Dynamic properties of YbFeO, in the vicinity of an orientational phase transition
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High-frequency and acoustic investigations of ytterbium orthoferrite were made in the vicinity of
an orientational phase transition. A soft magnetic resonance mode associated with oscillations of
the magnetic moments of Yb>* ions was observed. The energy gaps at the points of spontaneous

and field-induced transitions were determined. The influence of the magnetoelastic interaction on

the anomalies of the velocity and attenuation of sound were determined in the vicinity of these
transitions. It was found that the magnetoelastic coupling is enhanced by a magnetic field. A
study was made of the influence of misorientation of a magnetic field on the magnetic resonance
spectrum, as well as on the velocity and attenuation of sound. It is concluded that the
magnetoelastic interaction was not the main mechanism responsible for the formation of the
experimentally observed energy gaps in the spectrum of the soft magnetic resonance mode of

YbFeO,.

1.INTRODUCTION

A typical feature of rare-earth orthoferrites (with the
space group D };) is the presence of two magnetic subsys-
tems in the form of a slightly canted antiferromagnetic struc-
ture of Fe** spins and an ensemble of paramagnetic rare-
earth ions. The interaction between them is responsible for a
great variety of static and dynamic properties and also for
orientational phase transitions. In the majority of orthofer-
rites these transitions involve continuous rotations of the
weak ferromagnetic moment of the iron sublattices and of
the induced moment in the rare-earth subsystem from the
crystal axis ¢ to the axis a (as a result of cooling) via a canted
phase. The onset and completion of a spontaneous orienta-
tional phase transition occur at temperatures 7', and T, spe-
cific to each rare-earth orthoferrite. In the range 7> T, the
phase has the ', symmetry, whereas in therange 7'< T, the
phase is ', (Ref. 1). The canted phase I',, exists in the
range 1,-T,.

A characteristic feature of the reorientation process in
YbFeQ, is that the polarization of the magnetic moments of
Yb®* in the low-temperature phase (7'< T,) is described
not by one but by two irreducible representations of the D };,
group, which are I', and 'y (Ref. 2). An admixture of I'g is
due to a considerable increase of the interaction in the rare-
earth subsystem as a result of cooling. We shall not ignore
this fact, but bear in mind that this admixture was not ob-
served explicitly in our experiments, which justifies labeling
the orientational phase transition in the form typical of the
majority of rare-earth orthoferrites: I',—-I',,-T",.

The dynamics of an orientational phase transition in
orthoferrites with relatively high transition temperatures
(T,, >50K) is governed primarily by the iron subsystem.
At the limits of an orientational phase transition corre-
sponding to the temperatures 7 and T,, which are second-
order phase transition (FT-2) points, a quasiferromagnetic
mode of an antiferromagnetic resonance (AFMR) of the
Fe3* spins becomes softer.>* The influence of the rare-earth
ions on the dynamic properties reduces to a temperature-
dependent renormalization of the AFMR frequencies by the
parameters of the R-Fe interaction (R is a rare-earth ion).
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This softening may be limited by the interaction with the
rare-earth modes if the splitting of the main doublet (quasi-
doublet) of the rare-earth ion is considerably less than the
characteristic AFMR frequencies. This occurs, for example,
in the case of HoFeO; (Ref. 3) and clearly also in ErFeO,
(Ref. 4). However, in the case of other ferrites in which an
orientational phase transition occurs at relatively high tem-
peratures (T, < 10 K) such AFMR mode softening is not
observed.>® In the latter orthoferrites the loss of stability
necessary for the onset of the transition may be due to soften-
ing of one of the rare-earth modes.” In the case of YbFeO,
the I', -I", reorientation occurs at a temperature lower than
in the case of other rare-earth orthoferrites (~6-8 K).
Therefore, it would be of interest to investigate the dynamics
of this transition in order to identify the nature of the soft
mode and the influence of this mode on the effects associated
with the magnetoelastic interaction. A more general aim of
the present experiments was to obtain information on the
theoretically predicted® mutual influence of magnons and
phonons.which should be manifested most strongly at the
points of spin reorientation transitions.

