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Motivation

• Through the thermal and chemical equilibration  one can obtain equilibrium 
temperature, energy densities which can be used to observe the equation 
of state (EoS) of matter.

• To investigate the equilibration phenomena of the system we look at the 
particle densities and energy distributions of each particle.

• EoS is important for the observation of the phase transition of the QGP into 
hadron gas.

• The extracted temperature will be used to study the transport coefficients 
such as shear viscosity using the Green-Kubo formula.

• In studying the equilibration of the hadron gas we would like to maintain 
detailed balance in the simulations. 
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The evolution of Heavy Ion Collision
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Transport theory of 
Nuclear Collision

Is this what you are thinking? then if it is think again!!!
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Relativistic transport equation
Collision term
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Transition probability 



• It is a Monte Carlo simulation package
• Built for Proton+Proton, Proton+nucleus, and nucleus+nucleus 

interaction 
• It is a non-equilibrium transport model
• It includes 55 baryon species

and 32 meson species

UrQMD model

UrQMD: Ultra-relativistic Quantum molecular Dynamics

Is a model that uses probability distribution functions which are derived from the 
physics processes and uses random number to  do calculations
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UrQMD model included species 
32 meson species 55 baryon species
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A sketch of the Box model system, which 
is simulated by the UrQMD model

Green = Pions Blue = Rhos Orange = Kaons
We consider a box with periodic boundary conditions 
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The Simulation 

The Input file The output file
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UrQMD model animation
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Results – Chemical, Thermal equilibrium 

• What is the approach of chemical and thermal equilibrium?
• We study time evolution of

ØParticle number density
Ø Energy spectra for different meson species

• Saturations of particle multiplicity determined chemical
equilibrium.

• Convergence of particle slopes to common value of
temperature, determine thermal equilibrium.

Equilibration of Hadron matter



Results - Chemical equilibrium
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Particle number density at lower time t < 50 fm/c
It is not yet clear if chemical equilibrium is reached

At t = 20 fm/c for 0.3 GeV/fm3 and
t = 32 fm/c for 0.4 GeV/fm3

number density of different meson
species start to saturate.

Pions have a larger number density
due to decaying of heavier mesons
to form large amount of pions in
the system.



Results - Chemical equilibrium
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While studying chemical equilibrium 
it is for best to look at longer time in order 
to have clear indication if all the particles 
have indeed saturated 



Results - Thermal equilibrium

At t = 4 fm/c for 0.3 GeV/fm3 and t = 6 fm/c for 0.4 GeV/fm3 the slopes of
energy spectra of different light meson species does not converges to common
value of temperature. Those thermal equilibrium is not yet reached.



Results - Thermal equilibrium

At t = 200 fm/c for 0.3 GeV/fm3 and t = 6 fm/c for 0.4 GeV/fm3 the slopes of
energy spectra of different light meson species converges to common value of
temperature T = 150,1 MeV and T = 161,97 MeV respectively.



Results: Temperature (T) extracted from each 
energy density (ε) 
• For each energy density used for the initialization of the input file to simulate 

the heavy ion collision in a cubic box the following temperatures where 
obtained.
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Energy density (ε) 
GeV/fm3

Temperature 
(T) MeV

0.175 95.23

0.2 118.3

0.225 131.7

0.25 139.3

0.275 145.9

0.3 150.1

0.325 153.2

Energy density 
(ε) GeV/fm3

Temperature 
(T) MeV

0.35 158.5

0.375 160.5

0.4 161.97

0.425 164.7

0.45 164.7

0.475 166.9



Results: Temperature (T) extracted from each 
energy density (ε)
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The relationship between the energy density and temperature is known as EoS

EoS is important for the determination of the phase transition of QGP
At Higher temperature EoS behaves like a power law



Conclusion
• At different time t fm/c particle number density of different meson species 

start to saturate.
• Pions has larger number density due to decaying of heavier mesons to form 

large amount of pions in the system. 
• At different time t fm/c, the slopes of energy spectra of different light 

meson species converges to common value of temperature T MeV.
• The results shows that an increase in energy density influence an increase 

in temperature 
• Thermal equilibrium is reached at different temperatures for different 

energy densities 
• Both chemical and thermal equilibrium has been reached after simulating 

heavy ion collision from a cubic box with periodic boundary condition 
using the UrQMD model 3.3
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