' 9 C OOPER 6 i HBC + K P 1 ~ t5 BEV/C
1 ~ 6 HUWE 64 HBC + K-P 1 22 BEV/C
1 ~ 0 ARMENTERO 65 HBC + K-P ~ 9«le2 BEV/C
2 ~ 1 SMITH 65 HBC + K-P 1e95 BEV/C
1e9 SMITH 65 HBC + K-P le8 BEV/C
OF 1~ 4 ENLARGED TO 2 ~ 1 BY US y BECAUSE & STATI ST ~ ER ~

OF lel ENLARGED TO 1 ~ 9 BY USeBECAUSE & STATIST ~ ERe
4 ~ 0 BIRMINGHA 66 HBC + K-P 3 ~ 5
OF 2e0 ENLARGED TO 4e0 BY USeBECAUSE & STATIST ~ ERR ~

5 ' 0 LONDON 66 HBC + K-P 2 ' 24 BEV/C
1 ~ 0 SIEGEL 67 HBC + K-P AT 2 ~ 1 GEV/C
6.0 AGUILAR 70 HBC + K-P 4 GEV/SIG ~ PI
2 ' 0 ATHERTON 71 HBC LAM PI+ + C C»

0 ' 68 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1~ 3)
(SEE IDEOGRAM BELOW )

10/69

9/66
9/66

10/69
10/69
9!67

10/69
7/66

10/69
5/70

10/71

D R
0 R
D R
D R
0 R
D R
0 R
D

0 R
'D R

(0~ 0)
(17e)
(4e 3)
(2 ~ 0)
(7 ' 2)

(17' 2)
(11~ 0)

9 ' 0
(6~ 3)

REDUNDANT

(64e 0)
(40 0)
{20o 0)
(80%0)
(30 0)
(26 ~ 0)
{38' 0)

(4 ~ 2)
(7 ~ )
(2 ~ 2)
(1 ~ 5)
(2 1)
(2 ~ 0)
(9 ~ 0)
6 ~ 0

(2 ' 0)
WITH DATA

ELY
COOPER
HUWE

ARMENTERO
SMITH
SMITH
LONDON
LONDON
SIEGEL

IN MASS LISTING ~

61 HLBC
64 HBC
64 HBC
65 HBC
65 HBC
65 HBC
66 HBC
66 HBC
67 HBC

+- K-P lail BEV/C

+- K-P 1~ 22 BEV/C
+- K-P ~ 9-1 e 2 BEV/C
+- K-P 1 8 BEV/C
+- K-P 1~ 95 BEV/C
+- K-P 2 ~ 24 BEV/C
+- LAMBDA 3 PI E VTS

K-P. AT 2 ~ 1 GEV/C

43 Y+1( 1385) WIDTH (MEV )

OR LESS
{I.O ~ 0)

(9~ 0)
(5 ~ 0)
{9~ 0)

ALSTON
BERGE
MARTIN
COL'LEY
CURTIS
BALTAY
MUSGRAVE

60 HBC
61 HBC
61 HBC
62 HLBC
63 OSPK
65 HBC
65 HBC

+
+
+0
«0

0
+
+-0

43 {Y'E ) — (Y++) MASS DIFFERENCE (MEV)

8/66
10/69

8/66
8/66
9/66
9/66
8/66
7/66

10/69

7/66
7/66

YI1 (1385)+ MASS (MEU)

71 HBC

70 HBC

67 HBC

66 HBC

66 HBC

65 HBC

65 HBC

65 HBC
64 HBC

64 HBC

61 HLBC

1405 1425

~ ATHERTON

AGUILAR
~ SIEGEL
~ LONDON
~ BIRMINGHA

SMITH
~ SMITH
~ ARMENTERO
~ HUWE
~ COOPER
~ ELY

CHISQ
1 ~ 0

2 ~ 5
0.9
0 ~ 0
0 ~ 6
0.0
0.7
1.3
4.0
3.0

14.1
(CQNLEU
=0 ~ 120)

W+
W+

W+

W+
W+
W+
W+
W+ 1
W+
W+ T
W+ T
W+ R
W+ R
W+

W+ AVG

ELY
COOPER
HUWE

ARMENTERO
SMITH
SMITH
8 I RM IN GHA
S IEGEL
AGUI LAR
AT HE RTON

+
+
+
+
+ K-P
+ K-P
+ K-P

K-P
+ K-P

LANI

61 HLBC
HBC

64 HBC
65 HBC
65 HBC
65 HBC
66 HBC
67 HBC
70 HBC
71 HBC

1 ~ 8 BEV/C
1 ~ 95 BEV/C
3 ' 5
AT 2 1 GEV/C
4 GEV/SIG ~ PI
P I+ + CeC ~

LAM

WEIGHTED RUERAGE = 35.9 + 2 ~ 6
ERROR SCALED BY 1.9

48 ~ 0 8 ~ 0
51 0 10~ 0
46e5 3 0
32e0 3 ~ 0
30~ 3 3 ~ 1
33.1 3 ~ 8

40 25 ' 0 6 ' 0
260 36 ' 0 3 ' 0

33e 12 ' 0
40 20 ' 4 ~

FIT 8 ~ We + PHASE SPACE BCKGRD
40 35' 5 ~ ATHERTON 71.HBC PI++ C ~ C ~

FIT 8~ We AND NO BCKGRD
~ ~ ~ ~ ~ ~ ~ ~ ~

34 ~ 4 2 4 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 0)
(SEE IDEOGRAM BELOW )

9/66
9/66
9/67

10/69
5/70

10/71

10/71

93
E 224
E

200
1086
1380

S 120
S 58
S
S

370

M-
M-
M-
M-

M-
M-
M-
M-
M-
M-
M-

M- AVG

1382 ' 0
1376e 0

ERROR
1392e0
1385' 3
1384' 0
1391e5
1399~ 8

ERROR
ERROR

1389e0
1390' 7
~ ~ ~ ~ ~ ~

1385e9

3 ~ 0' DAHL 61 DBC - K-D Oe45 BEV/C
F 4 ELY 61 HLBC
OF 3e0 ENLARGED TO 4 ~ 4 BY USo BECAUSE & STATIST ~ ERR ~

6 ' 2 COOPER 64 HBC
le5 HUWE 64 HBC
1 ~ 0 ARMENTERO 65 HBC
2 ' 6 SMITH 65 HBC K«P 1e8 BEV/C
4 ' 0 SMITH 65 HBC — K-P 1 ~ 95 BEV/C
OF le8 ENLARGED TO 2 ~ 6 BY Use BECAUSE & STATIST ~ ERe
OF le4 ENLARGED TO 4 ~ 0 BY USy BECAUSE & STATI STeERe
9 ' 0 LONDON 66 HBC
2 ' 0 S IEGEL 67 HBC - K-P AT 2e 1 GE V/C
~ ~ ~

1 5 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2 2)
{SEE IDEOGRAM BELOW )

10/69

9/66
9/66

10/69
10/69
7/66

10/69

40

~ ~ ~ ~ ~

80

~ AGUILAR 70
~ SIEGEL 67
~ BIRMINGHA 68

SMITH 65
~ ~ SMITH 65
~ ARMENTERQ 65
~ HUWE 64

COOPER 64
~ ~ ~ o FL 61

120

HBC
HBC

HBC
HBC

HBC
HBC

HBC
HBC

HLBC

CHISQ

0'. 0
3 ~ 3
0.5
3.3
1.7

12.5
2.3
2 ~ 3

25.9
(CQNLEV
=0.001)

YN1 (1385)+ WIDTH (MEU)

WEIGHTED AUERAGE = 1385.9 + 1.5
ERROR SCALED BY 2.2

W-
W-
W-
W-
W-
W-
W-
W- 370
W-
W- AVG

40 ~ 0)
66 ~ 0
8' 0
62. 0
38 ~ 0
29 ' 2
17 ' 1
31~ 0
~ ~ ~ ~

36' 3

10 ~ 0
10 ~ 0
7 0
3 ~ 0
5e7
4 ~ 4
4 ~ 0

e ~ e
6 ~ 3
(SE

DAHL 61 DBC
.ELY 61 HLBC-
COOPER 64 HBC
HUWE 64 HBC
ARMENTERO 65 HBC
SMITH 65 HBC — K-P 1 ~ 80 BEV/C 9/66
SMITH 65 HBC - K-P 1 ~ 95 BEV/C 9/66
SIEGEL 67 HBC K-P AT 2 ~ 1 GEV/C 10/69

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 5)
E IDEOGRAM BELOW )

SIEGEL
I

~ ~ LONDON

MITH
MITH
RMENTERO

UWE

DOPER
LY
AHL

6? HBC

68 HBC

65 HBC

65 HBC

65 HBC

64 HBC
64 HBC

61 HLBC
61 DBC

1405 14251365 1385
YI1 (1385)— MASS (MEU)

CHISQ
5.8

12.1
4.7
3.6
0.2
1 ~ 0
5 ~ 1
1.7

34.0
(CONLEU
=0.000) ~ SIEGEL

~ SMITH
~ SMITH
~ ARMENTERO

UWE

DOPER
LY

67 HBC

65 HBC

65 HBC
65 HBC
64 HBC
84 HBC

61 HLBC

WEIGHTED AVERA6E = 36.3 + 6.3
ERROR SCALED BY 3.5

CHISQ
1.7

18 ~ 9
1 ~ 5
0.3

13 ~ 5
26.8
8.8

?1.7
(CONLEU
=0.000)0 40 80

Y+1 (1385)— WIDTH (MEU)

120
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Baryons
Z(1385). Z(1440), Z(1480), Z(1680)

Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3

43 Y¹l(1385) PARTIAL DECAY MODES

Y¹1( 1385) INTO LAHSOA P I
Y¹1(1385) INTO SIGMA PI
Y¹1(1385) INTO LAMBDA GAMMA

DECAY MASSES
1115+ 139
1197+ 139
1115+ 0

REFERENCES FOR Y¹l(1440) (PROD EXP )

CLINE 68 PRL 21 1372
AL EXAND E 69 P RL 22 483
BUNNELL 70 LNG 3 224

0 CLINEt R LAUHANNt. J HAPP (WISCONSIN) I
ALEXANDER ~ HALLt JEWE + 'f LRL E RIVERSIDE)
+CLINE t LAUMANN t HAPP + {NWES+Wl SG+ANL )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

(P2)/{ Pl )

+-0

+- 7/66
+ 7/66

PI+ P — K Y PI 12/72¹
K-N 1 ~ 5 GEV PROD 10/71

SCALE FACTOR OF 1~ 0)

]]EIGHTED AUERAGE = 0 .126 + 0.01B
ERROR SCAlED BY 1 .0

43 Y¹l(1385) BRANCHING RATIOS

Rl Y¹l(13S5) INTO {SIGMA Pl)/(LAMBDA PI)
Rl {0' 04) (0 F 04) BASTIEN 61 HBC
Rl (0~ 04) OR LESS ALSTON 62 HBG

Rl Oe 09 0e04 HUWE 64 HBG
Rl 0 ~ 163 0 ~ 035 ARNE NT E RO 65 H BC
Rl De 08 0 ~ 06 I.ONDON 66 HSC
Rl 0 ~ 13 0 ~ 04 PAN 69 HBC
Rl 0 ' 13 Oe04 COLLEY 71 DBC
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVG 0 ~ 126 0 ~ 018 AVERAGE (ERROR INCLUDES
{SEE IDEOGRAM BELOW )

23 Y¹1(1480~ JPEE ) I=1 PRODUCTION EXPERIHENTS

SEE THE MINI-REVUE AT THE START OF THE Y¹LISTINGS ~

PEAKS ARE SEEN IN LAHBDA PI AND SIGHA PI SPECTRA IN
THE REACTION Pi+P TO K+ PI Y AT 1 ~ 7 GEV/C ALSO THE'
Y POLARIZATION OSCILLATES IN THE SAME REGION

SEE HILLER 70 FOR A DISCUSSION OF THIS STATEr HE StIGGESTS A POS-
SIBLE ALTERNATE EXPLANAT ION IN TERMS OF A REFLECTION OF N¹1/2(1670)
DECAY TO LAHBDA Ke HOWEVER t SUCH AN EXPLANATION FOR THE K+ SIGMA+ PIO
CHANNEL SEEMS UNLIKELY (SEE PAN 70) IN TE]EHS OF KNOWN. N¹3/2(1690]
DECAY INTO SIGMA K ~ IN ADDITION SUCH REFLECTIONS WOULD ALSO HAVE
TO ACCOUNT FOR THE OSCILLATION OF THE Y POLARIZATION IN THE 1480
MASS REGION

HANSON 71t WITH FEWER DATA THAN PAN 70t CAN NEITHER CONFIRM NOR
DENY THE EXISTENCE OF THIS STATE ~

23 Y¹l(1480) MASS (HEV) (PROD EXP

M 1479e 10~ PAN
M 1465. 15 PAN
M ~ ~ ~ ~ ~ e ~ ~ ~

M AVERAGE MEANINGLESS (SCALE FACTOR = 1 0)

70 HBC + PI+P TO K PI {.AH 3/71
70 HBG + PI+P TO K PI SIG 3/71

R2
R2

OLLEY /1 DBC
AN 69 HBC

QNDGN 66 HBC

RMENTERO 65 HBC
U({E 64 HBC

CHISQ
0.0
0.0
0.6
1 ~ 1
0.8
2.5

(CONLEU
=0.638)

Y¹1(1385) INTO LAHBDA GAHHA
1 (0 17) (0 17)

{P3)
MEISNER 72 HBG 1 EVENT ONLY

REFERENCES FOR Y¹l(1385)

"0.05 0.05 0.15 0.25 0.35
Y+1(1385) INTO (SIGI1A PI) i (LAMBDA PI)

23 Y¹1(1480) PARTIAL DECAY MODES (PROD ~ EXP ~ )

Pl
P2
P3

Y¹1{1480] INTO KBAR N
Y¹1.{14SO] INTO LAMBDA P I
Y¹l&1480] INTO SIGMA PI

DECAY MASSES
497+ 939

1115+ 139
1189+ 139

23 Y¹1(1480) BRANCHING RATIOS (PROD ~ EXP ~ )

Rl Y¹1(1480) INTO (SIGMA PI]/(LAMBDA PI) (P 3) /{ P2)
Rl 0 ~ 82 0 ~ 51 PAN 70 HBC + 3/71

Y¹1(1480) INTO (PROTON KDBAR) /{ LAMBDA Pi) (Pl) /( P2 )
R2 Oe 36 0 ~ 25 PAN 70 HBC +

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

3/71

REFERENCES FOR Y¹1(1480) (PROD ~ EXP )

23 Y¹l(1t80] WIDTH (MEV) (PRODe EXP ~ )

W 31~ 15 r PAN 70 HBC + PI+P TO K .PI LAM 3/71
W 30~ 20 ~ PAN 70 HBC + PI+P TO K PI SIG 3/71
W ~ ~ ~ ~ ~ ~ ~ ~ ~

W AVERAGE HEANINGLESS (SCALE FACTOR = 1 ~ 0)

ALSTON
BASTIEN
SERGE
DAHL
ELY
HARTIN

ALSTON
COLLEY
CURTIS
COOPER
HUWE

ALSO

60 PRL
61 PRL
61 PRL
61 PRL
61 PRl.
61 PRL

5 520
6 702
6 557
6 142
7 461
6 283

62 CERN .CONF 311
62 PR 128 1930
63 PR 132 1771
64.PL S 365
64 UCRL-11291 THESIS
69 PR 180 1824

+ALVAREZ t EBERHARDt GOOD t GRAZI ANOt + (LRL ) I
P SASTIENtH FERRO-LUZZI t A H ROSENFELD (LRL)
+BASTIEN t DAHLE FERRO-LUZZI t KI RZE + (LRL)
+HORWITZ tHILLER ~ HURRAY tWHITE (LRL )
+FUNGt GI DAL PANt POWELL t WHITE {LRL) J
+LEIPUNERtCHINOWSKYESHIVELYE + (BNLt YALE)

+ALVAREZEFERRO-LUZZIEROSENFELDt + (LRL)
+GELFANDENAUENBERGE + (COLUMSIAtRUTGERS) JP
+COFFINE MEYERE TERW ILLIGER {MICH) J
+FILTHUTHtFRIDHANt MALAMUDt + {CERNE AMST)
D 0 HUWE (LRl ) JP
D O HUWE (LRI. )

PAN 70 PR D2 ~ 49

YU-LI PA 69 PRL 23 806
YU-LI PA 69 PRL 23 808
HILLER 70 DUKE 229
HA'NSON 71 PR D4 1296

YULI PANE F L FORMAN
YUL I PANE F L FORMAN
D H MILLER (REVIEW TALK)
t KALMUS t LOUIE

{PENN) I
( PENN)

(PURDUE)
{LBL) I

+FORMAN ~ KOtHAGOP IANE SELOVE

PAPERS NOT REFERRED TD IN DATA CARDS

ARHENTER 65 PL 19 75
BALTAY 65 PR 140 81027
HUSGRAVE 65 NC 35 735
SMITH 65 THESIS (UCLA)

ARMENTEROS ~ + (CERN EHEIDELt SACLAY)
+SANDWEISSETAFTtCULWICKEKOPP ~ + (YALEtBNL)
+PETMEZAS)+ (BIRHtCERN ~ EPOL ~ LOICtSACLAY)
L T SHITH (UCLA)

8 IRMINGH
LONDON
SIEGEL
PAN
AGU I LAR
ATHERTON
COLLEY
MEISNER

66 PR 152 1148
66 PR 143 1034
67 UCRL 18041 THESIS
69 PRL 23 808
70 PRL 25 58
71 NP 829 477
71 NP 831 61
72 NC 12A 62

BIRHINGHAHt GLASGOW t I e'C ~ t OXFOROYRUTHER FORD
+RAUt SAMIOS ~ YAMAMOTOtGOLOSERGE+ {BNLE SYRA) J
D M SIEGEL (l.RL]
+FORHAN ( PENN) I
+BARNESE BASSANOt CHUNGt EISNFRE+{ BNLE SYRA)
+GELNIKIERECLAYTONtFRENCH FR ISKE+ (CERN}
+GOXt EASTWOOD ~ FRY+ ~ ( B IRM+EDIN+GLAS+ LOI 0 )
G HEISNER &U NC GREENSBORO+LBL)

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO 'IN DATA CARDSe

MALAMUD 64 PL 10 145
SHAFER 64 PR 134 81372

E MALAMUD t P 8 SCHLEIN
J 8 SHAFERt 0 0 HUWE

{GERNE UCLA) JP
(LRl. ) JP

Z (1440) EO V*1l lrrQ, JP ) I=1 PRODUCTION EXPERIMENTS

BUMPS EEE THE Hlsl REVUE AT THE START OF THE V* I.IETIHES ~

Cl. INE 68 FINO A NARROW PEAK AT 1440 MEV (JUST ABOVE
THE KBAR N THRESHOLD) IN THE LAMBDA PI INVARIANT MASS
FOR K- 0 TO LAMBDA PI- P EVENTS THEY DISCUSS ALTER-

NATE INTERPRETATIONS —THAT IT IS A RESONANCE OR A KINEMATIC EFFECT
IN CLINE 68 THE K- BEAM MOMENTUM IS 0 4 GEV/C ~ IN A STUDY OF THE SAME
REACTION WITH A MOHENTUM OF 1 1 GEV/Ct ALEXANDER 69 FINO NO PEAKe IN
ADDITIONt THEY ARE ABLE TO EXPLAIN THE RESULTS OF BOTH EXPERIHENTS
WITHOUT INVOKING A NEW RESONANCE ~ A REANALYSIS OF THE CLINE 68
DATA MADE BY BUNNEL 70 SHOW AGREEMENT OF THE DATA WITH THE
Al. EXANDER 69 INTER PERTAT ION

No te on Z(~6ZO)

This state was first suggested by the BNL-CCNY

collaboration (CRENNELL 68) who presented evidence

for it in the reaction K n ~ Z(1620) ~+~ with Z(l 6ZO)

decaying into Am . Since then there have been con-

flicting reports about this state. A good review of the

production experiments has been recently given by

MILLER 70. %e summarize here the situation.
Formation Experiments. Sever al partial-wave

analyses have found evidence for one or two fairly
narrow (1 - 50 MeVI I = i, S = t/2 states within
- 50 MeV of the effect seen in production. It is not

clear at present how many such states really exist.
No one has reported a strong coupling of any of these
states to KN, but there is much disagreement about
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Data Card Listings
For notation, see key at front of Listings.

Baryolls
z(~ceo)

branching ratios into ATT and ZTI'. We summari2'e

below the results of several recent partial~ave
analyses (see the note on Y' 's for a discussion of

the methods of analysis).

S&&.' Both KIM 7i and LANGBEIN 72 report an

S&& state near 1620 MeV with I"- 50 MeV, but
KIM 7i finds AT(' to be the dominant two-body decay
mode while LANGBEIN 72 finds the ZT(' mode dom-

that the determination of quantum numbers for each
of these effects for each decay mode may eventually

clarify the situation.

z(leao)
32 Y¹1( 162D s JP=1/2-) I =1

THE Sll STATE AT 1697 MEV REPORTED BY VANHORN72 IS INTERMEDIATE IN
MASS BETWEEN THE SIGNA(1620) ANO SIGNA(1750) ~ WE TENTATIVE( Y LIST IT
UNDER SIGNA(1750)

inant. ARMENTEROS 70 report no S&& state in any
channel in this mas s region. VAN HORN 72 finds a
66-MeV -wide S&& state at 4697 MeV in his energy
dependent fits to the ATT channel, and a 50-MeV-wide

state at 1655 MeV in five out of seven of his Barrelet

32 Y¹1(1620)MASS (MEV)

( 1620~ )
1630~ 0 (10 0)

KIM 71 DPWA
LANGBEIN 72 IPWA

{40m )
65 ~ 0 ( 20 ~ 0)

KIM 71 DPWA
LANGBEIN 72 IPWA

32 Y¹1{1620) WIDTH {MEV)

K-MATRIX ANAL ~ 3/71
MULTICHANNEL 12/72¹

K-MATRIX ANAL ~ 3/71
MULTI CHANNEL 12/7 2¹

ambiguous solutions.

P&&'. A 50-MeV-wide P&& state in the 4500-4600
MeV mass region of the Zm channel was reported by
ARMENTEROS 70 with no corresponding effect in
A& and KN. KIM 7l claims a P&& stat'e at 1670 MeV

with I = 50 MeV, a dominant ZTT two&ody decay mode,
and vanishing coupling to ATT. LANGBEIN 72 reports
no P&& resonance. VAN HORN 72 saw a very broad,
I' = 230 MeV) P& resonance at 1668 MeV in his
energy-dependent fits to the A.TT channel, but a fairly
narrow, I' = 60 MeV, resonance at about the same

Pl
P2
P3

Rl
Rl
Rl A

Rl
Rl A

R2
R2
R2

R3
R3

32 Y¹l(1620) PARTIAL DECAY HODES

Y¹1(1620) INTO KBAR N

Y¹1(1620) INTO SIGMA PI
Y¹1(1620) INTO LAMBDA P I

DECAY MASSES
497+ 939

1197+ 139
1115+ 134

Y¹1(1620) FROM KBAR N TO LAMBDA PI
(0 ' 15) KIM

SQRT(Pl¹P3)
71 DPWA K MATRIX ANALo

32 Y¹1(1620) BRANCHING RATIOS

Y¹1(1620] INTO KBAR N (P 1)
{Oe05) KIM 71 DPWA K-MATRIX ANAL
0 ~ 05 OR LESS WONG 71 OPWA K-+P- LAM+P I
Oe 22 (0 o 02) LANGBE IN 72 IPWA MULT I CHANNEL

K-HATRIX FIT(NEGLECTS 3-BODY CHANNELS) REQUIRES NO RESONANCE

Y¹1(1620) FROM KBAR N TO SIGNA PI SQRT( P 1¹P2)
(0.08) KIM 71 DPWA K-MATRIX ANAL.

Os 40 {Oe06) I.ANGBE IN 72 I PWA MULT I CHANNEL

3/71
10/71
12/72¹
10/71

3/71
12/72¹

3/71

mass in all of his Barrelet ambiguous solutions.
P roduction cape riments. Here the evidence is

only in the Avr channel. The BNL-CCNY collaboration,
with increased data, CRENNELL 69, still claim the
effect in the A7r channel (no evidence seen in KN or
KNm). SABRE 70 studied the same reaction at 3.0
GeV/c with coxnparable statistics and do not see any
evidence for it in the ATT channel; on the contrary,
they believe it to be a spurious peak resulting from

0
misidentified Z from the production of Z(f670) de-

0 +caying into Z Tr . CRENNELL 69 give counter argu-
ments to show that this is not the case in their data

KIM 71 PRL 27 356
ALSO 70 DUKE 161

WONG 71 NC 2A 353
LANGBEIN 72 NP 847 477

VANHORN 72 LBL-1370 (THESIS)

REFERENCES FOR Y¹1(1620)

J K KIM
J K ~ KIH
N S WONG

+'WAGNER

PAPERS NOT REFERRED TO IN DATA CARDS

( HARV} I JP
(HARV) IJP
( YALE) I JP
( MPIH) IJP

/LBL I JP

z(leao)

79 Y¹1(1620}MASS (MEV)

1500 —1600
( 1670~ )

1668 ( ~ 25)

ARMENTERO 70 HDBC -0 K-N TO SIGMA PI 6/70
KI M 71 DPWA K-MATRIX ANAL ~ 3/71
VANHORN 72 OPWA 0 K- P TO LAM PIO 2/73¹

I
79 Y¹l(1620 x JP=1/2+) I=1 11
SEE THE MINI-REVUE AT THE START OF THE Y¹LISTINGS ~

THE PARTIAL-WAVE ANALYSIS OF K- N TO S IGMA P I BY
ARHENTEROS 70 SUGGESTS SUCH A RESONANCE+ KIM 71 FINDS
A SIGNAL IN BOTH KBAR-N AND SIGMA Pl

and the controversy goes on. AMMANN 70 studied
the saxne reaction at 4.5 GeV/c and report a state at
1640 MeV, again decaying only into ATT (no evidence
seen in ZTT or KN channels). The closeness of this
mass to 1670 MeV is suggestive that this effect may be
related to what goes on in that region (see discussion
below).

