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The response of parametric electron and nuclear spin waves in the antiferromagnets MnCO, and 
CsMnF, to a weak modulation of a static magnetic field was investigated. A calculation was made 
of the modulation response allowing for the phase mechanism limiting the amplitude of 
parametric waves and for their positive nonlinear damping. An analysis of the experimental 
results carried out within the framework of this model made it possible to determine the 
characteristics of the steady state of parametric nuclear magnons: the coefficient S, representing 
a nonlinear magnon interaction and the parameter x representing the relative contributions of 
positive nonlinear damping and of the phase mechanism to limiting the number of parametric 
magnons. An anomaly was observed in the behavior of the modulation response of parametric 
nuclear magnons in CsMnF,, which was manifested by a strong weakening of the response in a 
narrow range of supercriticalities and modulation frequencies. The same crystal exhibited a giant 
hexagonal anisotropy of the modulation response and a nonlinear dynamic susceptibility of 
nuclear magnons which could indicate their nonisotropic distribution in the k space. 

INTRODUCTION 

Experiments on parametric pumping of spin waves by a 
microwave field h coswpt (h((H,, where H, is a constant 
magnetic field) are important in the investigation of the 
properties of magnetically ordered materials. The process of 
parametric excitation is characterized by a threskiold or 
critical amplitude h, ,  beginning from which a spin system 
exhibits an instability against a decay of a pump quantum 
into a pair of electron (ee process) or nuclear (nn process) 
magnons of half the frequency with oppositely directed wave 
vectors (0, = w, + w _, ). The value of h,  is used to deter- 
mine the rate of relaxation of excited modes, and an above- 
threshold ( h  > h ,  ) state of parametric waves is a convenient 
object for the investigation and simulation of the processes 
occurring in a nonlinear many-particle medium. We shall 
report an investigation of an above-threshold state of a para- 
metric system of electron nuclear spin waves in antiferro- 
magnets MnCO, and CsMnF,. 

Two mechanisms are known to limit the amplitudes of 
excited spin waves beyond the parametric resonance thresh- 
old. The first is due to an increase in the dissipation of modes 
on increase of their intensity and is called the nonlinear 
damping mechanism.' The second is due to a mismatch 
between parametric oscillations of the medium and the 
pump, and is called the phase mechanism.* 

In a real parametric system these two mechanisms 
coexist, but so far the experimental results have been ana- 
lyzed in those cases when one of them can be ignored. Ac- 
cording to the theory of Ref. 2 (S theory), an excited system 
is characterized by the number of parametric magnon pairs 
N, and by the phase 8, of their mismatch relative to the 
pump (8, = ~ / 2  - qh,, where $, is the temporal phase of a 
pair). It  follows from the S theory that in the case of antifer- 
romagnets for which it is possible to ignore the dipole anisot- 
ropy of the amplitudes of the magnon-magnon interactions 
(see Ref. 3) ,  a spherically symmetric (in respect of k )  stable 
steady state of the parametric system with specific values of 

N p' and 8 iO' is realized above the excitation threshold of 
spin waves. The properties of this state had been investigated 
experimentally on the basis of the nonlinear dynamic mag- 
netic susceptibility x =x' + i ~ "  of the spin system (ee in 
Refs. 4 and 5; nn in Ref. 6), by the method of transient pro- 
cesses (ee in Ref. 7) ,  on the basis of radiation emitted by a 
parametric system (ee in Refs. 8 and 9),  and by a modulation 
method (nn in Ref. 10). The experimental results obtained 
in Refs. 4, 6, 7, 9, and 10 for MnCO, and CsMnF, crystals 
were in satisfactory agreement with the main conclusions of 
the S theory, whereas the experimental data obtained in 
Refs. 5 and 8 for FeBO, agreed with the model of nonlinear 
damping of spin waves. 

