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We study the dynamics of chemical freeze-out of strange hadrons - K, A, ¥, from a ho-
mogeneous and isotropically expanding system consisting of m, p, K, N, A and ¥ hadrons
with zero net baryon density following a transport model[l]. Present calculation gives
very clear indication of the temperature of decoupling of various species from the freeze
out hyper surface within the ambit of this model.

It is vary important to understand whether
all the hadron species produced in rela-
tivistic heavy ion collisions decouple at the
same time/temperature from the expanding
medium or they do gradually at different
times/temperatures. It is very intuitive to
consider that different particle species should
decouple from the medium at different tem-
peratures as they have different masses and
interaction cross-sections. The known mod-
els which explain the experimental data from
RHIC and LHC show that the decoupling
of hadrons is consistent with almost a sin-
gle freeze out scenario [2-6]. However some
models also explain the same data with double
freeze out scenario [7, 8]. Hence a detailed cal-
culation in this regard is missing and we have
made an attempt using transport approach.

The information of kinetic and chemical
freeze-outs of all hadronic species are impor-
tant for hydrodynamic calculations. But we
know, most of these calculations[9-13] assume
simultaneous and sudden freeze-out scenario
(both for T., and T) and extract thermo-
dynamic information of the produced system.
When Cooper-Frye prescription is used to cal-
culate the spectra of pion and kaon, similar as-
sumption of “sudden kinetic freeze-out (T})”
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is also considered. In such cases the mean
free paths of the various hadron species are as-
sumed to become large through a thin freeze-
out hyper surface suddenly. In hybrid-model
calculations, chemical freeze-out temperatures
for all species are also sometimes assumed to
be same to stop hydrodynamic evolution of
the fluid and to start transport calculation.

The dynamics related to chemical freeze-out
is very complex in nature due to the lack of
complete understanding of all interactions in a
multi-component hadronic fluid. In this work,
we focus to understand microscopically the
chemical freeze-out of K, A, in a hadronic
system comprising 7w, K, K, p, N, A,¥ in a
different novel approach as mentioned in [1].

As mentioned above we follow an approach
that is already discussed in [1] to study
the freeze out of various species in case of
early universe. Basically here the scatter-
ing rates(I') of the species of interest are
calculated and compared with the expansion
rate(H) of the system. The study is performed
by considering both slower Bjorken expansion
and faster Hubble-like expansion. Finally, the
freeze out of K, A and X are discussed by com-
paring these rates in both cases. The details
of the formalism may be referred from [14].

In Fig.1 the decoupling of the species are
shown with temperature in the unit of T,
when the system follows Bjorken expnasion.
Here Y = n;/s is the particle per total en-
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FIG. 2: Numerical solution of quations HB case

tropy. Y (z.) is the value at temperature
T. = 155MeV, when hadronic system starts
evolving. The figure shows shows clearly when
or at what temperature different particles de-
couple(depending their I'/H ratio) indicating
sequential behaviour. In Fig.2, same thing
is also shown for Hubble expnasion. Incase
of Hubble expansion with similar initial con-
ditions, particle species try to decouple at a
single temperature and seems like a simulta-
neous freeze out. We would discuss present
these interesting results in the Symposium.
We would also discuss the freeze-out scenario
at top RHIC and LHC energies.

In summary, the chemical freeze-out of
strange hadrons has been analysed microscop-
ically with both slow (Bjorken) and fast ex-
pansion (Hubble-like) scenarios for a multi-
component hadronic fluid using transport ap-
proach. We observe a simultaneous freeze
out behaviour of species when system follows
fast expansion and sequential behaviour when

on Nucl. Phys. 66 (2022)

it follows slow expansion. Since statistical-
hadronization models mostly predict a simul-
taneous freeze-out of different species at top
RHIC and LHC energies, then it may indicate
a fast expnasion of the hadronic matter in the
last stage of the fireball. The deviation from
a single chemical freeze-out temperature may
be attributed to the slower expansion of the
system.

References

[1] The Early Universe, E. W. Kolb and
M. S. Turner, Published by CRC
Press, Newyork(2018); ISBN-13: 978-

0201626742.

[2] P. Braun-Munzinger, D. Magestro, K.
Redlich and J. Stachel, Phys. Lett. B
518, 41 (2001);A.Andronic, P.Braun-
Munzinger, and J.Stachel, Nucl. Phys. A
772, 167 (2006).

[3] Giorgio Torrieri,
arxivinucl/th-040502.

[4] A. Andronic, P. Braun-Munzinger, and J.
Stachel, Phys. Lett. B 673, 142 (2009);
678, 516(E) (2009).

[5] S.K. Tiwari, P.K. Srivastava, and C.P.
Singh, Phys. Rev. C 85, 014908 (2012).

[6] A Andronic et al J. Phys. G: Nucl. Part.
Phys. 38 124081 (2011).

[7] S. Chatterjee, R.M. Godbole, and S.
Gupta, Phys. Lett. B 727, 554 (2013).

[8] S. Chatterjee, D. Mishra, B. Mohanty,
and S. Samanta, Phys. Rev. C 96, 054907
(2017).

[9] T. Hirano et. al., Phys.Rev.C 92 (2015)
044907;Nucl.Phys.A 834 (2010) 241C-
244C.

[10]P. Dasgupta et. al.J.Phys.G 47 (2020),
085101; arxiv:1901.04943.

[11]Hong-Hao Ma et. al. Phys.Rev.C 101
(2020) 024904.

[12] Jajati K. Nayak et. al. Phys.Lett.B 719
(2013) 110-115.

[13]G. S. Denicol et. al.
98(2018), 034916.

[14] Sushant K. Singh, Purabi Ghosh, Ja-
jati K. Nayak, Phys.Rev.D 104 (2021)3,
034027.

PhD  Thesis(2004),

Phys. Rev. C

Awailable online at www.sympnp.org/proceedings

1045



