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Antiferromagnetic-Resonance Measurements in Europium Telluridef
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EuTe is a fcc antiferromagnet with ordering of the second kind. Antiferromagnetic-resonance measure-
ments on single crystals have been performed as a function of crystallographic orientation at 1.17'K and at
the frequencies 9, 18, and 24 GHz. The results show that the dominant anisotropy energy contribution
is of dipolar origin and that the sublattice magnetization vectors lie in {111}planes. There is, in addition,
a weak anisotropy in the (111) plane which make the (112) or equivalent directions the zero-field easy
axes. The values of the dipolar and in-plane anisotropy fields are 4000 and 8 G, respectively. For this "easy-
plane" behavior, the two resonant branches are nondegenerate in zero Geld and have the values
2 and 68 GHz. The behavior of the spin-flop transition with the magnetic field along an in-plane
easy axis has been examined. The energy change associated with this transition is calculated to be
AE= L8+(3Hr/2H@)')E2, where IC& is the in-plane anisotropy energy, Hr the spin-fiop field, and H& the
exchange Geld.

I. INTRODUCTION

~ UROPIUM telluride is the fourth member of the
——~ europium chalcogenides and is the only one that is
antiferromagnetic (AFM). In the paramagnetic state it
has the XaC1 structure. From measurements of the
magnetization' and specific heat' on polycrystalline
samples, the Neel temperature has been determined as
being T@=9.8'K, From early specific-heat measure-
ments, '3 the experimentally determined magnetic en-

tropy was considerably lower than what is to be ex-
pected for a simple antiferromagnet. Recent work by
Passenheim4 has shown that this effect is related to sam-
ple impurities. From his results on purified material, the
magnetic entropy agrees with the expected theoretical
result to within the experimental uncertainty. The
results of powder neutron diGraction experiments' have
shown that EuTe is a type-II fcc AFM, and that the
spin ordering is associated with (111) crystallographic
planes. Associated with the AFM transition is a lattice
distortion along a (111)crystallographic axis. ' The cor-
responding set of (111)planes are the ones with which
the magnetic ordering is associated. Since there are
four equivalent (111) directions in the paramagnetic
state, the AFM state is characterized by the existence
of domains, the so-called T domains, 7 one for each of
the equivalent (111)directions. While attempts to deter-
mine the lattice distortion in EuTe using x-ray tech-
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niques' have not given measurable results, the domains
have been observed directly optically7 and indirectly
from ea, rlier antiferromagnetic-resonance (AFMR) mea-
surements' on single crystals. In Sec. II we summarize
the results of the calculation of the AFMR frequencies
as a function of field and crystallographic direction for
the case of a single domain. In Sec. III is a description
of experimental methods followed by the results of
these experiments in Sec. IV. In Sec. V we discuss the
implications arising from this interpretation of our re-
sults comparing them with other experiments and sug-
gesting additional experiments to provide a more
stringent test of this model.

II. RESONANCE EQUATIONS FOR AN
EASY-PLANE ANTIFERROMAGNET

Although the uniaxial, easy-axis AFM has been exten-
sively investigated both theoretically" and experimen-
tally, " the alternate case of the uniaxial, easy-plane
AFM has received less attention. The theoretical
investigations" '4 that have been performed include the
anisotropy energy causing the easy-plane behavior but
either do not include the additional energy giving the
preferred directions in the easy plane or do not deter-
mine the resonance equations for a general crystallo-
graphic direction. A considerable amount of theoretical
and experimental work has been done on the easy-plane
system, but has been primarily applied to the canted
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antiferromagnetic compounds such as MnCO3 " and
m-Fe&03 "' with the emphasis on the consequences of
the canting interaction. There exist in addition the
hexagonal compounds, e.g., CsMnF3 " and RbNiF3 "
which are also of the easy-plane type. The feature com-
mon to all of these systems and to KuTe is that the hard
axis is an axis of threefold symmetry.