It would be of interest to carry out a detailed investiga- 
tion of the properties of a steady state of parametric spin 
waves allowing simultaneously for two limitation mecha- 
nisms. Theoretically this problem can be solved by including 
the nonlinear damping of spin waves into the equations of 
the S theory. It is natural to assume that this procedure 
should bring the range of validity of the theory closer to the 
experimental conditions. 

A modulation method for the investigation of the prop- 
erties of a steady state of spin waves was proposed in Ref. 10: 
it involves a study of the response of a system of parametric 
magnons to a weak harmonic perturbation H ,  cow, t of an 
external magnetic field H, (H, ((H,, om <up ). This pertur- 
bation modulates the spectrum of spin waves, which in turn 
results in amplitude modulation of the microwave power ab- 
sorbed by a sample. At low values ofH, the amplitude APof 
the oscillations of the absorbed microwave power is 

where a, is the "modulation response" (see Ref. 1 1 ) depen- 
dent on the parameters of the steady state of the excited 
system. 

We shall report experimental and theoretical investiga- 
tions of a steady state of a parametric system carried out on 
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the basis of a model which allows both for the phase mecha- 
nism limiting the amplitude of the excited spin waves and for 
the nonlinear damping of these waves. 

CALCULATION OF THE MODULATION RESPONSE 

We shall calculate the modulation response a, using a 
phenomenological S theory2 allowing for the nonlinear 
damping of waves. Oscillations of the power absorbed in a 
sample from two alternating magnetic fields are described by 
the expression 

6P(t)=2oPpeffh6[NA(t) cos 0,(t) 1+2o,y,11~~Nk sin o,t, 

where p,, = Mw,  /dH is the effective magneton of the ex- 
cited magnons. In the calculation of AP only the contribu- 
tions" linear in H ,  and oscillating at a frequency w ,  need be 
retained in the first and second terms of Eq. (2) .  The quanti- 
ties N, and 6 ,  obey the  equation^^.^^ 

1 d -- SkNk 8,+ykb sin @,=Ak (t) - - 
2 d t  f l '  

where 

A*(t)=op/2-a,(t), 

is the renormalized frequency of spin waves which allows for 
the modulation field; Sk and Tk  are the coefficients of the 
nonlinear interaction of magnons2 (in the isotropic case we 
have S, = Tk ); b r h /h ,  ; N i s  the number of magnetic cells 
in a sample; y, is the rate of relaxation of spin waves in the 
absence of pumping (linear relaxation); yk ( N ,  ) is a correc- 
tion to the rate of relaxation of spin waves which appears 
above the threshold of the parametric excitation of magnons 
(nonlinear damping). 

The steady-state values of N Lo' and 6 p' are found from 
the system of equations ( 3 ) where the time derivatives and 
A, are assumed to vani~h .~ '  Introducing 

we solve the system ( 3 )  in the approximation linear in H,. 
We retain the first term of the expansion of y,  in terms of N,:  

where 7 is the nonlinear damping coefficient. In this case we 
have 

where x=  yk q/ISk I is a parameter representing the ratio of 
the contributions of the positive nonlinear damping and 
phase mechanisms limiting the number of parametric mag- 
nons. 

It should be pointed out that in the case of modulation 
of the spectrum of spin waves the parametric resonance con- 
dition 0, /2 = Zk (valid when H ,  = 0)  can be used only at 
relatively high modulation frequencies when just one mode 
is excited and the degree of excitation of other modes does 

not reach values which could give rise to a comparable re- 
sponse in a time t- w; '. On the other hand, at low modula- 
tion frequencies there is a constant change of excited waves 
which are in exact resonance with the pump and those which 
are no longer in resonance. The modes which are no longer in 
resonance are damped, but as long as their amplitudes are 
sufficiently high, they still contribute to the overall response 
of the system. A rigorous solution of the problem of the inte- 
grated modulation response of parametric magnons requires 
information on the evolution of a packet of excited modes in 
an alternating magnetic field. At present there is no such 
theory. We shall consider the next simplest "tracking" mod- 
el in which it is assumed that the parametric system follows 
changes in the magnetic field. We shall write down the para- 
metric resonance conditions in the form 

