
Lecture 2. Single-

particle propagator in 

a uniform system 

General properties of the single particle Green’s function.

 Free propagator in the infinite matter. Spectral functions.

 Diagrammatic rules. Examples.

 Self-energy. Dyson Equations.

 Quasi-particle approximation. 

 Beyond Hartree-Fock. Second order calculation of the self-energy.



The Single particle propagator a good tool to study single particle properties

Not necessary to know all the details of the system ( the full many-body 

wave function) but just what happens when we add or remove a particle 

to the system.

It gives access to all single particle properties as :

 momentum distributions

 self-energy  ( Optical potential)

 effective masses

 spectral functions

Also permits to calculate the expectation value of a very special two-

body operator: the Hamiltonian in the ground state. 



































































































Its invers Fourier transform, represents the probability amplitude that one

particle of momentum k propgates like a dumped plane wave with frequency

E(k) and lifetime







































Now we are ready to include the ladder diagrams in the self-energy, to take

Care of the short-range repulsion present in the NN interaction.

We will include both propagation of particles and holes at all orders.

Dressing the intermediate states in the T-matrix with the full spectral functions

This defines a self-consistent problema between the determination of the

scattering of the dressed particles and the dressing of the particles.

On one side the interaction affects the properties of the particles : dressing

through the self-energy (spectral functions) and at the same time the

dressing modifies the effective interaction between the dressed particles.

The mínimal consistent approximation is to consider the ladder approach. 

Propagating only particles and under certain approaches for the intermediate

propagators we can recover the BHF approach. 

Next lecture


