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In this paper we report the measurements of the various moments mean (M), standard deviation
(σ ), skewness (S) and kurtosis (κ) of the net-kaon multiplicity distribution from Au+Au collisions
at
√

sNN =7.7 to 200 GeV in the STAR experiment at RHIC in an effort to locate the critical point
in the QCD phase diagram. These moments and their products are related to the thermodynamic
susceptibilities of conserved quantities such as net baryon number, net charge, and net strangeness
as also to the correlation length of the system. A non-monotonic behavior of these variable will
indicate the presence of the critical point. In this work we also present the moments products Sσ ,
κσ2 of net-kaon multiplicity distribution as a function of collision centrality and energies. The
results are compared with simulation from the AMPT model which do not include the critical
point.
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1. Introduction

One of the fundamental goals of the heavy-ion collision experiment is to map the QCD phase
diagram as a function of temperature and baryon-chemical potential. Many QCD models based,
admit the existence of a critical point which is the quest of present investigations at the Relativistic
Heavy Ion Collider (RHIC) at BNL. The correlation length andthe magnitude of the fluctuations
diverge at the critical point [1,2]. Finite size and time effects in heavy-ion collisions put constraints
on the values ofξ . However, heavy-ion collision brings downξ in the range of 2-3 fm from infinity
[2,4]. It has been shown that the higher non Gaussian moments( as they depend on higher powers
of ξ ) of fluctuations of conserved quantities are much more sensitive to correlation length than
variances ( which vary only asξ 2) [5-8]. For example, the skewness and kurtosis have been shown
to be related to theξ 4.5 andξ 7, respectively [5-9].

In this work, we report the first measurement of the moments ofthe net-kaon multiplicity
distributions as a function of baryon chemical potential which was varied from 410 to 20 MeV by
changing the

√
sNN = 7.7, 11.5, 19.6, 27, 39, 62.4 and 200 GeV in Au+Au collisions [10]. The

data were taken by the STAR experiment in 2010 and 2011 as a part of the beam energy scan (BES)
program at RHIC [10]. Different combination of these momentproduct such as Sσ andκσ2 have
been calculated ( to cancel out the dependence on the volume )as collision centrality[5,9]. Near
the critical point these moments products are expected to show a non-monotonic behavior.

2. Analysis Details

The STAR(Solenoidal Tracker At RHIC) experiment at Brookhaven National Laboratory pro-
vides excellent particle identification and large uniform acceptance at midrapidity within the col-
lision energy range

√
sNN = 7-200 GeV [10-12]. Ionization energy lossdE/dx of charged par-

ticles in the Time Projection Chamber (TPC) was used to identify charged kaons by compar-
ing it to the theoretical (parameterized) expectation along with a m2 cut from the information
of Time-of-Flight (TOF) detector [11,12]. The analysis wascarried out with the event-by-event
identified kaons in full azimuthal coverage, within the pseudo-rapidity range|η |< 0.5 and within
0.2 < p(GeV/c) < 1.6. For centrality selection we have used uncorrected charged particle mul-
tiplicity within 0.5 < |η | < 1.0, to avoid the autocorrelation[13]. For each centrality, the average
numbers of participants (〈Npart〉) are obtained by Glauber model calculations. The results are cor-
rected for the finite centrality bin width effects[13].

3. Results

The raw net-kaon (∆NK =NK+−NK−) multiplicity distribution in Au+Au collisions at
√

sNN =

7.7 - 200 GeV for various collision centralities at midrapidity (|η |< 0.5), are shown in the Figure
1. The mean of net-kaon (∆NK) distribution shifts towards zero from low to high energies.

The four moments (M,σ , S, andκ) of the ∆NK distributions at various collision energies
are plotted as a function of average number of participants〈Npart〉. The fitted doted lines are the
expected values from the central limit theorem (CLT), whichvaries as volume′s x,

√
x, 1√

x and 1
x

respectively. Error bars are statistical only, calculatedfrom Delta theorem [14].
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Figure 1: ∆NK multiplicity distribution in Au+Au collisions at
√

sNN = 7.7 - 200 GeV for various collision
centralities at mid-rapidity(|η |< 0.5) and the moments calculated from these distribution after applying the
bin-width correction[13]

The centrality dependence Sσ andκσ2 are shown in Figure 2 compared with the baseline from
Poisson statistics for the seven available beam energies. The Poisson baseline has been calculated
from the mean value of theNK+ andNK− distribution. Figure.2 shows Sσ value is independent of
centrality within 15%. Sσ value is greater than the Poisson expectation for beam energy below 200
GeV and Sσ increases with decreasing collision energies. Within the statistical uncertaintyκσ2

does not show a strong centrality dependence.

Figure 2: Centrality dependance of Sσ andκσ2

In Figure 3 the energy dependency of the moment product Sσ and κσ2 for the top central
0-5% Au+Au collisions is shown. The data has been compared with the Poisson baseline and with
the AMPT(default) model result. Within the statistical uncertainty AMPT calculations agree well
with the data.

4. Summary

The first measurements of the higher moments kurtosis (κ), skewness (S), and variance (σ2) of
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Figure 3: Energy dependence of Sσ and kσ2

net-kaon multiplicity(∆NK =NK+−NK−) distributions at mid-rapidity(|η |< 0.5) in 0.2< p< 1.6
GeV/c for Au+Au collisions at

√
sNN = 7.7, 11.5, 19.6, 62.4, and 200 GeV corresponding to baryon

chemical potentials (µB) between 400 and 20 MeV were shown. The centrality dependence of
moments follows the central limit theorem well. New observables Sσ andκσ2 derived from the
∆NK distribution to search for the critical point in heavy-ion collisions are discussed. Sσ values
are found to be independent of centrality as a function of〈Npart〉 for all available collision energies.
κσ2 values are also found to be constant within the statistical uncertainties as a function of〈Npart〉
for all collision energies studied. Sσ andκσ2 are consistent with expectations from AMPT model
without the critical point in top central 0-5% Au+Au collisions. No significant enhancement of
moment products was observed compared to the Poisson baseline at presently available energies.

References

[1] Y. Aoki et al., arXiv:1007.2613

[2] M. M. Aggarwal et al., arXiv:1007.2613

[3] B. Berdnikov et al., Phys. Rev. D 61, 105017 (2000).

[4] M. Cheng et al., Phys. Rev. D 79, 074505 (2009).

[5] STAR Collaboration, Phys. Rev. Lett 105, 022302 (2010).

[6] M. A. Stephanov, Phys. Rev. Lett. 102, 032301 (2009).

[7] M. A. Stephanov, Phys. Rev. Lett. 107, 052301(2011).

[8] C. Athanasiou et al., Phys. Rev. D 82, 074008 (2010).

[9] F. Karsch et al., Phys. Lett. B 695, pp 136-142 (2011).

[10] STAR Collaboration, Phys. Rev. C 81, 024911 (2010).

[11] M. Shao et al., Nucl.Instrum.Meth. A 558, pp 419-429 (2006).

[12] STAR Collaboration, Nuclear Physics A 774, pp 956-958 (2006).

[13] X. Luo, J. Phys. Conf. Ser. 316, 445 012003 (2011).

[14] X. Luo, J. Phys. G: Nucl. part. Phys 39, 025008 (2012).

4