2.EXPERIMENTAL METHOD

The magnetic resonance spectrum was determined us-
ing a direct-amplification reflection microwave spectrom-
eter operating at frequencies in the range 14-79 GHz. Effec-
tive wide-band tuning was achieved by a nonresonator
method using interchangeable short-circuited rectangular
waveguides. The waveguide cross section selected for each
frequency interval was such that only the fundamental
waveguide mode TE, was propagated. Samples were bond-
ed to a rotatable stage located at the center of a short-circuit-
ing plunger. Rotation of this stage altered the orientation of
the crystal axes relative to the magnetic component of a
high-frequency field h. The absorption of the microwave
power was determined at fixed frequencies while tempera-
ture was varied. A static magnetic field was applied in the
plane of rotation of the stage. The main magnetic resonance
experiments were carried out on a spherical sample with a
diameter of 0.8 mm. The preliminary results of these experi-
ments were published earlier.’
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Measurements of the relative changes in the phase ve-
locity As/s and in the attenuation Aa of sound were made
using a self-balancing bridge circuit whose operation was
similar to that of the circuit described in Ref. 10. One of the
measured parameters (As/s in our case) was processed by a
microcomputer and then plotted directly as a function of
temperature when the latter was varied slowly (~0.02
K/min). A magnetic field up to 35 kOe was created in a
small superconducting solenoid. In a weak field (up to 3
kOe) it was possible to tilt within a narrow range ( ~1°) the
resultant magnetic field vector, relative to the crystallo-
graphic axes of a sample, by means of Helmholtz coils.
Acoustic vibrations of frequencies 50-250 MHz were excit-
ed by LiNbO, piezoelectric transducers at the fundamental
frequency of ~50 MHz. The wave vector of sound k was
oriented (to within 0.5°) along the c axis for all the polariza-
tions. Measurements using longitudinal and transverse
sound with the €||b polarization of the vibrations were car-
ried out using a cylindrical sample with a diameter ~5 mm
and of length ~ 6 mm, whereas in the €||a polarization the
length of the acoustic path was reduced because the effect
was stronger. In the latter case we used a disk with rounded
edges: the thickness of the disk was ~ 1 mm and its diameter
was 5 mm. The technique used in the acoustic measurements
on insulating crystals, such as the investigated rare-earth
orthoferrite, was described in Ref. 11.

All samples were cut from the same single crystal grown
by the floating zone method in which radiation heating was
employed. The orientation of a sample was determined and
final checks were carried out using a DRON-3 x-ray diffrac-
tometer.

3.SOFT MAGNETIC RESONANCE MODE NEAR AN
ORIENTATIONAL PHASE TRANSITION IN YbFeO,

We shall first consider the high-frequency properties of
YbFeO, in the case of a spontaneous orientational phase
transition (H = 0). Typical resonance absorption curves are
shown in Fig. 1. Itis worth noting that by selecting the polar-
ization of the oscillations of the hf field as h||c or h|ja we
could excite selectively a magnetic resonance in the vicinity
of T, or T, A number of records of this type, obtained at
several fixed frequencies v, were used to plot the temperature
dependence of the magnetic resonance frequency shown in
Fig. 2. The minimum resonance frequencies of the spontane-
ous transition corresponded to the temperatures 7', and T',,
which we regarded as the limits of the orientational phase
transition. They represented energy gaps in the magnetic
resonance spectrum when the reorientation process begins

|
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FIG. 1. Temperature dependence of hf absorption in the vicinity of the
spontaneous I',-I", orientational transition in YbFeO; at 52 GHz, ob-
tained using different polarizations of h: 1) h|c, 2) h||a. The arrows identi-
fy the positions of the magnetic resonance lines.
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FIG. 2. Temperature dependence of the frequencies of the soft magnetic
resonance mode of YbFeO, observed in spontaneous I',-I', (®) and
field-induced H = 3 kOe transitions: I',-I",, in a field H||a (Y7) and I",,—
T, in afield H||c (A).