The resonance-frequency versus magnetic-field be-
havior common to the easy-plane system has been de-
scribed by Turov in Ref. 13.It consists of two branches
which are not degenerate in zero magnetic field. The
high-frequency branch has a nonzero, zero-6eld fre-
quency, co20, which is related to the hard-axis anisotropy
energy while the low-frequency branch also has a zero-
field frequency, co&o, which is different from zero due to
the in-plane anisotropy energy. Battles" has used the
method of Heller, "incorporating the anisotropy energy
appropriate to the type-I I ordering as obtained by
Keffer and O' Sullivan, " and calculated the resonant
frequencies as a function of 6eld for general crystallo-
graphic directions. Designating the coordinates of the
two sublattices by the subscripts 1 and 2, this total
anisotropy energy becomes

X~——(3Ei/8) (yi —y, )s—zEs(sin'3/i+sin'3$s), (1)

where p; =cos8; is the appropriate direction cosine with
respect to the s, or hard axis. (The z axis corresponds to
a (111)crystallographic axis. ) The angle P, is the angle
in the plane between an in-plane hard axis, the x axis,
and the sublattice magnetization vector. The term in
E& is the dipolar anisotropy as calculated by Kaplan23
and the term in E2 is the phenomenological in-plane
anisotropy energy. The higher-order anisotropy contri-
butions allowed by symmetry have been neglected. We
note that the existence of the S domains as described in
the introduction requires X&W0. In the presence of an
external magnetic field the total energy of the system
will contain the Zeeman energy in addition to the ex-
change and anisotropy energies. Representing this total
energy by X and the variables by ~1,, pi = (8i, 8&, pi, g&,),
the equilibrium condition for the system is determined
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det
O'K jco3f

+ -- sint);(5;+s, ;—8;;+s) =0. (3)
~gi~g j

This equation is quadratic in oP and has two independent
solutions cps and cet (ops)cpi) which is referred to as the
high- and low-frequency branches, respectively. We
now summarize the results obtained by Battles" for
the magnetic 6eld in a general direction but lying in a
principle crystallograhpic plane.

H in (ill) Plane

For H lying in the (111)plane and making an angle n
with respect to the x axis (the in-plane hard axis), the
Zeeman energy becomes

X= —HMLcosn(sin8icosgt+sin8sco&s)
+sinu(sin8isings+sin8ssings) j. (4)

For convenience we define the following quantities:

II.=9E,/M, e~ =~E,/M, H~=)iM,

where H, H~, and H~ are called the in-plane, the out-
of-plane or dipolar, and the exchange or molecule r
fields, respectively. In making the approximations that
follow, we assume H,((Hg((Hg. In addition, it is
necessary to distinguish b etween the norris al and the
spin-flopped states, determined by whether or not the
held is less or greater than the spin-R. op 6eld, B'y. An
expression for the spin-flop 6eld has been obtained by
KeGer and O' Sullivan. " Their result is in agreement
with ours but we initially found their derivation and its
consequences rather obscure. LAgreement is obtained
with their H, ', Eq. (42), with the in-plane anisotropy
as given by Eq. (40).j We summarize a calculation of
Hf which we feel is more clear.

The total energy of the system is given by

X=AM'psin8& sin8scos(gt $s)+cos8icos82j
—

EXMLcos (rr —pi)+ cos (n —gs) $
—

s Eit 2 —(Cos8i —cos8s)')
—

zEsLsin'3/i+ sin'3$sg. (5)

The equilibrium values of 8~ and 02 are 0~ =0~ = 2z .
Defining the new angles pp and ri by

4i Pp t) and Ps =7——r+P—p+rl

and inserting into Eq. (5) results in the following expres-
sion for 3C:

X=Xp+2)~M'sint)Lsinil+ (B/XM) sin(a —pp) )
+rsEs(1+cos6$p cos6'g j (6)

by the solution of the following set of equations:

8X/Bii;=0, s= 1, . . ., 4.

