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Localized fluctuations in the multiplicity of charged particles and photons produced in centfal G88/c
Pb+Pb collisions are studied. The charged versus neutral correlations in commgrphase space regions of
varying azimuthal size are analyzed by two different methods. The analysis provides a model-independent
demonstration of nonstatistical fluctuations in both charged particle and photon multiplicities in limited azi-
muthal regions. However, no correlated charge-neutral fluctuations are observed, contrary to expectations for
the production of a disoriented chiral condensate. The result is not explained by the widely used VENUS
model.
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The formation of hot and dense matter in high energycentral events, corresponding to the top 5% of the minimum
heavy-ion collisions offers the possibility to create a newbias cross section as determined from the measured total
phase where matter is deconfined and chiral symmetry iansverse energy, have been analyzed. Average multiplici-
restored. Indications for the formation of such a quark gluorfies Of (Ney =323.8 and(N,.jye)=335.7 are obtained for
plasma(QGP phase are provided by several results fromthis centrality selection.

experiments at the CERN SH$]. Event-by-event fluctua- The measured results are interpreted by comparison with
tions in the particle multiplicities and their ratios have re- sim ulated events and with several types of mixed events.
Simulated events were generated using the VENUS [4.3P

cently been predicted to _p_rovide informat?on about the nature, ant generator with default parameters. The output was pro-
of the QCD phase transitioi2,3]. Fluctuations may also be ¢essed through a WA98 detector simulation package in the
caused by Bose-Einstein correlations, resonance decays, GEANT 3.21[16] framework. The centrality selection for
more exotic phenomena such as pion lagéis Enhanced the simulated data has been made in a manner identical to the
fluctuations in neutral to charged pions have been predictedxperimental data by selection on the simulated total trans-
as a signature of the formation of disoriented chiral condenverse energy in the WA98 acceptance B82<5.4). The
sategDCC) [5-8], which might be one of the most interest- Simulated VENUS-GEANT eventd(referred as W-G) were
ing predicted consequences of chiral symmetry restoration.then processed with the same analysis codes as used for the
Theoretical predictions suggest that isospin fluctuationsanalysis of the experimental data. The photon counting effi-

caused by formation of a DCC, would produce clusters of/€NCY and the purity of the-like sample were determined

. . o 0 :
coherent pions in localized phase space regions or domainfgOrn these simulations to be 68% and 65%, respectively, for

A . . central event$l4].
The probability distribution of the neutral pion fraction in The effect of nonstatistical DCC-like charged-neutral

