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Outline

* |ntroduction: dc conduction in Anderson
insulators at low temperatures

o Effect of electron-electron interaction:
finite- T metal-insulator transition in the
absence of electron-phonon coupling

 Effect of electron-phonon coupling:
nonlinear /-V curve



Free electrons in a random potential
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dc conductivity:
ec <oo = o(T) x exp (—

€c — €F thermal population of
T ) extended eigenstates

€c = 00 = |<7(T) = 0 all eigenstates are localized




d=1: all states are localized v
d=2: the same (?) 4
d>2: mobility edge

Free electrons +
random potential:

Single-band tight-binding Anderson model (d>2):
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Our main assumption: all states are localized




Inelastic processes =
transitions between localized states

5] D e ey g, ENETOY

_._V_ .
y O —O— €F mismatch
e —— - .

Level spacing in the localization volume: 6, = —
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o(T) x My (inelastic lifetime)! volume

T=0 = o= (any mechanism)
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Phonon-assisted hopping
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energy difference can always be matched by a phonon ‘

Mott formula: o(T) oc TY exp | — (_

¢ 1/(d+1)
7)

yﬁ

mechanism-
dependent
prefactor

\ﬁ _

Coulomb
gap

without

]

any bath with a continuous
spectrum of delocalized
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No phonons, e-e interaction { V2«
O pho : short-range
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Matrix elements between localized wave functions:
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Energy conservation problem

emission of electron-hole pair < pair “collision”:
T /71 T/5C — number of electrons to choose from
2— ’;:a 2 weneed: |e1 + e — €11 — €xr| ~ Ao

problems startat 1’ < 5c/>\ (Fleishman & Anderson, 1980)

triple “collision”:
ip ISi (A5¢)2

O¢
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1. Lower temperatures — harder to conserve energy
2. Need to consider many-electron processes
to ALL orders of perturbation theory




The answeris o(T) =0, T < T
1o(T)

. >
the system is softened, | e-e interaction is sufficient

but not sufficiently | to cause real transitions

finite-temperature metal-insulator transition




Anderson localization in the many-body

Fock space

o — 57“65—55%
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many-body Fock states
e-e interaction
metal-insulator transition

temperature

(A., G., K., & L., 1997)

sites with random energies
coupling between sites
Anderson transition
coordination number

Systematic treatment of many-electron transitions:
D. B., |. Aleiner, and B. Altshuler, Ann. Phys. 321, 1126—1205 (2006)



one—particle spectral weight (A°)
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three—particle spectral weight (A?)
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five—particle spectral weight (A*)
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seven—particle spectral weight (A®)
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n— o0 — continuous background?




What to calculate” (anderson, 1958)
[a(e) =Im X ,(e 4+ in) —random quantity

1T a(e) A P(I)
insulator . metal
insulator
U — 2
S (0)=(I) -
behavior for a probability distribution
given realization for a fixed energy

working criterion:  Ilim _lim P(I")
n—0V —o0

{ > (0 metal

= (0 insulator
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Two essential facts:

spatial cutoff

Cl oc
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These facts can be modeled in different ways




Self-consistent Born approximation
+ =) Gale) =[e—ta—Ta(e)] "
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iterations of SCBA: max number of particles in the final state
oF Q+§Q§+& ‘..

e —




Stability of the metallic phase:
finite broadening is self-consistent

_ 1 (T =(M)?
P \/2w<5r2>exp [_ 2(61"2) ]
)
(6T2) < () aslongas | T > f

o (I') <4, (levels well resolved)

e quantum kinetic equation for transitions between
localized states

o(T) < A\2T%| (model-dependent)



Stability of the insulating phase:
NO spontaneous generation of broadening

* No(e) = 0 is always a solution

« € — € 4 11— linear stability analysis:
B [
> o(€ — Eqy)
(e —&a)2+ 2 mole = L) (€ = €a)?

» after M iterations of SCBA equations:
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Many-body (de)localization

| one-body |®) —localized in space
eigenstates
many-body W) — whole volume: E, xV

Electron-hole excitation: ELL&5|\IJk Z Ckk,|klfk/
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Developed metallic phase: |Cip|? o §(Ey — B — wag)
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microcanonical < canonical = temperature

Insulating phase: total energy E,




Many-body mobility edge

T A Large E = high T: extended states

interaction — dephasing — cutoff of WL
(good metal)

T, transition — mobility edge
E. ~ vT2x (volume)

‘No activation!

E(T)—Ec
EEexV = e T — 0
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Summary (no phonons)
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good metal (Drude)
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Phonons included

A

o(T)

metallic conduction:
Joule heating,
phonon cooling

Lo — Tph ~ engh(Tel)
Lph — w/DTph

critical enhancement:
one phonon —
many e-h pairs

phonon-assisted conduction: T
INES Tph



Electronic temperature from thermal balance:

A 1o — 1o
Lph(Tel> - o< 2 = Lph(Tel)

variable-range
hopping suppression

usual metal:
of D(T)

Lph(T) — \/DTph(T)
nearest- D = const
-neighbor Tph(T) x T—¢
hopping:

Lph(T) ~ Cloc

Cl ocC




Electronic temperature from thermal balance:

A 1o — 1o
Lph(Tel> - o< 2 = Lph(Tel)

weaker
phonons

Cl ocC




Electronic temperature from thermal balance:

A 1o — 1o
Lph(Tel> - o< 2 = Lph(Tel)

weaker
phonons
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Electronic temperature from thermal balance:
A T, — T,
Lph(Tel> el Ph — Lph(Tel)

e
/

/-

weaker
S\ stronger

phonons
A
field

Tp h 1 T




Bistable /-V curve:

necessary. 1
Lo (Te) > Coe <)
P [ rpn(Te) ‘
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Instead of conclusion: FAQ

Q: What if one takes Coulomb interaction?
A Ao /V(F) 447
Vcoulomb(r) o< 1/r3 (dipole transitions!)
d = 1,2 — nothing changes,
d =3 —ask Levitov
Q: Canwe have A > 1, Te < 6¢7

A: Yes, if the range of V (r) is large.
T.<T K4 — e-eVRH



Our model: localization volumes — discrete grains
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