The resonance frequencies are now determined in the
small-signal approximation by the solutions of the
equation
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H= zl&H&

FrG. 1. Magnetic energy as a
function of the angle
between the sublattice mag-
netization vector and the S
(in-plane hard-direction) axis
for the applied field parallel to
the y (in-plane easy-direction)
axis.
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The new equilibrium conditions, ci~/ciri =0 and t)~/r)ye
=0, determine the values of pe and ri. In zero magnetic
field these are Pe

——airr and ri=0. For EuTe, H /6Hri
4/10 —' and can be neglected for H&II, . Using this

approximation and imposing the condition H/2Hz«1,
we can treat p as a small quantity and obtain the follow-
ing expression:

—B sin(n —gs)

2Hs Li+(H/2H~) cos(n —4o)j
Using this expression, pe can be calculated and is given
by

=0
ci4'0 40=m Js, s=02

We have determined this derivative making no approxi-
mations and determine the spin-fiop field to be

Hrs =2H,H's(1+H, /2Hir) —2H, H~. (10)

Using Eq. (9) and the approximation (1/X,)—X(1
+H, /2H@), the spin-flop field takes the form

Hr —(18K,/X, )' is.

Associated with the spin-Aop is a discontinuous change
in the magnetic energy given by

H'sin2 (n —Pe) = sH, Hssin6rlpe. (8)

X,= (1/) ) (1—H./2Hs). (9)

The other case of interest is when o.=~x, II along an
easy axis. To display the behavior of the system, we
have used a computer to numerically solve for p as a
function of @e and determined the energy as a function
of Pe for different magnetic fields as shown in Fig. 1. In
zero magnetic field the assumed direction of the sub-
lattice magnetization vectors is &90' and corresponds
to a minimum energy. For 0&H&Hy, these positions
become rnetastable and are confined to this position by
the "anisotropy hump. " At II=H~, this hump ceases
to exist and the system switches to the spin-flopped
position, Pe=0. If we use one of the exact equilibrium
conditions to express ri as a function of ge, the spin-flop

These expressions have been used in calculating the
resonance equations.

For the case of the magnetic field along a hard axis,
rJ.=0, pe= —', rr, and sinri=H/2Hs. A calculation of the
"in-plane perpendicular susceptibility" gives the result

Heating effects in an alternating magnetic field (2 kOe)
have been reported by Busch et al.24 in powder samples
of EuTe which may be a reflection of this energy change.
Their paper does not, however, give sufficient detail for
a definite conclusion. We note, finally, that these ex-
pressions have been obtained in the molecular-field
approximation for T=O'K and in particular have
neglected any effects due to spin-wave excitations. For
a thermally isolated single S-domain sample, this corre-
sponds to a step temperature rise in the sample.

Case I:H(Hy

Using Eq. (2) to determine the equilibrium values of
the angles (Hi Hs, pi, gs) to first order in the applied mag-
netic field and subject to the condition H/Hz«1, we
have determined the resonant frequencies to be

(oi /y) =2H~H@+H cos2n(1 Hsin rJ/HgH@)—
—Hscos'a (H'sin'n/4H~') (13)

'4 G. Busch et al. , Phys. Letters 9, 7 (1964).
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The resonant frequency ~& goes to zero at

/M2

~

—=4H, H~+2H. H~

—H2 cos o.

' sin2n H' sin'o

the spin-flop field.

H = (2H,Hs)'"

Case 2: K&K~

+3H' sin'n 1—

4Hg'

H2 sin'n
(14)

3HgH~

For the spin-flopped mode, it is more convenient to
introduce the angles 8& Rnd 8& defined by

pg=~~+n —8g and $2=~vr+n+82.