where 
t 

Essentially, Eq. (6) represents the natural assumption that 
the pump field interacts most strongly with the "center of 
gravity" of a packet of parametric magnons. In practical 
calculations it is sufficient to adopt a rough approximation: 
Nk(r )#Owhen t - t o<r<tandNk  =Owhenr< t -  to,so 
that t 

where to is the characteristic correlation time between excit- 
ed modes in a parametric system under modulation condi- 
tions. We shall assume that to is practically independent of 
H ,  and w ,  . 

The condition (6)  reflects the fact that at low modula- 
tion frequencies the parametric system begins to "track" or 
follow the changes in the magnetic field and thus "screens" 
the influence of modulation on the value A, ( t ) .  Conse- 
quently, on the right-hand side of Eq. (3a) we have to re- 
place A, ( t )  with 

Obviously, the screening effect becomes important at fre- 
quencies w ,  5 t, ', whereas in the range w ,  >) t; ' the 
screening is lost completely and the parametric resonance 
condition of Eq. ( 6 )  reduces to its usual form. 

Equations (2)  and (3)  yield the following expression 
for the oscillations of the absorbed microwave power: 

6P(t) =a,H, sin (w,t+g), (8  

where 

a,=[a,z+2azal sin cpf u~~]'", 

The following notation is used above: 
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tg@=al cos cp /  (a ,+a ,  sin cp), 

t g  cp=(Byl+Ax, ) l (Bxt -A~, ) ,  

A=l-sin o,to/o,to, B = ( l -  cos ~mto)I~rnto, 

x=(Q/nOZ)  ( l+2xno)  +2EB, E=T,/S,, 

y= (Q /no )Z- ( l+xno)  xlno-2EA-l, 

x l=x( l+2xno)+Qy,  Q=om/2yk, 

yl=y ( l+2xno)  -Qx, no= (ISkl 17,) Nk"'lA'. (10) 

We shall now introduce the asymptotes of a,: 

a )  amaw, for mm-+O, 

b) a,zon,- l  for 2  ( ~ k + l k )  < ~ n ~ K o m * ,  

C) amaom for o ~ > w ~ * .  (11) 

where w: are found from the condition a, = a,, which gives 

~ ~ * = [ 2 o ~ l S ~ l N k ( ~ ' / # ] ' ~ .  

In the case of typical values of the parameters of nuclear spin 
waves in antiferromagnets, we have o2/2a-  lo7 Hz, so that 
in the range of frequencies urn /2a 5 lo6 Hz of interest to us 
the coefficient a, in Eq. (9) can be ignored. 

We shall now consider the modulation response of a, 
as a function of three parameters: x, S k ,  and 7; = 2yk t ; 
(we recall that the quantity yk is calculated from the excita- 
tion threshold of a parametric resonance). These parameters 
are obtained from an analysis of the frequency dependences 
of a, (Ref. 1 1 ), which have a characteristic maximum. The 
width and the position of this maximum depend mainly on x, 
the nature of the fall of a, at low frequencies allows us to 
find 7; I ,  and the absolute magnitude of the modulation re- 
sponse is used to calculate the coefficient Sk . In the descrip- 
tion of the experimental results we shall use the following 
frequency scale: 

EXPERIMENTAL METHOD 

Spin waves were excited in antiferromagnetic crystals 
MnCO, and CsMnF, by the method of parallel pumping at a 
frequency v, = 22.7 GHz (ee process) and at frequencies vp 
= 0.7-1.0 GHz (nn process). The excitation method was 

described in detail in Refs. 7 and 13. In addition to a constant 
magnetic field H, and a microwave pump field h cos (2avp t )  
a sample was subjected to a parallel field H, cos(2avm t) of 
frequency which was varied in the range v, = 0-600 kHz 
(in the case of nuclear spin waves) and Y, = 0-5 MHz (in 
the case of electron spin waves). The amplitude of the modu- 
lation field H, was selected so that the influence of this field 
on the threshold h, could be ignored. 

