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The influence of uniaxial compression of a sample of the antiferromagnet CsMnF on the
threshold of parallel pumping of magnons was investigated. The external pressure imposed an
effective magnetoelastic anisotropy, which altered the ground state of the antiferromagnet.
Consequently, the anisotropy of the threshold field observed earlier [B. Ya. Kotyuzhanskii and
L. A. Prozorova, JETP Lett. 24, 149 (1976) ] lost its hexagonal nature: peaks at the threshold
were shifted by an angle @, the magnitude and sign of which depended on the magnetic field
intensity and on the magnitude and direction of pressure. The results demonstrated that parallel
pumping of CsMnF; created spin waves parallel to the magnetic moment of the sample and the
magnon relaxation process was characterized by a 60° anisotropy in the basal plane. The
magnetic-field and temperature dependences of the anisotropic part of the relaxation process
were accounted for satisfactorily by elastic scattering of magnons on defects.

Easy-plane antiferromagnets are free of anisotropy in
the basal plane and, therefore, they exhibit a zero-activation
branch of spin waves (magnons) which can be excited para-
metrically by parallel pumping with a microwave magnetic
field.""? In the course of parametric excitation a microwave
pump photon of frequency v, creates two magnons of fre-
quencies v, = v,/2 and with equal but opposite wave vec-
tors k and — k. A parametric instability appears when the
microwave field 4 exceeds the threshold or critical value 4,
which is related linearly to relaxation of the excited quasi-
particles: Av = h_V, where Vis a coefficient representing the
coupling of magnons to the pump field.

The simplest theory of parametric excitation® imposes
no restrictions on the direction of the magnon wave vector.
However, experiments on parallel pumping of electron mag-
nons in CsMnF; (Ref. 4) have revealed a strong (a factor of
~2) 60° anisotropy of the threshold field 4. when the static
magnetic field H is rotated in the basal plane of this crystal.
A later study of the excitation of nuclear spin waves® in
CsMnF, revealed not only the 60° anisotropy of the thresh-
old fields, but also a giant (a factor of up to 10%) anisotropy
of the modulation response of the steady state of nuclear
magnons above the excitation threshold.

A detailed theoretical analysis of the amplitudes of the
interaction of spin waves allowing for the dipole—dipole in-
teraction is given in Ref. 6. It is shown there that the interac-
tion anisotropy is weak, being smaller by 27M /Hy (where
M is the magnetic moment of a sublattice and H, is the ex-
change field), which in the case of CsMnF, is less than 1%.
Therefore, the magnitude of the anisotropy reported in Refs.
4 and 5 and its variation from sample to sample cannot be
explained by the proposed theory.®

Parallel pumping in a field H =~ 1.5 kOe, used in the ex-
periments of Ref. 4, excited electron magnons with k|| H, so
that the anisotropy of the pump threshold could be related to
the 60° anisotropy of magnon relaxation. Variations of the
anisotropy and, consequently, of the rate of relaxation from
sample to sample clearly indicated that the additional con-
tribution to the relaxation process was due to crystal defects.

The present paper reports a further investigation of the
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anisotropy of the parametric magnon excitation threshold,
carried out with the aim of identifying the origin of this ani-
sotropy.

EXPERIMENTAL METHOD AND SAMPLES

Our experiments were carried out using a direct-ampli-
fication microwave spectrometer. A sample was placed at an
antinode of a microwave magnetic field in a rectangular or
cylindrical cavity resonator, which was filled with liquid he-
lium. The input coupling with the resonator was close to
critical, but the output coupling was much less than 1; the Q
factor in the presence of a load was 10°~10*. A sample in a
rectangular resonator could be subjected to uniaxial com-
pression. The applied pressure was created using a device
shown schematically in Fig. 1. A sample 4 was placed next to
the resonator wall 7 and was pressed against the wall by a
quartz mushroom-shaped plunger 9. The plunger 9 was
pushed by a lever 3 which transmitted the pressure applied
by a bellows 6. At atmospheric pressure inside and outside
the bellows the sample was pressed lightly against the reso-
nator wall by rotating a screw 5. The resonator with the
sample was then placed inside a helium dewar. Since the
experiments were carried out at 7~ 1.2 K, the “He saturated
vapor pressure in the dewar was ~ 1 torr. The working gas in
the bellows was also “*He, which was supplied along a capil-
lary 8 via a valve located in the cryostat cover. Application of
a pressure up to 1 bar inside the bellows made it possible to
create pressures up to 100 bar because of the difference be-
tween the cross-sectional areas of the sample (6 mm?) and
the bellows (200 mm?), and because the lever increased the
pressurein the ratio 1:3. When the bellows was fully evacuat-
ed the sample experienced a slight pressure due to the initial
elastic compression of the bellows. We estimated this pres-
sure to be less than 10 bar.

