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Limits on baryonium production in pp interactions at 8.3 and 13.0 GeV/c
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Results are presented from a search for the production of narrow pp states in antiproton

interactions at 8.3 and 13.0 GeV/c. Cross-section upper limits have been established for
four candidate baryonium states. The upper limits (95%%uo probability level) range from 0.21

to 1.29 pb for inclusive forward production, and from 0.11 to 0.89 pb for backboard produc-

tion in the final state cof(pp).

Many conflicting results have been presented con-
cerning the existence of narrow meson resonances
which decay predominantly into final states with a
baryon-antibaryon pair ("baryonium"). As of 1980,
the S(1936) was considered the best established of
the baryonium candidates. It had been observed,
with slight variations in mass and width, in four
separate pp formation experiments. ' Two other
states, with masses of 2020 and 2200 MeV/c, were
also regarded as strong baryonium candidates. They
were observed in an experiment which used the
CERN 0 spectrometer for a high-statistics study of
the baryon-exchange reactions m p ~Nf*(1520)(pp)
and tr p~bf(1232)(pp) at 9.0 and 12.0 GeV/c

Evidence for baryonium was also reported in pro-
duction experiments involving interactions ranging
from yp and ep to tr+p and pp. However, a number
of experiments performed recently to investigate the
properties of baryonium have failed to find any evi-
dence for its existence.

We report the results of a baryonium search per-
formed using the Large-aperture solenoid spectrom-
eter (LASS) at SLAC with antiproton beams of 8.3
and 13.0 GeV/c. The apparatus is shown in Fig. 1.
LASS provided nearly 4m acceptance and good
momentum resolution over a wide range of pL
and pT. Two Cerenkov counters, C& and C2, a
time-of-flight hodoscope, and a neutral-hadron
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FIG. 1. The large-aperture solenoid spectrometer.
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detector facilitated particle identification. Ci and

C2 had pion thresholds of 2.7 and 1.8 GeV/c, kaon
thresholds of 9.6 and 6.3 GeV/c, and proton thresh-
olds of 18.0 and 12.0 GeV/c, respectively. The
time-of-flight resolution of 1.2 nsec [full width at
half maximuin {FWHM)] provided p/n. separation
to -2.0 GeV/c.

The search for baryonium in pp interactions was
motivated by the possibility that the production
cross section might be much larger than in analo-
gous ~ p interactions. This could be the case if
baryonium were produced in a baryon-exchange pro-
cess, as indicated by the CERN 0 spectrometer re-
sult. Baryon-exchange reactions have been success-
fully parametrized by do/dt =deb', with typical
values of b ranging from 4 to 10. Regge theory
suggests that this differential cross section, at a
fixed t and center-of-mass energy, would be smaller

by about a factor of 2 in pp as opposed to npin. -

teractions. ' However, since the maximum possible
value of r is always greater in a given pp reaction
than in the analogous a p reaction, a kinematic
enhancement of baryonium production in pp interac-
tions might result, the size of which would be deter-
mined by the slope parameter b and the kinematic
limits on t. For example, if b were 7, the reaction

pp —+co 8(2020) at 8.3 GeV/c would be favored over
the reaction n. p~X~(1520)8{2020) at 9.0 GeV/c
by a factor of 200 due to kinematics.

One other experimental result suggested that the
cross section for baryonium production might be
much larger in baryon-antibaryon interactions than
in m p. In 1976, Braun et al. reported a 5.1-
standard-deviation enhancement in the X mass
spectrum at 2850 MeV/c in the reaction
pn~rr X ai 5.55 GeV/c where the X consisted of
a (pp), (ppm ), (pnvr+), or (np~ ). The extremely
large production cross section, 83+16pb, quoted for
this enhancement did not contradict any existing ex-
perimental result. The present experiment is the
first high-statistics pp study published with a large
acceptance for pp pairs with effective masses as high
as 2850 MeV/c .

