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1 Two-temperature model

Consider the coupled kinetic equations for electrons and phonons!,

e — 205 (kK — Q)| MaP{ma(1 — ) [V + 1)d(ek — e — wig) + Na(es — i +1q)
CkQ
- (1 - nk)nk/[(NQ -+ 1)5(6k — €t —}—wQ) -+ NQ(S(ek — €}t — wQ)]},
(1)

a% - ‘;lvl > 5k — k' — Q)| Mal*{ni(1 — nw) [Nod(er — er +wg) — (Ng + 1)8(ex — exr — w@)]}, (2)
¢ kk!

with ng the electron occupation at momentum k and energy e, Ng the phonon occupation at momentum
Q and energy wq, N the number of unit cells (k points), and Mg the matrix element for electron-phonon
scattering with momentum transfer k — k/ = Q. The factor of 2 in Eq. (2) accounts for electron spin
degeneracy.

(a) Draw the physical processes (Feynman diagrams and energy dispersion diagrams with arrows for scat-
tering from/to) for the individual terms and give them a physical interpretation.

(b) Show that the kinetic equations fulfill energy conservation within the quasiparticle approximation with
energy B = E, + By, = 23 ) exng + ) g wqNg, the sum of electronic (e) and lattice (L) contributions.

(c) Assume Fermi-Dirac and Bose-Einstein distributions for the electrons and phonons, respectively.
This is the two-temperature ansatz with temperatures T, and 77. Compute the rate of energy ex-
change by considering the electronic energy, %, using Eq. (1). Insert factors of unity of the form
[deb(er, — €), [de'dle — €), [dQ(wg — ). Introduce the Eliashberg function o?F(e,¢/,Q) =
[2/N2N(er)] Dok ke |Mq|?5(er, — €)6(er — €')d(wg — Q) with N(er) the density of states at the Fermi
level. Simplify to its average over the Fermi surface (energy ep), o?F(§)) = o®F(er, er, Q). Result:
aaEte = 27N N(ep) [;° dQ o?F(Q)Q?[Np(Q,T1) — Np(Q,Te)], with Np(z,T) the Bose-Einstein distri-
bution at energy z and temperature T,

(d) Use a Taylor high-temperature expansion (assume small Q/kpT) to obtain a relaxation equation for the
electronic temperature using F, =~ Fy + %'yTeQ, with v = 72NN (e F)k% /3 the linear heat capacity coef-
ficient for the electrons. Also use the moments of the Eliashberg function, A(w™) = 2 [;° dQ %Qn.

Here )X is the effective electron-phonon coupling known from the theory of superconductivity. What
determines the cooling of hot electrons?

1P, B. Allen, Phys. Rev. Lett. 59, 1460 (1987)
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