and ends: v, (T, ) and v,(T,). At operating frequencies in
the range v < v, , we observed a signal associated with the
absorption at the edge of a resonance line. This was con-
firmed by the vanishing of the intensity when the frequency
was lowered by an amount just equal to the width of an ab-
sorption line. Therefore, v, (T, ) and v, (T, ) were the gaps
in the spectrum and not frequencies below which one could
not resolve too closely spaced absorption lines. When the
field h was inclined to the ¢ axis in the ac plane, the intensity
of the resonance lines decreased monotonically in the range
T <T,, whereas in the h||a orientation they disappeared
completely. For h||b the intensity of the signal was an order
of magnitude less than for h||c. Hence, the magnetic suscep-
tibility of the phase I", obeyed y..> Y5> Yoo = 0. The reso-
nance branch observed at 7> T, was excited preferentially
by the field h|ja. This branch was characterized by
Xaa >Xbb’ ch = 0'

The influence of a static magnetic field applied in the ac
plane was as follows. When the orientation of the static field
was H||a, the I",-T",, transition shifted toward higher tem-
peratures (d7T,/dH, = 0.97 K/kOe) and theI",,-T, transi-
tion was suppressed (Fig. 3). The value of the gap at the
transition point T, (H,) was not affected (Fig. 2), whereas
the resonance branch in the vicinity of 7', rose even in a field
of H> 0.2 kOe beyond the working frequency range. The
field H||c induced the I',,-T", transition which shifted to-
ward lower temperatures (d7,/dH, = — 0.092 K/kOe).
The gap observed in the case of this field-induced transition,
as in the preceding case, was identical with the gap observed
for the spontaneous transition. This orientation of the field
suppressed the transition in the vicinity of T, so that the
corresponding soft magnetic resonance mode disappeared
(in fields H > 1 kOe). The experimental dependence in Fig.
3, corresponding to the exact orientation of the field along
the a and c axes, represented in fact the H-T phase diagram
of YbFeQ; in the vicinity of the I',-I", transition.

A marked reduction in the resonance frequencies on
approach to the characteristic temperatures of the orienta-
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FIG. 3. Relationship between the critical values of the temperature and
the magnetic field corresponding to the minimum of the magnetic reso-
nance frequency when the field was inclined in the ac plane by various
angles @. Slant relative to the a axis: 0° (V7), 5° (@). Tilt relative to the ¢
axis: 0° (A), 1° (A), 3°(0), 5° (@), 10° (O).

tional phase transition indicated that a soft magnetic reso-
nance mode characterized by mlM was excited in our ex-
periments. Symmetry analysis'? indicated that the I',-T 54~
', orientational phase transition could soften a quasiferro-
magnetic mode of AFMR associated with the iron subsys-
tem or one of the rare-earth modes with the same oscillation
symmetry (mlM). An investigation of the submillimeter
spectrum of YbFeQ, indicated that the minimum frequency
of the quasiferromagnetic mode in the vicinity of the orienta-
tional phase transition was ~20 cm~! (Ref. 5). This dem-
onstrated unambiguously that the resonance branch we ob-
served in the millimeter range was not an AFMR mode.

The slight changes in the frequency of this branch re-
ported in Ref. 5 could be attributed to softening of the
AFMR, which however was limited by the interaction with
the rare-earth mode of lower frequency. This interaction
could give rise to a branch of coupled oscillations (as found,
for example, in the case of HoOFeO,—Ref. 3) in the form of a
soft mode during an orientational phase transition. This
could be the resonance mode observed in our experiments.
Then, as in the case of high-temperature transitions, the dy-
namics of the iron subsystem should play the main role.

