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Dynamical Mean-Field Theory (DMFT)

* Single out an atom from the lattice

» Replace the rest of the lattice by an effective medium

* Time resolved treatment of local electronic interactions
» Reconstruct lattice quantities

T o ml (D= (0}

Electron reservoir

A. Georges et al. RMP 68, 13 (1996) Physics Today (March 2004) Kotliar, Vollhardt



DMFT VS

H=t.c'c
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LDA = Wannier projection: ‘H, (k)

= constrained LDA:

= double counting :

FP-LMTO, PW
paramagnetic solution

Uij
Hy(k)= Hi pa(k)-E

8x8 (MnO), 38x38 (Fe,0,) matrices

H= 2 ﬂ-[(')(k) + 2p UijnRinRj ‘

on 3375 k-points
DMFT
Find chem. potential
i Compute local propagator ,

Gyq(10,,) £ PIOPES 2(im,)

Construct impurity problem nvFkT: T — o,
FT: o, — 7 Compute X
G(), Uij Gaa(T)

Solve impurity problem

Hirsch-Fye QMC
CT-OMC hybridization expansion

Ma&E&
quantities on real axis

One- and two-particle }
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Quasiparticle renormalization
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Crystal-field effects

Orbital fluctuations in d! perovskites
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Pavarini et al., Phys. Rev. Lett. 92, 176403 (2004)

Bandwidth is renormalized
while crystal field is not




Moment collapse and Mott transition under pressure
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Yoo et al., PRL. 94, 115502 (2005)
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(crystal-field + on-site exchange J)

* moment collapse
* insulator -> metal transition
 volume collapse

e structural transition
FeO, CoO, Fe,0;, BiFeO,, ...

JK et al. Nat. Mat. 7, 198 (2008) ... MnO

JK et al. PRL 102, 146402 (2009) ... Fe,0;
Werner & Millis PRL 99, 126405 (2007)

Lyubutin et al. PRB 79, 085125 (2008) ...
BiFeO;,



Eastman & Freeouf, PRL 34,




Charge-transfer insulators: NiO

(p-d hybridization)
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Susceptibility
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Spectral function
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Spectral function

uniform ¥, 1
local (Zy,)

2
C ol

Resistivity
=

TR R B S R A
( 500 1000
\

I D)) I




e-o Charge gap A,

©-¢ Spin gap A,

— A, (perturbation theory)
o QP weight Z
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Summary

* LDA+DMFT can describe qualitatively different physics than LDA,
such as PM phases of Mott insulators, quasiparticle renormalization,
Kondo screening and heavy fermion physics

e Multiple bands can give raise to new phases and transitions not existing
for simple models

Future and open problems

e Connection between LDA & DMFT - double-counting,
calculation of interaction parameters cRPA, cLDA and charge self-
consistency

e More efficient impurity solvers

e Linear response - spin, charge and orbital susceptibilites (dynamic)
* beyond single-site approximation: DCA, CDMFT, DI'A, dual fermions




