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Multiplicity and pseudorapidity distribution of photons in S +Au reaction at 200A GeV
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The photon multiplicity has been measured for the first time4mA8 collisions at 208 GeV over a wide
pseudorapidity range (287=<5.2) employing a fine granularity preshower detector. The pseudorapidity
density of photons increases with centrality, reachin®00 at the highest centrality studied. The results are
compared with measurements of the charged particle multiplicity and with predictions oEtlus event
generator[S0556-28188)03407-4

PACS numbdss): 25.75~q, 24.85+p

I. INTRODUCTION tion on the geometry and the dynamics of the collidib2].
Understanding the effects of geometry in terms of the basic
The rapid growth of interest in the study of ultrarelativis- nucleon-nucleon and nucleon-nucleus processes is crucial to
tic nuclear collisions has resulted from the motivation thatthe isolation of collective effects which might be responsible
hadronic matter may undergo a phase transition to quarkior the phase transition. Detailed measurements of pseudora-
gluon plasma if the energy density attained in the collisionpjdity distributions are necessary to study fluctuations or in-
zone is sufficiently high{1,2]. The energy density can be termittency effects and other special event characteristics
estimated from the measurement of the transverse energypposedly accompanying the phase transitihf.
produced in the reaction or equivalently from the multiplici-  The multiplicity and the pseudorapidity distributions of
ties of produced particle$3]. Multiplicity and pseudo- charged particles have been extensively studied at AGS and
rapidity* () distributions of particles produced in ultrarela- SPS~ energies in nucleon-nucleon, nucleon-nucleus, and
tivistic heavy ion collisions also provide valuable informa- nycleus-nucleus collisiorid]. In the case of nucleus-nucleus
collisions, most of the results can be explained by Monte
Carlo models based on string fragmentatj@h Inclusion of
*Current address: SUBATECH, Ecole des Mines, Nantes, Francehe effects of rescattering has been found to be necessary to
TCurrent address: University of Karlsruhe, D-76131 Karlsruhe,describe some features of the data obtained in counter ex-

GfrmaHY- » periments.
Current address: Forschungszentrurichy Germany. In the case of measurements of charged particles in
pseudorapidityy (=—In[tan6/2]) is equal to the rapidity (= counter experiments, one common complication for interpre-

— 0.5 IN(E—p)/(E+pL)]) for massless particles. Since our sample tation is the simultaneou_s detection of spectator protons. This
includes some contamination with nonphoton showers, we shall useroblem is usually avoided by measuring the negatively
7 throughout this paper. charged particles. An alternative solution is to measure pho-
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tons which arise mainly as decay products of the produceds0 mg/cni thick Au target was used in the experiment. In
particles. Unlike the charged particle multiplicity, however, the following we briefly describe the WA93 experimental
the photon multiplicity has not been extensively studied insetup and the detectors relevant to the data analysis and the

heavy ion reactions. o _ . results presented in this article.
Photon production in ultrarelativistic heavy ion collisions

