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Y(k,w) : the “self-energy” captures the effects of interactions
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Hubbard model
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Metal-insulator transition in Hubbard model

-

Electron energy

-

Electron energy

Uu=w

Ferml Metal d

Iaval hand

Oxygen
p band

U< W

Fermi Metal d
level band

Oxygen
p band

-

Electron energy

|

Electron energy

Fermi
level
Oxygen
p band

Fermi
level

Oxygen
p band

n=1

Metal d
band

-~

n <

Metal d
band

|



BANDWIDTH U/W or A/W

metal

Joje|nsu] How

£ AT 12

BT EE-AsF:

metal

Filling-controlled
MIT

Bandwidth-controlled
MIT

FILLING #

3el

-

Electron energy

A

Electron energy

U<W

Fermi | Metal d
level band

Oxygen
p band

P

n<1

Fermi Metal d
level band

Oxygen

p band



BANDWIDTH U/IW or A/W

metal

ﬁuu.%*’ﬁ—r 'ﬁ

BT EE

metal

Filling-controlled
MIT

Joje|nsu| NOW

L]
Ll

Bandwidth-controlled
MIT

1 FILLING »

ey

Fujimori

<«— Bandwidth control —»

U/wW

._1__
CaTiO 3|

SrTuO 3]

b H - i
r—

™ T ba

|

-2@2%14‘& Z

¥

AéO 3

.

nuesocoo

4 Mott
Band ! |nsulator

a
J

Insulator ;E/ e
Insulator vvo 3

<+— Filling control —»




DENSITY OF STATES

N

BEh MU

4Lb U: I:I
I UW =05
LIESIIJI? rticles L.
LW =2
u »
'E_ T
F F+%

ENERGY

BRTEE

Intensity (arb.units)

-RIRET

photoemission

/Expt.
-

2 1 0 -1
Binding Energy (eV)

A. Fujimori et al., PRL 1992



DENSITY OF STATES

|
(4Y4Y
=11
o]
=11

BEy—

B-B N

'

EF

4in =0
4 UW=05
u351p|z rticles UW =12
| UiW =2
>

DOS plm)

=

Momentum density nik)

XEHEFRES

=
-

_..-r'"

Alk,m)
[
% Free elecfron band
\ -
Ko [0 7 ke
L ’ lﬁuasi-particle band
K .+ {coherent part)
ol 1
KF 0 KF

ved juasayoau)



DMFT: Mott-Hubbard metal-insulator transition
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Characteristic three-peak structure
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Mott-Hubbard vs Brinkman-Rice transition

The Mott-Hubbard transition (insulator) Uc=W
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Mott-Hubbard + Brinkman-Rice transition
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Lifetime broadening mode
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FWHM of
quasiparticle peak
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Crystal structure of manganites

Important physics occurs in MnO4 octahedra and MnO,, plane:
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Phase diagram and magnetic structure
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CORRELATED ELECTRON SYSTEMS
REVIEW

Orbital Physics in Transition-Metal Oxides

Y. Tokura™? and N. Nagaosa'

An electron in a solid, that is, bound to or nearly localized on the specific
atomic site, has three attributes: charge, spin, and orbital. The orbital
represents the shape of the electron cloud in solid. In transition-metal
oxides with anisotropic-shaped d-orbital electrons, the Coulomb interac-
tion between the electrons (strong electron correlation effect) is of
importance for understanding their metal-insulator transitions and prop-
erties such as high-temperature superconductivity and colossal magne-
toresistance. The orbital degree of freedom occasionally plays an impor-
tant role in these phenomena, and its correlation and/or order-disorder
transition causes a variety of phenomena through strong coupling with
charge, spin, and lattice dynamics. An overview is given here on this 3z2-r2 x2-y?
“orbital physics,” which will be a key concept for the science and tech- 139 Toiials

nology of correlated electrons.

e, orbitals




Bi-layer split band structure in x=0.36, 0.38 compounds
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Dispersions of bi-layer split bands
of x=0.36, 0.38 compounds
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