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Insulator: o”S(T = 0) = lim lim lim R[o, 3(q, w)] = 0
- T—0+ w—0|q|—0 |

Classification of insulators:

single-particle effects VS. many-particle effects

Band filling (Bloch-Wilson) Electronic correlations (Mott-Hubbard)
Lattice deformations (e.g., Peierls) | Long-range order (Slater, Heisenberg,...)
Disorder/randomness (Anderson)




Metal-Insulator Transitions
in the Presence of Disorder:
Examples



Anderson metal-insulator transition:
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Metal-insulator transition in a dilute, d=2
low-disordered Si MOSFET
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Disorder
(quenched)



Anderson disorder model on the lattice

- t
H = Z tl.jciacja + Zgl.nia
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Random hopping Random local potential



Anderson disorder model on the lattice

H=—t Z ciTchG + Z&‘inia
<i,j>,0' o

Random local potential

Disorder - Scattering of a (quantum) particle

Scattering time 7 2> |Z(w=0)x 1

Weak scattering (d=3) d(0) =0, =

Drude/Boltzmann conductivity



Anderson disorder model on the lattice

H

= —f Z ciTchG + Zginig
<i,j>,0' o

Random local potential

Disorder distributions, e.g.,:

Box disorder
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A: disorder strength
(O:) i = _[ de.P(¢)0,

e.g., local DOS <,0(5i)>arith




Anderson disorder model on the lattice

H=—t Z ciTchG + Zginig
<i,j>,0' o

Random local potential

Disorder distributions, e.g.,:

Box disorder P(ei) A: disorder strength
A 1/A .
pley = 82—l (0,) i = | d2.P(£))0,
A —A/2 mz: B e.g., local DOS <'O(gi)>arith
Binary alloy disorder (alloys A,_B,, e.g., Fe,,Co,) Ples)
x 1t 1-x

s (i 2) v -m (o)

—AS2 A2




Disorder affects wave fct. w(r)= ‘w(r)‘ei‘l’(”
Localization of a particle, o(0) =0, due to, e.qg.,

Anderson localization

A = A_ : Anderson localization (1958) A =0, d=1,2
due to coherent back scattering | >0, d=3

Strong scattering —> ,,standing“ electronic waves

A

A=B




ei¢(r)

Disorder affects wave fct. w(r)= ‘W(r)
Localization of a particle, (0) =0, due to, e.qg.,

Anderson localization

A = A_ : Anderson localization (1958) A =0, d=1,2
due to coherent back scattering | >0, d=3

- A
Alloy band splitting ™ 1x Upperalloy

~* Subband (UAB)
Binary alloy disorder, bounded Hamiltonian 4

x Lower alloy
A>A > maX(\t‘,U ), ford >1 > Subband (LAB):

—




DMFT for disordered systems



Anderson disorder model on the lattice
H=—t Z ciTcha + Zgl.nia
<i,j>,0 o

Coherent potential approximation (CPA) Soven (1967)
(“best single-site approximation”) Taylor (1967)

e robust results for <,0(€i)>amh
e cannot describe Anderson localization



Example: CPA results for phonon DOS for disordered cubic crystal
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FIG. 20. The phonon density of states p(w?)
versus w?/wp? for disordered simple cubic lattices
with Mp = 3M A at four concentrations ¢ of B
atoms. A comparison between the CPA (solid

line) and the _machine calculations of Payton
and Visscher (1967) [after Taylor (1967)].

