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Experiments at NA49, RHIC, and recently
ALICE, have reported a strongly
interacting medium, known as sQGP.

 To understand it, we analyze particle
ratios with strangeness, as seen in the
NA49 horn experiment. 

This work studies strangeness production
using a statistical model to describe
fireball properties across centralities.

The horn structure on the
baryon to meson and meson
to meson ratios

J. Cleymans, et. al, Phy. Letter. C.15.52 (2005) 4



Model

5



THERMUS has 3 different
modes. In this work, we use the
grand canonical ensemble. It is
the most appropriate mode
because it allows us to create a
more realistic evolution of the
fireball.
The software uses multiplicities
as input and allows us to extract
parameters and densities.

Thermus:
The grand-canonical
ensemble 

Parameters

Partition Funcion

Degeneracy

 hadron species
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Results
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The model allows
computing the
multiplicity for the
different radius of the
system created in the
collision, which means
different ions colliding.

Kaon Multiplicity
as a function of
the Temperature
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Used multiplicities data from AGS(Au-
Au), NA49 (Pb-Pb) and STAR (Au-Au).
For particles without strangeness,
particles, and antiparticles have
almost equal constant growth.
For particles containing strangeness, it
is shown that the particulates
have a peak near 7.7 GeV, after
saturation, but for antiparticles, the
growth is constant.

Multiplicity
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In particles with
strangeness, an abrupt
production ratio is observed
at low energy, which then
tends to saturate.
Despite not having reported
multiplicities oddly like the
omegas, it is possible to
find multiplicities as
presented here

Multiplicity
for
strangeness
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Extracting temperature from data
Various parameters can be
extracted from the input data,
such as the fireball's
temperature.

Different data from publications
were modeled with THERMUS but
without using strangeness
potential, with a fixed gamma-s,
and in the STAR fixed radius. 11



The different parameters
were extracted at different
temperatures with STAR
data, and the ratio of the
most central to the most
peripheral shows a more
significant difference at low
energy. 
Different studies have been
done on temperature, but in
this work, we included
different centralities.

Temperature
as a function
of centralities

Cent. 0-5%

Cent. 40-50%

Cent. 70-80%
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The same behavior can be
observed for potentials, with higher
values at greater centrality and
lower values at more peripheral
collisions.
It is possible to extrapolate the
strangeness potential without
having experimental data on this
parameter.

Chemical and
strangeness potential

Cent. 0-5% Cent. 80-90% 13



In more central
collisions, a peak is
found close to 7.7
GeV, but the more
peripheral the
results, the
behavior is softer.
Data for gamma-s
were also obtained,
and different
centralities were
used.

Gamma-s
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The energy for no strangeness
tends to rise and saturate it. 
At low energy, a big difference
between particle and anti-particle
is observed.

For particles with strangeness, a
peak and saturation is noted; for
their anti-particles, there is
constant growth until equating to
the particle.

Energy density
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Baryon/meson
meson/meson
ratios

Fit

It is possible to find the "horn"
for the K+/pi+ relation and for

the lambdas containing a
different maximum associated

with the abundance of
particles with strangeness.
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Strangeness
baryon/meson and
meson/meson ratios

In the relations of particles with
their anti-particles strangeness, it is
possible to notice a growth at low
energy and saturation at higher
energy.
Abrupt changes in the production
of particles with strangeness
content are researched as a
mechanism to understand what
happens when sQGP is created.
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Conclusions
We use a statistical model to study the properties of the medium created
in heavy ion collisions. Thermodynamic properties were studied. The main
results are the following:

Multiplicity results from experimental data were reproduced.
Properties of multiplicity, Temperature, energy density, and entropy of
particles were extracted for strangeness hadrons not published in
experiments
An extensive study was carried out on a wide range of collision energy.
Ratios for different particles species were studied. 18
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Values have been
extracted from the
thermal model and
properties such as
temperature and
barionic potential have
been parameterized

Temperature and
barionic potential
parameterized and
published as
background

 J. Cleymans, et. al, Phy. Rev. C.73.03 (2006)



Used multiplicities data from
AGS(Au-Au), NA49 (Pb-Pb) and
STAR (Au-Au).
The adjustment was made with
data from Pions, Kaons, Protons
and in some cases Lambdas.
There are two main distributions,
particulas without strangeness
(piones) and with strangeness
(lambdas).

Multiplicity



It is possible to describe the baryonic
and strangeness chemical potentials at
different energies and fit them with the
same function.

Chemical
potentials
(barionic and
strangeness)



The GC ensemble extracts the gamma-s
factor, which is the strangeness fugacity
factor, describing a rapid increase at low
energy up to a peak, after which it tends to
saturate.
 The ratio shows a discrepancy at very low
energy because the model attempts to
compensate for low-energy particle
production with a larger ratio.

Radio and Gamma-s



At lower energy there are
greater differences in the
centrality values for
temperature and potentials

Ratio for
different
temperature
centrality



Ratio for different
centrality for
chemical
potentials



Again, there are two
different distributions, one
of particulas without
strangeness and another of
particulas with strangeness

Energy density



The distributions are
repeated for the entropy

Density of entropy



Entropy density



Ratio



Ratio



Ratio
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