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1- Hydrodynamics 

Microscopic Conservation Laws: 

 

 

 

Local Thermal Equilibrium: 

Hydro variables: 

                      

 



2- Hydrodynamic Expansion: 

In the long-wavelength limit: 

 

 

 

 

 



3- Constitutive Relations in LL Frame: 

Landau-Lifshitz Frame: 

 

 

 

 

Constraints From the 2d Law of Thermo: 

 
 



4- Parity Violating Fluid: 

Long time missed term! 

 

Vorticity term: 

 

 

 

Firstly found through investigating hydrodynamics of charged 
black holes  

 

 

 



5- Hydrodynamics with Anomalies: 

In the presence of an external magnetic field: 

 

 

 

Corrected current: 

 

CMV and CME coefficients: 



6- Hydrodynamics Fluctuations: 

Fluctuations around: 

 

Fluctuating fields: 

 

 

Correlation Functions  

 

 



7- Retarded Green’s Functions: 

Equation of motion linearized: 

 

Linear Response Theory: 

 

 

 

 



8- Fluid in a Background Magnetic Field: 

Thermodynamic Solution: 
 

 
Equation of motion linearized: 

 

 

    

 

 

   

 

 

 



9- Computations in a Specific Frame: 

Fileds and their Sources: 

 

 

 



10- Hydrodynamics Modes: 
Retarded Green’s Functions: 

 

 

 

 

modified sound modes: 

modified diffusive modes:   

 



11-           Limit: 

 
 

Rapid equilibriating at linear order: 

 

 

Long Time Tail at Non-linear level: 

 

 



12- Work in Progress: 

1. Green’s function in the presence of anomalies 

2. Kubo formula for the transport coefficients 

3.  Contribution of non-linear terms to transport coefficients  
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