
www.tugraz.at 

W   I   S   S   E   N           T   E   C   H   N   I   K          L   E   I   D   E   N   S   C   H   A   F   T

u www.tugraz.at

Ab-initio Description of 
Strongly-Correlated Materials 

Basics of DFT+DMFT 

Markus Aichhorn

Institute of Theoretical and Computational Physics



www.tugraz.at Ab-initio description of strongly-correlated systems 

8th November 2016
Markus Aichhorn Habilitationskolloquium TU Graz

2

The standard model: Density Functional Theory (DFT)

Walter Kohn
Nobel prize 98

„Ground state density determines all ground state properties“

No need for the wave function               tremendous advantage

Minimisation of energy functional determines 

Kohn Sham equation / bands

GaAs band structure:

Nice agreement with real life

D.F. Ferry, Electronic Structure

Empty conduction bands

Filled valence bands

Semiconductor (Band Insulator)
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Electronic correlations

Fujimori, PRL 69, 1796 (1992)

Metal

Insulator

Band Theory

Localisation

Standard Band Theory fails!
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Local Correlations: Dynamical Mean-Field Theory

Replace full system by single atom in effective bath

crystal effective Anderson
impurity model

Atomic physics (local quantum fluctuations) is treated exactly

Mean-field approach: Effective bath determined self-consistently

Describes Mott metal-to-insulator transitions

A. Georges et al., RMP 1996

Antoine Georges

Gabi Kotliar
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Ab initio description: DFT + DMFT
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Combine band theory (DFT) and include local atomic correlations (DMFT)

DFT part

Solve
Kohn-Sham equations

Interfacing
Construct projection operators on 

correlated states 
(Wannier functions)

DMFT part

Perform DMFT loop
Solve Anderson impurity model

Lichtenstein et al. 1998; Anisimov et al. 1997, G. Kotliar et al., RMP 2006 

Self consistent implementation in Wien2K: 
Projective Technique: M. Aichhorn et al., PRB 80, 085101 (2009)
Charge self consistency: M. Aichhorn et al., PRB 84, 054529 (2011) 
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Multiorbital atomic physics matters

Band theory: Electrons are waves

Mott Insulator: Electrons localize!

Atomic structure becomes important!

Atomic Hamiltonian

describes local physics

Important ingredient:

Hund's rule 
coupling

Friedrich Hund
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Local Correlations: Dynamical Mean-Field Theory

A. Georges et al., RMP 1996

Antoine Georges

Gabi Kotliar

Correlated metal Insulator

DMFT solution for the single-orbital Hubbard model

Exact Limiting cases: - Noninteracting Electrons

- Atomic limit

- Infinite dimension / coordination
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M. Aichhorn et al., CPC 204, 200–208 (2016)
O. Parcollet et al., CPC 196, 398–415 (2015)
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