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1) Introduction

An experiment has been performed at the 7 GeV Electron Synchrotron, DESY,
in which the photoproduction of proton antiproton pairs from hydrogen has
been studied.

We report in this paper on first results of the analysis of the reaction

(1) YP + PPP

in particular on our identification of the gross dynamical features by
which reaction (1) proceeds.

The experimental evidence on reaction (1) which has so far been collected

is very scarce L,e

. The interest in this reaction however, is considerable,
since {1) constitutes an alternative approach to solve the riddle of low energy
pp interactions. Viewed on the basis of a quark picture the proton antiproton

system poses a well known problem: Duality would predict that pp form a 4 quark

system in flavors u, d and u, d:

Mesonic states of the type qqqq or of the type diquark antidiquark (qq) (q9),
which are expected to exist 3, however have not been identified with
certainty, so far. Special implications arise in photoproduction of proton
antiproton pairs. After a description of the apparatus an analysis of the
main dynamical features of the pp photoproduction, based on our experimental

data is presented.

2) Experimental procedures and Data reduction

4 . Photons with energies between

The experimental set up is shown in Fig. 1
4.5 and 6.2 GeV being marked in a tagging system impinge on a target of 50 cm
Tiquid hydrogen. Charged tracks from the target are recorded by two prop-
chambers inside and 8 sparkchambers downstream of a large bending magnet. The
tracks crossing 3 hodoscope planes of scintillation counters trigger either
the counters of a time-of-flight (TOF) system or traverse a threshold Ceren-

kov counter, which discriminates against fast pions and electrons.
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The photon beam and a fraction of the e'e” pairs have been blocked out
using a lead beam stopper inside of the magnet. The event trigger
required at least two tracks crossing the hodoscope planes and one
particle triggering the TOF counters. Track identifying, fast dec151on
making electronic Togic has been used.

Totally 1.5 x 106 triggers have been collected. Selecting a subsample

for which a unique TOF information existed, we observe, by computing the
particle mass from the TOF information, a strong signal at the proton mass
for positively charged tracks {Fig. 2). The antiproton mass signal in the

raw data sample is, however, marginal, due to the small production cross
section of the reaction (1). After the geometric reconstruction the events
were subjected to a one constraint kinématic fit for the hypotheses of the
main competing reactions: |

Yp > priw, vp > pkkT, vp ~ ppp

Accepting events which yield a fit with a good probability only for the pp-
hypothesis, the distribution of the TOF-computed masses (for negative tracks)
showed an accumulation around the proton mass. This sample of about 65 events
was identified as events due to reaction (1).

We made two tests in order to cross check our selection procedure:

a) selecting events due to the hypofhesis Yp + pw+w_ in an analogous manner,
we obtain a clean o° signal in the invariant =+  mass (Fig. 3)

b) varying the proton and antiproton rest masses in steps around the true
particle masses and plotting the number of events, accepted with the
above procedure, versus the particle mass, the number of accepted events
shows a clear maximum at the true proton mass (Fig. 4).

3) Analysis and Discussion

The evaluation of the invariant pp mass from experimental data involves for
reaction (1) a principle ambiguity concerning which of the protons has inter-
acted with the antiproton or recoiled from the pp system in the oyera]] center-
of-mass frame (CM). If reaction (1) proceeds basically via a peripheral t
channel exchange 3 : =

T A -~

-—-——~q
®)
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one would expect that the distribution of the observed proton momenta shows
two accumulations, one at low (recoil) and one at higher momentum.

Qur data exhibit indeed two separate accumulations in the proton momentum
spectrum at 1 resp. 2.5 GeV (Fig. 5 b}.

The | t;tmin .
to the pp system (considering the slow proton as recoiling), is however flat

2 . .
up to 6 (g%!J and indicates in no way a peripheral process (Fig. 6). Further-

| distribution, where t is the four momentum transfer squared

more the distribution of the antiproton momentum shows no similarity with the
momentum distribution of the 'fast' proton, which could be expected if the
peripheral process applies.

A Monte Carlo simulation of the t channel exchange dynamics, taking in account,
in a detailed way, the properties of the experimental apparatus, the trigger
conditions and the applied cuts, yield data, which were compared to the ob-
served distributions (after suitable normalisation).

This comparison is shown in Figs. 7 a, b. The inconsistancy of the peripheral
dynamics with the data is seen most clearly in the antiproton momentum
distribution. Also the spectrum of the recoil proton is 111 matched to the
corresponding spectrum of the simulated events.

As an alternative we studied the possibility, that the basic dynamical features
of reaction (1) can be described by a nucleon or u channel exchange diagram:

That is to say, we consider a process where the virtual antiproton and the
target proton form an interacting system, being produced in backward direction
in the CM frame.

We simulated Monte Carlo data for the U channel dynamics assuming an exponential

GeV,~ 2

| u-u | distribution with a slope parameter of - 6.0 (=) ., an iso-

min
tropic angular decay distribution of the p in the pp rest frame and a
distribution of the pp invariant mass, which corresponded roughly to the
observed one. In Fig. 8 we compare the simulated and the experimental

distributions.
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We find an excellent agreement for the antiproton momentum spectrum and for
both, the Tow and high momentum part of the proton momentum spectrum. The
experimental | u - Unin | distribution shows the exponential sloping (Fig.

6 a), assumed for the simulated events. In addition, by optimizing the slope
parameters and the parameters of the pp decay distribution this mode] des-
cribes also reasonably well the relative strength of the observed antiproton,
recoil and fast proton signals.

On the basis of this model we can now evaluate the invariant pp mass in an
unambignous way. The distribution of Mo not corrected for acceptance Tosses,
is shown in Fig. 9. On the basis of our statistics it cannot be decided
whether this distribution contains any resonant structures. A final analysis
concerning acceptance corrected spectra and cross sections is in preparation.
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Figures

1) Experimental apparatus.

2) Masses of positively charge particles computed from TOF information.
3) Invariant 7 n mass of events selected through a kinematic fit.

4) Number of accepted events, selected by a kinematic fit of the

hypothesis yp - pXX and TOF versus the particle mass X.

5a, b) Experimental momentum spectrum of antiprotons and protons of the
final sample selected for (1).

6) a) | u-u | distribution using the 'slow' protons

min
by | t - toin | distribution using the 'fast’ protons.
7) Comparison of events simulated due to a pheripheral diagram with

experimental spectra.

8) Comparison of events simulated due to a nucleon exchange diagram
 with experimental momentum spectra.

9) pp invariant mass distribution {not corrected for Tosses).
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