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o | DA+DMFT

— (Physical) Hamiltonian point of view

— Spectral density functional point of view

— "“Colossal” magnetoresistance in La;_,Ca,MnOs5
— “Kinks"” in SrVO3 and everywhere



Repetition
Limit d — oo = DMFT

local contribution of all (skeleton) Feynman diagrams;

self-consistent solution of AIM

DMFT vyields major part of correlations, i.e., the local correlations



DMFT algorithm

G(w) :é /BZ k[ wl+ pl —e(k) — Z(w)]
G(k) F.T. of tz’j

gO — (G—l + E)_l

Calculate G from AIM defined by G’

2new — (gO)—l — G_l

lterate with X =30, until ||X — X, w|| < €




DMFT algorithm

G(w) :é /BZ k[ wl+ pl —e(k) — Z(w)]
G(k) F.T. of tz’j

gO — (G—l + E)_l

Calculate G from AIM defined by G’

2new — (gO)—l — G_l

lterate with X =30, until ||X — X, w|| < €

s
s




Solvers for AIM

Betheansatz

approximate:
e iterated (2nd order) perturbation theory (IPT)
simple, qualitative physics of Mott-Hubbard transition
e non-crossing approximation (NCA) and extensions

numerical:
e quantum Monte-Carlo (QMC) simulations
effort ~ 777
e projective QMC
T =0
e numerical renormalization group (NRG)
best for low w
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LDA4+DMFT many body physics
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0 U/W 00
U local Coulomb interaction, W: LDA bandwidth

—— exactt-] ;J=D/8 ‘
2 | e DMFT ;U=8D; Ng=25

* with severe restrictions: symmetry breaking necessary
but e.g. no spin polarons in antiferromagnetic phase
Sangiovanni, Toschi, Koch, KH, Gunnarsson ... PRB'06
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(non-relativistic/Born-Oppenheimer approximation)
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Hipa
e non-local Coulomb interaction — Hartree term (to leading order in 1/ Z; contained in LDA)
e constrained LDA = U, J,V=U-2J, Ae (McMahan et al.’88, Gunnarsson et al.’89)
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Spectral density functional theory: E[p, Gi;(w)] Savrasov, Kotliar'01
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Solve Anderson impurity mode with
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NCA, IPT show quantitative differences at Mott-Hubbard transition




I1) LDA+DMFT as a spectral density functional theory



DMFT Luttinger Ward functional

in terms of local G(w), X(w)

Q[=, G]

®[G] — TrEG — Trin([Gp(w)] ' — Z(w))

DMFT self-consistency egs.

5Q[S, G

0G

5O, G

03

=

=

5P[G]
> =
5G

G(w) = é

(AIM)

BZ

d*k[GY(w) ™" — B(w)] ™" (Dyson)



DMFT Luttinger Ward functional

in terms of local G(w), X(w)

QE,G] = ®[G] —TrEG — Trin([GL(w)] ™" — Z(w))

DMFT self-consistency egs.

5Q[S, G  §53[G]

-0 = = AIM
6G sa M)

5Q[E, G 1 _ _
=Gl Gw)=— [ d&’k[G(w) " —2(w)]"" (Dyson)
> VBz JBZ

also allows to calculate correlation functions, higher order GF

correlations purely local



LDA+DMFT as Spectral Density Functional Theory

Savrasov, Kotliar'01
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Savrasov, Kotliar'01
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00232, G, Vkg, 00232, G, Vg,
[ G KS P] =0, [ 55 Ks, ] =0 = DMFT egs. Problems:
basis dependent
SQ[T, G, Vica, SQ[T, G, Vi, :
[ Ks: Pl _ 0, [ ks: Pl _ 0 = Kohn-Sham egs. material dependent

o0VKs op




I11) Manganites La;_,Sr,MnQO;

colossal magnetoresistance
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