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Introduction

The study of ultra-relativistic heavy ion collisions pro-
vides a unique opportunity to investigate the proper-
ties of strongly interacting matter under extreme condi-
tions of temperature and density. Particle ratios, such as
p/p and K~ /K™, serve as sensitive probes of the ther-
modynamic properties of the system created in these
collisions. In this paper, we present a comprehensive
study of these particle ratios, focusing on the role of
strangeness conservation criteria in an ideal hadron res-
onance gas (HRG) model and an interacting HRG model
based on the van der Waals equation of state. We
explore the correlations between p/p and K/K ratios
within the framework of the interacting HRG model and
finally discuss the variation of strangeness chemical po-
tential on baryon chemical potential [1, 3].

Model

Interacting Hadron Resonance Gas Model:

In ultra-relativistic nucleus-nucleus collisions, particle
production ratios are well described by a grand canoni-
cal model, where temperature 7' and baryochemical po-
tential 1, are treated as independent parameters. The
strange quark chemical potential s is constrained by
strangeness conservation. Thus, the ratios of antipar-
ticles to particles depend on the fugacities of light and
strange quarks, represented as 4/ and ps/T, respec-
tively. In the van der Waals interacting hadron res-
onance gas model, the particle number density is ad-
justed from the ideal HRG model by incorporating an
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excluded volume parameter b and an attractive interac-
tion parameter a [1].
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The number density n; (u;,T) is calculated from the
transcendental equation (1), where the ideal quantum
gas number density ni? (T, u;) is given by:
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with n = 0 for Boltzmann statistics (operation + is for
fermions and — is for bosons ).
where p* is the modified chemical potential:
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pt=p— + 2an (3)
The chemical potentials for baryon number (B),
strangeness (5), and electric charge (@) are given by:

i = Bip + Sips (4)

We employ the following parameterization for the

baryon chemical potential and Temperature with same
parameters. [4]:

7 =e—fup—gup (5

 14+dsnN|

Correlation between K~ /KT and p/p ratios:
In heavy-ion collisions, particularly in high-energy ex-
periments from SPS to LHC, the ratio K~ /K™ indicates
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the net-strange chemical potential (ug), while p/p re-
flects the net-baryon chemical potential (up). The data
shows a strong correlation between these ratios, influ-
enced by the net baryon content of the system.

Using the van der Waals interaction, we express p/p
as:

o PUT ) T, )

PIP= Tl Ty
id
p/p = B(T, N*)ﬁ (7)
where
o L0 (T )
B(T, 1) = T bR (T, ) (8)
And

K™ /Kt =(K™)4/(K*)4 9)

We analyzed the correlation between K~ /K™ and
p/p in nucleus-nucleus collisions across energies from 5
GeV to 2.76 TeV. This correlation is best described by
a power-law relationship: [2, 3]

K~ /K" = (p/p)"

where « is a fitting parameter. This correlation pro-

vides insights into strangeness production mechanisms

and the system’s evolution in heavy-ion collisions. In

the chemical equilibrium model for ideal HRG, the re-
lationships can be expressed as:

(10)

K~ /K" = exp(=2p/3 + 211s) /T)

p/p' = exp (~2u5/T)
where T' denotes the chemical freeze-out temperature.
Using the fitting procedure, we reduce the expression for
s in terms of fug:

1o = aT'n(B)/2 + py(1 - 3a) (11)

Results and Conclusion

In Fig. (a), we show the experimental data points along-
side curves obtained from different approaches. The
blue curve represents the van der Waals model calcu-
lations, while the magenta curve reflects the light va-
lence quark compositions, yielding o =~ 0.33. For com-
parison, a power-law fit to the theoretical blue curve
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a) Correlation between K~ /K" and p/p ratios,
b) Collision Energy Dependence of u; and puq

provides o ~ 0.18, contrasting sharply with the light
valence quark composition approach. A direct fit to
the data using the power law with ideal HRG yields
a =~ 0.21 (dark green), while for non-ideal HRG, we
obtain a =~ 0.2 and § ~ 0.98 (green curve), which
closely aligns with our theoretical results [4]. Utilizing
this value of « in equation (11) allows us to derive the
relation of y, as a function of \/syn (T, pq) from equa-
tion (5), as shown in Fig. (b). The correlation between
K~ /K™ and p/p provides critical insights into chemical
potentials in ideal and interacting hadron gas models.
We identified a power-law correlation with an exponent
a = 0.2 between K~ /K™ (net-strange chemical poten-
tial, ug) and p/p (net-baryon chemical potential, ug).
This relationship, along with the dependence of pg and
ftq on /syp, enhances our understanding of hadronic
dynamics. Additionally, we derived a simplified equa-
tion that describes the dependency of us on p, and
v/snn for both ideal and non-ideal interacting hadron
resonance gas models [3].
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