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Joule heating (Te, V)  = Phonon Cooling (Te, T0)
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Theory: Altshuler, VEK, 
Lerner, Aleiner, 2009

Experiment: Ovadia, Sacepe, 
Shahar, 2009 
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� Why Γ is so large?

Theory: Dirty electrons interacting with phonons, but                               
NO LOCALIZATION
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Cooling power  
in Ti should be 

200 times 
stronger than 
in NbSi but it 

is 3 times 
weaker

at T=100 mK

M.Gershenzon, Appl. Phys. Lett., 2000 
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Measurement of 
ultrasound 
attenuation



Complete involvement of impurities, co-moving frame

Small screening length

Localization volume

Does not work for strong insulators 
with small carrier density



Local and non-local effects
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Non-local diagrams cancel out due to 

electro-neutrality at complete screening  
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Local contribution to phonon relaxation rate (|r-r’|< l):
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Good metal AT point or 2D Strong insulator

2| |ψ

Multifractal insulator: 
fractal structure persists 

inside localization volume 

Multifractal  
wave function 

at AT point

Disordered 2D system is   a 
weakly multifractal insulator
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Multifractal metal: 
slightly below AT

Multifractal insulator: 
slightly above AT

saturation

critical 
growth

growth 
continues
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critical 
growth

E. Cuevas, V.E.K. Phys. Rev. B v. 76, 235119 (2007)
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Highly correlated 
amplitudes for 
different wave 

functions  

Large amplitude  at a 
small number of 

“occupied” sites due to 
normalization 

constraint



( )ln / R = ξω ξ δ ω

Mott’s resonant pairs

1( )rψ 2 ( )rψ

1 2( ) ( ( ) ( )) / 2n r r rψ ψΨ = +

1 2( ) ( ( ) ( )) / 2m r r rψ ψΨ = −

All matrix elements are enhanced by 
the factor [R(ω)/ξ]   = ln   (δξ /ω)
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Valid in  3D 
multifractal 

insulator and 
critical regime
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Explains: 
(i) the power 5.5 (instead of 6 in dirty metal) and 
(ii) enhancement ~500 in broad range of parameters
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Strength of insulator

Enhancement factor 
compared to dirty metal with 

no localization 
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Condition for self-averaging:  ( #states involved) 1.
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Always guaranteed for bulk samples
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