The modulation response a, was deduced from the 
depth of amplitude modulation of the microwave signal at 
the output of a resonator containing a sample; this was done 
using a spectrum analyzer or a selective microvoltmeter. 
The frequency characteristic of the receiving channel was 
determined in a preliminary experiment and the channel was 
calibrated when the absolute values of a, were required. 
The a, (Y, ) dependences were usually determined at fixed 
values of H ,  , h /h, , H,, and Tand then the results obtained 
were analyzed in order to determine the parameters of a 
steady state of the investigated crystal. 

a,,,, rel. units 

0 
0 

0 
I I 0 1 

10 100 ' v,, kHz 

FIG. 1. Frequency dependences of the modulation response of nuclear 
spin waves in MnCO, obtained for v, = 1016 MHz and H, = 0.6  kOe at 
T = 2 K and different values of supercriticality h / h ,  : 1.64 (0) and 4.73 
(e). The continuous curves represent the results of calculations on the 
assumption that 2 r k  = 23 kHz: I ) ,  2 )  calculated using Eq. (9) for x = 0 
andx=  1.1,respectively ( r < ' = O ) ;  3 )  x =  1 . 1  and T ; ' =  1.5.  

STEADY STATE OF A SYSTEM OF PARAMETRIC NUCLEAR 
SPIN WAVES 

In this section we shall give the results of our investiga- 
tion of the modulation response of parametric nuclear spin 
waves. Typical experimental a, (v, ) dependences ob- 
tained for MnCO, at two values of the supercriticality (ex- 
cess about the threshold) are plotted in Fig. 1. These depen- 
dences were found to have a characteristic maximum whose 
position shifted on increase in the supercriticality h /h, to- 
ward higher frequencies (Fig. 2) and the value of a, rose 
monotonically on increase in the supercriticality until the 
frequency of the peak exceeded v, (Fig. 3) ;  it should be 
noted that the results plotted in Figs. 1-3 were obtained un- 
der the same experimental conditions. It was easiest to ana- 
lyze the experimental results on the basis of Eq. (9)  at high 
modulation frequencies when the phenomenological param- 
eter 7; ' had practically no influence on the value of a, and 
the nature of the curves depended only on x. Then, the error 
in the determination of x depended primarily on the linear 
rate rk  of the relaxation of nuclear spin waves calculated 
from the excitation threshold. For example, the best descrip- 
tion of the data in Figs. 2 and 3 was obtained on the assump- 

FIG. 2 .  Dependence of the position of the modulation response maximum 
on the supercriticality in the case of MnCO,. The best description (curve 
3 )  corresponds to x = 1.1. Curve 1 is plotted for x = 0 and curve 2 for 
x =  1 . 5 ; r c 1 = O .  
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FIG. 3. Dependence of the modulation response of MnCO, at v,  = 570 
kHz on the supercriticality. Curve 1 corresponds to x = 0. The best de- 
scription (curve 2 )  is obtained for x = 1.1. 

tion that x = 1.1 when 2 r k  = 23 kHz. Since the error in the 
determination of rk was + 25%, an analysis of the experi- 
mental results used in the minimum and maximum values of 
I', indicated that the error in the determination of x was 
+ 35%. 

The coefficient Sk of nonlinear interaction of nuclear 
spin waves in MnCO,, calculated using Eq. ( 9 )  and the ex- 
perimental value a, -- 1.2 X lo-' W/Oe at T = 2 K and v, 
= 300 kHz, gave ISyPJ z 10 GHz. The high error in the 

determination of Sk (up to an order of magnitude) was due 
to the combination of all the errors in the parameters occur- 
ring in Eq. (9) .  A theoretical calculation of Sk carried out 
using Eq. (A3) from Ref. 10 gave 1S;;h'"') ~ 2 . 9  GHz. 

