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by an isotropic statistical model" normalized. to
a total cross section' ' of 50 p,b is also shown in
Fig. 1.

Qualitatively, our results agree rather well
with Drell's model, although the experimental
cross sections are in general considerably larger
than those calculated from Eg. (3), and do not
show any decrease at the smallest angle meas-
ured. One should perhaps not expect a better
quantitative agreement since Drell's diagram of
Fig. 3 is not the only one leading to pion pair pro-
duction, and other relatively small amplitudes
may produce appreciable effects by interference
with the Drell term.

*This work was supported in part by the U. S.
Atomic Energy Commission.
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We report a study of the reaction

+P A'+ s++ s

produced by 1.15-Bevjc K mesons and observed
in the Lawrence Radiation Laboratory's 15-in.
hydrogen bubble chamber. A preliminary report
of these results was presented at the 1960 Roch-
ester Conference. ' The beam was purified by
two velocity spectrometers. ' A =0 hyperon ob-
served during the run' and the preliminary cross
sections' for various K reactions at 1.15 Bevjc
have been reported previously. Reaction (1) was
the first one selected for detailed study, because
it appeared to take place with relatively large
probability and because the event, a 2-prong inter-
action accompanied by a V, was easily identified.
In a volume of the chamber sufficiently restricted
so that the scanning efficiency was riear 100%%u&,

255 such events were found. These events were
measured, and the track data supplied to a com-
puter which tested each event for goodness of fit
to various kinematic hypotheses. The possible re-
actions, the distribution of events, and the corres-
ponding cross sections are given in Table I. An
event was placed in a given category of Table I if

Table I. Distribution of events among different re-
actions.

Reaction

No. of Cross
events section

(mb)

(a) K +p Eo+p+x

(b) E +p (A or Zo)+n++m +x~

(c) E +p Zo+x++m

(d) K +p A+7t++m

(e) X +p ~ (A or Z o) + 7t++ m

Total

48

92

255

2. 0 +0.3

1.1+0.2

7.2 +0.5

the X' probability for the other hypotheses was
& I%%uo. It appears likely that the majority of the
events in group (e) are also reactions of type (1).
This belief is based on the following arguments:

1. Since the kinematics of a Amw fit (four con-
straints) are more overdetermined than those of
a Z'ss fit (two constraints), it is relatively easy
for a Arm reaction to fit a Zom~ reaction, but only
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very few Z' configurations can fit the Amp reac-
tions.

2. The events of group (e) when treated as Zamn

reactions give a g' distribution which is much
worse than that obtained when they are treated as
Agg reactions.

In what follows, the 141 events of groups (d)
and (e) are treated as examples of reaction (1).
We estimate that 10 to 15% are actually Z~ events.

The energy distribution of the two pions in the
X -P barycentric system is shown in Fig. 1. If
the cross section were dominated by phase space
alone, the distribution of the points on the two-
dimensional plot of Fig. 1 should be uniform.
This is clearly not the case. On the contrary,
both the m+ and the z- distributions have peaks
near 285 Mev, such as would be expected from
a quasi-two-body reaction of the type

Z +p r*~+m+, (2)

the Y having a mass spectrum peaking at-1380
Mev. 8 the F of mass 1380 Mev breaks up ac-
cording to

-A'+ m~,

the pions from this breakup are expected to have
energies ranging from 58 to 175 Mev tn the K p

rest system. Those pions from (8) are well sepa-
rated from the pions arising from reaction (2) in
the energy histograms.

The isotopic spin of this excited hyperon must
be one, since it breaks up into a A and a w. Since
the F is produced with a pion, also of isotopic
spin one, the reaction could proceed either in
the l=0 or the I= 1 state. Therefore the ratio of

to Y'* will depend on the relative magnitude
and phase of the two isotopic-spin amplitudes and
thus could differ from unity. We observed 59 F*+
events and 82 1' events, using the criterion for
separation that the high-momentum g meson is
the pion from reaction (2).