Pl
P2
P3

(50+ 0)
(50+ )
230 '

79 Y¹1(1620) PARTI AL DECAY MODES

Y¹1(1620) INTO KBAR N

Y¹1(1620) INTO SIGMA PI
Y¹1{1620) INTO LAMBDA P I

DECAY MASSES
497+ 939

1197+ 139
1115+ 139

79 Y¹1(1620) WIDTH (MEV )

ARMENTERO 70 HOBC -0 K-N TO SIGHA PI 6/70
KIH 71 DPWA K-MATRIX ANAL 3/71

( 165 ~ ) ( 60 ~ ) VANHORN 72 DPWA 0 K P TO L AM P I 0 2/73¹

In conclusion, for Z(l620) we have to wait for
more data and for a complete understanding of the
entire mass region 4600 to 1700 MeV. The hope is

Rl
Rl
Rl

79 Y¹lf1620) BRANCHING RATIOS

Y¹1{1620) FROH KBAR N TO SIGMA PI SQRT (P 1¹P2)
(+0 2) ARMENTERO 70 HDBC -0 K-N TO SIGMA PI
(0+24) KIM 71 DPWA K-MATRIX ANAL ~

6/70
3/71

R2
R2

Y¹1(1620) INTO KBAR N

(0 14) KIM
(Pl}

71 DPWA K-MATRIX ANAL ~ 3/71
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Baryons
z(16ao), z(167o)

Data Card Listings
For notation, see key at front of Listings.

R3
R3
R3

Y¹1(1620) FROM KBAR N TO LAHBDA PI SQRT(P1¹P3) Note on Z(1670)(0 ' 0) KIM 71 DPWA K-MATRIX ANAL' 2/73¹
~ 12 f »12) (»04) VANHORN 72 DPWA 0 K- P TO LAM PID 2/73¹

ARMENTER 70 DUKE 123
KIH 71 PRL 27 356

ALSO 70 DUKE 161
VANHORN 72 L BL-1370(THES IS)

REFERENCES FOR Y¹1(1620)

ARHENTEROS s BAILLONs +
J K KIM
J ~ K ~ KIH

(CERNt HEIDEL) IJP
( HARV) IJP
(HARV) IJP

/LBL' I JP

Formation experiments show the presence of

only one I = 1 state in this energy region with major
deCay mOdeS intO KN (7-40%%uo), &Tr (lO-I5%%uo), ZTr (30-
50'%%u0}, ZTr7r (5-45%%u0), and some ATrTT (the experimental
situation here is unclear). Its quantum numbers are
Z~ = 3/2 .

78 Y¹1(1620) MASS ( ME V) ( PROD ~ EXP» )

M N

M N

M

N

M

M

M AVG

(1616 0)
EVENTS OF

20 1618»0
1619»0
1642» 0
~ » ~ »
1619»4

(8 ' 0)
CRENNELL 68

3 0
8 ~ 0

12 ~ 0
~ ~ ~ ~ ~

3 ~ 8

CRENNELL 68 DBC +- K-D 3 ~ 9 BEV/C
ARE IN THE LARGER SAMPLE OF CRENNELL 69 ~

BLUMENFEL 69 HBC + KQ LONG + PROTON
CRENNELL 69 DBC +- K-N TQ LAM 3 Pl
AMMANN 70 DBC K-P 4 ~ 5 GEV/C

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l»4)

TB Y¹l(1620] WIDTH {MEV) (PROD ~ EXP ~ )

78 Y¹l(1620s JP= ) I=1 PRODUCTION EXPERIHENTS

SEE THE MINI-REVUE AT THE START OF THE Y¹LISTINGSs

THIS RESONANCE NEEDS CONFIRMATION ~ THE RESULTS OF
CRENNELL 69 AT 3 9 GEV/C ARE NOT CONFIRMED BY THE SABRE

COLLABORATION AT 3 ~ 0 GEV/C {SABRE 70) ~ HOWEVER IN AN EXPERIMENT AT

4 5 GEV/Cs AMMANN 70 SEE A PEAK AT 1642 HEV WHICH ON THE BASIS OF
BRANCHING RATIOS THEY DO NOT ASSOCIATE WITH THE Y¹1(1670) ~ SEE HILLER
70 FQR A REVIEW OF THESE CONFLICTS ~

THERE WAS AN INDICATION OF A Y¹1(1610)IN AN EARLY PHASE-SHIFT
ANALYSIS OF K-P TO LAMBDA PI ~ HOWEVER NORE DETAILED ANALYSIS OF
NORE EXTENSIVE DATA BY THE SAME (CERNs HEI'DELSERGs SACLAY) GROUP

FAILED TO CONFIRM THIS RESULT ~ THEY NOW SEE IT IN THE SIGMA Pl
CHANNEL (SEE PREVIOUS ENTRY) ~ (OLD LAMBDA PI ANALYSIS LISTED AS
ARMENTEROS 68s NEW ANALYSIS AS ARMENTEROS 70 )

11/68

9/69
9/69
6/70

Production experiments are more confused.
When determined, the most likely quantum numbers
are also 3/2 [for Zv and A(f405)v]. The measured
branching ratio R = Zv/Zvrv changes with the momen-

turn transfer to the proton. This was first observed

by EBERHARD 69 who suggested the existence of
Otc

2 Y with the same mass and. quantum numbers; one

object with a large Zvs [mainly A(f405)v] decay mode

produced peripherally, and another one with a large
ZTr decay mode produced at larger angles. This ob-
servation has now been confirmed by AGUILAR-

BENITEZ 70 .
CRENNEL(. 68 DBC +- SEE NOTE N ABOVE ll/68
BLUMENFEL 69 HSC + 9/69
CRENNELL 69 DBC + 9/69
AMMANN 70 DBC K-P 4 ~ 5 GEV/C 6/70

78 Y¹1(1620) PARTIAL DECAY MODES {PROD EXP ~ )

W N (66»0) (16»0)
W 20 30 0 10»0
W 72 ~ 0 22 ~ 0 15»D
W 55» 0 24 ~ 0
W » ~ ~ ~ » ~ »» ~

W AVG 41 ~ 3 12~ 2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 5)
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED

The other difficulty comes from the different

A v/Z s branching ratios reported by the various

experiments. Those experiments done with K

beams below 2 GeV/c (HUWE 64 and BUTTON-

SHAFER 68) report values for the As/Z s ratio in

Pl
P2
P3
P4
P5
P6

Y¹1(1620)
Y¹1(1620)
Y¹l( 1620)
Y¹1(1620)
Y¹l(1620)
Y¹l ( 1620)

INTO KBAR N

INTO LAMBDA P I
INTO Y¹l(1385) PI
INTO LAMBDA PI PI
INTO SIGMA PI
INTO Y¹0(1405) PI

DCCAY MASSES
49T+ 939

1115+ 139
1384+ 139
1115+ 139+ 139
1197+ 139
1405+ 139

agreement with formation experiments; the others

report a higher A sr/Z m ratio. Therefore, the

possibility of a third Y& state, referred to as Z(f690)
in the Data Card Listings, with a large Avr/Zv

Rl
Rl

78 Y¹1(1620) BRANCHING RATIOS (PROD ~ EXP ~ )

Y¹1(1620) INTO (LAMBDA P I Pl )I {LAMBDA PI) {P4)l(P3)
14 (2~ 5) APPROX BLUHENFEL 69 HBC +

branching ratio still exists. This large branching

ratio is the main justification for this hypothesis
R2 Y¹1(1620) INTO (KBAR N)/(LAMBDA PI) (Pl) /(P2)
R2 (0»0) (0 ~ 1) CRENNELL 68 DSC +
R2 0 ~ 4 0»4 AMMANN 70 DBC K P 4»5 GEV/C 6/7 0

R3
R3

Y¹1(1620) INTO LAMBDA P I
LARGE

(P2)
CRENNE LL 68 DBC +- ll/6S

R4 Y¹1(1620) INTO (Y¹1(1385)PI)/(LAMBDA PI) (P3]/(P2)
R4 (0»2) (0 ~ 1) CRENNELL 68 DBC +- 11/68
R4 (0»3) OR LESS CL= ~ 95 AHMANN 70 DBC K-P 4 ~ 5 GEV/C 6/70

and needs confirmation. It relies on the separation
+ p +between K p ~ ATr Tr and K p ~ & Tr Tr, which is

experimentally difficult at high energy. These
problems are reviewed by MILLER 70.

R5
R5

R6
R6

Y¹1{1620]INTO {SIGMA PI)l (LAMBDA Pl) (P5) /(P2)
{1» 1) (95 PC UPPER LIMIT) AMMANN 70 DBC K-P 4 ~ 5 GEV/C

Y¹1(1620) INTO (Y¹0(1405) PI ) /( LAMBDA P I ) {P6] I (P2)
0 7 0 ' 4 AHMANN 70 DBC K-P 4 ~ 5 GEV/C

REFERENCES FOR Y¹1(1620) ( PROD EXP ~ )

6/70

6/70

Two resonances of the same spin and parity have

been hypothesized by EBERHARD 69 as the origin of
much of the complexity observed in the 4600 to 4700
MeV region in production experiments. See also

( BNi. s CUNY) I
(BNL ) I

( BNLs CUNY) I

AMMA NN 70 P RL 24 327 + GARF INKELs CARMONYt GUTAYs+ (PURDUE s IND)

PAPERS NOT REFERRED TO IN DATA CARDS

CRENNELL 68 PRL 21 648 +DELANEY ~ FLAN INIO s KARSHONs +
BLUHENFE 69 Pl 298 58 BLUMENF E LD ~ KAL BFL EI SC H

CRENNELL 69 LUND PAPER 183 +KARSHONs LAI ~ ONEI(. s SCARRs +
RESULTS ARE QUOTED IN LEVI SETTI 69 '

the note on &(46ZO).
44 Y¹1(1670s JP=3/2 ) Iel

z(16vo) SEE THE MINI-REVUE AT THE START OF THE Y¹LISTINGS

SEE NOTE ABOVE

ARNENTER 68 NP 88 183
LEVISETT 69 LUND CONF
TRIPP 69 UCRL 19361
ARMENTER 70 DUKE 123
M I L L ER 70 DUKE 229
SABRE 70 NP 816 201

ARMENTEROStBAILLON + (CERN+HEID+SACL)
R LEVI 5 ETTI {RAPPORT EUR] EFINS
R D TRIPP (LRL)
ARHENTEROStBAILLON + ( CE RN+HE I 0+SAC L )
D H. MILLER (REVIEW TALK) (PURDUE)
SABRE COLLAB ~ (SACLsAMSTsBGNAsREHOsEPOL)

WELL ESTABLISHED RESONANCE ~ IT HAS BEEN SEEN IN BOTH
FORHATIQN AND PRODUCTION EXPERIMENTS HOWEVER THE
BRANCHING RATIOS OBTAINED BY THESE TWO METHODS SHOW
LARGE INCONSISTENCIES ~

SEE LISTING OF PRODUCTION EXPERIMENTS BELOW

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

AS FOR THE QUANTUM NUMBERS ~ THE ANALYSES OF LAMBDA PI CHANNFL (IN
FORMATION EXP ~ ) AS WELL AS THE SIGMA Pi CHANNEL AGREE ON JP=3/2-»
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Data Card Listings
For notation, see key at front of Listings.

Baryons
Z(1670)

44 Y¹1(1670] MASS ( ME V) PAPERS NOT REFERRED TO IN DATA CARDS

1660e 0
1668~

(1661eo)
1680e
1663~ 0
1672e 0
1660e
1681~ 0
1662~ 0
1665~

1676
1670e
1675' 0
1659'

(5. )
(2 ~ 0)

(2 ~ 0)

(3e0)
(5 ' 0)

(10 ' )
(2 ' )

(15 ' 0)
(12 ' )

BERLEY
ARHENTER
ARHENTE2
ARHENTE4
ARMENT-5
BERLEY
ARNENTER
BRUCKER
GA LTI ERI
GALT IER I
BUDGEN .
KIH
LANGBEIN

(5 ' ] VANHORN

64 HBC 0
68 HBC 0
68 HBC 0
69 DBC
69 HBC 0
69 HBC
70 HBC 0
70 DBC
70 HBC 0
70 HBC 0
71 DPWA

71 DPWA
72 IPWA
72 DPMA 0

K-P TO LAH PIO
K-P ELAS ~ +CH ~ EX
K-P TO SIGNA PI
K-N TO SIG- P IO
K-P TO SIGNPI ED
K-P TO SIG PI
K-P TO LAMe PI El
K-N TO SI G 2P I
SIG Ple EDPWA
LAN ~ Ply EDPWA
LAM PIOgCHS DATA
K-NATRIX ANAL'
MULTICHANNEL
K- P TO LAM PIO

Tlee
11/eh
11/68
12/68
9/69
5/70
5/70

10/71
7/70
T/70

10/71
3/71

12/72¹
2/73¹

BASTIEN1 63 PRL 10 188 P L BASTIENe J P SERGE (LRL) IJ
REPLACED BY BASTIEN 2i BUT SIMILAR AND MORE READILY AVAILABLE ~

BAST I EN2 63 UCRL-10779 THESIS P L BASTIEN (LRL) IJ
T ZADEH 63 PRL 11 470 TAHER-ZADEHy PROWSE y SCHLE IN ySLATERs+ (UCLA) JP

SEE NOTE FOLLOWING SCHLEIN 66 ~

SCHLEIN 66 UCLA-1016 P ~ E ~ SCHLE INi TeG ~ TRIPPE (UCI.A) JP
REANALYSES DATA OF TAHER-ZADEH 63 e BASTIEN 63 AND ALL PUBLISHED
LAMBDA PI CROSS SECTION DATA IN THE LIGHT OF THE NOW KNOWN

Y¹1(1765) ~
. REVERSES THE MODEL DEPENDENT CONCLUSION OF TAHER

ZADEH ON THE PREFERRED JP ASSIGNMENT (FROM 3 2+ TO 3 ( 2-) ~ )
SMART 66 PRL 17 556 W M SNARTeA KERNANiG E KALMUSe R P ELY (LRL) I JP
ARHENT ER 67 NP 83 592 AR HENTEROS e FERRO-LUZZI+ ( CERN e HE I Dg SACLAY ]
PREVOST 71 AHSTERDAH CONF + CHS COLLABORATION ( CERN+HE ID+SAC L )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

44 Y¹1(1670) WIDTH (MEV) 51 Y¹1(1670 ~ JP= ) I ~l PRODUCTION EXPFRIMENTS

Pl
P2
P3
P4
P5
P6
P7

Rl
Rl
Rl
Rl
Rl

60.0
56 '

(44 ~ 0)
47e 0
49e 0
34e 0
50 ~

30e 0
48 ~ 0
50e
59 '
40
65 ~ 0
32 ~

(18~ )
(4 ' 0)

(4 ' Ol

(10' 0)
(5 ' 0)

(10 )
(4 ' 5}

( 20 ~ 0)
(11e )

BERLEY
ARHENTER
ARHENT E2
ARMENTE4
ARMENT-5
BERLEY
ARHENTER
BRUCKER
GALT I ERI
GALT IERI
BUDGEN
KIN
LANGBE IN
VA NHORN

e4 HBC
68 HBC
68 HBC
69 DBC
69 HBC
69 HBC
70 HBC
70 DBC
70 HBC
70 HBC
71 DPWA

71 DPWA

72 IPWA
72 DPWA

0
0 K-P ELAS ~ +CHe EX
0 K P TO SIGMA PI

K-N TO SIG- P IO
0 K-P TO SIGNPI ED

0 K-P TO LAMB ~ PI
K-N TO SIG 2PI

0 SIG PIyEDPWA
0 LAH ~ PI i LDPWA

LAM PIO
K-MATRIX ANAL
MULTICHANNEL

0 K- P TO LAM P IO

7/66
11/68
11/68
12/68
9/69
5/70
5/70

10/71
7/70
7/70

10/71
3/71

12/72¹
2/73¹

Y¹1( 1670)
Y¹1(1670)
Y¹1{1670)
Y¹1(1670)
Y¹1(1670)
Y¹1( 1670)
Y¹1(1670l

44 Y¹1(lb70) PARTIAL DECAY MODES

INTO KBAR N

INTO LAMBDA P I
INTO SIGMA PI
INTO LAMBDA PI PI
INTO SIGHA PI PI
INTO Y¹1(1385)PI
INTO Y¹0(1405) PI

DECAY MASSES
497+ 939

1115+ 139
1197+ 139
1115+ 139+ 139
1197+ 139+ 139
1384+ 139
1405+ 139

44 Y¹1(1670] BRANCHING RATIOS

Y¹1 ( 1670) INTO (K BAR N) /TOTAL
(0 ' 09) (0 ' 02)
0 ~ 08 (0 e02)
0 ~ 07
Oe 10 (0 ~ 03]

{Pl)
ARMENTER 68 HBC 9/69
ARMENT-5 69 HBC 0 ELAN +CSEX' ED 9/69
KIM 71 DPWA K-MATRIX ANAL ~ 3/71
LANG BE IN 72 I PWA NUL T I CHANNEL 12/72¹

M

M

M

M

M

N

M

M

M

BUMPS SEE NOTE PRECEDING Y¹1(1670}
PROBABLY THERE ARE TWO STATES AT SANE MASS WITH SAME
QUANTUM NUMBERS' ONE DECAYING INTO SIGMA PI AND LAMBDA

PI s THE OTHER INTO Y¹0(1405) PI ~ BRANCHING RATIOS NOT
DISENTANGLED YETe WE LIST THEM TOGETHER FOR NOW ~

51 Y¹l(1670] MASS (MEV) (PROD ~ EXP )

(1685' 0) ALEXANDER 62 HBC -0
1660e0 10 ' 0 ALVAREZ 63 HBC +

(1665' 0) {5' 0) BUGG 68 CNTR
P 70( 1661~ ) t9 ~ ) PRIMER 68 HBC +
P SEE BARNES 69 FOR NEW ANALYSIS OF DATA (3 TIMES

1670e 0 6 ~ 0 AGUILAR 70 HBC
1668~ 0 10 «0 AGUILAR 70 HBC
e ~ ~ e ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

PI P 2 2 ~ 2 BEV/C
K-P 1 ~ 51 BEV/C
K-P y 0 TOTAL C ~ S
K-P 4 ' 6-5 ~ GEV/C 7/68
NORE DATA l 10/69
S IG ~ PI. K-P 4 GEV 5/70
SIG ~ 2PI K P 4GEV 5/70

51 Y¹1(1670) MASS ( HEV) ( PROD ~ EXP ~ )

51 Y¹1(1670) PARTIAL DECAY MODES {PROD~ EXP ~ )

(45 ~ 0) ALEXANDER e2 HBC -0
400 100 ALVAREZ 63 HBC +

( 30~ 0) ( 15 ~ 0) BUGG 68 CNTR 11/66
P 70 t60 ~ l t20 ~ ) PRIMER 68 HBC t K-P 4 ~ 6 5 ~ GEV/C 7/68

SEE THE NOTES ACCOMPANYING THE MASSES, QUOTED ~

110e0 12 ~ 0 .AGUILAR 70 HBC SIG PI K-P 4 GEV 5/TO
135~ 0 40 ~ 0 30 ~ 0 AGUILAR 70 HBC SIG ~ 2PI K-P 4GEV 5/70

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 3e4)

R4
R4

Y¹1{1670) INTO (Y¹0(1405) PI )/TOTAL (P7)
(0 ' 06) OR LESS ARHENTE3 68 HBC K-P AND D-Pl= ~ 09 11/68

R2 Y¹1I 1670) INTO (LAMBDA PI PI )/TOTAL (P4)
R2 (Dell) OR LESS ARMENTE3 68 HBC K-P ( Pl= ~ 09) 9/69

R3 Y¹1(1670) INTO (SIGHA PI PI)/TOTAL (P5)
R3 A (0 ~ 14] OR LESS ARMENTE3 68 HBC K-P AND D-P 1= 09 11/68
R3 A RATIO ONI Y FOR t SIG2P I ) SYSTEM IN I=le WHICH CANNOT BE Y¹l(1385) 11/68

Pl
P2
P3
P4
P5
P6
P7

Y¹1( 1670)
Y¹1(1670)
Y¹1( 1670]
Y¹1(le70)
Y¹1(1670)
Y¹1( 1670)
Y¹1( 1670]

INTO KBAR N

INTO LAMBDA PI
INTO SIGMA PI
INTO LAHBDA PI Pl
INTO SIGMA PI PI
INTO Y¹1(1385)PI
INTO Y¹0{1405) PI

DECAY MASSES
49T+ 939

1115+ 139
1197+ 139
1115+ 139+ 139
1197+ 139+ 139
1384+ 139
1405+ 139

R5
R5
R5
R5
R5
R5
R5

R6
Rb
R6
R6
R6
R6
R6
R6

Y¹lt 1670) FROM
+0.1
+0 ~ 09

~ 165
0 ~ 08
0 13
+ ~ 09

Y¹1( 1670) FROM
(+0.21)
+0 19
+0 20
+0 ~ 18
+0~ 18

0%15
0 ~ 23

KBAR N

(0.02)
( ~ 01)

(0 ~ 03)
{ 02)

KBAR N

(0 ~ 01)

(0 01)

t 0 ~ 06)

(0 ~ 05)

TO LAMBDA PI
ARMENTER
GALTIERI
BUDGEN
KIM
LANGBE IN
VANHORN

TO SIGMA PI
ARNENTE2
ARMENTE4
ARNE NT-5
BERLEY
GALT I ERI
KIN
LANG BE IN

70HBC
70 HBC
71 DPWA
71 DPWA
72 IPWA
72 DPWA

68 HBC
69 DBC
69 HBC
69 HBC
70 HBC
71 DPWA

72 IPWA

SQRT ( P 1¹P2 )
K-P TO LAMB PI

0 LAM PIe EDPWA
LAM PIO
K MATRIX ANAL
MULTI CHANNEL

0 K- P TO LAIIII PIO

SQRT(P 1¹P3)
0 OLD DATA

0 NEW DATA

0 S IG PI y EDPWA
K-.MATRIX ANAL e

MULTICHANNEL

5/70
7/70

10/71
3/71

12/72¹
2/73¹

11/68
9/69
9/69
5/70
7/70
3/71

12/72¹

R7 Y¹1(1670) FROM KBAR N TO Y¹1(1385}PI SQRT{P 1¹P6)
R7 S {0~ 17) (0 ~ 02) . SIMS 68 DBC — LAN 2PI CROS ~ SEC 10/71
R7 S SIMS 68 USES ONLY CROSS-SECTe DATA ~ RESULT USED AS UPPER LIMIT ONLY 3/72

RB Y¹1(1670) INTO (Y¹0(1405)PI)¹(KBARN)/TOTAL¹¹2 (P7¹Pl)
RB I 0 ~ 03) OR LESS BERLEY 69 HBC 0 K-P ~ 6- ~ 82 BEY/C 5/70
RB 8 0 ' 007 {Oe002) BRUCKER 70 DBC - K N TO SIG 2P I 10/71
R8 8 ASSUNING Y¹0(]405) PI CROSS SECTION BUHP DUE SOLEY TO 3/2 RESON, 10/71

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2
R2
RZ
R2
R2
R2
R2
R2

51 Y¹1(1670)BRANCHING RATIOS (PROD EXP )

Y¹1{1670) INTO (KBAR
0 (0~ 19) OR LESS

(0 ~ 5)+- ~ 25 OR
(0~ 6) OR LESS
(0 ~ 025)

0 (0~ 24) OR LESS
(0 26) OR LESS
(0 ~ 2] OR LESS

N)/(SIGMA PI)
ALVAREZ
SM ITH
LONDON
BUGG
PRIMER
BARNES
AGUILAR

MORE

(P 1) /( P3)
63 HBC + KP 1 ~ 15 BEV/C
63 HBC -0
66 HBC + K P 2e25 BEV/C
68 CNTR 0 ASSUMING J=3/2
68 HBC + K P tee 5 ~ GEV/C
69 HBC + K P 3e9-5 GEV/C
70 HBC

(P2)/(P3)
+ K P 1~ 15 BEV/C
-0
+ K P 2 ~ 25 BEY/C
+ K-P AT 1 ~ 7 GEV/C
+ K-P 3e9 5 GEV/C)- SEE BARNES 69 FOR

+ K-P 3e9-5 GEV/C

Y¹lt1670) INTO {LAHB PI )/(SIG P I l
130 (1~ 20) ALVAREZ 63 HBC

tl ~ 2) SMITH 63 HBC
0.15 0 ~ OT HUME 64 HBC
0 ~ 6 OR LESS LONDON 66 HBC

33 0 ~ 11 Oe 06 BUTTON-S 68 HBC
P 0 (Oe) PRIMER 68 HBC
P PRIMER 68 ASSUMED THIS DECAY TG BE ALL Y¹(1690
P NEW INTERPRATATION OF DATA ~ (3 TIHES NORE DATA)

Oe45 0 15 BARNES 69 HBC
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE HEANINGLESS {SCALE FACTOR = le5)

7/66
11/66
7/68

10/69
5/70

7/66
10/69
10/69

10/69

R9
R9

Y¹1(1670) INTO (Y¹0(1405)PI)/(Y¹1{1385) PI] (P7)/(P6)
0 ~ 23 t 0 ~ .08) BRUCKER 70 DBC — K N TO SIG 2P I 10/71

REFERENCES FOR Y¹1(1670)

R3
R3
R3
R3

R4
R4

Y¹1(1670) INTO (LAMB PI PI)/(SIG PI)
90 (Oe56) ALVAREZ 63 HBC

(Oel7) SHI TH 63 HBC
(Oe 6) OR LESS LONDON 66 H BC

Y¹1I 1670) INTO (SIGMA PI PI)/ (S IG PI)
180 {Oe56) ALVAREZ 63 HBC

(P4) /( P3)
+ KP 1 ~ 15 BEV/C
-0
+ K-P AT 2 ~ 25 BEY/C

(P5) /(P3)
+ K-P 1 ~ 15 BEY/C

7/66

ARMENTER 68 NP B8 195
ARMENTEl 68 NP 88 183
ARMENTE2 68 NP 88 223
ARMENTE3 68 PL 288 521
SIMS 68 PRL 21 1413

ARNENTE4 69 NP B10 459
ARNENT-5 69 NP B14 91
BERLEY 69 PL 308 430

ARHENT EROS y BAII.LON + (CERN+HE ID+SACLAY) I JP
ARMENTEROS ~ BAILLON + (CERN+HE I D+SACLAY ) I JP
ARNENTEROS+BAILLON + (CERN+HE ID+SACLAY) I JP
ARMENTEROS y BAILLON + '

(CERN+HEID+SACLAY) I
SIMSyALBRIGHT y BART LEYgME ER+ IFSUy

TUFTED

BRAN)

ARMENTEROSyBAILLONyMINTEN + (CERN+SACI. AY) J
ARHENTEROS y BAILLONy + (CERN yHEIDELe SACLAY) I JP
BERLEY y HART e RAHM g W IL L I S i YAMAMOTO (BNL )

ARMENTER 70
BRUCKER 70
GALTIERI 70
BUDGEN 71
KIN 71

ALSO 70
LANGBEIN 72
VANHORN 72

DUKE 123
DUKE 155
DUKE 173
LNC 2 85
PRL 27 356
DUKE 161
NP 847 477
LBL-1370(THESIS)

ARHENTEROSg BAILLONe + (CERN' HEID)
+HARRISON ~ SINS ~ ALBRIGHT i CHANDLER++ (FSU) I
Ae BARBARO GALTIERI (LRL}I JP
D BUDGEN ( DURH) IJP
J K KIM I HARV) I JP
Je K ~ KI M (HARV) IJP
+WAGNER (MPIM) I JP

/LB L I'JP

BERLEY 64 DUBNA CONF I 565 +CONNOLLYiHARTyRAHMe STONEHILLe + (BNL) I JP R5
R5
R5

R6
R6
R6
R6

R7
R7

RB
R8 .

