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Abstract. — The magnetic excitations of TbgoTm1o have been studied by inelastic neutron scattering and calculated
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The mutual solubility of metals of the rare earth
series allows the fabrication of crystals with disparate
and ly variable properties. Pre-
vious studies of the spin dynamics of such systems,
containing small quantities (typically 10 % ) of solute
rare earths in a host with different magnetic properties,
could generally be interpreted in terms of an average-
crystal model, with effective exchange and anisotropy
parameters.

The case of Tm in Tb is however exceptional, since
the Tm ions have a spin S = 1, much smaller than
that of Tb (S = 3), and hence are relatively weakly
coupled to their surroundings. Furthermore, due to
the shapes of the respective 4f charge clouds, the axial
anisotropy of the Tm ions is large and of opposlte slgn
to that of Tb. As a result well-defined quasi-locali

along the h

| axis, is observed.

For the conventional RKKY interaction between the
spins, 7 takes the value (g — 1) /(9—1)1, =3 but
this gives rise to a molecular-field excitation of the
Tm ions at 4.4 meV, instead of the observed 3.1 meV.
To eliminate the discrepancy we have taken v as 0.24
rather than changing the crystal-field anisotropy of the
Tm ions, as the first alternative leads to a more sat-
isfactory fit of both the excitation energies and the
scattering intensities. A departure of 7 from the sim-
ple scaling with the spin is not particularly surpris-
ing, since there have previously been observed indica-
tions, especially in Tb [2], that the orbital moments
are involved in the two-ion coupling in the rare earths,
and these are very different for Tb (L = 3) and Tm

states may be excited on the Tm sites within the en-
ergy band of the Tb magnons. We have studied the
magnetic excitations in a TbgoTm,o single crystal at
4.2 K, by means of inelastic neutron scattering at the
DR3 reactor at Risd, and the observed dispersion re-
lations in the c-direction are shown in figure 1.

In order to interpret these rather complex results,
we begin with the Hamiltonian

H=Y3 B ()Or (@)~
—%szaﬁ(ij)-’adpj. (1)

ij af

The crystal-field parameters of Touborg [1], deduced
from measurements on dilute alloys, are used for the
Tm ions, while the effective single-ion anisotropy on
the Tb ions is described by the parameters determined
earlier from the study of the magnons in pure Tb [2].
The two-ion interactions between the Tb-ions, also
taken from these magnon measurements, are projected
on an anisotropic effective exchange coupling. The ef-
fective exchange between the different types of ions is
then scalled according to

ITm—Tm (4, ) = YTTm-1b (3, j) = YT tb—Tb @, 7).
(2

of the magnetic system, and the asso-
ciated neutron scattering cross-section, are determined
from the generalized susceptlbllxty tensor x (q, w). In
the random-phase approxi and with the use
of the virtual-crystal approximation for the alloy, the
neutron scattering cross-section is proportional to

9°x(a, w) = g7n (1 = ¢) X%b (@) + FFmexTm ()
+{grs (1 - 0) X1 () + gTmCTXm (@) }

X [1- (1= 9 T (@) x4 (@) = 7°7 (@) xpm(@)] " (@)
X {gms (1-¢) X3b (@) + gTmerXEm (@)}

(3)
where x° (w) is the fr depend ingl sus-
ceptibility calculated in the molecular-field approxima-

tion, J (q) is the Fourier transform of the two-ion cou-
pling, and ¢ = 0.1 is the concentration of Tm ions. As
may be seen from figure 1 there is a strong interaction
between the magnetic excitations and the transverse
phonons, and it is necessary to include this coupling
in the calculations. This has been accomplished in ac-
cordance with the theory developed earlier for pure Tb
(3.

The model accounts well for the experimentally ob-
served excitation energies, as shown in figure 1, apart
from a small discrepancy at small g-values in the op-
tical magnon branch. The comparison between the
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Fig. 1. — Excitations in thz c-direction of TbgoTmjo at
4.2 K. The Tb magnon modes, the crystal-field excitations
on the Tm-ions, and the transverse phonons whlch are po-
larized parallel to the to
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Flg 2. — Exp neutron
ities for the indi d vectors, which cor-

produce the dispersion relations shown by the thick lines,
which are the result of the calculation described in the text.
The dashed lines show the unpeterturbed Tb magnons and
the dashed-dot lines the phonons. A and O signify acoustic
and optical respectively. The open circles are experimen-
tally observed pure phonons.
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and calcul is ill in
figure 2. The agreement is again generally satisfac-
tory, although the intensity of the impurity mode at
about 3 meV is somewhat underestimated. However,
the results of other types of scan indicate that this dis-
crepancy may be due to an energy-dependence of the
instrumental resolution, which is not included in the
calculations.

When the scattering vector is along the hexagonal
c-axis the intensity is proportional to

Iy =Im x** (qw) (4)

whereas, because of the random domain structure, it
is proportional to

cc 1
I =1Im x* (q,w) + 5Im x** (q,w) (5)

when the scattering vector is in the hexagonal plane.
For studying the impurity modes it would be advan-
tageous to produce a single-domain crystal, by the ap-
plication of a magnetic field perpendicular to the scat-
tering vector in the plane, which would remove the
term due to Im X (q, u) m (5). This would lead to
a more clear disti n the g inten-
sities related to the two different components of the
susceptibility tensor.

The difference between the interactions of the Th
and Tm ions in this alloy has a profound influence on
the magnetic behaviour at the two types of site. The

respond to a reduced wave vector of 0.33 in figure 1. In
the lower curve the scattering vector is in the c-direction,
while it is close to the hexagonal plane in the upper. Ad-
Jjustable energy resolutions have been included in the cal-
culations. In the upper curve an unperturbed transverse
phonon is observed, and the ratio of the impurity intensity
of the magnon peak is roughly twice that in the lower curve.

exchange forces the Tm moment to be in the plane
at low concentrations but, according to our calcula-
tion, it is reduced from the saturation value of 7 pp to
about 5.9 g, whereas the Tb moment is very close
to saturation. Furthermore the first excited state on
the Tm jons is at a relemvely low energy and the asso-
ciated i are ly in the
c-direction, reflecting an incipi li which
actually occurs at hxgher concentrauons [4]. The Tb
fluctuations on the other hand are largely confined to
the plane, with the result that the neutron scatter-
ing intensity stemming from the c-axis fluctuations is
comparable for the two types of sites, even though only
10 % of the ions are Tm. The dynamics of the Tm mo-
ments could be investigated in greater detail by carry-
ing out inelastic neutron scattering experiments in a
magnetic field.
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