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In this paper we report the measurements of the various mismezan 1), standard deviation
(o), skewness (S) and kurtosis)(of the net-kaon multiplicity distribution from Au+Au cadions
at,/Sun =7.7 to 200 GeV in the STAR experiment at RHIC in an effort taaltcthe critical point

in the QCD phase diagram. These moments and their productslated to the thermodynamic
susceptibilities of conserved quantities such as net lmemynber, net charge, and net strangeness
as also to the correlation length of the system. A non-mariotoehavior of these variable will
indicate the presence of the critical point. In this work usoaresent the moments products,S

k o2 of net-kaon multiplicity distribution as a function of cisiion centrality and energies. The
results are compared with simulation from the AMPT modelalhido not include the critical
point.

8th International Workshop on Critical Point and Onset ofddafinement
March 11-15
Napa, California, USA

“Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Higher moments of net-Kaon multiplicity distributions &i& energies for the search of QCD Critical Point
Amal Sarkar (for the STAR collaboration)

1. Introduction

One of the fundamental goals of the heavy-ion collision expent is to map the QCD phase
diagram as a function of temperature and baryon-chemidaingal. Many QCD models based,
admit the existence of a critical point which is the questrakpnt investigations at the Relativistic
Heavy lon Collider (RHIC) at BNL. The correlation length atiet magnitude of the fluctuations
diverge at the critical point [1,2]. Finite size and timeeeffs in heavy-ion collisions put constraints
on the values of . However, heavy-ion collision brings downin the range of 2-3 fm from infinity
[2,4]. It has been shown that the higher non Gaussian monjastthey depend on higher powers
of &) of fluctuations of conserved quantities are much more geadb correlation length than
variances ( which vary only &) [5-8]. For example, the skewness and kurtosis have beewsho
to be related to thé*> and&”’, respectively [5-9].

In this work, we report the first measurement of the momentthefnet-kaon multiplicity
distributions as a function of baryon chemical potentialahtwas varied from 410 to 20 MeV by
changing the,/syn = 7.7, 11.5, 19.6, 27, 39, 62.4 and 200 GeV in Au+Au collisiob8][ The
data were taken by the STAR experiment in 2010 and 2011 a$ affihe beam energy scan (BES)
program at RHIC [10]. Different combination of these momgrmduct such as@andk o2 have
been calculated ( to cancel out the dependence on the volamedllision centrality[5,9]. Near
the critical point these moments products are expectedaw sinon-monotonic behavior.

2. Analysis Details

The STAR(Solenoidal Tracker At RHIC) experiment at BrookdraNational Laboratory pro-
vides excellent particle identification and large uniforateptance at midrapidity within the col-
lision energy range/Syn = 7-200 GeV [10-12]. lonization energy loskE /dx of charged par-
ticles in the Time Projection Chamber (TPC) was used to iffecharged kaons by compar-
ing it to the theoretical (parameterized) expectation glaith a m? cut from the information
of Time-of-Flight (TOF) detector [11,12]. The analysis wasried out with the event-by-event
identified kaons in full azimuthal coverage, within the pdeuapidity ranggn| < 0.5 and within
0.2 < p(GeV/c) < 1.6. For centrality selection we have used uncorrected ctigogeticle mul-
tiplicity within 0.5 < |n| < 1.0, to avoid the autocorrelation[13]. For each centrality &verage
numbers of participantsNpart)) are obtained by Glauber model calculations. The resuétsar-
rected for the finite centrality bin width effects[13].

3. Resaults

The raw net-kaonfNx = Nx+ — Nk-) multiplicity distribution in Au+Au collisions at /Syn =
7.7 - 200 GeV for various collision centralities at midrapid|n| < 0.5), are shown in the Figure
1. The mean of net-kaom\Nk) distribution shifts towards zero from low to high energies

The four moments M, o, S, andk) of the ANk distributions at various collision energies
are plotted as a function of average number of participdg). The fitted doted lines are the
expected values from the central limit theorem (CLT), whiehies as volums x, /X, %X and)—l(
respectively. Error bars are statistical only, calculdtech Delta theorem [14].
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Figure 1: ANg multiplicity distribution in Au+Au collisions at /Syn = 7.7 - 200 GeV for various collision
centralities at mid-rapidity|n| < 0.5) and the moments calculated from these distribution aftelyamy the
bin-width correction[13]

The centrality dependencerindk o2 are shown in Figure 2 compared with the baseline from
Poisson statistics for the seven available beam energhesPdisson baseline has been calculated
from the mean value of thidx+ andNg- distribution. Figure.2 showsdvalue is independent of
centrality within 15%. % value is greater than the Poisson expectation for beamyhbefgw 200
GeV and @ increases with decreasing collision energies. Within théssical uncertainty 2
does not show a strong centrality dependence.
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Figure 2: Centrality dependance otSandk 02

In Figure 3 the energy dependency of the moment prodactSd k o2 for the top central
0-5% Au+Au collisions is shown. The data has been compar#dtive Poisson baseline and with
the AMPT (default) model result. Within the statistical enainty AMPT calculations agree well
with the data.

4. Summary

The first measurements of the higher moments kurtagisskewness (S), and varianae?j of
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Figure 3: Energy dependence obSand ko2

net-kaon multiplicity(ANk = N+ — Nk-) distributions at mid-rapidity|n| <0.5)in0.2< p< 1.6
GeV/c for Au+Au collisions at/Syn = 7.7, 11.5, 19.6, 62.4, and 200 GeV corresponding to baryon
chemical potentialsig) between 400 and 20 MeV were shown. The centrality depemrdehc
moments follows the central limit theorem well. New obsétea S andk o derived from the
ANk distribution to search for the critical point in heavy-ioallsions are discussed. oSvalues

are found to be independent of centrality as a functio(Ngfy) for all available collision energies.
ka2 values are also found to be constant within the statisticatttainties as a function oRNpar)

for all collision energies studied.dSandk g2 are consistent with expectations from AMPT model
without the critical point in top central 0-5% Au+Au collisis. No significant enhancement of
moment products was observed compared to the Poissonrzaaefiresently available energies.
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