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Abstract

Baryon-antibaryon pair production was studied in two-photon events which were
collected at the ete™ collider TRISTAN, and correspond to an integrated luminos-
ity of 303 pb~!. Correlations between a baryon and an antibaryon were studied
for their flavors (p or A) and their momentum vectors. The experimental results
were compared with the expectations from a jet-fragmentation Monte Carlo sim-
ulation. We have found that although the ratios of the cross sections of different
baryon-flavor combinations are consistent with the Monte Carlo expectations, the
cross section shows an excess over the Monte Carlo expectation at a low invariant-
mass region of final-state particles at large angles. The experimental data show
no narrow azimuthal-angle correlation, which is expected from a jet-fragmentation
Monte Carlo. A search for exclusive A pair production has also been made. We
have no candidates and have obtained the upper limit for the cross section.



1 Introduction

The A baryon carries two quantum numbers: the strangeness and the baryon number.
Studies of their production in two-photon processes provide valuable information con-
cerning s-quark production, the baryonization mechanism and correlations between them.
Two-photon processes at high energies have a large variety of subprocesses in hadronic
production. In the direct process (QPM), in which the two photons couple with a quark
line by QED couplings|1], the s-quark production is greatly suppressed compared with
that of the u-quark because the cross section is proportional to the fourth order of the
electric charge. However, s-production from a gluon(s) in resolved photon processes|2]
and production in a stage of hadronization are not very suppressed because the QCD
coupling is universal for quark flavors. Therefore, the production rate of strange particles
1s sensitive to the production mechanism in two-photon processes.

Baryon production from two-photon collisions shows an excess over the QCD pre-
diction in exclusive pp production, yy — pp, which has been extensively studied(3, 4, 5|.
The excess is considered to come from a long-distance or diquark effect[6]. However,
the cross section quickly dumps with the c.m. energy of the two-photon system, and is
difficult to measure above 3.0 GeV, where the capability in the QCD prediction is ex-
pected to increase. It could be very interesting to search for the excess at higher energies
in inclusive baryon-antibaryon (BB) production. Baryonization is considered to be well
explained within the framework of the string jet-fragmentation model at a much higher
energy region in the e*e” annihilation process[7, 8]. We will be able to obtain informa-
tion concerning baryonization at “intermediate” energies by two-photon collisions using
a high-energy e*e™ collider. The correlations of a baryon and an antibaryon in the same
event for baryon flavors (BB combinations as pp, Aj, pA or AA) and for momentum vec-
tors give valuable information concerning the production mechanism of baryon pairs and
s-quarks.

The TOPAZ collaboration has reported on the result of their A-inclusive production
measurement in two-photon processes(9]. They found an excess of A production over the
expectation based on a calculation which included the resolved photon processes which
reproduce their Kg-inclusive production data[10]. They explained that this excess came
from a higher-order QCD effect. We can study the excess in relation to the BB correla-
tions, not only for A-inclusive events, but also for pp-inclusive events.

We have measured the inclusive BB production. The A was identified by a recon-
struction of A — pn~. Although the requirement of a baryon and an antibaryon in an
event reduces the event statistics, it enables us to study the correlations of a baryon and
an antibaryon. In the case that the production cross section, itself, is not well explained
by the known models, it is essentially necessary to measure the various kinematical infor-
mation in order to understand the detailed production mechanism.

The exclusive A pair production vy — AA, which has not yet been observed
experimentally[11], has also been searched using a similar analysis procedure as that
for the inclusive processes.



2 VENUS Detector

The data were collected using the VENUS detector at the TRISTAN ete~ collider at
KEK. An overview of the VENUS detector has been given elsewhere[12]. Here, we ex-
plain the detector components used in this analysis.

The central drift chamber (CDC)[13] detects charged tracks in a polar angle region

of |cosf| < 0.85 with a momentum resolution of o,/p = \/(0.013)2 + (0.008pr|[GeV/c])?
for tracks with sufficient number of hits, where p7 is the transverse momentum of the track
with respect to the beam axis. The polar and azimuthal angle resolutions for energetic
particles, whose Coulomb and nuclear scattering can be neglected, are 0y = 8sin?f mrad
and o, = 1 mrad, respectively. Protons and antiprotons were identified with time-of-flight
counters (TOF)[14] whose time resolution was 250 ps at |cosf| < 0.80. The distance from
the collision point to the counters was 166 cm in the # = 90° direction. The CDC and
TOF were installed in a superconducting solenoid which provided a uniform field of 0.75
T parallel to the beam direction.

