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The Bardeen-Cooper-Schrieffer (BCS) theo-
ry'~' and related theories predict that the
spin susceptibility of a Fermi system in the
superfluid phase, x(T), should be related to
its value p in the normal phase by
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x(T)/x„=f,ff(T),

where feff(T) is the "effective fraction" of the
excitations which can be spin-polarized by the
external field, and is equal to p„(T)/p for sin-
glet spin pairing and -'+

~ p„(T)/p for triplet
pairing. ' These theories, however, all ignore
the strong interparticle forces' which, for a
normal system, are treated by Landau's the-
ory of a Fermi liquid and which among other
things lead to the departure of the susceptibil-
ity from its "free-gas" value g.'

The object of this Letter is to point out that
the correct expression for the spin suscepti-
bility of a superfluid Fermi liquid is
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where Zo is the constant which occurs in the
usual Landau formula' for the normal-phase
susceptibility [which in fact is a special case
of (2) with f ff(T) = I]. Thus, "Fermi-liquid"
effects do not simply multiply the weak-coupling
expression by a constant; indeed, they may
change the behavior of x(T)/x„considerably
(see Fig. I). Some implications will be brief-
ly considered at the end of this Letter.

To derive Eq. (2),' notice that for all real ex-
tended systems T~, if it exists, is small com-
pared to the temperature T, at which the Lan-
dau theory ceases to be useful for the normal
phase. Therefore, superfluidity should be de-
scribable entirely in terms of (linear combi-
nations of) Landau quasiparticle states. Accord-
ingly, let us take as our Hamiltonian

Here np ~ is the operator which creates a Lan-P0'
dau quasiparticle, and 6n(Po) = apo npo-8(PF
—IP I), as in the usual Landau theory. Since
Tc «To, we may take f(PP') to be independent
of IP I, IP'I; then the second ("Fermi-liquid" )
term in Eq. (3) depends only on the distortion
of the "average" Fermi surfaces. Since forma-
tion of Cooper pairs does not affect these "aver-
age" surfaces, all one-particle properties, in-
cluding p„(T), may correctly be calculated from
0ZU'

Moreover, both in the normal and in the su-
perfluid phase (however anisotropic) the only
part of the '*Fermi-liquid*' terms relevant to
the static susceptibility is that which depends
on the total spin S, producing thereby a molec-
ular field. Using the standard definition' of
Z, in terms of f(PP', oo'), we can therefore take
as our model Hamiltonian in the external field
X simply

H =H + 2p 'Z S'-pS ~ 3C,I)

where pF is the density of states of the normal
liquid at the Fermi surface, and P is the appro-
priate gyromagnetic ratio. Let us call x (T)
the susceptibility obtained by keeping only H~
in (3); it is given by Eq. (I).' Then it follows
immediately from (S) that

x (T)
X~7~ =

Using Eq. (I) and the fact that X (T )-=Xo= —,'p'pF,
we arrive at Eq. (2).

Notice that the derivation of Eq. (6) is enfire-
ly independent of the detailed "mechanism" of
superfluidity, provided only that it conforms
to the basic pattern of Cooper pairing. Thus,
(6) is also valid in cases (such as superconduc-
tors with paramagnetic impurities) when x (T)28is not given by (I).
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ers" have observed (among other things) no

change in the susceptibility down to 3.5 mdeg.
The condensation giving the weakest effect on
y(T) would be into the (spin-triplet) F state (as-
suming states with l &5 to be unlikely). Assum-
ing, by analogy with the P-state results, that
the gap in this case will have a D-wave depen-
dence, and inserting into Eq. (2) typical D-state
values" of p„(T), we find a decrease of 10 '
in y(T) for (Tc T)/T—c-7 lg. Thus it is extreme-
ly unlikely that a superfluid transition even very
near the edge of the region investigated would
have gone undetected, even in this "least favor-
able" case.

In principle it should also be possible to ap-
ply this result to the Knight shift in metallic
superconductors; however, since the values of
2, encountered in metals are only --0.1 or
-0.2, it is unlikely that it mould elucidate any
of the major problems involved.

I am very grateful to Professor D. Pines for
a number of valuable discussions on this work.
I should also like to thank Professors J. Bar-
deen, C. P. Slichter, A. C. Anderson, and J. C.
%heatley for helpful conversations, and John R.
Clem for providing numerical tables of the BCS
functions.
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In Fig. 1 is plotted g(T)/y„, and for compari-
son also y (T)/g0 [Eq. (I)] for S-state and P
state condensation; the value of Z, used is that
appropriate to liquid He', namely -2.8."Con-
densation into higher even (odd) orbital states
will give graphs similar to that for the S (P)
state, and identical values of y(8), but both
curves will be rather less sharply concave.
In all cases the relative decrease of g(T) just
below T& is enhanced, according to the present
theory, by a factor (I+Zo/4) ' relative to the
meak-coupling pr edictions.

One immediate implication of this result is
for the experimental detection of superfluidity
in liquid Hes. Recently %heatley and co-work-

FIG. 1. X(&)/y„vs Tjl'~ for (a) &-state and (b) &-
state condensation. (I): weak-coupling predictions
(references 2 and 4, respectively); (II): present theo-
ry with Zo= -2.8.
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