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1. Introduction

The event-by-event fluctuations in high energy nucleus-nucleus J&elisions (see e.g., the
reviews [1]) are expected to be closely related to the transition betweenatifiphases of the QCD
matter. Measuring the fluctuations one might observe anomalies of the duleeibmfinement [2]
and dynamical instabilities when the expanding system goes through therdestiransition line
between the quark-gluon plasma and the hadron gas [3]. Furtherme@(B critical point may
be signaled by a characteristic pattern in fluctuations [4].

The microscopic Hadron-String-Dynamics (HSD) transport model [SEwhives rather re-
liable estimates for the inclusive spectra of charged hadrons in A+A collisrom SIS to RHIC
energies [6] has been used to study fluctuations.

2. Fluctuations in the number of participants
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Figure 1: The HSD simulations in Pb+Pb collisions at 158 AGeV for therage valugNg") (left) and
the scaled variances=" (right) as functions ofS™!.

The centrality selection is an important aspect of fluctuation studies in A+A iooliis At
the SPS fixed target experiments the samples of collisions with a fixed numpesjettile par-
ticipantsNF‘?rOj can be selected to minimize the participant number fluctuations in the sample of
collision events. This selection is possible due to a measurement of the nuhrhelenn spec-
tators from the projectileN™’, in each individual collision by a calorimeter which covers the
projectile fragmentation domain. However, even in the sample M@fﬂj = constthe number of
target participants fluctuates considerably. In the following the variaviagn) = (n?) — (n)?,
and scaled variancey = Var(n)/(n), wheren stands for a given random variable afd-) for
event-by-event averaging, will be used to quantify fluctuations. Ih sample WitH\l,Eroj = const
the number of target participants fluctuates around its mean VAIE) = NE™!, with the scaled
variancemf:,arg (Fig. 1) Within the HSD and UrQMD transport models it was found in Refthak
the fluctuations oNE,arg strongly influence the charged hadron fluctuations. The constantsvaiue
NP and fluctuations oN" lead also to an asymmetry between the fluctuations in the projectile
and target hemispheres. The consequences of this asymmetry deptre oA dynamics as
discussed in Ref. [8].
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3. Multiplicity fluctuations
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Figure 2: The results of the HSD (left) and UrQMD (right) simulation® ahown forw_, w,, and w,

in Pb+Pb collisions at 158 AGeV as functionshf™’. The black points are the NA49 data. The different
lines correspond to the model simulations with the orightva#l9 acceptance, 1<y < 2.6, in the projectile
hemisphere (lower lines), the NA49-like acceptance in tireamrapidity interval,—2.6 <y < —1.1, in the
target hemisphere (middle lines), and fult dcceptance (upper lines).

From an output of the HSD and UrQMD minimum bias simulations we form the samples
of Pb+Pb events with fixed values b, In Fig. 2 we present the HSD and UrQMD results
and compare them with the NA49 data for the scaled variances of negapesigively, and all
charged particles in Pb+Pb collisions at 158 AGeV. The final particles itH&ie and UrQMD
simulations are accepted at rapiditie$ £ y < 2.6 (we use particle rapidities in the Pb+Pb c.m.s.
frame) in accord to the NA49 transverse momentum filter [9]. This is donentpace the HSD and
UrQMD results with the NA49 data. The HSD and UrQMD simulations both shavwflaalues,
W~ w; ~ 1.2, wh~ 1.5, and exhibit alimost no dependencd\(ﬁﬁoj. The NA49 data, in contrast,



Dynamical Study of Fluctuations in Relativistic Nuclearl@@mns Volodymyr Konchakovski

exhibit an enhancement i for NF‘,’rOj ~ 50. The data show maximum values, ~ w, ~ 2 and
e ~ 3, and a rather strong dependenceNSf?’.