Two types of electromagnetic calorimeters, the lead glass calorimeter (LG) [15] and
the liquid argon calorimeter (LA)[16], measured the energy deposit of the particles in the
polar angle regions |cosf| < 0.80 and 0.79 < |cosf| < 0.99, respectively, with the energy
resolutions of og/E = (2.5 + 7.0/v/E)% and (1.6 + 10.0/v/E)%, respectively.

3 Data Collection

The data were taken at c.m. energies ranging from 57 to 62 GeV, with the an average
c.m. energy (<./s>) of 58.0 GeV. The total integrated luminosity was 303 pb~!. The
VENUS detector was upgraded during the data-collection period by adding a transition
radiation detector and replacing the inner chamber with a vertex chamber and a trigger
chamber. In this upgrade, the beam pipe and beam masks were also replaced. Eighty
percent of the data were collected after the upgrade. In the present analysis, the data
quality was not much changed by the upgrade, because we did not use the newly installed
or replaced detector components. The change in the material quantity due to the upgrade
was taken into account at the correction stage; its systematic effect was smaller than the
systematic errors caused by other sources.

The data sample for the present analysis was taken by three types of event trig-
gers. The LG total energy sum trigger (LG, ) required a total energy deposit in the LG
larger than 3 GeV. The trigger ” LG,eg * TF > 2 ” required an energy deposit larger than
0.6 GeV in at least one LG segment (the LG was divided into 58 segments) and two or
more CDC tracks with pr > 0.6 GeV/c and |cosfl| < 0.89 were identified by the fast track-
finding electronics (TF). A track trigger required two or more CDC tracks to hit near to
the TOF counters. In the trigger, an acoplanarity angle of at least one arbitrary track pair
with a transverse momentum of each track larger than 0.6 GeV/c must be less than 25° in
the majority of the runs, where the acoplanarity angle is defined by the supplement of the
opening angle of the two tracks projected onto the plane perpendicular to the beam axis



(re plane). We did not use the events triggered only by the LA energy deposit in order to
define a definite acceptance for events in which the particles were observed at large angles.

4 Event Selection

In this paper we discuss our analysis of BB-inclusive events (B indicates p or A) and
AA-exclusive events from two-photon collisions. We selected those events which included
a proton and an antiproton based on the following criteria: 1) The total visible energy
measured by the CDC, the LG and the LA be smaller than 15 GeV. 2) A proton and
an antiproton candidate with |cosf| < 0.80, 0.45 < pr < 1.5 GeV/¢, |Tmin| < 2 cm and
|2min| < 10 cm be found, where |”min| 18 the distance of the track to the beam axis at the
closest approach, and |zmis| is the distance of the point which gives |7min| to the collision
point along the beam direction. 3) At least one other charged track with |cosf| < 0.85,
pr > 0.1 GeV/c, |Tmin| < 5 cm and |zpn] < 15 cm existed. Criterion 1) rejected the
e*e” annihilation events, and almost all single-tagged events in which a recoil electron
hit the LA. In 2), the protons and antiprotons were selected by a TOF cut corresponding
to < 50, where o is the resolution which arises from the accuracies of the TOF and
momentum measurements, and by applying an additional cut for the reconstructed mass,
mror > 0.75 GeV/c?, in order to reduce the background from the 7* and K* in the
high-momentum region. Figure 1 shows the myor distributions for charged particles with
0.45 < pr < 1.5 GeV/c in events including a proton or an antiproton candidate and
satisfying criteria 1) and 3). The excess of negatively charged particles over positively
charged particles comes from the protons produced by the scatterings of beam particles
on residual gas nuclei or the beam pipe. Most of these events were rejected by requiring
both a proton and an antiproton (see subsection 6.6). Criterion 3) was set to reject events
containing only pp candidates as visible tracks. The |rpis| and |zmin| cuts in 2) and 3)
were made sufficiently loose in order to detect A — pr~ decays with high efficiency. After
event selections, 1557 events remained.

