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A bstract. Upper lin its on direct photon production were determ ined as a function
of the transverse m om entum for 0:7 < pr 32 GeV=c with the W A 98 experin ent
In p+C and p+Pb collisions at p% = 174GeV. The results are com pared to
direct photon m easurem ents In Pb+ Pb collisions at p% = 173GeV by WAO9S.
Im plications for a possible therm aldirect photon contribution are discussed.
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1. Introduction

D irect photons are a unique probe of the early stage ofa heavy—ion collision, as they leave
the Interaction region w ithout being in uenced by strong interactions or hadronization
processes. T hey are therefore regarded as an in portant toolin the search for the quark—
gluon plasn a in ultrarelativistic heavy—-ion collisions. A s direct photons from di erent
sources, eg. prom pt and therm al direct photons, cannot be separated experim entally,
further inform ation is needed to quantify the di erent contributions.

The W A 98 collaboration was the st to publish a signi cant directphoton excess
In heavy—ion collisions at P Syy = 173 Gev [1]. The excess could be understood by
theoretical descriptions with and w ithout a themm al direct photon contribution [2].
To pin down a them al com ponent, the P+ Pb data were com pared to p+p and
p+A data at Ps- 1o4cev 1l]. Due to large system atic uncertainties introduced
by the necessary X -scaling and a lin ited pr coverage in the region where a them al
contrbution would be m ost prom inent, no Iim its on the prom pt photon contribution
could be derived [3]. pQCD calculations have large uncertaintiesat ™ s 20Gev [4],
therefore no de nite conclusions on a them alcontribution could be drawn based on the
available inform ation [,[6].

Here, we will present results on direct photon production in p+Pb and p+C
collisions m easured atp% = 174 GeV with the W A 98 experinent in 1996. These
results w i1l be com pared to the Pb+ Pb data.
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2. Experim entalR esults

In the W A 98 experim ent photons were m easured using a highly segm ented lead glass
calorin eter, positioned 21 .5m downstream of the target and covering the psesudorapidity
range 23 30. The m ininum bias trigger was determ ined by m easuring the
transverse energy (Bt ) with a hadronic calorim eter In the range 35 55.
Themeasured m lninum bias cross section ,p orp+C (p+Pb) of 170 mb (1341 mb)
corresoonds to 74% (76% ) of the total geom etric cross section. To enhance the reach
n pr,a high-energy photon (HEP ) trigger based on the energy signal In the lead glass
calorin eter was used.
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Figure 1. Invariant inclusive photon yields in m inin um bias p+ C and p+ Pb
collisions. The error bars represent the quadratic sum of system atic and
statistical uncertainties.

T he fully corrected inclusive photon yields in p+ C and p+ Pb collisions atp Syn =
17:4 G eV are presented In F igure[ll. T he transition from them inimum biasto the HEP
data sam ple occursatpr = 12 GeV=c.

In order to get the directphoton excess girecr, the contrlbution  ge..y, from decay
photons has to be subtracted from the Inclusive photon yield icmswve- This can be
done by calculating the directphoton yield 4yt as a fraction of the inclusive photon
Spectrum :

1 (=9
direct =  inclusive decay = 1 — hemsve; R = ——————— (1)

R ( =0 )sjm
T he neutral pion yields have been presented in [/]. A M onteC arlo sin ulation based on
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the m easured

174 Gev 3

neutral pion yields was usad to determ ine the sin ulated O yatio. The

sim ulation uses a param eterization of the m easured neutralpion spectrum as input and

sim ulates the photonic decays of the relevant m esons, eg.

. 0.9
roor-. .

S_ E * preliminary % preliminary
i @Measured Ratio, p+Pb [ EMeasured Ratio, p+C
o8l O —Simulated Ratio —Simulated Ratio
06 :—
0.4 :—
o}
£
S 25
B C i
~ [ [
= r g
~ [ [
g 15k (ID% - %
€ B ‘o) o9, by
o~ : C0c000 000 Qé {) (% <} 0 Oi.o...ﬂiig + i
a — S o _ !
~ - B
= X [
osf-  p+Pb - p+C
o) d)
0- L L L L L I L FEFEPET EPUPETETE EPEUTEE AP RS RN BT R
0 0.5 1 15 2 2.5 3 35 ) 0.5 1 15 2 25 3 35
P, (GeV/c)
Figure 2. a) Ratio of the inclusive photon yield to the neutral pion yield in

The simulated and m easured
for p+ Pb and p+ C collisions are presented in F igure[Z. W hile the m easured

p+ Pb collisions, the boxes Indicate system atic uncertainties, the error bars the
statistical uncertainties. T he black line indicates the ratio expected from the
decay of °, and other hadrons determ ined w ith a M onte<€ arlo sim ulation.
b) The sam e for p+ C collisions. c¢) T he doublexatio of the m easured to the
sin ulated Oatio for p+ Pb collisions. T he boxes indicate system atic, the
error bars statistical uncertainties. d) T he sam e for p+ C collisions.

" ratios and the corresponding doubleratio R
= Oyatio

is systam atically above the sin ulated one for both targets, R is consistent w ith unity
n the pr range relevant for a them al contrdbution. T he resulting directphoton yields

are presented

in Figure[3. Signi cant data points can only be quoted for the highest

transverse m om enta.

A sthe p+ A data should not exhibit a therm al contrdbution, any signi cant excess
of the direct photons from Pb+ Pb collisions over the p+ A results, scaled by the average
num ber of nucleon-nucleon collisions N .1 as described in [1], can be attrdbuted to a
therm al source. T he yields are com pared In Figure[3. A s both data sets agree w ithin
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Figure 3. a) Invariant direct photon yields in p+C and p+ Pb collisions.
The error bars represent the quadratic sum of statistical and system atic
uncertainties. The upper edges of the arrow s indicate upper lin its (best
estinate + 128 ). b) Com parison of the direct photon results from p+ Pb
(Neon = 38) scaled with the number of binary collisions and the central
Pb+ Pb direct photon spectra (N on= 727:8). ¢) The sam e for p+ C collisions
(N on= 1:7).

errors, no further Iin it on the contribution of prom pt direct photons can be set.

3. Summ ary

D irect photon yields in p+ C and p+ Pb collisions atp% = 174 G&V were m easured
by the W A 98 experim ent. Upper lim its and invariant photon yields for direct photons
as a function ofp;r could be derived from both data sets. W hen com pared to the results
on direct photon production in Pb+ Pb collisions by applying N .11 scaling, no additional
constraints on the prom pt direct photon production in this system can be set from the

new p+ C and p+ Pb data.
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