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Abstract. In this work, we have analized the transverse momentum spectra of charged
pions produced in Au+Au collisions at different energies using the non-extensive Tsallis
distribution. The centrality and rapidity dependence of the non-extensivity parameter, q, is
studied. In addition, comparisons with simulated heavy ion collisions data using the
UrQMD code will be presented.

1 Introduction
High-energy heavy ion collisions provide an unique opportunity to study the nuclear matter under
extreme conditions. Due to the huge multiplicities of hadrons created in A+A collisions at relativistic
energies, the statistical approach is suitable to describe the particle production. However, it is possible
that the produced matter may be formed in a state which is far away from the local equilibrium,
because immediately after the collision the system starts to expands in both longitudinal and
transverse direction.
Recently, many authors have used Tsallis statistics to characterize the particle production in high
energy nuclear collisions [1-3]. This statistics is appropriate for the study of complex systems with a
certain degree of non-equilibrium as can be the case with these nuclear collisions. The transverse
momentum spectra can be described by this Tsallis distribution [4] characterized by a non-extensivity
parameter q:
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where Cq is a normalization constant and q is a parameter describing the degree of non-equilibrium of
the produced system. The Tsallis distribution can be considered as a generalization of the usual
exponential Boltzmann-Gibbs (BG) distribution and converges to it when the parameter q tends to
unity:
𝑝
ℎ 𝑝𝑇 ⟹𝑞→1 𝐶1 exp − 𝑇
(2)
𝑇
The non-extensivity parameter, q, is correlated with the presence of temperature fluctuations inside
the fireball (the temperature of the fireball ﬂuctuates from event to event or also in the same event)
These ﬂuctuations cause the system to depart from equilibrium. If the nonextensivity parameter q = 1,
a
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there are no temperature ﬂuctuations and a value q > 1 indicates presence of fluctuations. These
fluctuations could be caused mainly by the possible energy transfer between the central ﬁreball
(participants) and nuclear fragments passing by without interaction (spectators).
However, it must be emphasized that in heavy ion collisions there could be other sources for
temperature fluctuations, such as effects of resonance decays, kinetic non-equilibrium in the dynamics
also for the average trajectory in the phase-space.

2 Results
Transverse momentum spectra of charged pions produced in Au+Au collisions at 𝑠𝑁𝑁 = 200
GeV and measured by the BRAHMS experiment [5,6] were fitted using formula 1 and the fit
parameter (q-1) is shown in Figure 1 as a function of the number of participants. The non-extensivity
parameter is smaller in central Au+Au collisions and increases going to peripheral collisions. The
results suggest that the degree of non-equilibrium is higher in peripheral collisions. The centrality
dependence of the (q−1) parameter suggests an evolution from a non-equilibrated system in peripheral
Au+Au collisions towards a more thermalized system in central Au+Au collisions.
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Figure 1. The centrality dependence of the non-extensivity parameter obtained from fits to charged pion pt
spectra in Au+Au collisions at 𝑠𝑁𝑁 = 200 GeV.

Comparing the results obtained by fitting the p T spectra of charged pions produced in the most central
0-10% Au+Au collisions at 𝑠𝑁𝑁 = 200 GeV and 62.4 GeV, we observe that the non-extensivity
parameter values are approximately equals for the two energies, but the temperatures are higher for
the top RHIC energy (Table 1).
Table 1. The system temperature, T, and the non-extensivity parameter, q-1, obtained in 0-10% Au+Au collisions
at 𝑠𝑁𝑁 = 62.4 GeV and 200 GeV.
𝑠𝑁𝑁 [GeV]

T π+ [MeV]

(q-1)π+

Tπ- [MeV]

(q-1)π-

200

186.3±3.9

0.062±0.004

187.5±4.5

0.057±0.005

62.4

167.2±6.5

0.063±0.008

161.8±4.2

0.066±0.005

We analized the π- transverse momentum spectra obtained in Au+Au collisions at 𝑠𝑁𝑁 = 62.4
GeV, for different rapidities (y=0, 0.8, 1, 3.1 and 3.2). Figure 2 presents the degree of agreement
between the experimental data and the Tsallis fits with Eq.1 (red lines).
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Figure 2. Transverse momentum spectra for negative pions produced in Au+Au collisions at 𝑠𝑁𝑁 = 62.4 GeV
at midrapidity, y=0 (left) and at forward rapidity, y=3.1 (right). Data are taken from ref. [7]. Red lines are the fits
with Tsallis distribution (Eq. 1).

Table 2 shows the obtained Tsallis fit results. In the rapidity interval [0,1], the non-extensivity
parameter and the temperature are almost constant within errors. At forward rapidity, the temperature
decreases strongly and q is increasing. The high value of q is correlated with high fluctuations in
temperature. This is an indication that the system with a higher fluctuation in temperature is far away
from its thermal equilibrium.
Table 2. The system temperature, T, and the non-extensivity parameter, q-1, obtained in Au+Au collisions at
𝑠𝑁𝑁 = 62.4 GeV, as a function of rapidity.
Rapidity

0

0.8

1

3.1

T[MeV]

161.8±4.2

156.2±4.6

163.6±2.3

110.5±11.6

q-1

0.066±0.005

0.072±0.006

0.063±0.003

0.076±0.017

Transverse momentum spectra of charged pions in simulated Au+Au collisions at various energies
(plab = 5 GeV/c, 11 GeV/c, 25 GeV/c and 𝑠𝑁𝑁 = 62.4 GeV, 200 GeV) using the UrQMD
(UltraRelativistic Quantum Molecular Dynamics) code [8] were fitted using formula 1 considering
different system temperatures. The energy dependence of the fit parameter (q-1) for positive pions
produced in simulated Au+Au collisions is shown in Table 3.
Table 3. The nonextensivity parameter, q-1, for positive pions in Au+Au collisions simulated with UrQMD code.
𝑠𝑁𝑁 = 62.4 GeV

𝑠𝑁𝑁 = 200 GeV

T [MeV]

plab = 5 AGeV

plab = 11 AGeV

plab = 25 AGeV

140

0.115±0.024

0.119±0.028

0.140±0.041

0.211±0.039

0.265±0.028

160

0.077±0.028

0.091±0.023

0.111±0.035

0.179±0.040

0.231±0.045

180

0.041±0.017

0.065±0.019

0.092±0.020

0.149±0.037

0.210±0.041
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For the simulated UrQMD data, the non-equlibrium parameter q-1 is smaller for a higher system
temperature and increases as the energy increase. The simulated (q-1) values as compared to
experimental data Au+Au collisions from RHIC are higher.

4 Conclusions
The q parameter value obtained from Tsallis fits to the charged pion pT spectra is smaller in central 010% Au+Au collisions at 𝑠𝑁𝑁 = 200 GeV than in peripheral (40-60% centrality) collisions. For
Au+Au collisions at 𝑠𝑁𝑁 = 62.4 GeV, the rapidity dependence of the q and T showed that at forward
rapidity, the q is higher than at midrapidity and T is lower. The higher q value at forward rapidity
(y=3.1) indicates that the pions produced in 62.4 GeV Au+Au collisions evolved from a region of the
fireball which has not yet reach thermal equilibrium. The simulated UrQMD data for Au+Au
collisions at different energies show that the q parameter value increases with the collision energy.
However, temperature fluctuations in relativistic heavy ion collisions may have other sources that
need further investigations.
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