However, the formation of a soft mode as a result of
cooling could occur in accordance with a different mecha-
nism.” This mechanism involves a change in the role of the
rare-earth subsystem: its contribution to the high-frequency
properties becomes mainly dynamic rather than relaxa-
tional. In this situation the oscillations of the rare-earth mo-
ments are coupled to a greater or lesser extent to oscillations
of the iron spins because of the R-Fe interaction. This may
be the reason for the anomaly in the temperature dependence
of the frequency of the quasiferromagnetic mode observed in
Ref. 5. The actual ratio of the dynamic contributions of iron
and ytterbium to the observed soft mode can be determined
by developing a theoretical model which would allow for
both mechanisms and by obtaining experimental results
throughout the full range of the resonance spectrum of
YbFeO, Nevertheless, since a temperature dependence
varmr () near an orientational phase transition is unusual
for a soft mode,® preference should be given to the mecha-
nism of formation of the spectrum associated with an in-
crease of the role of the dynamics of the rare-earth subsystem
as a result of cooling.

The absolute values of the energy gaps of the soft mode
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at the orientational phase transition points were determined
in our experiments. In the case of just the spontaneous tran-
sitions, two possible mechanisms of formation of the gaps
are known at present: the magnetoelastic® and the relaxa-
tional."> The relaxational mechanism'® can give rise to a gap
in the AFMR spectrum because of relaxation in the rare-
earth subsystem. Since the soft mode we investigated was not
associated with the AFMR, the relaxation mechanism could
be ignored. Our case probably corresponded to the situation
considered in Ref. 13, when the dynamics of the rare-earth
subsystem could be described by purely relaxational equa-
tions of motion. An additional nonactivated branch of oscil-
lations then appeared (when no allowance was made for oth-
er gap mechanisms), which had the soft-mode symmetry.
Therefore, we analyzed only the role of the magnetoelastic
interaction of phonons and magnons when considering the
formation of energy gaps.

Going back to the field-induced transitions we ask the
question: what happens to the soft mode in an oblique field?
It is known' that in rare-earth orthoferrites exhibiting the
high-temperature I',-T", reorientation slanting H from the
a or c axis in the ac plane converts RFeO; to the canted
phase I',, . This destroys the distinction between the phases
and the orientational phase transition disappears. In the res-
onance experiments this is manifested as follows: the slight-
est tilt of the field greatly increases the minimum frequency
of the quasiferromagnetic AFMR mode, which is no longer
soft if @ %0 (Refs. 14-16). The results of hf experiments on
YbFeO, in an oblique field are plotted in Figs. 3-5. Bearing
in mind the comments made above, we can see that the
curves shown in Fig. 3 and obtained for ¢ 50 are no longer
the I',-T',, and I',,—T", second-order phase transition lines,
but represent simply the positions of the minimum magnetic
resonance frequency obtained for a given field and tempera-
ture. The sensitivity of this characteristic ‘“memory” of the
phase transition to the field direction is demonstrated in Fig.
4, We can see that whereas in the case of the exact orientation
H||a or H||c the minimum frequencies (gap) are practically
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FIG. 4. Temperature dependences of the energy gaps in the case of transi-
tions induced in fields H||a (\7) and H||¢ (A), and of the minimum reso-
nance frequencies in the case of fields tilted in the ac plane by various
angles @. Tilt relative to the a axis: 1° (W), 3° (@), 5° (). Tilt relative to
the ¢ axis: 1° (A), 3° (0), 5° (@), 10° (O).
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FIG. 5. Angular dependence of the increments in the minimum resonance
frequencies of YbFeO, and in a magnetic field H = 5 kOe slanted relative
to the a axis (Y7) at temperatures TR T, relative to the ¢ axis (A) at
TS T,. Thecontinuous curve represents the results of a calculation of the
increment of the frequency gap of TmFeO, (Ref. 14) when a field H = 7
kOe was slanted relative to the a axis at temperatures T2 (T, = 81 K).

independent of the field, an oblique field suppresses both
transitions (at T, and T, ) and gives rise to a strong depend-
ence of the minimum magnetic resonance frequencies on the
parameters mentioned above.

