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- FIGURE 7-9 (a) The same as Figure 7-8 except the Coulomb pseudo-

potential is set equal to a value roughly appropriate for lead, N(O)U. =

0.11. {b) The real and imaginary parts of the renormalization function

Z(w) for this case. (c) Tunneling density of states.
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FIGURE 7-5 Contributions to X within the Hartree-Fock approxi-

mation. The electron lines include the self-consistently determined
self-energy 2.

If the poles of Gyp, p,) are to be unaffected by Z, we must
require the self-consistency condition

Z(p,&,) = 0 (7-24)

to be satisfied. Since in our particular problem X' is independent
of p,, we have the familiar Hartree-Fock relation

3.t

%= [ SRV - @V 0
Epr <0

determining y,.

While this appears to be a complicated way of phrasing the
HT approximation, the scheme is easily extended to include the
pairing correlations. The idea is simply to generalize the lineari-
zation (7-10) to include Hartree-like terms involving {0|c, *c.* |0
and {0|cyc,|0>. The state |0) is then to be determined self-
consistently as in the standard Hartree-Fock approach.

At this point one might argue that since the full Hamiltonian
commutes with the total number of particles operator N,,, the
exact eigenstates of H are eigenfunctions of N,,. One might then
argue that our approximate state |0> should also be chosen to be
an eigenfunction of N,, and therefore the Hartree-like terms
{Olc; *e, 10> and {0]cses|0> vanish identically. We can make
two counter arguments. First, in the limit of a large system the
ground states of the N, and the N, + v particle system are
degenerate for |v| « Ny, if the origin of energy is shifted by
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AY
+ + i 4 +- ete.

FIGURE7-3 A class of ladder graphs which contributes to the electron—
phonon vertex function I" and leads to the superconductor instability.

One can readily establish this relation by performing an iteration
solution of (7-1) in powers of ¥ and noticing that one generates
the desired series, While this integral equation eannot be solved
in general, a solution is immediate if we replace #(¢g) by a non-
retarded factorizable s-wave potential which is finite in a shell
around the Fermi surface

Y (p — k) = Agwp*wy (7-2)
where
_ 1 lekt < w,
Y = {0 otherwise

Then one finds the solution

H + g, K|k + g, ~ k>

Agilyer 4 o ¥ty
= tq "kte T {7-3)

1 - 7:‘\0 flwp+q|2G0(P + Q)Ge( "'P) m}%

which can be checked by direct substitution,

If we are able to show that £ is ill-behaved, then I' will also
be ill-behaved since in our approximation I' is given by

. . d*k
I(p,9) = g1 — ¢ [<p. b+ gllp + 0. DGOk + 9 s
{7-4)
(see Figure 7-3). From (7-3) we see that ¢ will be singular when
the denominator vanishes, that is, when

l —-——
X =

. , dk
i [ Iy a6tk + 6o~k 552 (1-5)
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