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ABSTRACT
The direct photon production in pp collisions for c m . energies
31 £ /s i 63 GeV and transverse momenta of up to 9 GeV/c were measured
at the ISR using a segmented lead/liquid argon calorimeter. The observed y/"0 ratio is found to be significantly larger than zero at
4 GeV/c dn p-j increasing to 0.4 at 9 GeV/c. The average multiplicity
on the trigger side for the single-photon events was found to be significantly lower than for ir° events. The correlations in Ay and A$
between the trigger particle and an additional particle are found to
differ mainly at small Ay and A<J>.

The possibility of using direct photon production to probe the
constituent structure of hadrons has been extensively investigated 1 - 12. According to present theoretical views, direct photons
are produced in proton-proton interactions predominantly via the
process qg -*• vq with important contributions also coming from the
VI •* 41Y process, where the photon is radiated in a bremsstrahlung
process from the scattered quark. The production of high p«p mesons,
on the other hand, is thought to proceed via the hard scattering of
the proton constituents (quarks, gluons and antiquarks) and their
subsequent fragmentation. The different production mechanisms for
high px mesons and single photons are thus likely to be reflected in
the event structure associated with each particle.
We have previously reported the observation of direct photons
and differences in the event structures associated with v° or photontriggered events l l ~ 1 J . Here we report on recent results on the same
subjects.
The apparatus used for the direct photon measurement consists
of two lead/liquid-argon calorimeters, which are described in more
detail elsewhere H" 1 *. These were subdivided both longitudinally
(in the direction of shower development) for effective hadron-photon
discrimination, and laterally. We were able to reconstruct each of
the showers from the w° decay and thus separate ir° from single
photon events on an event-by-event basis.
Figure 1 shows the apparent Y/H° ratio and the background contribution expected from all the known meson decays. This background
is mainly due to decays where one photon falls in the calorimeter and
the other outside. Effects due to cosmic rays, beam gas interactions,
and hadrons simulating electromagnetic showers have all been included.
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Fig. 1

In addition to the liquid-argon calorimeters, there vat an array
of 44 scintillation counters surrounding the interaction region at a
distance of 18 cm. Each counter covered 8° in azimuth and about
2 units in rapidity. In Fig. 2 we show the multiplicities in these
counters for ir° and single-photon triggered events. Figure 2a gives
the total multiplicities and 2b the same aide multiplicities in the
seven counters centred on the trigger direction. On the away side,
the observed difference for the two different triggers was small.
The trigger-side multiplicity for the ir° events is consistent with
being constant for all p<r bins, while the single-photon sample shows
a decrease with increasing p-p. If one corrects for the meson decay
background in the single-photon sample, assuming it has a multiplicity structure similar to that of the events with identified v 0> g,
one obtains a value of the multiplicity for the real direct singlephoton events which is consistent with being constant for all pj bins,
but which is lower than that of the v° events.
In another configuration of the apparatus where proportional ^
chambers were in front of the calorimeters and the whole apparatus
was placed much nearer the intersection region, we were able to obtain more detailed information on charged particles correlations.
This set-up had the advantage that we were able to go to higher p?,
but had the disadvantage that the *° single photon separation was
not as clean. In Fig. 3 we show the relative number of events versus
the pseudo rapidity differences (Ay) between the trigger particle and
charged tracks in the region 20° < Af < 70° (Af is asimuthal
difference) and for p<j > 6.5 GeV/c. The solid lines represent the
expected distributions for uncorrelatad tracks calculated assuming
a random distribution and our experimental acceptance.
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Fig. 2

The curve* are normalized to the ntaber of events at large Ay
where most of the tracks are expected to be uncorrelated. In Fig. 3a
this distribution is shown for ir° events and a clear excess is observed for small Ay, Figure 3b shows the saae distribution for the
single photon candidate staple. If we subtract the calculated background due to aisidentified ffOls, we obtain the distribution in
Fig. 3c which shows no excess above that of the uncorrelated particles
expected to C O M froa the fragmentation of the other proton constituents.

- 4In conclusion, we observe that the single photon events have
considerably lower numbers of associated charged tracks as well as
f° particles on the trigger side. Host of the difference is concentrated in the small A$ and Ay region, where the acconpanying particles
of the same "jet" are expected to be found. The relative magnitude
of the effect increases with increasing transverse momentum of the
second particle. These observations are consistent with the hypothesis that high p-j single photons produced in pp collisions are unaccompanied, while high p T n°'a are part of a "jet" of particles.
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