such a domain would follow the relatioR(f)=1/2\f,  fiyctuations has been studied within the framework of a
wheref=N_o/N. Thus DCC formation in a given domain simple model in which the output of the VENUS event gen-
would be associated with large event-by-event fluctuations irator has been modified. To implement the DCC effect, the
the ratio of neutral to charged pions in that domain. Expericharges of the pions within a localizeg— ¢ region from
mentally, such fluctuations can be deduced from the meayENUS are interchanged pairwiser{ 7~ < 7°7°) accord-
surement of fluctuations in the number of photons to chargeﬂ-,g to theP(f)=1/2\/f probability distribution. The DCC-
particles in limited— ¢ regions. The anti-Centauro events, |ike fluctuations were generated over=3-4 for varying
reported by the JACEE Collaboratiofd], with large intervals inA ¢. Since the probability to produce events with
charged-neutral fluctuations are possible candidates for DC§cc domains is unknown, ensembles of events, here re-
events. The studies carried out so farpa-p [10] and ferred to as “nDCC events,” were produced as a mixture of
heavy-ion[11,12 reactions have searched for fluctuationsnormal events with varying fractions of pure DCC-like
which extend over a large region of phase space. These meavents. The nDCC events were then tracked through
surements have provided upper limits on the presence aGGEANT.
DCC-like fluctuations. In the search for evidence of nonstatistical charged-
In this Rapid Communication we present first results onneutral fluctuations, two different analysis techniques have
the search for nonstatistical event-by-event fluctuations ibeen applied. The first method employed in the present
the relative number of charged particles and photons in loanalysis is the technique of discrete wavelet transformations
calized n— ¢ phase space regions for central A5&eV/c (DWT). DWT methods are now widely used in many appli-
Pb+Pb collisions. The data presented here were taken witkations, such as data compression and image processing, and
the 158 GeV Pb beam of the CERN SPS on a Pb target ohave been shown to provide a powerful means to search for
213 um thickness during a period of WA98 operation with- localized domains of DC§17,18. While there are several
out magnetic field. The analysis makes use of a subset damilies of wavelet bases distinguished by the number of
detectors of the WA98 experiment. Charged particle hitxoefficients and the level of iteration, we have used the fre-
(N¢n) were counted using a circular silicon pad multiplicity quently employed — 4 wavelet basi$20]. The analysis has
detector(SPMD) [11] located 32.8 cm downstream from the been performed with the sample function chosen to be the
target. It provided uniform pseudorapidity coverage in thephoton fraction, given byf’(#)=N,.je(b)/(N,.jke(#)
region 2.35C 7<<3.75. The detector was 99% efficient for +N.(¢)) as a function of the azimuthal angfg with high-
charged particle detection. The photon multiplicity was mea-<est resolution scalg,,,=5. The input to the DWT analysis
sured using a preshower photon multiplicity dete¢®iD) is the spectrum of the sample function at the smallest bin size
[13] placed 21.5 m downstream of the target and coveringorresponding to the highest resolution scalg,x, Where
the pseudorapidity range 29<4.2. Clusters of hit scintil-  the number of bins is 2ax The sample function is then
lator pads having total energy deposit above a hadron rejeanalyzed at different scal¢dy being rebinned into ’2bins.
tion threshold are identified as photonlik (). For this  The DWT analysis yields a set of wavelets or father function
analysis the pseudorapidity region of common coverage ofoefficients(FFC) at each scale from=1 to (jnax—1). The
the SPMD and PMD was selected (2.9<<3.75). The ac- coefficients obtained at a given scgleare derived from the
ceptance in terms of transverse momentup)(extends distribution of the sample function at one higher scgle,
down to 30 MeVE, although no explicipt selection is ap- +1. The FFCs quantify the deviation of the bin-to-bin fluc-
plied. Strict data selection and cleanup cuts have been apuations in the sample function at that higher scale relative to
plied as described in Refel1,14]. After cuts, a total of 85 K  the average behavior. The presence of localized nonstatistical
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fraction of DCC-like events present in the nDCC sample.
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fluctuations will increase the root mean squémas) devia-

tion of the distribution of FFCs and may result in non-  FIG. 2. TheS, and FFC distributions for four and eight divi-

Gaussian tail$17,18. sions in¢. The experimental data, M1, andhG events are shown
The sensitivity of the DWT technique as used in thisby solid circles, solid and dashed histograms, respectively. The

analysis is demonstrated in Fig. 1 where it has been appliesumber of data and mixed events is the same. The distribution for

to the simulated nDCC events. The rms deviation of the FFGhe V+G events is normalized to the data.

distribution is shown as a function of the fraction of DCC-

like events in the nDCC sample. The rms deviation is obdions for the M1 events are found to be almost independent

served to increase strongly with increasing DCC-like frac-0f probability of DCC-like events, while the rms deviations

tion. Due to the inherent uncertainties in the description off the M2 events increase similarly, but more weakly, than
“normal’’ physics and detector response in the-'& simu- those of the nDCC events. The rms deviations for the M3