Two data samples were chosen for this study. In
the first, events were selected in which a positively
charged particle with momentum greater than 2.7
GeV/c traversed both Cerenkov counters without
radiating light in either. These events were searched
for the decay into a pp pair of a forward baryonium,
recoiling against any combination of particles. The
second sample consisted of events produced by the
8.3-GeV/c p beam which contained a fast forward
pion (as identified by one or both Cerenkov
counters). The four-prong events from this data
sample were subjected to a kinematically constrained
fit to isolate the final state ppm+m m . Those
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FIG. 3. pp effective-mass distributions for the reac-
tions: (a) pp —+(pfp)X at 8.3 GeV/c', (b) pp —+(pfp)X at
13.0 GeV/c, and (c) pp ~cof(pp).

events which included an co meson were selected,
and the pp pair recoiling against the co was exam-
ined for evidence of baryonium production. In or-
der to isolate peripheral events in both data samples,
the square of the four-momentum transfer from the
beam p to the forward system was required to satisfy
it i

&1.0(GeV/c).
These channels were selected because the back-

grounds were expected to be very small. Mechan-
isms which could yield a forward proton are baryon
exchange, double baryon exchange, exchange of an
exotic (baryon number=2) particle, and production
in the pp annihilation firebal. All of these mechan-
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TABLE I. Trigger acceptance for baryonium production.

Mass
in MeV/c

1936
2020
2200
2850

PP (PfP»
at 13.0 GeV/c

59%
43%%uo

26%
10%

PP ~(pfP )X
at 8.3 GeV/c2

27%%uo

20%
9%
4%

PP ~~f(PP)
at 8.3 GeV/c'

47%
45%
40%
10%

isms except baryon exchange are heavily suppressed.
The cd�(pp) final state was attractive because the co,
unlike the p or the f, is a narrow resonance and
appears over a small background (Fig. 2).

The pp effective-mass spectra are shown in Fig. 3.
No narrow pp enhancements were observed, and
cross-section upper limits were computed for four
candidate baryonium states: B(1936), B(2020),
B(2200), and B(2850).

The two-particle effective-mass resolution of
LASS was determined from the covariance matrices
associated with the tracks forming pp pairs. The
resolution (one standard deviation) was determined
to be 3.5 MeV/c near threshold, 4.5 MeV/c at
2200 MeV/c, and 8.0 MeV/c at 2850 MeV/c .
The resolution for pp pairs near threshold and at
high effective mass was verified by comparing the
computed mass error with the observed FWHM of
the A and K, respectively. All cross-section upper
limits were made assuming a resonance width less
than the appropriate calculated mass resolution.

The sensitivity is the production of raw sensitivi-

ty, event-reconstruction efficiency, and trigger ac-
ceptance. The raw sensitivity was 81.5 events/pb
for the 13.0-6eV/c pf-filtered event sample, 96
events/pb for the 8.3-6eV/c ~f-filtered sample, and
155 events/pb for the 8.3-6eV/c pf-filtered sample.
The event-reconstruction efficiency was determined
to be 88% for p/-filtered events and 73%%uo for ~f-
filtered events.

The acceptance of the hardware triggers and
software filters was computed using a Monte Carlo
program which simulated the response of LASS to
individual events. Tracks were generated using a
two-body baryon-exchange model with the differen-

tial cross section parametrized as d 0 /dt ~ e"'.
Values of b from 3 to 7 yielded similar acceptances;
b=3 was used in the cross-section calculations.
The acceptance for pp —+(pfp)X was sensitive to the
baryonium decay angular distribution, since this af-
fects the transverse momentum of the decay proton.
The degree to which the acceptance depended on
this angular distribution varied from a very small
dependence for pp pairs of mass 1936 MeV/c to an
overwhelming dependence for high-mass pairs. This
was not the case for the exclusive reaction
pp~~f(pp), since neither of the baryonium decay
products was included in the trigger. All cross sec-
tions were calculated assuming isotropic baryonium
decay. The trigger acceptances used are shown in
Table I. The cross-section upper limits obtained
from this analysis are listed in Table II.

Two other high-statistics searches for baryonium
in pp interactions have been reported recently. One
of these was performd at the CERN 0 spectrometer
with a 12.0-6eV/c p beam' and the other was done
using a 5.0-GeV/c p beam at the Brookhaven mul-
tiparticle spectrometer. " Both groups triggered on
a fast forward proton and isolated the final state
(pfp)vr They the.n searched for narrow enhance-
ments in the mass spectrum of pp pairs produced
forward in the laboratory. The Brookhaven group
also studied the final state (pfp)p /co . No evidence
for the production of baryonium was reported by ei-
ther group. The upper limits established for various
low-mass baryoniurn candidates ranged from
0.04—0.12 pb for the (p~p )vr final state and
0.20—0.22 pb for the (pfp)p /co final state.

