VoLuUME 14, NUMBER 26

PHYSICAL REVIEW LETTERS

28 JUNE 1965

all particles that comprise the neutral KKm system

are observed and measured. To check for systematic
mass shifts, we examined the effective-mass ideogram
for each momentum interval separately; within statis-
tics no mass shifts were observed.

3Phenomenological matrix elements for three-par-
ticle systems are discussed systematically by C. Ze-
mach, Phys. Rev. 133, B1202 (1964).

‘Events in the peak are produced over a large range
of momentum transfer to the neutron. Since the rela-
tive phase space available for low-mass KK7 systems
is reduced at higher incident 7~ momentum, back-
ground is reduced by rejecting events with p,<2.7
BeV/c.
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Since no effect was observed in the corresponding
K K,m events, Armenteros et al.! have suggested that
the KtKi peak has IGJP =11~ In this case, the peak
represents a resonant state with allowed decay into 77
and, consequently, production in 7~p interactions. Al-
though an anomalously small coupling to the 77 system
could account for the absence of this effect in 77 p in-
teractions, interpretation as an /=1 S-wave enhance-
ment appears consistent with the pp data. Since both
the I=0 and I=1 KK combinations contribute to the

KK ,m° events, the expected KK, enhancement may be
reduced by a partial cancellation in the two strongly
interacting S waves,

It is not possible to determine whether these S-wave
interactions are strong enough to produce either an
I=0 or I=1 bound state of the type discussed by
R. Dalitz, Phys. Rev. Letters 6, 239 (1961).

%It is interesting to note that should the possible
164 = o1t assignment be verified in subsequent ex-
periments, a strong I=1S-wave KK interaction to-
gether with the P-wave K7 interaction provides a pos-
sible dynamical basis for such a state, AnI=0KKm
system requires /=1 for all KK pairs; the JP=1% con-
figuration permits the maximum interaction in the K,
Kr, and KK pairs simultaneously. If the strong KK
interaction were in the 171~ state (reference 7), this
model would lead to a 071~ KK state in complete
analogy with the w meson. The observed decay cor-
relations are in strong disagreement with this assump-
tion,

*The possibility that the D meson is part of an SU(3)
octet may be considered. The A;(1080) remains the
only I G=1" enhancement reported in this mass region.
Although there is little direct evidence that this en-
hancement represents a meson state with definite JP s
use of the Gell-Mann—Okubo mass formula leads to the
expectation of an S = +1 state at ~1230 MeV. Whether
the Kmm enhancement in this mass region reported by
Armenteros et al.! is to be identified with such a state
remains to be determined.

INDICATION OF A 0%,7 =0 2r RESONANCE AT 720 MeV*

V. Hagopian and W. Selove

University of Pennsylvania, Philadelphia, Pennsylvania

J. Alitti, J. P. Baton, and M. Neveu-Rene

Centre d’Etudes Nucléaires, Saclay, France

R. Gessaroli and A. Romanoft

Istituto di Fisica dell’Universita, Bologna, Italy
(Received 15 April 1965)

Recent theoretical work has resulted in im-
portant methods of grouping strongly interacting
particle states according to various symmetry
groups. It is a further problem to relate groups
with different spin and parity numbers. In this
connection, it is of considerable interest to
identify meson states or multiplets with low
values of spin, J. Although nine pseudoscalar
mesons are known at present, no scalar me-
sons have yet been clearly identified.

A 0% meson state, if of zero strangeness and

even G parity, should show itself as a resonance
in 77 scattering. The single-pion-production
process, using pions incident on nucleons, has
been extensively studied as a means of obtain-

ing information on 77 scattering and resonances.!”5

In the study of the 7=n+ system, through this re-
action, a strong forward-backward (F-B) asym-
metry has been found in the “n7 scattering an-
gle” distribution, in the p mass region (M,
~650 to 850 MeV).5"® At sufficiently high beam
energies, this asymmetry is clearly not due
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to final-state 7-nucleon isobar effects,®'° and
it was suggested by Hagopian and Selove, and
by Baton and Reignier,! that the asymmetry
could be explained by a large phase shift in

the T=0 s-wave 77 scattering, possibly a reso-
nance, near the p.

Halpern et al. have recently observed a peak
in the neutral meson mass spectrum at about
700 MeV, and have strong evidence that this
peak occurs in the 27° system.!? These results,
and the recent calculations of Patil and of Dur-
and and Chiu,!'® have stimulated us to examine
the combined data from 77p experiments at
2.75 and 3.0 GeV/c!* carried out by the Penn-
sylvania’ and S.0.B.B.° groups. We find an
indication of a 7=0 s-wave 77 resonance, at
about 720 MeV, with width I'~50 MeV. The
data on which this conclusion is based are re-
ported here; our belief in the existence of this
resonance comes from the fact that three in-
dependent sets of data are all consistent with

this interpretation.!?>814

The data for the reactions

++7l

1

T +p—=T"+T
and

(2)

T +p~T1"+7%+p

are shown in Figs. 1 and 2, for the indicated
values of M ,, A% and cosf;;. (A is the four-
momentum transfer to the nucleon, and 6,
or 6, is the scattering angle in the 77 c.m.
system.)

