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Beam Energy Scan (BES) program at RHIC is important to sefardhe existence of the critical
point in the QCD phase diagram. Lattice QCD have shown thaptiedictions of the suscep-
tibility of the medium formed in heavy-ion collisions can bensitive to the various moments
(mean (1) =< x >, variance ¢2) = < (x— u)? >, skewness (S) =<(X;7‘3‘)3> and kurtosis K)
=<(X;75‘)4> — 3 ) of conserved quantities like net-baryon numk&B), net-electric chargedQ)
and net-strangenesA%). Any non-monotonic behavior of the higher moments wowdficm
the existence of the QCD critical point. The recent resulthe higher moments of net-charge
multiplicity distributions for Au+Au collisions at/sy) varying from 7.7 GeV to 200 GeV from
the PHENIX experiment at RHIC are presented. The energy anttality dependence of the
higher moments and their productso(@ndk g?) are shown for the net-charge multiplicity dis-
tributions. Furthermore, the results are compared withviilges obtained from the heavy-ion
collision models, where there is no QCD phase transitioncaitidal point.
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1. Introduction

The phenomenology of Quantum Cromodynamics (QCD) at firiteperature and baryon
number density is one of the least explored regimes of theryH&]. QCD predicts a phase tran-
sition from hadron gas (HG) phase to quark gluon plasma (QB&3e at high temperature and/or
baryon density. The exact nature of the phase transitiotilli;st established, however, various
QCD based model indicate that at lamgg and lower T the transition from hadronic phase to the
Quark Gluon-Plasma (QGP) phase is of first order. On the dthed, lattice QCD calculations
with physical quark masses suggests that the phase taamaitihigh T and lowepg could be a
simple cross over from QGP to hadron phase. It further sugbasthe first order phase transi-
tion line should end somewhere at finjtg and T and that point will be a critical point of second
order[1].

It has been proposed that a critical point is a genuine théymamic singularity at which
susceptibilities diverge and the order parameter fluctuatelong wavelengths [2]. But all the
signatures share the common property that they are nontamdnas a function of an experimen-
tally varied parameter such as collision energy [3]. Tylhycanost of the fluctuation measures
are related to quadratic variances of event-by-event whbkss, such as particle multiplicities,
net charge, baryon number, particle ratios or mean trassv@omentum in the event. However,
higher non-Gaussian moments of the fluctuations are muck sersitive to the proximity of the
critical point than the commonly employed measures baseguadratic moments[3]. Further, It
has been suggested by lattice QCD calculations that theéHiest cumulants of net electric charge
fluctuations are well suited for a determination of freemé{marameters in a heavy ion collision
[4].

Recently, Beam Energy Scan (BES) program at relativistavjpeéon collider (RHIC) has
been started to search the location of critical point. Itlhesn suggested that the medium created
in heavy ion collision experiments at different center ossanergy (/sun) follow different trajec-
tories on the temperature (T) and baryon chemical potefuiglplane during their time evolution
[1]. This will enable us to locate the critical point inflg plane by experimentally measuring the
fluctuations in higher moments of net charge, net baryonvetb. respect to,/Syn. In the present
work, fluctuations of the net charge and it's higher momergsohtained from the net charge dis-
tributions measured by PHENIX experiment at RHIC.

2. Analysisdetails

In the present work, 200 GeV Au+Au data of RUNO7 and 62.4 GEMG&V and 7.7 GeV
data of RHIC RUN10 taken by PHENIX experiment is used. Thenebg-event net-charge dis-
tribution is measured for Au+Au collisions occurring withi=30 cm along the z position of the
interaction point. The charged particles are measureddmgtvthe transverse momentuipy
range 03 GeV/c < pr < 1.0GeV/c and pseudorapidityr) range afn| < 0.35 region. The stan-
dard PHENIX track quality cuts are used for this analysis.aV¥oid the auto-correlation effect in
the higher moments analysis, the centrality selection kas lolone by using tracks in a different
pseudo rapidity range. The finite centrality bin width effieas been corrected by using a centrality
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Figure 1: (Color online) Mean, Standard Deviatioao), Skewness and Kurtosis obtained from net-charge
distributions for Au+Au collision at/Syny = 200 GeV, 62.4 GeV, 39 GeV and 7.7 GeV for most-central to
most-peripheral events are shown.

bin width correction. Delta theorem is used for the stat@terror estimation of higher moments

[5].

0 4;"‘9""“5’99 Au+Au PHENIX acceptance E
“F %50-55 % i <0.35, % <lpl <3X
[ < 40-45 % i
[l 0.3=p_(GeVlc)<1.0 7
‘ i . 0.3 A 30-35% p(GeVie 3
Net-charge Au+Au (0-5)% PHENIX acceptance 3 c% 0 2:_‘3 20-25% —:
[s)pat p U “F010-15% 1
ata <035 F<kl<F E %0509 E
A UrQMD 0.3sp (GeVic) 1.0 4 04" 08% -
# HUING T 3 AE i .
2 + 3 0.0 —
AE- . 3 F ]
E 0 A = | = Il 1 A
0.0E Rl ~o- E [ ' I
E = F N 4
0.1 - 2.5 PH-ENIX -
E f E F preliminary ]
6F 3 £ ]
56 l E No 2.0 7
E preliminary | E| L
4 R “ 2
e I3 1.5[- . B ]
» 3F U 3 [ * g
2= bl 3 b .
) * S S 1.0f
OE _E C L Il
E . 1 1 10 102
1 10 10
(s (GeV) sy GeV

(@) (b)

Figure 2: (Color online) The skewness multiplied by the standard atéui and the kurtosis
multiplied by the variance from net charge distributionsAai+Au collisions as a function of
V/SuN- (@) The circles represent the data for most central coflisivents. The grey error bars
represent the systematic errors. $)andk o2 for different centralities as a function ofsuN.
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3. Resaults

Mean, Standard Deviation, Skewness and Kurtosis, caifadbm event-by-event net-charge
multiplicity distributions for Au+Au collisions at/syn = 7.7 GeV, 39 GeV, 62.4 GeV and 200
GeV are shown in Fig. 1 as a function of number of participgMgt). Mean and Standard
deviation increases witNp4t While Skewness and Kurtosis decreases Mgk, although for 200
GeV, mean is almost constant within the systematic errols the Mean, Skewness, and Kurtosis
increases with decreasingsyn While the trend is opposite in case of Standard Deviatiorsas i
evident from Fig. 1.

The skewness and kurtosis, calculated from the net-chasggbdtions, are expressed in
terms that can be associated with the quark number susiiépsb x : So ~ x(3)/x(2) and
ko? ~ x(4)/x(2)[6]. Theoretically, if we take the ratio of the susceptil@$, the volume ef-
fect is canceled out. The energy dependencBoofndk o? of net-charge distributions are shown
in Fig. 2. The statistical and systematic uncertaintiessamvn along with the data points. The
experimental values are compared with the model calcuiatioom UrQMD and HIJING within
the PHENIX acceptance.

The HIJING and URQMD results match the data points excepgatlst energies, which may
be due to the contribution of resonance product®mandk o2 are shown for different centralities
as a function of /syn as shown in Fig. 2 (b).

4. Summary

The higher moments of the net-charge multiplicity disttibns have been measured for Au+Au
collisions at,/Syn = 7.7 to 200 GeV. The values & decreases with/Syny while K 0?2 remains
constant within uncertainties for all centralities. Ther@o significant deviation from the simula-
tion results as observed in the data at these four colligi@ngges. It will be interesting to study at
lower energies like 19.6 GeV and 27 GeV which are still undeestigation.
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