
• Linear response theory ( see Problem sheet 1 for basic derivations)

- For II = Ht BFG) ,
we have for the linear response
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where the expectation value and time
- evolution is taken

with respect to It , i. e.
the Hamiltonian without the time -

dependent perturbation ,
but with many-body interaction
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- Kubo - Martin - Schwinger identity :
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→ Fluctuation - dissipation theorem :

KalW) = - coth ( PE) ]m(Giaalw))
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Dissipation determinedFluctuations measured

by autocorrelation function by imaginary part
chaise power spectrum ) of susceptibility .

- For fermions , observables A contain
an even number of field

operators ( and are thus still bosonic) ,
so that the GI-izct.tl)

are at least two
- particle Gfs ( see A. 1. d) .

Important exception : the caveat in a fermionic system

can be written in terms of the single
- particle GF as :
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For bosons
,
important susceptibilities , e.g.

the dynamical

susceptibilityto lattice displacements ( phonons ) is directlydetermined
by the phonon:c single - particle GF .



A. 3. a Basic Schwinger - Keldysh formalism

• Key issue in out of equilibrium situations :
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- A) to > is not naturally related to

the initial state to> . → Adiabatic switching procedure fails !

↳ lol lost > needs to be explicitly evolved backwards to
1=-0
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↳ Time - ordering along
the axis €-0

will be replaced by contour-order.sn# along theKeldyshcontour 8 :
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Contour - ordering operator JK analogous to J
,
but ordering

along the coat our 8 .

↳ Motivation from correlation functions in
the Heisenberg picture
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