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Introduction

As a result of ultrarelativistic collision be-
tween two heavy ions, a fireball is expected
to form that rapidly thermalizes as it expands
and hence cools. As the inter-particle separa-
tion increases the particles cease to interact.
The surface of last scattering is the freeze-
out surface. It can be of two types: chemi-
cal freeze-out (CFO) where inelastic collisions
cease and kinetic freeze-out where elastic col-
lisions cease. But in general freeze-out can be
a more complicated process in which different
types of particles and reactions switch-off at
different times giving rise to a series of freeze-
out surfaces. Here we will discuss two CFO
schemes: 1CFO, in which all hadrons freeze-
out together and 2CFO[1], in which all strange
and those with hidden strangeness freeze-out
at the same surface and the other non strange
hadrons freeze-out at a separate surface.

Model

For the hadron resonance gas (HRG) which
is a good low temperature (T ) approximation
to QCD thermodynamics, at a given

√
sNN ,

the grand canonical partition function is the
summed contribution over single particle
partition function (Zh) for all hadrons whose
partial derivative w.r.t µh gives the primordial
yield of the hth hadron NP

h given by

NP
h =

VhTh
π2

ghm
2
h

∞∑
l=1

(−a)l+1l−1K2(lmh/Th)×

exp(l(BhµBh
+QhµQh

+ Shµsh)/Th), (1)

where K2 is the Bessel function of second kind
and a = −1 for bosons and 1 for fermions, mh

and gh are mass and deganeracy factor and
Bh, Qh, Sh are the conserved charges of the
hth hadron. Th, µh, Vh are the thermal param-
eters at the time of chemical freeze out. In
1CFO, Th(

√
sNN ) = T (

√
sNN ) for all hadrons

as there is single freeze-out surface. In 2CFO
there are two surfaces. Th = Tns for all non
strange hadrons while Th = Ts for all strange
and hidden strangeness hadrons. So the parti-
cle ratios in the asymptotic limit m/T >> 1 is

Ni/Nj =
giVi
gjVj

(
Timi

Tjmj

)3/2

exp(mj/Tj −mi/Ti)

exp(BiµBi/Ti −BjµBj/Tj)×
exp(QiµQi/Ti −QjµQj/Tj)

exp(Siµsi/Ti − Sjµsj/Tj). (2)

The total multiplicity of the hth hadron N t
h

is the sum of primordial yield as well as that
feed-down from the heavier resonances that
decay to it.

We have analysed the particle yields as well
as ratios in grand canonical ensemble (GCE)
and strange canonical ensemble (SCE) for
1CFO and 2CFO schemes and compared be-
tween them using the THERMUS[2] code at
AGS, SPS, STAR and LHC energies. We have
fixed µQ and µs by the constraints:
(1) Net B/Net Q = 2.5 and (2) Net S = 0.
The usual set of free parameters are Tch, µB ,
the overall normalization volume and γs called
the strangeness under-saturation factor which
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FIG. 1: Tch and µB versus center of mass energy
in different CFO schemes.

accounts for any out of equilibrium production
of strangeness.

Results and Discussions
The extracted thermal parame-

ters from the yields of the particles
π+, π−, k+, k−, p, p,Λ,Λ,Ξ and Ξ are found
to be insensitive to the choice of ensem-
ble (GCE or SCE) and to the two fitting
procedures: one in which γs is free with
fixed µs and the other in which γs = 1 in
addition to fixing µs by constraint(2). Fig.1
represents the thermal parameters extracted
in 1CFO and 2CFO schemes in SCE with
γs = 1 and µQ solved from constraint(1).
At all the energies studied, we found that
the temperature Tns is consistently lower
than Ts which can be interpreted as an early
freeze out for the strange hadrons. The
1CFO thermal parameters lies intermediate
to the corresponding 2CFO values for the
non strange and strange CFO surfaces with

substantial improvement in χ2/Ndf for 2CFO
as compared to 1CFO. For the particle ratios
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FIG. 2: Different particle ratios versus center of
mass energy. Experimental data compared with
results from various CFO schemes.

as can be seen from Eq(2), the thermal factor

co-efficient (ViT
3/2
i )/(VjT

3/2
j ) do not cancel

off for unlike flavor particles while in 1CFO
this factor does not arise at all. So the particle
ratios of unlike flavor (K/π,Λ/p) discriminate
between the different CFO schemes while
those with same flavor (p/π,Λ/K) appear
similar in both the schemes as shown in Fig.2
with 2CFO describing the ratios well.

Acknowledgment
This work is supported by the DAE-SRC

project fellowship.

References
[1] S. Chatterjee, R. Godbole, S. Gupta,

Phys.Lett. B727, 554 (2013)
[2] S. Wheaton, J. Cleymans, Com-

put.Phys.Commun. 180, 84 (2009)

Proceedings of the DAE Symp. on Nucl. Phys. 59 (2014) 715

Available online at www.sympnp.org/proceedings


