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What is the physics behind?

IS thEre arnEW PNaSE27#



Our answer:
NOFRIEW PRaSE UG ISt
GUe Lo oVerheating of
electron: system
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Jumps in Current-Voltage Characteristics in Disordered Films
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Assumptions

Electron Temperature Te IS decoupled
from the phonon bath Tpn

Te depends on voltage V and is
determined by the heat balance

Joule heating (Te, V) = Phonon Cooling (Te, Tpn)

X !




Bistability

Bi-
stable
(T,) = R(T)W (T,)-W (T,)]=V’ region

R(T) is much steeper Two stable
function than W(T) electron
temperatures
at the one
and the same
voltage







Electron temperature s strongly.
decoupled from phonon bathi =

No phonon-assisted
hopping

Electrons are the bath
for themselves

see also: M.Gershenzon,...

S. Marnieros, L. Berge, A. Juillard, and L. Dumoulin;



BUE Electron Cooling WWAIS
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Electron cooling rate W(T)

Ovadia, Sacepe, Shahar
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I"is 2-4 orders of
magnitude larger than
estimation for the dirty

metal at krl~1
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WhY: powWer |aw cooling rate
IRNIASUISLeK?

For energy relaxation it is NOT
necessary to move in space.

It is only necessary to move in
the energy space.



PCallZ JFJJJ’] IS

c
still relevant

P=(Te/d:)  <<1

Small probability of having
two close in energy states
localized in one place




IHOW, £ compensatze al sall factor
(Glvoz): 7

Proximity to superconductor-insulator-
transition?

The problem of electron cooling by
phonons is revisited in the presence of
superconducting fluctuations

A. Shtyk, M.Feigelman and
V.E.K. 2012



Naive idea I

Fermions:

Gain at low
temperature




Naive idea II

1 T Standard e-ph

(T k cooling in
on (1) ° metal:

pair-ph cooling:

Metal (6: << T):

Insulator
oe >> T



Cooling In dirty metal

S88S

Under assumptions of:

-full involvement of impurity in the lattice motion
-universal limit of screened Coulomb interaction

ALL diagrams with diffusons cancel out!



Diagrams without
diffusons make a
contribution smaller
than in a clean

metal: A.Schmid,
M.Reyzer, Sergeev




Cooling In a dirty metal

If no cancellation, the result would be
larger than in clean metal:




Cancellation of phonon-diffusen
Vertices




BCS and BEC limits

Fluctuation propagator,
corresponding to Ginzburg-Landau
or Gross-Pitaevskii functional

5F

5\P



The sum of corrections is only non-
ZEro

BEC resonance: real pair
formation



e-h symmetry and v’

Pole of the 1
fluctuation EBUZE
propagator:

Dg°+(T -T)+|@|y'—y'io

Canb
v(E)=v,+v,(E-E; e

symmetry is
violated

There is the e-h symmetry in the canonical BCS with v(E)=Vo.
There is no e-h symmetry in BEC where the condensate
occupies the bottom of spectrum.



Diagrams with diffuson do not
cancel out in the presence of
Cooper attraction if y" is non-zero!

Correspondence
to naive picture




Enhancement of cooling rate by
virtual pairs near MILT:

Cooling rate

disorder

MIT

4 4
f3

T/ 5

Ot ~1/EN3



Conclusion

Poewer-law! cooling rate in the insulator

How te'get T2 6 cooling rate? 1/172
enhancement due to virtual pairs and 122

suppression by localization
EAB enhancement of pre-factor near MIT