Dependences similar to those plotted in Figs. 1-3 were 
obtained also for CsMnF,. The parameters x and T; were 
determined from the experimental data for T = 2 4 . 2  K and 
vp = 1000 MHz and their values were x ~ O . 5  and T; 'Z 1.2. 
An analysis of the experimental results gave Sk at T = 2 K 
and vp = 1000 MHz: it amounted to ISyPI -- 1 GHz, where- 
as the theoretical value was IS iheO'I -- 5.1 GHz. Therefore, 
the values of Sk calculated from the experimental data were 
in order-of-magnitude agreement with the theory. 

As reported earlier,I3 in the range of pump frequencies 
vp = 700-900 MHz the process of parametric excitation of 
nuclear spin waves was "hard": the thresholds for the ap- 
pearance (h,, ) and quenching (h,2 ) of a parametric reso- 
nance were different (h,, > h,, ); the ratio hcl /h,, was high- 
est at v,* ~ 7 8 0  MHz and it decreased rapidly away from this 
frequency. An investigation of the modulation response 
showed that the dependences a, (v, ) obtained for the same 
values of Ho, T, and h /hc2 had different profiles at the hard- 
ness maximum and far from it: the a, (v, ) curve was 
strongly broadened at the hardness maximum. The theory 
made it possible to describe satisfactorily the experimental 
results on the assumption that the coefficient x of the posi- 
tive nonlinear damping increased strongly in the hard exci- 
tation region. The error in the determination of the coeffi- 
cients x and T; increased on increase in the hardness: for 
example, the theoretical dependences a, (v, ) at vp = 781 
MHz were practically indistinguishable for x = 2 and x = 3. 

Another interesting feature of the process of parametric 
excitation of nuclear spin waves in CsMnF, was the anisot- 

ropy of the fields hcl and h,, when l& was rotated in the 
basal plane of the crystal.14 As pointed out in Ref. 14, this 
anisotropy was a manifestation of the corresponding aniso- 
tropic dependence15 of the excitation threshold of electron 
spin waves in the same crystal. One of the consequences of 
this anisotropy of the threshold amplitudes (i.e., of the an- 
isotropy of relaxation of electron spin waves) could be a 
nonisotropic nature of the distribution of parametric mag- 
nons in the k space at low values of the ~u~e rc r i t i c a l i t~ .~ '  

The nonisotropic distribution of parametric magnons 
was supported by a giant anisotropy of the modulation re- 
sponse a, when the field Ho was rotated in the basal plane of 
a crystal (Fig. 4). It should be pointed out that the behavior 
of a, (p) was correlated with the dependence hc2 ( p ) ,  but 
the degrees of anisotropy Gumz30 and G h C 2 ~ 0 . 7  at vp 
= 780 MHz differed by more than one order of magnitude: 

GA=max [A (rp) ]/min[A ( c p ) ]  -1. 

The anisotropy of the parameters of the steady state were 
determined by investigating the dependence a, (v, ) at 
vp = 780 MHz and T = 2 K when ( h  /h, )?  = 10 using two 
directions of the magnetic field corresponding to the maxi- 
mum and minimum of the signal a,. In the q, = 30" case the 
a, (v, ) curve had a wider maximum than for p = O". An 
analysis of the results yielded the following estimates: 

for rp=30°: ~ ~ - ' x i . 5 ;  x 2 2 ,  ISk1<50 GHz, 

for v=OO: ~ o - ' x l ,  %xi, IShI-500 GHz 

(a, ~ 3 X 1 0 - ~  W/Oe for v, = 100 kHz and Tk = 15 
kHz). The theoretical value was ISk I = 15 GHz. 

