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Recently a T =1 resonance in the A-vt system,
called Y, , has been observed with a mass of
1385 Mev. ' ' Two types of resonances have been
predicted that might relate this observation to
other elementary-particle interactions: (1) P„2
resonances in the A-vT and Z-vT systems predicted
by global symmetry, '~' corresponding to the (-'„-,')
resonance of the m-N system, (2) a spin--' Y-E
resonance resulting from a bound state in the
K-N system. ~" The position and the width of
the observed F,* resonance agree with both
theories, but since the spin and parity have
not yet been determined, we ca,nnot distinguish
between the two theoretical interpretations.

Global symmetry" (including a phase-space
factor) predicts a branching ratio R = (Y,*+» Zo+E+)/

A'+E+) =(Y,*+ & +m')/(Y, *+ A'+E )
= ~i(0.225) - 5%. The K-1V bound-state model sug-
gests values of R considerably larger than 5%%uo.

However, when nonzero effective ranges are
taken into account, "R ean become quite small,
especially if the Z-A parity should be odd.

To investigate these possibilities, we have
continued our study of K -p interactions at 1.15
Bev/c in the Lawrence Radiation Laboratory 15-
in. hydrogen bubble chamber by studying events in
which a Z is observed. The total cross sections
for these interactions are shown in Table I; only
statistical errors are indicated. The separation
of Z +p +p and Z +p +2m events was diffi-
cult because many of the latter events will also
fit the first hypothesis. The numbers given in
Table I and in the mass plots below were cor-
rected to account for this ambiguity. The cor-
rection factor was estimated by using our Z++ p+

+ m++ vr events.
To obtain an upper limit for the branching

ratio, R, we combined the Z -2 g events into
different charge states of the Z-m system. All
charged Z hyperons were observed; however,
in the Z' cases only two-thirds of the events
were observable because of the neutral decays
of the A'. Furthermore, we had estimated that
about one-third of the Z p+m events also fitted
a Am+m interpretation and had been included in
already published data. ' Consequently each Z'vt+vt

event was given a weight of 2.25. The resultant
mass~spectra are shown in Fig. 1. In the cases

+P&»++n +E +E+,

+p» + +77 +1T +Sf

+P» &'+ E'+ ~++E

(2)

Reactions (1) and (2) are readily identified and
measured, but reaction (3) cannot be identified
unambiguously. Accordingly, we discuss first
the results pertaining to reactions (1) and (2).
In a search for possible Z-vt resonances, we have

Table I. Cross sections for the Z-producing interac-
tions at 1.15 Bev/c.

Reaction
No. of events Cross sections
(uncorrected) (mb)

Z +vr+

+ vr

Z++vr +vr'

Z +vr +vr'

Q +vr +vr
Z++vr +vr'+vr'
Z-+ v++ vr'+ v

'

Z +vr +vr +vr

87
84

54
27
13
9

19
13

1.40 +0.16
1.34 +0.18
0.97 +0. 16
0.83 +0.20
0.97 +0.20
0.18 +0. 06
0.12 +0. 05
0. 19 +0.06
0.12 +0.05

of (Z-E)+ and (Z-E) there appears to be no excess
of events in the region of %=1385 Mev. Using
the number of (A-p+) and (A-E ) events with 1355
Mev(M& &1415 Mev from reference 1, and as-
suming that all charged Z-7t systems in the same
mass regions of Fig. 1 are F,*, we obtain Rmax
(8%. This treatment yields an unrealistic upper
limit, since there is no evidence of any peaking
above background. The Z++vt++2 m' events pos-
sibly misidentified as Z++E++m' (or vice versa)
do not fall into the mass band used in this anal-
ysis.

We conclude that the Z/A branching ratio R for
the strong decay of the T =1 Y,* is at most a few
percent and is consistent with zero. This result
agrees with the value of R obtained by Bastien
et al." As indicated above, this value of R does
not rule out either the global symmetry or the
K-N bound-state model of the Yi resonance.