5 A Reconstruction

The A (the names of particles in this subsection include the corresponding antiparticles)
were reconstructed in the following way. A proton candidate was combined with the
oppositely-charged track which passed through the criteria written in 3) in the previous
section. The crossing point of the two tracks in the 7 plane was assumed to be a decay
point. Even in the case that the both tracks did not cross with a closest distance of less
than 0.5 cm in the 7y plane, the decay point was assumed to be the medium point of the
distance. The decay length (¢) was defined as the distance between the decay point and
the collision point in the r¢ plane. A minus sign was given for £ when the azimuthal angle
difference between the vector connecting the collision point with the decay point and the
combined momentum vector of the decay products was larger than 90°. Because there



are two crossing points in the usual case, we selected that which had a smaller absolute
value of £, except for the case that £ < —2 cm, for which we selected the positive ¢, if it
existed. The A candidates were required to satisfy the criteria |m, — Ma| < 15 MeV/ c?
and +1.5 < £ < 30 cm, where m,, is the invariant mass of the two tracks calculated
by using the proton and charged-pion masses. Figure 2 shows the invariant-mass distri-
butions before and after the decay-length cut. The resolution of the invariant mass was
about 3.8 MeV/c? at the core of the peak. The slope in the decay length distribution
was in good agreement with that expected from the lifetime of A. The momentum vector
of the A candidate was defined as the summed momentum at the decay point. Extra

cuts, |cosf| < 0.80 and 0.45 < pr < 1.5 GeV/c, were applied for the momentum of the A
candidates.

6 Baryon-Antibaryon Inclusive Processes

6.1 Event classification

The selected events were categorized into three groups: ppX events, ApX or pAX events
and AAX events, where A (A) was for candidates reconstructed by the method written
in the previous section, and p (p) the proton (the antiproton) candidates which were not
reconstructed to A (A). The events with no extra charged track (X) which satisfied the
criterion for tracks written in 3) in section 4 with a more severe |7 min| €Uty |Tmin] < 2 cm
(we call this criteria the ¢ selection criteria for X "), were rejected in order to select only
»visibly inclusive” events. The 2.7% fraction of the selected events which contained two or
more same-sign baryons were also rejected. Finally, we required the transverse momenta
of both B and B be larger than 0.6 GeV/c and less than 1.5 GeV/c in order to ensure
sufficient trigger and detection efficiencies and to reduce the background contamination.
We corrected pr of the baryons for energy losses in the detector material before the cut.
The numbers of ppX, ApX, pAX, and AAX events were 824, 52, 55 and 7, respectively.

The invariant mass of the incident two-photon system (W) is one of the most im-
portant kinematical parameter of the events. However, we cannot measure it, due to the
limited angular coverage of the detector. In the resolved photon process, a non-negligible
fraction of the hadronic energy flows to forward angles where a precise momentum and/or
energy measurement is very difficult. We therefore, defined the invariant mass of the cen-
tral part (Wc) as consisting of the final-state particles with pr > 0.1 GeV/c emitted in the
polar angle region |cosf| < 0.85. W is a measure of the c.m. energy of the hard-scattering
part, not only in the direct process, but also in the resolved photon processes. We defined
Weuis as a visible invariant mass combined for observed particles in |cosf| < 0.85 by as-
signing the respective mass values to A(A), p(p) and K* candidates!, and assigning the
pion mass to other charged tracks satisfying the selection criteria for X. The electromag-
netic clusters in the LG and LA of E > 0.2 GeV, being not connected with any charged

1The charged kaons were selected with < 20 TOF cut in the charged particles which are not identified
as p or p and whose pr < 0.9GeV/c.



track, were also included in W, except for LG clusters near to the extrapolated p track
within 25° of the opening angle, so as not to doubly count the associated energy of p
annihilation in the detector material. We show in Fig.3 the obtained We,;, distributions
of the three groups of the BB-inclusive events within the range 2 < Wgyis < 9 GeV/c2.

6.2 Monte Carlo calculations

We carried out Monte Calro (MC} calculations in order to study s-quark or A production,
as follows. Those events from a direct process were generated by the code of Berends et
al.[17] for u@, s§ and c¢ production. The LUND fragmentation model in JETSET7.3 (for
Matrix Element){18] with default parameters was used for hadronization. The contribu-
tion from the dd in the direct process was ~ 1/16 of ui, and was safely neglected for the
present accuracy of the calculation. We also neglected the contribution of the VDM pro-
cess. According to the low-pr subprocesses in PYTHIAS.7 connected with JETSET7.4(for
Parton Shower)[19], and taking the known total hadronic cross section of the two-photon
processes into account[20], the production rate of baryons with pr > 0.6 GeV/c was neg-
ligibly small due to a steep decrease in the cross section with pr.

