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We have measured the cross sections for the Okubo-Zweig-lizuka-rule-violating reactions 7*n—¢p and
7 p—@ At at 10 GeV/c using the large-aperture-solenoid spectrometer at the Stanford Linear Accelerator Center.
We measure the total cross sections for these two reactions to be 179272 nb for the ¢p reaction and 172 +75 nb for
the pA*™ reaction. Both of these cross sections are consistent with the hypothesis of the ¢ being produced solely by
its nonstrange-quark component as determined from the octet-singlet mixing angle resulting from application of the
Gell-Mann-Okubo mass formula to the vector-meson nonet. These data are thus inconsistent with an ideally mixed

¢ meson.

We investigate the Okubo-Zweig-Tizuka' (OZI)
quark-combination rule through a study of the ap-
parently OZI-rule-violating reactions

T'n—~¢p and 1t p —~ pA™ . 1)

Under the hypothesis of ideally mixed vector mes-
ons the quark content of the ¢ meson is entirely
the ss state, and so these reactions cannot be rep-
resented by planar connected quark diagrams, and
are thus forbidden by the OZI rule. We measure
the cross sections for these two reactions, and
compare these results with the predictions of a
model in which the ¢ meson is not ideally mixed
but contains a small admixture of nonstrange
quarks. In this model the nonstrange-quark con-
tent of the ¢ meson can be estimated using the
Gell-Mann-Okubo mass formula on the vector-
meson nonet. The cross sections for these re-
actions can then be estimated using the measured
cross sections for the OZI-rule-allowed reactions

T'n—p°,

T'n-~-wp, @)
T p—p°At

Trp = wAT .

Our data are in agreement with these predictions,
and thus indicate that the nonstrange-quark content
of the ¢ is sufficient to account for both reactions.
The data are from an exposure of the large-ap-
erture-solenoid spectrometer (LASS) at the Stanford
Linear Accelerator Center (SLAC) toa 10-GeV/c n*
beam incident on a one-meter-long liquid-deu-
terium target. The LASS facility has been des-
cribed in the literature.? It is built around two
large magnets: The upstream magnet is a super-
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conducting solenoid with a 23-kG magnetic field
parallel to the beam axis. The downstream mag-
net is a 30-kG -m dipole with a vertical field. The
solenoid is effective in measuring the final-state
charged particles which have large production
angles and relatively low momenta. High-momen-
tum particles close to the beam axis are mini-
mally affected in the solenoid, but are well mea-
sured by the dipole. The computed mass resolu-
tion in the region of the ¢ is +5 MeV. Nearly
complete 47 steradian acceptance for charged par-
ticles is achieved by this spectrometer.

The trigger for this experiment required at least
one fast-forward charged particle to traverse the
entire downstream spectrometer and to produce
no light in either of two Cerenkov counters. The
upstream Cererkov counter is a 38-segment at-
mospheric-pressure counter located between the
solenoid and dipole and filled with Freon 12. The
downstream Cerenkov counter is an 8-segment
2-atmosphere counter filled with Freon 12 and
located downstream of the last spark chamber
after the dipole. The absence of light in the Cer-
enkov counters indicates the presence of a charged
particle with the mass of a K meson or heavier for
momenta greater than about 2.8 GeV/c. Particles
of momentum less than about 3 GeV/c will not get
through the dipole, and thus will miss the down-
stream Cerenkov counter. We therefore trigger
on events which feature at least one fast-forward
charged particle which is heavier than a pion ac-
companied by at least one other charged particle.