Fig. 2 also shows results of the HSD and UrQMD simulations for the faladceptance for
final particles, and shows the NA49-like acceptance in the mirror rapidityvate-2.6 <y < —1.1
of the target hemisphere. HSD and UrQMD both result in large values, of. large fluctuations
in the backward hemisphere: in the backward rapidity inten&b < y < —1.1 (target hemisphere)
the fluctuations are much larger than those calculated in the forward rapigityahll < y < 2.6
(projectile hemisphere, where the NA49 measurements have been derae)laker fluctuations
follow from the HSD and UrQMD simulations for the full acceptance of firettigles.

4. Baryon number fluctuations

The fluctuations of the net baryon number have been studied in [10keThectuations are
most closely related to the fluctuations of the number of participant nuclesmaube of baryon
number conservation.
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Figure 3: The HSD simulations for Pb+Pb collisions at 158 AGeV for fixedues ofNE™!. The baryon
number fluctuations in full acceptanaeg, in projectile hemispherepg (lower curve), and in target hemi-
sphere} (upper curve). The dashed line corresponds o™

The HSD results fors in Pb+Pb at 158 AGeV are presented in Fig. 3. In each event we
subtract the nucleon spectators when counting the number of barybasiet baryon number in
the full phase spac&= Nz — N, equals then to the total number of participaks= N9+ N2,

At fixed NE™! theNp number fluctuates due to fluctuations\f"®. These fluctuations correspond
to an average valuéN@'%) ~ NP, and a scaled variancef®™® (see Fig. 1). Thus, for the net

baryon number fluctuations in the full phase space we find,

CVarNe) ()% = INE9Z 1
 Ne) 2(NZ9) — 2%

(4.1)

A factor 1/2 in the right hand side of Eq. (4.1) appears because only half of theniatatber of
participants fluctuates.

Let us introducew? and b, where the superscripgsandt mark quantities measured in the
projectile and target momentum hemispheres, respectively. Fig. 3 denesstraiwl, > wg, both
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in the whole projectile-target hemispheres and in the symmetric rapidity inter@alshe other
hand one observes thaf ~ «w} in most central collisions. This is because the fluctuations of the
target participants become negligible in this case,cb,?fg — 0 (Fig. 1, right). As a consequence
the fluctuations of any observable in the symmetric rapidity intervals becoméciaeim most
central collisions.

5. Energy dependence of multiplicity fluctuations

In general, one can define two groups of hadron observables. rEhgrfhup includes observ-
ables which are rather similar in A+A and p+p collisions, thus, they can tsonebly described
within the WNM. The second group consists of A+A observables whichvarg different from
those in p+p collisions. The question arises: are the multiplicity fluctuations in éci#sions
close to those in p+p reactions, or are they very different?

To answer this question let us first consider the model predictions. Toarengentral col-
lisions of heavy nuclei and N+N collisions within the HSD model we construentiltiplicities
and scaled variances of N+N using the HSD results for p+p, p+n andaifisions:

<NiNN> = 0Opp <Nipp> + Qpn <Nipn> + ann (N™) (5.1)
"N = <N3\1-N> [app PP (NPP) + apn " (NP") + ann ™ (N™)] (5.2)

whereapp, Opn, 0nn are the probabilities of proton-proton, proton-neutron, and neuteortron
collisions in Pb+Pb (A=208, Z=82) or Au+Au (A=197, Z=79) reactions.

In Fig. 4 the HSD model results are shown for the multiplicities per participatimteons,
ni = (Ni)/(Np), and for the scaled variances, in central collisions (zero impact parametes 0)
of Pb+Pb a4, = 10, 20, 30, 40, 80, 158 AGeV and Au+Au g@Byn = 62, 130, 200 GeV. From
Fig. 4 one concludes that the HSD results for the scaled variances irlcamtk collisions are
close to those in N+N collisions. For the SPS energy region all scaled gagan,. and wy, in
central A+A collisions are slightly below the N+N results. The reversedtiituds observed for
RHIC energies. Thus, the HSD results for multiplicity fluctuations are ratihgtas to those of
the WNM. For the samples with a fixed number of nucleon participay§; = N9 = const
in Pb+Pb collisions at 158 AGeV, HSD shows fluctuations of the final hesdobose to those in
N+N collisions at the same energy. This happens to be also valid for mdsilcasllisions p = 0)
considered in the present study. The influence of participant numbardlions has been estimated
and sown on Fig. 4 (for more details see ref [11]).