has traditionally been studied using electromagnetic calorim-
eters[6], r?leasuring t|0t?j| sty agd _ar;]gle 0|f thet:)particles. " The major goal of the WA93 experiment at the CERN
regions of low particle densityz(<2) it has also been mea-
su?ed using thgconversion n):gth@%_ However, in the for- SPS has been to observe and correlate different signatures of
ward rapidity region, where the particle density is very high,the formation of quark-gluon plasma in several classes of
it becomes difficult to use calorimeters because of the largevents which are based on both hadron and photon measure-
overlap of showers or due to the increase in cost. Thus themments[11]. Figure 1a) shows the layout of the WA93 ex-
has been no published data on the multiplicity and pseudgperiment at the H3 beam line of the CERN SPS. The experi-
rapidity distribution of photons over a sizable fraction of ment consisted of three main subsystertis:the charged
phase space. particle tracking and momentum measurement devices using
One can study photon production in the forward hemi-a combination of multiple step avalanche chamtj& and
sphere in a restricted way by utilizing a preshower detectothe Goliath magnet, and the silicon drift detectSDD) for
of high granularity, and measuring the multiplicity and the the charged particle multiplicity measuremeii) the pho-
pseudorapidity distribution of photons. In the case of ul-jon measurement subsystem employing three arrays of lead
trarelativistic heavy ion collisions, the photo_n r_nult|pI|C|ty lass calorimetef15] and a PMD[17] sandwiched between
can also be used for global event characterization, €.9., iqhe cajorimeters in the forward hemisphere as shown in Fig.
Impact parameter selection and for the study of event shap&gy) “»nq i) the trigger subsystem consisting of a set of
and the dynamics of particle production. beam defining counters, the midrapidity calorimeter
The comparison of photon multiplicity and charged par'(MIRAC) [13] measuring the transverse enelgy, and the
ticle multiplicity measured in a common part of the phase ero-dearee calor'meté%DC) [14] measurin th,e forward
space on an event-by-event basis promises to explore excfs Ig ; thl . at 5’ Il'g | ‘{V .
ing areas in the mechanism of particle production in nucleaf"€3Y Ezoc OF (€ beam spectators. Un-iin€ selection o
collisions. Several theoretical predictions have been mad&entrality of the collision was provided by the transverse
for the occurrence of large isospin fluctuations arising due t&N€rgyEr measured in the MIRAC. The trigger subsystem
the formation of disoriented chiral condensdigband other and the Iead' glass calorimeter were the same as used in the
phenomend9] accompanying the phase transition. Certain"VA80 experiment.
cosmic-ray observations already suggest the occurrence of
such isospin fluctuationgl0]. B. Photon multiplicity detector

In a normal nuclear collision governed by the superposi- The preshower PMD is based on the principle that in con-
tion of independent nucleon-nucleon collisions, it is expectederters of moderately small thicknesg few radiation
that N+ ~N;-~Nzo. AssumingNe,~N;++N,- andN,  |engthg the hadrons mostly behave as minimum ionizing
~2XNpo, the ratioN, /N¢, becomes an important physical particles(MIP’s) whereas photons are much more likely to
observable for the study of isospin fluctuations on an eventmnijtiate a shower and produce larger signals in the sensitive
by-event basis. In the case of central-Su collisons at  medijum. In addition the preshower should have appreciable
200A GeV energyN¢,~300 in the forward hemisphere. For transverse size in comparison to minimum ionizing hadrons.
such large multiplicities the width of the, /N, distribution  Thus photon preshowers can be distinguished from those of
will be small, well within 10%. Because of its narrow dis- hadrons if the detector possesses adequate granularity and
tribution, one can distinguish processes having significantlysan record information on both the magnitude and the spatial

A. General layout

different values oN, /N¢, on an event-by-event basis. distribution of energy deposition.
In the present article we describe tfiest detailed mea-
surement of the multiplicity and pseudorapidity distribution 1. Hardware

of photons in3?S+Au reactions at the SPS in the WA93
experiment[11]. The data were taken during the sulphur

beam runs in 1991 and 1992. Preliminary results have bee@xo thick lead converter plate and divided into four quad-

prese_nted earligl2]. Section Il describes briefly the W.A9.3. rants surrounding the beam pipe. The light from the pads was
experimental setup and the preshower photon mUIt'p“C't%ransported via 1 mm diameter wavelength shifting plastic

detector(PMD). Procedures for data analysis along with thefibers to the image intensifier-charge coupled deviz€D)

estimation of photon counting efﬁmenme;, as§OC|ated baCkéamera readout devicd48]. Four CCD cameras, obtained
ground, and the related errors are described in Sec. Ill. R

S LT &fom the UA2 experiment, were used for the four quadrants.
sults on multiplicity and pseudorapidity distributions of pho- The lead plates and the cameras were supporea & mm
tons are presented in Sec. IV. Discussion of the results ifje, greq plate forming part of a light-tight box in which the
light of charged particle measurements and a summary arg tire assembly was enclosed
presented in the last section. The scintillator pads in each quadrant were arranged in
the form of a rectangular matrix having 38 rows and 50
columns. Room for the beam pipe was made by removing
The detector subsystems employed in the WA93 experi5x 5 pads from each quadrant. The output ends of the wave-
ment have been described in detail elsewHdr&-17. A length shifting fibers were arranged in exactly the same ma-