We recorded 5.2X10° primary physics triggers
on magnetic tape, and processed all of the events
through computer programs first for track finding
and reconstruction, and then through vertex find-
ing and vertex fitting. For the purposes of this
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study we consider only three-prong events with
charge +1 and four-prong events with charge +2,
and with no missing neutrals (e.g., 7%s) and no
associated neutral decays (e.g., K”s or A®s). In
addition we required each event to have two par-
ticles of opposite charge with momenta greater
than 3 GeV/c. The requirement of no light in the
Cerenkov counters eliminates events with fast-
forward pions from large-cross-section diffrac-
tive processes, and leaves pp production as the
only significant background to the KK~ events.
Monte Carlo simulations of the reaction (1) which
assume a forward production mechanism show
that there are virtually no K mesons of momentum
less than 3.5 GeV/c from the ¢p reaction, and
virtually no K mesons of momentum less than 3.2
GeV/c from the ¢A reaction. The Monte Carlo
studies also indicate that the proton in each of the
reactions (1) has a momentum less than 2.0 GeV/c.
A time-of-flight counter, located directly behind
the upstream Cerenkov counter, distinguished
protons from pions and kaons up to 2.0 GeV/c, and
thus provided a positive identification for protons.
A cut at 2.0 GeV/c in proton momentum was im-
posed on all candidate events for these reactions.
No acceptance corrections are therefore needed
to compensate for either this momentum cut on
protons or for the momentum cut on forward K
mesons. The data have been corrected for the geo-
metric acceptance of the spectrometer [45% for
7'n—~¢p and 53% for 7*p — A** (Ref. 3)], for cham-
ber efficiencies, and for track-finding and recon-
struction efficiencies [71 % event efficiency for
mn -~ ¢p and 489 for 7*p— pA** (Ref. 4)]. We have
also corrected for vertex finding (909 efficient)
and for geometric fitting of the events (99.9% ef-
ficient). These efficiencies have been determined
through a Monte Carlo simulation of the apparatus.
Figure 1 shows the K*K ~ invariant mass dis-
tributions for the three-prong and four-prong
events. In the four-prong case the cut M( pr*)
<1.35 GeV has been imposed on the data in order
to select A*™* events. A fit to the pr* mass dis-
tribution of the p-wave Breit-Wigner form for the
A* resonance plus a polynomial background shows
that this cut results in a sample which contains
83% of all true A*™ events. The sample also con-
tains a 29% background of non-A** events. The
strength of the A*™ signal as determined in this
fit is used for the cross-section determinations.
Thus, these events correspond to the reactions
T'n=-K*'K™p and 7*p ~K*K A", respectively. We
have determined the strength of the ¢ signal in
each case by fitting the background to a polynom-
ial. The large backgrounds under the ¢ signal are
due to two sources: nonresonant K *K~ pairs and
pp pairs. Large K*K~ backgrounds are expected
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FIG. 1. Distributions in M(K*K ") for the reactions (a)
m"n —~K* K p and ) *p —K*K~A*. The events shown
also have the selection p(K*)>3.0 GeV/c. The smooth
curves show the results of fits to the backgrounds under
the ¢-meson peaks.

since the reactions 7*n—~K*K™p and 7*p -K 'K ~AH*
are both OZI-rule-allowed. The pp background is
expected to be comparable to the K*K ~ background
at this energy.® We find the cross sections for
reactions (1) to be

T'n—¢p: 179+ 72 nb
and
T'p—=~ At 172£75 nb.

These cross sections have been corrected for
beam contamination (negligible), beam attenuation
(10%), -Glauber screening (4%), interactions in
the target walls (negligible), the track-finding and
reconstruction efficiencies mentioned above, and
for the ¢-decay branching ratio into K*K~ (0.486
+0.012). The quoted errors include the effects of
both the statistical and the systematic errors in
background determinations. We note that the cross
section for the reaction 77p - ¢n has been mea-
sured to be 263+ 56 nb [|¢| <0.5 (GeV/c)?] at 11
GeV/c.® This reaction is related to the reaction
m'n -~ ¢p by charge conjugation, and the two cross
sections are in agreement within errors.

The cross sections for reactions (1) are consistent
with the ¢ being produced solely by its nonstrange-
quark component as determined from the octet-sin-
glet mixing angle resulting from application of the
Gell-Mann-Okubo mass formula to the vector-me-
son nonet. We show this by comparing the cross
sections for the two ¢-producing reactions with
the cross sections for the corresponding OZI-rule-
allowed reactions in which the vector meson is an
w meson, i.e., 7'n—w% and 7*p - w°A*. Data
for these reactions are shown in Fig. 2, along with
the measurements of this experiment. Also shown
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FIG. 2. Cross sections for the reactions (a) m*n —»Vop
and (b) w’p—»VO A**, in which V? stands for a neutral
vector meson: p° w, or ¢. The smooth curve through
the 7*p — p"A™ data shows the result of a single-pion-ex-
change model with absorption. The straight lines are
in each case fits to the data of functions of the form o
=Ap " Values of n thus determined are as follows:
For m'n —p%, 2.10+0.06; for m'n —wp, 2.10+0.08;
for *p —wA*, 2.10£0.15.

are the cross sections for the similar reactions‘
m'n—p% and 7*p ~p°A*.” The difference between
the p° and corresponding w cross sections has long

been thought to be due to the fact that the w reac-
tions are largely spin-flip, while the p° reactions
feature a large forward non-spin-flip amplitude.®
The strong suppression of the ¢ reactions obser-
ved here is due to the largely strange-quark con-
tent of the ¢, as these reactions with a ¢ meson
made of strange quarks are forbidden by the OZI
rule. From the Gell-Mann-Okubo quadratic mass
formula and the physical masses of the members
of the vector-meson nonet, as reported in the 1980
edition of the Particle Data Tables,® one may pre-
dict the ratio of ¢ to the corresponding w cross
sections.!® The result is

R _o@n—=pp) o@p—-pat)

o n—-wp) o p—watt)

=0.0037+0.0003.
The data show that

R =22 _0 0037+0.0015
a{wp)

and

_o(pa)
“o(wA)

R =0.0026+0.0011.
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