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Soft photon production in central 200 GeV/nucleon®2S + Au collisions
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Inclusive photons of low transverse momenta have been measured in 200 GeV/ntf@edw collisions
at the CERN SPS. Data were taken in the WA93 experiment using a small acceptance BGO detector with
longitudinal segmentation. The results are compared to WA80 measurements for the same system and results
from hadron decay calculations. An excess of soft photons over the expectations from neutral meson decays is
observed[S0556-281®7)05007-3

PACS numbdr): 25.75~q, 29.40.Mc

The production of photons in ultrarelativistic heavy ion ful study of the inclusive photon spectrum is mandatory.
collisions is of special interest because electromagnetic raFhis analysis will provide insight into the various sources of
diation from the hot system created in such reactions cafadronic decay background.
leave the reaction volume undisturbed by hadronic interac- Limits on direct photons in 200 GeV/nucledtiS + Au
tions. Suchdirect photons may vyield information from the Collisions have recently been published by the WA80 Col-

early dense phase of the reaction. In order to disentangle Igboratmn[l]. In the WAB0 experiment photons were mea-

possible surplus of direct photons on top of the overwhelm-sured with a lead glass calorimeter, which has natural limi-

: hoton back dqf hadronic d hot tations for the measurement of low energy photons because
Ing photon background from hadronic decay photons, a Cargpe getection process relies on the Cherenkov effect. There-

fore a small detector using BGO scintillating crystals was

developed for the WA93 experiment. It consisted of an&
*Now at Subatech. Ecole des Mines de Nantes, France. matrix of 64 crystals each with a cross section of
"Now at University of Karlsruhe, D-76131 Karlsruhe, Germany. 29X 25 mnf (appr_ox_lmately 1 Moliee radiug and a length
*present address: Nuclear Science Center, New Delhi, India. ©f 250 mm(22 radiation lengths Part of these crystai85)

$Now at Brookhaven National Laboratory, Upton, NY 11973,  Were longitudinally segmente0 mm + 180 mm), which
'Now at Forschungszentruniliih, D-52425 Jiich, Germany. yielded additional information about the longitudinal shower
development and thus improved the hadron rejection particu-
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56 BRIEF REPORTS 1161
larly at low incident energies. The light from the crystals was TABLE I. The hadron rejection capabilities for a photon loss of
detected by two p-i-n photodiodé®ur in the case of seg- ~10% for an energy deposition of 1 GeV.

mented crystals which were read out via custom-designed
preamplifiers, shaping amplifier§2], and commercial

Detector Method  Photon lo$8) Hadron rejection(%)

analog-to-digital converterSADC'’s). The detector was em- |ead glass  dispersion 16:2.0 8.5-2.0
bedded in a sophisticated temperature stabilization systerggo dispersion 1040.7 81.5-1.3
ensuring a stability of better than 0.1 K. A xenon flasher andzgo EIT 10.1-0.7 89.9-1.2
an electronic pulser were used to monitor the signal of eacbgo combined 9.70.7 98.7-1.1