Next, we wish to report the results of our study
of the three reactions:
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plotted in Fig. 2 histograms of the invariant mas-
ses of the Z and each of the three pions in reac-
tions (1) and (2). Figure 2(b) refers to the Z and

pion of like charge; Fig. 2(a) to the Z and each of
the pions of unlike charge. For this reason twice
as many events appear in Fig. 2(a) as in Fig. 2(b).
The plotted curves are mass distributions ex-
pected on the basis of a uniform phase-space
population. The histogram of Fig. 2(b) agrees
with the phase-space curve, but the Z and unlike-
charged pion distribution appears to exhibit an

anomaly, indicating a concentration of events
with a Z-7t mass of about 1405 Mev. A more
detailed investigation of the distribution of our
events in the four-particle phase space suggests
that it is quite unlikely that we are dealing with

a statistical accident. In fact, in practically
every event one of the neutral Z-w systems has
a mass which lies in the resonance region. If
one interprets the observed distribution as a
resonance, its peak corresponds to a mass of
1405 Mev, and its full width at half maximum is
about 20 Mev after unfolding experimental errors.

To investigate further the possibility of a Z-m

resonance, we studied the 39 two-prong events
associated with a A that did not fit the K +p ~ A

+@++71 or K +p ~ Z'+m++m interpretations.
These events could be:

l
]
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FIG. 1. Mass plots of the charged and neutral Z-71

systems, including curves representing phase-space
distributions. (a) Mass of (Z-71), from the reactions:
E +p~Z +& +& or Z +~ +& . (b} Mass of (Z-&),
from the reactions: K +p~Z +7r +F or g +7r +z .0 + — + P

(c) Mass of (Z-7I), from the reactions: K +p~Z +x
+x or Z +7r +m.+

Identification is very difficult because only reac-
tion (4) is sufficiently overconstrained to permit
a kinematical fit. Furthermore, most of the
events that a,re actually examples of reaction (3)
fit hypothesis (4), but generally with a larger
X' value.

Of the 39 events, 16 had X ~2 when kinemati-

cally fitted to the one-constraint hypothesis (4).
Most of these events are probably due to reaction

(3), since a priori only 17% of the events due to
reaction (4) should have If

~ 2. Also, only one

example of the reaction K +p~A+p++v +g++g
and no examples of K + p ~ Z++m++ m++11 + p'

were observed; thus reactions (5) and (6) are
probably rare. Even though a kinematical fit
to hypothesis (3) is impossible, one can obtain

the invariant mass of the Z -z system from the
incident K momentum and the measured momen-

ta. of the two charged pions. However, since no

kinematic constraints can be imposed on such
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FIG. 2. Mass plots of the neu-
tral and doubly charged Z-~ sys-
tems.l
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events, the experimental errors will, in general,
be larger than for fitted events and fluctuate more
widely. Therefore, the data are better repre-
sented by ideograms.

Figure 3(a) shows the ideogram of the mass
distribution of the 16 events with X ~ 2. The
three events with M & 1320 Mev can be interpreted
as the tail of the y distribution of reaction (4);
the four events with M & 1450 Mev are probably
due to reactions (5) and (6). The remaining nine
events fall into a narrow band centered at about
1386 Mev and are most probably due to reaction
(3). The plotted curve is the mass distribution
of Z -m systems based on phase space and nor-
malized to nine events. It is worth emphasizing
that due to our experimental errors of -20 Mev,
the actual peak is expected to be somewhat sharp-
er than shown.

Figure 3(b) shows the corresponding distribu-
tion for the events with g2&2. In order to permit
a direct comparison with Fig. 3(a), again only the
measured momenta of the charged pions were used
to obtain the mass ideogram. The measured dis-
tribution appears to agree with that expected from
phase space for Am m+m events. No anomaly at
M -1390 Mev is observed. Thus there does not
appear to be any evidence of the T =1 Y,*' reso-
nance in the Am g+ m data. Furthermore, if one
fits all 39 events to the Ag g+g hypothesis and
then calculates the A-m', A-g+, and A-g masses
from the fitted values, there is still no evidence
for the 1',* resonance. In particular, the peak of

Fig. 3(a) vanishes. Thus we cannot attribute the
observed peaks in the mass distribution shown in
Figs. 2(a) or 3(a) to the Y,* resonance, especially
in view of the low Z/A branching ratio discussed
above. Because of this and the selection criterion
used in isolating the events of Fig. 3(a), the nine
events probably represent a Z -z resonance
linked by charge independence to the Z+-w and
Z -m+ resonance already discussed.

It is easy to show that the branching ratio P
=N~aza/(V~+z-+N~ &+) uniquely determines the
isotopic spin of the resonance. For T=2, 1, or
0, we have p =2, 0, or s, respectively. Neglect-
ing possible backgrounds, and correcting for
neutral decays and escape of the A hyperons in
the Z'-m' case, we have P =0.6+ 0.2. Hence, the
isotopic spin of the indicated resonance is zero,
and we will call it Yo*.

