Nonegquilibrium Green's functions

Dzyaloshinski (62), Kadanoff-Baym '62, Keldysh '64, ...)

Freely

taken mainly from Rammer and Smith (1986) and Haug and Jauho

(1998)
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Interaction representation
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We need expressions of the form (for simplicity we take zero
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By proceeding as for the equilibrium case we get:

The crucial point is that now [+ o \> ?L FH”S Z: /én>

L4
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Trick: introduce contour C along the time axis "Keldysh" contour
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we can now write

notice that + @Jis the turning point, so we do not need to specify

on which part of the contour it is.

of course the operators A, B need not to be restricted to Cl1

so we can generalize the expression for a generic Green's function

(which in the end we will need for perturbation theory)
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We still cannot apply Wick's theorem, because '4%

is not quadratic. What to do ?

For zero temperature T=0 we only have the ground state

we can again think of switching on adiabatically the
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Perturbation expansion

The nice point is that now perturbation expansion
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Diagrammatic rules are the same

except that now all time integrals have to be carried out on the

Keldysh contour C1+C2
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We need an expansion for objects of the form
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The denominator 1s actually not necessary, because it is 1

However, one should use it for the linked-cluster theorem.
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Example:

Notation:
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Example evaluation of a Green's function
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lst order (example, e. e. interaction)

Represented by vertex

> 3
N >K/
X7 ,)/w/

—~— ,'/V —~—
~~

4

\\\\

( Wick's theoreT})"all lines have to be paired in all possible ways"

s\




13

All internal variables ><3/><4(are integrated or summed over

X . X

SRAEAYA being external variables are fixed
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Disconnected diagrams:
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single-particle irreducible diagrams
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Noninteracting Green's functions
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Retarded Green's function
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Greater and lesser Green's functions
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Time-dependent potential

noninteracting case

The only vertex term is
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Diagrams
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Dyson's integral equation
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A simplifiction can be achieved for the '"steady state"

If u 1s switched on at a certain time and then remailns

time independent, we may expect that the system reaches

a stationary, 1.e. time-1ndependent state.

In this case, Green's function only depend on time difference
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Some useful relations

Suppose we have to matrices in Keldysh space, i. e. of the form
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(also termed Langreth Rules)