The resolved photon processes were calculated by PYTHIAS5.7 with JETSET7.4
for diagrams including u-, d-, s- and c-quarks and gluons. The default parameters of
PYTHIAS.7 and JETSET7.4 were used, except for the parton density functions in a pho-
ton and the p'® value. For primary c¢ production, we used the parton densities from
LAC1 parametrization|[21], which shows a reasonable agreement with the experimental
data for open charm production[22, 23]. We used DG parametrization[24] for primary
production of lighter quarks and gluons because LACI requires a high momentum-cut
value for pIi® at around 2.2 GeV/c to reproduce the jet spectra[25]. Such a high pF™®
value can make an unphysical bias for an event sample with low-W¢ (less than 4 GeV/c?)
and only low-pr (less than 1 GeV/c¢) particles. The DG parametrization well reproduces
the jet spectra data with a relatively low p®™ value[25]. We set the p®™ value at 1.4
GeV/c, which is slightly lower than the best value to reproduce the experimental jet
spectra, because the VDM-like contribution might still exist to fill the gap between a
hard component, described by resolved photon processes, and a soft component by the
VDM processes. Using the different parametrization for charm production from that for
light-quark or gluon production is ailowed at the present stage because charm production
is dominated by only the gluon component in a photon with a limited = range, which is
not well determined by measurements of the jet spectra.

We generated MC events with the amount corresponding to an integrated luminos-
ity of about three-times the experimental value. The MC events were divided into the
following four classes according to the types of s-quark or A production:

1) direct processes of u@ and «¢ production,

2) resolved photon processes other than the primary ss production,



3) primary s§ production in direct and resolved photon processes,

4) A (A) production as a decay product of A, (A.) in primary ¢ production in the
direct and resolved photon processes.

In 1), the contribution from dd was safely neglected (as mentioned above). The
contribution from the resolved photon process is much larger than that from the direct
process in 3).

Detector and trigger simulations were applied for the MC events. The events were
passed through the same selection criteria as those applied for the real events. Corrections
to the detector efficiencies were made of effects which were not taken into account in the
detector simulator (the details are mentioned in subsection 6.6). The predictions of the
MC calculations are shown in Fig.3 by histograms.

6.3 Topological cross section for pp-inclusive events

The A reconstruction efficiency in our analysis is estimated to be less than 50% for the
entire pr region, because the momentum of the charged pion from the decay is so small
that a part of them is rejected by a pr cut of 0.10 GeV/c. This means that there are
many unreconstructed A’s which are identified as sole protons. We can obtain the pro-
duction cross sections for the ppX, ApX or pAX and AAX processes separately using the
estimated inefficiency. However, such a procedure produces an additional error correlated
among the processes. Furthermore, it is difficult to obtain the differential cross sections
(do/dW¢) for individual process because of a limited event statistics. We present the
“summed” cross section of these processes, i.e. “topological cross section for pp-inclusive
events” regardless of the origins of p and p in this subsection, and present the ratios among
them in the next subsection.

We have obtained the topological cross section for pp-inclusive events in anti-tagged
two-photon processes, which corresponds to:

d

e olete — e"e ppX]

+ (olete — eTe ApX] + olete” — ete pAX])B(A — pr7)
+ olefe” —ete  AAX](B(A — pr))? } (1)

for kinematical conditions:

Vs =58 GeV, |cosf(B,B)| < 0.80, 0.6 < pr(B,B) < 1.5 GeV/c,
X > 1 prong, |cosf(X)| < 0.85, pr(X) > 0.1 GeV/c, (2)

where B(A — pm~)(= 0.64) is the branching ratio. The unfolding method was used to
obtain the topological cross section from the measured numbers of BBX events. We fit

8



the cross-section values at W¢ from 2.5 to 10.5 GeV/c* with 1.0 GeV/c? steps to the
experimental Wy, distribution summed over the three groups of the BBX events using
a correction matrix, where an element of the correction matrix (w;;) was defined as the
probability that an event in the j-th W¢ bin survives the selection, and is found in the
i-th Weyis bin. In order to obtain a solution with a smooth W dependence, we used
an assumed W dependence of the topological cross section, ~ (W¢ — 2.2[GeV /c?])*Wg®
(both a and b should be positive numbers), as a loose constraint by adding an extra con-
tribution to x2, Ax? = [(do/dW¢) — (da/dWe)eurve)?/[0.5{do /dW())?, at each W point,
where (do/dW¢) and (do/dWe)eurve are a fitting result and the value on the carve of the
assumed W dependence, respectively. We used two kinds of the correction matrices to
check the systematic error caused by the choice of the correction matrix. One was made
by the MC events from uz production in the direct process; the other was made by those
from the resolved photon processes except for the primary s§ production. In the matr-
ces, the relation between W and W, showed a good linearity, Wcy;s = 0.90W¢, for the
direct process, and ~ 0.85W for the resolved photon processes. A small difference in the
factors comes from a difference in an event shape in the two processes; the events from
the resolved photon processes have more activities at the forward angles than those from
the direct process. However, the results from the two correction matrices coincided well,
except for the ones at the lowest W bin, where we treated the difference as a systematic
€error.