In Fig. 1(a), the mass spectrum is shown
both for all cosé, and separately (cross-hatched)
for cosf near zero. Inthe region of small |cosfl,
the strong p wave—i.e., the p—should give rela-
tively little intensity. If an even-/ resonance
is present in addition to the p, and if the even-!/
resonance energy is appreciably different from
the p energy, then the small |cosf| selection
should peak at a different mass.
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FIG. 1. (a) Mass histogram, Tt system. The curves are simply smooth curves drawn through the data.
(b) Mass spectra for rtn? (2.75-GeV/c nip data, Orsay-Bari Collaboration, private communication) and 1r—1r°,14

for A2<4M,? and |cos §|<0.3.
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In Fig. 1(a), one sees that for low |cos6|
and low A%, there is a distinct peak in the 77

mass spectrum at about 720 MeV, at a position
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clearly different from that of the over-all “p°”
peak. (Even summed over all cos6, the mass
spectrum at low A? peaks at a mass significant-
ly lower than for larger A2, This effect has
been observed previously.!®) Moreover, it is
seen in Fig. 2(a) that the F-B asymmetry shows
a sudden variation at the same mass, 720 MeV.
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FIG. 2. (a) and (b) Scattergrams for A*<4M ;2. (c) and (d) Scattergrams for M. =680 to 850 MeV. (e) Scatter-
gram, Treiman-Yang angle versus M ., for at system, A? <4M1r2~
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It is important to note that very good agreement
with the F-B shift around 720 MeV is found

in similar data previously reported at 1.59-
GeV/c beam momentum.®

It should be noted that no peak at ~720 MeV
is observed in the charge=2 77 state,” nor in
the charge=1 77 state [see Fig. 1(b)]. Figure 2(b)
shows the scatter plot of the 7—7° events with
A%< 4M;? and shows no significant effect in the
angular distribution at about 720 MeV.!®

In terms of 77 scattering, this shift in the
F-B asymmetry, together with the mass peak
for events with small |cosf|, is a strong in-
dication of an even-/ resonance; the asymme-
try shift is due to interference with the large
p-wave 77 phase shift already present at 720
MeV. (The F-B asymmetry shift tends to be
masked by the strong increase in forward 77
scattering as M, increases toward the p peak.
The F-B asymmetry shift is very much clear-
er if one uses only events with —-1.0<co0s6<0.3
to 0.5, for example.)

We next comment briefly on why we believe
the data can be interpreted in terms of 77 scat-
tering. (For a fuller discussion, see refer-
ence 14.) Gottfried and Jackson'® and Durand
and Chiu'® have recently calculated the angular
distribution of “p decays”—i.e., the angular
distribution of what we call “n7 scattering” at
the p—using a one-pion-exchange (OPE) model
with absorption effects included (OPEA). Their
calculations agree well with all major features
of p~ production and decay, both in our data
and in other similar data. It is this result which
gives us confidence in the OPEA model.

The calculation of Durand and Chiu also in-
cludes the effect of an s-wave resonance. They
find that the OPEA model predicts results which
again, as for the p wave, correspond roughly
to the results expected on a 77 scattering model.
The absorptive damping of the s-wave resonance
and the p-wave resonance are found to be com-
parable.?

It is one feature of the OPEA model that the
p, although of angular momentum /=1, gives
a decay distribution which is not pure cos?9,
but which also includes a sin®?6 term. The rela-
tive magnitude of the sin®0 term should decrease
as A% decreases. Figure 2(d) shows that for
7~ n° events in the p mass region, the sin®6
term does in fact become smaller as A% de-
creases; Fig. 2(c) shows that this is not the
case for 7~7" events. This difference is in
good agreement with the interpretation that

1080

a strong even-l/ (7T=0) 77 interaction is pres-
ent.

We have considered whether these data are
clearly consistent with an s-wave resonance,
or with a d-wave resonance. The d-wave in-
terpretation is completely inconsistent with
the data, as we shall explain. First, we note
that the widths of the mass peak and of the back-
ward cancellation [see Fig. 2(b)] at ~720 MeV
are greater than our resolution. Consequent-
ly, we expect the over-all mass histogram
(Fig. 1, all cos¥) to show the true height of
the 720-MeV peak. If the resonance were d
wave, then the height of the 720-MeV peak in
AN /AM . (Fig. 1) would be about § the height
of the [ =1 p peak.?' (A factor of 5/3 enters
from the spin factor 2/ +1, and a factor of 4/9
enters from isotopic-spin Clebsch-Gordan co-
efficients.) The over-all 7~ 7" mass spectrum
is completely inconsistent with such a peak.
On the other hand, an s-wave resonance would
be expected to have a peak height only about
1/7 that of the p, and this is consistent with
the mass spectra of Fig. 1.

We note that, again on the conclusion that
the width of the 720-MeV peak is greater than
our resolution, the angular distribution (AN/
Acosf, see Fig. 2) also rules out a d-wave
interpretation.”’!

It should be mentioned that Keefe et al. have
noted an apparent distinct bump at about 720
MeV, in the over-all 7~7t mass spectrum,
for small A%, in a spark-chamber study of Re-
action (1).22

Next we remark on the value of the s-wave
“resonance energy,” E,, which we take for
present purposes as the energy at which the
s-wave phase shift equals 90°. This energy
can, in principle, be determined from our data,
from the combined behavior of the mass dis-
tribution and the (forward-backward) angular
distribution. These data give a resonance en-
ergy near 720 MeV. The data are too meager
to make a precise analysis, and there is also
some uncertainty in the exact nature of inter-
ference effects which may be influencing the
mass spectrum near cosf=0. For these rea-
sons we cannot give very precise values for
the resonance energy, E,, or for the width I.
As preliminary values, we quote 720 MeV for
E,, and 50 MeV for I'.

Finally, we note that a sudden change is ap-
parent in the Treiman-Yang® versus M plot
at ~720 MeV in the 7~ 7" system [Fig. 2(e)].
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This change occurs just at the position of the
720-MeV mass peak and F-B anomaly, and
is presumably associated with the 720-MeV
resonance. We have no explanation for this
effect. We have checked that the effect, and
in fact the entire 720-MeV resonance effect,
is not associated with any 7-nucleon isobar
effect.
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