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See  arXiv:cond-mat/0106143  

or Bennemann and Ketterson,  
Superconductivity: Conventional and Unconventional Superconductors,  

chapter 4, FM and J.P. Carbotte 
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not used very often 

Simplifications (ignore momentum dependence) give rise to: 







BCS formalism vs. Pairing Mechanism 

Tc equation (useless) 

Universality 

Universality is wonderful 

Universality is a curse! 
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Eliashberg Theory 

A functional of the interaction 

Question: Can we invert the theory to extract the                                               
potential uniquely from a knowledge of  Δ(k,ω) ? 





McMillan and Rowell, Superconductivity, ed. By R.D. Parks (1969) 

 BCS  

data Pb 

requires Eliashberg theory: 
•  phonon dynamics (retardation) taken into account 

•  gap is a function of frequency  

•  density of states is modified: 



Pb 

ω(meV) 

F(ω): density of phonon states 
          from neutron scattering 



McMillan and Rowell, in Superconductivity, ed. By R.D. Parks (1969)  



What does the theory look like? 

BCS Eliashberg 



Eliashberg 
(real frequency axis) 



Density of states at finite temperature 

Eliashberg Theory 



BCS 
(at finite temperature) 



other observables 

The gap ratio 



The Specific Heat Jump at Tc  



The Specific Heat Jump at Tc  



BCS Theory 
Optical 

Conductivity 
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Eliashberg Theory 

•  Extension of BCS formalism to include 
dynamical electron-phonon interaction 

•  builds on Migdal theory in the normal state 
•  loosely modeled in BCS theory 
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