We compared the dependence of the frequency gap on
the field direction obtained in the present experiments with
the corresponding calculations for TmFeO, (Ref. 14) by
plotting in Fig. 5 the increments of the gaps of TmFeO, and
YbFeO, as a function of @. The results indicate that the gap
of YbFeO, is much less sensitive to the field direction than
TmFeO, particularly in the case of small angles @. This
quantitative difference could be due to the different nature of
the soft mode in TmFeO; and YbFeO,. Moreover, the cal-
culations of Ref. 14 are made on the assumption that there is
no gap for ¢ =0, i.e., no allowance is made for any mecha-
nisms of activation at the phase transition point, whereas our
results were obtained with actual large “seed” gaps v, and
v, (Fig. 4), observed also for ¢ = 0.

4.MAGNETOACOUSTIC EFFECTS NEAR AN
ORIENTATIONAL PHASE TRANSITION IN YbFeO,

It follows from the calculations of Ref. 8 that the mag-
netoelastic interaction is the main factor responsible for the
energy gap in the spectrum of magnons at the orientational
phase transition point. The interaction of a soft magnetic
mode with an active acoustic mode should reduce the veloc-
ity of a quasiacoustic wave to zero when the wave vector is
k—0. In the case of orthoferrites the expected features in the
behavior of the velocity of sound are quite familiar (see, for
example, Ref. 17). In accordance with the general theory of
second-order phase transitions, the velocity of longitudinal
sound changes abruptly at a phase boundary and the de-
pendence of the velocity of transverse sound (k||c, €]|b) on
the external parameter causing the transition has a kink. The
velocity of a second transverse acoustic wave (k||c, €||a)
should exhibit resonance features at the phase transition
points. It should be pointed out that, although the experi-
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FIG. 6. Temperature dependences of the relative change in the velocity
As/s (continuous curves) and in the attenuation Aa (points) of sound
with the wave vector k||c, determined in the vicinity of the spontaneous
orientational phase transition in YbFeO, for different acoustic wave po-
larizations and frequencies: a) €||c, cylindrical sample with the axis along
¢, frequency of sound 169.9 MHz, s(4.2 K) = 6.0 X 10° cm/sec; b) €||b,
same cylindrical sample, frequency of sound 162.9 MHz, s(4.2 K)
=3.7X10° cm/sec; c) €|a, disk-shaped sample with the normal along
the c axis, frequency of sound 54.3 MHz, 5(4.2 K) = 3.3X10° cm/sec.

mental results of Refs. 17-20 agree qualitatively with the
theoretical predictions, none of the investigated orthofer-
rites exhibit changes in the sound velocity in excess of
~ 1072, Among the various factors which can be responsible
for such a small change in the velocity are sample inhomo-
geneities (in their structure and in the temperature field),
the influence of domain walls, and nonzero values of k which
are usually encountered in acoustic measurements.

Figure 6 shows the experimental temperature depend-
ence of As/s and Aa obtained for various acoustic modes of
YbFeO; in the vicinity of the spontaneous orientational
phase transition. The results plotted in this figure are in
qualitative agreement with the publisthed results of acoustic
experiments near similar orientational phase transitions in
ErFeO, (Refs. 17, 18, and 20) and in TmFeO, (Refs. 19 and
20).

