Integrating out c,c!

® Formally
7 = /[dCI)] [dcdcT]e_S[q)’c’cT] — /[dCI)]e_Seff[q’]
® Fermionic integral may be singular

® |t involves an infinite number of d.o.f.

® Fermions are gapless: low energy electron/
hole excitations mean fermion correlation

functions behave like power-laws at large
X, T
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Hertz T heory

® Formally
7 = / (dD] e~ Tert[®]
e_Seff[(I)] — e_SSpin[cI’] /[dc dcT]e_Sel[C,cT]e—JKfddrdT(ér,TeiQ'r+c_c,).grﬁ
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expand this out
® Result:

d%dw,, vo(Q + K, w,) = 3}
Seff[(I)] — Sspin[q)] — / (27T)d+1 0( 9 )(I)k,wn : (I)—k,—wn + O((I)4)




Hertz T heory

® The free electron susceptibility behaves like

Xo0(Q +k,wn) & co + c1k” 4 calwy Q +0
%00+C1]€2+62M Q=0
Upk

® |mportantly, note the non-analytic |Wn| dependence
- this reflects spin damping. The spins can
exchange energy (and spin) with the electron gas

® Unfortunately deriving this is a bit complicated,
but you would learn it, e.g., in Physics 217b.



Electron-hole pairs

® The non-analytic |Wn| term arises because
the spin fluctuation can decay into or mix
with an electron hole pair at low energy
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Landau expansion

® Add the fermion term to the Landau
theory

dkdw,, Wh,

d¥kdw,, |wn |
= [ G {0+ 5 i)

3d 3
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a=0,1 (Q+0, Q=0)