The PMD consisted of a rectangular matrix of 7500 plas-
tic scintillator pads of size 2020x 3 mn? placed behind a

II. WA93 EXPERIMENT
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FIG. 1. Layout of the WA93 experimenttop) lateral view of all the subsystem@ottom) front view of the photon subsystem showing
the PMD (shaded regionin the forward hemisphere surrounded by the lead glass spectrometers.

trix and were coupled to one readout device. The three-stageseudorapidity is shown in Fig.(&. The region 3.5 7
image intensifier chain provided light amplification of <4.9 had full azimuthal acceptance. The efficiency of the
~40000<. The correspondence between the pad coordiPMD for the lower range of; values of the detected pho-
nates in the detector and the pixel coordinates of the CClons, as deduced from simulation, is shown in Figp) 2lt is
camera was established by using a set of fiducial pads iseen that thg; acceptance of photons in the PMD extends
each quadrant. These fiducial pads had one extra clear fibey quite low (~20 MeV) values. The two-track resolution,
inserted in addition to the wavelength shifting fiber to seleccorrespondingd a 3 cmdistance on the PMD plane, varied
tively launch light into the pads using an externally triggeredfrom 0.03 units of pseudorapidity in the outer regions of the
light source. A map assigning each pixel to a fibealled a  detector to 0.25 units in the innermost region near the beam.
pixel-to-fiber map was generated using data on fiducial fi-
bers to transform the CCD pixel coordinates to a suitable
fiber coordinate system. The CCD pixel charge was digitized
using an 8-bit custom-built fastbus digitizer. A hardware A. Data reduction

threshold of two analog-to-digital convertegxDC) channels The following procedure was adopted to reduce the data

at t_h_e pixe_l level was set to remove_the electronic noise. The, ptain particle hit positions and the energy deposition sig-
digitized signals of those pixels, which were above the hardy, g for subsequent physics analysis.

ware threshold after pedestal subtraction and belonged t0 a The gata comprising the pad signals of the four quadrants

particular fiber, were summed and these compressed dajg.re combined and transformed to ax7800 pad matrix. To
were recorded for off-line analysis. , take care of the variation in the response of individual pads,
The details of the PMD, its readout devices, and the datg,e raw digitized signals from the pads were multiplied by
taking modes can be found [47]. the pad-to-pad normalization factors determined earli&t.
The matrix of signal values for each event was then passed
through a clustering routine which unfolded the overlapping
The PMD was placed at a distance of 10.09 m from thehits, calculated the centroid of the clusters, and assigned a
target and covered the pseudorapidity region=48<5.2.  total signal strength to the clusters. Those clusters having
The variation of the azimuthal coverage as a function ofsignals below a predetermined threshold were rejected as

Ill. DATA REDUCTION AND ANALYSIS

2. Acceptance
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FIG. 2. (a) Fractional acceptance in azimuth as a function of
pseudorapidity andb) photon detection efficiency of the PMD for
the lower range opt values.

originating mainly from hadrons behaving like minimum measured by the MIRAC as shown in Fig. 3. The minimum
ionizing particles, and those above the threshold were lapjas trigger corresponds ;>20 GeV. The entir€ range
beled as “-like clusters,” originating predominantly from has peen divided into eight equal bins, as shown in the fig-
photong17]. A fraction of the clusters originating from had- yre, for the study of the centrality dependence of the mea-
ronic interactions in the converter material, photon conversyred photon multiplicity and pseudorapidity distributions.
sions in upstream materials, and scattering of particles fronyhe extreme peripheral datgin 1) have not been analyzed.
outside the region of acceptance of the PMD constituted theor the discussions in subsequent sections the “peripheral”

background. o _ .  sample corresponds to bin 2 and the “central” sample cor-
The photon multiplicity N,) is obtained from the multi-  responds to bin 8.

plicity of y-like clusters (\l’y) using the relation

C. Study of pseudorapidity and centrality dependence of

= Ny~ No efficiency and background
Y € ’
Y

N

1. Photon counting efficiency
wheree,, represents the photon counting efficiency ahds
the number of background clusters in the event.

