
Anderson-insulators;
Thermalization vs. Glassiness

Zvi Ovadyahu, Hebrew University



x

Anderson-insulator & Interactions

For kBT<< dx

Can electrons equilibrate just by e-e interaction ?

dx

x

Short-range e-e interaction, 2D– no !

Long-range; e-e interaction, 3D –

Theory :



Anderson-Insulator = Electron-Glass !

disordered potential ordered potential
(+ Coulomb interaction)

both

frustration !e2/r

Disorder versus Interactions



…basic feature of the electron-glass…

Quench-cooling from room-T
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…relaxation Is logarithmic;
G(t)=G0-alog(t)

T=4.1K

In2O3-x film; T=4.1K 
and R>1 MW



…get it out of equilibrium...
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…apply non-ohmic F

Pump energy into the system: V

I
I
I

G=I/V



…How can a system be Joule-heated…

dx»kBT

…if it has a discrete spectrum?

gin (elecron-phonon) gin (elecron-electron)

x

gin gin = inelastic-rate



10
0

10
2

10
4

10
6

10
8

10
10

10
12

0.0

0.2

0.4

0.6

0.8

1.0

R

=12.5MW

R

=6.1MW

 

 

d
G

re
l.
 (

%
)

f (Hz)

…dGrel=dG/G(0) is NOT…
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DG0 is the same for all f

…and F is kept for the same time for all f

DG0

…no absorption at high f !!

…absorption measured via transport...
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f=2.5 GHz

…it is small in the microwaves regime...
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)T*()T*(T(T*)CVG(V) bathel
2 g

Cel = electronic heat-capacity
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gin is due to e-ph…

g (T*)= rate heat is removed

from the system 

T*=effective temp. 

…roll-off frequency  rate of “heat” removal…



10
0

10
2

10
4

10
6

10
8

10
10

10
12

0.0

0.2

0.4

0.6

0.8

1.0

R

=12.5MW

R

=6.1MW

 

 

d
G

re
l.
 (

%
)

f (Hz)

In the diffusive regime(R3kW)

of the same system, and
at the same temperature (≈4K):
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…compared with gin in the diffusive regime…

gin



…is 3D different ? 

e-e inelastic-rate
(when diffusive)
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…but Eint might be…

FCint EEE 

EF EC

extended stateslocalized 
states
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Zeng et al, PRB (2008)

a-MnxSi1−x
InxO; (n3·1018cm-3)

Z.O., J. Phys. C (1986)

…G(T) peculiarities…

insulating samples exhibit metallic G(T) (for T>T*)

The T*- problem:
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Xiong et al PRB (1999)

a−GdxSi1-x

a- RexSi1-x

Vinzelberg et al, HRP (1995)

Siegrist et al, Nature. mat. (2011)

GeSb2Te4Granular 
aluminum

Z.O., J. Phys. C (1986)

…more “T*- problem”…



In2O3-x; d=50ÅIn2O3-x; d2200Å
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…and one more…
Z.O., J. Phys. C (1986)In2O3-x; d=2100Å

3D 2D

EF EC

EC-EFkBT*
extended stateslocalized states



…which mobility-edge?…

T*17K

T*25K

T*35K
EF800Knon-interacting mobility edge:

E*EF
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extended states
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Conductivity and thermalization hinge on phonons

gin
e-e , gin

e-ph are suppressed (relative to the diffusive regime)

Summary:
for kBT<<dx in 2D and 3D:

…‘de-localization’ in 3D: 
Hybridization ?
Many-body effect ?

e-e interaction

…tested for a realistic interaction…