For the magnetic field applied along the hard direction,
a=0, Eqs. (13) and (14) become

((ug/y)2=H'+2H, H g

Rnd

(~2/y)'=4H~Hs+2H, Hg (Hg/H~—)H2. (16)

Rnd
(a)g/y)'= IP+2H.Hscos6n (19)

(~2/y)'=4H~H~+2H, H~cos6n (H~/H~—)H' (20)

Determining these small quantities to first order in

(H/Hz) and substituting into the resonance equation
gives

For this orientation, there is no spin-Aop transition.
These equations are valid for all fields subject to the
approximation that (H/Hs)«1. This dependence on
field is shown in Fig. 2. For the applied field along the
easy axis, n= 2m, the resonance equations, to first order
in H/H~, become

These equations are subject to the restriction H/H s«1.
For the case of H along the easy axis, a. =2'7t-, these
become

(~q/y)2 =jP—2H,H@ (21)
R11Cl

(&v /y)'= 2H~H~ H'—
RilC1

(co~/y)'=4H~H~+2H Hg+3H'.

(cv2/y)'=4HgH~ 2H H~ (H—~/H~)H' —(22)

The results for H(Hr together with H) Hr are shown
in Fig. 3. The upper branch has a discontinuous change

(18) at H=Hr, but otherwise depends only weakly on the

FIG. 2. Field dependence
of the resonant frequencies
for the special case of the
applied field parallel to an
in-plane hard axis. The
dashed line represents the
limit of the in-plane anisot-
ropy energy, H, equal to
zero.

V2H
0

H

0
H
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Fxo. 3.Field dependence of the reso-
nant frequencies for the special case of
the applied Geld parallel to an in-plane
easy axis. Hy is the spin-Qop Geld, Eq.
(10). The resonant frequency of the
upper branch changes discontinuously
at II=Hy. The difference in the
squares of this frequency is n(cps/7)'
=6H, (H~+Hg) 3'. The dashed
line represents the limiting behavior of
the low-frequency branch when H =0

field. The slope of cv2 above II~ must become positive at
high fields. This rejects the neglect of terms like
(H/H@)4 in this derivation. The results, Eq. (19), are
identical to those obtained for the hexagonal easy-plane
AFM, CsMnF3" as well as for O.-Fe203 where the cant-
ing interaction is weak. The cos6n angular dependence
in the spin-Qopped state is not present for II(HJ since
the sublattice magnetization vectors remain fixed, essen-

tially, to the easy axes.

Knot in a (111)Plane

When the applied field does not lie in the (111)plane,
the resonance equations are obtained by this same pro-
cedure. To illustrate the results obtained, we consider
the case where the applied field lies in the y-s plane,
making an angle P with the s axis. The result is two
branches as before with two cases depending on whether
or not one is above or below the spin-Qop field. For the
spin-Ropped state the resonant frequencies are given by

((di/'y) =HsLsin P —(Hs/]6H„H~)sjns2Pj
—2H, Ha (23)

((us/y)'=4H~H g —2H~H~ —(H~/Hz)H'
+H'cos'Pf1 —(H'/16Hir )cos'P+ (H'/4H~Hir) sin'P j

(24)

When the applied field is parallel to the (111)direction,
a hard axis, P=0 and Eqs. (23) and (24) reduce to

and
(oui/y)'=2H~H, (H,/2H~)H'— (23)

(ops/y)' =4H~Hir+2H~H +H'
&(P1—2Hg/Hrr —H'/4H~'g. (26)

A plot of Eqs. (25) and (26) is given in Fig. 4. In this
case ~& is almost field-independent. The high-frequency
mode co2 shows the usual increase with increasing field.
The presence of the negative term in (H/2H@)s indi-
cates that the rise is less rapid than IP but does not
provide the possibility of a decrease because of the
approximation made in this calculation. It is of interest
to observe that in the limit of H 0 and low fields,
Eq. (23) reduces to

(27)
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FIG. 4. Field dependence
of the resonance frequencies
for the special case of the
applied field perpendicular
to the easy plane. The low-
frequency branch is nearly
field independent. The
dashed line has been in-
cluded to indicate the limit-
ing behavior. When H, =0,
the low-frequency branch is
zero independent of field.

