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From QFT to             
Hydrodynamic Transport 
Coefficients
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Motivation
•QGP, neutron stars or dark matter can use hydrodynamical description 

•off-equilibrium requires knowledge of macroscopic properties like: 

•equation of state 

•viscosities, conductivities, etc.. 

•interactions determine coefficients



Microscopic Theory Macroscopic Theory



QFT:

Response Kernel:

Linear Response
Classical: response kernel

external force



Hydrodynamics & Transport
•Energy momentum tensor in Landau frame (no heat current)

•constituent equations at 1st order

bulk pressure shear stress

•next order: relaxation times τΠ, τπ, …



Hydrodynamics & Transport
•use EoM, constituent equation 

•Expand around external source hμν

•e.g. variational approach [Kovtun]:

Kubo formula



QFT
•temperature dependence: Imaginary time formalism

•retarded Greensfunction:

Analytic continuation iωm → ω + i0+

•viscosity in terms of effective action



Viscosity Diagram
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FRG Flow Equation

•Exact evolution equation [Wetterich ’93]

truncated

full action

•Introduce regulator and RG-scale

•Truncation needed, e.g.:

•with some UV-condition m2
Λ, λ2

Λ, …

•Kubo formula: η(T) → ηk(T), ηUV = 0



Truncation

•In d=1+0 dimensions, forward time evolution:

•Introduce external gauge field [Rosé,Dupuis ’16] 

•interactions, thermal mass

•Damping coefficient [Floerchinger ‘16]: 

Φ *

Φ

dissipation 



Analytic Structure
•mass pole shifted, decay width generated
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Micro:
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Conclusion
•Prediction of transport coefficients close to equilibrium  

•Non-perturbative methods: coefficient flow equation 

•Truncation introduces damping coefficients 

•Viscosity scaling at small coupling:  

•diverging at vanishing interaction 

η(T) ∼ T3

η → ∞



Thanks for your attention!





Fourpoint Function - Production Rates





Viscosity Flow Equation



Pole Structure of Correlation Functions