Using the VENUS event generatof19] and the GEANT

The total photon counting efficiency, depends on sev-
eral factors, e.g., the energy spectrum of photons, the con-
. ; . version probability, the hadron rejection threshold applied,
simulation package[20] used to describe the complete o granylarity, and the associated clustering efficiency. This
WA93 experimental setup, the various steps in the data résyp he described as a convolution of two compondatghe
duction, e.g., clustering, efficiency, and background, have,, ersion probability €.,,) and (b) the clustering effi-
bee_n_studled in det_a|l as_afuncnon of centrality and pseUdO(':iency (4d. It is instructive to study the dependence of
rapidity. VENUS particles in the full angular range of WA93 ,oq components on the centrality and the pseudorapidity to

acceptagce were u§ed fgr this study. HBBNT reﬁultjo.n. ain insight into the capability of the PMD for measuring the
energy deposition In pads were converted to the digitize ultiplicity and pseudorapidity distributions of photons in

signals by adjusting parameters to reproduce the test beaff), hioh particle density environment of heavv ion experi-
data as described in Ref17]. Assuming that the hadron ment;g part 1y envi W xpert

production in S+ Au reactions at SPS energy is described a. Conversion probabilitye.,,, Photons initiating a pre-
by VENUS, the average number of background clusters Wa3hower are said to be converted if the signal in the detector

obtained f“.)m smulaﬂon anq u;ed for_sul.)Fract]on.m thedue to the shower particles is above the noise level in all the
above relation. This assumption is well _Jugtl_ﬂed in view of affected pads. For very low energy photons the shower par-
the_a_gree_me_nt (.)f the experimental multlpl_|C|ty and pS_GUdOTicIes are either absorbed in the thick converter or produce a
“’?‘p'd'ty distributions O.f charged particles in-§ Au colli- small signal below the noise threshold in each pad. In the
sions at the SP£24] with the VENUS results. present discussion the conversion probability is defined as
the fraction of the number of photons producing signals

above the hadron rejection threshold.

For the presentation of the results as a function of central- The conversion probabilitye,,,,) as a function ofp was
ity, the selection was based on the total transverse erigrgy obtained by the ratio of the number of photons tracked with

B. Event selection
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and(b) clustering efficiency for central events. Vertical bars repre-
sent the rms spread in the mean values. n

o FIG. 5. Pseudorapidity dependence(a¥f photon counting effi-
GEANT above threshold to the number of incident photons Oltiencye, and(b) background fractiorey for central events. Ver-

the detector. Figure(d) shows the variation oécony With 7 tical bars represent rms spread in the mean values.
for the central event class. The vertical bars represent the rms

spread in the ratio in the varioug bins. The conversion maiched for every bin with those in the experimental data.
probability increases slightly with highey because of the The dependence of the clustering efficiency on pseudora-
rapidity boost of t_he ththS- ) pidity is shown in Fig. 4b) for the case of central events.

b. The clustering efficiencfe.s). Because of the high The results of the two methods compare well, the values
particle multiplicity, there is some overlap of clusters even inysed in the analysis being those obtained from simulation
a preshower detector. The clustering algorithm in generaky,dies and the difference being assigned to systematic error
cannot resolve all overlapping clusters. In addition there is s described later. The clustering efficiency reduces as one
possibility that a large single cluster may be split into two ormgyes to higher; regions. This is due to the increased par-
more clusters due to shower fluctuations or imperfections ifjjcje density and the resulting increase in the overlap of clus-
the clustering algorithm. It is therefore necessary to study thgarg.
clustering efficiency, which is defined as the ratio of the Pseudorapidity and centrality dependenceeof Hav-
numbe_r of clusters found at the output stage of the algorithrrpng determined the variation af..,, and ey with 7 as de-
to the input number of photons. _ _ scribed above, one can easily deduce thdependence of

