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I. Introduction

Diagrammatic perturbation theory is a useful
method to solve the problem of electrons prop-
agating in a disordered system. A one-particle-
system can be described by an electron travel-
ling from one point to another being scatterd
at impurities on its way. The aim is to find
the impurity-averaged Green function for this
process where over all possible impurity con-
figurations is averaged.

II. Replica Trick

The replica trick can be used to calculate the
disorder average of an observable. The idea is
to consider R identical copies of the original
system. For an observable obtained by differen-
tiation of the free energy, the disorder average
is therefore:

〈O〉 = − δ

δJ
〈ln Z[J]〉 = − δ

δJ
lim
R→0

1
R
〈ZR〉

where J is the source field and ZR is the repli-
cated partition function. By assuming that
the various impurities are independent of each
other and can be described by a short ranged
Gaussian distribution, the disorder average of
ZR in a free system gives:

〈ZR[J]〉dis =
∫
D(ψ̄, ψ)e−∑R

a=1 Scl−∑R
a,b=1 Sdis

with Scl [ψ
a, ψ̄a, J] the action of the clean system

and the disorder action

Sdis = −
γ2

2 ∑
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∫
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a
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where a and b are the replica indices and γ
the interaction strength. From this also follows
that:

〈O〉dis = lim
R→0

1
R

R

∑
a=0
〈O(ψ̄a, ψa)〉ψ

where 〈...〉ψ is the functional average including
the disorder action.

III. Green Function And Diagrams

The previous equation can be applied to the
Green function, the propagator of the electron
in an diordered environment:

〈Gp,p′ ,n〉dis = lim
R→0

1
R

R

∑
a=0
〈O(ψa

n,p, ψ̄a
n,p)〉ψ δp,p′

Using diagrammatic perturbation theory and
applying the disorder average so that diagrams
that give no or only a small contribution drop
out, the self-energy can be written as:

The total Green function can then be obtained
from the Dyson equation:

G = G0 + G0ΣG → G =
1

(G0)−1 − Σ

By inserting the Ansatz ImΣp,n = − 1
2τ sgn(ωn)

with the Matsubara frequency ωn into the
Dyson equation, the final result for the
impurity-averaged Green function will be:

〈G〉dis =
1

iωn + EF − p2

2m + i
2τ sgn(ωn)

and in spatial coordinates

〈G(x, y; τ)〉dis = Gcl(x, y; τ)e−
|x−y|

2l

where Gcl(x, y; τ) is the Green function of the
clean system without impurities and l is the
elastic mean free path. This shows that the
amplitude of the electron in an disordered en-
vironment is exponentially suppressed. The
same methods can be used to calculate higher
correlation functions.
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