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Production of proton—antiproton pairs by two-photon scattering has been observed at the electron—position storage
ring PETRA. A total of eight proton—antiproton pairs have been identified using the time-of-flight technique. We have
measured a total cross section of 4.5 £ 0.8 nb in the photon—photon c¢.m. energy range 2.0—-2.6 GeV.

In recent years experiments at high-energy storage
rings have started to explore the field of two-photon
() scattering. In particular the vy production of
lepton and meson pairs has been studied [1-6]. In
this letter we present the first result on baryon pair
production by two photons. We have measured the
reaction

ete” »>ete” +yy—>ete +pp,

where the protons and antiprotons have been identi-
fied by means of time-of-flight (TOF) measurements,
The cross section for the reaction yy = pp has been
determined for invariant masses of the yy system (WW)
between 2.0 and 2.6 GeV.

The experiment has been performed with the
TASSO detector at the DESY storage ring PETRA. A
description of the detector can be found elsewhere [7].
Our data sample corresponds to an integrated luminosi-
ty of 19 685 nb—1 at beam energies between 15.0 and
18.3 GeV.

The data have been taken with the trigger designed
for events with two charged tracks (two-prong events)
coplanar with the beam axis (topology trigger). The
trigger covered 27 in azimuth and polar angles of |cos 8]
< 0.82. Its efficiency was dependent on the momen-
tum transverse to the beams (p 1), with a threshold at
about 0.3 GeV/c, and rising to about 90% at 0.5 GeVjc.
For part of the data we had a two-prong trigger which
had no coplanarity requirement. This trigger
(MONIKA trigger) used the fast on-line track-finder
MONIKA [8]. While we have not used these data in
the cross section calculation they allowed us to check
the angular correlation of the two-prong events with-
out a bias from the coplanarity requirement of the
topology trigger. The scattered electrons (positrons)
were not detected.

Candidates for two-photon produced two-prong
events were selected requiring two oppositely charged
tracks in the central detector with |cos 8] < 0.8 and
p1 = 0.3 GeV/c and coplanar with the beam axis with-
in 15°. In order to reject lepton pairs from one-photon
annihilation (1) the two tracks had to be noncollinear
by more than 5° and the sum of their momenta had
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to be less than 40% of the beam energy. The collinear-
ity cut also removed all cosmic ray events.

For the identification of pp pairs we have used
TOF measurements from the 48 scintillation counters
surrounding the cylindrical drift chamber at a radius
of 1.32 m. The counters covered 82% of 4x. Within
this solid angle the efficiency of the TOF measure-
ment for tracks coming from the vertex was 91% and
the resolution was 465 ps, both averaged over the full
data taking period. In order to achieve a separation of
3 standard deviations between protons and kaons we
restricted our analysis to events with track momenta
between 0.4 and 0.9 GeV/e.

For the remaining 9017 events the square of the
mass of the particle (mng) has been calculated from
the measured track length, momentum and TOF. In
fig. 1 we plot mAqp of the negative particle versus
mtor of the positive. The bulk of events cluster
around zero. They are mostly due to electron, muon
and pion pairs. In this analysis we do not distinguish
these three particle types and will henceforth refer to
them all as “pions”. In addition, we observe two dis-
tinct clusters of proton—“pion’ and proton—antipro-
ton events. A study of the vertex distributions showed
that most of the proton—‘‘pion” events are due to
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Fig. 1. $c.atter plot of m?l"OF of the negative versus m”zl“OF of
the positive particle.
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beam—gas interactions. The proton—antiproton clus-
ter contains 8 events. There is one event near to the
pP cluster, which fits the pK hypothesis. The probabil-
ity that this event is pp is less than 0.3%. Studies of
the tails of the pion and kaon clusters showed that the
probability for one of the 8 identified pp events to be
in fact a 7t —n—, K*—K —, p—m or p—K event is less
than 1.0%. All 8 pp events come from the interaction
region indicating that beam—gas scattering does not
contribute. The energy deposited by the tracks of the
8 events in the scintillation counters as well as in the
dE/dx strips of the liquid-argon barrel counters [9]
was checked and found to be consistent with the ex-
pected energy loss for protons.

To demonstrate that we have observed exclusive pp
events we plot for each event the sum of the transverse
momenta [p; +pql of the two tracks (fig. 2). The
distribution peaks at zero, as expected for yy events
with no missing particles, since the transverse momen-
tum of the vy system is small with respect to the beam
axis.

To check that the preference for small values of
|PTy + P12l is not due to the topology trigger we have
analysed two-prong events taken with the MONIKA
trigger. We found that the contamination from non-
exclusive pp production is small. A possible contribu-
tion from pp production by 1 annihilation with a
hard photon radiated from the initial state is excluded
by the requirements on the angles of the two tracks.

For the determination of the cross section we have
simulated the reaction e*e~ - e¢*e™ + pp in the detec-
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Fig. 2. Distribution of the sum of the transverse momenta for
the 8 candidate vy — pp events. The full line is the prediction
of the Monte Carlo simulation normalized to the data.
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tor with a Monte Carlo program. Events were generat-
ed according to

do(W,.,)/dcos0*=F(W,,)d o, 5(W,,)dcos 0%,

where 97 is the angle between photon and proton in
the yy center of mass system; F (W'w) is the integrated
flux of transverse photons [10]. The cross section for
7Y —> pp was set to be independent of W,,., and was
generated with a flat distribution in cos 8. The aver-
age Q2 of the photons was found to be about 0.002
GeV2. We used a p form factor to extrapolate to zero-
photon mass. The simulation of the TASSO detector
included energy loss, multiple scattering and nuclear
interactions. The loss of events due to nuclear absorp-
tion was found to be 22%.

The distribution of |pq + p1| expected for pp
production is shown by the curve in fig. 2. It agrees
well with the data.

The cross section for the reaction yy — pp averaged
over a W, range from 2.0 to 2.6 GeV was found to be

Oyyopp=432 1.6(stat.) £0.8(syst.) nb.

To check the model dependence of our efficiency, we
also generated events according to the Born diagrams
for yy - pp where protons and antiprotons were treat-
ed as pointlike spin 1/2 particles with a pure QED cou-
pling (Dirac protons) {11]. This model resuits in a de-
tection efficiency 13% lower than the one determined
with the isotropic model.

The cross section expected from the Born model
(43 nb averaged over the accepted W, range) is about
an order of magnitude larger than the measured one.
However, due to the fact that the exchanged proton is
far off the mass shell, the strong interaction may sup-
press the cross section strongly. We also used the vec-
tor dominance model to calculate the expectation for

Oy pp from measured data for the inverse reactions

- pp = pp and pp ~> pw [12]. This gives an averaged

cross section of about 0.2—1.0 nb for the accepted W,,.,
range. An earlier experiment [13] reported two candi-
date events for the inverse reaction pp > yy at W
=2.26 GeV. The cross section deduced from these two
events is roughly 2 orders of magnitude larger than
computed from our result by detailed balance.

To summarize, in the sample of two-prong events
originating from two-photon collisions we have identi-
fied 8 proton—antiproton pairs with particle momenta
between 0.4 and 0.9 GeV/c corresponding to an invari-
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ant mass range between 2.0 and 2.6 GeV. The data are
consistent with the exclusive process yy - pp leading
to a cross section of Oy pp = 45+1.6+0.8nb.
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