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.ABSTRACT

We have used inelastic neutron scattering techniques to

measure the spin-wave dispersion curves within the first Brillouin

f zone of polycrystalline Eu0 and EuS. Least squares fitted values of
i {  the n.n. and n.n.n. exchange constants J; and J; are in fair agree-
' -ment with previously reported results in the case of EuS. In Eu0,

' however, we find J; to be ferromagnetic in agreement with a recent
estimate by Kasuya but in contradiction to the previously measured
antiferromagnetic n.n.n. coupling.

The divalent europi. ~halcogenides EuO and EuS are among the
few known examples of simpi. Yeisenberg ferromagnets and as such they
offer unique opportunities for studying the mochanism of the ex-
change intoractlion between localized spins. Kasuyal has recently
considered a variety of exchange processes which are thought to oc-
.eur in these materials and has attempted to make numerical estimates
of the exchange constants J) and Ja which characterize respectively
‘the inferactions between nearest and next-nearest neighbor magnetic

dons.

-\ Meaningful evaluation of Kasuya's calculations, however, pre-
supposes well-determined values of J; .and J,. The presently accepted
values of the exchange constants in Fu0 and EuS come from two types
of experiments. measureménts of the magnetic contribution to the
‘heat capacity 253 and measurements of - the magnetization at low temper-
atures using NMR techniques."s5 In both methods the values of Jj .
and Jp 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 fer systematic errors which

. *are difficult to- evaluate. -Kasuya's estimates as well as the recent

magnetization ‘measurements 'of Menyuk, Dwight and Reed® have: raised
.doubts concerning the value of the exchange constant Jj in' Eu0 which
experimentsz’" indicate is antiferromagnetic. Both the theorepical

Kv'estimate and an extrapolation from measurements on other europium

' I chalcogenides based on the magnitudes of the interatomic distances,

& however, suggest a ferromagnetic next-nearest neighbor coupling.I
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ﬂb have found that by using thin slab samples of polycrystalline
Eu0 and EuS prepared with separated Eyl53 ' (to’ minimize neutron*ab- :

both materials.? From these experiments we are able to’ determine'
the form of the "polycrystalline averaged”" s pig:ggygNQispgrsion,
~curves within the entire first Brillouin zone. An analysis of thﬁﬁx

of J] and Js.

By assuming only exchange interactions the spin~wave “n'
are expressed in the: form8 ® . .

. ; B = 28 [J(O) - J(q) ] :
Bere J(q) - Jad expuq-ﬁ) N 2 exp(:lq'Rl) + Jzz ..

g : o R1 iz'

where we have included interactions only between nearest (RI) and
next-nearest neighbors (R;). In both materials the- Eu 2+ jons form-
a f£.c.c. lattice for which Eq. (1) reduces to the expres*

Since we used polycrystalline sam les, all-directi‘ 3.
equally probable. Hence, for a given 7 j we observe a distribut'”n
of spinuwave energies, i.e. "line shape Ewhichn an ‘be computed: by

;tions appea_‘as '

slon;_
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Figure 1. Spin-wave d:.spers:[on in polycrystalline ‘Eu0.

| hcovat:lance ellipses for the two parametets resulting from the least
squares fitting. 12 1t is obvious from the fits that thitd-neighbor
interactions are negligible in both EuO and EuS.
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l’igure 2. Spin-wave dispereibr{ in" polyerystalline Eus. o
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--'The statist:l.cal probab:l.l:l.ty that’ the true values of J; and .12
:.are within the covariance ellipse is l-exp(-0.5) = 0.39 and the
probab:l.l:lty that they are within the outer rectangle is 0.68,