One difficulty of our interpretation of the data
is the difference in mass of 19 Mev+ 6 Mev be-
tween the two peaks of Figs. 2(a) and 3(a). How-
ever, since there are two identical pions in the
charged Z cases and not in the Z' cases, it is
possible that the effect of Bose statistics could
cause a shift of the peaks. Also, from the fact
that the charged Z can resonate with either of
the two unlike-charged pions, one wou1. d expect
interference effects between the two resonant
amplitudes. Another possibility is interf erence
between the resonance and nonresonant back-
grounds. Both these interferences might alter
the observed positions of the peaks. Electromag-
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FIG. 3. Ideograms of the missing mass for the 39
events in which a A and two charged pions were observed
and neutral pions were also produced. (a) Events with
g2- 2 for the A» & hypothesis. The superimposed
curve is the phase-space distribution for the Z x z x
reaction normalized to nine events. (b) Events with

p &2 for the A~ ~ m hypothesis. The superimposed
curve is the expected A&om r phase-space distribution.

netic mass differences in the Z+-71, Z -m+, and
Z -p' have a negligible effect on the position of
the peaks if one assumes transition probabilities

that are proportional to the decay momentum.
The Y,* could also be produced in the events

in which the final state consists of a Z and two
pions. If it is produced, it should appear in the
(Z-m) mass plot given in Fig. 1(c). No significant
peak is observed; however, the number of events
in this region of the mass plot is uncertain be-
cause of the difficulty of correcting for Z~z~z'z'
production. The absence of the Yo* in this final
state (Y,*+m) could be ea, sily understood if the
interaction took place mainly through the T =0
initial channel. The equality of the cross sections
for Z-2p reactions producing Z of all charges
(Table I) is consistent with this possibility. A
stronger test of this possibility is provided by
the intera. ction K'+p (a pure T =1 state) currently
being studied by Martin et al.4

We believe that our data for Z and three pions
are most naturally interpreted by invoking a T = 0
Z-p resonance. However, both because of the
small number of events involved and the complex-
ity of the final state, we cannot regard the evi-
dence as conclusive. Evidence for a (Z+ -w+)
resonance has been obtained by Eisenberg et al. ,
who have studied K -meson interactions in emul-
sion and find a peaking in the (Z-n)' mass spec-
trum at 1405 Mev." This peaking could be attri-
buted to a Y,~. In addition, Schult and Capps
have recently invoked a T =0 resonance at a mass
of about 1410 Mev to explain the hyperon branch-
ing ratio in low-energy K -d interactions. '

Dalitz and Tuan have shown that the (b ) solu-
tion for the scattering lengths in K-N low-energy
interactions will result in a Z-p resonance in the
T =0 state. Recent values for the zero-energy
K-N scattering lengths obtained by Dalitz" using
the data presented by Alvarez at the Kiev Confer-
ence, ' indicate that this resonance will be at
1415+3 Mev, with a half-width (I'/2) of about
20 Mev. If this explanation of the T=0 resonance
is correct, it should have J= ~„' the observed T =1
resonance could be the resonance predicted by
global symmetry with J= -', . Dalitz has pointed
out that the values of the (a ) solution given in
ref erence 9 are consistent with both a T = 1 and
a T = 0 Yp resonance~; both of these resonances
should then have J= -',.

The authors wish to thank the many members
of the Bevatron and bubble chamber crews and
the scanners who made this experiment possible.
We also thank Professor R. H. Dalitz, Professor
A. Pais, Professor B. Sakita, and Professor S.
Treiman for several helpful discussions. One of
us (P.E.) wishes to thank the Philippe's Foundation,

701



VOLUME 6, NUMBER 12 PHYSICAL REVIEW LETTERS JvNs 15, 1961

Inc., and the Commisariat a l'Energie Atomique
of France for a fellowship.

Work done under the auspices of the U. S. Atomic
Energy Commission.

~Presently at the Laboratoire de Physique Atomique,
College de France, Paris, France.

~Presently at the University of Wisconsin, Madison,
Wiscons in.

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

~M. Alston, L. Alvarez, P. Eberhard, M. Good,
W. Graziano, H. Ticho, and S. Wojcicki, Phys. Rev.
Letters 5, 520 (1960).

