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The exchange coupling between the 4f magnetic electrons and the Sd-like screening electrons is calculated

for Er and Dy dilute magnetic alloys, in the limit that the strength of the spin-orbit coupling of the 5d
virtual bound state is much greater than its half-width, Significant cancellation between the spin arid orbital

components of the exchange is found. This leads to a drastic reduction in the calculated linewidth from the

value calculated in the absence of spin-orbit coupling.

In a recent paper we have calculated the exchange
coupling between the 4f electrons and the 5d-like
screening electrons in dilute rare-earth alloys. '
This coupling was shown to be anisotropic with sig-
nificant orbital contributions, %'e have derived
the g shift and thermal linewidth of the rare-earth
ion for the case that the strength ~~ of the spin-or-
bit interaction of the 5d virtual bound state (VBS)
is much less than its half-width 4. Hence we
could ignore the splitting of the 5d VBS by the spin-
orbit interaction. Our calculated value for ~g and
4H/4T are in good agreement with experiments
for the I', doublet of Er and Dy in. Al host, where
& is known to be large (-2 eV). It was pointed out
to us by Fert' that if our expression for the line-
width is applied to rare-earth ions in noble metals,
where & is known to be much less (-0.5 eV), ' one
would get an unreasonably large linewidth (-140
G/K for &, doublet of Er). In this paper we wish
to show that if ~ is greater than or comparable to
& (the latter is the case in noble metals), the
splitting of the 5d VBS by the spin-orbit coupling
leads to a partial cancellation between the spin
component and the orbital component of the ex-
change. Consequently, the calculated linewidth is
reduced, bringing the theory back into rough agree-
ment with the experiment.

In dilute rare-earth alloys, ~ is known to be po-

sitive (-0.1 eV), ' so that the lowest-lying 5d states
can be represented by p =-,' with an excited j =-,
manifold roughly 0.3 eV above. For simplicity, we

consider the extreme case ~-&4 so that one can
neglect the density of states at the Fermi level
from the p =-'; states. Further, we consider only
the spin and orbital components of the exchange
interaction of the form

+ex = -+oS 's —~1~ ' l

Projecting S and I onto the effective spin S appro-
priate to the rare-earth multiplet, and replacing
s by (g; —1)j and I by (2 —g&)j for the 5d VBS, we

can rewrite the exchange coupling as

'+» =-4i s'j.

TABLE I. Exchange interaction appropriate to a I'~

doublet.

Spin
component

Orbital
component

720
591

—679
—1118

41
-527

For j =-, (=l —s), we find a significant cancellation
between the spin and orbital components. Using
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our estimates for the exchange integrals, ' we li@t
the exchange interaction appropriate to a I', dou-
blet in Table 1 (in units of cm '). The contribution
of the exchange coupling (2) io the thermal llne-
width can be calculated in a straightforward way.
We fj.nd

AH/n T =10sk¹g J,',.„/ggs,

for Er and 26.7 G/K for Dy. When compared to
our previous results, these values for ~/r T exhi-
bit a drastic reduction. The experimental line-
widths are found to be 10.5 G/K for Ag:Er, "' 2.7
G/K for Au Er ' and 18.5 G/K for Ag:Dy. ' A re-
alii. stic calculation for these systems roust take
into account j = —,'. states and the crystal-field
splitting. Obviously, such calculations will be
quite involved.

where +,/, is the conduction electron density of
states (per each m,. state) af. the Fermi level with

For the case that only j =-& states are appre-
ciably occupied, &,g, is simply given by 1/2w&.
Using b, = 0.5 eV, we find &H/nT equal to 0.2 G/K
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