Figure 4 shows the topological cross section defined by Egs.(1) and (2). We do not
present the results at W¢e > 9 GeV/c?, because the systematic error from the unfolding
is large there. The curves are a prediction of the MC calculations for the direct processes
and the sum of the direct and the resolved photon processes. The experimental data show
an excess over the prediction at We < 5 GeV/c?. Above 6 GeV/c?, the data seem to be
slightly smaller than the prediction.

6.4 Baryon-antibaryon flavor ratios

The ratios among the cross sections of different baryon-antibaryon flavor combinations
(BB flavor ratios) were obtained after the correction, taking the pr-dependent A recon-
struction efficiency estimated by the detector simulator into account. The combinatorial
background in A samples was also corrected. The same kinematical conditions as ap-
plied to the topological cross section, (2) in the previous subsection, within a W¢ range
of 2 < Wg < 9 GeV/c?, were used. The branching ratio (B(A — p7n~)) was used to
obtain the ratios for A’s, including all of the decay modes. Based on the definition given
here, "p” includes protons from the decay of any hadrons, except for A: protons from
A — pn, &7 — pn® and so on. However, "A” includes all decay products, such as A’s
from £° — Ay, A. — A + something and so on. The results are

(o[pAX] + o[ApX])/o[ppX] = 0.58 + 0.09 £ 0.06
o[AAX]/o[ppX] = 0.10 £ 0.06 £ 0.02.



The first errors are statistical and the second systematic (see the subsection 6.6). The
boundary effect for a limited W, range was studied based on the MC events. We found
that the effect was negligibly small compared to other systematic errors. We therefore did
not make any unfolding for the flavor ratios. Figure 5 compares the result with the MC
expectations from s-quark or A production in hadronization in direct and resolved photon
processes, and from the total contribution. The experimental results are consistent with
the MC expectations.

6.5 Correlations in the azimuthal angles and rapidities

Another important correlation of the BB is that of their momentum vectors. In two-
photon processes, where the energies of the incident photons are not known, the p, com-
ponent of an emitted particle is not a direct quantity of the scattering. We use the opening
angles in the 7y plane (Ap) and the rapidity difference (Ay) as observables. It is noted
that they are invariant for Lorentz boosts along the beam direction. At the low-Wg re-
gion, in which the masses for B and B are not negligible compared with W¢, Ay has a
tendency to strongly concentrate around 180° to balance pr. To examine the dynamical
effect not restricted by the kinematics, we used events with Wy > 5 GeV/c? only in
this subsection.

Figures 6(a), (b) and (c) show the data for the Ay distributions compared with
the MC results for ppX, pAX or ApX and AAX events, respectively. There are peaks
around 0° and 180° in the MC results. However, no peaks were found around 0° in the
experimental data for ppX and pAX or ApX events, and they are rather flat. We checked
whether the selected events had something like a jet structure by watching the Ay distri-
butions between a baryon (an antibaryon) and other charged tracks than an antibaryon
(a baryon) candidate with 0.6 < pr < 1.5 GeV/c and |cosf| < 0.80 (Fig. 6(d)). No
prominent 0° peak, i.e. no strong jet structure, was found in either experimental data
and the MC. Around 180°, the experimental data are consistent with the MC in all of the
Ay distributions.

Figure 7 shows similar distributions for the rapidity difference (Ay). Generally, the
number of pairs increases toward small Ay. This partly comes from the detection effi-
ciency due to the limited polar angle coverage of the detector. However, the behaviors of
Ay near to 0 have significant meanings, because the efficiency dependence is small there.
The experimental data seem to be consistent with the prediction of MC.

6.6 Corrections, backgrounds and systematic errors

We now summarize the corrections applied in the present analysis, background estimation
and systematic errors. The corrections described in this subsection have already been ap-
plied to the presented topological cross section and the BB flavor ratios. However, the
presented numbers of events for the experimental data are always those actually observed,
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and they included background. The MC expectations are presented after a correction of
the efficiencies, and do not include the background.

