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The Beam Energy Scan program at the Relativistic Heavy Idhideéo (RHIC) is aimed to probe
the QCD phase diagram in the vicinity of a possible criticainp Higher moments of mul-
tiplicity distributions of conserved quantities are pidd to be sensitive to the fluctuations
due to critical point. Lattice QCD predictions and statiatithermal models suggest that the
susceptibility of the medium formed in heavy-ion collisiocan be related to various moments
(Mean (u) = (x), Variance ¢2) = ((x— u)?), Skewness9) = ((x— u)3)/o® and Kurtosis )=
{(x— )% /o*— 3, of the conserved quantities like net-baryon numiad)( net-electric charge
(AQ) and net-strangenes%). Non monotonic deviation in the higher moments from thesbine
predictions would indicate the existence of the QCD critimzint. We present various moments
and their products for the net-charge multiplicity disatibns in Au+Au collisions at different
energies ranging fronys,, = 7.7 to 200 GeV, measured by PHENIX experiment at RHIC. The
experimental results are compared with different heavyeollision models, which do not in-
clude the QCD phase transition and critical point.
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1. Introduction

Recent calculations predict the existence of the critical end point (CEfeiQCD phase
diagram [1, 2]. The point at which the first order phase transition émdise T — ug plane is
known as CEP. The beam energy scan program at RHIC providezldangunt of data at different
collision energies, which gives us an unique opportunity to study the locatidrnexistence of
CEP in the QCD phase diagram. In the thermodynamic limit, the correlation léndiherges
at CEP [3]. The correlation length is related to various moments of cortsguemntities such as:
net-baryon, net-charge or net-strangeness number. The non-manoéhavior in the fluctuation
of these conserved quantities as a function of collision energigg ) is one of the signatures to
locate CEP [4]. Various moments of the conserved quantities are related différent orders
of correlation length as: variande?) = ((6N)?) ~ &2, skewnessS) = ((6N)3)/a? ~ &5 and
kurtosis (k) = ((6N)*) /g% —3 ~ &7, whereSN = N — M, with N is multiplicity and M being
the mean of the distribution. Since higher moments have stronger deperaeé¢cdience can
have better sensitivity to CEP. Lattice calculations and other thermal modelasutdRG show
that moments of the conserved quantities are related to the susceptibjifiesqociated with
the conserved number @ /M ~ x?/x*, So ~ x3/x? andka? ~ x*/x? [5, 6]. One advantage
of measuringo?/M, So andka? is that the volume dependence of individual moment cancels
out in the ratios, hence experimentally measured quantities can be comptreadentheoretical
calculations. In recent studies, it has been shownathéVl and So can be used to extract the
freeze-out parameter$(andug) in heavy ion collisions [5].
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Figure 1. Uncorrected net-chargAN) distributions measured on event-by-event basis for Augdllisions
at different energies for two different centralities (0-3%td 55-60%) withifn| < 0.35.

2. Analysis

In this report, we present the higher moments of net-charge multiplicity distrifitioAu+Au
collisions at,/S, = 7.7, 39, 62.4 and 200 GeV measured by PHENIX experiment at RHIC. To
measure the net-chargN = N* — N~) distributions, the number of positively chargexi’() and
negatively charged\ ") particles are measured on an event-by-event basis witBihcm along
the beam direction of the collision vertex. The charged particle trackseamnstructed using
informations from the drift chamber and pad chambers [7]. Tracks gaviransverse momentum
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(pr) between 0.3 and 1.0 GevAnd pseudo-rapidity|f| < 0.35) are selected for the analysis.
The standard PHENIX track quality cuts are applied for the analysis. derdo avoid the auto-
correlation effect in analyzed tracks, the collision centrality selection &éas Bone by using tracks
from a different/n| range. The statistical uncertainties have been calculated using Deltantheore
method [8].
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Figure2: Efficiency uncorrected momenté, o, Sandk obtained from net-charge distributions as a function
of centrality (Npart) from Au+Au collisions at different collision energies frothe PHENIX experimental
data. The statistical uncertainties are shown along wihdtta points. The scaled systematic uncertainties
are shown in shaded.

3. Resaults

Figure 1 shows the uncorrect&lll, distributions in Au+Au collisions for central (0-5)% and
peripheral (55-60)% collisions at different collision energies. ANg, distributions are symmetric
around mean value. Various moments are calculated from the above distrébUtigure 2 shows
the efficiency uncorrecteMl, o, Sandk as a function of collision centralitiedNfa) extracted
from the net-charge distributions at differep§,,. The moments are corrected for finite centrality
bin width effect. The mean and standard deviation increase with increbising while Sandk
decrease with increasimdp,t for all collision energies. In order to remove the volume dependence
of moments so that the experimental values can be compared with the moddhtaahs, the
productk a2 andSo are used. Figure 3 shows the centrality dependense ahdk o for different
collision energies. It is observed from Fig. 3 that andk g2 values are weakly dependent on
Npart- The values oBo decrease from lower to higher collision energies, whereadsis constant
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Figure 3. Centrality dependence of efficiency uncorrect&f M, So andk a2 of net-charge distributions
for Au+Au collisions at different collision energies. Sgtical errors are shown along with the data points
while scaled systematic uncertainties are shown in shastgdr.

for all /s, within systematic uncertainties. Figure 4 shows the energy dependerxe f,

So andko? of the net-charge distributions for most central (0-5)% collisions. Thpegmental
results are compared with the non-CEP based models like HRG, UrQMD aiGlisimulation
results within the PHENIX acceptance. Tté/M values increase with increasing beam energies.
The 0?/M values from HIJING model over estimate the experimental data at all esergiee

So values increase with decreasigg,, where a2 values remain constant over all collision
energies within uncertainties. TiSe andk o2 values obtained from UrQMD and HIJING models
agree with the experimental data except {¢&, = 200 GeV, which might be due to the more
resonance production at higher energies. No excess is observedandlyzed data at these four
collision energies above the simulation results.

4. Summary and Outlook

Fluctuation of net-charge multiplicity distributions have been measured foAAwsllisions
at,/S, = 7.7, 39, 62.4 and 200 GeV by the PHENIX experiment. Various moméhts (S, k)
are extracted fronANg, distributions and are studied as a functiorNpf;¢ for all collision ener-
gies. Theo?/M values increase wittys,,, where asSo values increase with decreasing collision

4
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Figure 4. Energy dependence of efficiency uncorrectefM, So and kg2 of net-charge distributions
for central (0-5)% Au+Au collisions from the PHENIX expemmial data. The statistical and systematic
(shaded) uncertainties are also shown with the data pdihis.experimental values are compared with the
HRG, UrQMD and HIJING models.

energies. Th&o? values remain constant over all collision energies. The experimentakvatae
compared with the non-CEP based models. In the presented results fnorwoflision energies

we don’t observe any significant deviation from the model calculatidnsilllbe interesting to see

the results at lowey/s, at 19.6 and 27 GeV. However, by comparing these results with the lattice
calculations will provide very useful information to extract the freezepamameters.
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