R9
R9

Y¹1(1670) INTO (Y¹0(1405) PI) /(SIG PI )
50 3 ~ F 6 LONDON

P 17 (0 ' 58) (0 ' 20) PRIMER
66 HBC
68 HBC

Y¹1(1670) INTO (SIGMA PI)/(SIGNA PI PI)
~ 4 OR LESS BIRNINGHA 66 HBC

0 ' 30 0.15 LONDON 66 HBC
A BETWEEN 2 ~ 5 AND 0 24 EBERHARD 69 HBC
A DEPENDING ON THE PRODUCTION ANGLE

Y¹1(1670) INTO (Y¹0{1405)PI)/(SIGMA PI PI]
0 ~ 90 0 ~ 10 0 ~ 16 EBERHARD 65 HBC

Y¹ltle70) INTO (Y¹0(1405) PI)/(Y¹lt1385) PI)
(0~ 8) OR LESS EBERHARO 65 HBC

Y¹1{1670) INTO (LAMBDA PI PI)/(SIGMA PI PI)
0 ~ 35 0 ~ 2 BIRMINGHA 66 HBC

{P7)/( P3)
+ K-P 2 ~ 25 BEV/C
+ KP465 ~ GEV/C

7/66
7/6 8

(P7) /( P5)
+ K-P 2 ~ 45 BEV/C

(P7)/(P6)
+ K P F 45 BEV/C

7!66

7/66

(P4) /( P5)
+ K-P AT 3 ~ 5 GEV/C 11/67

{P3l/(P5)
+ K~P AT 3 ~ 5 GEV/C 11/67
+ K-P 2 25 GEV/C 7/66

K-P AT 2 6 GEV/C 9/69
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Baryons
Z(&67Q), Z(169Q), Z(175Q)

Data Card Listings
For notation, see key at front of Listings.

Rll Y¹1{1670) INTO (LAMBDA PI)/{LAMBDA PI + S IG PI) (P2)/(P2+P3)
Rll (0 ~ 6) OR LESS AGUILAR 70 HBC 5/70

51 Y¹1(1670)QUANTUM NUMBER DETERHINATION (PROD ~ EXP+)

Rlo Y¹1(1670) INTO (LAMBDA PI )/(SIGMA PI PI ) {P2)/(P5)
Rlo 2) OR LESS BIRMINGHA 66 HBG + K-P AT 3 5 GEV/C 11/67

COLLEY 67 PL 248 489
DERRICK 67 PRL 18 266

REPLACED BY MOTT 69+
PRIMER 68 PRL 20 610
SIMS 68 PRL 21 1413

BLUMENFE 69 PL 298 58
MOTT 69 PR 177 1966

REFERENCES FOR Y¹1(1690) (PROD FXP% J

(BIRMgGLASgLOIG|MUNICHgOXFORDi RHEL J I
+F1 ELDSt LOKEN y AMMARg (ARGQNNE gNORTHWEST) I

+GOLDBERG' JAEGER~ BARNESe + (SYRACUSE eBNL) I
+ALBR IGHTy + (FSU| TUFTS' BRANDE IS) I

8 J BLUMENFELD ~ G R KALBFLEISCH (BNL) I
+AMMARe DAVIS' KROPACw +{NQRTHWESTeARGQNNE) I

REFERENCES FOR Y¹1(1670J ( PROD EXP )

ALEXANOE 62 CERN CONF 320 ALEXANDER' JACOBSwKALBFLEISCHyMILLERt+ (LRL) I
ALVAREZ 63 PRL 10 184 +ALSTONgFERRQ-LUZZI ~ HUWEg + (LRL) I
SHITH 63 ATHENS CONF 67 G A SMITH {LRL)
HUWE 64 PR 180 1824(1969) D 0 HUWE (LRL )
EBERHARO 65 PRL 14 466 +SHIVELY ROSS SIEGAL FICENEC + (LRL ILL) I

8IRMINGH 66 PR 152 1148
LONDON 66 PR 143 1034
BUGG 68 PR 168 1466
BUTTON-S 68 PRL 21 1123
PRIMER 68 PRL 20 610

GARNES 69 BNL 13823
EBERHARD 69 PRL 22 200
AGUILAR 70 PRL 25 58

LEVEQUE 65 PL 18 69
LEE 66 PRL 17 45
EBERHARD 67 PR 163 1446

BIRHI NGHAM g GL ASGOW t I e C ~ Y OXFORD |RUTHERFORD
+RAUgSAMIOSg YAMAMOTOgGOLDBERGy+ (BNLg SYRA) I J
+GIJ MORE|KNIGHTgDAVIES+ (BIRMgCAVEgRHEL) I
J BUTTON SHAF ER (MASA+LRL ) 'JP
+GOLDBERG JAEGER BARNES DORNAN + (SYRAsBNL)

+CHUNG t E IS NE Rg FLAM INI 0+ ( BNL g SYRA J

+FR I EDMA N g PR I P ST E I N g ROSS (LRL)
+BARNESi BASSANO t CHUNGg E ISNER|+( BNL y. SYRA )

PAPERS NOT REFERRED TO IN DATA CARDS

+ ( SACLAYg EPQL pGLASGQW gLOICg OXF p RHEL) JP
Y Y LEEt D D REEDERy R N HARTUNG (WISG)' JP
+PRIPSTEINtSHIVELYgKRUSEgSWANSON (LRLt ILL) I JP

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Z(169Q)
BUMPS

58 Y¹1(1690' JP= ) I=1 PRODUCTION EXPERIMENTS

SEE THE MINI-REVUE AT THE START OF THE Y¹ LISTJNGSe

Ql JP=3/2+ LEVEQUE 65 HBG INTO Y¹(1405J+PI 11/68
Q3 JP =3/2 EBERHARD 67 HBC + INTO Y¹(1405) Pl ll/68
Q4 400 JP=3/2- BUTTON-SH 68 HBC i- INTO SIGZERO+PI ll/68

PAPERS NOT REFERRED TO IN DATA CARDS

AGUILAR 70 PRL 25 58 AGUILAR BENITEZg BARNESgBASSANO+ ( BNL+SYRA J

¹¹¹ ¹¹¹¹ ¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

+ll
Z(] 75Q) 57 V*1(1750 Jp=l/2-& 1=1 Sj I

SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

THERE IS NOW EVIDENCE IN THREE CHANNELS FOR AN Sll RE-
SONANCE NEAR THIS ENERGY ~ INTERPRETATION OF THE SIGMA
ETA THRESHOLD BUMP ON ITS OWN MERITS IS NOT CONCLUSI VE

(CLINE 67) —MORE DATA ARE NEEDED' BUT BY ANALOGY WITH THE SIMILAR
N ETA ANO LAMBDA ETA THRESHOLD EFFECTS' WHICH ARE ALMOST CERTAINLY RE-
SONANCES IT SEEMS VERY LIKELY THAT THIS TOQ IS A RESONANCE SEE THE
RAPPORTEUR TALKS OF FERRO LUZZI 66 AND MEYER 67 FOR DISCUSSIONS ~

IN THE ENERGY-INDEPENDENT PARTIAL WAVE ANALYSIS OF K- N TO LAMBDA
Ply THE Sll AMPLITUDE APPEARS TO RESONATE (ARMENTEROS 69). IN 1968 IT
APPEARED TO RESONATE NEAR 1650 MEV {ARHENTEROS 68) |AND WAS LISTED
HEREIN AS A SEPARATE STATE+ NQW IT HAS HOVED CLOSE ENOUGH TO THE
OTHER EFFECTS TO BE TENTATIVELY LISTED WITH THEME BUT THE SIZE OF THE
CHANGE IN THE MASS SHOULD BE A HEALTHY WARNING THAT THE PARAMETERS
GIVEN FOR RESONANCES IN LOWER PARTIAL WAVES FROM SUCH ANALYSES ARE
SUBJECT TO LARGE CHANGE ~ (ARHENTEROS 70 ~ FROM WHICH THE RESONANCE
PARAMETERS ARE QUOTEDt IS A SLIGHT UPDATING OF ARMENTEROS 69 ~ )

THERE IS WFAKER EVIDENCE FOP. THIS RESONANCE. IN AN ENERGY-DEPENDENT
PARTIAL-WAVE ANALYSIS OF ELASTIC AND CHARGE-EXCHANGE SCATTERING (GON-
FORTO 71) ~

KIM 71 IN A MULTICHANNEL ANALYSIS FINDS A SURPRISINGLY LARGE
ELASTICITY ( ~ 8) g AND SMALLER AMPLITUDE IN THE LAMBDA P I CHANNEL ~

VANHQRN 72 FINDS A STATE SOMEWHAT BELOW THE SIGMA ETA THRESHOLD IN
AN .ANALYSIS OF THE LAMBDA Pl CHANNEL

IN VIEW OF THESE DISCREPANCIES NE DQ NOT QUOTE ANY VALUES FOR
THE BRANCHING RATIOS ~

M

M P
M N

M

M

M P
M P
M N

M

M

SEE NOTE PRECEDING Y¹l(1670) (.ISTINGSy SEEN IN PRO ~

EXPERIMENTS ONLY' MAIN DEC'AY MODE IS LAMBDA PI ~

58 Y¹l{1690) MASS (MEV) (PROOFS EXP ~ )

30(1715 0) (12.0) COLLEY 67 HBG + K-P 6 GEV/C
60 ( 1694m 0) {24 ~ 0) PRIMER 68 HBG + K-P 4+6-5 GEV/C

( 1700.0) (6 ~ 0) SIMS 68 HBG - K-N TO LAM PI PI
46{1682 0) (2 ~ 0] BLUMENFEL 69 HBC + KO LONG + PROTON

(1700~ 0) ' (20~0] MOTT 69 HBC + K-P 5 ~ 5 GEV/C
SEE Y¹1{1670) LISTING-AGUILAR 70 WITH THREE TIMES THE DATA OF
PRIMER 68 SHOW THAT THEY HAVE NO EVIDENCE FOR Y¹(1690)
THIS ANALYSIS' WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS

AND SHOWS NQ UNAMBIGUOUS Y¹1(1690)SIGNALS SUGGESTS JP=5/2+a SUCH A
Y¹WOULD LEAD ALL PREVIOUSLY HNQWN Y¹ TRAJECTORIES ~

58 Y¹l(1690) WIDTH (MEV) (PROD+ EXP ~ )

8/67
7/68

11/68
9/6 9
9/69

M

M

M

M

M

M

M

57 Y¹1(1750) MASS ( ME V)

CL INE 67
MEYER 67
ARMENTERO 70
CONFORTO 71
KIM 71
LANGBE IN 72
VA NHORN 72

57 Y¹1(1750) WIDTH (MEV)

ABOUT 50 ~ 0
ABOUT 80m 0

(55 ~ 0) ( 10 ~ 0)
(50. )

(100' 0) (20 ' 0)
{66' ) (14 )

ME VER 67
ARMENTERO 70
CONFORTO 71
K IM 71
LANGBE IN 72
VANHORN 72

NEAR SIGMA ETA THRESHOLD
ABOUT 1750+ 0
ABOUT 1730m 0

( 1757~ 0) ( 10 ~ 0)
( 1790~ )
{1790~ 0) ( 15 ~ 0)
(1697.) (20 ~ ) (10~ J

9/66
9/69
6/70
6/70
3/71

12/72¹
2/73¹

RVUE
HDBC -0
DPWA 0
DPWA

IPWA
DPWA 0

9/69
K-N TO LAMBDA PI 6/70
ELASTIC% CH EXCH 6/70
K-MATRIX ANAL. 3/71
MULTICHANNEL 12/72¹
K- P TO LAM PIO 2/73¹

DBC K-N TG SIGMA ETA
RVUE
HDBG -0 K-N TO LAMBDA PI
DPWA 0 ELASTIC' CH EXCH
DPWA K-MATRIX ANAL ~

IPWA MULTICHANNEL
DPWA 0 K- P TO LAH PIO

8/67
7/68

SEE NOTE N ABOVE 11/68
9/6 9
9/69

58 Y¹1( 1690] PART I AL DECAY MODES ( PROD ~ EXP ~ )

30 (100 0) {35 0) GQLLEY 67 HBC +
60 (105 0) (35 0) PRIMER 68 HBC +

N (62 ~ 0) (14e01 S IMS 68 HBC
46 (25 ~ 0) {10~ 0) 8LUMENFE L 69 H BG +

( 130~ 0) ( 25 ~ 0) MOTT 69 HBG +
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED Pl

P2
P3
P4

57 Y¹l(1750) PARTIAL DECAY MODES

Y¹1{1750) INTO KBAR N

Y¹1( 1750) INTO SI GMA ETA
Y¹1(1750) INTO LAMBDA PI
Y¹1(1750) INTO SIGMA PI

DECAY MASSES
497+ 939

1197+ 548
1115+ 134
1197+ 139

Pl
P2
P3
P4
P5

Y¹1(1690) INTO KBAR N

Y¹1(1690) INTO LAMBDA PI
Y¹1(1690) INTO SIGHA PI
Y¹1(1690I INTO Y¹1(1385) PI
Y¹1(1690) INTO LAMBDA PI PI ( INCLUDING P4)

DECAY MASSES
497+ 939

1 115+ 139
1197+ 139
1384+ 139
1115+ 139+ 139

57 Y¹l(1750) BRANCHING RATIOS

Rl Y¹1(1750) INTO (KBAR N)/TOTAL (P 1)
Rl {Oo 12) {0~ 05) CQNFORTO 71 DPWA 0 ELASTIC ~ CH EXCH 6/70
Rl (0 ~ 8) KIM 71 DPWA K-MATRIX ANAL ~ 3/71
Rl (0 45) (0 ~ 05) LANGBE IN 72 IPWA MU1 TICHANNEL 12/72¹

R3
R3

.Y¹1(1690) INTO (Y¹1(1385)PI)/(LAMBDA PI) (P4) /( P2)
(0 ~ 5) OR LESS MOTT 69 HBC +

58 Y¹1(1690)BRANCHING RATIOS (PROD EXP )

Rl Y¹1(1690) INTO {KBAR N)/(LAMBDA PI) (Pl)/(P2)
Rl 18 0 ~ 4 0 ~ 25 COLLEY 67 HBG + 6/30 EVENTS
Rl (0~ 2) OR LESS MOTT 69 HBC +

R2 Y¹1(1690) INTO (SIGMA PI)/(LAMBDA PI) (P3)/(P2)
R2 0 ' 3 0.3 COLLEY 67 HBC + 4/30 EVENTS
R2 {0~ 4) OR LESS CL= ~ 90 MOTT 69 HBC +

8/67
9/69

8/67
9/69

9/69

R2
R2

R3
R3
R3
R3
R3

R4
R4
R4

Y¹1(1750) FROM KBAR N INTO SIGMA ETA SQRT {Pl¹P2)
SEEN CL INE 69 DBC — THRESHOLD BUMP 9/69

Y¹1(1750) FROH KBAR N INTO LAMBDA Pl SQRT(PI¹P3)
( 0 25) ARJ{ENTERO 70 IPWA -0 K-N TO LAMBDA PI 6/70
(0 ' 09) KI M 71 DPWA K-MATRIX ANAL ~ 3/71
(0 ~ 30) (0 ~ 05) LANGBE IN 72 IPWA MULTICHANNEL 12/72¹(- ~ 13) { 04) VANHQRN 72 DPWA 0 K- P TO LAM P IO 2/73¹

Y¹1(1750)FROM KBAR N TQ SIGMA PI SQRT ( P 1¹P4)
(0 16) KIH 71 DPWA K-MATRIX ANAL ~ 3/71
(0 ' 13) (0 ' 02) LANGBEIN 72 IPWA MULTICHANNEL 12/72¹

R4
R4
R4
R4
R4 AVG

R5
R5
R5

Y¹1(1690) INTO (Y¹1{1385) PI) /(LAMBDA P I PI ) {P4)/( P5)
SMALL COLL EY 67 HBC +
LARGE SIMS 68 HBC — K-N TO L2PI

Y¹1(1690]INTO (LAMBDA PI PI)/(LAMBDA P I) (P5)/(P2)
0 5 0 25 COLLEY 67 HBG + 15/30 EVENTS
2 0 0.6 BLUMENFEL 69 HBC + 31/15 EVENTS

~ ~ ~ ~ ~ ~ ~ 4 ~

0 ~ 72 0 ~ 53 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 3)

8/67
9/69

8/67
11/68

CL INE 67
MEYER 67
ARMENTER 70
CONFQRTO 71
K IM 71

ALSO 70
LANGBEIN 72
VANHORN 72

PL 258 41
HEIDELBERG C 117
DUKE 123
NP 834 41
PRL 27 356
DUKE 161
NP 847 477
LBL-1370(THESIS)

REFERENCES FOR Y¹1(1750)

CLINEy OLSSON (WISCONSIN) I JP
J MEYER (RAPPORTEUR) (SACLAY) IJP
ARMENTEROS t BAILLON ~ + (CFRNg HE IDEL ) I JP
+LEVI SETT It LASINSKI ~ ~ OBERLACK++ ( EF I+HEID) I JP
J K KIM (HARV) IJP
J K ~ KIM ( HARV) I JP
+WAGNER ( MP IM) I JP

/LBL I JP
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Data Card Listings
For notation, see key at front of Listings.

Sary ons
Z(1750), Z(1765)

PAPERS NOT REFERRED TO IN DATA CARDS

FERRO-LU 66 BERKELEY CONF 183 M FERRO LUZZI (RAPPORTEUR) {CERN)
ARMENTER 68 NP 88 183 ARMENTEROS5 BAILLON5 + t GERNPHEIDEL5SAGLAY) IJP
ARNENTER 69 LUND CONF PAPER ARMENTEROSy BAILLON + t CERN HEIDEL5SACLAY) IJP
HARRISON 70 FSU-HEP 70 3 1 W C ~ HARRISON (THESIS) (FSU)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹s¹¹¹¹¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹lS
Z (]765) 55 Y01(1765 JP=5/2-l 1=1

SEE THE MINI REVIEW AT THE START OF THE Y¹LISTINGS ~

45 Y¹1(1765)MASS lMEV)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P., as follows: The diagonal elements are P. +6P., where
1 1 1

6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-
1 1 1

cients (6P.6P. )/(6P. ~ 6P.). For the definitions of the individual P., see the listings1 J 1 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
' are thus constrained to add to i.

P 6P 1 P 2 P 3 P P 5
P 1 04113+-~ 0169
P 2 ~ 0885 ~ 1320+-00168
P 3 0540 0048 1566+- 0328
P 4 01118 ~ 0099 ~ 0060 ~ 1028+-~ 0375
P 5 -01181 -00104 —~ 0064 -~ 0132 ~ 0118+-~ 0040
P 6 - ~ tl58 —~ 3284 —~ 5764 —~ 6970 ~ ~ 0210 ~ 1853+-~ 0585

N

M

M

M N

M N

M

M

M

M N

M

M

M N

M

M N

N AV

W

W

W

W

W

W

W

W

W

W

W

W

W

W AVG

K-D 1~ 51 BEV/C
K-P TO Y¹1520 PI
K-N TO Y¹1520 PI
ELASTIC5 CH EXCH
K-P 5 D TOTAL
K-N TO LAMBDA PI
K P5 0 TOTAL
K-P TO LAMBDA PI
ELASTIC' GH EXCH
K-MATRIX ANAL
KPPI 008-1 2GEV
K-P TO PI SIG
NUL T I CHANNEL
K- P TO LAM PIO

~ W0ANAL ~ INCLUDED

DBC 0
HBC 0
DBC
DPWA 0
GNTR
RVUE 0
CNTR
DPWA 0
DPWA 0
DPWA
DPWA 0
DPWA 0
IPWA
DPWA 0

ICULAR P

1765~ 0 10 0 GALT I E R I 63
1755 0 10 ~ 0 ARNE NT ER 65
17600 0 10 ~ 0 BELL 1 66
1768~ 0 2 ~ 0 ARMENT-1 68
1768~ 0 4 ~ 0 8UGG 68
1775~ 0 7 ~ 0 SMART 68
1770' 0 10 ' 0 COOL 70
1765~ 0 10 ~ 0 GALTIERI 70
17700 0 3 ~ 0 CONF ORTO 71

(1765 ' ) KIM 71
17580 7 3 ~ 9 BARL ETTA 72
176500 9 ~ 0 KANE 72
1770, 0 5 ~ 0 LANGBEIN 72
17740 10 ' VA NHORN 72

ERROR STATIST ~ ONLY- NO ERROR DUE TO PART
~ ~ ~ 0 ~ 0 ~ ~ ~

ERAGE MEANINGLESS ( SGAL E FACTOR 55 1 0 )

7/66
7/66

11/68
11/66
7/68

10/70
7/70
6/70
3/71

12/72¹
10171
12/72¹
2/73¹
1/11

45 Y¹lt1765) WIDTH (MEV )

GALT IE RI
BELL 2
ARNENT~1
BUGG
SNART
COOL
GALTIERI
CONFORTO
KIN
BARL ETTA
KANE
LANGBE IN
VANHORN

10 00
20 ~ 0

8 0
7 ~ 0
9 ~ 0

lo ~ 0
10 ~ 0

lory

9
38 ~ 0
10 ~ 0
18 ~

~ ~ ~

7 ~ 9
(SEE

6000
70 ~ 0

128 0
11000
146~ 0

tl0000)
115~ 0
132~ 0

(100 ' )
101~ 2
120~ 0
123 0
1460

~ ~ ~ ~ ~ ~

116~ 0

63 DBC 0
66 DBC
68 DPWA 0
68 CNTR
68 RVUE -0
70 CNTR
70 DPWA 0
71 DPWA 0
71 DPWA

72 DPWA 0
72 DPWA 0
72 IPWA
72 DPWA 0

7/66
11/68
7/68
1/68

10/10
7/70
6/70
3/7),

12/72¹
10/71
12/72¹
2/73¹

ELAST IC 5 CH EXCH
K-P 5 D TOT AL

K-P5 D TOTAL
K-P TO LAMBDA PI
ELASTIC1 CH EXCH
K-MAT RI X ANAL ~

LAMl 1520) PI CH0
K-P TO PI SIG
MULTICHANNEL
K- P TO LAN PIO

AVERAGE (ERROR INCLUDES SCA(.E FACTOR OF 2 ~ 5)
IDEOGRAM BELOW ]

WEIGHTED AUERAGE = 116.0 + 709
ERROR SCALED BY 2.5

45 Y¹1(1765) BRANCHING RATIOS

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE-
TO PARAMETRIZAT ION USED IN THE P ~ W0A0 THEY SHOULD BE INCREASEO0

Rl Y¹1(1765) INTO (KBAR N) /TOTAl. (P 1)
Rl l006) GALTIERI 63 HBC 0 K-P RVUE
Rl 0 ' 53 0 ' 09 UHLIG 67 HBG 0
Rl 0 ' 45 0 01 ARMENT-1 68 OPWA 0 ELASTIC5 CH EXCH
Rl (003T) BUGG 68 CNTR
Rl 0 ' 36 0 ' 02 BRICMAN1 70 DPWA SIGTOT5ELAS ~ GHEX
Rl (0 4) COOL 70 CNTR K-P5 0 TOTAL
Rl 0036 0 ~ 02 CONFORTO 71 DPWA 0 E LAST IC5 GH EXCH
Rl f00 42) KIM 71 DPWA K-MATRIX ANAL ~

Rl 0 ' 39 0 F 01 LANGBEIN 72 IPWA NULTICHANNEL
Rl ~ 0 ~ ~ ~ ~ ~ ~ ~

Rl AVG 0 ~ 409 0.021 AVERAGE l ERROR INCL'UDES SCALE FACTOR OF 3 ~ 3)
Rl FIT 0.411 0.011 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.7)

( SEE IDEOGRAM BELOW )

WEIGHTED AUERAGE = 0.409 + 0.021
ERROR SCALED BY 3.3

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 5x,
and scale factor, which are differ-
ent from the values shown here.