Klystron oscillators operating in the range v, = 18-36
GHz with an output power up to 30 mW were used as the
microwave sources. Microwaves were generated in the form
of millisecond pulses at a repetition frequency of 50 Hz. A
microwave pulse which crossed the resonator was detected
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FIG. 1. Schematic diagram of the device used to compress the sample
uniaxially in a rectangular cavity resonator.

and applied to an oscilloscope. Excitation of parametric
magnons was detected when a pulse exhibited an abrupt
change in the profile, representing the appearance of micro-
wave absorption by the sample. The relative value of the
threshold field 4 was calculated to within 2% using the read-
ings of a calibrated precision attenuator placed at the entry
to the resonator. The absolute values of # were not deter-
mined.

The sample was a single crystal of CsMnF, in the form
of a rectangular parallelepiped with dimensions 3X2X?2
mm.? The easy magnetization plane coincided with the 2 X2
mm? face. The external pressure was applied to one of the
3% 2 mm? faces parallel to the basal plane of the crystal.
Since the thickness of the crystal along the compression axis
(2 mm) was approximately equal to its linear dimensions in
the plane of compression, the edge effects clearly resulted in
a considerable inhomogeneity of the strain over a large part
of the sample.

The microwave field h was also oriented in the easy
plane and was always perpendicular to the direction of pres-
sure. The static magnetic field H was rotated in the easy
plane by simultaneous varying of the angles between H and
h, and between H and the pressure axis.

av, arb. units 4v¢,arb. units
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The parametric excitation process was “hard”: the exci-
tation threshold of spin waves 4., exceeded the quenching
threshold 4., . Since the anisotropy was observed only at the
threshold 4., and the applied pressure had the strongest in-
fluence on this threshold, all the results reported below were
obtained by measuring the threshold #4,,, which we shall in
future simply call 4.

EXPERIMENTAL RESULTS AND DISCUSSION

We investigated first the dependences of the threshold
anisotropy on the magnetic field in the absence of pressure
on the sample. It was found that sharp 60° peaks at the
threshold were observed only in static fields H> 1 kOe.
When this field was reduced, the peaks began to broaden,
their amplitude fell, and finally in a field H~0.5 kOe the
anisotropy of the threshold field disappeared. Since the
peaks at the threshold were clearly due to the fact that the
relaxation rate of magnons with klc, was higher than that of
magnons with other directions of propagation,* it seemed of
interest to determine the behavior of this additional contri-
bution to the relaxation process when the field was varied.

According to the theory of Ref. 3, the coefficient repre-
senting the coupling between spin waves and the pump field
is

V=2y*Hv,™!,

where ¥ = 2.8 GHz/kOe is the magnetomechanical ratio.

Figure 2a shows the field dependence of the magnon
relaxation rate calculated from the threshold A, for two di-
rections of the static magnetic field: at the peak (Hlc, ) and
15° from the peak. Both dependences had a maximum of Av
in a field H,,;, = 2.03 kQe, corresponding to crossing of the
magnon (m) and phonon (ph) spectra. The boundary field
H, = 2.45 kOe, identified in Fig. 2a, was the field in which
magnons with k = 0 were excited.

Figure 2b shows the field dependence of the difference
between the relaxation rates for two directions of H. The
continuous curve is the theoretical dependence Av(H) «< k,
typical of the elastic scattering of spin waves on defects and
fluctuations of the nuclear magnetization.” Clearly, this
curve describes satisfactorily the experimental results ob-
tained in fields H > 1.2 kOe, i.e., before the anisotropy of A,
began to disappear.