+2H HE

the result initially determined by Pincus" neglecting
the in-plane anisotropy energy, and by Turov and
Guseinov" if we set q in their Eq. (5) equal to zero.
This simple behavior can be described by observing
that the field for resonance at a particular angle is that
required to give a constant value of the projection,
(coo/y), on the easy plane. With this approximation
the system is always in the spin-Qopped state.

To summarize the results of this section, we have pre-
sented results for the field and angular dependence of
the two resonant-frequency branches below and above
the spin-Bop field. The results have, in each case, been
extended to higher order in H/2Hg than have been
previously given in the literature. Anticipating our ex-
perimental results, we observe that these additional
terms become particularly important for the magnetic
field making a large angle with the easy plane.

GI. EXPERIMENTAL PROCEDURE

The compound EuTe was prepared by the direct re-
action of the elements. The material was purihed by
fractional distillation which also yielded small but
usable single crystals. Single crystals were ground into
spheres, the surface polished, and annealed for 12 h at
900'C. The samples obtained were between 0.1 and
0.2 mm in diam. Using an x-ray precession camera, the
samples were oriented and mounted such that the static
magnetic field would lie in either a (111)of (110) plane.

The microwave spectrometer used was of a conven-
tional design. "For some measurements at 24 GHz, a
homodyne detection system with automatic phase con-
troP' was used to improve sensitivity. Figure 5 shows a
cutaway of the cavity section of the sample holder, the
sample being rotated around the axis of the waveguide.
The vacuum-tight can, provided to permit temperature
variations above 4.2'K, served to exclude liquid helium
from the cavity and waveguide. This reduces the over-
all noise in the system. To maintain thermal contact
with the sample, the can was filled with helium gas to
a pressure of about 300 p.

For the measurements at 18 and 24 GHz, a common
sample holder was used. The temperature of this system
was 1.17 K. The measurements at 9 GHz were with a
different Dewar system and were taken at 1.35'K.

IV. EXPERIMENTAL RESULTS

Data taken for the magnetic field rotated in (110}
and (111}planes is shown in Figs. 6—8. The data shown
in Fig. 6 is for the magnetic field in a (111)plane taken
at 9 GHz. The data is characterized by four branches,
one being associated with each of the possible T
domains. For one of these, branch 8, the magnetic field
lies in the plane of the spins for this domain. The re-

2~ Reference 10, Chap. 10.
2~ H. C. Praddaude, Rev. Sci. Instr. 38, 339 (1967).
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maining branches are associated with the other three
domains. For perfect alignment of the crystal, these
branches should be identical but separated by 120'.
Each branch having a 28 angular dependence gives the
observed result of a maximum in the Geld for resonance
every 60'. The maxima not being at the same field value
is attributed to a small misorientation of the sample.
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Fr@. 7. Magnetic field for resonance as a function of crystallo
graphic direction at the constant frequency 24 0Hz. The sample
is a single crystal with the magnetic lying in a (110) plane. The
solid curve is the result of fitting branch C to Eq. (29).
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Fxo. 8. Magnetic field for resonance as a function of crystallo-
graphic direction at the constant frequency 18 6Hz. The sample
is a single crystal with a slight misorientation such that the mag-
netic field lies nearly in a (110) plane. The branches A and 8 are
distinct owing to the misorientation and correspond to branch C,
Fig. 7. The solid curve is the result of fitting this branch to Eq.
(29).

Fro. 5. Cutaway drawing of the low-temperature portion of the
sample holder. Details of thermometers, heater, and pumping
lines have been omitted for clarity.

