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Wigner Research Centre for Physics, Hungarian Academy of Sciences, Hungary
shen.keming@wigner.mta.hu

Abstract
We review transverse momentum distributions of various identified

charged particles stemming from relativistic heavy ion collisions within
the non-extensive approach. In particular investigations on the fitting
χ2/ndf show that mass scaling becomes more explicit with heavier
produced charged hadrons in pp as well as heavy-ion collisions. The
spectra shape, the temperature T and the Tsallis non-extensive param-
eter q, do exhibit linear dependence.

Introduction
Recently more and more attention has been paid to the analysis

of transverse momentum (pT ) spectra in heavy ion collisions in
the non-extensive approach [1]. As a basic quantity measured
in experiments, the pT spectrum reveals useful information on
the dynamics of the colliding systems. Rather it has been re-
alized that data within high pT region on many single-particle
distributions show a power-law than an exponential behaviour.
This does not expect from the usual statistical models based on
Boltzmann-Gibbs (BG) statistics.

Due to the high multiplicities produced in heavy-ion collisions,
even in pp, one may use the statistical models to study the mech-
anism. Clearly, the identified particle spectra at RHIC and LHC
do not satisfy the usual BG distribution at high pT region. In
the last thirty years the Tsallis distribution has been frequently
used in heavy-ion collisions. It is based on the generalised
q−exponential function:

expq(x) := [1 + (1− q)x]
1

1−q (1)

In this work we review pT spectra distributions within Tsallis
non-extensive approaches, both in pp and nucleus-nucleus col-
lisions. Different pT distribution formulas are investigated and
compared in order to reflect their connections and differences.

Coordinate system and spectra
In high energy physics, one useful variable used commonly

to describe the kinematic condition of a particle is the rapidity
variable y. It is defined in terms of its energy-momentum com-
ponents E and pz (z is the beam axis). [2]

y ≡ 1
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giving vz = tanh y and γz = 1√
1−v2z

= E√
E2−p2z

= E
mT

= cosh y.

Thus, E = γzmT = mT cosh y.
In many experiments it is only possible to measure the angle of

the detected particle related to the beam axis. In this case it turns
convenient to utilize it by using the pseudo-rapidity η which is
given by [3]
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One easily claims their connection as being
dy

dη
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(4)

leading to dN/dy = E
p dN/dη.

In high energy physics, one investigates the Lorentz-invariant
particle spectrum EdN

d3p
. Fix pT (or mT ), dpz = mT cosh ydy =

Edy ⇒ dpz
E = dy resulting in

E
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and
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when η = y = 0, at mid-rapidity we obtain dN
dηd2pT

|η=0 =
p
E

dN
dyd2pT

|y=0 = pT
mT

dN
dyd2pT

|y=0.

Identified hadron spectra
In order to describe hadron spectra stemming from various

heavy ion collisions, one has to disentangle effects of a possi-
ble transverse flow on spectra and test whether the result com-
plies with the thermal assumption; i.e. that the dependence
on momenta is through a dependence on the kinetic energy,
E − µ ≈ E −m only. [4]

The analysis is due to the fact that the source emitting the de-
tected hadrons is flowing in all directions. Here the 4-velocity
of the source and the actual 4-momentum of the particle are pa-
rameterized by rapidity and coordinate-rapidity:

uµ = (γT cosh y′, γT sinh y′, γTvT cosφ, γTvT sinφ)

pµ = (mT cosh y,mT sinh y, pT cosψ, pT sinψ) (7)

leading to

E = uµp
µ = γTmT cosh(y − y′)− γTvTpT cos(ψ − φ) (8)

Various approximations
•More and more experiments present the high-energy multi-

particle production spectra as a power-law distribution, well
described by the formula

E
d3N

dp3
∝ fq(−

E

T
) (9)

where fq(x) = expq(x) of Eq.(1) is a generalized distribution
function of the BG one (which is a special case of q = 1).
•Others go further to determine the normalization constant

which also depends on the parameter m (mass of particle),
T (fitting temperature), q (or n=1/(q-1) the non-extensive pa-
rameter)
•Moreover, from the total number of particles N =

gV
∫ d3p

(2π)3
fq(−ET ) we can exhibit the spectra as

E
d3N

dp3
=

gV

(2π)3
Efq(−

E

T
) (10)

For all the above [5], with respect to the relation of Eq.(8) the
limitation corresponds to
1. vT → 0, then E → mT cosh(y − η).
2. vT → 0 and y − y′ ∼ 0 (midrapidity), then E → mT or
E = mT −m with µ ∼ m.
Next we focus on some of the formulas used for approximat-

ing the identified particle spectra in various collisions.

Fitting functions of spectra 1
N

1
2πpT

d2N
dydpT

||y|=0 =
scaling simple thermal consistent normalized
mT−
m

A1 · (1 + mT−m
nT )−n A2 ·mT (1 +
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nT )−n f3

mT A5 · (1 + mT
nT )
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−n

pT A6 · (1 + pT
nT )
−n

where f3 = A3 · 1
2πT (T+m)

(1 + mT−m
nT )−n. In this work we

compare the differences of mT −m and mT scalings as well as
the simple pT scaling with full space region:∫ +π
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Results and discussions

Figure 1: χ2/ndf in pp collisions for different m of identified particles.

Figure 2: χ2/ndf in heavy ion collisions for different m.

Figure 3: parameter analysis from pp

Figure 4: correlations between T and q − 1 = 1/n for different identified
particle spectra in heavy ion collisions

In all figures, the six different spectra-fitting formulas corre-
spond to the six functions in the table above, namely, f1 =
A1 · (1 + mT−m

nT )−n, f2 = A2 · mT (1 + mT−m
nT )−n, f3 =

A3 · 1
2πT (T+m)

(1 + mT−m
nT )−n, f4 = A4 · mT (1 + mT

nT )
−n,

f5 = A5 · (1 + mT
nT )
−n and f6 = A6 · (1 + pT

nT )
−n for different

approximations with respect to the mass of produced charged
particles in collisions. Data are taken from pp[6], pA[7] and
AA[8] collisions in RHIC and LHC experimental groups. And
we apply all fitting functions on the data within as wide pT range
as possbile but mid-rapidity region |y| < 0.5.

Conclusions

• The first two figures tell us that f1, f3 and f5 seem to have
the same χ2, which means no big differences just for fittings.
Checking their fitting parameters (A, T and n/q) we observe
that f1 and f3 share the same T and n but f5 has a somewhat
different T in spite of the same n. f2 and f4 show a similar
behavior. Their fitting temperatures, however, are different.

• For all π spectra, the best fitting is given by f6, the simple pT
distribution because of its light mass. For heavier particles,
the mT dependence is more explicit.

• Comparing all fitting functions we explored, it tells us that,
for all kinds of identified charged particles, mT −m scaling
exhibits the best fitting results.

• Fig. (3) shows that in the elementary collisions, the temper-
ature T linearly depends on the mass of produced charged
particles. It is also linearly correlated with the Tsallis non-
extensive parameter q − 1 = 1/n. This is true for all kinds of
fitting formulas.

• To investigate the relation between T and q − 1 we also plot
the various fittings into heavy ion collisions. From Fig. (4)
one can see their linear dependence as well.
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