9/66
11/68
11/66
1/71

10/70
6/70
3/71

12/72¹

5 ~

URHHORH
~ LAHGBEIH
KAHE

RLETTA
HFORTO

LTIERI
ART

GG

MENT-1
LL 2
LTIERI

72 DPWA

72 IPWA
72 -DPWA

72 DPWA

71 DPWA

70 DPWA

68 RVUE

68 CHTR

68 DPWA

66 OBC
63 OBC

0 50 100 150 . 200 250
Yl11 (1765) WIDTH (MEV)

CHISQ
2.8
0.5

o.7
2.6

. 0.0
11 ~ 1 '

0.7
2.2
5 ~ 3

31.4'

57.2
(COHLEU
=0.000)

+ ~ 5 ~: LAHGBEIH
~ COHFORTO

BRICMAH1
ARMEHT-1
UHLIG

CHI SQ
72 IPWA 3.5
71 OPWR 5.9
70 OPWA 5 AS

68 OPWA 17.1
67 HBC

0.2 0.4 0.6 0.8

32.4
(COHLEV
=o.ooo)

Y+1 (1765) IHTO (KBAR H) iTOTAL

R2 Y¹1(1765)FROM KBAR N

R2 -00266 0 017
R2 -0 ' 22 0 ' 03
RZ (0 ' 30)
R2 0 ' 15 0 ' 04
RZ -~ 28 ~ 04
R2 ~ 0 ~ ~ ~ ~ ~ ~ ~

. R2 AVG MOD 00245 00022
R2 FIT 0 ' 233 0 ' 016

INTO LANBDA. PI
SMART
GALTIERI
KIN
LANGBE IN

~ 05 VANHORN

SQRT(P1¹P2)
68 DPWA -0 K-N TO LAMBDA PI
70 DPWA. 0 K-P TO LANBDA PI
71 DPWA K MATRIX ANAL0
72 IPWA MULTICHANNEL
72 DPWA 0 K- P TO LAM PIO

AVERAGE lERROR INCLUDES SCALE FACTOR OF 107)
FROM FIT {ERROR INCl. UDES SCALE FACTOR OF 1 ~ 5)

R3 Y¹1{1765), FROM KBAR N INTO Y¹0(1520) PI SQRT t Pl¹P3)
R3 0 ~ 27 0 ~ 03 ARMENTERO 65 HBC . 0 K-P TO Y¹1520 PI
R3 0 ' 31 0 ' 02 BARLETTA 72 DPWA. 0 K-P TO Y¹1520 PI
R3 0 0 ~ 0 ~ 0 ~ ~ 0
R3 AVG 00 298 0 0018 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
R3 FIT 00254 0 ~ 027 FROM FIT f ERROR INCLUDES SCALE FACTOR OF 201)

7/68
7/TO
3/71

12/72¹
2/73¹

9/66
12/72¹

Pl
P2
P3
P4
P5
.P6
P7

45 Y¹1(1765)PARTIAL DECAY MODES
'

Y¹l{1765) INTO KBAR N

Y¹1{1765) INTO LAMBDA PI
Y¹1(1765) INTO Y¹0(1520) PI
Y¹1{1765) INTO Y¹1(1385) PI
Y¹lt1765) INTO SIGMA PI
Y¹1(1765) INTO SIGNA ETA
Y¹1(1765) INTO SIGNA PI PI

DECAY MASSES
497+ '939

1115+ 134
1518+ 139
1384+ 139
1197+ 139
1197+ 548
1 197+ 1-39+ 139

R5 Y¹1(1765),FROM KBAR N

R5 0 ' 07 0 ' 02
R5 +0 F 06 0 ' 03

, R5 (00 09)
R5 +0 ' 074 0 ' 017
R5 0 ~ 09 OR LESS
R5 ~ ~ ~ 0 ~ ~ . 0 0 0
R5 AVG 0 ' 070 0 ' 012
R5 FIT 00070 0 ' 012

INTO SIGMA PI
ARMENTERO 67
GALT IERI 70
KIM Il
KANE 72
LANGBE IN 72

SQRT ( P 1¹P5)
DPWA. . 0 K-P TO SIGNA PI
DPWA . 0 K-P TO SIGNA PI
DPWA K-MATRIX ANAL ~

DPWA O' K-P TO PI SIG
IPWA MULTICHANNEL

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 100)
FROM FIT t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

R4 Y¹l(1765) FROM KBAR N INTO Y¹1{1385) PI SQRT(P1¹P4)
R4 A (0 ' 24) (0 ' 03) ARNENT-2 67 HBC' . 0 K-P TO LAM PI PI
R4 S (0 ' 32) (0 ' 06) SINS 68 DBC " — K-N TO LAM PI . PI
R4 S SIMS 68 USES ONLY CPOSS-SECT ~ DATA ~ RESULT USED AS UPPER LINIT ONLY. R4 0 ~ ~ 0 0 0 0 ~ ~

R4 F IT 0 ~ 206 0 ~ 038 FROM FIT

8/67
11/68
3/72

8/67
7/70
3/71

10/71
12/72¹



S160 REVIEWS OF MODERN PHYSICS APRIL 1973 ' PART II

Baryons
Z(1765), Z(1840), Z(1880), Z(1915)

Data Card Listings
For notation, see key at front of Listings.

R6 Y»1(1765) INTO (LAMBDA PI)/(KBAR N) (P2) /{ Pl]
R6 0 ~ 33 0 ~ 05 UHLIG 67 HBC " 0 K-Pg ~ 9 GEV/C
R6 ~ ~ ~ ~ ~ e ~ ~ ~

R6 FIT 0 ~ 321 0 ~ 042 FROM FIT (ERROR INCLUDES SCALE FACTOR OF le4)

R7 Y¹1(1765] INTO (Y¹0(1520)Pl)/(KBAR N) (P3) /{Pl)
R7 0.28 0 ~ 05 UHLIG 67 HBC 0 K Pg e9 GEY/C
R7 ~ ~ ~ ~ ~ ~ ~ ~ ~

R7 FIT 0 ~ 381 0 ~ 080 FROM F IT ( ERROR INCLUDES' SCALE FACTOR OF 2 ~ 1 )

RB Y¹1{1765) INTO (Y¹1(1385)PI)/(KSAR N) (P4) / {Pl )
RS 0 ' 25 0 ' 09 UHLIG 67 HBC 0 K-P y ~ 9 GEV/C
RS ~ ~ ~ ~ ~ e ~ ~ ~

RS FIT 0 ~ 250 0 ~ 091 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

9/66

9/66

9/66

(s

Z(1880) 67 Yel(1880, Jp=l/2+) 1=1 ]I
SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

SUCH A RESONANCE IS SUGGESTED SY SOME BUT NOT ALL
PARTIAL-NAVE ANALYSES ACROSS THIS REGION» UNTIL THERE
IS' MORE EVIDENCEy HE OMIT THIS STATE FROH THE MAIN
BARYON TABLE

67 Y¹1(1880) MASS ( MEV]

R9
R9
R9
R9.
R9
R9

Y¹1(1765) INTO (SIGMA PI PI)/TOTAL (P7)
P (0 ' 12) ARHENT 2 68 HDBC -0 K-N TO SIG Pl Pl ll/68
P FOR ABOUT 3/4 OF THIS g THE SIGMA PI SYSTEM HAS 1=0 AND IS ALMOST
P ENTIRELY Y¹0(1520)~ FOR THE OTHER 1/4g THE SIGMA PI HAS I~le THIS
P IS ABOUT WHAT IS EXPECTED FROM THE KNOWN RATE Y¹l(1765) TO Y¹1{1385)
P Ply AS SEEN IN LAHBOA PI PI ~

REFERENCES FOR Y¹1{1765)

M 1882 ~ 0 40 ~ 0
M (1850' 0)
M ABOUT 1850 0
M 1950e 0 50 e 0
M 1920' 0 30 ' 0
H ( 1772 e-0)
M 1985~ 50~

M e ~ ~ e ~ ~ ~ ~

M AVG 1925~ 6 19~ 9

SMART 68 DPHA -0 K- N TO LAM PI
BAILEY 69 OPWA 0 ELASTICg CH EXCH
ARMENTERO 70 IPHA -0 ELASTIC g CH EXCH
GALTIERI 70 DPWA -0 K- N TO LAM PI
LITCHFIEL 70 OPWA 0 K- N TO LAM PI
KANE 72 DPWA K-P TO SIGMA Pl
VANHORN 72 DPHA 0 K- P TO LAH P IO

AYERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

7/68
10/70
6/70
7/70
6/70
1/73»
2/73¹

GALT IE RI
ARMENTER
BELL 1
BELL 2
ARMENTER
ARMENT-2
UHL IG

63 PL 6 296
65 PL 19 338
66 PRL 16 203
66 UCRL-16936 THESIS
67 PL 248 198
67 ZEIT ~ PHYS ~ 202 486
67 PR 155 1448

ARMENT-1 68 NP 88 195
ARHENT-2 68 NP BS 216
BUGG 68 PR 168 1466
SIMS 68 PRL 21 1413
SMART 68 PR 169 1330

BRICMANl 70 PL 338 511
COOL 70 PR Dl 1887
GALTIERI 70 DUKE CONF 173

A BARBARO GALTIERI gA HUSSAINrRD TRIPP (LRL) I J
ARHENTEROSy + (CERNyHEIDELBERGySACLAY) IJP
R 8 BELLy R W BIRGEg Y L PANg R T PU (LRL) IJP
R 8 BELL (LRL) I JP
ARHENTEROSyFERRO-LUZZI+ (CERNyHEIDgSACLAYI)P
ARHENTEROSg FERRO-I. UZZI+ ( CERN g HE IDy SACLAY)
+CHARLTON g CONDON ~ GLASS ER g YODHg + {UMD g NRL )

ARMENTEROS g BAILLONg + ( CERN yHEIDELy SACLAY) IJP
ARHENTEROS ~ BA ILLONg + ( CERN y HE IDELg SACLAY) I
+GILMORE g KNIGHT g DA VI ES+ ( 8l RM g CAY Eg RHEL ) I
SIMS g ALBRIGHTy BART LEY y MEER+ (FSUg TUFTy BRAN)
H M SMART {LRL)IJP

+FERRO-LUZZIgLAGNAUX (CERN)
+GIACOMELLly KYCIAy LEONTICy L ly + (BNL) I
A BARBARO-GALT IERI (LRL) I JP

67 Y¹1(1880) WIDTH (MEV)

W 222. 0 150 ~ 0
W l 200 ~ 0)
W ABOUT 30 0
W 200e0 50»0
'W 170~ 0 40 ~ 0
H (80~ 0)
W 220» 140 ~

W ~ ~ ~ e ~ ~ ~ ~

H AY G 185.0 29.9

SMART 68 DPHA -0
BAILEY 69 DPWA 0
ARMENTERO 70 IPWA -0
GALTIERI 70 DPHA -0
LITCHF IEL 70 DPWA -0
KANE 72 DPWA
VANHORN 72 OPHA 0

K- N TO LAM PI
ELASTICg CH EXCH
ELASTICg CH EXCH
K- N TO LAM PI
K N TO LAM PI
K-P TO SIGMA PI
K- P TO LAM PI0

67 Y¹l(1880) PARTIAL DECAY MODES

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

7/68
10/70
6/70
7/70
6/70
1/73¹
2/73¹

CONFORTO 71 NP 834 41
KIM 71 PRL 27 356

ALSO 70 DUKE 161

+LEVI SETTI yLASINSKI ~ ~ OBERLACK++ (EFI+HEID] I JP
JKKIH {HARV) IJP
J K ~ KIM (HARV) IJP

Pl
P2

Y¹1&1880) INTO KBAR N

Y¹ll1880) INTO LAMBDA PI

DECAY HASSES
497+ 939

1115+ 134

BARLETTA 72 NP 840 45
KANE 72 PR D5 1583
LANGBEIN 72 NP 847 477
VANHORN 72 LBL-1370(THESIS)

We A» BARL ETTA
0 F KANE
+WAGNER

PAPERS NOT REFERRED TO IN DATA CARDS

(EFI ) IJP
(LBL] I JP

( MPIM) IJP
/LBL I JP

67 Y¹1(1880)BRANCHING RATIOS

Rl Y¹1(1880) INTO (KBAR. N) /TOTAL (Pl)
Rl (0.22) BAILEY 69 DPWA 0 ELASTICy CH EXCH 10/70
Rl CO ~ 20) ARMENTERO 70 IPWA -0 ELASTIC g CH EXCH 6/70

FENSTER 66 PRL 17 84]. +GELFANDgHARMSENgL SETTI y+ (CHICgANL(CERN]]IJP
FENSTER 66 IS SUPERSEDED BY BARLETTA 72

CONFORTO 68 NP 88 265 +HARMSENg LASINSKI g + {CHICAGOg HE IDEL) IJP
SUPERSEDED BY CONFORTO 71»

HARRISON 70 FSU-HEP 70 3 1 W ~ C ~ HARRISON (THESIS) (FSU)
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION (CERN+HEID+SACL)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹»¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

ss

R2
R2
R2
R2
R2
R2
R2

Y¹1(1880) FROM KBAR N

-0» 11 0 ~ 03
-0» 09 0 ~ 04
-0» 14 0 ~ 03

+ ~ 05 F 07
~ e e e ~ ~ e e ~

A VG MOO 0 ~ 107 0 ~ 017

INTO LAMBDA P I SQRT( P 1» P2)
SMART 68 OPWA -0 K- N TO LAM PI
GALTIERI 70 DPWA -0 K- N TO LAM PI
LITCHFIEL 70 DPWA -0 K- N TO LAM PI

~ 02 VANHORN 72 DPHA 0 K- P TO LAM PIO

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

REFERENCES FOR Y¹1(1880)

7/68
7/70
6/70
2/73»

01 Y» 1 l 1840 g JP~3/2+] 1=1 13
SEE THE MINI-REVIEWS PRECEDING THE Y¹0'Se

FOR THE TIME BEINGg WE LIST THESE TWO CI.AIMS
TOGETHER ~

SMART 68
BAILEY 69
ARMENTER 70
GALTIERI 70
LITCHFIE 70
KANE 72
VANHORN 72

PR 169 1330
THE S I S UCR L- 50617
DUKE CON F 123
DUKE CONF 173
NP 822 269
PR D5 1583
LBL-1370(THESIS)'

W M SMART
DAVID SAAL BAILEY
ARHENTEROSy BAILLONg +
A BARBARO-GALT IERI
P J L ITCHF IELD
0 F KANE

(LRL) I JP
(LRL LIVERMORE) I JP

(CERNg HE IDEL ) I JP
(LRL) I JP

{RUTHERFORD) I JP
(LBL)
/LBL I JP

01 Y¹1(1840) MASS (MEV)

»»¹¹¹»¹¹¹¹¹¹¹¹»¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹»¹¹¹¹¹¹»¹¹»¹¹»¹¹
¹¹¹¹¹¹¹¹¹ ¹¹¹»¹¹¹»¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹»¹¹»»»»¹¹»»¹¹¹¹¹¹¹»»¹¹¹¹¹¹¹»¹

1840.0
1925~

(10 0)
(200 ~ )

LANGBE IN 72 IPHA MULT ICHANNEL 12/72¹
VANHORN 72 DPWA 0 K- P TO LAH PIO 2/73¹ Z(1915) »6 Yel(1915, Jr=5/2») I=1

SEE THE MINI-REVIEH AT THE START OF THE Y¹LISTINGS

120 ~ 0
65 '

01 Y¹1(1840) WIDTH {MEY]

l 10~ 0) LANGBE IN 72 IPHA MULTICHANNEL 12/72¹
(50 ~ ) (20 ~ ) VANHORN 72 DPWA 0 K- P TO LAH P IO 2/73¹

01 Y¹1(1840) PARTIAL DECAY MODES

THIS RESONANCE WAS FIRST SEEN IN THE TOTAL-CROSS-SEC-
TION MEASUREMENTS OF COOL 66 ~ IN THIS ENTRYg HOWEVERg
HE LIST ONLY THE RESULTS FROM PARTIAL-HAVE ANALYSES» .

SEE THE NEXT ENTRY FOR THE PARAMETERS OF PEAKS SEEN AROUND 1900-1950
HE V IN CROSS SECTIONS AND INVARIANT-MASS OISTRIBUT IONS ~ WE MAKE THI S
SEPARATION BECAUSE ONLY THE PARTIAL-WAVE ANALYSES ISOLATE THE F15 WAVE
(OR AT LEAST ATTEMPT TO —THE SIGNAL IS WEAK) ~ THIS MASS REGION IS
COMPLICATED AND POORLY UNDERSTOOD AND THE PEAKS MAY CONTAIN MORE THAN
JUST THE Y¹1(1915)~ SEE ALSO THE NOTE TO THE NEXT ENTRY ~

Pl
P2
P3

Y»1(1840) INTO KBAR N

Y¹1(1840) INTO, SIGHA PI
Y¹1(1840) INTO LAMBDA PI

DECAY MASSES
497+ 939

1197+ 139
1115+ 134 46 Y¹1(1915) MASS ( MEV)

Rl
Rl

R2
R2

R3
R3
R3

01 Y»1( 1840) BRANCHING RATIOS

Y¹l(1840) INTO (KBAR N) /TOTAL (Pl)
0 37 (0 13) LANGBE IN 72 IPHA MULTICHANNEL

Y¹l(1840) FROM KBAR N INTO SIGMA PI SQRT(P1¹P2)
0 15 (0 04) LANGBEIN 72 IPWA MULTICHANNEL

12/72¹

12/72¹

REFERENCES FOR Y¹1(1840)

Y¹1{1S40] FROH KBAR N INTO LAMBDA PI SQRT(P1¹P3)
0 ' 20 {0' 04) LANGBEIN 72 IPWA MULTICHANNEL 12/72¹
+ ~ 06 {~ 04) VANHORN 72 DPWA 0 K- P TO L AM P 10 2/73¹

M

M

M N

M

M

M

M 8
M B
M

M

M

M N

M AV

1902~ 0 11~ 0 SMART 68 DPWA -0
1910~ 0 20 ~ 0 BERTHON 70 DPWA 0
1900~ 0 15 e 0 BERTHON1 70 DPWA 0
193be 0 (3 ~ 0) BRICHAN1 70 DPHA
1903~ 0 10~ 0 COX 70 DPWA
1905 0 30 ' 0 GALTIERI 70 DPHA 0
1895~ 0 10~ 0 LITCHFIEL 70 DPWA ~0

( 1985' 0) l21 ~ 0) ISLAM 71 OPWA
DISCREPANCY DUE POSSIBLY TO INSUFFICIENT STATISTICS

1910' 15 ' LI TCHF I E 71 DPWA
1925~ 0 8 ~ 0 KANE 72 DPHA 0
1920e ~ 15 ~ 20 VA NHORN 72 DPWA 0

ERROR STATIST' ONLY- NO ERROR DUE TO PARTICULAR PE
~ e ~ ~ ~ ~ ~ ~ e

ERAGE HEANINGLESS (SCALE FACTOR = 1~ 0)

K-N TO LAMBDA P I
K-P TO LAMBDA PI
K-P TO S I GMA PI
5 IGTOTy EL AS y CHEX
K-N TO LAMBDA PI
K-P TO LA MBOA P I
K-N TO LAMBDA P I
KN—P I-SI G

7/68
7/70

10/70
1/71
6/70
7/70
6/70

12/72¹
K-P TO KSAR N 10/71
K-P TO PI SIG 10/71
K- P TO L AM P IO 2/73»
W ~ ANAL ~ I NC LUDED 1/71

LANGBEIN 72 NP 847 477 +WAGNER
VANHORN 72 LBI.-1370 (THESIS)

( MP IM) I JP
/LBL IJP
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Data Card Listings
For notation, see key at front of Listings.

Baryons
Z(1915). Z(1940)

46 Y¹l(1915) WIDTH t MEV)

W A

W

M

W

H

W

W

W 8
W

M

W

H A

W

M A

t 50» 0) (20 ~ 0) ARHENTERl 67
52 ~ 0 25 0 SHART 68
60 ~ 0 20»0 BERTHON 70
75 ~ 0 20 ~ 0 BERTHON1 70

135~ 0 12 ~ 0 BRIC HAN1 70
77 ~ 0 27 ~ 0 GOX 70
70 ~ 0 20 ~ 0 GALT I ERI 70
70 0 15 0 LI TCHF IEl. 70

(159' 0) (80 ' 0) ISLAM 71
70 15 ~ L ITCHF I E 71

146 ~ 0 22.0 KANE 72
102' lb. VANHORN 72

LACK OF DATA PREVENTS FROM DETERNINING UNA

~ ~ ~ 4 o ~ ~ ~ ~

VERAGE HEANINGLESS {SCALE FACTOR = 1~ 9)

OPMA 0
DPWA -0
DPWA 0
OPWA 0
DPMA
DPWA-
DPHA 0
DPWA -0
OPHA
DPWA
DPWA 0
DPHA 0

MS THIS

ELASTIC' CH EXCH
K-N TO LAMBDA PI
K-P TO LAMBDA PI
K-P TO SIGMA PI
SIGTOTe EL AS ~ CHEX
K-N TO LANBDA PI
K-P TO LAMBDA P I
K-N TO LAMBDA PI
KN—P I-S I G
K-P TO KSAR N

K-P TO PI SIG
K- P TO LAM PIO
AMPLITUDE

11/67 W

7/68
7/70

10/70
1/71
6/7 0
7/70 W

6/70 W12/72¹
10/71 W

10/71 M2/73¹
11/67

29 Y¹1(1920}WIDTH (NEV) (PROD«EXP»)

CROSS-SECTION PEAKS—
60» 0 10~ 0
50 ~ 0 12 »0

(30~ 0)
I NVAR I ANT-MASS-DISTR ISUT LON

t 36» 0) ( 20 ~ 0) (36» 0)
90~ 0 20 ~ 0

ELASTIC DCS—
1 70 ' 14»

e ~ ~ e ~ ~ e e ~

AVERAGE MEANINGLESS {SCALE FACTOR

BUGG
BRICHAN
COOL
PEAKS
BOCK
AGUIlAR

DADO

1~ 1)

68 CNTR 11/66
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K Pg 0 TOTAL 10/70

65 HBC
70 HSC +

72 HSG 0

3 9-4 6 GEV/C K 5/70
2/73¹

K-P E LSTC DCS 2/73¹

29 Y¹1{1920) PARTIAL DECAY MODES (PROD ~ EXP ~ )

Pl
P2
P3

46 Y¹1(1915) PART IAL DECAY MODES

Y¹1(1915)INTO KBAR N

Y¹1(1915) INTO LAMBDA P I
Y¹1(1915)INTO SIGNA PI

DECAY MASSES
49T+ 939

1115+ 139
1197+ 139

Pl Y¹1(1920) INTO KBAR N

P2 Y¹1(1920) INTO LAHBDA PI
P3 Y¹l(1920) INTO SIGHA PI

DECAY MASSES
497+ 939

1115+ 134
1197+ 139

29 Y¹1(1920) BRANCHING RATIOS (PROD» EXP ~ )

R2
R2
R2
R2
R2
R2
R2

Y¹1(1915) FROM
~0 08
-0~ 1
-0 ~ 09
-0» 11
-0» 07

~ 09

KBAR N INTO LAMBDA PI
(0 ~ 02) SMART
{0F 02) BERTHON

(0 02) COX
{0 03) GALT IERI
(0 ~ 015) t. lTCHFI EL

~ 02 VANHORN

SQRT(Pl¹P2)
68 DPWA 0 K-N TO LAMBDA PI
70 DPWA 0 K-P TO LANBDA PI
70 OPWA - K-N TO LAMBDA PI
70 OPWA 0 K-P TO LAMBDA PI
70 DPWA -0 K-N TO LAMBDA PI
72 DPWA 0 K- P TO LAM PIO