Elliot, Krumhansl, Leath (RMP, 1974)



Coherent Potential Approximation and d— oo

CPA = exact solution of the Anderson disorder model in d— oo

Vlaming, DV (1992)

More precisely: | DMFT with <'O(gi)>arith <> CPA

Generalization of DMFT to disordered and interacting lattice electrons
Janis, DV (1992)
Local potential operator:

Uﬁ:’, —0 +€i Mo

AN

— 1
Vie = 3



Mott-Hubbard Transition
VS.
Anderson Localization



Anderson-Hubbard Hamiltonian

H=—t Z ciTchG + UZnian + Zgl.nia n=1
<i,j>,0' I o

o(5 — lel) LA

5 —

A
A: disorder strength

Box disorder  P(¢;) =

=AS2 A2

A=0: Mott-Hubbard metal-insulator transition for U>U_
U=0: Anderson localization for A > A_ > 0in d>2

1. Can both transitions be characterized by the average local DOS?
2. Further destabilization of correlated metallic phase by disorder?
3. Are the Mott insulator and Anderson insulator separated by

another (metallic) phase?




Anderson localization characterized by

local density of states (LDOS) pi(E) Anderson (1958)
3 b p/(E)
T T
EF E EF E
metal msulator

Search for ,typical“ value of P,-(E)

= most probable value
= maximum of probability distribution function (PDF)

l

Usually unknown



Approximation of PDF: calculate averages + moments

<,0,.(E)>am >0  Wesgner (1981)

1 ?
— cannot detect localization Which averages:

Why? Because arithmetic average
does not yield the max. of the PDF!

PDF of disordered systems: very broad/long tails

f(x)

<x>geom ‘xmedian



Approximation of PDF: calculate averages + moments

<'Of(E)>arfth >0

— cannot detect localization

Wegner (1981)
Which averages?

Why? Because arithmetic average
does not yield the max. of the PDF!

PDF of disordered systems: very broad/long tails
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0 50 100 150 200 250

Normal distribution Log-normal distribution
(Gaussian, or additive (Multiplicative
Property normal,distribution) normal distribution)
A x=uY 1 lnx—u )
1 ZeZ(JZJ 1 leZ( crzj
2o 2710° X
X —> ln x

Life is log-normal Limpert, Stahel (2001)

<|n,0i(E)>

Anderson localization: O, (E)‘typiCaI = <,Ol- (E)> =e

geometric

Anderson (1958)




DMFT for Anderson-Hubbard model

1
G(w,€;) — pilw) = —;ImG(w, €;)

w — w

pq((«d) — €<1H [)’l(w)>’ G(w) — /dw/ pq(w)

lattice Green function

Dobrosavljevic, Pastor, Nikolic (2003)



Mott-Hubbard Transition vs. Anderson Localization
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Anderson-Hubbard Hamiltonian

—t Z ciTchG + UZ:niTnii + Zginia
<i,j>,0 I o

H

Solution by DMFT(NRG)
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Anderson-Hubbard Hamiltonian

H=—t Z ciTchG + UZ:niTnii + Zginia
<i,j>,0 i o

 Disorder increases U,
e Interaction in/decreases A’

- Interactions may increase
metallicity

d=2:

Denteneer, Scalettar, Trivedi (1999) os |
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Anderson-Hubbard Hamiltonian

H=—t Z CiTO'CjG T UzniTnii + Zginio' >
(i,j)o i Tez ]
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A: disorder strength

DMRG for disordered bosons in d=1 Non-magnetic phase diagram; n=1,T=0
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Antiferromagnetism
VS.
Anderson Localization



Anderson-Hubbard Hamiltonian N

H=—t Z ciTchG + UZ:niTnii + Zginia
<i,j>,0 i o

> =

—A/2 A/2

A: disorder strength

NN hopping, bipartite lattice, n=1:
Take into account antiferromagnetic order

Unrestricted Hartree-Fock, d=3

0.7{ AFHI ‘_:'; AFI TUSCh, Logan (1993)
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Anderson-Hubbard Hamiltonian
1/A
. T
H = —t<Z>: CioCio + UZ”ian + Zginia .
ihj),o i ic —A2 A2

A: disorder strength

NN hopping, bipartite lattice, n=1:
Take into account antiferromagnetic order

DMFT: Non-magnetic phase diagram Magnetic phase diagram
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