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TM oxidesunder high pressures

Simultaneous moment collapse metal-insulator transition
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Simultaneous moment collapse metal-insulator transition
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What happens right at the transition?
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» LaCoO,

* Dynamical mean-field theory

* HS-LS transitions in 2-band model

* HS-LS order on bipartite lattice

* Blume-Emery-Griffiths model for fermionic systems
* From cobaltites to manganites

* Conclusions
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Two-band Hubbard model
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Dynamical mean-field theory



Hubbard model in d=ee

Hamiltonian = +
H = Z YLEJ(”MT(”JU + U Z NitTi|
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L arge dimension limit - classical Heisenberg mode

Z = Z exp(—.9)
{si}

Cavity construction: S =50+ A5+ 5 AS = Z JoisoSi

Expansion in ‘hybridization’:
[ = Z([’]) Z exp(—S{)) (1 + Z J;;{'](S’;;)({])S‘{] + % Z J@{]Jj{}<S.18j>({])1‘3‘;-2} + )

50 I‘*.j

Cumulant expansion: Z = Zio) S exp(—Sen)

S0

Seﬂ—‘ = flS[‘] + Z .Jg'[']<é3‘¢>(['])é3‘['] -+ % Z Jg;{';..]j[] (<5153>([]) — <S¢>([‘]) <Sj>({;.)> ‘3‘6 + ...

Scaling: ;o J*
T d




Dynamical mean-field theory

* Weak coupling expansion
In d=co [IMit only local contributions to the self-energy survive!
Yk, w) = X(w)
2 = (I)[Glc:c]

* Cumulant expansion (cavity construction)
In d=co lIMIt tha action reduces to interacting site subject to
“time dependent” external field equivalent to fermionic bath

Georges and Kotliar,
PRB 45, 6479 (1992)



DMFT Weaiss molecular field
H = Z Lij mt"Jg + U Zﬂ.ﬁnu H = Z Ja;;ij,Sj + hZ Si
1,7,0 1 1,7 7
Gii(7) = —(Tei(r)cl (0)) si = (5i)
H]DE = hS

Hioe = (5 — /JL) Z CLCJ + Unqn +

Z Nl bro+
To
Z Vyelbro + c.c.

1
Gii(w) = Zk wtp—er—24(w)
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Dynamical Mean-Field Theory (DMFT)

* Single out a site from the lattice

* Replace the rest of the lattice by an effective medium
* Solve the impurity many-body problem

* Reconstruct lattice quantities

10) I T4

o a Iy i D)

Electron reservoir

— DMFT

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



| mpurity problem

Hamiltonian formulation

Hi e = (5 — ,u) Z clcg + Unqyn + Z ’r].rbighm—k Z %1CLFJ-;~U + c.c.

- 12

Vv,
Aw) =3, &L

Action formulation

Simp = — / d’TZ Co (T d_T +p—€)co (T) + Uns(17)ny (7)—

/ d'r/ dr’ ch (7 —7)eo ()

Gii (1) = —(Tei(1)el (0))




Two-band Hubbard model
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U-A phase diagram
A - crystal field

JU - fixed

Uniform phase (arbitrary lattice - DMFT)
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U-A phase diagram
A - crystal field

JU - fixed

2D - bipartite lattice (square lattice)
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U-A phase diagram
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U-A phase diagram
A - crystal field
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Band gap

‘Band gap =0’
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L ocal statetransition
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Two-band Hubbard model at half filling

on-site HS-LS competition non-interacting band structure
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Spin susceptibility and disproportionation
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Reentrant HS-L S disproportionation
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Blume-Emery-Griffiths modd
H = DZ s?+ K Z efeﬁ + 1 Z SiS
i (i7) (i)

Blume et al., Phys. Rev. A 4, 1071 (1971)
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M ean-field for the BEG model
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M ean-field for the BEG model
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Spectral function

One-particle spectral densities
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Spectral function

One-particle spectral densities
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Spectral function

One-particle spectral densities
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Spectral function

One-particle spectral densities
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Spectral function

One-particle spectral densities
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LaCoO,
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Spectral function

Holed
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Spectral function

Hole doping

Upper band occupancy increases !
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LaCoO,- LDA+DMFT results

Magnetic excitations = HS
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Conclusions

* (Quasi)degeneracy of 1onic multiplets leads to rich phase diagrams in
strongly correlated systems.

* Effective HS-LS attraction at the HS/LS transitions leads to a ordered
state with reduced translational symmetry.

* 2-band Hubbard model with crystal field provides fermionic realization
of BEG model and introduces new parameter - doping.

 Under certain circumstances (W >>W, ) doping leads to formation of
inhomogeneities - magnetic polarons

* We observe similar physics in LDA+DMFT calculations for LaCoO,

(LS vs HS competition 1n stoichiometric system, disproportionation,
generation of IS by hole doping)



L ow-energy model

Integrate out the charge fluctuations:

* keep 3 local states _¢_ _¢_ S
¢ ¢ ¢

* treat hopping as perturbation

Hamiltonian
: : HS S
H = &(}Zﬂ’i.a T Z ("-{51”’1‘. _}_éaﬂza ? )
1,07 {?j}{r
o =A—3J,& = g, o= -1
Mean-field free energy
C
F(T):%(11+ rp) + 28 (24 +2p — 2wa20p) — Swanp
I
+ —(1—z24)In(l —24)+—=(1 —2p)In(l —xR)
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