7/68
7/70
6/70
7/70
6/70
2/73¹

46 Y¹1(1915)BRANCHING RATI OS

Rl Y¹1(1915) INTO (K BAR N) /TOTAL (P 1)
Rl A (0»12) t 01) ARHENTER1 67 OPWA 0 ELASTICr CH EXCH 11/67
Rl 0 ~ 18 t0 ~ 02) BRLCNAN1 70 DPMA SLGTOTe ELAStGHEX 1/71
Rl 0 ~ 11 (0 ~ 03) CONFORTO 71 DPWA 0 ELASTIC r CH EXCH 6/70
Rl 0» 15 (0 04) LITCHF IE 71 DPMA K-P TO KBAR N 10/71

Rl
Rl
Rl
Rl
Rl
Rl 1
Rl 1
Rl
Rl AVG

R2
R2

R3
R3

Y¹1(1920) INTO (KBAR N) /( S I GHA P I )
t»37) OR LESS BARNES

Y¹1{1920) INTO (LAMBDA Pl }/{SIGMA PI)
28) OR LESS BARNES

tP1}
J=5/2—

68 CNTR ASSUMING J=5/2
70 CNTR 0 TOTAL AND CH EX
70 CNTR K-P g 0 TOTAL

72 HBC 0 K-P ELSTC DCS

INCLUDES SCALE FACTOR OF 6 ~ 7)

{P 1)/( P3)
69 HSC + 1 STAN ~ DEV ~

(P2)/{P3)
69 HBG + 1 STANe DEV ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Y¹1(1920) INTO (KBAR N) /TOTAL
THESE VALUES OF ELASTICITIES ASSUNE

0» 06 BUGG
0» 07 0 ~ 02 BRLCNAN
0 ~ 07 COOL

THIS ELASTICITY ASSUMES J=7/2
~ 62 ~ OS OA DO

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 10 0 ~ 13 AVERAGE ( ERROR

6/68
6/70

10/70
2/73¹
2/73¹

10/69

10/69

R3 Y¹1{1915) FROM KBAR N INTO SIGNA PI
R3 A t0 F 00) (0 F 01) ARHENTERO
R3 -0» 13 (0 03) BERTHONl
R3 -0 ~ 06 (0 ~ 03) GALT IE RI
R3 8 (0» 06) (0 ~ 02) I SLAM

R3 -0~ 137 (0 015) K ANE

SQRT (P l¹P3)
67 DPWA 0 K-P TO SI GMA PI 11/67
70 DPWA 0 K-P TO SIGNA Pl 10/TO
70 DPWA 0 K-P FO SIGNA Pl 7/70
71 DPMA KN—PI-SI G 12/72¹
72 DPWA 0 K-P TO PI SIG 10/71

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

BOCK 65 PL 17 166
COOL 66 PRL 16 1228

SUPERSEDED BY COOL 70
BUGG 68 PR 168 1466
BARNES 69 PRL 22 479

REFERENCES FOR Y¹1{1920) (PROD ~ EXP ~ )

+COOPERe FRENCHoKINSONo + (CERN' SACLAY) I
+GIACOHELLIyKYCIAe LEONTLCrLL eLUNOBYg+ (SNL) I

+GILMOREy KNLGHTr OAVI ES+ (BIRNrCAVEr RHEL) I
+FLAHLNIOgMONTANETe SAHIOS + (BNl+SYRA)

ARMENTER 67 PL 248 198
ARMENTEl 67 NP B3 592
SMART 68 PR 169 1330

REFERENCES FOR Y¹1(1915)
ARHENTEROS. FERRO-LUZZI+ (CERN HEID SACLAY)
ARMENTEROSeFERRO-LUZZI+ (CERN' HEIDgSACLAY)
W H SMART (LRL) I JP

AGUILAR 70 PRL 25 58
BRICMAN 70 PL 318 152
COOL 70 PR Dl 1887
DADO 72 PRL 29 1695

AGUILAR-BENITEZ ~ SARNESr + (BNLr SYRA)
+FERRO LUZZIg PERREAUr+ (CERNrCAENgSACLAY)
+GIACOME LL I g KYC IA r LEONTLC o t.I o + (BNL ) I
+8IRNANg GOL OBE RG t W EI SS (HAIF) JP

PAPERS NOT REFERRED TO IN DATA CARDS

BERTHON
8 ERTHON1
BRIC MANl
COX
GALTIERI
i. I TCHF I E

70 NP 820 476
70 NP B24 417
70 PL 338 511
70 NP 819 61
70 DUKE CONF 173
70 NP 822 269

+RANGANe VRANA y +( COL FRANCE y RHELe SAClAY) IJP
+VRANA g SUTTERWORTHo + ( CDEF r RHEL e SACLAY }IJ
+FERRO-L UZZI t LAGNAUX ( CERN)
+ISLAMy COLLEYg + (BIRN' EOINeGLASr LOIC) IJP
A BARBARO-GALT IERI (LRL ) I JP
P J LITCHFIELD (RUTHERFORD} I JP

PRIMER 68 PRL 20 610 +GOLDBERGe JAEGERt BARNESyOORNAN + (SYRAyBNL)
SUPERSEDED BY SARNES 69 AND AGULLAR-SENLTEZ 70 '

CONFORTO 71 NP 834 41 +LEVI SETT I ~ LASINSKI ~ «OBERLACK++ {EF I+HELD) I JP
ISLAM 71 PJSIR 14 305 +COX ~ COLLEYrHEATHCOTE t BIRN) IJP

PAKISTAN J ~ SCI» IND ~ RES ~
'

LITCHFIE 71 NP 830 125 LITCHFLELDo ~ ~ +LESQUOYy+ ~ (RHEl+GOEF+SACL) IJP
KANE 72 PR D5 1583 0 F KANE {LSL)IJP
VANHORN 72 LSL-1370 (THESI S) /LB{. IJP

PAPERS NOT REFERRED TO IN DATA CARDS

SHART 66 PRL 17 556 H N SMARToA KERNANoG E KALMUSr R P ELY (LRL) I JP
SUPERSEDED BY SMART 68 ~

GONFORTO 68 NP BS 265 +HARHSENs LASINSKI i + (CHICAGOe HEIOEL)
SUPERSEDED BY CONFORTO. 7le

Z(1940)
H

98 Y¹1(1940' JP=3/2-) 1=1 13
SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

SUCH A RESONANCE IS SUGGESTED SY SOHE BUT NOT ALl
PARTIAL-WAVE ANAt. YSES ACROSS THIS REGION UNTIL THERE
IS NORE EVIDENCE WE OMIT TH.IS STATE FROM THE MAIN
BARYON TABLE ~ THIS EFFECT IS PERHAPS ASSOCIATEO WITH
THE BUMPS SEEN IN PRODUCTION EXPERIMENTS NEAR THIS
MASS SEE THE PRECEDING ENTRY ~

98 Y¹1(1940) MASS (ME V)
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Z(19ao)
BUMPS

29 Y¹1(1920' JP= ) 1=1 PRODUCTION EXPERIMENTS

SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

29 Y¹1(1920)MASS (HEV) (PROD ~ EXP» }

CROSS-SECTION PEAKS
1905~ 0 5 ~ 0 BUGG
1906» 0 6 ~ 0 BRICMAN

1912' 0 10 ' 0 COOL
INVAR I ANT-MASS-DISTRIBUTION PEAKS
(1942' 0) (9 ' 0) BOCK
1940 0 11 0 AGUI LAR

ELASTIC DCS—
1 1931» 9» DADO

1 G7 INDICATED SY I EGENDRE GOEFFS ~ eG9 NOT

~ e ~ ~ ~ e ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1~ 9)

68 CNTR K-P D TOTAL 11/66
70 CNTR 0 TOTAL ANO CH EX 6/70
70 CNTR K-P e O TOTAL 10/70

PBAR P 5 ~ 7 BEV/C
3.9-4.6 GEV/C K- 5/70

2/73¹
K-P E{.STC DCS ~ 2/73¹

2/73¹

65 HSC
70 HBC +

72 HBC 0
RULED GUS

SEE THE NOTES TO THE Y¹1{1915) AND Y¹1(1940)e WHICH
IHMEDIATELY PRECEDE AND FOLLOW THIS ENTRY» HERE WE

LIST ONLY PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS
AND INVARIANT-MASS DISTRIBUTIONS ~ THE CROSS-SECTION PEAKS ARE ALHOST
CERTAINLY ASSOCIATED MITH THE F15 Y¹1(1915)SEEN IN PARTIAL-HAVE
ANAlYSES THE INVARIANT-HASS PEAKS SEEM MORE lIKELY TO BE ASSOCIATED
WITH THE NOT-COHPLETELY-ESTABLISHED 013 Y¹1(1940)~

N

M

. M

M

M

H

H AVG

1940» 0
1940» 0
1940» 0
1985~ 0
1949»
~ ~ ~ ~

}.941 e 4

50 0
40»0
30 ~ 0
(5 ~ 0)
40»

~ ~ ~ ~ ~

19.9
60 ~

GALTIERI 70 DPWA K- N TO LAH PI
GALTIERI 70 OPWA K-P TO SIGNA PI
LLTCHF IEL 70 DPWA K- N TO LAM PI
KANE 72 OPWA 0 K-P TO PI SIG
VANHORN 72 DPWA 0 K- P TO LAN PIO

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 e 0}

7/70
7/70
7/70

10/71
2/73¹

98 Y¹1(1940) WIDTH (HEV)

W

M

M

W

. W

H

M AVG

200 ~ 0
200» 0
280» 0
208.0
160.

e ~ ~ ~

220» 9

50 0
50 ~ 0
40 ' 0

(22 e0)
70 ~

~ ~ ~ ~ »

26»g

Pl
P2
P3

98 Y¹l(1940) PARTIAL DECAY MODES

Y¹1( 1940 ) INTO KBAR N

Y¹1(j940) INTO LAHSOA P I
Y¹l(1940) INTO SIGHA PI

DECAY MASSES
497+ 939

1115+ 139
1197+ 139

GALTIERI 70 DPWA K- N TO LAH P.I 7/70
GALTIERI 70 OPWA K-P TO SIGNA PI 7/70
LITCHFIEL 70 DPWA K- N TO LAH PI 7/70
KANE 72 DPWA 0 K-P TO PI SIG 10/71

40 ~ VANHORN 72 DPW A 0 K- P TO L AM P 10 2/73¹

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
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Baryons
Z(1940), Z(2000), Z(8030)

Data Card Listings
For notation, see key at front of Listings.

98 Y¹l(1940) BRANCHING RATIOS '

Rl Y¹lt 1940) FROM KBAR N INTO LAMBDA PI SQRT{Pl»P2)
Rl «0 12 0 ~ 04 GALTIERI 70 DPWA K- N TO LAM PI
Rl -0014 0 ' 03 LITCHFIEL 70 DPWA K- N TO LAN PI
Rl ~ 05 ~ 03 ~ 02 VANHORN 72 DPWA 0 K P TO LAM PI 0
Rl e ~ ~ ~ ~ ~ ~ e ~

Rl AVG HOD 0 ~ 093 0 ~ 030 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 7)

%7 Y¹1(2030) PART I AL DECAY HOD'ES

7/70 Pl Y¹l(2030) INTO KBAR N

7/70 P2 Y¹1(2030) INTO LAMBDA PI
2/73» P3 Y¹l(2030) INTO SIGMA Pl

P4' Y¹1(2030) INTO XI K

DECAY MASSES
497+ 939

1115+ 134
1197+ 139
1321+ 497

SQRT ( P 1» P3 )
70 DPWA K-P TO SIGMA PI 7/70
72 DPWA 0 K-P TO PI SIG 10/71

R2
R2
R2

REFERENCES FOR Y¹1(1940)

GALT IERI YO DUKE CONF 173 A BARBARO-GALT IERI
I ITCHFIE YO NP 822 269 P J LITCHFIELD
KANE 72 PR 05 1583 D F KANE
VANHORN 72 LBL-1370{THESIS)

(LRL ) IJP
( RUTHERFORD) I JP

{LBL)IJP
/LBL I JP

Y¹1(1940) FROM KBAR N INTO SIGMA PI
-Oe 12 Oe 03 '

GALTIERI
-0 ~ 093 (0 006) KANE

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹»47 Y¹l(2030l BRANCHING RATIOS

Rl Y¹1(2030) INTO (K BAR N) /TOTAt. (P 1)
Rl (0 25) WOHL 66 HBC 0 K-P CH EX 7/66
Rl D (Dell) DAUM 68 CNTR K-P ELA s POL s S IGT 7/70
Rl Oe 17 0 ~ 04 CAMPBELL 71 DBC — K- NEUTRON ELAST 1/71
Rl 0 ~ 18 0 ' 02 LITCHFIE 71 DPWA K-P TO KBAR N 10/71
Rl D DAUH 68 ASSUMES (J+1/2)»Pl VALUE SEEN IN TOTAL CROSS SECTION ~

Rl ~ ~ ~ ~ ~ e e ~ ~

Rl AVG 0 178 0 018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ Ol

Z(QQQQ) 02 Yel(2000 JP=1/2-1 1=1

R2 Y¹1(2030) FROM KBAR N INTO LAMBDA PI
R2 {0 20) HOHL

R2 +Oe 21 0 ~ 01 SMART
R2 +0 2 0 ~ 02 BERTHON
R2 +0 19 0 ~ 01 COX
R2 +0 ~ 16 0 ~ 03 GALT IERI
R2 +0 20 0 F 008 LITCHFI EL
R2 ~ 20 F 01 VANHORN

R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

R2 AVERAGE MEANINGLESS (SCALE FACTOR = 1 0)

SQRT( Pl¹P2)
66 HBC 0 K-P TO LAMBDA PI
68 DPWA — K-N TO LAMBDA PI
70 DPWA 0 K-P TO LAMBDA PI
70 DPWA — K-N TO LAMBDA PI
70 DPWA 0 K-P TO LAMBDA P I
70 DPWA 0 K-N TO LAHBDA PI
72 DPWA 0 K-P TO LAM PIO

7/66
6/68
7/70
6/70
7/70
6/70
2/73¹

2004e

02 Y¹1I 2000) NA SS ( ME V)

40 '

02 Y¹1(2000) WIDTH I MEV)

VANHORN 72 DPWA 0 K-P. TO LAM PIO 2/73¹

R3
R3 L

. R3
R3
R3 I.

,
'R3
R3
R3 A

Y¹l(2030) FROM KBAR N INTO SIGMA PI
{-0 09) (0 ' 02) BERTHDN1
-0 ~ 052 0 ~ 010 GALT I E RI
«Oe 10 0 ~ 03 L I TC HF IE

LI TCHFIEI D 71 IS AN UPDATE OF BERTHONl
-0 ~ 086 0 ~ 014 KANE

~ ~ ~ ~ ~ ~ ~ e ~

VERAGE MEANINGLESS (SCALE FACTOR =' 1 6)

SQRT(P1¹P3)
70 DPWA - 0 K-P TO SIGMA PI
70 DPWA 0 K-P TO SIGNA PI
71 DPMA K-P TO SIG PI

70
72 DPWA 0 K-P TO PI SIG

10/70
7/70
3/72
3/72

10/'7 1

lib 40. VANHORN 72 DPWA 0 K-P TO LAN P. IO 2/73¹ R4
R4
R4
R4

Y»1(2030) FROM KBAR N INTO XI K SQRT{P1¹P4)
(0 05) OR LESS TRIPP 67 RVUE 0 IC P TO XI K

(0005) OR I.ESS BURGUN 68 DPWA 0 K P TO XI K

(0 023) HULLER 69 DPWA 0

8/67
10/69
7/70

Pl
P2

02 Y¹1(2000) PARTIAL DECAY HODE S

Y¹1(2000) INTO KBAR N

Y¹1(2000) INTO LAHBDA PI

DECAY MASSES'
497+ 939

1115+ 134
REF ERENCES FOR Y¹1(2030)

02 Y¹l(2000} BRANCHING RATIOS

Rl Y¹1(2000) FROM KBAR N INTO LAMBDA PI SQRT{P 1¹P2)
Rl 07 ~ 02 ' 01 VANHORN 72 DPWA 0 K-. P TO LAN PI 0 2/73¹

HOHI. 66 PRI 17 107 C G WOHLs F T SOLMITZs H L STEVENSON (LRL ) I JP
TRIPP 67 NP 83 10 + LEITHs + (LRLsSLACPCERNsHEIDELPSACLAY)
BURGUN 68 NP 88 447 +MEYER s PAUL I s T ALL I NI + ( SACL+CDEF+RHEL )
DAUH 68 NP 87 19 +ERNEs LAGNAUXP SENS sSTEUERsUDO (CERN) JP

CONF IRNS THE SPIN-PARITY ASSIGNMENT ~

SMART 68 PR ).69 1336 W M SMART (LRL) I JP
HULLER 69 THESISPUCRL 19372 R A MULl. ER (LRL)

VANHORN 72 LBL-1370(THESIS)

REFERENCES FOR Y¹1(2000)

/LBL I JP

BERTHON 70 NP 820 476
BERTHONl 70 NP 824 417
COX 70 NP 819 61
GALTIERI 70 DUKE CONF 173
L ITCHF IE 70 NP 822 269

+RANGANs VRANAs +(COL FRANCEs RHELs SACLAY) I JP
+VRANA3 BUTTERHORTHs + (CDEFs RHELs SACLAY) IJP
+ISLAM COL(. EY + (BIRN EDIN GLAS LOIC) IJP
A 8 AR BAR 0- GAL T IER I {LRL)IJP
P J LITCHFIELD t RUTHERFORD ) I JP¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹'¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Z(pQ3Q) 47 Ye((2030 JP 7/2+1 1=1 F$7
SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE
ANALYSES ~ PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2030 MEV ARE

GIVEN IN THE NEXT ENTRYe EVENTUALLY THE PARTIAL-HAVE ANALYSES SHOULD
GIVE THE BEST RESULTSs AS THEY ISOLATE THE F 17 WAVE THIS SUPERIORITY
ISs HOHEVER ~ PROBABLY NOT YET ATTAINEDs AND WE RELY ON BOTH ENTRIES
FOR PARAMETERS GIVEN IN THE MAIN BARYON TABL E

47 Y¹1(2030) MASS ( ME V)

CAMPBELL 71 NP 825 75 +MORTONs NEGUS s GOYALs NILLER (GLAS 0 LOIC) I JP
LITCHFIE 71 NP 830 125 L ITCHF IELDs ~ e 0+( E SQUOY 3+ ~ ( RHEL+CDEF+ SAC L) I JP
KANE 72 PR 05 1583 D F KANE (LBL) IJP
VANHORN 72 LBL-13YO (T HES IS) /LBL I JP

28 Y¹1(2030s JP= ) I=1 PRODUCTION EXPERIMENTS

SEE THE MINI REVIEW AT THE START OF THE Y¹LISTINGS ~

SEE THE NOTE TO THE F17 Y¹1(2030) 3 WHICH PRECEDES THIS
ENTRYe HERE WE LIST ONI. Y PARAMETERS. OF PEAKS IN CROSS
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS ~ THE CROSS-

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED HITH THE Y¹l(2030)3

BUT HAY CONTAIN A SMALL CONTRIBUTION FROH THE SUGGESTED BUT NOT ESTAB-
LISHED OTHER RESONANCES IN THIS REGION ~

( 20300 0}
2032. 0
2030e 0
2035 ~ 0
20270 0
2010' 0
20000 0
2022 ~ 0
2025 '
20340 0
20420
~ ~ ~ ~ ~

AVERAGE MEAN INGL

(20eo)
6 0

10 0
10 ~ 0
6.0

15.0
20 ~ 0
4 ' 0

15 '
1400
11~

WOHL

SMART
BERTHON
BERTHON1
COX
GALTIERI
GALTIE RI,
LITCHFI EL
LITCHFIE
KANE
VANHORN

e ~ e ~

ESS {SCALE FACTOR = 1~ 0)

66 HBC
68 DPWA

70 DPWA

70 DPWA
70 DPWA
70 DPWA

70 DPWA

70 DPHA
71 DPWA

72 DPWA
72 DPWA

0 K-P TO
K-N TO

0 K-P TO
0 K P TO

K-N TO
0 K-P TO
0 K-P TO

-0 K-N TD
K-P TO

0 K P TO
0 K-P TO

LAM PIO
LAMBDA P I
LAMBDA PI
SIGNA PI
LAMBDA PI
LAMBDA P I
SIGMA PI
LAMBDA P I
KBAR N

PI SIG
LAN PI 0

7/66
6/68
7/70

10/70.
6/7 0
7/7 0
7/70
6/70

10/71
10/71
2/73¹

(2022 0) (20 ' 0)
202000 7 ' 0
2049e 0 4 ~ 0
2025 0 10 ~ 0

(2025 ' 0) (20 ' 0)
~ ~ ~ ~ ~ ~ e e ~

AVERAGE MEANINGLESS t SCALE

BLANPIED
BUGG
BRI CHAN
COOL
LU

FACTOR = 208)

65 CNTR 0 GAHHA P TO K+ Y¹
68 CNTR K-P s D TOTAL 6/68
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-Ps D TOTAL 10!70
70 CNTR 0 GAHMA P TO K+ Y¹ 1/71

28 Y¹l(2030) MASS (MEV) (PROD EXP ~ )

47 Y¹l(2030) WIDTH {HEV)
28 Y¹l(2030) WIDTH (MEV) (PROD ~ EXP ~ )

(17000}
160 0
165~ 0
15000
158e 0
115~ 0
10000
170 0
200 ~

118~ 0
' 178~

~ ~ ~ ~

AVERAGE MEANIN

16 eg
30 ~ 0
20 ~ 0
16 ~ 0
15 ~ 0
40 ' 0
15 ' 0
30 ~

12 ~ 0
13 ~

~ e ~ ~ ~

GLESS (SCALE

15 ' 0

HOHL
SMART
BERTHON
BERT HONl
COX
GALT IERI
GALT IERI
LITCHFIEI
L ITCHF IE
KANE
VANHORN

FACTOR = leb)

66 HBC
68 DPHA
70, DPMA
70 DPWA
70 DPWA
70 DPHA
70 DPWA
70 DPWA
71 DPHA
72 DPWA
72 DPHA

0
K-N TO

0 K-P TO
0 K-P TO

K-N TO
0 K-P TO
0 K-P TO

-0 K N TO
K-P TO

OKPTO
0 K-P TO

LAMBDA PI
LAMBDA PI
SIGNA PI
LAMBDA PI
LAMBDA PI
SIGNA Pl
LAMBDA P I
KBAR N

PI SIG
LAH PI 0

Y/66
6/68
7/70

10/70
6/70
7/70
7/70
6/70

10/71
10/71
2/73¹

Pl
P2

BLANPIED 65 CNTR 0
BUGG 68 CNTR 6/68
BRICHAN 70 CNTR 0 TOTAL AND CH EX 6/70
COOt. 70 CNTR K-'P s D TOTAL 10/70
LU 70 CNTR 0 GAMMA P TO K+ Y¹ 1/71

(120 0)
1300 0
1260 0
165~ 0
{80e 01

e ~ ~ ~ ~ e ~ e ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1.0)

Y¹1(2030) INTO KBAR N

Y¹1(2030l -INTO KBAR N PI

DECAY MASSES
497+ 939
497+ 939+ 139

28 Y¹'1(2030) PARTIAL DECAY MODES, {PRODe EXP ~ ).
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Data Card Listings
For notation, see key at front of Listings.

