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Evidence for dominance of conjoint mechanisms in P -meson production
in sr+@ interactions at 16 GeV/c
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Evidence is presented that the production of P mesons in tr+p interactions at 16 GeV/c is
dominated by conjoint mechanisms, i.e., P mesous are accompanied by additional strange
particles. For x&O.S, the cross sections for conjoint production of p mesons are
0.37+0.16 pb with a A hyperon and 0.33+0.15 pb with a Eq meson. Assuming equal

probability for each conjoint final state, the total conjoint production cross section is in-

ferred to be 1.05+0.33 pb. This is to be compared with the inclusive P -meson production
cross section of 1.3+2.0 pb in the same kinematic region. The data suggest that conjoint
mechanisms are responsible for 81% of the P production with a lower limit of 24%%uo at the

94%%uo confidence level.

Owing to its relatively copious production cross
sections, the P meson provides a practical laborato-
ry for studying the decay and production mechan-
isms of ideally mixed quark-antiquark states. One
of the most remarkable insights gained due to such
studies is the empirical rule advanced by Okubo,
Zweig, and Iizuka, ' commonly known as the OZI
rule. The OZI rule was originally proposed to ex-
plain the suppression of P -meson decay into the p tr-
states; however, it has been used extensively to inter-
pret P, J/f, and Y production data. Although the
applicability of the OZI rule to production dynamics
has not been unambiguously demonstrated, available
experimental studies comparing the production of P
mesons in OZI-rule-suppressed reactions and the
production of other members of the same vector-
meson nonet lend qualitative support to such a no-
tion. In the reaction tr p~g n, Ayres reported a
suppression factor of 3.5&&10 relative to p-meson
production from threshold to 6 GeV/c. At 19
GeV/c, the Omega Spectrometer group observed
that the reaction tr p~g tr+ntr p is suppre. ssed

by a factor of 5+2X10 relative to the production
of the co meson. These results are consistent with
the OZI rule. Except for the P meson, none of the
other participants in these reactions carry a signifi-
cant amount of s quark in its wave function. There-
fore, the s and s-quark lin-es from the po meson
must terminate on themselves, and this is specifical-
ly forbidden by the OZI rule.

However, experimental studies comparing
meson production cross sections in reactions forbid-

den by the OZI rule with those allowed do not lead
to unambiguous interpretations. In pp interaction at
3.6 GeV/c, the cross-section ratio for a P meson
produced with a pair of charged pions to that with a
pair of charged kaons was reported to be 0.7+0.4.
Data from the Omega Spectrometer group indicate
that in tr p interactions at 19 GeV/c, the cross-
section ratio for the exclusive production of m pP
in association with a m+m pair relative to that with
a K+X pair is 1.7+o's for x & 0.3. The absence of
suppression of OZI-rule-forbidden reactions was at-
tributed by Lipkin to the lack of phase space for
producing a pair of kaons at low energies. The neg-
ative result in the search for OZI-rule-favored con-
joint production of the J/i' particle with a pair of
charmed particles at 300 GeV/c was explained in
terms of a final-state-interaction mechanism similar
to that invoked in the quark-confinement question.

The results reported in this paper are obtained
from m+p interactions at 16 GeV/c. The experi-
ment was performed at the Stanford Linear Ac-
celerator Center (SLAC} using the 2-m streamer
chamber. The experimental layout is sho~n in Fig.
1. Positively charged secondary particles, produced
at 0', were transported by beam line 23 to impinge
upon a 61-cm-long liquid-hydrogen target in the 2-
m streamer chamber. The downstream end of the
target was located midway along the length of the
chamber. A 1.3-T magnetic field was present over
the entire volume of the chamber. The beam parti-
cles were identified using a high-pressure differential
Cerenkov counter filled with Freon-13 placed at the

