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Comment on "Elf'ective Magnetic Moments of
Heavy Fermions and the Wilson Ratio for Kondo
Lattices"

Zou and Anderson (ZA) ' have proposed an explana-
tion for small Wilson ratios (R) obtained for some
heavy-fermion superconductors. ZA perform an
eff'ective band calculation in which two of six J=

~

states per Ce atom hybridize with a spin- 2 free-electron
band, as shown in Fig. 1. Note that TK and
V( —JDTK) correspond to ZA's Eo and a, respective-
ly. The renormalized Fermi-level density of states per
spin N(0) is given by N(0)/N(0) =(V/TK) =m*/m
ZA have shown that the zero-temperature Pauli suscep-
tibility Zp(0) for the lower ( —) band is given by

Zp(0) = up [2N(0) ] = l. 16ptt[2N(0) ].

I wish to point out that consideration of (i) Van Vleck
terms omitted by ZA and (ii) a model including
crystalline-electric-field (CEF) splitting shows that the
effective moment p,g one should use in R appears in the
ionic (zero hybridization) Curie law.

With notation as per Fig. 1, the Van Vleck susceptibil-
ity Xvv(0) is

&vv(0) =g, (
I

( r'k t I p, I
r'kp)

I ')FspB[2N(0)] (2)

=(g J(J+1)p'/3 —p )[2N(0)]. (3)

Here ( )ps denotes an angular average over the Fermi
surface, and p, =l, +2S, is the usual magnetic moment
operator. X»(0)-Zp(0) because the Van Vleck energy
denominator is precisely TK —N(0) ' (see Fig. 1).
Equation (3) follows from inserting a complete set of f

TABLE I. Model properties. Note N =2J+ 1.
' 2

3X(0)Model 3(kaT)Z(T)
I r j =0

(zka) '

ZA ' gg(J+ 1) 2N(0)P,'ff 2N(0)
SU(N) b gy(J + I ) NN(0) p2ir NN(0)

CEF 3gr 2N(0) p, ff 2N(0)

'Reference l. Reference 3.

states in (2) (including the J' = —', excited manifold).
Here gj =

7 .
The net E(0) value and linear specific-heat coefficient

y(0) are given in Table I. In view of the conventional
definition R =(rrka/p, ff) [X(0)/y(0)], ' it is clear that
p ff

= (2.54) p a for both ZA's model and the less realis-
tic SU(N =6) effective band model considered else-
where.

Now consider a model with CEF splitting A~Ep)) TK,
with f levels of cubic I 7 symmetry having total ionic
Zeeman splitting in applied field h of 2g~p~h. The an-
gular dependence forced by cubic symmetry leads to the
combination of squared matrix elements of p, appearing
in Z(0) to be gr over the Fermi surface except for a few
regions of angular width —(m/m *) 'i .

Thus, in all cases (see Table I), the correct p, ff value is
read off from the zero hybridization (free ion) Curie law.
For CePd3, CeSn3, and a-Ce (AcEp « Ty. so p, ff
=2.54pa) the R values are 1.4, 0.9, and 1.4, respective-
ly. For CeCu2Siq, (AcEp» Ty. )X(0) =0.019 emu/mole
(along the c axis), y(0) = 1000 m J/mole-K, and
(F7ls, lF7) =1.08, so R=1.2.

I thank J. W. Wilkins, L. CoAey, and C. Jayaprakash
for helpful comments. Prior to publication, I received a
preprint by F. C. Zhang and T. K. Lee with the same
Zvv(0) result.
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FIG. 1. ZA

effective

band model. ek is the bare
conduction-band dispersion, and l

I

—', kpll the unhybridized f
bands.
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