Baryons
Z(8030), Z(8070), Z(2080), Z(B & 00), Z(3~50)

Rl
Rl
Rl
Rl
Rl

28 Y¹1(2030) BRANCHING RATIOS (PROD% EXP ~ )

Y¹1 ( 2030) INTO (K BAR N) /TOTAL (P 1)
THESE VALUES OF ELASTI CITIES ASSUME J=7/2—

0% 131. BUGG 68 CNTR
0 ~ 27 (0 ~ 02) BRICHAN 70 CNTR 0 TOTAL AND CH EX
0 ~ 12 COOL 70 CNTR K-P 8 D TOTAL

6/68
6/70

10/70

REFERENCES FOR Y¹1(2080)
COX. 70 NP 819 61
LITCHFIE 70 NP B22 269

+ISLAN8 COLLEY ~ +
P J LITCHFIELD

( 8 IRM8 ED IN 5GLAS5 LOIC) I JP
(RUTHERFORD)IJP

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

R2
R2

Y¹1(2030) INTO KBAR N Pl
SEEN BOCK

{P2)
HBC z(2100) 26 Y¹l(21008 JP=7/2-) I=1 17

SEE THE HINI-REVIEW AT THE START OF THE Y¹ LISTINGS%

BLANPIED 65 PRL 14 741
COOL 66 PRL 16 1228

SUPERSEDED BY COOL 70 ~

BUGG 68 PR 168 1466

BRICMAN 70 PL 318 152
COOL 70 PR Dl 1887
LU 70 PR 02 1846

REFERENCES FOR Y¹1(2030) (PROD EXP ~ )

+GREENBERG8HUGHES8 KITCHING 5LU8+ (YALE( CEA) )
+GIACOHELLI, KYCIA8 LEONTIC8(, I 8LUNDBY8+ (BNL) I

+GILMORE 8KNIGHT8 + ( RHEL 8 8IRM8 CAVE) I

+FERRO LUZZI5 PERREAU8+ (CERN8CAEN8SACLAY)
+GIACOMELL Ir KYCIA8 LEONTIC8 { I8 + (BNL) I
+GR EENBERG 8 HUGHES 8 MI NEHART 5 MORI 8+ ( YALE) (2060% 0)

(2120 ' 0)

26 Y¹1{2100) MASS (MEV)

(20 ~ 0)
{30 ~ 0)

GALTIERI 70 DPWA 0 K-P TG LAMBDA PI 7/70
GALTIERI 70 DPWA 0 K-P TO SIGNA PI 7/70

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL
PARTIAL-HAVE ANALYSES ACROSS THIS REGION ~ UNTIL THERE
IS MORE EVIDENCE8 WE OMIT THIS STATE FROM THE MAIN
BARYON TABLE

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Z(2070) 34 Y¹1(20708 JP=5/2+) I=1

THIS STATE HAS BEEN SUGGESTED BY ONLY ONE PARTIAL
WAVE ANALYSIS ACROSS THI S REGIGN ~ IT NEEDS CONFIRMATION
THE RESONANCE PROPOSED BY KANE IS TOG BROAD TO
BE USED AS EVIDENCE%

26 Y¹l(2100) WIDTH (MEV)

(70.0) (30 ~ 0)
{135 0) (30 ~ 0)

26 Y¹1(2100) PARTIAL DECAY MODES

GALTIERI 70 DPWA 0 K-P TO LAMBDA P I 7/70
GALTIERI 70 DPWA 0 K-P TG SIGMA PI 7/70

( 2070% ) ( 10 ~ )
( 2057 0)

BERTHONl 70 DPWA-
KANE 72 DPWA

34 Y¹1(2070) MASS (ME V)

K P TO SIG PI
K P TO SIGMA PI

1/71
1/73¹

Pl Y¹1(2100) INTO KBAR N

P2 Y¹1(2100) INTO LAMBDA PI
P3 Y¹1(2100) INTO SIGMA PI

DECAY M ASS E S
497+ 939

1115+ 134
1197+ 139

(140~ ) (20 )
( 906 ~ 0)

BERTHON1 70 DPWA
KANE 72 DPWA

34 Y¹l(2070) WIDTH (MEV)

K- P TO SIG PI
K-P TO SIGNA PI

1/71
1/73¹

26 Y¹1(2100) BRANCHING RAT I OS

Rl Y¹1(2100) FROM KBAR N TO LAMBDA PI SQRT(P 1¹P2)
Rl 0% 07) (0 ~ 02) GALTIERI 70 DPWA 0 K-P TO LAMBDA Pl 7/70

R2 Y¹1(2100) FROM KBAR N TO SIGMA PI SQRT ( P1¹P3)
R2 (+0 ~ 13) (0 ~ 02) GALTIERI 70 DPWA 0 K-P TO SIGNA Pl 7/70

Pl
P2

34 Y¹1(2070) PART IAL DECAY MODE S

Y¹1(2070) INTO KBAR N

Y¹1(2070) INTO SIGMA PI

DECAY MASSES
497+ 939

1197+ 139

REFERENCES FOR Y¹1(2100)

GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹

(LRL ) I JP

Rl
Rl
Rl

34 Y¹1(2070) BRANCHING RATIOS

Y¹1{2070) FROM KBAR N TO SIGMA SQRT ( P 1¹P2)
{+~ 12) {~ 02) BERTHON1 70 DPWA — K~ P TO SIG PI 1/71

(+0~ 104) KANE 72 DPWA K-P TO SIGNA PI 1/73¹

Z(/$50) 48 Y%112250& JP= 1 1=1 PRODUCT ION EXPERIMENTS

BUMPS SEE THE MINI REVIEW AT THE START OF THE Y¹ LISTINGS ~

BERTHON1 70 NP 824 417
KANE 72 PR 05 1583

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR Y¹1(2070)

+VRANA 88UTTERWORTH 8+
D F KANE

(CDEF 5RHEL8 SACLAY) I JP
(LBL)

THE PHASE-SHIFT-ANALYSIS RESULTS ARE TOO WEAK TO
WARRANT SEPARATING THEM FROM THE PRODUCTION AND CROSS-
SECTION EXPERIMENTS% IN AN ANALYSIS OF ELASTIC AND
POLARIZATION OATA5 DAUM 68 COULD NOT EXCLUDE ANY

POSSIBILITY FROM JP-" ' 5/2+- TO JP= ll/2+- FOR THIS STATE ~ BR I CHAN 70
SUGGESTS 712-~ VANHORN72 CLAIMS 5/2+

LASINSKI 71 SUGGESTS TWO RESONANCES IN THIS REGION USING A PGMERON
+ RESONANCES NODEL ~

ill
Z (8080) 88 Y%112080~ JP=3/2+1 1=1 13 48 Y¹l(2250) MASS (HEV) (PROD ~ EXP )

SEE THE MINI-REVIEW AT THE START OF THE Y¹ LISTINGS ~

SUCH . A RESONANCE IS SUGGESTED BY SONE BUT NOT ALL
PARTIAL-WAVE ANALYSES ACROSS THIS REGION UNTIL THERE
IS NORE EVIDENCE8 WE OMIT THIS STATE FROM THE MAIN
BARYON TABLE ~.

88 Y¹1(2080) HASS ( ME V)

( 2082 ~ 0) '(4 ~ 0) COX 70 DPWA - K- N TO LAN P I
(2070 ~ 0) (30 ~ 0) LITCHF IEL 70 DPWA -0 K- N TO LAM Pl

6/70
6/70

M

M

M

H

M.

M

M

M. V

M V

M

M AV

( 2245 ~ 0)
( 2299 ~ 0) (6 % 0)
2250 ~ 0 7 ~ 0
2280. 14 ' 0
2237%0 11 0
2255 ~ 0 10 ~ 0

(2250 ' 0) (20 ' 0)
2251 ' 30 20%

VANHORN72 VALUE FROM A DPWA
~ ~ ~ ~ ~ ~ ~ ~

ERAGE MEANINGLESS {SCALE FACTOR

BLANPIED 65 CNTR
BOCK 65 HBC
BUGG 68 CNTR
AGUILAR 70 HBC +
BRICNAN 70 CNTR 0
COOL 70 CNTR
LU 70 CNTR 0
VANHGRN 72 DPW A 0
THAT F INDS JP=5/2+

1 2)

GAHMA P TO K+ Y¹
PBAR P 5 7 BEV/C
K-P 8 0 TOTAL
K- 3%9-4 ~ 6 GE V/C
TOTAL AND CH EX
K-Pr D TOTAL
GAMMA P TO K+ Y¹
K-P TO LAM PIO

6/68
5/70
6/70

10/70
1/71
2/73¹

Pl
P2

88 Y¹1(2080) WIDTH (NEV)

(87 ' 0) (20 0)
(250 ' 0) (40.0)

88 Y¹1(2080) PARTIAL DECAY MODES

Y¹1(2080) INTO KBAR N

Y¹1 ( 2080) INTO LAMBDA P I

DECAY MASSES
497+ 939

1115+ 139

COX 70 DPWA — K- N TO LAM PI
LITCHFIEL 70 DPWA -0 K- N TO LAM PI

6I70
6/70

W

W

W

W

W

W

W V

W AVG

{150%0)
(21 0)
230.0
100~ 0
164% 0

( 170%0)
(125~ 0)
192~

~ ~ ~

169~ 5
SEE

48 Y¹l(2250) WIDTH (MEV)

(PROOFS

EXP'�

)

( 17 ~ 0)
20 ~ 0
20 ~.0
50 ~ 0

30 '

(21' 0)
BLANPI ED
BOCK
BUGG
AGUILAR
BRICMAN
COOL
LU
VANHORN

65 CNTR GAMMA P TO K+ Y¹
65 HBC PBAR P 5 ~ 7 GEV/C
68 CNT R K-P 8 0 TOTAL
70 HBC + K- 3 ~ 9-4%6 GEV/C
70 CNTR 0 TOTAL AND CH EX
70 CNTR K-P 8 D TOTAL
70 CNTR 0 GAMMA P TO K+ Y¹
72 DPWA 0 K P TO LAN PI 0

~ % ~ ~ ~

33 ~ 4 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 7)
THE NOTES ACCOMPANYING THE MASSES QUOTED

6/68
5/70
6/7 0

10/70
1/71
2I73¹

88 Y¹l(2080) BRANCHING RATIOS
48 Y¹1(2250) PARTIAL DECAY MODES (PROD ~ EXP ~ )

Rl Y¹1(2080) FROM KBAR N TO LAMBDA PI SQRT(P 1¹P2') Pl Y¹1(2250) INTO KBAR N
Rl (-0%16) {0' 03) COX 70 DPWA — K- N TO LAM Pl 6/70 P2 Y¹1(2250) INTO LAMBDA PI
Rl 0 ~ 09) (0 ~ 03) LITCHFIEL 70 DPWA -0 K- N TO LAM PI 6/70 P3 Y¹1{2250)INTO SIGMA Pl

P4 Y¹1(2250) INTO KBAR N PI
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

DECAY HASSES
497+ 939

1115+ 134
1197+ 139

497+ 939+ 139
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Baryons Data pard Listings
Z(8850). Z(8455), Z(2680), Z(3000), EX. HYPE. For notation, see key at front of Listings.

Rl
Rl
Rl
Rl
Rl

48 Y¹1(2250) BRANCHING RATIOS (PROD EXPe)

Y¹1(2250) INTO (KBAR N) /TOTAL (Pl)
J IS NOT KNOWN THE FOLLOWING IS (J+1/2)¹Ple

( 0 ~ 47) BUGG 68 CNTR 6/68
(0 ~ 16) (Oe12) BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70
(0 42) COOL 70 CNTR K-P s D TOTAL 10/70

54 Y¹l(2620t JP= ) I =1 PRODUCTION EXPERIMENTS

SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

BUMPS

R2 Y¹1(2250) FROM KBAR N TO LAMBDA Pl SQRT ( P 1¹P2)
R2 THE FOLLOWING ASSUMES JP=9/2-e DATA INSUF FOR OETERH THIS AHPe
R2 (-Oel8) GALT IERI 70 DPWA K-P TO LAMBDA Pi 10/70 M

R2 V - ~ 16 ~ 03 VANHORN 72 DPWA 0 K-P TO LAN P IO 2/73¹
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED

2620e 0 15 e 0 ABRAMS 70 CNTR K-P t D TOTAL

.54 Y¹l(2620) MASS (HEV) (PRODe EXPe )

10/70

R3 Y¹1(2250) FROM KBAR N TO SIGHA PI SQRT ( P 1¹P3)
R3 THE FOLLOWING ASSUMES JP=9/2- ~ DATA INSUF ~ FOR DETERM THIS AMP
R3 (+0.07) GALTIERI 70 DPWA K~P TO SIGMA PI 10/70 (175~ 0)

54 Y¹1(2620) WIDTH (MEV) ( PROD ~ EXP ~ )

ABRAMS 70 CNTR K-P s 0 TOTAL 10/70

R4
R4

R5
R5

Y¹1(2250) INTO (KBAR N)/(SIGHA PI)
(Oels) OR LESS BARNES

Y¹1(2250) INTO (LAMBDA PI)/(SIGHA PI)
(0~ 18) OR LESS BARNES

(Pl)/(P3)
69 HBC + 1 STAN DE V LIMIT 10/69

(P2)/(P3)
69 HBC + 1 STAN DEV LIMIT 10/69

Pl Y¹1(2620) INTO KBAR N

DECAY MASS ES
497+ 939

54 Y¹1(2620) PARTIAL DECAY MODES (PRODe EXP ~ ]

BLANPIED 65 PRL 14 741
BOCK 65 PL 17 166
BUGG 68 PR 168 1466
BARNES 69 PRL 22 479

REFERENCES FOR Y¹1(2250) (PROOe EXP ~ )

+GREENBERGsHUGHESs KITCHINGs + (YALE(CEA) )
+COOPER s FRENCH s K IN SON ~ + (C ERNs SAC( AY )
+GILMORE sKNIGHTs + (RHEL t BIRMs CAVE} I
+FLAHINIOs HONTANETsSAMIOS + (BNL+SYRA)

Rl
Rl

. Rl
Rl

54 Y¹1(2620) BRANCHING RATI OS ( PROD ~ EXP ~ )

Y¹1(2620) INTO ( K BAR N) /TOTAL (Pl)
J IS NOT KNOWN ~ THE FOLLOWING IS (J+1/2)¹P1~

(0 32) ABRAMS 70 CNTR K-Ps D TOTAL
Oe36 Oe12 BRICMAN 70 CNTR 0 TOTAL AND CH EX

10/7 0
6/70

AGUI LAR 70
BRIC MAN 70
COOL 70
GALT IER I 70
LU 70
VA NHORN 72

PRL 25 58
PL 318 152
PR 01 1887
DUKE CONF 173
PR D2 1846
L8L-1370( THE SI S)

COOL 66 PRL 16 1228
SUPEREDED BY COOL 70 '

DAUBER 66 PL 23 154
SUGGESTS Jts9/2 RESONANT

INCONSISTENT WITH
DAUM 68 NP 87 19
LASINSKI 71 NP 829 125

AGUILAR-BENITEZs BARNESs + ( BNLs SYRA)
+FERRO LUZZI t PERREAUt+ (CERNtCAENs SACLAY)
+GIACOMELL Is KYCIAt LEONTICt Lls + (BNL) I
A BARBARO-GALTIERI (LRL) I JP
+GR EENBERG s HUGHES s MINE HART s MORI s+ ( YALE)

/LBL I JP

PAPERS NOT REFERRED TO IN DATA CARDS

+GIACOME LL It KYCI At LEONTICs LI sLUNDBYt+ (BNL) I

+SCHLEINs SLATERs STORKs TICHO (UCLA(LRL) ) J
BEHAVIOR IN SIGMA- P I+, BUT APPEARS
PARAHETERS OF COOL 66e

+ERNEs LAGNAUXs SENS ~ STEUERs UDO (CERN) JP
T A LASINSKI (EFI) I JP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Z(3000)
BUMPS

59 Y¹l(3000s JP= ) l=1 PRODUCTION EXPERIMENTS

SEE THE MINI-REVIEW AT THE START OF THE Y¹ LISTINGS ~

REFERENCES FOR Y¹1(2620) ( PROD ~ EXP ~ )

ABRAMS 67 PRL 19 678 +COOLsGIACOMELLIsKYCIAsLEONTICsL Is + (BNL)
SUPERSEDED BY ABRAMS 70e

ABRAHS 70 PR 1D 1917 +COOLs GIACOMELL Is KYCIAs LEONTICs + (BNL) I
BRICMAN 70 PL 318 152 +FERRO LUZZI s PERREAUs+ (CERNsCAENt SACLAY)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Z(2455) 53 Y¹1(2455 t JP= ) I=1 PRODUCTION EXPERIMENTS

ENHANCEMENT IN LAMBDA PI AND KBAR N INVARIANT MASS
SPECTRA AND IN MISSING MASS OF NEUTRALS RECOILING
AGAINST KO ~ EVIDENCE NOT CONCLUSIVE ~ OMITTED FROM
TABL E ~

SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS
THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y¹STATES IN

THI S MASS REGION FROH THE REACTION GAMMA + P TO K+ + MISSING MASS--
SEE GREENBERG 68 '

( 3000~ 0)

59 Y¹1(3000) MASS (MEV) (PROD EXP. )

EHRLICH 66 HBC 0 P I-P 7 ~ 91 BEV/C 9/66

53 Y¹l(2455) MASS (MEV) ( PROD ~ EXP ~ )
59 Y¹1(3000)PARTIAL DECAY MODES (PRODe EXP )

M 2455e0 7 ~ 0 BUGG 68 CNTR K-P ~ 0 TOTAL 6/68
N 2455 ~ 0 10 ~ 0 ABRAMS 70 CNTR K-P s 0 TOTAL 10/70
M ~ ~ ~ ~ e ~ ~ ~ ~

M AVG 2455 ~ 0 5 ~ 7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF le0)
Pl
P2

Y¹1(3000] INTO KBAR N

Y¹1(3000) INTO LAMBDA PI

DECAY MASSES
497+ 939

1115+ 139

53 Y¹l(2455) WIDTH (MEV) (PRODe EXP ~ )

100e 0 20 ~ 0 BUGG 68 CNTR
140e 0 ABRAMS 70 CNTR K-Pt D TOTAL

6/68
10/70

EHRLICH 66 PR 152 1194

REFERENCES FOR Y¹1(3000) (PROD ~ EXP ~ )

R EHRLICHt W SELOVE ~ H YUTA (PENN(BNL} ) I

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

53 Y¹l(2455) PARTIAL DECAY MODES (PROD EXPe) EXOTIC HYPERON CROSS SECTION LIMITS

Pl Y¹1(2455) INTO KBAR N

DECAY MASSES
497+ 939

THIS IS NOT A COMPLETE LISTe WE WILL TABULATE EXOTICS FROM NOW ON

Rl
Rl
Rl
Rl
Rl C
Rl C
Rl C

53 Y¹1(2455) BRANCHING RATI OS ( PROD ~ EXP ~ )

Y¹1 ( 2455) INTO ( K BAR N) /TOTAL (P 1)
J IS NOT KNOWN ~ THE FOLLOWING IS (J+1/2)¹Pl~

(Oe3) BUGG 68 CNTR
0 ' 39 ABRAMS 70 CNTR K-P s D TOTAL

(0 ' 05) (0 ' 05) BRICMAN 70 CNTR 0 TOTAL AND CH EX
FIT OF TOTAL CROSS SECTION GIVEN BY BRICMAN 70 IS POOR IN
THI S REGION

REFERENCES FOR Y¹1(2455)

(PROOFS

EXP'�

)

6/68
10/70
6/70

GsALT IERI 68 PRL 21 573

REFERENCES FOR EXOTIC HYPERONS

A ~ BARBARO-GALT IERI sCHADWICK + ( LRL+ SLAG]

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

CS UNITS MICROBARNS
CS G (20 ~ ) OR LESS GALTIERI 68 DBC K-N TO SG-Pl-PIO
CS G ABOVE LIHIT FOR MASS & 2.15 GEV AND GAMMA & 60 MEV-' (2 1 GEV/C K-)
CS A (40 ) OR LESS GALTIERI 68 DBC -- K-N TO SG-PI-PIO
CS A ABOVE LIMIT FOR MASS & 2 ~ 3 GEV AND GAMMA & 120 MEV- (2 ~ 7 GEV/C K-)

7/70
7/70
7/70
7/70

BUGG 68 PR 168 1466
ABRAHS 70 PR 10 1917
BRICMAN 70 PL 318 152

+GILMORE ~ KNI GHTt + (RHELtBIRMt CAVE) I
+COOL. s GIACOMELLI t KYCIAs LEONTICt + (BNL) I
+FERRO LUZZIs PERREAUs+ (CERNtCAENt SACLAY)

PAPERS NOT REFERRED TO IN DATA CARDS
ABRAMS 67 PRi 19 678 +COOL t GI ACOMELLI t KYC IAt L EONT IC t L I ~ + (8NL )

SUPERSEDED BY ABRAMS 70e
GREENBER 68 PRL 20 221 GREENBERGt HUGHESt LUs MINEHARTs + (YALE)
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Data Card Listings
For notation, see key at front ofListings.

Baryons
=--, =-', =-(1530)

Re sonance s

The resonance situation has long been and

will probably long remain unsettled. This is be-
cause 4) they can only be produced as part of a
final state, K +p ~ - + others, and 2) they are so
produced with very small cross sections {&50 pb).
Thus the numbers of events available are small,
and the analysis is more complicated than if direct
formation were possible. Only the " {4530) is
really well established. There are at least two-
states in the 4800-2000 MeV region and there are
indications of several more above 2000 MeV, but

the situation is very unclear. We are forced to

group together rather disparate observations and.

await new results. Figures in the listings point

out disagreements among various experiments.
The table following this note gives our evaluation of

the status of the - resonances, based on the mea-

ger data available at this time.

55(
{

38
334
185

0
0 R
D

D

0
D

0 AVG

0 FIT

WO

WO

WO

WO

WO

WO

WO

WO

WO AVG

H

H
M-
H-
M-
M-
M- AVG
M- F IT
MO 76
MO 59
MO

' 1262
MO 324
MO 286
MO

HO AVG

MO FIT

1529~ 0)
1532e 0)
1535 ~ 7
1534' 7
153be 2
~ ~ ~ ~

1535' 22
1535' 05
1528' 7
1531~ 4
15.32 ~ 0
1531~ 3
1532 ' 3
~ e ~ ~

1531~ 63
1531~ 64

5 ~ 7
(7 ~ 01

2 ~ 0
2 7
3 ' 9

3 ~ 12
3 ~ 41

7e0
7 ~ 0
8 5

lie 0
9 ' 0
8 4

ll ~ 0
~ ~ ~ ~

9 ~ 07

49 XI¹1/2{1530) MASS (MEV)

(5 ~ 0)
(2 ~ 0)
3 ~ 2
F 1
leb

P JERROU
BADI ER
LONDON
BALTAY
KI RSCH

62 HBC
64 HBC
66 HBC
72 HBC
72 HBC

-0 K-P 1 ~ 8 GEV/C
-0 K-P 3 GEV/C

K~P 2 ' 24 GEV/C
K-P le75 GEV
K-P 2e87GEV/C

~ ~ ~ ~ ~

0 ' 87
Oe62
1 ~ 1
0 ' 8
0 4
0 ~ 6
0 ~ 7

AVERAGE ( ERROR INCLUDES
FROM FIT (ERROR INCLUDES

LONDON 66 HBC
BADIER 72 HBC
BALTAY 72 HBC
BORENSTEI 72 HBC
KIRSCH 72 HBC

SCALE FACTOR OF 1 ~ 0)
SCALE FACTOR OF 1 ~ 0)

0 K-P 2 ' 24 GEV/C
0 K-P AT 3 ~ 95GEV/C
0 K-P le75 GEV
0 K-P 2e2GEV/C
0 K-P 2 ' 87GEV/C

e e ~ e ~

0 ~ 41
0 ' 35

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)

49 (XI¹-)— (XI¹0) HASS DIFFERENCE (HEV)

3 ~ 0
(4 ~ 0)
3 ~ 2
1 e0
1 ~ &

PJERROU
LONDON
MERRILL
BALTAY
KIRSCH

65 HBC -0 1~ 8-1~ 95 GEV/C
66 HBC -0 2 ~ 24 GEV/C
66 HBC -0 1 7-2 ~ 7 GEV/C
72 HBC -0 K-P 1 ~ 75 GE V
72 HBC -0 K- P 2 ' 8 GEV/C

De&1
0 ' 61

49 XI ¹1/2{1530) WIDTH ( HEY)

2 0
7e0
3 ' 5
2 ' 0
0 ~ 7
F 4
1 &

~ ~ ~ ~ ~

0 ~ 54 AVERAGE {ERROR INCLUDES
(SEE IDEOGRAM BELOW )

SCHLE IN
BERG E
LONDON
BADI ER
BALTAY
BORENSTE I
KIRSCH

63 HBC
66 HBC
66 HBC
72 HBC
72 HBC
72 HBC
72 HBC

0 1.8y 1~ 95 GEV/C
0 1~ 5 1~ 7 GEV/C
0 2 ' 24 GEV/C
0 K-P AT 3 ' 95GEV/C
DKP1 ~ 75GEV
0 XI- PI+ MODE
0 XI- PI+

SCALE FACTOR OF 1 ~ 0)

WEIGHTED AUERAGE = 9.97 +. 0.54
ERROR SCALED BY 1.0

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

7/66
1/73¹
2/72

7/66
10/71
1/73¹
2/72
2/72

7/66
7/66
7/66
1/73¹
2/72

7/66
7/66

10/71
1/73¹
2/72
2/72

STATUS OF XI¹RESONANCES
THOSE WITH AN OVERALL STATUS OF ¹¹¹ OR ¹¹¹¹ ARE INCLUDED IN THE HAIN BARYON
TABLEe THE OTHERS AWAIT CONF IRHAT I ONe

STATUS AS SEEN IN

OVERALL
PARTICLE LIJ STATUS XI PI LAH K SIG K XI¹PI OTHER CHANNELS

XI(1320)
XI(1530)
XI(1630)
XI(1820]
XI(1940)
XI(2030)
XI(2250)
XI(2500)

Pll
P13

WEAK TO LAH PI

3-BODY DECAYS
3-BODY DECAYS
3 BODY DECAYS

GOODy CLEARy AND UNMISTAKABLE
GOODy BUT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN ~

NEEDS CONF IRMATION ~

WEAK.

~ KIRSCH 72 HBC
~ BORENSTEI 72 HBC
~ BALTAY 72 HBC
~ BADIER 72 HBC
LONDON 66 HBC

~ BER6E 66 HBC
SCHLEIN 63 HBC

20

CHISQ
1 ~ 2
0.2'
0.0
0.9
0.0

1 ~ 1
3.4

(CONLEU
=0.636)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

22 XI- (1321y JP=1/2 ) I=1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

W-
W-
W-

' W- AVG

)(II1i2 (l.530) 0 )4IOTH (I1EU)
7e8 ' 3 ~ 5 7e8 BALTAY 72 HBC.