The anomalies of the velocity and of the attenuation of
that acoustic wave which interacts with magnons are of the
greatest interest to us. The wave in question is transverse and
its polarization is €||a. We shall call it the active acoustic
mode. It is clear from Fig. 6 that the anomalies of the veloc-
ity of the active mode at the phase transition point are reso-
nant, but they amount to just ~0.5% (for comparison, in
the case of ErFeO, the corresponding value is ~0.2%,
whereas for TmFeO; itis ~3.2%). We must begin by point-
ing out that the working frequencies of sound used in our
experiments were much lower than the gaps observed in the
magnon spectrum at v; and v,. On the assumption of the
magnetoelastic origin of the gaps (v,, ~v,,.) this would
correspond to the long-wavelength approximation (v<v,,.)
for which the dispersion law of the quasiacoustic mode
should be quadratic.® However, a change in the frequency of
sound by a factor of 5 (50-250 MHz) in our experiments
failed to reveal any frequency dependence of the quantity
As/s. Hence we concluded that the magnetoelastic gaps
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Ve 1,2 COIresponding to the interaction of the soft mode with
phonons were considerably smaller than the observed ener-
gy gaps v, ,. In other words, the magnetoelastic interaction
of magnons and phonons was “masked” by some other gap
formation mechanism. In this case the sound frequencies
could correspond to values of k which were far too large so
that our results were outside the limits of the quadratic part
of the dispersion curve. As pointed out earlier, this is pro-
nounced in the limit k—0 (Ref. 8). One should also bear in
mind some shift of the attenuation maxima relative to the
phase transition points (AT~0.15 K near T,—see Fig. 6),
corresponding to extrema of the velocity of sound of the
magnetic resonance frequencies. Such a shift is not predicted
by the usual theory of the magnetoelastic interaction® and
could be the result of activation of additional mechanisms
governing the characteristic features of the propagation of
an active acoustic mode near the reorientation points.

The insufficiently exact approach to the phase transi-
tion points when an external parameter (in our case, tem-
perature) was varied was an obvious factor contributing to
errors, so that it had to be allowed for in the measurements.
It should be stressed that the traces in Fig. 6 represent con-
tinuously recorded functions of temperature (the discrete
steps were simply due to the digital analysis and equal
~3x107*K) when heating or cooling was slow. Therefore,
the transition points could not have been missed. As pointed
out above, the factors which could significantly suppress the
anomalies of the velocity of the active mode could be an
inhomogeneity of a sample and of the temperature field in it,
as well as the presence of domains. It would be quite difficult
to determine experimentally the influence of such factors.
We suppressed domains by attempting to induce a single-
domain state by applying a magnetic field parallel to the ¢
axis (as shown earlier, the H||c field shifted the T",,-T, tran-
sition to lower temperatures, but did not affect the soft mode
gap). It was found that the magnetic field did indeed en-
hance the magnetoelastic interaction (Fig. 7). The anoma-
lies of As/s and A varied reversibly and approximately lin-
early with the field, reaching (at H~ 35 kOe) values which
were almost an order of magnitude higher than the corre-
sponding values in zero field. Although the actual reason for
the enhancement of the magnetoelastic coupling due to the
application of the field was not clear, this enhancement
made it possible to exclude immediately sample inhomoge-
neity as a possible reason for the constraints on the magne-
toelastic anomalies of sound, because the field could not al-
ter structural or temperature inhomogeneities. The
reversibility and the absence of saturation of the anomalies
on increase in the field were also evidence that domains
played an unimportant role. The application of an additional
static field normal to the axis of the superconducting sole-
noid allowed us to establish that in the main experiments
(Fig. 7) the angle between the ¢ axis and the direction of the
solenoid field was 0.5°. In the case of the exact H||¢ orienta-
tion the magnitude of the effect, i.e., the changes As/s and
Aa, increased by a further ~25%. It should be pointed out
that on application of a magnetic field to ErFeQO, the
changes in the velocity of the active mode became smaller.'®
Therefore, along the I',,—T", phase transition line the energy
gap in the magnon spectrum was constant and the change in
the velocity of transverse acoustic waves characterized by
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FIG. 7. Temperature dependences of the relative changes in the velocity
As/s (continuous curves) and attenuation Aa (points) of transverse
sound (k||¢, €||a) in magnetic fields: 1) 5 kOe; 2) 35 kOe. The field was
inclined relative to the ¢ axis in the ac plane by an angle ~0.5°. The sample
was a disk with the normal along the ¢ axis and the frequency of sound was
54.3 MHz. The inset shows the field dependence of As/s ., and Aa ., for
a field inclination between H and c.