Corrections and backgrounds: A minor modification of the trigger conditions, the
response of the calorimeters for hadrons and nuclear interactions in the detector material
were not fully taken into account in the detector simulator, even though they affected the
trigger and detection efficiencies. We corrected the effect for the MC expected number of
events, the topological cross section and the BB flavor ratios. The correction factor was
typically 20% in each of the present results.

The contamination of 7¥ or K* in p (p) candidates must be corrected, when ob-
taining the topological cross section. We estimated the contamination in p (p) samples by
investigating p-inclusive (p-inclusive) events in the experimental data. We found that the
misidentification probability of 7% or K* as p (§) was 0.7 +0.2% of the 7* and K* sam-
ples. Consequently, the background fractions were estimated to be 2% for p candidates
and 6% for p candidates. The 4% excess in p came from p-inclusive beam background
events due to beam collisions with residual gas or the beam pipe, where p’s are actually
produced, and p’s are from particle misidentification. The quantity of the excess is con-
sistent with that estimated from the z,,, distribution of candidate p and p.

The measurement of the BB flavor ratios is sensitive to the combinatorial back-
ground in the A reconstruction. We corrected the ratios for the background, which was
about 1.3% of the protons and about 20% of A candidates. The difference of the 7t or
K?* contamination ratios in p () samples must also be corrected; the A sample has been
passed through the severe cut criteria in the A reconstruction and is expected to have
higher purity for protons of the decay products than in a ”originally produced” proton
sample.

The p and A can be produced by scatterings of 7= and K~ or KO, respectively,
on the detector materials. Such backgrounds were estimated to be small, ~ 2% of the p
candidates and less than 1% of the A sample, respectively, because the purity of baryons
was increased by tagging an antibaryon in the same event. Other background, such that
the whole event was from the interaction on beam pipe or residual gas nucleus in spite
of the fact that both the p and p were correctly identified, was negligibly small. The
background from the eTe™ annihilation process was estimated to be less than 1% by MC
and can be safely neglected.

Systematic errors: Systematic errors caused by ambiguities of the above-mentioned
corrections are 4% due to the changes in the trigger conditions, 7% from nuclear scat-
tering, and 3% from a background estimation for particle misidentification. The other
source is from the detector response. The ambiguity of the TOF resolution causes a 5%
systematic error. A possible systematic shift of the energy scale in calorimetry causes an
error of 3% at Weyis < 9 GeV / ¢? in the E,; cut. A further systematic error in the topo-
logical cross section comes from the unfolding. It was estimated by using different MC
samples for the direct process and for the resolved photon processes. The BB flavor ratios
have another source of the systematic error, coming from the estimated A reconstruction
efficiency. We have estimated the systematic error for the efficiency to be 5%.
Consequently, the systematic error for the topological cross section is around 12%,
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except for 32% at the lowest W¢ bin, where we added the systematic errors in quadrature.
The MC expected number of events include a systematic error of 9% for pp-, 10% for Ap-
or pA- and 13% for AA-inclusive data, respectively. Furthermore, predicted cross sections
and number of events have ambiguities around 20% based on theoretical calculations, the
choices of the QCD energy scale and pr distribution of the partons in a photon. The
systematic errors for the BB flavor ratios are presented in subsection 6.4.

6.7 Discussion on BB-inclusive processes

The observed topological cross section shows a deficit of the MC expectation at W¢ < §
GeV/c?. This tendency is seen in both the ppX and ApX (pAX) events, as shown in
Fig.3, and the BB flavor ratios are consistent with the MC expectations. Therefore, the
deficit is considered to result from some defect in baryonization in the models at the
low-W¢ region, and not from the production ratio of s-quarks to u- and d-quarks in the
hadronization stage. Possible sources of the deficit are neglecting VDM (or very small
expectation from a VDM model we used is wrong), the parameters in the calculation,
such as the parton densities or the p®i®, and validity of the calculations based on the
perturbative-QCD among point-like partons.