16 ~ 2 4e6 KIRSCH 72 HBC
~ ~ ~ ~ ~ ~ ~ ~ ~

12 ~ 9 4e1 AVERAGE {ERROR INCLUDES

K-P 1 ~ 75 GEV l/73¹
XI- PIOyXIO PI- 2/72

SCALE FACTOR OF le2)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹

Pl

49 XI¹1/2(1530) PARTIAL DECAY MODES

Xi¹1/2(1530) INTO XI PI
DECAY MASSES

1321+ 139

23 XIO (1314y JP=1/2 ) I=1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

=-(153O) ee Xlel/2(1530 JP=3/2+) I=1/2 13
THIS IS THE ONLY REALLY WELL-ESTABLISHED XI¹~ THE
QUANTUM NUMBERS 3/2+ ARE FAVORED BY THE DATA ~

blE DO NOT USE DETERMINATIONS OF THE MASS AND THE WIDTH OF THIS
STATE UNLESS THEY ARE ACCOMPANIED BY SOME DISCUSSION OF SYSTEHATICS
AND RESOLUTION ~

OTHER STRONG DECAYS ARE FORBIDDEN BY ENERGY CONSERVATIONe

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR XI¹1/2( 1530)

P JERROU 62 PRL 9 114
SCHLEIN 63 PRL 11 167
BADIER 64 DUBNA I 593
PJERROU 65 PRL 14 275

+PROW SEy SCHLE INy SLATERy STORK y TICHO ( UCLA) I
+CARMONY y P JERROU y SLATERy STORKy TICHO ( UCLA) I JP
+OEMOULINyGOLDBERGy + (EPOLySACLAYyAMST) I
+SCHLE IN y SL'ATERy SM I THy ST ORK y T ICHO ( UCLA)

BADIER 72 NP 837 429
BALTAY 72 PL 428 129
BORENSTE 72 PR D5 1559
KIRSCH 72 NP 840 349

+BARRELET y CHARLTON y V IDEA U ( EPOL)
+BRIDGEWATER ~ COOPERy GERSHWINy+ (COLU+BING)
BORENSTEINyDANBURGyKALBFLEISCH++ (BNLy MICH) I
SCHMIDT+CHANG y HEHI NGWAY( BRAN ~ UMD y S YRAy TUFT ) I

PAPERS NOT REFERRED TO IN DATA CARDS

SHAFER 66 PR 142 883 BUTTON-SHAFERyLINOSEYyHURRAYySMITH (LRL) JP
A SPIN-PARITY DETERMINATION

BERGE 66 PR 147 945 +EBERHARDyHUBBARDy MERRILL y 8-SHAFERy+ (LRL) I
LONDON 66 PR 143 1034 +RAUy SAHIOSy YAMAHOTO ~ GOLDBERGy+ {BNLy SYRA) IJ
MERRILL 66 UCRL-16455 THESIS D W HERRILL (LRL ) JP
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Baryons
=-(163o), =-(1eao)

Data Card Listings

For notation, see key at front of Listings.

21 XI¹1/2(1630e JP= ) I=1/2"(163p} THIS EFFECT NEEDS CONFIRMATION ~

THIS IS A 3- OR 4-STANDARD-DEVIATION BUMP SEEN IN ONE
CHANNEL IN ONE EXPERIMENT, BARTSCH 69 SEE A SMALL BROAD
ENHANCEMENT NEAR 1650 MEV - IT IS NOT CLEAR THAT IT IS
THE SAHE PHENOHENON AS BHST 702 WHO FINO CS=3 ~ 6+-1 ~ 6
MICROBARNS AT 2 87 GEV/C INCIDENT K- MOMENTUM

SORENSTEIN 72 SEE NO EFF ECT IN ~HIS REGION THEY 'FIND
CR ( 2 MUS AT 2»18
ROSS 72 ARGUE THAT THE EFFECT THEY' SEE IS NOT THE SAME AS THAT SEEN
BY BMST 70~ ROSS 72 FIND CS= 2+-1 MICROBARNS AT 3~ 3 GEV/C

21 XI¹1/2{1630) MASS (MEV)

M 40 1635~ 10 BMST '70 HBC 0 INTO XI- PI+ 7/70
H 29 1606» 6. ROSS 72 HBC 0 K-P AT 3»1-3~ 7 3/72
M ~ »» ~ ~ ~ ~ » ~

H AVG 1613~ 7 12 8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 5)

50 XI¹1/2(1820) MASS (MEV)

, M ( 1770» 0) HALSTE INS
M 30 1814»0 4 ~ 0 BADI ER

M 29 1817' 0 7 ' 0 SMITH 1
H 40 1830»0 10 ~ 0 ALITTI
M 65 1795~ 10 ~ BHST

55 1820» 12 ' BHST
H 35 1854» 12 ~ BHST
M 65 1871» ll ~ BMST

25 1830» 0 10 ~ 0 CRENNELL
M 8 28 1762~ 0 8 ~ 0 SAOI ER

8 38 1838~ 0 5 ~ 0 BADI ER
M 8 BADIER 71 ADDS ALL CHANNELS AND DIVIDES
l4 ~ ~ ~ ~ ~ ~ ~ » ~

AV ERA GE MEAN INGL ESS {SGAL E FACTOR = 3 4)
{SEE IDEOGRAM BELOW )

63 FBC
65 HBC
65 HBC
69 HBC
70 HBC
70 HBC
70 HBC '

70 HBC
70 DBC
72 HBC
T2 HBC
PEAK IN

-0 K-FR 3»5 GEV/C
0 LAMBDA KBAR

-0 LAMBDA KBAR
LAMe SI6 KBAR

0 XI-PI+ (2 ~ 9 K-P)
XI(1530) Pl
SIGMA- KOBAR

0 LAMBDA KOSAR
-0 3»65 3 9 GEV/C

Xl PleX12PIeK Y
XI' Pl eXI2PI eK Y

LOWER AND HIGHER H

9/69
7/70
7/70
7/TO
7/70

10/70
10/71
10/71

21 XI¹l/2(1630] PARTIAL DECAY MODES

Pl Xl¹1/2(1630) INTO XI PI

SEEN IN K- P TO XI PI+ KO

DECAY MASSES
1321+ 139

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ 4¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

REFERENCES FOR XI¹1/2(1630)

BMST 70 DUKE 317
BORENSTE 72 PR D5 1559
ROSS 72 PL 388 177

BRANDEIS+MARYLAND+SYRACUSE+TUFTS COLLABOR ~

BORENSTEII42OANBURGeKALBFLEISCH++ {BNLeMICH) I
, BURANe LLOYD e MULVEYe RADOJICIC (OXF ) I

PAPERS NOT REFERRED TO IN DATA CARDS

APSEI L 69 PRL 23 884 + (BRANDEIS5 MARYLAND2 SYRACUSE 2 TUFTS)
SUPERSEDED BY BHST 70

BARTSCH 69 PL 288 439 + (AACHENe BERLINe CERN, LOICe VIENNA)
KALBFLEI 70 DUKE CONF 331 G R KALBFLEISCH (BNL) I

SUMMARIZES EVIDENCE FOR ISOSPII4 1 (2~ )

21 ' Xl¹1/2(1630) WIDTH (MEV)

W 40 57 18~ BHST 10 HBC 0 K-P AT 2 87
W 21 ~ 7 ~ ROSS 72 HBC 0 XI-Pl+ K¹O(890) 3/72
W ~ ~ » ~ ~ ~ ~ ~ ~

W AVG 25 ~ 7 12»2 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1»9)
~ ~ » ~

~ ~

ADIER
ADIER
RENNELL
MST
MST

MST

MST

LITTI
MITH
ADlER

50 XI¹1/2(1820) WIDTH (MEV)

1700 17SO 1800 1850 1900 1950
XIIii2 (1820) MASS (MEU)

72 HBC

72 HBC
70 DBC

70 HBC
70 HBC

70 HBC

70 HBC

69 HBC
65 HBC

6S HBC

CHISQ
13 ~ 1
52 ~ 4
1.0

21 ~ 6
8.1
0 ~ 0
6.2
1 ~ 0
0.2
2 ~ 2

105.7
(CONLEU
=0.000)

» (]e2P) 50 xl»1/211520, JP= 1 1=1/2

AS THE ACCOHPAI4YING IDEOGRAHS ILLUSTRATEe THE SITUATION
IS CONFUSED ~ UNTIL SOME FUTURE CLARIF ICATIONe WE LIST
UNDER XI (1820) EVERYTHING REPORTED IN THE MASS RANGE
lT50-1875 MEV WHEN SRANCHING RATIOS ARE REPORTEDe WE

QUOTE THEMe BUT ONLY THE MOST QUALITATIVE CONCLUSIONS ARE JUSTIF IED»

=-(&820)

Masses and widths of reported enhance-

ments in the -(4820) region (solid

rectangles indicate error on mass).

W

W

W

W

W

W

W

W 8
8

W

(80»0) OR LESS HALSTE INS 63
(12 ~ 0) (4 ~ 0) BAOIER 65
30»0 7 ~ 0 SMITH 2 65

.55 ' 0 40 0 20 ' 0 ALITTI 69
65 99» 31» 8MST 70
55 82 ~ 42 ~ 8HST 70
35 56» 14 ~ SMST 70
65 58 ' 39 ' BHST 70

103' 0 38 ' 0 24»0 CRENNELL 70
51 ~ 0 13~ 0 BAOI ER 72
58 ' 0 13' 0 BADI ER 72

SEE THE NOTES ACCOMPANYING THE
»» ~ » ~ ~ ~ » ~

AVERAGE MEANINGLESS (SCALE FACTOR = l»3)
( SEE IDEOGRAM BELOW

FBC -0 K-FR 3 5 GEV/C
HBC 0 LAHBDA KBAR
HBC -0
HSC - LAH 5 SIG KBAR
HBC XI-PI+ (2 9 K-P)
HBC X I {1530) PI
HBC — SIGMA- KOSAR
HBC 0 LAMBDA KOBAR
DBC -0 3 ~ 62 3 9 GEV/C
HBC LOWER MASS
HBC HIGHER MASS
MASSES QUOTED

9/69
7/70
7/70
7/70
7/70

10/70
10/71
10/71

Decay mode

zKO

H Tr, AK

- (1530)m

Z K

2 ~ 2

2

4800 4900

BADIZH 65

SMITH-2 65

ALITTI 69

BMST 70

BMST 70

BMST 70 '

BMST 70

-SO SO

~ BADIER
BADIER

~ CRENNELL
~ BMST
BMST
BMST
BMST

LITTI
MI TH 2

150

72 HBC

72 HBC

70 DBC
70 HBC
70 HBC

70 HBC

70 HBC
69 HBC
65 HBC

CHISQ
0 ~ 9
0.2
3.4
0 ~ 1
0.6
0.8
3.0
0.1
4.9

13 ~ 9
(CQNLEU
=0 ~ 083)

M+ r/2 (MeV)
XI&ii2 (1820) WIDTH (MEU)

Pl
P2
P3
P4
P5

50 XI¹1/2(1820) PARTIAL DECAY MODES

XI¹l/2(1S20) INTO LAMBDA KBAR
Xl¹1/2(1820) INTO XI PI
Xl¹1/2(1820) INTO SIGMA KBAR
XI¹1/2(1820) INTO XI¹1/2{ 1530) P I
XI¹1/2(1820) INTO XI PI PI (EXCLUDING P4)

DECAY MASSE S
1115+ 497
1321+ 139
1197+ 497
1533+ 139
1321+ 139+ 139
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Data Card Listings
For notation, see key at front of Listings.

Baryons
"(182Q), "(1S4Q), "(2Q3Q)

Rl
Rl

R2
R2

R3
R3
R3

50 XI¹1/2(1820) BRANCHING RATIOS

{Pl)
69 HBC

(P2)
69 HBC

{P3)
67 RVUE
69.HBC

X I ¹1/2(1820) INTO ( LAMBDA KSAR) /TIAL
0»3 0 15 AL ITTI

XI¹1/2(1S20) INTO (XI P I)/TOTAL
0 ~ 1 0 ~ 1 AL ITT I

Xl¹1/2(1820) INTO (SIGNA KSAR)/TOTAL
(0»02) O'R LESS TRIPP03 0 ~ 15 AL ITTI

BADI ER
ALITTI
DAUBER
BMST
BMST
GOLOMASSE
BAOIER

35 ~ 0
40 0
23 ~ 0
30
35 '
26 ~ 0
ll ~ 0

~ ~ ~ ~

ESS (SCALE FACTOR ~ 1 8)
(SEE IDEOGRAM BELOW )

52 Xl¹1/2(1940) WIDTH (NEV)

W 35 140» 0
9/69 W 27 80 ~ 0

W 66 98 ~ 0
W 110 129~

9/69 40 42 '
W 21 56» 0
W 29 35~ 0

8/67 ~ o ~ e ~

9/69 W AV ERAGE MEAN INGL

65 HBC
68 HSC
69 HBC
70 HSC
70 HBC
70 HBC
72 HBC

0 XI- PI+
0 XI- PI+

XI PI
0 XI-PI+ (2.9 K-P)

X I ( 1530) PI
XI PI
XI P15XI2PI5K Y

11/68
11/68

7/70
7/70

10/70
10/71

R4 XI¹l/2(1820) INTO (XI¹1/2(1530) Pl ) /TOTAL f P4)
R4 0 ~ 3 0»15 ALITTI 69 HBC 9/69
R4 (0 25) OR LESS DAUBER 69 HBC K-P 2 ~ 7 BEYIC 9/69

R5 XI¹1/2(1820) INTO {XI PI)/fLAMBDA KBAR) (P2)/(Pl)
R5 0 ' 20 0 ' 20 BADIER 65 HBC 7/66

R6
R6

X I ¹ 1/2( 1820) INTO ( XI¹(1530) PI ) / H. AM
'
KSA R)

0»26 0 ' 13 SMITH 1 65 HBC
(P4)/(Pl)

R7
R7

RB
RS

XI¹1/2(1820) INTO (XI Pl PI)/(LAMBDA KSAR) (P5)/(Pl)
(0 ~ 1) OR MORE SMITH 1 65 HBC

Xl¹1/2{1820) INTO (Xl PI)/(XI¹1/2(1530) PI) (P2)/{P4)
)»5 0»6 0»4 APSELL 70 HSC 0

R9
R9

HALSTE IN
BADIER
SMITH 1
SMITH 2
TRIPP

USES

ALITTI
DAUBER
APSELL
BMST
CRENNELL
BADI ER

XI¹1/2(1820) INT6 (XI PI PI)/(Xl¹l/2(1530) PI)
0 ~ 3 0»5 APSELL 70 HBC

(P5)/(P4)
0

REFERENCES FOR XI¹1/2(1820)
HALSTE IN SL 109+ f BERG EN 2 C ERNe EPOL 5 RHEL 5 LOUC ) I
+OENOULIN GOLDBERG + (EPOL SACLAY AMST) I
+LINOSEY5 BUTTON-SHAFER ~ MURRAY (LRL) I JP
G A SMITH2 J S LINDSEY (LRL )
+ LEITH0 + (LRL 5SLAC0CERN5HEIDEL5SACLAY)

63 SI ENA CONF 173
65 PL 16 171
65 PRL 14 25
65 ATHENS CONF 251
67 NP 83 10
DATA OF SMITH 1 ~

69 PRI 22 79
69 PR 179 1262
70 PRL 24 777
70 DUKE 317
70 PR 10 847
72 NP 837 429

+BARNES5 FLAM INIO5 METZGER 5 + ( SNL5 SYRACUSE) I
+SERGEt HUBBARD5 MERRI LL 5 MULLER (LRL)
+ (BRANDEIS0 NARYLAND5 SYRACUSE0 TUFTS) I
BRANDE IS+MARYLAND+SYRACUSE+TUFTS COLLABOR ~

+KARSHON5 LAI ~ ONEALL9 SCARR5 SCHUMANN(SNL)
+BARRELET5CHARLTONPVIDEAU ( EPOL)

PAPERS NOT REFERRED TO IN DATA CARDS

6/70

250
XI)t{1i2(1940) WIDTH (MEV )

52 XI¹1/2(1940) PARTIAL DECAY NODES

~ BAOIER 72
~ ~ ~ ~ SOLDWASSE 70

~ ~ ~ ~ ~ ~ ~ ~ I 8 MS T 70
~ BMST 70

DAUBER 69
ALIT TI 68
BAOIER 6S

SO 150

HBC

HBC

HBC

HBC
HBC

HBC

HBC

CHISQ
5.1
0 ~ 0
0.3
5.3
2.7
0.3
5.2

18.9
(CONLEV
=0.004)

MERRILL 68 PR 167 1202 0 W NERRILL9 J BUTTON-SHAF ER (LRL)
WEAK EVIDENCE CONCERNING JP»

APSELL 69 PRL 23 884 + (BRANDEIS5 MARYLANO5 SYRACUSE5 TUFTS)
SUPERSEDED SY BMST 70 '

Pl
P2
P3

XI¹1/2(1940) INTO XI P I
XI¹1/2(1940) INTO XI¹(1530)PI
Xl¹1/2(1940) INTO XI PI Pl, (EXCLUDING P2)

DECAY MASSES
1321+ 139
1533+ 139
1321+ 139+ 139

o (]S4Q) 52 Xlel/2I19405 JP= I I I/2

WE LIST UNDER XI (1940) EVERYTHING REPORTED IN THE MASS
RANGE 1875 2000 MEV» THE SI TUAT ION IS PERHAPS NOT
QUITE SO UNCLEAR AS IS THE CASE FOR THE XI {1820)~

52 XI¹1/2(1940) MASS (MEV)

Rl
Rl

R2
R2

52 XI¹l/2(1940) BRANCHING RATIOS

THE XI{1940) IS SEEN MAINLY IN XI PI AND SOME IN XI (1530) Pl ~ IT
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT NOT SEEN»

XI¹1/2(1940) INTO (XI P I)/(XI¹1/2(1530) PI) (Pl)/(P2)
2. 8 0 ~ 7 0 6 APSELL 70 HBC 0

XI¹1/2(1940) INTO {Xl P I P I ) / (X I ¹1/2(1530) PI ) (P3) / ( P2)
0 ' 0 0 3 APSELL 70 HSC 0

6/70

6/70

35 1933»0 16~ 0 BADI ER
27 1930~ 0 20 ~ 0 ALITTI
66 1894»0 18 ' 0 DAUBER

110 1954» 9 ~ BMST
40 1961' 8 ~ BNST
21 1955~ 0 14»0 GOLD WA SSE
29 1956 0 6 0 BADI ER

~ ~ ~ ~ ~ ~ ~ ~ ~

AV ERAGE MEAN INGL ESS ( SCALE FACTOR ~ 1~ 6)
( SEE IDEOGRAM BELOW )

65 HBC
68 HBC
69 HBC
70 HBC
70 HBC
70 HBC
72 HBC

0 XI- PI+
0 XI- PI+

Xl PI
0 XI-Pl+ (2»9 K-P]

XI(1530) PI
Xl PI
X'I PI 0XI2PI0K Y

11/68
11/68
7/70
7/70

10/70
10/71

BADI ER
ALITTI
DAUBER
APSELL
BMST
GOLD'MASS
BADIER

65 PL 16 171
68 PRL 21 1119
69 PR 179 1262
70 PRL 24 777
70 DUKE 317
70 PR 1D 1960
72 NP 8375429

REFERENCES FOR XI¹1/2(1940)

+DEMOULIN9GOLDBERG5 + (EPOL9SACLAY9ANST) I
+FLAMINI 05 NETZGER2 RAOOJICIC9+(BNL5 SYRACUSE) I
+BERGE9 HUBBARD5 MERRILL0 MULLER (LRL) I
+ (BRANDEIS0 MARYLAND0 SYRACUSE5 TUFTS) I
BRANDEIS+NARYLAND+SYRACUSE+TUFTS COLLASOR»
E L GOLDWASSER5 P F SCHULTZ {ILLINOIS)
+BARRE LET 5CHARLTON 5 VI DEAU {EPOL)

APSELL 69 PRL 23 884
SUPERSEDED BY BMST 70

PAPERS NOT REF ERRE D TO IN DATA CARDS

+ {BRANOE Is g M ARYLAND0 SYRACUSE' T UFTS )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

~(2Q3Q) 60 XI»I/2I2030 JP I l=l/2

.BAOIER
~ GOLOMASSE

BMST
BMST
DAUBER

~ ALITTI
BAOIER

1860 1900 1940 1980 2020
XIItii2 (1940) MASS (MEU)

?2 HBC

70 HBC

70 HBC
70 HBC

69 HBC
68 HBC

65 HBC

CHISQ
0 ~ 5
0.1
1 ~ 3
0»1

10.3
1.2
1 ~ 4

14.8
{CONLEV
=0.022)

68 XI¹1/2(2030) WIDTH {NEV)

W t5 ~ 0 40 ~ 0 20»0 AL ITTI 69 HBC
W 57» 0 30 ~ 0 BARTSCH 69 HBC
W ~ ~ ~ ~ ~ ~ o ~

W AVERAGE MEANINGLESS {SCAI E FACTOR = 1 0)

9/69
9/69

68 Xl ¹1/2(2030) MASS (NEV)

M 42 2030»0 10 0 ALITTI 69 HBC — K-P 3 9-5 BEV/C 9/69
M 40 2058 ~ 0 17 ~ 0 BARTSCH 69 HBC K-P 10GEV/C 9/69
M ~ ~ ~ ~ ~ o ~ ~ ~

M AVERAGE MEANINGLESS {SCALE FACTOR = 1 4)
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Sary ons
"(2030), "(8250), "(2500), 0

Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3
P4
P5

68 XI¹1/2(2030) PARTIAL DECAY MODES

XI¹1/2(2030) INTO XI PI
XI¹1/2(2030) INTO LAMBDA KBAR
XI¹1/2(2030) INTO SIGNA KBAR'
XI¹1/2{2030) INTO XI¹1/2(1530) PI
XI¹1/2(2030) INTO LAMBDA (OR SIGMA] KBAR Pi

DECAY HASSES
1321+ 139
1115+ 497
1197+ 497
1533+ 139
1115+ 497+ 139

99 XI ¹1/2(2500t JP= ) I= 1/2

IT IS QUITE POSSIBLE THAT THE REASON THE EXPERIMENTS
DISAGREE ABOUT THE MASS AND WIDTH IS THAT THEY ARE
SEEING DIFFERENT XI¹S» FOR NOWt HOWEVER ~ WE GROUP

THEN TOGETHER'

Rl
Rl

68 XI¹1/2(2030} BRANCHING RATIOS

XI¹1/2(2030) INTO (XI PI }/(NODES Pl TO P4} ( P 1)/ ( Pl+P2+P3+P4)
(Oi30) OR LESS ALITTI 69 HBC - 1 STD DEV LIMIT 9/69

99 Xl¹1/2(2500) MASS (MEV)

M 30 2430» 0 20 ~ 0 ALITTI 69 HBC — K-P 4 ~ 6-5 GEV/C 9/69
M 45 2500» 0 10»0 BARTSCH 69 HBC -0 K-P 10 GEV/C 9/69
M » ~ ~ ~ ~ ~ » ~

H AVERAGE MEANINGLESS {SCALE FACTOR = 3»l)
R2 XI¹l/2(2030) iNTO (LAN KBAR) I (NODES P 1 TO P4) (P2) /{ Pl+P2+P3+P4)
R2 0 ~ 25 0 ~ 15 ALITTI 69 HBC

R3 Xl¹1/2(2030) INTO (SIG KBAR)/(MODES Pl TO P4) (P3)/(Pl+P2+P3+P4)
R3 0» 75 0 ~ 20 ALITTI 69 HBC

9/69

9/69
99 Xl¹l/2{2500) WIDTH .(MEV)

R4
R4

XI¹1/2(2030) INTO (XI¹PI)/(MODES Pl THRU P4) (P4)/(Pl+P2+P3+P4)
(0»15) OR LESS ALITTI 69 HBC - 1 STD DEV LIMIT 9/69

W 150»0 60»0 400 ALITTI 69 HBC
W 59 ~ 0 27 ~ 0 BARTSCH 69 HBC -0
W ~ ~ ~ ~ »»» ~ ~

W AVERAGE HEANINGLESS (SCALE FACTOR = 1 6)

9/69
9/69

R5 XI¹1/2{2030) INTO LAMBDA (OR SIGMA) KBAR PI (P5)R5, SEEN BARTSCH 69 HBC 9/69

99 Xl¹1/2(2500) PARTIAL DECAY NODES

ALITTI 69 PRL 22 79
BARTSCH 69 PL 288 439

REFERENCES FOR XI¹l/2(2030)

+BARNESt FLAMINIOtMETZGERt + (BNLt SYRACUSE) I
+ (AACHENt BERLINt CERNt LOICt VIENNA)

Pl
P2
P3
P4
P5
P6

XI¹1/2(2500)
XI¹1/2(2500)
XI¹1/2(250D)
XI¹1/2(2500)
Xl¹1/2(2500)
XI¹1/2(2500)

INTO XI PI
INTO LAMBDA KBAR
INTO SIGNA KBAR
INTO XI¹1/2(1530) PI
INTO LAMBDA (OR SIGNA) KBAR PI
INTO XI PI PI

DECAY MASSES
1321+ 139
1115+ 497
1197+ 497
1533+ 139
1115+ 497+ 139
132 1+ 139+ 139

"(2250)
22 XI¹1/2(2250t JP= )

THE EVIDENCE FOR THIS STATE IS WEAK» BARTSCH 69 SEE
A BUMP OF NOT MUCH STATISTICAL SIGNIFICANCE IN LAHBDA-
KBAR-Plt SIGMA-KBAR-Pl t AND XI-PI-PI MASS SPECTRA ~

