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ABSTRACT
A search for direct photons produced in proton-proton collisions has been
performed at two Vs values at the CERN Intersecting Storage Rings (ISR}. It is
found that direct photons are produced preferentially with no accompanying par-
ticles on the same side. On the away side, the ratio of positive to negative
high—xE particles is found to be higher for high transverse momentum direct—photon

events, than for high transverse momentum meutral-meson events.



In our previous publication [1], a measurement of direct—photon production
in p-p collisions at Vs = 62.4 GeV was described. This letter reports results
obtained by analysis of data at Y/s = 44 GeV, and a study of the correlation of

charged and meutral particles with the direct photoms.

The apparatus [1—5] and method [l] have been discussed elsewhere. The ex-
periment used two lead-glass arrays to trigger om high—pT single photons and neu-
tral mesons decaying into photons. A statistical separation between these two
kinds of particles is achieved by measuring the fraction of particles that did
not convert when passing through a 1.0 radiation length converter (the coil of a
superconducting solenoid magnet), and contrasting it with the fraction expected
if all the particles were neutral mesons, and the fraction expected if zll were
single photons. The integrated luminosities, energies, and trigger thresholds
used are shown in table 1. The results (fig. 1) are expressed in terms Of.fY’
which is the ratio of the number of events ascribed to direct photons to the total
number of events. The erroxrs shown are statistical only. There is a further +57
systematic error of which 37 is ¥s dependent. The data suggest an increase of fY
as Vs decreases. A comparison with the data of ref. 6 at Ys = 63 GeV was pre—
sented in ref. 1. For ¥s = 44 GeV and 5 < Pr < 8 GeV/c, fY = 9.6 £ 1.57. When

the data of ref. 6 are restated in terms of fy’ their result at the same vs and

Pp 18 fY Z 0,14,

For the study of correlations, the data from the two Vs values-are c;gﬁined
in order to improve the statistical accuracy of the subsequent analysis. High—pT
mesons are usually produced as part of a jet, and are observed in conjunction
with other particles emitted at similar azimuth and rapidity. On the other hand,
in most models [7], direct photons are preferentially produced unaccompanied by
such particles. Accordingly, the data have been divided into two classes of
events: a) those which have at least one charged or neutral particle, of Py >
> 0.3 GeV/e, other than the trigger in the trigger hemisphere (|A¢| < 90° about
the trigger direction and pseudorapidity n in the range -0.7 < 11 < 0.7), and b)

those which do not. The resulting values of fY are shown in figs. 2a,b for the



two classes of events. The values of fY for the accompanied trigger particles
are clearly lower than those for the unaccompanied trigger particles. For trigger

transverse momenta thrig in the range 6 to 10 GeV/c, 17.0 % 2.0% (statistical)

of the unaccompanied sample may be attributed to direct photons, whereas for the
accompanied sample the single photon fractiom is 0.7 * 1.2%. For transverse momenta
above 10 GeV/c, the single-photon content of the unaccompanied and accompanied
samples is 33.0 £ 6.0% and 16.0 £ 5.0% respectively. This result suggests thét
direct photons are due mainly to processes such as qq =+ yg and gq + Yq which re~
sult in photons that are unaccompanied by other particles in the trigger hemisphere,
rather than processes, for example quark bremsstrahlung, in which the photon would
be accompanied by particles resulting from quark fragmentation. This enhancement

of direct-photon production in a sample of unaccompanied trigger particles is in

qualitative agreement with other ISR results [8].

If the process yielding direct photons is gq - yq, then it is expected from
theory that a u quark will be involved eight times more often than a d quark be-
cause of the quark charges and abundances in the proton. This large excess with
a positively charged parent quark should be reflected in the charge of the jet
opposite to the direct photon [9]. This possibility has been investigated by
measuring the charge ratio, R = positive particles/megative particles, in the
|2

hemisphere opposite the trigger as a function of x .