The clustering efficiency has been studied by two differ-. Thjs is shown in Fig. &) for the case of central events.
ent methodsi(a) by simulation, where the number of par- The hars shown represent the rms spread in the average
ticles (the GEANT track9 producing signals above the hadron 4146 The photon counting efficiency in central events is
rejection threshold was taken as the input number of clustergy nd to be~75% up ton=3.7, after which it starts de-
and (b) by a mixed event method, where peripheral triggergreaging slowly with increasingy, reaching a value of
events of low multiplicity (<30) taken from the experimen- _ sco4 4t the highesy value covered by the PMD.

tal data were overlaid to generate synthetic events resem- By taking weighted average of-dependent efficiency
bling high multiplicity central event$21]. In the case of 5 65 we have calculated, for different centralities. The
simulation the input number of clusters is known exactly esults are presented in Figi@ The bars shown represent

while in. the_case of syn.thetic events there may be a smajh,o g spread in the average value. Here the variation is less
uncertainty if the clustering algorithm had less than perfec}apid with centrality, falling from~80% for the peripheral

efﬁmenpy for the penpheral events..On the other ha'nd, th ample studied to about67% for extreme central events.
synthetic events, having been derived from experimenta

data, represent the effects of readout more realistically than
the simulated events even though a detailed procedure was
adopted to tune the simulation to the experimental data. Thus A major source of background to the identified photons
the two methods should complement each other. comes from incident hadrons which either interact in the
While generating synthetic events, care was taken tgonverter and produce large signals or have signals in the
match the mean total number gflike clusters and the total long Landau tail which get included in the-like clusters
signal sum of such clusters in the synthetic events to those @fven after applying the threshold for hadron rejection. A mi-
the experimental data for any given centrality. This allows ughor contribution to the background also arises from scatter-
to estimate the efficiency for the highest observed particléng of particles from outside the cone of acceptance of the
density. To take care of possible differences in the pseudd?MD, upstream conversion of photons in air and other ma-
rapidity distribution of peripheral and central events, anterials, and because of the splitting of clusters.
analysis with synthetic events was performed &y=0.2 The background fractioey,,= N, /N’, has been estimated
units of pseudorapidity over the entire range. The total signalising simulation as described i7]. Figure %b) shows the
sum and the number of clusters in the synthetic events wereariation ofe, 4 as a function ofy for central S-Au events.

2. Background fractionepyg
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counting efficiency may change slightly if thp spectrum

15 changes. Using the photgm; spectrum of[ 23] the photon
[ counting efficiency decreases by about 4% as compared to
o 1k (a) that obtained fronvENUS simulations.
a - ; + + + The following sources contribute to uncertainties in the
05 L estimation of the background fraction.
| Ll

T L (i) Particles outside the cone of the PMD can get scattered
15 - in the upstream materia(gir, beampipe, and other structural

i material$ and produce hits on the PMD. This is estimated by
- the number of additional tracks outside the PMD geometry

-

o | (b) producingy-like clusters. For most central collisions at the
Los most 5% ofy-like clusters come from this source.
f + + + + + + + (i) Upstream conversion of photons and splitting of clus-
0 Lootioit., T ters amount to less than 2% of the totalike clusters.

NI AN I NI N A P

25 50 75 100 125 150 175 200 225 (iii ) The estimation of the systematic error on the back-

ET (GeV) ground fraction due to the possible variation in the hadronic

fraction in the event has been obtained using two different

FIG. 6. Centrality dependence @ photon counting efficiency  ayent generator6/ENUS and FRITIOF [22]). The €bkg values

e, and(b) background \Drac;iorlrbgg. The horizontal axis 5h°(;"’§ thﬁ obtained differ by less than 5%, which corresponds to an

transverse ener . ertical bars represent rms spread In the . .
Ot P P uncertainty of less than 2% iN,, .

lues. . : -
mean vaiues The overall correction factors applied to the multiplicity