GOLDWASSER 70 SEE A NARROWER BUMP IN XI-Pl-PI AT A

HIGHER MASS ~ PERHAPS THEY ARE THE SAME STATEt PERHAPS
THEY ARE NOT ~

22 XI¹1/2(2250) MASS {MEV)

R2 XI¹1/2( 2500} INTO ( LAN KBAR) / (MODES Pl THRU P4) (P2) / ( Pl+P2+P3+P4)
R2 0~ 5 0 ~ 2 ALITTI 69 HBC

R3 XI¹1/2(2500) INTO (SIG KBAR) /(NODES Pl THRU P4) (P3) /(Pl+P2+P3+P4)
R3 0»5 0 ~ 2 ALITTI 69 HBC

9/69

9/69

99 XI¹1/2{2500}BRANCHING RATIOS

Rl XI¹l/2(2500) INTO (XI PI)/(NODES Pl THRU P4) (Pl)/(Pl+P2+P3+P4)
Rl (0~ 5) OR LESS ALITTI 69 HBC 1 STD DEV LIMIT 9/69

N 35 2244» 0 52 ~ 0 BARTSCH 69 HBC K-P 10 GEV/C
M 18 2295» 0 15 ~ 0 GOLDWASSE 70 HBC — K-P 5 5 GEV/C
H ~ ~ ~ ~ ~ ~ ~ » ~

M AVERAGE HEANINGLESS (SCALE FACTOR = 1~ 0)

9/69
10/70

R4
R4

R5
R5
R5

XI¹1/2{2500) INTO ( LAMBDA (OR S IGMA) KBAR P I ) /TOTAL
(P5)

SEEN BARTSCH 69 HBC -0 9/69

Xl¹1/2(2500) INTO (XI¹PI ) I (MODES Pl THRU P4) {P4) / (P 1+P2+P3+P 4)
{0~ 2) OR LESS ALITTI 69 HBC 1 STD DEV LIMIT 9/69

22 XI¹1/2{2250) WIDTH (HEV)
R6
R6

XI¹1/2(2500} INTO (XI PI PI )/TOTAL (P6)
SEEN BARTSCH 69 HBC -0 9/69

130»0 80»0
LESS THAN 30 ' 0

BARTSCH 69 HBC
GOLDWASSE 70 HBC — K-P 5 ~ 5 GEV/C

9/6 9
10/70

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

22 XI¹1/2(2250) PARTIAL DECAY MODES
ALITTI 69 PRL 22 79
BARTSCH 69 PL 288 439

REFERENCES FOR Xl¹1/2{2500}
+BARNESt FLAMINIOtH ETZGERt + ( BNLt SYRACUSE ) I
+ ( AACHEN t BERLIN t CERN t LOIC t Vl ENNA)

Pl
P2
P3

XI¹1/2(2250),INTO XI PI PI
XI¹1/2(2250) INTO LAMBDA KBAR PI
XI¹1/2(2250) INTO SIGMA KBAR PI

DECAY MASSES
1321+ 139+ 139
1115+ 497+ 139
1197+ 497+ 139

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹'¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

BARTSCH 69 PL 288 439
GOLDWASS 70 PR 10 1960

REFERENCES FOR Xl¹1/2(2250}
+ (AACHENt BERLIN t CERN ~ l OICr VI ENNA)
E ). GOLDWASSER ~ P F SCHULTZ ('ILLINOIS)

24 OMEGA- ( 1675t J P=3/2+ ) I= 0

SEE STABLE PARTICLE DATA CARD LISTINGS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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Append. ix I

TEST OF AI=i/2 RULE FOR K DECAYS

The quantities of interest for making tests of

theoretical predictions regarding the Al=i/2 rule for

and

P

1. 039+. 050 .
K

fL3

0
e3

I'
e3-

These results seem to show a less than 20 dis-
K decay are usually partial decay rates for single

channels or special sums of channels. It is not pos-
sible to compute the errors on sums, differences, and

ratios of pa, rtial decay rates from the information

given in the Table of Stable Particles because of the

presence of off-diagonal terms in the error matrix.
For this reason we give some of these quantities in

Table I. Throughout this Appendix, italics are used.

to indicate that a quantity has cha.nged by more tha. n

one {old.) standa, rd deviation since our previous edi-
tion, and S gives the scale factor included in the

quoted error because of inconsistencies in the data

(see footnote at end of Stable Particle Table for defi-
nition of S).

Table I. {000) or (+-0) refer to the sign of the pions

into which the K decays.

a.greernent with the predictions, but the errors should

be regarded with caution in view of the internal dis-
agreements in the data. {Note the ideograms in the

data listing for the charged K meson. )

2Test 1 =—
3

Test 2 =—

I"
0 r,K (000) K (+-0)

K KT K&)

Three-pion decays
We follow here the tests done by Mast et al. ,

3

based on the general analysis of K decays suggested
by Zernach. Bath decay rates ( I ) and slopes (g,
the energy dependence of the Dalitz plot distributions)
are used. The 2I I = I/2 rule predicts that the follow-

ing test quantities are all equal to zero:

= I'
KP3 K

'
~ /' ~
p3 e3

= 0. 668+. 024 S=2. 2

+ I = (6. 542+. 083)&(10 sec6

K
p, 3 +

Test 3 =—
2

K (+-0)
2

I" / I'

Y pt

3.223 + .090

+ I' = (12.68+.16)X10 sec S= 1,
6

0K

= 0.694+.022

0KKl3
I I"
K, Ke3

r I
K (000) K (+-0)

S=1. 3= 1.7&&+.081

I' / 2I = 1 01Z, a phase-space
l3 P3

2factor, and

I I
p3 e3

From Table I,
i Zr = o. 969+. o17

g3' g3

= I'
+ /I'

K 3 K

Le ptonic de cay rate s

1he I rates are useful in testing the

J3
leptonic EI = 1/2 rule in the way suggested by
Trilling. The predictions are

Test 4 = gK+ + gK+ '
=1

7' T

Test 5 =
gKD( 0)

+ gK+ g2 K

$1(000) =

42( -0) =

y3(++-) =

y4(+00) =

UDP NUDP

1.4891.489

CNUDP

1.444
1.2Z1 1.294 1.279
1.000 1.000 1.000
1.Z47 1.183

For convenience, we repeat the slope parameters
tabulated. in the Stable Particle Table. They are as
follow s.

The Q, are phase-space factors which have been
1 3calculated as described in Mast et al. by use of a

rel ativi s tie fo r rnulation and the mas s e s and slope s

from this compilation. The factors labeled -UDP are
the relative areas of the Dalitz plots, assuming a
uniform distribution. The NUDP include the observed
slopes (see below). The CNUDP have been calculated

by including the final-state Coulomb interaction.
The values a,re:

Method
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—0.2/4 + 0.005

o 2&4+ 0 007

7

S=Z. 7

Appendix II
A. SU(3) CLASSIFICATION OF

BAR YON RESONANCES

-0.214 + 0.004

g
K7'

0. 523 + 0. OZ3

g = 0. 604+ 0. 023
K (+ -0)

S=&. &

Q=Z. 7

There are a few multiplets that have been

studied and we report here the results.
Exact SU(3) symmetry predicts that all

the members of a multiplet should have the

same mass and the same couplings for decays
into other multiplets. It has been f ound, how-

ever, that the members of the octet of Stable

Baryons lie within ZO'/to of their mean mass;

A difference in the 7 and v slopes would be an

indication of CP violation in this decay. Since no

difference is observed at this tixne, we average
the two and use this value in Test 4.

We use the CNUDP factors and the rates and

slopes reported here to compute the five test quanti-

ties which the nl=f/Z rule predicts to be zero. The

results are:
Test I = 0. 010 + 0. 048

Test 2 = -0.076+ 0.026

Test 3 = 0. 190 + 0. OZ5

Test 4 = 0.048+ 0.012

Test 5 = 0. 428 + 0. 026

The three-pion final state can be in isospin
states I = 1, Z, 3. Tests l and 2 test the existence
of isospin I = 3 in the final state. Since the rate
tests (Tests l, 2, and 3) could differ froxn zero by

as much as 0. 4 owing to the mass differences and
5the occurrence of big slopes, no evidence for I=3

is found. Test 4 is related to the I=Z amplitude in

the final state and indicates the presence of I=2.
Tests 3 and 5 give information on the ni = 3/2 part
of the I=i. amplitude relative to the nl = i/2 part.
Both tests indicate the presence of ni = 3/Z.

References
G. Trilling, K-Meson Decays, UCRL- f6473, (up-

dated from Ar gonne Conf ere nc e Proc e eding s, 'I 965,

p. f 15).
2. N. Brene (CERN), private communi'cation. In

our Zan. 1968 edition we had. erroneously used. l. 04.
3. T. S. Mast, L. K. Ger shwin, M. Als ton-Garn-
jost, R. O. Bangerter, A. Barbaro-Galtieri, S. J.
Murray, F. T. Solmitz, and R. D. Tripp, Phys.
Rev. 183, 1200 (1969).
4. C. Zemach, Phys. Rev. I 33, Bi201 {1964).

C. Bouchiat and M. Veltman, Topical Conference
on Weak Interactions, CERN 69-7 (4969), p. 225.

the re fore a symmetry br e aking interaction
has been introduced by GELL-MANN 6Z and

OKUBO 62 independently. In addition, for the

isospin-0 vector mesons (~ and Q) an addi-

tional symmetry-breaking interaction had to

be introduced (SAKURAI 6Z) to take care of

octet- singlet mixing. The relevant formulae

for masses and decay rates are given below.

Mass Formulae

Broken SU(3) gives:

Decuplet Q-Z = Z — ™~ = - -0
Octet Z(N+ -) = 3A+ Z

GMO

GMO

(s)
(2)

Octet-
Singlet
mixing

Here GMO

Zg 8
A-M Mixing

~

sine=
A — A' angle~

2(N+ -) — Z
3

stands for the Gell-Mann-Okubo formula;

(3)

Decay R.ate s

In terms of a relativistically invariant matrix

element T, the decay rate for two-body decay of a

resonance of mass M is

R,r- — —2,
MR

where R = k/M is the two-body phase space factor.
Since the numerator is an invariant, and since I'must

transform as i/E, we introduce the denominator t/+
(see FEYNMAN 6Z).

, For meson decays (see below) the rates are

calculated according to Eq. (5); for baryon resonance
+decays into i/2 baryons and 0 mesons, one next

2 .takes into account the fact that spin sums in I Tl in-

troduce another factor M, cancelling the t/M . We

are then left with

the particle symbol indicates its mass. The formu-

lae would be the same if squared masses were used,

For the nonet case, A is the "mostly-octet" particle,
A' is the "mostly- singlet" particle.
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I" =
M M, for baryonsIT( k

R
(5')

As mentioned in the text (Sec. IV D) the
determination of the relative signs of resonant
amplitudes can be use ful in making an SU(3)

M, for m.esonsITI

MR
2

'3."he powers of the nucleon mass MN or M have been

introduced so that we can treat
~ T~ as dimensionless.

~ Tl contains centrifugal barrier factors,

(5f f)

which we call B~. We then have

MDecuplet
~ T, ( )ZB (k)

N
Singlet g M

MN
I = (cDgD+cFgF) Bg(k) M k

R.
Octet

(6)

Octet-
Singlet
mixing

with

G8 = A cos0-A' sin0
~ Gi = A sin 6+6' cose

G8 = cDgD+ cFgF
Gg = c(g(-

~5
3 gD

(i.0}

Exact SU(3) predicts that the couplings g.1
for all the members of a multiplet a,re the

same; however, since the symmetry is broken
f'.or the masses, it is probably broken for the
widths. In the case of the 3/Z decuplet, for+

broken SU(3) a sum. rule has been derived by
BECCHI 64 and by GUPTA 64 independently.
]t relates the g. for the members of the decup-

1
:let by the relation

2(a+"-) = 3Z=-(A~) + Z~(Z~),

where' Z+(Am) is the coupling for the Z(4385)
~Am decay and ZQZm) is the coupling for the

decay Z(4 385)»

I%ere c. are the SU{3) coefficients with the
., ign convention adopted in this article [see
note preceding the table of SU(3) isoscalar
factors and Fig. Z in the text]. MN is the
nucleon mass, MR is the resonance m.ass for
which I"is calculated, k is the center-of-mass
momentum for the channel being considered,
g. are the relevant couplings. For the case of1

,"inglet-octet mixing, formula (8) has to be
11sed in conjunction with (6) and (7). G8 and

G represent the couplings for the multiplet,
and A and A' represent the couplings for the

physical state s.
The re lation, betwee n gD, gF, and the p»amete r

assignment of resonances. In fact the resonant
amplitude T ~Qx x.. ~ G G. where the subscripte i e i
e r e fe r s to the elastic channel and the G, G.e 1
are the coupling s of Eqs. (6) thr ough (9). As—

suming that all g. are positive, the sign of the
G. are dependent upon the sign of the Clebsh-1

Gordon coefficients c. . Once a sign convention1
is adopted (we use the LEVI-SETTI 69 conven-
tion, see Fig. 2 in the text) and the sign for a

Z state (I = 1) and a A state (I = 0) of known

SU(3) assignment have been chosen for refer-
ence, the signs of all the other amplitudes can
be useful in determining multiplet assign-
ments. For exact SU(3) all the decays of mem-
ber s of a de cuplet have the same sign. For
octets the relative sign depends upon the value
of gD/gF and the mixing angle, as seen from
Eqs. (7) through (9).

Fits to the Data

Fits of baryon decay rates within SU(3)
can be found, among other s, in TRIPP 68 and

69, LEVI SETTI 69, SAMIOS 70 .aud PLANE 70.
The most recent fits were made by BARBARO-
GALTIERI 7 Z.

In fitting the data a choice for B~ has to
be made. PLANK 70 tried two forms for B~.

(a) The form B~ = (kr) D~(kr), r being
Zg

the r adius of inter action and D~ the polynom-
ials in kr given by BLATT- WEISSKOPF 5Z.
Usually r is taken to be I ferm1 (TRIPP 68).

(b) The form B = k ZA

However, for their final results they used
form (b). A discussion of the differences
among these two forms can be found in
BARBARO-GALTIERI 74. It turns out that
not only the values of the couplings, g. ,depend1t
upon the form used for B~, but also the value
obtained for the mixing angle. For the 3/Z
singlet, A(4520), and isospin-0 member of the
octe t, A ( I690), the mixing angle s obtaine d in
the two cases are

0 =(-16 I f 3) gb =(-Z75 34)
in disagreement by a few standard deviations.
It turns out that if a radius of interaction of
r = 0 ~ l5 fermi is used for form (a), the two

values of 0 agree. This value of r does not
J

fit resonance shapes when used in the Breit-
Wigner resonant form.
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Table I is a summary of the fits made by
BARBARQ-GALTIERI 72 using the barrier factor
form (b) and exact SU(3). A few comments follow.

- Nonet (Baryon - Eta Re sonance s)2

For this nonet Eq. (7) was multiplied by the

factor
12MR- MB

where M. B is the decay baryon and MR- M

564 Me V is the difference of the mean 1/2 and
+1/2 b aryon octet masses. This kinematic

factor comes from PCAC arguments (i. e. , the

assumption that axial vector current remains
an octet in presence of symmetry breaking) and

it was advocated by Graham et al. (GRAHAM

67). For the i/2 nonet it has been used in this
form first by Gell-Mann. et al. (GKLL-MANN

68).

+
Decuplet2

The agreement among the coupling constants

obtained for the four rates in this decuplet is very
bad. The fit ma. de using form (b) for B ha@ X =502=

g
for 3 Degrees of Freedom; the one made with form

(a) for B has X =24/3DF. The broken SU(3) rela-2=
g

tion (11), however, is very well satisfied.

B. SU(3) CLASSIFICATION OF MESON
RESONANC ES

All of the discussion above applies, except
that for Bosons the GMO formula is usually applied to

the square of the masses, as opposed to the first
power for ferrnions. Thus for example, Eq. (2) be-
corne s

\A

4K= 3@+m. (2' )

The symbol K was introduced by Glashow and Socolow~

for the square of the K mass, etc.
Because of the difference between Eqs. (5' )

and (5"), there is also an extra, factor of (MN/MR) in

Eqs. (6) and. (7). The three established nonets (0

2 ) and their mixing angles are listed at the

bottom of the Meson table.

Footnotes and References

The formula has been calculated from ana. logy with

the formula for mixing of meson states, first put in
this form by S. L. Glashow and R. H. Socolow, Phys.
Rev. Letters 15, 329 (1966). For the ba, ryon formula
see A. Barbaz'o-Galtieri, Phenomenology of Reso-
nances and Particle Superrnultiplets. UCRL-17054
(1966).
This is an updated version of the fits by Flarninio et

al. , BNL report 14572.

A. Barbaro-Galtieri, Lawrence Berkeley Labora-
tory LBL-555, lectures given at the 1971 Erice School
on Subnuclear Physics (to be published by Academic
Press).

SU(3) baryon multiplets with two or more known members. Values of 8 and o [de fined by
(8) and (10)] are the results of fits made by BARBARO-GALTIERl 72 to all the measured

two-body decay rates of each multiplet.

Octet rnembe r s a Singlet g(de@)
b

1/Z

3/Z

5/z

5/z

Nf (1535)
N(152O)

N(1670)
N(1688)

3/Z A(1236)
7/Z 6(1950)

A(1670) Z(1750)
A(1690) Z(1670)
A(1830) Z(1765)
A (1815) Z(1 915)

Decuplet m. ember s

Z(1385) - (1530)
Z (2030)

[=- (1825)]
[ - (1815)]

A(14O5) 8+3

A (1520) -23+4
1. 2+. 1

. 34+. 09

1. 13+. 05

. 62+. 04

gio
1 78 2 29 )tz-50/3DF

Masses in parentheses are the nominal masses used in the Baryon Table. The " rnernbers have masses
as calculated by using formulae (1) and (2) with the mixing angle 0 derived from the decay widths.

See text for a discussion of the 3/2 mixing angle.
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Appendix III
TEST OF d i=i'/2 RULE FOR HYPERON DECAYS

O. E. Over s eth
Univer sity of Michigan

Nonleptonic Decay Amplitude s

In this edition we are adopting a new convention

for the amplitudes A and B. Some theorists have

suggested that dimensionless amplitudes are more
useful to them than the ones appearing in the lit r-
ature. Berge (f 966) used a convention, which we

2adopted last year, with A and B in units of sec
Samios (l 965) used a convention which gave A and B
in units of {MeV-sec) . Following is the conven--i/z

tion suggested by Jackson (1973), which gives dimen-

s1onless A and B, which we will adopt in this edition.
The effective Lagrangian density for nonleptonic

hyperon decays (B&~ BZ + m) can be written

+,ff
= G), (72(A»Y~) 4, 14 ~

-5 -2
where G = 40 m is a coupling constant character-

p
istic of first-order weak decays, p, is the chargedc
pion mas s, and A and 8 are dimensionle s s complex
numbers giving the relative amplitudes of the parity-
violating and parity-conserving decays, respectively.
The matrix y is to be taken in the Pauli form,

0 -I
y5 —— ( I 0). The invariant amplitude for the decay
1S

e. = G)s [ u (p) (A + B$6) u(&)] .
where P is the 4-momentum of the decaying hyperon of

mass M, and p is the 4-momentum of the baryon decay

product of mass m. With the normalization convention,

u.u. = 2m. , the Pauli form of the matrix element in the11 1'
rest frame of the decaying hyperon is

~ Gp (Xz)3 2M(E+rn) A+ 0 2M(E-rn) B (r rq))( ),
where E is the total energy of the final baryon and q is
a unit vector in the direction of motion of the final

baryon. Comparison with Section IV H shows that the

amplitudes s and p defined there are proportional to
Aand B:

E-m B (M-m) — & B2 2

{M+m)
2 2 A

Here p. is the mass of the pion entering the decay, The
parameters G, P, y can therefore be expressed interms
of A and B, rather than s and p, if desired.

The decay rate for Bi B2+ %is
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G p, 2 2 t 2 2~c (M+ rn) p,
~

2 (M —rn) -IJ, Z

MZ

8 10 65.822 0.93826 -13 5 5 1/2
5 2

O.l 3958 O.i 3958MI,

A = 0.98&24 A ld X i0 sec-5 1/2
new old

Bnew 0.98124 B ld
-5 1/2

old

Table I summarizes the amplitudes A and B for the

nonleptonic decays of the A, Z, and - hyperons. These

amplitudes have been calculated by using the ewper-
irnental data for mean lives, branching ratios, and the

decay asyrnrnetry a given in the Stable Particle Table
of this review. Time-reversal invariance is assumed
and final-state interactions are neglected, so A and B are
taken to be relatively real and P =0. The subscripton
the hyperon refers to the sign of the decaying pion.
The statistical correlation coefficient

(~Zd3)

J& ~Z)
&
~2)

is also given. The absolute signs of A and B have been

as signed, using the following convention. Taking A(A o }
as positive, the other S-wave decay amplitudes are
chosen to give an approwirnate fit to the triangular

r elationships

QZA(Zo ) + A(Z ) = A(Z ) and $3A(Z0) + A(A ) = 2A(- ) .
The signs of the B amplitudes relative to those of the

corresponding A amplitudes are determined by the

sign of the appropriate a decay parameter.

Table I

M ~m+p AB

where q is the c.rn. s. momentum of the decay prod-
ucts. For reference, the dirnensionless constant in

this expression has the value (G p, /8vr) = 1.9488 X102 4 -45
c

To convert numbers for A and B of Table I, Appen-

dix III, April 1972 edition to the new dimensionless num

bers, multiply old values by 0.98124&(iO sec-5 1/2

Thi s i s the value of

2. Tests of the Bi=1/2 Rule

(a) 4 Decay
For A decay the AI = 1/Z rule predicts that I p/I

= 0.50 and u 0 = u . In order to determine the rnagni-

tude of possible AI = 3/Z amplitudes present we write

the linear expressions [ Over acth and Pakvasa (1969)]
for the AI = 3/2 S- and P-wave amplitudes in terms of

Du, where Bu is the measured value of as/o minus the

predicted value, and in terms of AI' similarly defined.

Evaluating these we find

Z n = - 1.54(S3/S ) + 1.61(P /P
dl = 1.84(S3/Si) + 0.26(P3/P ).

Here the dl = 3/2 amplitudes are expressed relative to

the EI = i/2 amplitudes. The numerical values of the

coefficients depend on the ratio P/S. The uncertainties
in the coefficients are small compared to the uncer-
tainties in 6u and ~. Final-state m-N interac-
tions have been included in these relations but have a

very small effect. From the Stable Particle Table,

au = 0.006+0.066, or = 0.058+0.012,
and hence

(s3/s, ) = o.oz7+o. oo8

and

(P3/Pi) = 0.030 + 0.037.

The possible 3% 41 = 3/2 S-wave amplitude is due to the

disagreement of decay rates with prediction. At this
level the results are sensitive to electromagnetic cor-
rections. However, in A decay the phase space cor-
rection and the other radiative corrections appear to be
about equal in magnitude and have opposite signs

[ Belavin and Narodetsky (1968), and Intemann (1973)]
and hence cancel each other in the correction to the de-
cay rates.

(b), De cay
The analysis for dec'ay is very similar to that fox

A decay. If the EI = 1/2 rule is valid, I's ( - )/I' ( )

= 0.50 and u0 = u . For this case the expressions
linear in 41=3/2 S — and P-wsve amplitudes are
[Overseth and Pakvasa (1969)]

Ao = 1.37(S3/Si) 1.37(P3/Pi),
~r = — 1.44(S /S, ) 0.06(P /P, ).

From the Stable Particle Table,
p+ vr

+ +~n+ m
+
+ p+ m0
0

~Q ~ + 0

I. 50+0. Oi

0. 06+0. 02

~. 46+0. 06

1. 93+0. Ol

1. 54+0. 03

~ + ~ 2. 03+0. OZ
0

iO. 28+0. Z5 -0. Z64

l9. 04+0. 16 0. 003

-IZ. 22*0. 70 0. 945

-0. 65+0. 08 -0. 030

-5. 12+4. 24 0. 362

-6. 86+0. 52 0. 207

Du = — 0.040 + 0.234, DI = 0.06k + 0.025,

and we find

(S3/Si) = — 0.04Z + 0.01.8

and

(P3/Pi) = — 0.013 + 0.164.
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{c) Z Decay

The traditional test of the 2xl = i/2 rule in Z decay
is that the amplitudes satisfy the relationship

+ +~Z Zo + Z+ — Z = 0. Graphically this is equivalent

to closing the Z triangle when the amplitudes are
plotted on A, B axes. Including AI ~ 3/2 axnplitudes

in Z decay analysis, the "Z triangle" relationship be-
comes

~ZAo + A -A = — 3 5
A + A5,

2 2
5 3 ~15

5'

where A, A are EI = 3/2, 5/2 axnplitudes, respec-
tively. There is a similar equation for the B ampli-
tudes. From Table I,

~ZAp + A+ —A = 0 ~ 19 + 0

and gZBo + B+ — B = Z. 41 + 1.23.

If we neglect the 2xl = 5/2 axnplitudes and assuxne all
amplitudes to be real we cari. solve for possible QI=

3/2 amplitudes. The result is

A3—= — 0.052 + 0.029A

B3
= — 0.067 + 0.033 .

+
Thus for hyperon decay, present experimental data
lixnit AI = 3/2 axnplitudes to less than about 5%%uo.

3. The Lee-Sugawara Relation
From Table I the Lee-Sugawara [ Lee (I 964) and

Sugawara (i 964)] relation W3 Z s + A — 2 - = 0 is
satisfied to -0.03+0.15 for the A amplitudes, and to
Z. 83+ 2. 50 for the B amplitudes.
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CROSS SECTION PLOTS
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