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What is quantum thermal field theory ?

Special Relativity + 
Thermodynamics + 
Quantum Mechanics = 
QTFT.

01
Allowed to understand the 
Electro-Weak phase 
transition in the Standard 
Model and later the phase 
transition in Quantum 
Chromodynamics from 
hadrons to quark-gluon 
plasma.

02
The techniques of QTFT 
can be applied to any 
quantum field theory, in 
particular QED.
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1. Real vs Imaginary time formalism.

1) IMAGINARY TIME FORMALISM:

▪ Perform a Wick-Rotation to imaginary time.

▪ Integrals in energy become sums over Matsubara 

frequencies.

2) REAL TIME FORMALISM:

▪ Use real time (Integrals in energy).

▪ Has a big problem: pinch singularities.

▪ Better if we want to apply EFT techniques.

▪ Non-equilibrium situation.
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Introduce a solution in terms of creation and annihilation operators.
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2. Propagators in real time.

Bose-Einstein.

Perform the same process with a fermionic field.

To get:
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Fermi-Dirac:

Photon self-energy:

Pinch singularity.

And find:

Based on KMS relation.
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2. Propagators in real time.

Finally in order to perform computations is better if we move to 

the Keldysh representation.

We can also perform similar definitions for the self-energy.

The physical is the 

retarded self-energy.
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3. Hard thermal Loops (HTL).

Another difficulty when turning on the temperature:

So that HTL are as relevant as the tree amplitudes in the theory if the 

photons have soft momenta => Resummation into effective 

propagators.

It turns out that in a hot 

plasma of massless 

weakly interacting 

particles:

Scales
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3. Hard thermal Loops (HTL).

So we need to compute this HTLs! Two ways:

➢ HTL approximation.

Hierarchy of scales implies:

Result:

Debye mass

This allows us to expand the 

retarded self-energy in powers of 

energy.



4.Chiral on-shell effective field theory. (COSEFT)

Motivation:

➢ Exploit hierarchy of scales in a hot plasma of 

massless weakly interacting particles.

➢ The fact that HTL are dominated by almost on-shell 

degrees of freedom.

➢ Reproduce the HTL contributions easily.

➢ Go beyond HTL.

➢ Study the consequences of chiral imbalance.

➢ Derive kinetic theory.



4.Chiral on-shell effective field theory. (COSEFT)

The momentum of a nearly on-shell fermion with chemical potential may be

written as:



4.Chiral on-shell effective field theory. (COSEFT)

The momentum of a nearly on-shell fermion with chemical potential may be

written as:



4.Chiral on-shell effective field theory. (COSEFT)

The momentum of a nearly on-shell fermion with chemical potential may be

written as:

Then the dependence on hard momenta in the Dirac field can 

be factored out:



4.Chiral on-shell effective field theory. (COSEFT)

The momentum of a nearly on-shell fermion with chemical potential may be

written as:

Then the dependence on hard momenta in the Dirac field can 

be factored out:

Residual
HardHard

Residual



4.Chiral on-shell effective field theory. (COSEFT)

The momentum of a nearly on-shell fermion with chemical potential may be

written as:

Then the dependence on hard momenta in the Dirac field can 

be factored out:

Particle/antiparticle 

projectors:
Residual

HardHard

Residual
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4.Chiral on-shell effective field theory. (COSEFT)

Now, take the expression for the Dirac field and plug it into the chiral QED 

Lagrangian.

And after tedious algebra, we get:

Now we use E.O.M to 

integrate out the fields.
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4.Chiral on-shell effective field theory. (COSEFT)

So finally we get the COSEFT Lagrangian:

Expand in powers of 1/p.

Expand in powers of 1/p.

Then we can derive vertices, 

propagators... up to the desired 

order in the energy expansion.

Particle

Antiparticle
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4.Chiral on-shell effective field theory. (COSEFT)

What about the propagator of the COSEFT?
Chiral projector

Now we need to turn on the temperature (DDF )
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4.Chiral on-shell effective field theory. (COSEFT)

Finally the propagators in the Keldysh representation read:

Fermion: Antifermions:

Where now the Fermi-Dirac distributions read:
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Bubble:
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5. Polarization tensor.

Antiparticles

Particles
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First order: and .
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Symmetric
Anti-

symmetric
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Performing the static limit and using we get:

F.T

Parallel to B

Only in chiral 

imbalance!

6. Chiral magnetic effect (CME).
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and 

applications:

▪ Compute the chiral anomaly using the COSEFT.

▪ CME in Weyl semi-metals.

▪ Searches for the CME in heavy-ion collisions.

▪ Study the plasma stability.

▪ Study properties of plasma with chiral imbalance.
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