lations, the observation of an experimental result with rmssets of events are found to lie between M2 and M1. Thus, the
which differs from simulation with zero DCC fraction cannot Sequence of the mixed events relative to the simulated events
be taken alone as evidence of DCC observation. For thi€or data gives a model independent indication of the pres-
reason four different types of mixed events have been creence and source of nonstatistical fluctuations. The simple
ated from the real or simulated events in order to search foPCC model used here results in an anticorrelation between
nonstatistical fluctuations by removing various correlationsN,.ike 2NdNcy. It also results in nonstatistical fluctuations in
in a controlled manner while preserving the characteristics oPOth N, e andNgy. It is seen that the M2 events have only
the measured distributions as accurately as possible. The firéte N,.jie-Ncn anticorrelation removed while the M1 events
type of mixed event§M1) are generated by mixing hits in have all nonstatistical fluctuations and correlations removed.
both the PMD and SPMD separately, with no two hits takenThe M3 mixed events give intermediate results because they
from the same event. Hits within a detector in the mixedcontain only theN e (M3-7y) or N, (M3-ch) nonstatistical
events are not allowed to lie within the two track resolutionfluctuations.
of that detector. The second kind of mixed evefM®) are The FFC distributions extracted from the measuré@))
generated by mixing the unaltered PMD hits of one eventatio are shown in the bottom panel of Fig. 2 for the experi-
with the unaltered SPMD hits of a different event. Interme-mental data, for M1 event$rom datg, and for V+G events.
diate between the M1 and M2 kinds of mixed events is thelThe results are shown for scalgs1 and 2, which carry
case where the hits within the PMD are unaltered while thénformation about fluctuations at 90° and 45°¢n The FFC
SPMD hits are mixedM3-v), or the SPMD hits are unal- distributions of the experimental distributions are seen to be
tered while the PMD hits are mixe@13-ch). In each type of broader than the ¥G and M1 results. This suggests the
mixed event the globalbin 1) N~ Ng correlation is ~ presence of nonstatistical fluctuations.
maintained as in the real event. A more conventional method similar to that described in
The rms deviations of the FFCs for the different kinds of Ref.[11] has also been used to search for nonstatistical fluc-
mixed events produced from the nDCC events are alstuations. The correlation betweet, . and Ng, has been
shown in Fig. 1. In the case of vanishing DCC-like fluctua-studied in varyingp intervals, by dividing the entiréh space
tions, the rms values of the various types of mixed events arito two, four, eight, and 16 bins. The correlation plothy,
very close to each other, and higher than the&rms val-  versusN,, . [19] is obtained for eaclp segmentation, and
ues. This is due to the presence of additional correlationfitted to a second order polynomial to obtain a correlation
betweenN., and N, e, mostly as a result of the charged axis (Z). The distance of separatio®¢) between the data
particle contamination in thdl, . sample. The rms devia- points and the axis has been calculated with the convention
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131 ® Dia was obtained as the sum in quadrature of the individual error
g (a) 5' ﬁg%ch contribgtions which have_been determingd from the variation
§ wk @ Mﬁlﬁﬁy of thg final result according to the maximum estimated un-
> e Q O Venus+Geant certainty for each effect.
ST %Y *ﬂ* Since the mixed events are constructed to maintain the
g 11| t& il % N.,.iike — Ncp correlations for the full azimutkbin 1), the rms
Ao ‘ ' i deviations of data and mixed events for this bin are identical.

The difference of thes, rms deviations between data and
V +G for this bin is the same as reported in an earlier WA98

1f 6 o ¢ o o

| 2 4 3 16 publication[11]. The comparison of G and the M1 mixed
Number of bins in ¢ events demonstrates the utility of the DWT method to nor-
0.13p P malize out the average behavior when the bin-to-bin fluctua-
g : ) g %@iﬁ%_ch tion information is extracted. For two, four, and eight bins
g ook Q Mix Ms-y the values of theS; rms deviations of the data are 25
= 0.12¢ ﬁ] ; O Vemus+Geant 3.00, and 2.4 larger than those of M1 events, respectively,
it 2% whereo= /(o312 )2+ (o} )2 is the sum in quadrature of
é0 11f 2; % % the total error separating the points. Similarly, the FFC rms
O :H> #’ ’»ﬁ? | deviations at four and eight bins for data ares3anhd 2.8
&1 larger than those of the M1 events. At 16 and 32 bins, the
0.1 | | ! | result for mixed events and data agree within the quoted
' 4 8 16 32 errors. The rms deviations of the M2 events agree with those

Number of bins in ¢ of the experimental data within error for all bins. The M3-
type mixed events are found to be similar to each other
within the quoted errors and lie between M1 and M2.

