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Electron-phonon interaction in 
disordered conductors

• Pippard ineffectiveness condition (PIC): in disordered metal long-wavelength 
ultrasonic attenuation is weaker by a                  factor 

(A. Pippard, 1955)
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• PIC breakdown:
• Energy diffusion (this talk)

• in a disordered semiconductor
• in a superconductor

• Multiband electron system
(M.Prunnila et al, 2005; M.Prunnila, 2007)

• Piezoelectric coupling
(… ; D.Khveshchenko, M. Reizer, 1997)

• Static impurities 
(A. Sergeev, V. Mitin, 2000)

• Weak Coulomb screening
(A. Sergeev, M. Reizer, V. Mitin, 2005; AS, M. Feigelman, V. Kravtsov, 2013)



Hamiltonian of electron-phonon interaction

Comes from distortions of ionic charge density

screening electroneutrality

(Laboratory frame or reference)



Hamiltonian of electron-phonon interaction

Phonon-induced distortions of disorder potential

(Laboratory frame or reference)



Comoving frame of reference

acoustic wave (phonon)



Comoving frame of reference

Our new comoving reference frame

acoustic wave (phonon)

(no disorder in the vertex)



Pippard ineffectiveness condition
Weak disorder

Strong disorder

standard theory

on the FS

The average of the electron-phonon vertex over the Fermi surface is zero. The insertion of the impurity ladder in 
the diagram kills the vertex by averaging over directions. Diffusion is thus prohibited.
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The average of the electron-phonon vertex over the Fermi surface is zero. The insertion of the impurity ladder in 
the diagram kills the vertex by averaging over directions. Diffusion is thus prohibitedOK, so we want to activate diffusion channel

PIC



Energy diffusion channel (normal state)
Strong Coulomb interaction (perfect screening). No spin(band) asymmetry. 

Enhancement by diffusion 
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Energy diffusion channel (SC state)

(… ; Tinkham)

Why to care about SC state? Is there anything different from a mere reduction in 
normal density as for the local processes?

There is a gap that forces physics to higher energies!



In fact, an additional vertex of the         structure is generated through dressing by the order parameter fluctuations

The vertex arises through the induced changes 
in the dimensionless coupling constant.
It describes induced changes 
in the order parameter      :
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The total vertex in SC state is

In a superconductor this mechanism might be relevant
for electron cooling (thermal phonons) as well!



Conclusions

• Low-frequency phonons experience additional damping due to the 
coupling between lattice density  modulations and  non-equilibrium 
distribution of thermally excited quasiparticles.

• The conditions most convenient for observation of this effect are
• not too low ratio              and ultrasound frequencies

• in superconductors with relatively small         product, i.e. not far  from the 
crossover from BCS to BEC state.