It was pointed out in Ref. 4 that the difference
R max — Bemin Detween the thresholds was independent of
temperature. Since the coefficient V of the coupling to the
pump was independent of temperature, the experiments of

FIG. 2. a) Dependence of the rate of relaxation of spin
waves in CsMnF; on a magnetic field H applied along two
directions: O) Hlc, (at the peak); @) angle between H
and ¢, amounting to 75° (i.e.,, 15° from the peak).
T= 138K, v, = 18.26 GHz. b) Field dependence of the
magnon relaxation rates for two directions of H, plotted
on the basis of the data in Fig. 2a. The continuous curves
represent the theoretical dependence for the processes of
elastic scattering of spin waves Av(H) « k.
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Ref. 4 demonstrated that the additional contribution to the
magnon relaxation process was also independent of tem-
perature. This result, moreover, was in agreement with the
theory of elastic scattering of magnons by defects. There-
fore, the temperature and field dependences of the aniso-
tropic contribution to the relaxation of spin waves were de-
scribed satisfactorily by the theory of elastic scattering on
defects.

It was pointed out in Ref. 4 that defects could become
aligned along specific crystallographic directions. Obvious-
ly, this could not be true of point defects, but applies to ex-
tended defects (dislocations) with considerable dimensions
along specific crystal axes, which were quite likely the cause
of the observed anisotropy of Av,: motion of a magnon along
adislocation could prolong the influence of the inhomogene-
ity so that the probability of the interaction of such magnons
would be considerably less than in the case of magnons mov-
ing in a perpendicular direction.

The question arises why does this interaction cease to
play a significant role in weak fields? In our opinion this is
due to the fact that the external field becomes comparable
with the effective hexagonal anisotropy field. The magnetic
moment of a sample is no longer collinear with the external
field and its direction is governed by the minimum of the
total energy in the external and internal fields. The direction
of propagation of parametric magnons is in its turn probably
related not to H, as stated in Ref. 4, but to the direction of the
magnetic moment m of a sample and then only in high fields
when m||H and parametric magnons move along H. In the
limiting case of weak fields the vectors m are parallel to the
easy magnetization axes irrespective of the direction of H.
Consequently, the direction of propagation and relaxation of
parametric magnons cease to depend on the direction of the
external field, which destroys the threshold anisotropy.

This hypothesis was checked in a series of experiments
on CsMnF; samples subjected to uniaxial pressures. Com-
pression along an axis lying in the basal plane of a crystal
should contribute an additional 180° anisotropy in this
plane.® When the energy of the magnetoelastic anisotropy
becomes comparable in magnitude with m-H and with the
energy of the 60° magnetic anisotropy, the ground state of
the antiferromagnet changes significantly, i.e., the direction
of m is altered. If our hypothesis about the collinearity of k
and m and about the anisotropy of the relaxation rate is cor-
rect, then compression should disturb the 60° anisotropy of
the pump threshold.

Our experiments showed that the influence of the ap-
plied pressure appeared even below the pump threshold. An
increase in the pressure altered the cavity resonator frequen-
cy. This was clearly due to rotation of the magnetic moment
of the sample under the applied pressure. An increase in the
external field weakened the influence of the pressure on the
resonator frequency.

The influence of the pressure on the pump threshold
was of the greatest interest. We plotted in Fig. 3 the depen-
dences of the threshold 4, on the angle of rotation of the field
H in the basal plane of the investigated crystal for two values
of the pressure and magnetic field. The peaks of the 60° ani-
sotropy of the threshold corresponded to ¢ = 52° and
@ = — 68°. The parallel pumping condition corresponded
to @ = 4 90°. The condition H||Plh was satisfied when
@ = 0°. When the magnetization m was parallel to the field
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FIG. 3. Parallel pumping threshold of CsMnF; plotted as a function of
the angle of rotation of the external magnetic field H in the easy plane,
obtained for two values of H (H, = 0.81 kOe and H, = 1.91 kOe) and
fixed directions of compression in the microwave field h: O) P=P_, ; ®)

min >

P=P,, Hlhforg = + 90°, H|Pforgp = 0°. T = 1.2K, v, ~35.5 GHz.