The observation that the rms deviations of 8yeand FFC
distributions for experimental data are larger than those of
the M1 events provides model-independent evidence for the
that D, is positive for points below th& axis (increasing presence of localized nonstatistical fluctuations. However,
N,.ike). In order to compare fluctuations at different bin the comparision of the rms deviations for data with those of
sizes having different multiplicities we use a scaled variableM2 events implies the absence of event-by-event correlated
S,=D,/s(D;), wheres(D,) is the rms deviation of th®, fluqtuatlons iINN ke versuchh.. Th(_a M3-type mixed evelnts .
distributions for V4G events. The presence of events with indicate the presence of Iocall_zed independent fluctuations in
localized nonstatistical fluctuations would be expected to reNy-ike aNdNgp, Of similar rn_agmtude. . . .
sult in a broader distribution 08, compared to those for If the amount of DCC-like fluctuations in the experimen-

o tal data were large, then the rms deviations shown in Fig. 3
normal events. The&, distributions calculated at four and
. L . ) for data would have been larger compared to those of M2
eight bins in¢ angle are shown in the top panel of Fig. 2 for

q ML and V.G Th X | distributi events. Since this is not the case, we compare the measured
ata, » an events. The experimental distributions o 1i5 with those obtained from the simulation as shown in

are broader than the simulg_tion and Ml_results, again indiFig. 1 to extract upper limits on the probability of DCC-like
cating the presence of additional fluctuations. fluctuations at the 90% confidence level. Within the context
The rms deviations of th&; and FFC distributions as a of this simple DCC model, upper limits on the presence of
function of the number of bins in azimuth is shown for ex-|gcalized nonstatistical DCC-like fluctuations of 1 for
perimental data, mixed events, and-& in Fig. 3. As noted A4 between 45-90° and 81072 for A¢ between
in the discussion of Fig. 1, even in the absence of DCC90-135° are extracted.
there exist uninteresting correlations betwéep. andNc, In summary, a detailed event-by-event analysis of the
which are removed by the event mixing procedure andluctuations in thep— ¢ phase space distributions of charged
thereby result in a difference between the real and mixegbarticles and photons has been performed for centralFRb
events. The mixed event rms values of Fig. 3 have thereforeollisions at 158 GeV using two complementary analysis
been rescaled by the percentage difference between the rmmethods. The first analysis employed the discrete wavelet
deviations of the WG distributions and those of the corre- transformation technique to investigate the relative magni-
sponding V&G mixed events in order to better illustrate ef- tude of theN, je/(Ncht+ N,.ie) fluctuations in adjaceny
fects in the data beyond those present it &. The statisti- intervals of varying size. The second method studied the
cal errors on the values are small and lie within the size ofmagnitude of theN . versusN, multiplicity fluctuations
the symbols. The error bars include both statistical and sysn decreasing¢ regions. Both analysis methods provide
tematic errors. The systematic errors have been estimated Inyodel-independent evidence for nonstatistical fluctuations at
investigation of effects such as the uncertainties in the detethe 30 level for ¢ intervals of greater than 45°. This is
tion efficiencies, gain fluctuations, backgrounds, binningshown to be due to nonstatistical fluctuations in bty
variations, and fitting procedures. The total systematic erroand N.,. However, no significant correlated fluctuations in

FIG. 3. The rms deviations of th8, and FFC distributions for
various divisions in the azimuthal angle. Fort'G s(D,)=17.2,
11.8, 8.12, 5.66, and 4.01 for one to 16 bins, respectively.
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