readout channel. Details about the detector can be found in
[3]. It was used successfully in the WA93 experiment to
measure inclusive photon spectra. In this paper we presefensity effects the signals have been superimposed onto
the results obtained for the most central 812 mbmeasured centra®S + Au reactions and onto empty events
(~22.6 %) of the 208 GeV %2S + Au cross section. The Which only contain the detector noise. These two cases ef-
centrality selection was performed via the transverse energfgctively correspond to average hit multiplicitiéextrapo-
measured with the Mid-Rapidity Calorimetiet]. lated to 2r) of ~150 and~50, respectively, while the real
The WA93 experiment was a successor of the WA80 excentral events correspond to a multiplicity sf100. A good
periment and is described in detail [5]. The setup was estimate of the detection efficiency can therefore be obtained
enlarged by adding the Photon Multiplicity Detecf6i and  from an interpolation between the two cases studied using
a magnetic spectrometer for negative particles which conthe simulated data. The difference in the number of detected
sisted of the magnet GOLIATH and four multistep avalanchephotons for these two cases is below 20% for most of
chamberg7]. Furthermore, the BGO detector was added. Itthe momentum range and reaches 30% only for
covered the pseudorapidity range between 2.35 and 2.45 aigd=<100 MeV/c.
a range of approximately 7° in azimuth, and was positioned From the simulation we have in this way obtained the
at a distance of 10 m from the target. probabilities thata@) a photon is correctly identified db) a
The energy signals from the BGO detector are processeldadron is mistakenly identified as a photon. These probabili-
by a clustering algorithm, which identifies hits and calculatedies are used to correct the measured distributions. The pho-
their characteristics. It also allows to separate overlappingon efficiency is above 80% for most of tipg- range. The
hits, when they are not closer then 1.8 module uf8is hadron contamination is on the level of a few percent at
In this study the identification of photons was performedmedium and higlpr and reaches values of 50-70 % in the
with two different techniquesil) the analysis of the lateral lowestpy bin.
dispersion, which is significantly smaller for electromagnetic We assume that the following sources contribute to the
as compared to hadronic showerispersion method[8],  systematic error of the photon measurement.
and (2) the analysis of the longitudinal depth of the energy (1) Secondary particles may be produced somewhere in
distribution, which differs considerably for minimum ioniz- the experimental setup and contribute to the measured par-
ing particles and hadron showers on the one hand and eleticle yield in the BGO detector. In the analysis no shower
tromagnetic showers with equivalent energy deposit on th&aving its maximum in one of the border modules was used,
other handforward/total methodl[3]. which eliminates particles being scattered from material on
As an example, the hadron rejection capabilities of thehe sides of the detector. Possible sources of background are
BGO detector are compared to those of the lead glass faherefore (i) target (250 mg/cnt Au) and target chamber
particles depositing a total energy of 1 GeV in Table I. It canwindow, (ii) the GOLIATH magnet(iii) the multistep ava-
be seen that the lead glass has very little rejection power danche tracking chambergiv) streamer tube detectors for
this energy, while the BGO allows us to reject 80—99 % ofcharged particles, an@) ~10 m of air. We have included
the hadrons. all of the above material in @ANT simulation usingreENUS
To study the detection efficiency, tleeANT [9] simula-  4.12reactions as input.
tion package has been used to create artificial signals for the With the material included the number of particles de-
BGO modules corresponding to different particles hitting thetected in the lowespt bin increases by=50% without any
detector. In total~30 000 charged pions and40 000 pho- lower energy cutoff. Imposing the energy cutoff of 50 MeV
tons have been simulated with a uniform transverse momenssed in the analysis reduces the backgroune i®%. The
tum distribution. The momentum distributions have thensecond lowest bin has a similar background fraction while
been weighted according to the corresponding particle distrithe background fraction decreases to below 5% for higher
butions obtained fronveNus 3.11[10]. This event generator p-+.
is known to reproduce fairly well the produced particle spec- (2) The lower cutoff in energy together with the energy
tra. resolution of the detector causes an uncertainty in the yield
The simulated particles are analyzed in a realistic particlef the lowest bin 0f<5%.
density environment by being superposed onto real measured (3) For the calculation of the hadron contamination we
events. In this way effects of detector noise are also treateddave used/ENus simulations. The uncertainty in the hadron
properly. The simulated showers are then analyzed with thepectra relates to an uncertainty in this contamination. We
same analysis routines as the real data. have used the recent measurements of NE44 which in-
However, adding a single simulated shower in a smalldicate a lowp; enhancement to estimate this uncertainty.
acceptance detector already causes a significant change Tie maximum enhancement they observe=i$1% — as-
the effective local particle multiplicity. To study particle suming this as the uncertainty of the hadron yield relative to
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FIG. 1. Invariant cross section of inclusive photons for central  FIG. 2. Invariant cross section of inclusive photons for central
reactions of 208 GeV S+ Au as measured with the WA93 BGO reactions of 208 GeV S+ Au as measured with the WA93 BGO
detector(solid circles. The error bars contain both systematic and detector(solid circleg as in Fig. 1. Included are results @ENUS
statistical errors added linearly. Also shown are data from thesimulations(stars. In addition, the histograms show results from a
WABS8O0 lead glass detector for a similar centrality selectiopen  simulation of hadron decays normalized to the datafer0.3
triangles. MeV/c (see text
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photons we arrive at error contributions of 5.5—7.7 % for theresults obtained with the different identification methods
lowest and 2.75-5.5 % for the second lowest bin depending/eighted with their corresponding total err(statistic+ sys-
on the particle identification method used. tematio.

