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• A superconductor is characterized by a 

nonzero quantity ψ(r)     

(Ginzburg and Landau, 1952)

(amplitude for electron pairs) 

Ψ = Δ exp(iφ) (Δ and φ real)

The free energy F is a functional of ψ(r)

A common form is 

F= ∫ {α │ψ│2 + (β /2) │ψ│4 + γ│∂ψ │2 }

Ginzburg and Landau obtained a ‘Schroedinger’ 

like equation for ψ(r) 

Deep,versatile description of superconductivity



F is expressed as a functional of ψij = ψm = ∆ m  exp (iφm)

The form is similar to the original GL form. 

The coefficients are inspired by experiment.



• F = Fo  + F 1   where 

F o = ∑m { α∆m 
2 + (β/2)∆m 

4 }

and                F1 = γ ∑mn ∆m ∆n cos (φm  - φn)

Z  = ∫ exp {- F/kBT}                         

• Model of classical planar spins, length Δm and direction φm with 
nearest neighbour coupling

( d-wave superconductivity → AF or Neel order)

• α, β and γ inspired by experiment;

eg α ~ To (1 – (x/xc) )     ( ‘pseudogap’ line )

γ ~ x

• Calculate  for example Tc ( for   γ positive ; onset of d-wave 
phase  coherence)

• Should calculate the coefficients from microscopic electron 
theory; eg a la Gorkov for BCS 

• We do not do this; however, for example, it is easy to see that 

γ ~ xt’ for strong correlation.



One approach in principle: start with a 
microscopic (eg strong local Hubbard repulsion 
U ) lattice Hamiltonian with J (nearest 
neighbour superexchange for which there is 
strong experimental evidence at zero doping, 
with J ~ 0.15 eV)   

≡   nn singlet pair self interaction

Hubbard Stratonovich : electrons in time 
dependent nn singlet ( bond) pair potential. 

An interacting two fluid ( bosonic pair amplitude, 
and fermionic electrons) picture results



Ignore quantum fluctuations in Bose field  and 

integrate out electrons, eg on the nn scale

F is the resulting  ‘bosonic’ effective        

Hamiltonian

There are other terms of order x, eg ‘nematic’ ;

these as well as no-single site terms in Fo are 

ignored.     



• Inputs : α = 4{T – To(1 – x/0.3)} exp(T/To)

β = 1.6 To    and 

γ = 4xTo

• Output :

Onset of nonzero phase stiffness ( ‘Neel’             
order) or Tc

√<∆m
2>

ρs 

Cv

Vortex structure and energetics

Electron Green’s function using  < ψm
* ψn >

coupled to electrons ( especially useful for 
large │m-n │)





















Electron moving in a medium of 

bond pairs    

‘AF’ or d wave short range order  ( T >Tc )

Long range order and  residual thermal or quantum 
fluctuations ( T < Tc )

Electron (self energy) Σ in this medium :

Σ ~ P D Go

P : form factor (reduces to {cos(kxa) - cos(ky a)} for        
long range d wave superconductivity)

D : pair-pair correlation function ( for small momentum 
transfer q with respect to the ‘AF’ ordering wavevector 
G)

Go : Electron propagator



Above Tc :

Arcs near the nodal point , with length ~ (T/T*)

(Pseudo)gap near the antinode fills in as (T/T*)

Below  Tc : 

Sharp quasiparticle with strength  ~ ρs(T)

‘Bending’ of ∆k due to fluctuations







• Attempt to describe how ( d wave )   superconducting 

phase coherence develops in hole doped cuprates

• Done via a (phenomenological) theory of 

free energy as a functional of complex pair amplitude  

ψij = ψm = ∆ m exp (iφm)

• A number of results for equilibrium properties 

obtained

• Other properties in the same picture(eg transport)?

• Other phenomena (eg stripes, ‘nematic’ correlations, 

4x4 superstructure, quantum oscillations) needing 

changes/additions to the picture?

• Where does this picture come from? (microscopic 

theory)

Thank you


