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Basic Setting:

Exception: SSB! 
E.g. BCS-Theory



Example: Electrons in a Crystal

- Temperature: Controlled by the experiment
- Volume: Dictated by the size of the crystal / lattice constant (corresponds to the distance between the 

wave-vectors), can also be controlled by applying pressure to the system.
- Chemical Potential: Either dictated by the number of electrons, or by other means (e.g. an external 

electric field can be used to control the chemical potential)



Quote-Collection on the Grand Canonical Ensemble 
(Mahan, Negele & Orland, many more in my lists…):



with



Interpretation:



Fact: Many Observable Quantities that can be expressed 
through Green-functions!!!

- (Local) Magnetization → “lesser GF”
- (Local) Density of States → “retarded GF”
- (Local) Density of Occupied States   → “lesser GF”
- Specific Heat   → “lesser GF”
- Pressure  → “imaginary time / Matsubara GF”
- (Entropy)  → “imaginary time / Matsubara GF”
- Polarization → “lesser GF”
- “Any” (e.g. (Tunneling) Electric Currents with 

Kubo-Formula) → “retarded GF”



More One-Body-Green-Functions:





Fact: 

For Interacting Systems (which have more than a few 
energy-levels) it is impossible to analytically obtain the 
various Green-functions

Cure (for “weak” interactions):

Introducing…
1. another (!) Green-Function 
2. some math.



with









holds for 

- non-interacting systems 

AND for 

- interacting systems!



With the so-called “Lehmann-Representation”:





Self-Energy…?



Methods to compute the self-energy:

- Equation of motion technique
- S-matrix-expansion (with or without functional integral 

formalism)
- combination of the first two
- Functional Renormalization
- Self-consistent numerical techniques



Not discussed, but also relevant in this context:

There are more (Families of) Green-Functions …
- n-body-Green-functions
- Connected Green-functions
- Generalized Green-Functions
- Phononic and Photonic Displacement Green-Functions
- Zero-Temperature-Limit / Spontaneous Symmetry Breaking / 

Non-Equilibrium / 
- Basis-Change (...)

… with similar equations and identities.

There are more Concepts …
- Feynman-Diagramology (?)
- Functional Field Integral Formalism
- Symmetry-Principles (?)



Summary:

- Basic idea: Describe systems (and observables) with 
matrices (e.g.: one-body-Matsubara-GF) or matrix-valued 
functions (e.g.: all other one-body-GF)

- There are different Families of Green-functions. Within a 
family, all GFs are connected to each other. E.g.: 
Knowledge of one (one-body) Green-function implies the 
knowledge of every other (one-body) Green-function

- Green-Functions are one of the most important tools to 
study interacting systems at finite temperatures.