The first two possibilities are deeply connected with each other. We can say that
the VDM process is a phenomenological component of a hadronic interaction of a photon
to describe its soft part. The py dependence is usually expressed by an exponential-type
function to describe only low-py nature of the interaction. According to the present idea
concerning the VDM, it is impossible to add the high-pr component, because it must be
accounted for as an effect from the resolved photon processes, which bear the hard part
of the hadronic interactions. A calculation of the resolved photon process has a large
problem concerning the p2™™ parameter. Usually, p'* is set much higher than 1.0 GeV/c
to fit the experimental jet data. Therefore, the calculation does is not reliable at the
pr region, around or lower than pr = p®". However, in the VDM calculation, the cross
section is already dumped at around pr = p®", and there is a gap between VDM and
the resolved photon calculation. Although this gap effect is not serious for the high-pr
jet spectra, it may be important in the low-py region for low-W¢ events where the baryon
mass cannot be neglected. It is necessary to improve the model calculations in the low-pr
region around p#®.

The last possibility is related to the primary diquark production. We have no dia-
gram in which the diquark primarily couples with photon(s) or gluon(s) in the MC models.
Excess in exclusive pp production over the QCD expectation at around W =~ 3 GeV/ c?
might also come from primary diquark production[3, 4, 6]. The A-inclusive process mea-
sured by TOPAZ shows such an excess, for which they gave an explanation that this is
due to the QCD higher-order effect[9]. Our data indicate that the BB flavor ratios are
well explained by the s-quark ratios in the jet-fragmentation stage in the MC, and that a
higher-order QCD effect exists in the baryonization mechanism in the low-W¢ region.

We examined the pr distributions of baryons in order to determine whether the
deficit appears in some limited pr region (Fig.8). However, the shape predicted by the
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MC is consistent with the experimental data. F urthermore, no significant shape difference
has been found among the MC predictions for subprocesses.

At Weiis > 5 GeV/c?, the topological cross section and the BB flavor ratios are
consistent with the MC expectations. This indicates that the A production in two-photon
processes is dominated by production from the “sea” during the hadronization stage. The
Ap distributions for ppX and ApX (pAX) at this Wg,, region are different from those of
the MC expectations. The MC expectations have peaks at around 0°, while the data show
rather flat distributions at Ay < 140°. However, Ay between a baryon and the particles
other than an antibaryon (Fig.6(d)) of the MC prediction does not show such a feature.
This indicates that while the MC expects production of narrow-angle baryon pairs at the
last stage of jet fragmentation, the experimental data show that it is less prominent.

The behaviors at around 180° in the A¢ distributions and the rapidity difference
(Ay) distributions are consistent between in the data and the MC. They show no excess
of BB pairs with a back-to-back topology. The effect of the primary diquark-pair pro-
duction, which is not taken into account in the MC, is not seen, at least in the high-W
region. Furthermore, since the gross features of Ay and Ay are consistent between the
MC and the data for all BB combinations, we can say that the MC well reproduces the
A-production and/or s-quark production at W > 5 GeV/c?.

7 Search for vy — AA Events

In the exclusive BB production from two-photon collisions, vy — pp has been measured in
several experiments[3]. However, for the hyperon pair production processes, definite cross
section values are not yet known. A crude upper limit for AA production and a rough
estimation of the summed cross section of neutral-hyperon pairs are only reported|[11].

7.1 Data reduction

We searched for exclusive events, vy — AA, in the present event sample. We set addi-
tional selection criteria to those mentioned in section 4: there were A and A candidates
satisfying the condition in section 5; also there was no extra tracks reconstructed, and
no neutral electromagnetic clusters, £ > 0.2 GeV, in the LG and the LA with an open-
ing angle larger than 25° relative to the antiproton. No candidate remained after the
selection. The acceptance of the whole selection was calculated by the MC using the
equivalent photon approximation at 2.6 < W < 3.6 GeV/c?, assuming a flat angular
distribution at the angle range, |cosf*| < 0.6, where 6* is a scattering angle of A in the
c.m. frame of the two-photon system, and W the c.m. energy of the two-photon system.
The systematic error is estimated to be 15%, which mainly comes from the ambiguity of
the A reconstruction efficiency. This error is taken into account by raising the upper limit
with the same ratio to have a conservative result.



7.2 Results and discussion on AA-exclusive production

We have obtained two kinds of upper limits at the 95% confidence level of the cross
section for |cos#*| < 0.6 in the W range between 2.6 and 3.6 GeV/c* (Fig.9). One is
obtained by assuming the shape of the W dependence of the cross section as a function,
o(W) ~ W™1231, where 3} is the velocity of A in the c.m. frame of yy. The other is ob-
tained at each AW = 0.2 GeV/c? bin without this assumption. The latter limit improves
the TASSQ’s limit[11] by about three times in significance. Although the former gives a
severer limit than does the latter case, it is still slightly higher than the measured cross
section for pp production|3]. The expected AA production cross section is about ten-times
smaller than the pp production[5]. The present upper limit is too loose to restrict the
theoretical models for the AA production.

