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Main idea of the LDA approximation

Main disadvantage – LDA has simplified

                                  electron-electron interaction.

Main advantage – LDA allows to describe kinetic

part of the Hubbard Hamiltonian and to calculate interaction

parameters.

At the ground state

Hohenberg-Kohn theorem

Kohn-Sham equations

Local (Spin) Density Approximation



  

Main idea of DMFT
Hubbard model

W/U~1

Effective Anderson Single Impurity Model

Metzner&Vollhardt'89

  

 

BCC Z=8Simple cubic lattice Z=6 FCC Z=12
   



  

H
dc

 is internal parameter of LDA+DMFT 

  Density Functional
           Theory

      Local Density 
     Approximation
            (LDA)

   
     Model Hamiltonians

         Dynamical 
    mean-field theory
           (DMFT)

                       LDA+DMFT computational scheme

    Anisimov, Poteryaev, Korotin, Anokhin, Kotliar'97

LDA contains two contributions to local electron-electron interaction: 
1. Hartree term;
2. Local exchange-correlation energy of the uniform electron gas

DMFT contains full Hubbard (local) interaction. 



The LDA+DMFT double counting problem

    The LDA+DMFT double counting problem arises since there is no 
direct microscopic or diagrammatic relation between LDA and the 
Hubbard model.

 No unique definition of the Hdc term.

 Several ad hoc definitions of double counting term were proposed.

 Some of them works only for particular compounds.

 Additional free parameter in LDA+DMFT in a sense of choosing either 
Hdc term form or simply a number or even it is not mentioned at all.



Different types of double counting treatment
If we take Hubbard interaction in the form:

    Within LDA+U method there was postulated “around mean-field 
approach” which assumes that LDA is some kind of Hubbard model 
mean-field solution

`

`

`

`



Different types of double counting treatment
If we take Hubbard interaction in the form:

    One can do the Hartree decoupling for this Hamiltonian then we get 
so called fully localized limit expression

`



Different types of double counting treatment
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Different types of double counting treatment



Main Idea of LDA' approach
The LDA Hamiltonian is expressed via local charge density:

It seems somehow inconsistent to use LDA to describe correlation effects in 
narrow (strongly cor- related) bands from the very beginning, as these should 
be treated via more elaborate schemes like DMFT. To overcome this difficulty 
for these states, we propose to redefine charge density as follows:
 

The DC term should be consistently 
taken in the Hartree form



Consistent LDA'+DMFT calculations

In our work we  used:

1) LMTO(ASA) to get LDA band structure, with Von Barth-Hedin 
exchange-correlation potential

2) LDA Hamiltonian contains all valence states (no “projections”)

3) HF-QMC to solve five orbital DMFT equations



KFe2Se2 vs. BaFe2Se2



Comparison of LDA and LDA' results
for stoichiometric KFe2Se2

Because of more repulsive potential in LDA' splitting between O-2p
and Me-3d increases, however band shape stays almost the same. Since

Me-3d states are pinned to the Fermi level  O-2p states go down.



Comparison of LDA+DMFT and LDA'+DMFT results
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LDA'+DMFT self-energy effects
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Comparison of LDA+DMFT and LDA'+DMFT results
with ARPES data

 ARPES data from

 ArXiv: 1208.5192



Conclusions:
• Proposed consistent LDA'+DMFT method to treat the 
LDA+DMFT double counting problem.

• LDA+DMFT and LDA'+DMFT calculations are done for charge 
transfer insulators NiO, MnO, CoO and metallic systems SrVO3 and 
Sr2RuO4. LDA'+DMFT results give better O-2p states position in 
comparison with X-ray data. For NiO and CoO LDA'+DMFT 
improves LDA+DMFT where metallic solutions are obtained.

• Correlation effects in KFe2Se2 grows with hole doping in 
according to LDA'+DMFT results.

• As can be seen from LDA'+DMFT results Fe-3d bands of different 
symmetry have different renormalization also dependent on the part 
of the Brillouin zone. 

• LDA'+DMFT spectral functions describes recent ARPES 
experiments on hole doped iron chalcogenide superconductor 
KFeSe in the normal state on a semiquantitative level.
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