O. Dahl, N. Horwitz, D. Miller, J. Murray, and
P. White, Phys. Rev. Letters 6, 142 (1961).

3J. P. Serge, P. Bastien, O. Dahl, M. Ferro-Luzzi,
J. Kirz, D. H. Miller, J. J. Murray, A. H. Rosenfeld,
R. D. Tripp, and M. Watson, Phys. Rev. Letters 6,
557 (1961).

4H. Martin, L. Leipuner, W. Chinowsky, F. Shively,
and R. Adair, Phys. Rev. Letters 6, 283 (1961).

~M. M. Block, E. B. Brucker, R. Gessaroli,
T. Kikuchi, A. Kovacs, C. M. Meltzer, R. Kraemer,
M. Nussbaum, A. Pevsner, P. Schlein, R. Strand,
H. O. Cohn, E. M. Harth, J. Leitner, L. Lendinara,
L. Monari, and G. Puppi, Nuovo cimento (to be pub-
lished).

~R. Ely, S. Fung, G. Gidal, Y. Pan, W. Powell,
and H. White, Bull. Am. Phys. Soc. 6, 291 (1961).

~M. Gell-Mann, Phys. Rev. 106, 1297 (1957).

P. Amati, A. Stanghellini, and B. Vitali, Phys. Rev.
Letters 5, 524 (1960); Nuovo cimento 13, 1143 (1959).

9R. Dalitz and S. F. Tuan, Phys. Rev. Letters 2,
425 (1959).

R. Dalitz, Phys. Rev. Letters 6, 239 (1961).
Ph. Meyer, J. Prentki, and Y. Yamaguchi, Phys.

Rev. Letters 5, 442 (1960).
' J. L. Shaw (private communication).

P. Bastien, M. Ferro-Luzzi, and A. H. Rosenfeld,
this issue IPhys. Rev. Letters 6, 702 (1961)].

'4Y. Eisenberg, G. Yekutieli, P. Abrahamson, and
D. Kessler (private communciation).

R. L. Schult and R. H. Capps, Phys. Rev. 122, 1659
(1961).

SR. H. Dalitz, Lawrence Radiation Laboratory Report
UCRL-9580, 1961 [Revs. Modern Phys. (to be published)].

L. W. Alvarez, paper presented at the Ninth Annual
International Conference on High-Energy Physics, Kiev,
July, 1959 (unpublished); Lawrence Radiation Labora-
tory Report UCRL-9354, 1960 (unpublished).

A. Pais has pointed out to us that if the Y&* should
turn out to be the resonance predicted by global sym-
metry, the question arises whether the existence of
Yo could have anything to do with the global symmetry
as well. This is certainly not the case because, if the
Yo* is related to the global symmetry hypothesis, then
there should be a corresponding T =2 m-N resonance
with Q-160 Mev. Thus the existence of a Yo~ may in-
dicate that the assumption of global symmetry is wrong.
However, another possibility is that this symmetry
could be valid in the E-wave but not the 8-wave pion-
baryon interaction.

R. H. Dalitz (private communication).

SIGMA DECAY MODES OF PION-HYPERON RESONANCES*
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During a study of K p interactions in the Law-
rence Radiation Laboratory 15-inch hydrogen bub-
ble chamber, we have analyzed a total of 249 three-
body reactions of the type

K +p~Z++m +~',

K +p~Z +1T +7T

at incident K momenta of 760 and 850 Mev/c. Re-
actions (1) and (2) are interesting in view of the
existence of the resonant pion-hyperon state Y,*,'
which is now known to influence strongly reactions
such as

K +p ~ A + n++ m'
It is of interest to compare the Z+ production via

reactions (1) and (2) with the A production via (3)
to obtain the Z jA branching fraction R for y', *.

Another interesting feature of reactions (1) and
(2) is related to the fact that the dominant decay
mode Y,*~ A+m is accessible only to the Y,* of
isotopic spin 1. However, pion-hyperon resonances
in other isotopic spin states such as Yo* and Y2*
can decay into Z+z. Alston et al. have already
reported evidence for a singlet resonance Yo*, and
we present more Yo* data in the second half of
this Letter. Additional data on F*'~ Z+ + p+ have
also been reported by Eisenberg et al.'

On the subject of the branching ratio of Y,*, both
current theories agree in predicting values of R
largely undetermined but generally "small. " & In
particular, global symmetry favors R of the order
of a, few percent with an upper limit of 25%, while
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