Figure 2 shows the distribution in mass of the
F* state (both Y and I' ) including all 141
events, again using the higher energy pion in
each event to calculate the Y* mass. The experi-
mental uncertainty in the mass for each event is
small compared to the observed width of the
curve. The curves of Fig. 2 are discussed later.

Figure 3 shows production angular distributions
for I'* and Y'* in the K p rest system. Partial
waves with l & 0 appear to be present, as would
be expected since hk jmvc approximately equals 3.
The difference between the K*+ and Y* angular
distributions may reflect the different superposi-
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FIG. 1. Energy distribution of the
two pions from the reaction E +p
A+7t++x . Each event is plotted only
once on the Dalitz plot, which should
be uniformly populated if phase space
dominated the reaction. The two en-
ergy histograms are merely one-
dimensional projections of the two-
dimensional plot, and each event is
represented once on each histogram.
The solid lines superimposed over
the histograms are the phase-space
curves.
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tions of the isotopic-spin zero and one amplitudes
for the two cases.

The following two methods were used in an ef-
fort to determine the spin of Y*.

(a) The angular momentum of Y was investi-
gated by means of an Adair analysis. ' We first
restricted ourselves to production angles with
[ cos8 [

~ 0.8. For this angular range the Adair
analysis should be valid if only S and P waves
are present in the production process. We then
computed g for each event, where

n=PZ- PA/(IPK-IIPA I)
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FIG. 2. Mass distribution for 7 and fitted curves
for mA and mp resonances. The lower scale refers only
to the mA resonance. Q is the kinetic energy released
when either isobar dissociates. The curve for the xA
resonances is fitted to the center eight histogram in-
tervals of our data. The ~p curve is the fit obtained by
Gell-Mann and Watson, v to mp scattering d«a, Both fits
are to the formula o ~'X2 I'2/[(E -Ell) 2+g F2), . where I'
=25(a/%)~/[1+ (a/X) J.

Of the 29 events with Icos& I~ 0.8, the fraction
0.62 + 0.09 has [q [~ 0.5. If the above-mentioned
restriction on the angular interval is sufficient
to insure the validity of the Adair analysis, this
ratio is expected to be 0.50 for j = I/2 and 0.73
for j =3/2. The experimental result is thus-l. 3
standard deviations from both possibilities, and
no conclusion may be drawn from the data. Simi-
lar results were obtained for several larger val-
ues of the cutoff angle. Presence of D waves,
however, cannot be excluded by the production
angular distributions (Fig. 3). If they are pre-
sent, indeed, then none of these choices of angle
would be sufficiently restrictive to guarantee the
success of the Adair analysis.

(b) Since Y* may be polarized perpendicular to
its plane of production, correlations can exist be-
tween the decay angle of the Y and the polariza-
tion of the resulting A. Also, a net A polarization
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FIG. 3. Angular distribution
of F* in the K p barycentric
system for the reactions K +p
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can result. With our limited data, we see no
statistically significant A polarization or angular
correlations.

However, one can also look for anisotropy, i.e. ,
a polar-to-equatorial ratio, in the decay angle of
Y* with respect to the normal to the plane of pro-
duction. For spin 3/2, the distribution must be
of the form A+ B$' by the Sachs-Eisler theorem, '
independent of the Y parity, where we have

g=(P~ &&PYg) ~ P /(IP &&PY~ IIP I),

Parameter

Interaction radius a
in units of fi/mac

Reduced width b (Mev)
Resonance energy Eo (Mev)
Pull width at half maximum (Mev)
Lifetime (sec)

0. 88
58

159
100

1
33.4

129.3
64

~]0 23

Table II. Parameters for 7[ -A and 7[ -p resonance
fitted to o ~X I' /[(E -Eo) +pl' J, where I'=25(a/%)~/
[I+(a/%) j.

and P~ is the momentum of the particle a in the
K p barycentric system.