The bars correspond to the rms spread in the value. Th%]c thy—tl_lke cIustterstholzjtalgled fromdthe f"mlé!?ft'on tatr;]d the "
dependence o€y, on centrality is shown in Fig. (6). In synthetic event methods discussed earlier difier at the mos

both cases, the values lie within a band of 30%—40%. It LY @bout 6%. The results discussed here are the values ob-
found that the fractional contribution of background in- t&in€d by using the synthetic event generation method to
creases only slightly as one moves from central to peripheraﬂbtam the clustering efficiencies at variogysbins. The dif-

collisions and when one goes to forward pseudorapidity rel€rénce from the averages is included in the overall system-
gions. atic error, which increases somewhat for the largere-

gions.
The combined systematic error on the photon multiplicity
is 10% for peripheral events and is almost independent of the
The statistical error on the photon multiplicity is small pseudorapidity range considered. For central events the up-
compared to the systematic error. The possible sources @r limit on the systematic error is 12.5%, being slightly less
systematic errors and their contributions to the photon countfor the smaller pseudorapidity region.
ing efficiency and the background fraction are discussed
here. IV. MULTIPLICITY AND PSEUDORAPIDITY
The largest contribution to the systematic error in the pho- DISTRIBUTIONS OF PHOTONS
ton counting efficiency arises from the uncertainty in the
estimation of the clustering efficiency. While generating syn-
thetic events from peripheral data, it is difficult to judge the The minimum bias distribution of the photon multiplicity
clustering inefficiency for the peripheral data itself. To re-N, for the pseudorapidity region 337<4.8 is shown in
duce the effect we choose peripheral events of the lowedtig 7. This region has been selected because of full azi-
multiplicity to generate synthetic events. While superposingnuthal coverage. The data have been corrected for interac-
the events, the incidence of more than one track on the sam®ns of the beam with material other than the target by sub-
pad will result in an overlap and loss of clusters. There is aracting suitably normalized results from runs taken with an
possibility of more than one subthreshold cluster forming theempty target. The correction was10% in the peripheral
‘* y-like cluster” due to overlap. A large cluster can also beregion and negligible for central events. The horizontal bars
split into more than one cluster. For centrat 8u events in  represent the systematic error in the determinatiom of
the outer regions of the PMD, i.e., at lowsr the estimated The extreme peripheral portion of the spectrum correspond-
error due to this effect on the photon counting efficiency ising to N, <20 has not been plotted because of the trigger cut
less than 5%, while for the highestregion the error goes up applied to the peripheral data. The shape of the distribution is
to 9%. For peripheral events the systematic error on the phaessentially determined by the collision geometry. The pla-
ton counting efficiency is less than 5%. teau stems from collisions with intermediate impact param-
The photon counting efficiency is calculated usingtbie  eters while the knee at high multiplicity corresponds to the
NUS event generator. If the experimental energy prdlis-  range of impact parameters where all of the projectile over-
tributions are not described well byeENuUS, there may be laps with the target, a well-known characteristic of asymmet-
some uncertainty in the extracted valuesegf. There are ric collisions[24]. The tail region has a Gaussian shape, as
indications of an enhancement of the photon spectrum at lowhown by the dashed line fit, resulting from fluctuations in
pt [23]. Although thep; acceptance of the PMD extends to the number of participants when the overlap of nuclei is
guite low values, as shown in Fig(d, the integrated photon complete.

D. Errors

A. Multiplicity distribution of photons
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The horizontal bars indicate the extent of the systematic errors o
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Barts of the detector. The horizontal error bars display the
uncertainty in they assignment due to a worsening two-track
resolution at largem values. The vertical error bars include
Predictions of thevENUs event generator, version 3.11 systematic and statistical errors, the latter being usually
[19], with rescattering is superimposed on Fig. 7 for com-much smaller compared to the former.
parison. No attempt has been made to tune the parameters of The predictions of theenus (version 3.1] event genera-
VENUS to reproduce the data. It is seen that there is a generdbr are superposed on Fig. 9 for comparison. To obtain im-
agreement in the shape of the minimum bias distributiongact parameter selection comparable to the experimental
from the experiment and fromENus. However, the event data, the total transverse energy spectrum ofviireus par-
generator with default parameters underpredicts the phototicles falling within the MIRAC geometry has also been di-
multiplicity as also seen in the case of charged particle mulvided into eight equal bins like that for the experimental

tiplicity [24]. data. The shape of the pseudorapidity distribution obtained
from VENUS matches the data reasonably well. However, the
B. Correlation betweenE+, Ezpc, and N, event generator underestimates the multiplicity.