An investigation of the dependence of the anisotropy of 
the modulation response G,_ (vp ) and of the susceptibility 
G,. (vp ) on the pump frequency showed that Gum zG,. 
were maximal at the hardness peak and fell rapidly away 
from v,* = 780 MHz. For example, at vp = 775 MHz their 
values decreased approximately threefold, whereas at 
vp = 975 MHz the reduction was a factor of 50. Such fre- 
quency dependences of Gam and G,. were correlated with 

oc, , rel. units 

$- 

l : [ o o O o  0 0 0 O o o 0  .- - - V) C 3 

o O ?  

FIG. 4. Anisotropy of the threshold field h,, and of the modulation re- 
sponse a, (0)  for the nn process in CsMnF, on rotation of H, in the basal 
plane of the crystal; q, = 0 corresponds to the binary axis of the crystal, v,  
= 779 MHz, v, = 200 kHz, H, = 1 kOe, T =  1.85 K; am (a) was re- 

corded for h / h ,  = 10 dB. 
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the corresponding dependence of the parameter represent- 
ing the hardness of magnon excitation, whose value 
h,, /hc2 - 1 was maximal at v,* ~ 7 8 0  MHz and fell rapidly 
when the pump frequency varied in such a way that at 
Ivp - v,*p*l 2 100 MHz this effect was no longer observed. 

This relationship was supported also by the observation 
that the values of the hardness and anisotropy parameters 
varied in the same way from sample to sample. For example, 
in the case of CsMnF,, which was the crystal used in our 
main measurements, it was found that Gum ~ 3 0  and 
h,, hc2 - 1 z 6 at a frequency v,* =: 780 MHz, whereas in the 
case of the other sample under the same conditions we ob- 
tained Gum -- 7 and h,, /h,,  - 1 ~ 2 .  It was demonstrated in 
Ref. 14 that the hard nature of the excitation of nuclear spin 
waves in CsMnF, was due to their interaction with disloca- 
tions. The observed correlation between the hardness pa- 
rameter and the anisotropy ofa, andx" indicated that these 
phenomena were of common origin. 

ANOMALIES OF MODULATION RESPONSE OF NUCLEAR 
SPlN WAVES IN CsMnF, 

An investigation of the modulation response of a system 
of parametric nuclear spin waves in CsMnF, revealed sever- 
al striking features of the dependences of a, on v, and 
h / h c 2 .  One of them, due to excitation of magnetoelastic os- 
cillations of a sample, had been reported earlier." Here, we 
shall consider a different anomaly observed for supercritica- 
lities h /hc2 5  3 in the range of pump frequencies v, = 750- 
830 MHz (where parametric excitation of nuclear spin 
waves was hard) at temperatures T 5  2.5 K. We found (Fig. 
5) that an increase in the supercriticality resulted in a major 
modification of the response of the system of parametric nu- 
clear spin waves. The maximum of the dependence a, (v, ) 
shifted toward lower frequencies and in a narrow frequency 
interval near v, =. 50 kHz the value of a, began to fall rap- 
idly, but the "dip" gradually flattened on further increase in 
h / h c 2 .  It should be noted that the dependence a, ( h  /hc2 ) 
then exhibited hysteresis when the microwave power was 
increased and then reduced (Fig. 6).  The supercriticality 
h /kc ,  at which this anomaly was observed increased on re- 
duction in Ho and on increase in T, and when the pump 

a,,rel. units 
I 

v m ,  kHz 

FIG. 5. Frequency dependences of the modulation response of CsMnF, in 
the case of the nn process and v, = 822 MHz, H, = 1 kOe, and T = 1.94 
K obtained for different values of the supercriticality h /h,, : 1 )  2.51; 2) 
2.82; 3) 3.16; 4) 3.55. The continuous curves are drawn for clarity. 

a,, rel. units 

I 

FIG. 6. Dependence of the modulation response on the supercriticality at 
v,,, = 50 kHz (the experimental conditions were the same as in Fig. 5 ) .  
The black circles describe the behavior of a, when the supercriticality 
was increased and the open circles are the results obtained when the super- 
criticality was reduced. 

frequency vp approached v,* z 780 MHz (corresponding to 
the maximum hardness of the excitation of nuclear spin 
waves), this quantity fell to h /hc2 z 1. It should be pointed 
out that the characteristic frequency of the dip in the 
a, (v, ) dependence remained practically unaffected. 

