10" lecture week: Electron Phonon Interaction

Summary of penetration depth and coherence length
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Abrikosov Vortices
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Electron-Phonon Interactions
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Electron density couples to displacement field

Hel-ph = TZ nel(l_éj)D(iéj)
J
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Fourier expansion of the electron density

nel (}_é) = Z {i’;,aq}é,a
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Fourier expansion of the displacement field
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Electron-Phonon coupling for one band and one mode

Hel—ph = Tznel(]_éj)D(]—éj)
J

Hel-ph = Z T(q)WliWk+q (a(;L + Cl_q)
k.q
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Perturbation Theory: Derivation via Schrieffer-Wolff Transformation
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General: H = H+ 1H"

050> = 52‘050> and the “rest” ﬁo‘ﬂo> = 52‘ﬁo>

H . ” s 0
Assume we have a few “intereresting” states H
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Goal: effective decoupling

Find a transformation with an operator § (or order 1) so that the two sectors decouple
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Decoupling condition:

0=H, ~ zH;ﬂ +[H,, S,

Effective Hamiltonian in decoupled sector:
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Phonon decoupling
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S = ZT(ql)WliWkﬁql (X a:;l o y a—ql)

k,.q;

Ansatz:
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Determine §

AH'=H, = > T(QW ., (@) +a ) =—H,,S]
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Effective electron-electron interaction

H,=H"+AH'+ %[Hl, ST
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