A Gaussian fit to the pseudorapidity distributions was

_ The _mult|pI|C|ty of produce(_j particles in heavy ion colll-_ made to extract the maximum valpe,.,, the peak position
sions directly depends on the impact parameter, or centrality

of the collision. Hence it is instructive to study the correla- Tpeaks aNd the widther for different centrality bins. The re-
tion of N, with the centrality information obtained from the
trigger detectors, e.g, the total transverse enekgy) from :
the MIRAC and the energy deposited in the ZDE,{). 250 |-
Figure 8 shows such a correlation. As expected, the photon ]
multiplicity is seen to increase with the increase in centrality,
which is represented by the increase in the transverse energy
or the decrease in the ZDC energy. This clearly demonstrates
thatN,, is a useful global observable which can be used for
event selection. A tiny fractiof0.2%) of events attributed to
background are found to deviate from the linear behavior.
They do not affect the inclusive results discussed in this ar-
ticle.

200 |-

150 |

e
o
o

(1/Ng,)(dN /dn)

4]
(=]

C. Pseudorapidity distribution of photons

The pseudorapidity distribution of photons foi-8u col- 3 3.5 4 45 n 5 5.5
lisions is shown in Fig. 9 for three centrality ranges, central
(highestE+ bin), peripheral(second lowesE bin), and in- FIG. 9. Pseudorapidity distribution of photons fot-8u colli-
termediate(fifth Er bin). The data have been corrected for sions at 208 GeV for three different centrality classdsolid
geometry, photon counting efficiency, and background. Theircles, open circles, and stars repre€enbins 8, 5, and 2, respec-
pseudorapidity bin width ofA »=0.2 units is selected such tively). The histograms represent thenus results and the dotted
that it is large compared to the two-track resolution in mostine represents the Gaussian fit to the data.
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i photons and the pseudorapidity distributions agree qualita-
200 - tively well with the results of the charged particle distribu-
i tions measured by the WA80 Collaboratid@]. The photon
. pseudorapidity density value of 190 for the highest centrality
(a) is seen to be somewhat higher as compared to the value of
L 175 for charged patrticles. This can be a consequence of the
(b) different centralities in the two works. Whereas WAS80 used
B the zero-degree energy to characterize centrality, the present
o 2 g analysis has used the transverse energy for the same. It has
r ) been shown if24] that such differences in event selection
1 g W may lead to very different values of,,, extracted from the
3 Cl data, with theE; selection always giving higher values than
the selection based on a zero-degree trigger. When the cen-
"\H_H‘H trality selection is tight and corresponds to only a few per-
(c) cent of the total minimum bias cross section, the, values
with the E; selection can be 10% higher than for the zero-
degree energy selection. It is also known frgp studies
R [25] that the pseudorapidity distributions of photons are dif-
200 250 ferent from those of charged particles, the photon distribu-
E-r (GeV) tions having higher densities and smaller widths.
o o The trend of the variation of the widit and the position
FI(.3..10. .Va.rlatllon of the shape parameters.descrlbln.g the Pselst the peakﬂpeak with centrality is not so pronounced as
doraplo_ll_ty dlstrl_butlon of photons for-8Au CO||ISIO.HS. for dn‘ferent found in large acceptance charged particle measurements
gglst;zgt';se(iiﬁZ?dog)e’i())'r ;’;’#’S rrieSLr:Its forh3|m|IEr ;:r?ntra:!gyl_ 2,24]. The widths in the WA80 work varied from 1.5 to
Perp parison, as shown by the Solld iN€S g for the SrAu case, increasing almost linearly as a
function of the zero-degree energy, but the widths of the
photon distributions are stable around 1.4. In the HELIOS
dneasurement the widtl- was found to vary rather very
slowly with E; [26]. The difference in the behavior of the