On the other hand in the statistical model the scaled variaaces1 for the ideal Boltz-
mann gas in the grand canonical ensemble (GCE). The deviatiansfiafm unity in the hadron-
resonance gas (HG) model stem from Bose and Fermi statistics, resatecays, and exactly en-
forced conservations laws within the canonical ensemble (CE) or micrangzal ensemble (MCE)
[13, 14]. In Fig. 4 the scaled variancescalculated within the MCE HG model along the chemical
freeze-out line (see Ref. [13] for details) are presented by the dottsd cy reach their asymptotic
values at RHIC energies. The HSD resultsdpin central A+A collisions are very different. They
remain close to the corresponding values in p+p collisions and, thus, $eonéth collision energy
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Figure 4. The multiplicities per participanty (left), and scaled variances (right). The solid lines are
the HSD results for N+N collisions. The full circles are th&Bi results for central A+A collisions for
zero impact parameteb = 0. The full squares fon_ are the NA49 data [12] fof(rr ) + (K™))/(Np)

in the samples of 7% most central Pb+Pb collisions. The HSDIte for «y after the subtraction of the
contributions of the participant number fluctuations arevah by open triangles. The dotted lines are the
MCE HG model results for [13]. The HG parameters correspond to the chemical freezeanditions
found from fitting the hadron yields.

asaw O nj. One observes no indication for ‘thermalization’ of fluctuations in the HSIts. This
is especially seen for RHIC energigg(HSD)/w (MCE)> 10 at,/Syn = 200 GeV.

A rigid centrality selection has been recently done for the NA49 data [1%ikimg the num-
ber of projectile participantsylF'?roj = A, Only very central< 1%, collisions have been selected.
The HG model was compared in Ref. [13] with the NA49 data [15]. It wamébthat the MCE
results forw,. are very close to the data, they are shown by the dashed lines in Figs.tbe In
statistical model the scaled variana@3°° for the accepted particles are calculated fram in
the full space according to the acceptance scaling formulae (ASF) (©ed1R] for details):
W =1-0+qow:.

Thus HSD predicts that the scaled variancgdn central A+A collisions remain close to
the corresponding values in p+p collisions and increase with collision gr@erghe multiplicity
per participating nucleon, i.eay O n;. The scaled variances calculated within the statistical
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Figure 5: Upper panel.The scaled variances?° for central Pb+Pb collisions. The squares with error bars
are the NA49 data for 1% most central collisions [15]. Theehbtines show the MCE HG model results
calculated from full 4t scaled variances using acceptance scaling formula (AS# fdll circles present
the HSD results in Pb+Pb collisions foe= 0 with the NA49 experimental acceptance conditions, wihige t
open circles are obtained from tha HISD scaled variances using acceptance scaling forrholaer panel.
The MCE HG (dotted line) and HSD (full circles) results foetyr scaled variances,. are shown for SPS
energies.

HG model along the chemical freeze-out line show a rather differeravi@h «y approach finite
values at high collision energy. At the top RHIC energ@un = 200 GeV the HSD values of
w(HSD) is already about 10 times larger than the corresponding MCE H@wala (MCE). So,
the HSD and HG scaled variances show a different energy dependence and are very different
numerically at high energies. However, a comparison with preliminary NA48 of very central,
< 1%, Pb+Pb collisions at the SPS energy range does not distinguish batweedSD and MCE
HG results. This happens because of two reasons: First, the MCE HE3Ddesults forw at
SPS energies are not too much different from each other anddsamp+p collisions. Second,
small experimental values of the acceptarge; 0.04- 0.16, make the difference between the
HSD and MCE HG results almost invisible. New measurementsy dbr the samples of very
central A+A collisions with large acceptance at both SPS and RHIC eseaxggeneeded to allow
for a proper determination of the underlying dynamics.

