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m 
^ " Abs t rac t . High moments of multiplicity distributions of conserved quantities are 
i—i predicted to be sensitive to critical fluctuations. To understand the effect of the 
^ non-critical physics backgrounds on the proposed observable, we have studied various 

moments of net-proton distributions with AMPT, Hijing, Therminator and UrQMD 
Q models, in which no QCD critical point physics is implemented. It is found that the 
£3 centrality evolution of various moments of net-proton distributions can be uniformly 

1 , described by a superposition of emission sources. In addition, in the absence of critical 
phenomena, some moment products of net-proton distributions, related to the baryon 

V^ number susceptibilities in Lattice QCD calculations, are predicted to be constant as a 
r-^. function of the collision centrality. We argue that a non-monotonic dependence of the 
"^t" moment products as a function of the beam energy may be used to locate the QCD 
<~*2 critical point. 
CN 

O 
o 
T-H 1. Introduction 
. ™< Heavy-ion reactions at high energy allow us to study the QCD phase diagram 
J-J experimentally [1]. At vanishing baryon chemical potential (fig = 0), Lattice QCD 

calculations predict that a cross-over from the hadronic phase to the Quark Gluon 
Plasma (QGP) phase will occur above a critical temperature. The temperature range 
for the cross-over has been estimated to be about 170 - 190 MeV [2]. QCD based model 
calculations indicate that at large fig the transition from the hadronic phase to the 
QGP phase could be of first order with a critical point at the boundary to the cross
over, the QCD Critical Point (QCP) [3]. The location of the QCP or even its existence 
are not confirmed [4]. The possibility of the existence of the QCP has motivated our 
interest to search for it with the RHIC beam energy scan program [5]. By decreasing 
the collision energy down to a center of mass energy of 5 GeV we will be able to vary 
the baryo-chemical potential from \iB ~ 0 to /J,B of about 500 MeV. 

A characteristic feature of a critical point is the increase and divergence of the 
correlation length ( £ ) and of critical fluctuations. In heavy-ion reactions, finite size 
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Figure 1: Typical event by event net-proton multiplicity distributions of various 
centralities for Au+Au collisions at y/smt = 200 GeV calculated by UrQMD model. 
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Figure 2: Centrality dependence of various 
moments of Ap distributions for Au+Au 
collisions at ^/sNN = 200 GeV from various 
models. The dashed lines represent the 
expectations for statistical emission. 
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Figure 3: Centrality dependence of various 
moments of Ap distributions for Au+Au 
collisions at various energies from the 
AMPT model. The dashed lines represent 
the expectations for statistical emission. 

models. M and a show a monotonic increase with < Npart > for all of the models, while 
S and K decrease monotonically. In Fig. 3, we choose the default AMPT model to 
evaluate the centrality evolution of the various moments of net-proton distributions for 
various energies. M shows a linear increase with < Npart > and a decrease with V

/S/VJV-

a increases monotonically with < Npart > while it has non-monotonic dependence on 
y/s/vlv• S is positive and decreases with increasing < Npart > and -y/ijviv- The net-

proton distributions become more symmetric for central collision and higher energies, K 
decreases with < Npart > and is similar for all energies. The dashed lines in Fig. 2 and 
Fig. 3 are resulting from Equs. (6)-(9) to evaluate the centrality evolution of the various 
moments. To apply our formulas, we fit the normalized mean value in Equ.(5) with the 



function / ( < Npart >). For AMPT String Melting (SM) [11], Hijing [12] and UrQMD 
[13] models, a 2nd order polynomial, / ( < Npart >) = a < Npart >2 +b < Npart > is 
applied, while a linear function / ( < Npart >) — a* < Npart > is employed for AMPT 
default [11] and Therminator [14] models. Once the function / ( < Npart >) is obtained, 
the centrality evolution of the other moments is completely determined by Equs. (7)-
(9). It is obvious that the centrality evolution of the various moments of net-proton 
distributions in Fig. 2 and in Fig. 3 can be well described by the dashed lines. 
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Figure 4: The KG2 of net-proton distribu- Figure 5: The KG2 of net-proton distribu
tions for Au+Au 7.7 GeV collisions as a tions in Au+Au collisions as a function of 
function of < Npart > from various models. ^/sjvw for various models. 

The KG2 of the net-proton distributions of Au+Au collisions at ^S^N = 7.7 GeV 
as a function of < Npart > is shown in Fig. 4 for various models, KG2 is constant 
with respect to < Npart > within the errors, which is consistent with the expectation 
from the IIES assumption. Fig. 5 shows the energy dependence of the KO2 of net-proton 
distributions for various models. The top of the figure shows the JIB value corresponding 
to the various energies. The values shown are averaged within the centrality range 
studied. The results from various models show no dependence on energy and are close 
to unity. This suggests that the KG2 of net-proton distributions is not affected very 
much by the non-QCP physics at different beam energies, such as the change of fig [1], 
and the collective expansion [15]. Note that the result from the pure thermal model, 
Therminator, is much closer to unity compared to others. Actually, if proton and 
anti-proton have independent poisson distributions, the difference of protons and anti-
protons should distribute as a Skellam distribution [16], for which KO2 is unity. A large 
deviation from constant as a function of < Npart > and collision energy for KG1 may 
indicate new physics, such as critical fluctuations. 
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4. Summary and Outlook 

Higher moments of the distribution of conserved quantities are predicted to be sensitive 
to the correlation length at QCP and to be related to the susceptibilities computed in 
Lattice QCD. Various non-QCP models (AMPT, Hijing, Therminator, UrQMD) have 
been applied to study the non-QCP physics background effects on the high moments 
of net-proton distributions. The centrality evolution of the high moments from models 
can be well described by the scaling derived from the IIES assumption and the moment 
products SG, KG/S and KG2 of net-proton distributions are constant with respect to 
< Npart >■ KG2 is also found to be constant as a function of energy for various models. 

Our model study can serve as a background study of the behavior expected from 
known physics effects for the RHIC beam energy scan, that will span values of fiB from 
100 to about 550 MeV. The presence of a critical point in that region may result in 
non-gaussian fluctuations and in correlated emission. Then the IIES assumption will 
break down. This is expected to lead to non-monotonic behavior of the observables 
studied here as a function of collision energy. 
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