It is seen that the pseudorapidity density increases withVidths in the emulsion and WAS8O studies was explained by
centrality, going from 30 for peripheral events to 190 for theP0SSible differences in the sensitivity of the two experiments

most central case studied. This is understood to be a cons? charged particles. However, the difference in the variation

quence of the geometry of the nuclear collision. In the cas@' the widths with centrality in the case of photon measure-
of the event generator, while the variation is similar, theMents in the present work and charged particle measure-

absolute values are lower than observed in the data. THE€NtS of WA80 mainly arises from the presence of spectator
width of the pseudorapidity distribution of photons variesProtons in the latter case as also noted in Sec. |. The specta-
little with centrality, remaining around 1.4. The overall fea- tors disappear Stea‘?'")’. W't.h increasing centrality, move to
tures of the centrality dependence @fand 77,eq are well smaller absolute rap|qn|es in the c.m., and are overwhelmed
described by the’ENUS event generator. _by the _produped partlcles for very cgntral events. Thu; the
increasing width in the WAB80 experiment with increasing
impact parameter is nicely explained by spectator protons.
For photons there is no influence of this spectator matter and
A preshower detector with suitable converter thicknesdience the rapid change with centrality is almost absent.
and granularity has been used to measure the multiplicity of The experimental pseudorapidity distribution is found to
photons even in the high particle density environment ofbe somewhat higher than that obtained with viEeius event
heavy ion collisions. The photon multiplicity detector of the generator. A possible explanation for this observation could
WAO93 experiment is the first implementation of its kind. The be the sensitivity of the PMD to low particles, down to
detector has been used to measure both the multiplicity and 20 MeV/c. The NA44 Collaboration has reported en-
pseudorapidity distribution of photons in the forward hemi-hancement in the charged particle production at pa§27].
sphere in S+ Au collisions at 208 GeV. In a companion measurement in the WA93 experiment using
The present work represents the first large acceptancg® BGO calorimetef23], it is found that a single exponential
measurement of the photon multiplicity for this system overshape with an inverse slope of 210 MeV is unable to describe
a wide range of pseudorapidity and centrality and hence dithe pr spectrum over the entire range. Inclusion of a second
rect comparison with other experiments is not possiblecomponent with an inverse slope of 100 MeV improves the
However, it is instructive to compare the present results withdescription but even this fails for the lowgst values. Be-
those obtained from the measurement of the charged partict®use of the exponential shape of fiespectra, changes of
multiplicity for the same system in the WA80 experiment ~10% in the photon yield can easily result from relatively
[24]. This is useful as the major source of photons is thesmall changes in the acceptance of the detector in thglow
decay of7%’s which should be produced in a similar number region.
as charged pions. In summary the general features of the multiplicity and
The general features of the minimum bias distribution ofpseudorapidity distributions of photons measured #AS

P max
-k
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T

n peak
N
T

R
150

PN B B
00 50 100

sults are shown in Fig. 10 as a function®f. As the cov-
erage of the PMD does not extend up to the peak of th
distribution, the uncertainties in the fitted parameters ar
somewhat large.

V. DISCUSSIONS AND SUMMARY
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reactions at the SPS energy compare well with those of).S. DOE, the Swedish NFR, the Dutch Stichting FOM, the
charged particles measured in the same system. This len##umboldt Foundation, the Stiftung fudeutsch-polnische
support to measuring photon multiplicity as a complemen-Zusammenarbeit, the Department of Atomic Energy, the De-
tary observable to charged particle multiplicity. Measuringpartment of Science and Technology and the University
the two together on an event-by-event basis in the commoGrants Commission of the Government of India, the Indo-
part of phase space is useful for the study of isospin fluctuaeRG Exchange Programme, the PPE division of CERN,
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