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1) Correlations in Electron Liquid
- Introduction
- Dyson equation and self-energy
- Effective mass
- Fermi Liquid & non-Fermi Liquid 
- Luttinger Liquid, Bosonization

2) Hubbard Model  
- Introduction
- Spin-charge separation
- Mott insulators
- Phase diagram

Outlines



Many-body systems



Microscopic and Macroscopic

• Time scale

• Length scale

• Number of particles

• Complexity



• Structural reducibility

• Low energy physics: Universality

• Large number of particles and concept of      
statistics

• Number of intrinsic symmetries

Many-body systems: Concepts





1) Correlations in Electron Liquid
- Low density 
- Low Dimensionality
- Transports effects

2) Bose Einstein Condensation in Low dimension
- 1D cold atom in optical lattice 
- BEC-BCS Crossover

3) Localization in correlated disorder Low dimension
- disorder/interaction?
- dimensionality and Anderson impurity

4) Strongly correlated in electronic structure
- L(S)DFT ( Weakly interaction)
- DMFT ,  LDA+DMFT ( Mediate interaction)
- LDA+U ( Insulator system)

Some examples



Total Hamiltonian

Electron-electron
interaction

Fourier transformation 
of  the Coulomb 
potentials

General Properties of EL



Density in D dimension

Fermi wave vector

General Properties

Giuliani & Vignale’s book



K.E :

General Properties

2 pt u d
n

+ =Virial theorem



Second quantization

Field operator

One body operator

Two body operator



Jellium model

Electron density operator

21 / sT r

1 / sV r



Wigner crystal



Green’s function

Mahan’s book

Time order operator

Density distribution



Wick’s theorem



Non-interacting Green’s functions



Linear response function

External field



Mott Insulator

Energy gap

Thus the ground state of the Hubbard model for U>>t and n=1 is an insulating
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