Since the coefficient B is a function of the pro-
duction angle, we want to restrict ourselves to
that range of the solid angle where the polar-to-
equatorial anisotropy is probably greatest along
the normal to the production plane. For produc-
tion angles near 0 deg and 180 deg (Adair-analy-
sis region), one expects the polar-to-equatorial
ratio to be most different from unity in another
direction (namely along the direction of the beam).
Thus the equatorial region of production angles
is more likely to show a large anisotropy along
the direction in question. Therefore the produc-
tion-angle range sin0 ~ 0.866 was selected for
study. We find the ratio of events with I ) I&0.5

to all events is 0.355. If the distribution is iso-
tropic, as is required for spin 1/2, we expect
0.500+ 0.063 for our 62 events. The result is
thus 2.3 standard deviations from isotropy. The
45-to-1 odds against isotropy overstate the case
for higher spin because this is the fourth aniso-
tropy looked for.

Since Y* may be regarded as a hyperon isobar,
which decays into a m and a A, it evidently cor-
responds to a resonance in pion-hyperon scatter-
ing. The mass distribution of Fig. 2 then invites
a comparison to the cross section for pion-nu-
cleon scattering in the 8/2 - 8/2 state. For this
purpose a P-wave resonance formula employed
by Gell-Mann and Watsonv for pion-nucleon scat-
tering was fitted to our mA data by using the eight
central histogram intervals of Fig. 2. In fitting
the curve, it was found that the interaction radi-
us (a) could be varied over a wide range without
changing the goodness of fit appreciably, provided
that the reduced width (b) was also changed appro-
priately. The radius parameter was therefore
fixed arbitrarily at )'t/m~c. Table II summarizes
our results for Y*, along with those of Gell-Mann
and Watson for the 3-3 resonance.

Even if Y does turn out to be aP-wave reso-

nance, there are still many reasons why the m -A
resonance parameters must not be taken too liter-
ally: (a) There is a small contamination of Z'pp
events in our data. (b) A nonresonant background
may be present. (c) The production matrix ele-
ment for reaction (2) might well depend on the
outgoing momentum, and hence distort the mass
distribution of Y*. (d) Two thresholds for other
possible decay modes of Y* appear within the
mass interval covered by the resonance curve;
i.e. , the Zp mode threshold around 1330 Mev and
the KN threshold around 1435 Mev. This must
have some effect on the shape of the mass spec-
trum as observed via the Aw decay mode. (e) Final-
state pion-pion interaction could disturb the spec-
trum. (f) Even when the two resonances, Y*+
and Y~, are well resolved in terms of intensity-
as in our experiment —there can still be an appre-
ciable interference between the amplitude in which
the m+ arises from reaction (2) and the z from
reaction (8) and the amplitude in which the roles
of the two pions are reversed.

If we bear all these uncertainties in mind, the
resemblance to the 3-3 resonance is certainly
remarkable (Fig. 2). The resonance energies
when expressed in terms of barycentric kinetic
energies differ by only 30 Mev, which is much
less than the width of either resonance. Further-
more, the widths are at least comparable.

These results are strongly reminiscent of the
concept of global symmetry which predicts two
spin 8/2 pion-hyperon resonances, one with T = 1,
the other with T =2.' These are the hyperon
counterparts of the J = T =3/2 resonance of the
pion-nucleon system. On the other hand, the pos-
sibility that Y* is a J= 1/2 resonance cannot be
excluded on the basis of our data. The concept
of pion-hyperon resonance in either J =1/2 or
3/2 state has been discussed recently by several
author s.'
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A study of Z z g events in our experiment is
under way at present. The results, however, are
too incomplete for us to be able to draw any de-
finite conclusions.

The authors are greatly indebted to the bubble
chamber crew under the direction of James D.
Gow for their fine job in operating the chamber,
especially Robert D. Vfatt and Glen J. Eckman
for their invaluable help with the velocity spectro-
meters. We also gratefully acknowledge the co-
operation of Dr. Edward J. Lofgren and the Beva-
tron crew, as well as the skilled work and co-
operation of our scanning and measuring staff.
Special thanks are due the many colleagues in our
group who developed the PANG and KICK computer
programs —especially Dr. Arthur H. Rosenfeld,
and to Dr. Frank Solmitz for many helpful dis-
cussions.