6. Fluctuations at RHIC

The centrality selection at RHIC is different then at fix-target experimEmtre are detectors
which define the centrality of Au+Au collision called Beam-Beam CountersQBBR\t the c.m.
pair energy,/s = 200 GeV, the BBC measure the charged particle multiplicity in the pseudorapid-
ity range 30 < |n| < 3.9 [16]. We find a good agreement between the HSD shape of the BBC
distribution and the PHENIX data (see [17]). Note, however, that the K numbers are not
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exactly equal to the PHENIX values. It is also not obvious that HSD gigestime values of the
scaled variancex for the participant number fluctuations to the experimental ones.
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Figure 6: HSD results for different BBC centrality classes in Au+Adlisions at./s = 200 GeV.Left: The
average number of participant$\p), and the scaled variance of the participant number flucnstios,
calculated for the 5% BBC centrality class&ight: The mean number of charged hadrons per participant,

ni = (Ni)/(Np).

Defining the centrality selection via the HSD transport model (which is similar tB3&
in the PHENIX experiment) we calculate the mean number of nucleon particighiapts and the
scaled variance of its fluctuationap, in each 5% centrality sample. The results are shown in
Fig. 6, left. The Fig. 6 (right) shows the HSD results for the mean numbdrabed hadrons per
nucleon participanty; = (Ni) /(Np). Note that the centrality dependencenpis opposite to that of
wp: nj increases wit{Np), whereasue decreases.

The PHENIX detector accepts charged particles in a small region of theemace with
pseudorapidityn| < 0.26 and azimuthal angle < 245 and thepr range from 0.2 to 2.0 GeV/c
[16]. The fraction of the accepted particlgs= (N3®)/(N;) also has been calculated within the
HSD model. According to the HSD results only-3.5% of charged particles are accepted by the
mid-rapidity PHENIX detector.

To estimate the role of the participant number event-by-event fluctuationseve model of
independent sources (see e.g., Refs [1, 7, 8, i)} & + nj wp, wherew" corresponds to the
fluctuations of the hadron multiplicity from one source, and the second e, gives additional
fluctuations due to the fluctuations of the number of sources. As usuallilawe assumed that
the number of sources is proportional to the number of nucleon participdiatsalculate the
fluctuationsw?®° in the PHENIX acceptance we use the acceptance scaling formgfa:= 1 —

g + g w. Putting all together one finds:

WC=1-0g +G & + qnw. (6.1)

The HSD results fowpr (Fig. 6, left), n; (Fig. 6, right),q; (which is almost const), together
with the HSD nucleon-nucleon values; = 3.0, w; = 2.7, andw}, = 5.7 at\/s= 200 GeV, define
completely the results faw®“® according to Eq. (6.1). We find a surprisingly good agreement of
the results given by Eq. (6.1) with the PHENIX data shown in Fig. 7. Notettietcentrality
dependence ab?°° stems from the produat; - we, in the last term of the r.h.s. of Eq. (6.1).
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Figure 7: The scaled variance of charged particle fluctuations in Aw¢8llisions at,/s = 200 GeV with
the PHENIX acceptance. The circles are the PHENIX data [1Eileathe open points (connected by the
solid line) correspond to Eq. (6.1) with the HSD resultsd®r, nj, andg;.

One can conclude that both qualitative and quantitative features of thraldgrdependence
of the fluctuations seen in the present PHENIX data are the consegueingarticipant number
fluctuations. To avoid a dominance of the participant number fluctuationsieeds to analyze
most central collisions with a much more rigid (%) centrality selection.

7. Summary and conclusions

e The fluctuations in the number of target participants — for fixed projectilégiyzants —
strongly influence all observable fluctuations.

e The measured fluctuations of the electric charge in different acceptandews are consis-
tent with HSD results.

e Statistical and transport models show different results in central A+A woiksfor mul-
tiplicity fluctuations versus energy. New measurements at higher energlesith larger
acceptance are needed.

¢ In collider-type experiments the fluctuations of the number of participantsigméicant. To
avoid them one has to consider the most central collisions with more rigid esedatgion.
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