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Motivation

● There is ample evidence of QGP being produced in a heavy ion collision, at 
RHIC and LHC. 

● Based on comparison between hydrodynamic simulation and experimental data, 
it was found that QGP has a finite but very small value of        .

● These calculations were done in the absence of magnetic field, but we know that 
an intense transient magnetic field is expected to be produced initially.

● Phys. Rev D 100, 114004 (2019) and , Phys. Rev. D 102, 016016 (2020)  are 
some of the works that aims to obtain the Transport coefficients in the presence 
of magnetic field using Relaxation time approximation. 

● Here we aim to obtain the transport coefficients using a modified Chapman-
Enskog formalism.
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Irreversible Flows

The Thermodynamic flow :-

The Irreversible Pressure tensor :-

The Heat flow :-

Thermodynamic force
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Boltzmann 
Transport Equation

The Covariant form:

No pf particle with         gain      No pf particle with         loss:

The differential scattering cross-section:
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Single Particle 
Distribution Function

          The Single particle distribution function :   

The Particle flow :   

The Energy Momentum tensor :

The Hydrodynamic velocity :
Eckart :

Landau :

The particle density :

The Energy density :
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Linearisation of 
Boltzmann Equation

The distribution function is expanded as :

The equilibrium distribution function :

Equating the coefficients of    in B.E. we get  

Relaxation time approximation :

Series method :
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Conservation Equations

Continuty equation :

Equation of Energy conservation :

Equation of Momentum conservation :

Gibb's Duhem Relation :
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Transport equations in terms of 
Thermodynamic Forces

Equating the conservation equation we get :

The hydrodynamic equations contains space derivative of temperature and velocity. In 
order to make the Boltzmann equation look somewhat like the hydrodynamic equation, 

the time derivatives will be replaced using these relations.
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Deviation from equilibrium
The deviation of the distribution 

function from equilibrium :

No magnetic field :
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Tensors

Properties :

Hamilton-Cayley equation for the rotational tensor :

S. Hess; Tensors of 
Physics. (2015)  
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Transport Coefficients

Shear viscosity :

Bulk viscosity :

Thermal Conductivity :
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Expanding the

Coefficients 

The coefficients:The coefficients:

Depending on how precise we want the coefficients to be we truncate the series accordingly. Depending on 
the truncation we get different order of the same transport coefficient 

Without magnetic field : D. Davesne; Phys. Rev C 
53, 3069 (1996)
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Expanding the 

Coefficients 

The coefficient :

The expression for the thermal conductivity in terms of the expanded coefficient :

Without Magnetic field :
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Relation

between Coefficients
From the Boltzmann equation we get relation between the coefficients       . 

Using the orthogonality condition of                , and then integrate it over after multiplying it with         : 
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Expressions
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Relation

between Coefficients

Using the orthogonality condition of               we get relation between           the coefficients  , 

Then  we integrate it over after multiplying it with            : 
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Relation

between Coefficients

From the Boltzmann equation we get relation between the coefficients       . 
Using the orthogonality condition of                , and then integrate it over after multiplying it with         : 
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Expressions
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Transport Coefficients

Now if the expansion of the coefficients are truncated after the first term then :

Shear:
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Transport Coefficients

Now if the expansion of the coefficients are truncated after the first term then:

Bulk :

Thermal 
Conductivity :
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Transport Coefficients

Now if the expansion of the coefficients are truncated after the second term 
then:
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Result for Shear 
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U.Gangopadhyaya Et al.; 
JHEP 09 (2022) 114  
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Result for 
Thermal conductivity 
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Summary

• Using the Chapman-Enskog method we can get a better result than using the 
relaxation time approximation. 

• There is momentum dependent relaxation time approximation, but it comes with its 
own problems.

• The Chapman-Enskog method can be modified to include system with magnetic field 
by making the expansion coefficients a function of magnetic field .
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Future work

• Will take in-medium cross-section instead of vaccum cross-section. 

• Will introduce effects of magnetic field in the cross-section, and study its effect 
on the transport properties.

• Will introduce electric field along with magnetic field.
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