
Quantum field theory for correlated many-body systems

• Introduction to correlated many-body systems

• Second Quantization

• One- and two-particle Green’s functions, Matsubara Formalism

• Diagrammatic perturbation theory and Feynman diagrams

• (Fermi liquid theory)

• Linear response theory

• Applications: Magnetism and (Super)conductivity

• Outlook: Dynamical mean field theory and beyond
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Why are correlated many-body (many-electron) systems interesting?
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Mott-metal-insulator
transition in 𝐕𝟐𝐎𝟑

High-temperature
superconductivity

• Interesting physical phenomena

• Potentially of technological rlevance



Mott-metal-insulator transition in 𝐕𝟐𝐎𝟑

Mc Whan et al., PRB (1973)
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Band gap

⇒ No electrons available for conduction

Here: Correlation-driven insulator
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⇒ Band crosses the Fermi level:  
electrons are available for conduction

⇒ Insulator due to Coulomb repulsion 
between the electrons!
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ARPES:

e.g.:  La2CuO4

High-temperature superconductivity – The Cuprates

• CuO2 planes

• La,O layers

-----------------

Cu2+ (Ar 3d9)

O2- (He 2s2 2p6)

hole doping:

La3+
➔Sr2+ 

La2CuO4 ➔ La2-xSrxCuO4

LDA (Andersen et al.)