From the results obtained for rotations out of the
easy plane, Eq. (23), the field for resonance as a func-
tion of angle can be rewritten as

H(P) =Hp/sinP, (28)
l0.50—
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X
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where Hps ——(re/y)s+2H, Hg and rpp is the axed fre-
quency at which the measurements are being made.
[The term in sin'2P, Eq. (23), has been neglected. ]
The solid curve drawn through the points, branch 8 in
Fig. 6. has been calculated and represents the projec-
tion of H into the easy plane of this T domain being
equal to Bo. The angle between this easy plane and the
plane in which the magnetic field is being rotated is n
and the equation for the resonant held as a function of
angle becomes

3.90 H'(p') =He[1—cos'p' cos'aj 'i'. (29)
'3.!00 20 40 60 80 IOO I20 I40 I60 I80 200 220 240

ANGLE OF ROTATION

Fxc. 6. Magnetic field for resonance as a function of crystal-
lographic direction at the constant frequency 9 6Hz. The sample
is a single crystal with the magnetic field lying in a (111)plane.
The four branches. shown arise from the four different possible
types of domains as discussed in the text. The solid curve is the
result of fitting to Eq. (29) with the appropriate value of n.

The quantity Hp being different from (~p/y) provides
a determination of 2H,II~. %e have made use of the
fact Hp) (up/p) and the frequency dependence to iden-
tify these branches as being those of the low-frequency
spin-flopped mode. The very good fit of Eq. (29) to
this branch without the higher-order terms included is
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an indication of the fact that for these fields and angles,
the sublattice magnetization vectors are effectively not
being pulled out or the easy plane.

For the case of the magnetic field in a (110}plane,
we would expect four branches as before but with two
of them being degenerate. The results shown in Fig. 7
were obtained with the magnetic field rotated in a f 110}
plane at 24 0Hz. The branch labeled C is the result of
the two branches that are equivalent. The solid curve
through these points is given by Eq. (28) with the
appropriate value of n. The branches A and 8 are the
other two branches and represent rotations from an
equivalent (112) direction in the plane to the (111)or
hard direction. The very rapid increase of the field for
resonance as we approach a (111) direction is what is
expected from the simplified result, Eq. (27).

We have included the results of a set of measurements
at 18 GHz for a sample rotated in a {110}plane but
which was unintentionally misoriented. The result is to
remove the degeneracy of the two branches labeled C
in Fig. 7 and give the two separate branches A and 8
shown in Fig. 8.

The data associated with branch A in Fig. 7 together
with the results of similar measurements on two addi-
tional samples have been plotted on one curve appro-
priate to this branch in Fig. 9. The solid curve is the
result of fitting the results from just one sample to the
theoretical equation, Eq. (23). The fit to all of the data

is very good particularly since the results of only one
sample were used to determine the curve. It is to be
noted that both the sin'P and sin'2P terms of Eq. (23)
were required to obtain this agreement between experi-
ment and theory. The dashed curve, Fig. 9, is the result
of using Eq. (28) with Hs determined by the minimum
resonant field. The deviation from this simple equation
rejects the importance of including the amount by
which the sublattice magnetization vectors are pulled
out of the easy plane for these angles and fields. Data
to 24 kOe represented the limit of our available mag-
netic field. It would be of interest to extend these mea-
surements to higher fields for testing the range of useful-
ness of the resonance equations obtained. How success-
ful this would be is not clear as the linewidth is also
increasing as 1/sinP.

Our interpretation of these results is that they corre-
spond to the low-frequency branch (branches because
of domains) of a spin-flopped easy-plane AFM. The
easy axis in the plane has been determined as a (112)
or equivalent direction. The alternate possibilities can
be ruled out using Kaplan's23 results to calculate H~.
The resultant zero-field frequency is 100 0Hz based
on these estimates and cannot be observed at the fre-
quencies we used. In fitting the data shown in Fig. 9,
the ratios H, /H~ and H~/H~ were determined. To
calculate II~, we have used the expressions

Hii =AM and &= (12/g'ps'1V) (/i+ Js)
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Fxa. 9. Magnetic Geld for
resonance of one branch in a
f110) plane, as a function
of crystallographic direc-
tion. The other branches,
Figs. 6 and 7 have been
omitted for clarity. The
solid curve is the theoretical
fit to the data using Eq.
(23) and those points desig-
nated by squares. The other
data points are from other
samples in this orientation.
The dashed curve is the
1isinp dependence obtained
Eq. (27), when the second-
order eGects are neglected.
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together with the experimental results for J~ and J2
determined by Passenheim. 4 The value, HE ——37&3
kOe, is consistent with the value obtained from a cal-
culation using the Keel and paramagnetic Curie tem-
peratures. The resulting numerical quantities are as
follows:

H, =(8&4) Oe,

Hg ——4.0~0.4 kOe,

Hg ——770~200 Oe.

