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Fig. 1. Conceptual picture of the spatial structure of a Cooper pair. Spherical standing
waves with Fermi wavevector kr give rise to concentric charge layers with a radius ~ &.
Commensurate charge modulation in the underlying lattice serves to bind the two
electrons to form the pair.



The internal structure of this pair wave function W(r) (also called the singlet pair function

or the Gor’kov F function) is given by [4]

W) oo S upv, explikr) o X —H) iy [ costhryds (1)
k k \/m m

where the sum 1s over £ states near kr, £= E-Er, where E= W k2m and Ep = h k> /2m are
the free electron kinetic energy and the Fermi energy, and A is the BCS superconducting
energy gap. The functions u; and v, are the standard variational parameters of the BCS
theory, such that 2u;v; = [£+A’T"2. The transition to an integral over ¢ is possible since
only the radial components of & are included, and N(&=0) (the density of states for a
single electron spin per unit energy at the Fermi surface) can be pulled out of the integral
since it is limited to contributions close to £ =0 (k near kr). Note also that the offset

energy & can be rewritten
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Here K is the zeroth-order modified Bessel function, with an asymptotic form that is

¥(r) o j = cos(k,r)K,(r/ 7&,), (3)

similar to an exponential: Kj(x) ~ (Tc/2x)‘/zexp(—x) for x>>0 [5]. The K function has a
weak divergence for 7=0, which must be cut off by choosing a cutoff energy scale. In the
BCS theory, this cutoff is given by an energy comparable to the Debye energy #imp,

which is >> A.
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