We found 3-event candidates of vy — AA + 74’s. The photon energy is cut at 0.2
GeV. However, we found no candidate for ©° — A~ decay in these events. Since the
energy cut for the photon is higher than the c.m. energy of the decay (74 MeV), the
acceptance is too small to detect T°.

8 Conclusion

We studied the baryon-antibaryon inclusive process from two-photon collisions at </5>
= 58 GeV at the KEK e*e™ collider TRISTAN. The A baryons were reconstructed with
high purity in the sample. The ratios of the cross sections for Ap- (pA-) and AA-inclusive
events over the pp-inclusive events are consistent with Monte Calro expectations in which
the contribution of the s-quark and baryon production from the “sea” is dominant. How-
ever, the cross section of the baryon-antibaryon inclusive production showed an excess at
low-Wg, at 2 < W¢g < 5 GeV/ ¢?, over the MC expectation, where W¢ is the invariant
mass of the final-state particles emitted to large angles. This fact indicates that there
is a defect in baryonization models in the MC at low-W¢ region related to higher-order
QCD or non-perturbative effects. In the higher W region, we found no narrow azimuthal
angle correlation between a baryon and an antibaryon, which is expected based on the
jet-fragmentation Monte Carlo method. We found no apparent problem in the s-quark or
A production mechanism, itself, in the Monte Carlo calculations.

We searched for exclusive A pair production from two-photon collisions, vy — AA.
We found no candidate, and the upper limit of the cross section has been obtained.
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Figure 1: Mass distributions for charged particles measured by the TOF. The dots with
error bars (histogram) are for positive (negative) particles for events which contain an
antiproton (a proton) candidates. The leftmost bin includes entries from tracks whose
measured mZgp is less than 0 or having no associating TOF hits.
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Figure 2: Invariant mass distributions (Tyr) around the A mass region. The histogram
is before applying the decay length cut and the dots with error bars after the cut.
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Figure 3: Distributions for visible invariant mass for final-state particles at large an-
gles, Weyi, for (a)ppX, (b)ApX or pAX and (c) AAX events. The histograms are the
expectations from the MC: Dark region for 1) (direct processes other than primary s5
production), darkly hatched for 2)(resolved photon processes other than primary s3 pro-
duction), lightly hatched for 3)(primary s§ production) and opened for 4)(A. decay) for
the four classes of the MC described in subsection 6.2.
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cesses. The definition is Eqs. (1) and (2) in subsection 6.3. The error bars with solid

and dashed lines show the statistical and systematic errors, respectively. The solid curve

is a prediction of the direct processes, and the dashed curve the sum of the direct and
resolved photon processes.
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Figure 5.  Baryon-antibaryon flavor ratios, (o[pAX] + o[ApX])/o[ppX] and
o[AAX]/o[ppX]. The experimental results (dots with error bars) are compared with
the MC expectations for total contributions, for 1) (direct processes other than primary
s5 production) and for 2)(resolved photon processes other than primary s5 production)
of the categories described in subsection 6.2. The error bars with solid and dashed lines
show the statistical and systematic errors, respectively.
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Figure 6: Distributions for the azimuthal angle difference (Ay) between a baryon and an
antibaryon in (a) ppX (b)ApX or pAX and (c) AAX events, and (d) between a baryon
(an antibaryon) and other charged particles than an antibaryon (a baryon) for the baryon-
antibaryon inclusive events at W¢,;. > 5GeV/c?. The histograms are the MC expectations
(see the caption for Fig.3).

19



25

T I T l 3

22.5 .

b E

@ 20 ©
S 17.5 E
e 15 4
S 125 3
z 10 |
£ 7.5 =
= B
Z 5 E
25 |

0 E

Number of pairs

Figure 7: Distributions for the rapidity difference (Ay) between a baryon and an an-
tibaryon in (a) ppX (b)ApX or pAX and (c) AAX events, and (d) between a baryon (an
antibaryon) and other charged particles than an antibaryon (a baryon) for the baryon-
antibaryon inclusive events at Weyis > 5GeV/ c2. The histograms are the MC expectations
(see the caption for Fig.3).
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in ppX events, (b) for p (5) in ApX or pAX events, (c) for A (A) in ApX or pAX events
and (d) for A (A) in AAX events. The histograms are the MC expectations (see the
caption for Fig.3). No Wy, cut was applied.
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