
Today’s class: Time-ordered Green’s functions

● Single-particle Green’s functions.
● Retarded and advanced Green’s functions.
● Many-particle Green’s functions
● Lehmann representation.

Prof. Luis Gregório Dias
luisdias@if.usp.br



Single-particle GFs: time-independent

● Great intro to Green’s functions :  

Time-independent Schrödinger’s equation:

https://arxiv.org/abs/1604.02499 

Associated GFs:

Formally:

https://arxiv.org/abs/1604.02499


Single-particle GFs: time-independent

Integral equation (if we know G
0
) (Lippmann-Schwinger):

Integral equation for G (if we know G
0
) (Dyson’s equation):

Also (formally):

“Pictoric view” :Diagrams!



Single-particle GFs: time-independent

“Pictoric view” :Diagrams!



Single-particle GFs: time-dependent

Time-dependent Schrödinger’s equation:

Associated GFs:

Integral

equations:



Retarded GF: propagator

Notice that:

satisfies

“Propagator”:
(Retarded)

also:

satisfies
:

In general:

t > t’

(Show!)

t  t’



Many-particle GFs: time-ordered

Many-particle 
propagator:

field operators
-: Bosons

+: Fermions

Other definitions:

+: Bosons

-: Fermions

Advanced:

“Greater”:

“Lesser”:



Change of basis

In general:
+: Bosons

-: Fermions



Lehmann Representation

Many-particle 
spectrum:

We can write a GF as:

Matrix elements:

In frequency:

Lehmman Representation:



Spectral function

Lehmman Representation for the retarded GF:

Spectral function (diagonal):

At T=0 (transitions to the GS):
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