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A bird's view into some correlated electron systems
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e From large to small

* The nearly free eectron

e Metals and insulators: Quantum theory of solids

* The electronic traffic jam: Mott insulators
 Driving Mott insulator into correlated metals

* Novel phenomenon: Challenges of the 21% century




Eraof theLarge: 19" Century

Materials 1n the
Revolutionary Wars.

— — ™

1779: end of war of
imdependence.

"For God’s sake and our
countries— send copper
bottomed ships to relieve
the foul and crippled
ones."

Copper plated Hull

IRON BOLTS : RAPIDLY CORRODED




Age of the small: 20" century

COpper 2000: part of a more
ral cl PApRooE
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Cuprate Superconductors




Solids. A heavily crowded system

& % i 1mm 1 A = 1/10,000,000 mm
L

-  Grains of Salt

1omm

Population of India:

s000000 _x 1 Billion

4,000 000
atoms

4,000,000 Atoms

World population:

6.3 Billion

(4,000,000)3 =
6d QUINTILLION
ATOMS

omplex assemblies of
atoms and molecules
require a STATISTIC AT,
description. <
sV
Ludwig Boltzmann




Electronsin Solids
Solids
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Hamiltonian

R-electron co-ordinates

P2 r- nuclear co-ordinates
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The free electron model (of metals)

F = eE—mOIt mT
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Electrical conductivity: s
Hel-nucleus Hel-e|
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The Wiedemann Franz Law

Ne’ T
Electrical Conductivity: O =
M
2
Thermal conductivity: K = N ka i
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L orentz number~2.45" 10° watt-ohm/deg?

Ag: 2.31° 10°watt-ohm/deg”
Au: 2.35, 10°watt-ohm/deg® A 573k
Cu: 2.23" 108 watt-ohm/deg?
Pt: 2.51" 108 watt-ohm/deg?



Quantum theory: First breakthrough
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Free particle wave function modulated by the crystal lattice



Why are insulators insulating?

Formation of energy bands Solid

Free atoms ® o
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Freeto move with effective
mass m’

Ag: 1.99MAMcm Au: 2.35mAcm

Energy | nsulator

Electrons not freeto move
P: 10mMA~cm 1:1.37° 10°mAM- cm




When is H®¢ important?

Electron uniformly
distributed in the solid

/ i ' Screenin g effective
He-¢ not important
e

Electron spends most of
the time close to the atom Screening less effective
He-¢ becomes important with
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Alternative picture of Insulator and Metal when H®¢ isimportant

Bloch Insulator

Energy h-.:.:d diagram
s
Metal
4_ Energy band diagram
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Non Bloch Insulators

Band not filled

V. O, insulator
T1,0,: Iinsulator
CuO: insulator

Half filling!!!

Theoretical phegsiciar fly fishing.



. '”C‘Uding He< at half filling: Mott Insulators

Sir Nevill Francis M ott

1905-1996

Energy hand diagram
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Can we drive Mott insulator Metallic?

Why?



Correlated metals

La,CuO,: Mott-insulator
Holedoping® La, Sr CuO,: Superconductor (T ~40K)

CaRuO,: Mott-Insulator

Bandwidth Control (pressure) ® ferromagnetic metal
Bandwidth Control ® Sr_RuO,: spin triplet superconductor

LaMnO,: Closeto a Mott-Insulator
Holedoping® La,_Sr MnO,: Colossal M agnetoresistance

Bandwidth: Sr,Ru,O_: Stoner enhanced Pauli paramagnet
exhibiting Quantum Criticality



Driving Mott-Insulators Metallic 1



High Temperature Superconductors




Mott Insulator: La,CuO,

Valence band half filled
(Cu-0)

J. Georg Bednorz K. Alexander Muller

The Nobel Prizein Physics 1987

Hole Doping: La®", Ba®*" CuO,

-X



Other High temperatur e super conductors

YBaCuO,  T~90K (Hg,TIBa,Ca,Cu,0, Tc~139K

Superconducts in liquid nitrogen
(77K)



Driving Mott-Insulators Metallic 2



Antiferromagnetic
Mott insulator: LaMnO,

Valence band half filled
(Mn-0O)

Holedoping: La®” _Ca“’ MnO,



L aG M no,

4/\

Electron Hole
La®), Ce*) MnO, La®), Ca“’ MnO,

Jilectron doping



Driving Mott-Insulators Metallic 3

Pressure



Physical Pressure

/V

Mott Insulator: Ca RuO,

Chemical Pressure

Sr_RuUOQ, (spin triplet superconductor)




Other Interesting Phenomenon in correlated electron systems

CePd,Si, Quantum criticality

Spin Charge Separation: Luttinger liquids

Srcuo,



Thefuture

Condensed matter physics of the 20" century has
been the physics of the small. The quantum
theories of solids have provided unprecented
insight to the properties of solid at a microscopic
scale.

Condensed matter physics in the 21% century Is like
to be dominated by complexity. Current theoretical
technics are inadequate to describe these complex
systems. It isvery likely that a completely different
approach will be required to deal with these
problems.
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