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Gap in semiconductor. Comparison of LDA
and GW with experiment

 Semiconductor   LDA  FS GW Exp

C  3.90 5.33 5.48
Si  0.52 0.90 1.17
Ge  0.05 0.62 0.74

LiH 2.57 5.1 4.94
MgO 5.2 8.3 7.8



Comparison of LDA and GW
for (0,9)  nanotube.

Gap changes from 0.08 eV  to 0.17 eV



Intro. e-e interaction in homogeneous
electron gas

Perturbation series can be resummed in terms of screened
interaction W(ε). (Hedin 1965)

Series for thermodynamic energy (Luttiger-Ward functional ) can
be sketched as  ln(G)–ΣG+Φ; Σ=δ Φ /δG

In perturbation theory first terms are
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Local GW approach in 3d and 4d
metals
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Local GW approach in 3d and 4d
metals
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DMFT equations
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DMFT equations
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Methods of DMFT equations
solution
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Approximate methods – Hubbard I, Gutzwiller, etc

Exact diagonalization method

Second order perturbation theory in ∆/U

Hirsh-Fye Monte-Carlo

Continuous  Time Monte-Carlo with expansion in U (Rubtsov)

Continuous Time   Monte-Carlo with expansion in ∆ (Millis, Haule)



General Framework

Generalized Luttinger-Ward  functional*

*Almbladh, von Barth and van Leeuwen, Int. J. Mod. Phys. B 13, 535 (1999)
Chitra and Kotliar, Phys. Rev. B 63, 115110 (2001)
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Approximation for Y 
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Метод GW+DMFT

0

R )()( 0000 ww DMFTS=S

)()( 00 ww GW
RR S=S

On-site self-energy SDMFT.

Self-energy between sites SGW .

Biermann  Georges Liechtenstein…. PRL (2002)

Also can be reformulated using Luttinger-Word functional



GF+DMFT approach
7. We used LMTO-ASA method to build an appropriate basis

0)()(1 =Y- rG kF
ne

Green function (ε-H0- Σ)-1

Π=-Σ(GG)

W=V/(1+V Π);  U=V(1+V Πrest)

Σ= GW + Σsolver

8. Matsubara Green functions. To obtain DOS we make analytical continuation
of ΣGW(iω) by Pade – approximant procedure.



Direct Coulomb interaction
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Pure Coulomb interaction

Ni –F0 ss pp dd
ss 0.470 0.466 0.549
pp 0.466 0.462 0.543
dd 0.549 0.543 0.940

HEG ss pp dd

ss 0.430 0.417 0.406

pp 0.417 0.409 0.400

dd 0.406 0.400 0.394

F2=0.030  F4=0.009

F2=0.019  F4=0.003



Pure Coulomb interaction

Ce ss pp dd ff
ss 0.327 0.319 0.345 0.401
pp 0.313 0.333 0.368
dd 0.379 0.457
ff 0.846



Constrained LDA method
Dederichs 1984, Gunnarson 1989, Anisimov 1991
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GW approach to U
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On-site U(0) is between 2-4 eV

On-site U for the 3d series
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Nearest-neighbour U(0) is between 0.2-1.0 eV

Nearest-neighbour U for the 3d series



Static Hubbard U for the 3d series



Energy dependence of  interaction in NiO
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Antiferromagnetic NiO: LDA and GW calculations
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Schematic levels in Mott
insulator NiO
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Density of states (DOS)in paramagnetic NiO
Left: DF approach -> металл( DOS at Fermi)

Right : GW+DMFT->insulator (gap)

In experiment NiO is an insulator with gap 4.5 eV
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Hubbard and charge-transfer
models
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Experiment in NiO

Charge-transfer model Hubbard model

PRB 71 (2005)



LDA+EX-DIAG в NiO
Savrasov et.al PRL (2008)
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Conclusion

• 1. Self-consistent GW method was implemented for 3D and 1D
crystal structures.

• 2. R-space convergence was investigated.
• 3.  GW+DMFT approach was applied for electronic structure

calculations in  Mott insulator – paramagnetic NiO.
• 4. GW+DMFT with Моnte-Carlo solver  - in progress.
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Self-Consistency Conditions
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Exact diagonalization method
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Second order perturbation theory
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PHYSICAL REVIEW B 72, 045111 2005    K. Haule, G. Kotliar
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Suppose the bandstructure of a given solid can be well separated
into a narrow band near the Fermi level and the rest,
e.g., transition metals or 4f metals.

We write the total polarisation as

transitions only

Effective interaction among electrons in a narrow band

M. Springer and Aryasetiavan, PRB 57, 4364 (1998)
T. Kotani, J. Phys. Cond. Matt. 12, 2413 (2000)
Aryasetiavan, Imada, Georges, Kotliar, Biermann, Lichtenstein, PRB 70,
195104 (2004)
I. Solovyev and M. Imada, cond-mat/0407786 v1 30 Jul 2004



Диаграммное разложение по гибридизации D
взвешивание диаграмм по Метрополису

Millis et al PRB (2006)
K. Haule PRB (2007)



Expansion in hybridization

One-site partition function





Self-energy and effective interaction
along imaginary axis
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