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Introduction
Under extreme conditions of temperature

and/or baryon density, hadronic matter un-
dergoes a phase transition to produce a new
state of matter known as quark-gluon plasma
(QGP) [1]. Relativistic heavy-ion collision is
the only way to produce such hot and dense
nuclear matter in the laboratory. Over the
past few decades several indirect signatures
of QGP were proposed such as J/ψ sup-
pression [2], strangeness enhancement [3], jet-
quenching [4] etc. Multitudes of particles pro-
duced in different stages of the collision may
carry all important information regarding the
evolution of the nuclear matter after pro-
duction. The observables of heavy-ion colli-
sions are mainly categorized into three cat-
egories: soft probes or global observables,
hard probes and electromagnetic probes. The
global observables include rapidity, pseudo-
rapidity and transverse momentum distribu-
tions. Roughly 95% of the total particles pro-
duced are due to soft processes. Transverse
momentum distribution is believed to be one
of the important observable of heavy-ion col-
lision as it reflects the kinetic freeze-out tem-
perature as well as the radial flow of the pro-
duced matter. Hence, it is quite worthy to
study the bulk properties of the system in
terms of transverse momentum (pT ) or trans-
verse mass (mT ) distributions. Several ex-
periments such as E866, NA44, NA49 already
studied the transverse mass distribution of the
produced hadrons at AGS to SPS energies [5–
8]. The transverse mass spectra of produced

∗Electronic address: pralay@gauhati.ac.in
†Electronic address: kalyan.dey@buniv.edu.in

hadrons can be parameterized using the Boltz-
mann function,

1

mT

dN

dmT
∼ exp

(
− mT

Teff

)
, (1)

where, Teff is known as effective tempera-
ture. The quantity Teff contains two com-
ponents: the actual temperature at kinetic
freeze out (Tf ) and the collective transverse
flow (βT ).

In the present work, we explore the energy
dependence of the effective temperature for a
few mesons and baryons by simulating Pb+Pb
collisions using the string melting version of
the AMPT model [9]. In string melting con-
figuration of the AMPT model, both partonic
and hadronic interactions are the major in-
gredients. In the present work an attempt has
been made to study the influence of hadronic
and partonic interaction on the effective tem-
perature.

Results and discussion
The transverse mass spectra of the mesons

(K+,K−, φ) and baryons (p,Λ,Ξ−) produced
in central (0-20%) Pb+Pb collisions are fit-
ted using Eq. 1 for 20, 30, 40, 80, 158AGeV.
The values of the effective temperatures ob-
tained from the Boltzmann fitting for par-
ton scattering cross-section σ = 3mb with
NTMAX = 3 and NTMAX = 150 are plot-
ted in Fig. 1. It is to be highlighted that the
numerical values of Teff at 10 mb parton scat-
tering cross-section with NTMAX = 150 are
taken from the Ref. [10]. In AMPT, the value
of the parameter NTMAX = 3 virtually stops
hadron scattering, and the default value i.e.
NTMAX = 150 corresponds full time scale for
hadron cascade.
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FIG. 1: The plot of Teff against different energies for studied baryons and mesons.

It is clearly seen from the figure that the
effective temperatures are different for differ-
ent parton scattering cross-sections indicating
the role of partonic phase in the development
of collective flow. In addition to this, it is
seen that for baryons (p,Λ,Ξ−), the effective
temperatures at 10mb parton scattering cross
section are larger than 3mb parton scatter-
ing cross section [see Figs. 1(a), 1(b) and 1(c)].
But the mesons (K+,K−, φ) the trend is com-
pletely opposite i.e. the effective tempera-
ture at 3mb parton scattering cross-section
is larger than that of 10mb parton scattering
cross-section [see Figs. 1(d), 1(e), 1(f)]. This
observation indicates that the collective flow
achieved due to the partonic phase is differ-
ent for mesons and baryons. We also find that
the effect of parton scattering on Teff is larger
than that of the hadronic scattering making
Teff to be an interesting observable to study
the role of partonic phase in heavy-ion colli-
sions.

References
[1] E. V. Shuryak, Sov. Phys. JETP 47, 212

(1978).

[2] T. Matsui and H. Satz, Phys. Lett. B178,
416 (1986).

[3] J. Rafelski and B. Müller, Phys. Rev. Lett.
48, 1066 (1982).

[4] Qin, Guang-You andWang, Xin-Nian, Int.
J. Mod. Phys. E 24, 1530014 (2015).

[5] L.Donald Isenhower, Nuclear Physics B -
Proceedings Supplements 79, 142 (1999).

[6] Back, B. B., Advances in Nuclear Dynam-
ics 5 (Springer US) , 131 (1999).

[7] V. Friese, et al. [NA49 Collaboration], J.
Phys. G 30, 119 (2004).

[8] I.G. Bearden, et al. [NA44 Collaboration],
Phys. Rev. C 66, 044907 (2002).

[9] Z.W. Lin, C.M. Ko, B.A. Li, B. Zhang, S.
Pal, Phys. Rev. C 72 , 064901 (2005).

[10]Kalyan Dey, Upama Thakuria, Bar-
nali Saikia, Himangshu Deka, Phulmani
Singha, DAE Symp. Nucl. Phys. 62 , 962
(2017).

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 1015

Available online at www.sympnp.org/proceedings


