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DMFT maps a lattice many-body system onto
multi-orbital Anderson-like impurity model (AIM)

Metzner, Vollhardt, PRL '89, simpli�cation for d ! 1

Georges, Kotliar, PRB '92, mapping onto an AIM

Anisimov et al., EPJ '97, LDA+DMFT
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LSDA Green's function as an input to DMFT

Already some LSDA+DMFT “one-shot” implementations available

Mostly based on the LMTO, NMTO methods

Fully self consistent implementations:

S. Y. Savrasov and G. Kotliar, PRB 69, 245101 (2004), FP-LMTO

S. Y. Savrasov et al., Nature 410, 793 (2001).

L. Chioncel et al., PRB 67, 235106 (2003), EMTO

Minár et al., PRB 72, 045125 (2005), KKR
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KKR represents electronic structure in terms of
single particle Green's function

Gnm
LL 0(r ; r 0; E ) =

X

L;L 0

Z L (r ) � nm
LL 0(E )Z �

L 0( r 0)

� � nm

X

L

Z L (r < ; E )J �
L (r > ; E )

Dyson equation G = G0 + G� H G0

linear response formalism
treatment of complex structures:
surfaces, nano-structures

CPA alloy theory

description of spectroscopic quantities

central quantity of many-body theories CCP9-08– p.5/5
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F

KKR
S
G

E

DMFT
(FLEX)

V LSD A (~r ), � DMFT
+

single-site problem: t LL 0(z)
+

multiple scattering: � LL 0(z)
+

KKR-Green's function: G(~r ; ~r 0; z)
+

charge � (~r )

+
V LSD A (~r )

+
G-matrix GLL 0

+

DMFT-solver
+

� DMFT
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Effective impurity problem solved by spin-polarised
T-matrix plus Fluctuation Exchange (SPTF)

Hartree and Fock contribution to � :

� (T H )
12;� ( i! ) =

1

�

X




X

34� 0

h13jT � � 0
( i 
) j24i G� 0
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12;� ( i! ) = �

1

�

X
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Spin-�uctuation contribution:

� ( f l )
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X
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1342 ( � )G� 0

34
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Densityof states
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(H 0 + V" + � " " )  " +
�

hSOC
" # + � " #

�
 # = " "  "

(H 0 + V# + � ## )  # +
�

hSOC
#" + � #"

�
 " = " # #

3d transition metals:

orbital magnetic moments c

magneto-optics of 3d TM
conductivity, Kerr effect c

photoemission of 3d TM
Fano effect, ARPES c

actinides:

magnetic moments
� spin ;orbital = 0 in Pua;b

phase transitions:
� -� -"–transitions in Pua

photoemission:
”3-peak”–structure in Pua;b

a Savrasov, Kotliar, Abrahams
b Pourovskii, Katsnelson, Lichtenstein
c Perlov, Chadov, Minár, Ebert, Chioncel, Lichtenstein, Katsnelson
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spin moments
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Fe and Co impurities diluted in Au
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spin and orbital moments
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Spin polarisation of photo electrons
due to spin-orbit coupling

spin-resolvedangle-integrated
photoemissionexperiment

ESRF

Detector
semisphere

e�

spin

ferromagnetic systems

magnetization in plane

photoelectrons

circularly
polarized

spin polarized
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radiation source
wave vector ~q
polarisation �

photo electron detector
wave vector ~k
spin state ms

photo current

j ~q�
~km s

(E + ! ) /
Z

d3r 1

Z
d3r 2

�
TR � LEED

~km s
(~r 1 ; E + ! )

� y

X ~q� (~r 1 )

= G(~r 1 ; ~r 2 ; E )X y
~q� (~r 2 ) TR � LEED

~k m s
(~r 2 ; E + ! )

� LEED
~km s

(~r ; E ) = � m s ei ~k~r +
Z

d3r 0G(~r ; ~r 0; E ) V (~r 0) � m s ei ~k~r 0
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Photocurrent and spin-difference Ephot = 600 eV
Minár etal., PRL 95, 166401 (2005) ± Experiments: N. Brookes et al., ESRF
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Spin-resolvedspectra
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Experiment: E. Kisker et al. PRB 31, 329 (1984)

Theory: J. Braun, J. Minár and H. Ebert CCP9-08– p.18/5
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Experiment Theory LSDA+DMFT Theory LSDA

Eh� =50eV, linear polarised light

Experiment: Mulazzi et al.
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resultsbasedon LSDA+DMFT-� ~k (Sadovskii et al.)
in collaboration with I. Nekrasov (Ekatarinenburg)
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Absorptive componentof the optical conductivity tensor:

� (1)
�� 0( ! ) =

1

� !