The results of the present experiment on back-
ward as well as forward production of baryonium,

TABLE II. 95%-probability upper limits on
tions.

the production of baryonium in pp interac-

Mass in
MeV/c2

1936
2020
2200
2850

8.3 GeV/c

(pfp )X

0.54 Rb
0.21 pb
1.29 pb
0.54 Rb

13.0 GeV/c

(pfp )X

0.33 pb
0.27 Rb
0.56 Rb
0.80 pb

8.3 GeV/c
Nf (PP)

0.12 pb
0.14 pb
0.11 pb
0.89 pb
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together with the two null results on forward pro-
duction, ' '" are in clear disagreement with the m p
results which inspired all three experiments, given
reasonable assumptions concerning the baryon-
exchange production mechanism. The present ex-
periment alone clearly rules out copious production
in pp interaction of a baryonium state with mass
near 2850 MeV/c .

We would like to thank David Leith and the

members of SLAC Group 8, especially D. Hutchin-
son, P. Kuntz, S. Shapiro, and S. Williams for their
support during the data taking and Bill Dunwoodie
and Bill Johnson for their assistance with the track-
finding and event-fitting programs. We would also
like to thank the members of the Carleton Universi-
ty High Energy Group. This work was supported
by the National Science Foundation through Grant
No. PHY-8023687.

'Present address: Indiana University, Bloomington, Indi-
ana 47401.

Present address: Hughes Aircraft Co., Los Angeles, Cal-
ifornia 90009.

~Present address: Bell Labs, Murray Hill, New Jersey
07974.

&Present address: Brookhaven National Laboratory, Up-
ton, New York 11973.

A. S. Carroll et a/, , Phys. Rev. Lett. 32, 247 (1974); V.
Chaloupka et a/. , Phys. Lett. 61B, 487 (1976); W.
Bruckner et a/. , ibid. 67B, 222 (1977); and S. Sakamo-
to, Nucl. Phys. B158,410 (1979).

P. Benkheiri ef a/. , Phys. Lett. 68B, 483 {197?).
D. Aston et a/. , Phys. Lett. 93B, 517 (1980); B. G.

Gibbard et a/. , Phys. Rev. Lett. 42, 1593 (1979); C. N.
Kennedy, P. D. Zemany, and A. W. Key, Phys. Rev. D
16, 2083 (1977); and C. Daum et a/. , Phys. Lett. 908,
475 (1980).

4S. U. Chung et a/. , Phys. Rev. Lett. 45, 1611 (1980); R.
P. Hamilton, T. P. Pun, R. D. Tripp, D. M. Lazarus,
and H. Nicholson, ibid. 44, 1182 (1980); W. E. Cleland
et a/. , Phys. Lett. 86B, 409 (1979); C. Daum et a/. ,

ibid. 100B, 439 (1981); S. Kooijman, M. W. Arenton,
D. S. Ayres, R. Diebold, E. N. May, L. Nodulman, J.
R. Sauer, A. B. Wicklund, and E. C. Swallow, Phys.
Rev. Lett. 45, 316 (1980); and A. S. Carroll, I.-H. Chi-
ang, T. F. Kycia, K. K, Li, L. Littenberg, P. O. Mazur,
J. P. deBrion, and W. C. Carithers, Phys. Rev. D 19,
1950 (1979).

5J. Orear et a/. , Phys. Rev. Lett. 21, 389 (1968); A. Eide,
et a/. , Nucl. Phys. B60, 173 (1973); and A. Brabson
et a/. , Phys. Lett. 42B, 287 (1972).

D. C. Christian, Ph.D. dissertation, The Johns Hopkins
University, Baltimore, Maryland, 1982 (unpublished).

7V. Barger and D. Cline, Phenomenologicol Theories of
High Energy Scattering (Benjamin, New York, 1969), p.
135.

H. Braun et a/. , Phys. Lett. 60B, 481 (1976).
The physical range of t for the (pfp )X final state depend-

ed very slightly on the mass assigned to the recoiling
system, X. For the cross-section calculations, the co

mass was assigned to the recoiling system.
~OA. D. J. Banks et a/. , Phys. Lett. IOOB, 191 (1981).
~ ~S. U. Chung et a/. , Phys. Rev. Lett. 46, 395 (1981).