- >
E_ Pr trig "PT track /lpT trig
where Pr erack is the transverse momentum of the charged particle. It should be
noted that the ratio R is sensitive to a small difference in the relative Pp scales
of positive and negative particles, such as that resulting from a small misalign-
ment of the drift chambers. An estimate of the possible systematic error om the
charge ratio introduced by such effects was obtained by measuring the mean momen-
tum of positrons (pe+) and electrons (pe_) from a sample of 70 upsilons obtained
in the same apparatus and at the same time as the direct-photon data [2]. The
results were (pe+} = 5.60 * 0.30 GeV/é, (pe,) = 5.65 * 0.37 GeV/c. WNote that

these momenta are similar to or higher than the momenta of most charged particles

used in the measurement of R. Given the xp distribution of the charged particles
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and the accuracy in the measurement of (pe+) and (pe_), the effect on R of a
possible misalignment of the drift chawbers is estimated to be AR/R < 0.2. 1In
addition, the charge ratio in the jet recoiling against a sample of triggers
consisting mostly of 1%'s is found to be in very good agreement with the charge

ratio of Clark et al. [107]: for instance, for . > 5 GeV/c and 0.3 < <
= thrlg *g

< 0.5, R=1.25 % 0,08, to be compared to 1.30 * 0.09 as measured by ref, 9.

Two subsets of the data were used to measure R. Subset a), enriched in
single~photon content by requiring -the trigger particle not to have converted and
to be unaccompanied by another particle in the trigger hemisphere, consisted of
39% single photons and 617 neutral mesons. Subset b), enriched in neutral-meson
content by requiring the trigger particle to have converted and to be accompanied
by another particle in the trigger hemisphere, consisted of only 4% single photons
and 96% neutral mesons. It can be seen (figs. 3a,b) that the direct-photon-
enhanced sample has a higher charge ratio than the neutral-meson sample for xg >
> 0.3 and Pr trig > 5 GeV/c. From the valqes of R shown in fig. 3, th values of
fY shown in fig. 2, and the noq—conﬁersion probabilities for Y's and other par¥
ticles, it is then possible to extracth for pure direct-photon events and pure
neutral-meson events. The values obtained, shown in fig. 4 as a function of |
PT trig for xg > 0.3, again exhibit the fact that R for single photons is higher
than R for neutral mesons. It should be stressed that this difference in R be-
tween the two types of events is unaffected by the 20% sysfematic uncertainty in

R described earlier. WNote that direct—photon events arising from quark bremsstrah-

lung are excluded by the nature of the charge ratio analysis.

In conclusion, in this letter we have presented data that show that direct

photons are produced predominantly
- with no additional particles in the trigger hemisphere,
- with a higher charge ratio than neutral mescons in the opposite hemisphere.

Both these results favour the process gg + Yq as the main source of the direct

photons.
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Table 1

Integrated luminosities

Trigger threshold Vs = 44.8 GeV | Vs = 62.4 GeV
{GeV/c) (em™ %) (em™2)
3.5 5.2 x 10%* 3.7 x 10%*
5 3.0 x 1038 1.1 x 10%°
7 1.7 x 10%7 2.8 x 1037
9 2.8 x 1037




Figure captions

Fig. 1 : The fraction of events attributed to direct-photon production as a
function of Prs for two vs values. In addition to the errors shown,

there is a systematic uncertainty of #5%.

Fig. 2 : a) The fraction of events attributed to direct-photon production as
a function of Pr trig? for those events where the trigger was
accompanied by a particle in the trigger hemisphere.

b) The same for those events where the trigger was not accompanied

by a particle in the trigger hemisphere.

Fig. 3 : a) The charge ratio R for particles in the hemisphere opposite to the
trigeger, as a function of X for those events where the trigger
particle did not convert and was not accompanied by a particle in
the trigger hemisphere.

b} The same for those events where the trigger particle did convert

and was accompanied by a particle in the trigger hemisphere.

. . * > i .
Fig. 4 : The charge ratio R for Xy 0.3 plotted as a function of thrlg for
direct photons and neutral mesons. In addition to the errors shown,

there is an over-all systematic uncertainty of 1207,
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