27 1439 0&1983 The American Physical Society



HYLEN, MA, JAWAHERY, MANN, MARUYAMA, AND MILBURN

I I

/
MPWC~ MPWCZ i

«1%~%%'~~

AN, t Hp target

ss

0 0,5 I

V2

K

Perefkov

Counter

K

Cerenkov

Counter

Meter l I

pq tIn
uu

tt

v

qn
uu

y )6 )6 ~l4.024

(( phMi'
Tj ~~) )pg6

0O
fO

C)
Q O

jO ~ Q Q ff)
NN (77 u y) ed

e~o
~g)o&
Q&

0 2468 IO 20

Meter

FKr. 1. Experimental setup at the Stanford Linear Accelerator Center streamer-chamber facility.

second focus F2 of the beam optics. An average of
nine positively charged particles was measured at Fz
per each 1.6-psec long burst. The m+ beam was
electronically defined by a set of three scintillation
counters to a circular spot of —,-in. diameter at the
entrance to the liquid-hydrogen target. The ~+ in-
tensity at the same position averaged 7.2/pulse. The
ltt. + contamination in the beam was reduced from
8.1% to 1.5% using the differential Cerenkov
counter.

Secondary particles produced by the incident m. +

were screened using the downstream trigger hodo-
scope for the presence of a high-momentum E
particle. The hodoscope was composed of four
picket-fence planes of scintillation counters, V~, V2,
V3, and V4 and a ten-cell atmospheric-pressure iso-
butane Cerenkov counter. Each of the picket-fence
arrays, V&, V2, and V4, was composed of 20
counters. The third plane V3 had 40 elements, half
above and the other half below the beam plane, thus
dividing the acceptance phase space into 40 separate
channels. The widths of individual elements were
designed such that requiring a coincidence from cor-
responding elements in each of the four planes en-
sured the detection of a negative charge particle
with a minimum momentum of 2.S GeV/e. Veloci-
ty discrimination was accomplished using a ten-cell

atmospheric-pressure isobutane Cerenkov counter
placed between the V3 and V4 planes. The cells
were arranged in the form of a 2&(5 matrix with
each cell monitoring particles emerging from 4 of
the 40 coincidence channels. With the Cerenkov
counter operating in the anticoincidence mode, the
system rejected events having either a m. with a
momentum greater than 2.73 GeV/c or a K with a
momentum greater than 9.63 GeV/c. An identical
ten-cell Cerenkov counter was placed on the oppo-
site side of the beam line. Signals from the counter
were used with the measured momentum from the
streamer-chamber photographs to tag the mass of
positively charged secondary particles. The pion re-
jection efficiencies of the Cerenkov counters were in-
dependently measured using a 9-GeV/c gr beam to
be 99.87+0.1S /o and 99.7S+0.2S%. The perfor-
mance of the trigger system has been discussed else-
where. '

A total of 302000 trigger candidates were photo-
graphed on film. The associated trigger and pulse-
height information from scintillation hodoscopes
and Cerenkov-counter cells was also recorded on-
line using a POP-9 computer. The data reported in
this paper come from a complete scan of all events
with a visible strange-particle decay signature. The
"vee scan" resulted in 6203 candidates, correspond-
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ing to a sensitivity of 526 events/p, b. A general scan
of approximately 7% of all legitimate trigger events
with or without an associated neutral decay contri-
buted 5824 candidates at 40.4 events/pb. These
events were digitized on image plane digitizers. The
data were processed through the program TvGp
(Ref. 11) for spatial reconstruction. The determina-
tion of the hidden primary interaction vertices was
performed using the program ApAcHE (Ref. 12)
adapted to this experiment. Following two measure-
ment passes, 91.1% of the events found in the two
scanning passes were accepted for further analysis.

Figure 2(a) shows a typical E m. + invariant-mass
distribution where no mass identifications were at-
tempted for either of the charged particles. In fact,
the Cerenkov counters were turned off for these
data. The negative particle was, otherwise, a trigger
particle, i.e., its trajectory traversed 1 of the 40 coin-
cidence channels. No significant enhancement was
observed. When the negative particle was required
to be the trigger E particle, i.e., no signal was
detected from the corresponding Cerenkov cell, a

prominent enhancement is observed at the E~(890)
mass as is shown in Fig. 2(b). Correcting for the
combinatorial ambiguities, the data suggest that the
E*(890) particle is present in 30.0% of the trigger
events. Figure 2(c) shows the E n.+ mass when
both particle mass identifications were confirmed by
the Cerenkov counters.

