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Today’s class: Electron-phonon RPA and Cooper instability

 Combining e-ph and e-e interactions: attractive interaction.
* RPA for the effective electron-electron interaction.

* Cooper instability: simplified model.

* Estimate of the critical temperature.



Review: Effective electron-electron interaction

Electron-phonon Hamiltonian: - L A
p Hy =3 ekcL lro + Z Qq (bhbq +1/2)
- 3 s k,o
H = Hy+ He—ph ¥ i
el ph — Z gqck_|_q gck o q
~ "k ,0,q
Matsubara Green's function: Go(k,7) = — <T [ck o (T)el U(O)} >

Perturbative expansion:
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Combining e-ph and e-e interactions

Electron-phonon Hamiltonian: H = H() + Hel—el(ph) =+ Hel—el
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RPA renormalization

RPA V(q)
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Pair scattering vertex
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Pair interaction (opposite spins):
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Dyson’s equation:
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Cooper instabllity

Simplification in the RPA . o . B
Debye model: V (q7 an) — VH(ZQn WD)
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Critical temperature: kBTc ~ the—Q/(V,O<€F)) A — o0

Fermions of opposite spins form a bound state
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