Z

BZ
d3k

Z � F

� F � ~!
d�

X

ij

J �
ij (k ; � )J � 0

j i (k ; � + ~! )

J �
ij (k ; � ) =

X

n

= Gin (k ; � )hn k j Ĵ � j j k i

Green's function:

Gij (k ; � ) =
h
hi k j j k i � � hi k j Ĥ LSD A j j k i � hi k j �̂( � ) j j k i

i � 1

Approximation for the self-energy matrix elements:

hi k j �̂( � ) j j k i � � ij ( � )
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d-DOS Optical conductivity
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d-DOSof Mn
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Self-consistent KKR-implementation of LSDA-DMFT
using the single-particle Green's function throughout
to represent the electronic structure

combination with CPA alloy theory

spectroscopy
Photoemission
optical properties

Relativistic implementation
orbital magnetism
Fano-effect
Magneto-Optics (LMTO)
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Magnetic properties of transition metals - e.g. FexCo1� x

spin magnetic moment
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Spin magnetism in general
treated well by LSDA

Problems with:
- spin-orbit induced orbital magnetism

- hyper�ne �elds

- and other properties
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INSIDE DFT

Optimized Potential Method
Gross, Görling, Kotani, ...
Akai, Ködderitzsch

Self Interaction Correction
Perdew, Zunger, Spaldin, ...
Ernst et al, Toyoda

————————————

GW method
Aryasetiawan, ...
Ernst

OUTSIDE DFT

Orbital Polarisation
Brooks,
Ebert

L(S)DA+U
Anisimov, Lichtenstein, ...
Ebert

DMFT
Kotliar, Vollhardt, Georges,
Katsnelson, Lichtenstein, ...
Min�r etal

KKR-implementations
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H = H LSD A +
�

1

2

X

il

X

m� m 0� 0

0 U � � 0

mm 0 n̂ il m� n̂ il m 0� 0
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X
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m� m 0

0 J mm 0 ĉy
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il m 0�� ĉil m�
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� � l n̂ il m�
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i = i d ;l = d

U "#
mm 0 = U U � � 0

mm 0 = U � 2J � J � � � 0

U intra-orbital Coulomb repulsion
from constrained LSDA or linear response

J Hund exchange term

� � double counting corrections CCP9-08– p.27/5



München

Ludwig

Universität
Maximilians Implementation of LSDA+DMFT using the KKR

Dyson equation:

G(~r ; ~r 0; E ) = G0(~r ; ~r 0; E )

+
Z

d3r 00
Z

d3r 000G0(~r ; ~r 00; E )

�
VLSD A (~r 00) � (~r 00� ~r 000) + �( ~r 00; ~r 000; E )

�

G(~r 000; ~r 0; E )

Approximation: �( ~r ; ~r 0; E ) is on-site self-energy.
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SG

KKR

EFDMFT (TMA)

V LSD A (~r ), � DMFT
+

single-site problem: t LL 0(z)
+

multiple scattering: � LL 0(z)
+

KKR-Green's function: G(~r ; ~r 0; z)
+

charge � (~r )

+
V LSD A (~r )

+
G-matrix GLL 0

+

DMFT-solver
+

� DMFT

Pade
approx.

Kramers-Kronig
transform.
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Effective impurity problem solved by spin-polarised
T-matrix calculated for the zero temperature

Self-energy � includes only Hartree and Fock
contributions:

� (T H )
12;� (E ) =

X
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1Z
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diagrammatic representation of the self energy �
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EF
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3d-electron systems(Ni)
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Effect of double counting corrections on the DOS of Ni
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exact form of DC not known: comparison to experimental ARPES
Braun et al., PRL (2006), Chadov et al. EPL (2008)

static double-counting: AMF (around mean �eld)
accurate treatment of enhanced orbital polarization

dynamical correlations important for spectroscopy
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KKR+DMFT
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LSDA+DMFT

Experiment Theory surface Theory bulk

Eh� =50eV, p-polarised light

Experiment: Mulazzi et al.
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Experiment: J. Schoenes (1984)
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theory: LDA+DMFT Ephot = 54eV

experiment: Pluca..., Schneider
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