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Abstract. In this work, we will present beam energy and system size dependence of the
higher order moments (skewness and kurtosis) of net-kaon and total proton multiplicity
distributions for Au+Au collisions simulated using the UrQMD code.

1 Introduction
One of the major tasks in our understanding of the QCD phase diagram is locating the QCD
critical point CP (connecting the ﬁrst-order boundary separating the hadronic from the partonic matter
at high density with the cross-over boundary at low density). Experimentally, we can probe this phase
diagram with heavy ion collisions at different energies where the matter is heated and compressed.
The system created in such collisions follows different trajectories on the temperature (T) and baryon
chemical potential (µB) plane during its time evolution.
The characteristic signature of the existence of a CP is an increase of fluctuations [1]. The
fluctuations of the charge/baryon number/strangeness can be related to event-by-event moments of
various observables in heavy-ion collisions. The experimentally measurable net-proton number
(number of anti-protons substracted from the number of protons) ﬂuctuations may reﬂect the
ﬂuctuations of the net-baryon number at CP. It is expected that the presence of fluctuations from the
critical point may lead to a non-Gaussian shape in the event-by-event multiplicity distributions and
non-monotonic behavior of the observables studied (such as higher order moments) [2].
Therefore, higher moments (skewness and kurtosis) of multiplicity distributions are proposed to
provide one of the most sensitive probes towards the search for the CP because are conjectured to
reﬂect the large ﬂuctuations associated with the hadron-quark phase transition. For example, a sign
change in the skewness or kurtosis may be an indication that the system crossed the phase boundary
[3]. In the last years the multiplicity moments have been intensively studied both experimentally [4-6]
and theoretically [7-9].
The skewness and kurtosis of the event-by-event multiplicity distributions are defined as:
(𝑁 − 𝑁 )3
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where N is the particle number (multiplicity) in one event and <N> is the averaged particle
multiplicity over the whole event ensemble. We analyzed the net-kaon multiplicities (𝑁𝐾 + −𝐾 −
=𝑁𝐾 + − 𝑁𝐾 − , which is the positive kaon number minus the negative kaon number) and total proton
multiplicities (𝑁𝑝+𝑝 = 𝑁𝑝 + 𝑁𝑝 , which is the sum of the proton and antiproton number) from Au+Au
collisions at various energies. The aim of the present study is to have a baseline for the case of the
absence of the critical point, since the UrQMD code does not have the physics of the critical point.
𝜅=

2 Results
This work presents a study of the moments of net-kaon and total protons multiplicity distributions in
Au+Au collisions at different energies (at energies that will be available at CBM-FAIR: plab = 2
GeV/c, 11 GeV/c, 25 GeV/c and at RHIC energies: 𝑠𝑁𝑁 = 62.4 and 200 GeV) using UrQMD
(Ultrarelativistic Quantum Molecular Dynamics) code [10].
The centrality dependence of the event-by-event net-kaon (NK+- NK-) distributions in Au+Au
collisions at plab = 25 GeV/c is shown in the Fig.1. Going from peripheral to central collisions, it is
found that the event-by-event net-kaon distributions become wider and more symmetric for central
collisions. Also, for peripheral collisions the mean is shifted towards zero. These event-by-event
distributions for each centrality were used to compute higher order moments (3rd moment - skewness
and 4th moment - kurtosis). The moments are decreasing from peripheral to central events.

Figure 1. The centrality dependence of the net-Kaon multiplicity distributions from UrQMD code in Au+Au
collisions at plab = 25 GeV/c.
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The two higher order moments (S and K) which describe the shape of the net-kaons distributions
in Au+Au collisions at various collision energies are plotted as a function of the number of
participants, Npart.

Figure 2. The centrality dependence of the net-Kaon skewness (left panel) and kurtosis (right panel) in Au+Au
collisions at different energies simulated using UrQMD code.

For all studied energies, the skewness is positive and decreases as the number of participants
increases. For the same collision centrality (same Npart), skewness values decrease as the beam energy
increases. We also note that for the same collision centrality (same Npart), the asymmetry parameter
varies stronger with the energy especially for peripheral collisions.
The 4th moment of the net kaon multiplicity distributions (kurtosis) is close to 0 value in central
collisions and we observe that deviations from zero get larger in more peripheral collisions (right
panel of the Fig. 2). The skewness S has stronger energy dependence than that of kurtosis κ, for
central Au+Au collisions.

Figure 3. The centrality dependence of the total proton skewness (left panel) and kurtosis (right panel) in Au+Au
collisions at different energies simulated using UrQMD code.

For the total proton event-by-event distributions, the skewness has weaker energy dependence in
more central collisions, but clearer energy dependence for peripheral collisions. Above 5 GeV/c, S is
positive in peripheral collisions, and increase towards more peripheral collisions. Below 5 GeV/c, S
turns to be negative in peripheral collisions. We observe that for the lowest energy considered, the
behaviour is different, which might indicate a change in the behaviour of the system formed in the
collision.
The total proton kurtosis has weak centrality and energy dependence. The kurtosis of total-proton
in peripheral collisions is found to be always positive at all measured energies. In central collisions, its
value is around zero at all incident energies.
04024-p.3

EPJ Web of Conferences

3 Conclusions
In this work, the higher order moments of net-kaon and total proton multiplicity distributions from
Au+Au collisions simulated using the UrQMD code in a broad energy range and different system
sizes have been presented. The energy dependence of the moments is stronger in peripheral collisions,
both for net-kaons and total protons. For the same collision centrality, the skewnes and kurtosis values
for net-kaons decrease with increasing energy. In the case of total protons, for the same collision
centrality, the skewnes and kurtosis values increase with beam energy. Present results are relevant for
the absence of critical point (as extracted from UrQMD code) and it would be interesting to be
compared with future experimental data at SIS-100.
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