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.ABSTRACT

We have used inelastic neutron scattering techniques to
measure the spin-wave dispersion curves within the first Brillouin
zone of polycrystalline EuO and EuS. Least squares fitted values of
the n.n. and n.n.n. exchange constants Ji and Jj are in fair agree-
ment with previously reported results in the case of EuS. In EuO,
however, we find J2 to be ferromagnetic in agreement with a recent
estimate by Kasuya but in contradiction to the previously measured
antiferromagnetic n.n.n. coupling.

I The divalent europiu ?halcogenides EuO and EuS are among the
) . few known examples of simpi Meisenberg ferromagnets and as such they
I offer unique opportunities for studying the mechanism of the ex-
i change interaction between localized spins. Kasuya1 has recently

considered a variety of exchange processes which are thought to oc-
cur In these materials and has attempted to make numerical estimates
of the exchange constants Ji and J2 which characterize respectively
'the interactions between nearest and next-nearest neighbor magnetic
ions.

^ Meaningful evaluation of Kasuya*s calculations, however, pre-
supposes well-determined values of Z\ and J2. The presently accepted
values of the exchange constants in EuO and EuS come from two types
of experiments: measurements of the magnetic contribution to the
heat capacity2'^ and measurements of the magnetization at low temper-
atures using NMR techniques.^»5 In both methods the values of J2
end J2 result from fitting low temperature spin-wave theory to the
measurements and as is usual with such procedures, there are ques-
tions of sensitivity and possibilities for systematic errors which
are difficult to evaluate. Kasuya's estimated! as well as the recent
magnetization measurements of Menyuk, Dwight and Reed6 have raised

ii< doubts concerning the value of the exchange constant Jj in EuO which
"• experiments2lIf indicate is antiferromagnetic. Both the theoretical

estimate and an extrapolation from measurements on other europium
• chalcogenides based on the magnitudes of the interatomic distances,
however, suggest a ferromagnetic next-nearest neighbor coupling.1
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We have found that by using thin slab samples of polycrystalline
EuO and EuS prepared with separated Eu 1 5 3 (to minimize neutron ab-
sorption) we can observe the scattering of neutrons by spin waves in
both materials.7 From these experiments we are able to determine
the form of the "polycrystalline averaged" spin-wave dispersion
curves within the entire first Brillouin zoneT An~analysis~of these
curves, which will be described below, gives us directly the values
of Jj and J2.

By assuming only exchange interactions the spin-wave energies
are expressed in the form8 -

. ' «a>(q) - 2S I J(0) - J(q) J. ' " (1)

Here J(q) - £ J(t) exp(iq^) * jj } expCiq^) + 32l exp(iq«R"2),

n . • . .;. .

where we have included interactions only between nearest (Rj) and
next-nearest neighbors (R2K In both materials the Eu 2 + ions form
« f.c.c. lattice for which Eq. (1) reduces to the expression

«u(q) - 2S [ 12JX + 6J2 - Ji I cos(q.^> - J2 £ cos(q-R"2) J. <2)

^1 $2 •!

Since we used polycrystalline samples, all directions of q are
equally probable. Hence, for a given jqj, we observe a distribution
of spin-wave energies, i.e. a "line shape^ which can be computed by
averaging Eq. (2) over all directions of q. . .

We sptcifically considered the contribution of the dipolar
forces to £he spin-wave energies as outlined in Ref. 8. At small
values of q the dipolar contributions are significant in certain
directions, but averaging over all directions' made the dipolar con-
tributions negligible within the q-range covered by the measurements.

We also considered the influence of a small magnetic anisotropy.
Following an analysis by Lovesey^ we concluded that the observed
anisotropies in EuO10 and EuS11 had no significant effect oh the re-<:.
suiting exchange constants. • ' „ .:

The measurements were performed with a triple-axis spectrometer
operated in the constant q mode using an incoming neutron energy of
13 meV. . The energies corresponding to the peaks, of the observed line '
shapes at each q were least squares fitted to, the peak positions of " *<
the polycrystalline average of Eq. (2) using Ji and J2 as adjustable *
parameters. Figures 1 and, 2 show the results, The open circles are
the observed positions of the peak intensity; the calculated posi-
tions appear as the solid lines. We have also included the disper-
sion curves along a'few representative symmetry directions computed
using the best fitting values of J2 and J2» The inserts show the
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Figure 1. Spin-wave dispersion in polycrystalline EuO.

covariance ellipses for the two parameters resulting from the least
squares fitting.12 It is obvious from the fits that third-neighbor
interactions are negligible in both EuO and EuS.
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Figure 2. Spin-wave dispersion in polycrystalline EuS.
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Table I

Exchange Constants in °K

This
. exp.

Sp. Ht.

NMR

0.

o.

0.

EuO

602+0.008

76±0.

75±0.

,022

00251'

0.

-0.

-0.

j 2

155±O.

084±0.

0975±0

014 •'

0152

.004*

0.

0.

0.

Jl

234+0

172±0

20 ±0

EuS

.016

.0193

.015

-0

-0

-0

J2

.098±0

.013+0

.08 70

.014

.0323

k

.02s

Listed in Table I are the values of Jj and J2 obtained from
these measurements together with the values reported from the heat
capacity and the NMR magnetization measurements. For EuS, the agree-
ment is almost within the limits of the errors. The present meas-
urements confirm that J2 is negative not only by virtue of the fits
to the positions of peak intensity but also because the observed line
shapes are broad. It is evident in Figure 2 that this is to be ex-
pected in polycrystalline material particularly near the zone bound-
ary because exchange interactions of opposite sign give a large zone-
boundary anisotropy of the spin-wave energies.

In EuO, however, our results are not in agreement with those ob-
tained previously. In particular, we find both Jj and J2 to be posi-
tive as expected by Kasuya.1 The conclusion that J2 is positive is
reinforced by the fact that the line shapes in EuO are observed to
be significantly narrower than those in EuS reflecting the fact that
the spin-wave dispersion is more isotropic when both exchange con-
stants are of the same sign. This is evident in Figure 1.

We wish to express our appreciation to Dr. S. W. Lovesey for
calculating for us the contribution of the magnetocrystalline aniso-
tropy to the spin-wave energy.
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