Lecture 2: Basics of Field Theory at non-zero temperature

1) Quantum statistical mechanics
2) Scalar field theory at 7>0 diagrams and IR divergences

3) Fermion and gauge fields at non-zero temperature and density



Quantum Statistical mechanics

Transition amplitude in QM and its path integral represenation
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Partition function in statistical mechanics:
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We can also calculate the generating functional
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Correlation function in real and imaginary time in the operator

formalism:
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Kubo-Martin-Schwinger (KMS) condition
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Different correlation functions A(r), D~ (t), D<(t) and Dp(t) are
related to the spectral function o(kg)
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Thermodynamics of scalar field theory

Straightforward generalization to infinite number of degrees of
freedom q(t) — &2 (t) = o(t, x)
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Free field limit ( ¢ = 0):
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Gaussian integration:
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Perturbative expansion:
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Infrared problems at finite temperature: the next-to-leading correction
to the pressure is not of order A2 but A\3/2 from m =0 !
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the I = 0 term is IR divergent as [ d3p/p*

In the 4-loop diagram

- 1 - a3k Ao (iom, ) ’
e Z/ <2w>3<p2+w2>3 > | Gamystotien

the | = 0 term is IR divergent as [ d3p/p®




We need to resum all diagrams of the following type (ring dia-
grams)
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keeping only the contribution from (IR sensi-
tive) n = 0 and using N = ¢272/24 we get
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Collective effects in the medium have to be
taken into account at all orders |
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Resummation and screened perturbation theory
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Homework:

Prove the integral equation :

cosh(kg - (7 — 8/2))
sinh(Bkg/2)

A(r) = /OOO dkoo (ko)

Show that:

o(ko) = %ﬁ) e PEn[§(ko + En — Em) — (ko + Em — En)] |(n|g|m)|?

use relation of o(kg) and D~><(kg) and insert a complete set of
energy eigenstates into D-~><(t))

Prove the sum rule
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For questions see me in my office, E6-124