£]|a increased with the field. A change in the magnetoelastic
coupling should have been accompanied by a corresponding
change in the magnetoelastic gap v,,. .

This apparently contradictory (from the theoretical
point of view) result can be explained by going back to the
earlier hypothesis that the gaps due to the magnetoelastic
interaction v, were much smaller than the energy gaps
v, and v, actually observed experimentally. In this case the
change in v,,. under the influence of the field should have
practically no effect on the change in the total gap at the
phase transition point and some other mechanism must have
dominated the formation of the gap at the orientational
phase transition in YbFeO;.

The magnetoelastic interaction in the case of the I',—
I',,-T', orientational phase transition was subjected to a de-
tailed theoretical analysis in Ref. 21 in the specific case of
ErFeQ,. However, this analysis ignored the role of the rare-
earth subsystem, whereas in the case of YbFeQ; this subsys-
tem plays the decisive role in the formation of a soft mode
interacting with an active acoustic mode. Moreover, since
the moment induced at the Yb® * ions increases as a result of
cooling, this is accompanied by an increase in the role of the
dipole—dipole interactions which influence the magnetoelas-
tic coupling. Therefore, investigations of various aspects of
the magnetoelastic interaction in the case of the orienta-
tional phase transition in YbFeO, will require a special theo-
retical analysis allowing for the results obtained in the pres-
ent study.

We conclude by mentioning one further experimental
observation which could not be explained. When hf sound
was excited, the temperature dependences of the attenuation
of the active mode exhibited sharp (compared with similar
behavior at 50 MHz) additional peaks Aa(T) near T and
T, . These anomalies were exhibited by all the samples and
were affected by strong magnetization reversal or thermal
cycling involved in experiments carried out at liquid helium
temperatures.

Experimental curves showed no hysteresis. The influ-
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ence of possible nonlinear effects was avuided by making
measurements at the lowest possible power transmitted by a
sample. Control experiments carried out with sound ampli-
tude twice as large as the working amplitude failed to reveal
any nonlinear effects (including harmonics). Therefore,
they should be also excluded from among the possible fac-
tors that could limit the magnetoelastic interaction in
YbFeO;.

5.CONCLUSIONS

We carried out a comprehensive investigation of the
dynamics of an orientational phase transition in YbFeO;. A
comparison of the results obtained in the submillimeter® and
millimeter (Ref. 9 and the present study) ranges of wave-
lengths was used to consider the nature of the observed soft
mode. It was concluded that it was entirely or partly due to
vibrations of the rare-earth magnetic subsystem. An impor-
tant result was determination of the energy gaps of the soft
mode at the limits of the reorientation transition by the di-
rect magnetic resonance method. A study was made of the
anomalies in the propagation of acoustic waves in the vicini-
ty of the orientational phase transition. It was found that an
external magnetic field, oriented exactly along the easy axis,
enhanced the magnetoelastic interaction but did not alter
the energy gaps. This observation, together with the small
changes in the velocity of the active acoustic mode, led to the
conclusion that the magnetoelastic gap due to the interac-
tion of phonons with the soft mode was considerably less
than the energy gaps found experimentally. Consequently,
the magnetoelastic mechanism was not the only one which
governed the gaps in the magnon spectrum at the orienta-
tional phase transition points, and the problem of the origin
of the energy gaps YbFeO, requires further study. The de-
velopment of a suitable theoretical approach should make it
possible to use YbFeO; in determination of the contribution
of various mechanisms to the formation of the observed
gaps. It would be of fundamental importance to allow for the
specific nature of the dynamics of the orientational phase
transition in YbFeO; manifested by softening of the rare-
earth mode. Since for various reasons it is not possible to
measure the energy gaps in the case of high-temperature
orientational phase transitions, the results obtained for yt-
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terbium orthoferrite would then provide unique data.
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