The calculated zero-field resonant frequencies are
~i0=2 6Hz and ~20=68 GHz.

V. DISCUSSION AND CONCLUSIONS

. We have treated the anisotropy energy denoted by
E& as being of dipolar origin and thus causing the easy-
plane ordering. Using the relation Xi=—,MH~ defined
earlier and our experimental result, we obtain X~=2.4
)& 10' erg/cms. This result is about 20% lower than what
is calculated using Kaplan's" expression. A similar dis-
crepancy has been observed to exist by Lines and Jones
for MnO '~ and MnS" as determined from NMR data.
An attempt to interpret this difference as being caused
by pseudo-dipolar effects can be discounted based on
results for the high-temperature paramagnetic reso-
nance linewidth. These results agree well with dipolar
broadening theory and the classical dipolar coupling
constant. "

The physical origin of the in-plane ansiotropy energy,
H„ is not unambiguously determined. It could, in prin-
ciple, be due to the quadrupolar terms considered by
Kaplan. From the work on the anisotropy constants in
the ferromagnetic europium compounds, '~3' it has been
determined that dipolar and higher-order terms do not
contribute. The anisotropy appears to be due to the
single-ion mechanism proposed by Wol6, 33 arising purely
from crystal-field effects. The magnitude of H should

~' M. K. Lines and E. D. Jones, Phys. Rev. 139, A1313 (1965).
2'M. E. Lines and E. D. Jones, Phys. Rev. 141, 525 (1966).

S. von Molnar and A. W. Lawson, Phys. Rev. 139, A1598
(1965).

+ N. Miyata and B. E. Argyle, Phys. Rev. 15'7, 448 (1967).
3' M. C. Franzblau, Glen K. Kverett, and A. W. Lawson, Phys.

Rev. 164, 716 (1967)."R.F. Brown, A. W. Lawson, and Glen E. Everett, Phys. Rev.
1/2, 559 (1968)."W. P. Wolf, Phys. Rev. 108, 1152 (1957).

be compared with the values of K2 determined for these
compounds recognizing that X2 as used here is defined
relative to a {111)plane while the other determinations
are referred to the cube edges. A transformation from
the cube-edges system E&' to the f 111)-plane E& gives
the approximate relation, Es Es'/50. The value of
E2 for EuTe is roughly a factor of 2—3 larger than the
values obtained for EuO '4 and EuSe.""

A final comment is appropriate. The calculations of
Pearson3' have shown that the distortion accompanying
the AFM state has a very pronounced effect on the
anisotropy constants. The demonstrated existence of T
domains in this material would only further enhance
these effects. This is indirectly supported by the anoma-
lous behavior of the temperature dependence of the
anisotropy constants in EuSe.35 Experiments on single-
domain samples would be very useful to determine the
role of domain-boundary stress effects both on X& and
on X2.

We can summarize our results as being well described
by a model for the magnetic ordering in EuTe as being
of the easy-plane type. The multiple branches observed
in the AFMR results are explained by the existence of
domains. The observation of domains in EuTe by opti-
cal techniques" is very strong support for this model.
Experiments on single-crystal samples that have been
forced into a single domain by cooling in either a strong
temperature gradient or under a small uniaxial stress,
would be expected to exhibit just one resonant branch
each for col and co&. We are presently engaged in extend-
ing these measurements to lower frequencies to examine
the behavior of co~ in the region around the spin-Qop
field and will attempt to do so on single-domain
samples.
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