(4) To estimate the systematic errors in the particle iden- Figure 1 shows the cross section of inclusive photons for
tification and efficiency correction, this study has been percentral reactions of 200GeV S+ Au as a function of the
formed for different identification criteria, namely, by apply- transverse momentum. Data from WAS80 are included for
ing (a) only the dispersion method arid) a combination of comparisori1]. In the region of overlap both data sets are in
the dispersion method and the forward/total method. good agreement. However, this measurement enlarges the

The photon transverse momentum distributions, for thdow py extent of the photon measurement and provides an
two methods after correction show a reasonable agreemeitproved accuracy.
with deviations of< 18%, although the two uncorrected  In Fig. 2 the data are displayed together with results from
spectra are significantly different. For the lowest bin we have/ENUS 4.12normalized to the data aiyr=0.3 GeVEt. They
in addition analyzed hits with very small shower width, so describe the data nicely at highgf, but are below the data
that the dispersion method could not be applied. In this casat low pr. One can also compare the Igw cross section of
only the forward/total method was used. We obtain a yieldnclusive photons with the expectation from hadron decays.
intermediate between the two other methods. Together wEor this purpose we have taken preliminaty spectra mea-
estimate the systematic error to bel0% in the lowest bin  sured by WA8([12] for 32S + Au and calculated the decay
and~6% for the second lowest. photons fromz®, 7, %', andw, wherem; scaling, following

Adding all these contributions quadratically we end upthe method used ifil], was applied for the heavier mesons.
with a total systematic error of 17% and 13% for the lowestBelow pr=0.8 GeVE the #° spectrum has been extrapo-
and next lowespy bins, respectively. For highgr; the error  lated with an exponential im; of inverse slope parameter
is below 8%. These estimates do not include the error on th&€=210 MeV. The decay photon spectrum has been normal-
total cross section~20%), which would just change the ized to the measured distribution fpr=0.3 GeVE. The
overall normalization and would not affect the shape. result is included in Fig. 2 as a gray histogrdsimulation

The final cross sections are extracted as the mean of thB. While the shape of the inclusive photon spectrum is well

TABLE Il. The photon excess relative to different reference distributions integrated over different regions of transverse momentum. The
errors given include statistical and systematic errors added in quadrature.

Reference distribution R(pr=<0.068 GeVt) R(pr=<0.884 GeVt) R(0.068 GeVE<p;=<0.884 GeVt)
VENUS 4.12 3.12+0.82 0.53:0.16 0.070.07
Simulation 1 2.8%0.78 0.65-0.17 0.18-0.08

Simulation 2 ,=100 MeV) 1.75-0.55 0.40-0.14 0.05-0.07




56 BRIEF REPORTS 1163

described by the decay photons far>0.5 GeVE, the mea- The only other available measurement of photons in a
sured photon yield deviates from this prediction for lowercomparable reaction®{S + W,Pt [14] reports no excess
transverse momenta — the measured yield is significantlpver hadronic sources fgr>0.1 GeVk. For the most cen-
larger. tral collisions they investigate(E;)>240 GeV) one can

However, also in the WAB80 pion spectra there is an indi-extract a value oR(p;>0.1 GeVk)=0.063+0.155 for the
cation of an excess over the fitted function for the lowestexcesgEq. (1)]. This is compatible with our measurement in
pr bin. We have therefore tried a modified function whichine interval 0.068 Gely< p;<0.884 GeVt given in

includes a sec(;)ond exponential im-. This function fits the  rape ||, This illustrates again that most of the photon excess
experimentalr- spectra very well using a slope parameter of,o .oncentrated in the firgt; bin

T;=100 MeV[12]. The parameters of this second compo- One can extract the average transverse momentum of the

nent are dominantly determined by thé yield in the lowest -
bin at pr=0.2-0.4 GeVE, which has an uncertainty of ggitgnlssfgri)TSIhJeti}?énits)u;l&gigﬂel(\jll/dpT, where a value of
T - — .

~30%. The additional component used here, while havin T .
To summarize, inclusive photon spectra have been mea-

an even slightly higher uncertainty because of the unknown . 22 : .
70 yield below p;=0.2 GeVE, comprises~20% of the sured forpt<1 GeVk in central >S + Au reactions with a

total integrated yield, and so in fact is a greater enhancemeiffMall acceptance BGO detector. The complementary photon
than the 11% enhancement quoted by NAZ4]. The result identification possibilities from both the dispersion method
of the simulation using this function is displayed as a white2nd the forward/total method allow to study the photon pro-
histogram(simulation 3 in Fig. 2. This simulation describes duction dOW”_ to low transverse momenta.

the data much better, but still the measured photons for The experimental data show an enhancement compared to

p;<68 MeV/c exceed the simulation. VENUS simulations and compared to decay calculations as-
In Table Il the relative photon excess defined as suming an exponential shape of meson spectra atrigw
(ma with an inverse slope of =210 MeV. Assuming a second
b _ ) o
(Tmimded Ngaie/ d Pr comppnent oflT _100 MeV_wouId improve thg description,
Py but still would fail to describe the lowegt; point.
R= p(max) -1 (1)
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