H, then for ¢ = C° we obtained him and, according to the
theory of Ref. 3, the parallel pumping threshold A, should
approach infinity. Since in our experiments it was impossible
to relieve the pressure experienced by the sample complete-
ly, we analyzed the data obtained in the range
P, . <P<P,,,where P, ~100barand P, <0.1P_,,.
It is clear from Fig. 3 that at the highest pressures the
pumping was observed even for ¢ = 0°. This could be be-
cause the effective pressure field H, altered the ground state
so that m was no longer perpendicular to h. Moreover, non-
uniform compression resulted in a scatter of the values of H,
in the bulk of the sample, as a result of which the directions
of m were not the same in different parts of the sample. In-
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FIG. 4. Dependence of the angle of the shift a of the threshold peaks on
the relative pressure P= (P — P, )/ (P ., — Pnin = ) at fixed values of
the magnetic field: @) H = 1.53kOe; O) H = 1.91kOe; A) H = 2.3 kOe.
T=12K, v,=35.5 GHz
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FIG. 5. Dependence of the angle of the shift @ of the threshold peaks on
the amplitude of the magnetic field at fixed values of the applied pressure:
O-) P=P,,, ~100 bar; ®) P=P,_, <01P, . . T=12K, v,=355
GHz.

homogeneity of the compression indicated broadening of the
peak at the threshold when the pressure was increased.

It is clear from Fig. 3 that the hexagonal anisotropy of
the threshold disappeared under the applied pressure and
also that the peak at the threshold shifted toward the com-
pression axis; the shift was greater for the peak closer to this
axis (@ = 52°). The angle a by which the peak shifted under
pressure depended on the direction and magnitude of the
applied pressure and on the amplitude of the static magnetic
field. In weak fields and at the highest pressure the value of @
reached 20°.

Figure 4 shows the dependence of the shift of the peak
h. on the pressure applied using three different fields H.
Clearly, an increase in the magnetic field weakened the influ-
ence of the pressure. The field dependence of the angle @ was
determined at the maximum and minimum pressures (Fig.
5).

The results obtained confirmed, in our opinion, the hy-
pothesis made above that parametric spin waves propagate
along m and the rate of their relaxation exhibits a 60° anisot-
ropy. Compression creates an additional 180° anisotropy
comparable in magnitude with the energy m-H. The direc-
tion of magnetization is then governed by the minimum of
the total energy and it does not coincide with H, so that the
maxima of the threshold are not observed at ¢ = 52° and
@ = — 68°. The peak at 4. can be observed by rotating the
static field H by an angle a such that the minimum of the
magnetic energy corresponds again to the direction mlc,,
when the rate of relaxation of spin waves is maximal.

The sign of the angle a indicates the direction of the
effective compression field H,, which according to our re-
sults is perpendicular to the compression axis, Hp||P.
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This conclusion was supported by one further experi-
ment in which a sample was rotated by 90° and the direction
of the applied pressure was almost parallel to one of the ¢,
axes (the angle between P and ¢,, was ~8°). In this case we
found no influence of the applied pressure on the resonator
frequency or on the threshold peak corresponding to Hle,, .
In fact, if the effective field had the direction H, LP, then it
was directed at = 82° to this axis. Consequently, for Hlc,,
both H and H, tended to rotate the magnetic moment in
almost the same direction (mlec,) for which the rate of re-
laxation of spin waves was maximal. This means, the pres-
sure could not influence the direction of m and, consequent-
ly, should not alter the resonator frequency or shift the peak
at the threshold 4.

Our results can be explained qualitatively using the fol-
lowing model:

1) parallel pumping of CsMnF, creates spin waves par-
allel to the magnetic moment of a sample (we do not know
the reason for this);

2) the rate of magnon relaxation has a 60° anisotropy in
the basal plane and the functional dependence of the aniso-
tropic part of relaxation on the magnetic field and tempera-
ture can be described satisfactorily by postulating elastic
scattering of magnons by defects;

3) uniaxial compression of a sample creates a 180° mag-
netoelastic anisotropy and an effective field perpendicular to
the applied pressure which, at a pressure of ~ 100 bar, is of
order 1 Oe.

It should be pointed out that although this model ac-
counts qualitatively for the experimental results, the absence
of “hard” parametric excitation and the unexplained role of
impurities provide much scope for alternative explanations
of the observed effects.

The author is grateful to L. A. Prozorova and V. L.
Safonov for valuable discussions.
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