One of us (P.E.) is grateful to the Philippe's
Foundation Inc. and to the Commisariat a 1'Energie
Atomize for a fellowship.

*This work was done under the auspices of the U. S.
Atomic Energy Commission.

)Presently at Laboratoire de Physique Atomique,
College de France, Paris, France.

$ Presently at University of Wisconsin, Madison,
Wisconsin.

)~ Presently at University of California at Los Angeles,
Los Angeles, California.

~Margaret Alston, L. W. Alvarez, P. Eberhard,
M. L. Good, W. Graziano, H. K. Ticho, and
S. Wojcicki, paper presented at the Tenth Annual Roch-
ester Conference on High-Energy Nuclear Physics,
1960 (to be published).

2P. Eberhard, M, L. Good, and H. K. Ticho, Law-
rence Radiation Laboratory Report UCRL-8878 Rev,
December, 1959 (unpublished}; also Rev. Sci. Instr.
(to be published).

3L. W. Alvarez, P. Eberhard, M. L. Good,
W. Graziano, H. K. Ticho, and S. Woicicki, Phys.
Rev. Letters 2, 215 (1959).

4L. W. Alvarez, in Proceedings of the 1959 Inter-
national Conference on High-Energy Physics at Kiev
(unpublished}; also Lawrence Radiation Laboratory
Report UCRL-9354, August, 1960 (unpublished).

~R. K. Adair, Phys. Rev. 100, 1540 (1955}.
E. Eisler and R. G. Sachs, Phys. Rev. 72, 680

(1947).
M. Gell-Mann and K, Watson, Annual Review of

Nuclear Science (Annual Reviews, Inc. , Palo Alto,
California, 1954), Vol. 4.

M. Gell-Mann, Phys. Rev. 106, 1297 (1957).
SR. H. Capps, Phys. Rev. 119, 1753 (1960); R. H.

Capps and M. Nauenberg, Phys. Rev. 118, 593 (1960);
R. H. Dalitz and S. F. Tuan, Ann. Phys. 10, 307
(1950); M. Nauenberg, Phys. Rev. Letters 2, 351 (1959};
A. Komatsuzawa, R. Sugano, and Y. Nogami, Progr.
Theoret. Phys. (Kyoto) 21, 151 (1959); Y. Nogami,
Progr. Theoret. Phys. (Kyoto) 22, 25 {1959);D. Amati,
A. Stanghellini, and B. Vitale, Nuovo cimento 13, 1143
(1959); L. F. Landovitz and B. Margolis, Phys. Rev.
Letters 2, 318 (1959); M. H. Ross and C. L. Shaw,
Ann. Phys. (to be published).

SOME CONSIDERATIONS ON THE RECENTLY FOUND EVIDENCE FOR A gA RESONANCE

D. Amati and B. Vitale
CERN, Geneva, Switzerland

and

A. Stanghellini
Istituto di Fisica dell'Universita, Bologna, Italy and Istituto Nazionale di Fisica Nucleare, Sezione di Bologna, Italy

(Received November 7, 1960)

Some interest in the possible existence of reso-
nant states in the pion-hyperon system has been
raised of late by the analysis of the pion spectra
in the reaction K +p -A+ m++ m .' The experi-
mental data fit indeed a phenomenological picture
where about 75 @ of the g+ in the previous reac-
tion are produced together with a resonant zA
state, whose Q value is peaked at about 115 Mev
and whose half-width is -30 Mev. A detailed ana-
lysis of such a resonant state is still missing and

many of its characteristics (like its total and
orbital angular momentum and the branching ra-

tios in decay) are as yet unknown. It is, however,
clear that the very presence of a resonant pion-
hyperon state is of importance, as it will help in
a deeper understanding of the processes among
strongly interacting particles. '

On the other hand, the existence of this reso-
nance can give us more confidence in the validity
of some theoretical models for the investigation
of the pion-hyperon interaction. This was indeed
the case with the one-pion approximation static
model of Chew and Low for pion-nucleon scatter-
ing. As a matter of fact the subsequent dispersive
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