Figure 3(a) shows the mass distribution of K+K
from the general scan mentioned earlier. No signifi-
cant enhancement is observed at the P mass. Since
this mode of scan was carried out for about 7%%uo of
the sample, the cross-section sensitivity is somewhat
low. The %+K distribution from the vee scan is
shown in Figs. 3(b) and 3(c). Here the IC+E is ac-
companied by at least one visible neutral-strange-
particle decay. An enhancement at the $0(1019)
mass is observed. A fit to the combined Kz and A
associated samples in this region yields a mass of
1024+6 MeV/c with a Gaussian width of 14+6
MeV/c . The mass is consistent with the accepted

mass of 1019.6 MeV/c, and the width is con-
sistent with the calculated resolution of 17 MeV/c
in the P mass region. The background shape was
generated by combining candidate tracks from dif-
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FIG. 2. Mass distributions for the E m+ combination
with the negative charged particle being the trigger candi-

date. (a) Both Cerenkov counters were turned off. (b)
The E Cerenkov counter operated in the anticoincidence
mode. (c) Both charged-particle masses were affirmed by
Cerenkov counters.
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FIG. 3. The K K+ mass distributions for (a) the in-
clusive sample from the general scan, (b) the semi-
inclusive sample with a visible Eq decay, and (c) the
semi-inclusive sample with a visible A decay. The curves
represent fits to the data as discussed in the text.
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(c)

FIG. 4. @CD processes expected in p production. (a)
» qua~k fusion. {b) Light-quark —antiquark fusion. (c)
Gluon fusion. With the exception of process (a), no ac-
companying strange particles are expected.

ferent events. The integrated area in the peak corre-
sponds to 16.8+5.3 events above the combinatorial
background. Corrected for the acceptance and the
neutral decay modes of A and ICs, the P produc-
tion cross section for x &0.5 amounts to 0.37+0.16
pb with a A, and 0.33+0.15 pb with a Eq. Fitting
to the inclusive E+E mass spectrum, shown in
Fig. 3(a) using the P mass and width parameters
obtained above and a combinatorial background, the
inclusive P cross section is estimated to be 1.3+2.0
pb in the same x region.

The conservation of strangeness dictates that P
events with an associated strange particle in fact in-
clude at least one pair of strange particles; conse-

quently, our results suggest that conjoint mechan-
isms are present. To estimate the magnitude of con-
tribution due to these mechanisms, an equal proba-
bility for all eligible strange-particle pairs is as-
sumed. For example, E P A and E P E states
were assumed to be equally likely. Owing to the
limited available c.m. energy, only states with one
pair of accompanying strange particles was con-
sidered. Using these assumptions, the total conjoint
cross section is estimated to be 1.05+0.33 pb for
x &0.5. This suggests that conjoint mechanisms
may be responsible for some 81% of the P produc-
tion in m+p interaction at 16 GeV/c with a lower
limit of 24% at 94% confidence level. This obser-
vation is in good accord with the OZI rule and is
consistent with data' from m p interaction at 93
GeV/c.

In a survey of the available P -production
mechanisms within the framework of quantum
chromodynamics (QCD), Kinnunen' investigated
four possible processes using a quark fusion model.
Figure 4(a) shows the fusion of s and s quarks from
the seas of the incident hadrons to produce a P
meson. Figure 4(b) depicts the annihilation of a
light-quark —antiquark pair to produce the P via
the three-gluon intermediate state. Light-quark an-
nihilation can also produce P via a single virtual
gluon which decays into an ss pair with a subsequent
emission of soft gluons. This is shown in Fig. 4(c).
Another small contribution may be due to gluon
fusion. The three graphs of this process are shown
in Fig. 4(d). With the exception of Fig. 4(a), all of
the other processes violate the OZI rule. The results
from this experiment point to the ss quark fusion as
being the dominant mechanism.
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