The existence of this singularity and its behavior were 
independent of the modulation amplitude H,; this demon- 
strated that in our case the modulation of the field was sim- 
ply a probe which enabled us to detect modification of the 
steady state of parametric nuclear spin waves. Such modifi- 
cation was not manifested in any way in the behavior of the 
dynamic nonlinear susceptibility x". 

At present we are unable to provide an explanation of 
the observed effect, but we can put forward some suggestions 
which might help in the interpretation. Our CsMnF, sample 
was a plane-parallel plate of thickness d = 0.9 mm. An esti- 
mate of the reciprocal of the travel time of a nuclear magnon 
between the boundaries of a sample obtained from t ,' 
= v, /d  (v, is the group velocity of nuclear spin waves) was 

in good agreement with the characteristic frequency of the 
z 50 kHz anomaly. This circumstance suggested a charac- 
teristic size effect in the nuclear subsystem. An increase in T  
and a reduction in Ho increased the rate of relaxation of 
nuclear spin waves and this reduced their mean free path, so 
that the size effect should disappear. 

STEADY STATE OF A SYSTEM OF PARAMETRIC ELECTRON 
SPlN WAVES 

We shall now consider the results of measurements of 
the modulation response a, of parametric electron spin 
waves in MnCO, and CsMnF,. It should be pointed out im- 
mediately that the process of parametric excitation of elec- 
tron spin waves in these antiferromagnets was hard.'8319 
Therefore, one could hardly count on a detailed theoretical 
description of the results obtained. The dependences 
a,  (v, , h /hc2 ) were similar for both crystals: the a, (v, ) 
curves were in the form of a wide plateau with a characteris- 
tic fall at low and high modulation frequencies (Fig. 7). It 
was interesting to note that a similar dependence a, (v, ) 
had been obtained also for nuclear spin waves in the region of 
their hard excitation. 

Figure 7 includes also a theoretical curve plotted on the 
basis of Eq. (9)  on the assumption that x = 0.2, ' = 0.1, 
and = 0.1 MHz. The selected value of the parameter K 
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a_. rel. units 

FIG. 7. Frequency dependences of the modulation response of CsMnF, in 
the case of the ee process for v, = 22.7 GHz, Ho = 3 kOe, T = 1.65 K, and 
the following values of the supercriticality h /h,,: 1) 1.023; 2) 1.12; 3) 
2.88. The continuous curve is calculated for T; ' = 0.1, x = 0.2, and T, 
= 100 Hz. 

was deduced from an analysis of the data for the nonlinear 
dyngmic susceptibility X' and X" (Ref. 4) (which gave 
x = 0.2 f 0.1 ), and T, = 0.1 f 0.05 MHz was deduced 
from the parametric excitation threshold. 

CONCLUSIONS 

1. Determination of the modulation response provides a 
simple and quite informative method for investigating the 
characteristics of a steady state of a system of parametric 
spin waves. This method makes it possible to observe fea- 
tures of the behavior of the system above the parametric 
excitation threshold which are not revealed by a study of the 
nonlinear dynamic susceptibility of a magnetic material. 

2. A theoretical expression for the modulation response 
obtained allowing for two mechanisms limiting the ampli- 
tude of parametric spin waves, which are the phase mecha- 
nism and the positive nonlinear damping, provides a satis- 
factory description of the experimental results obtained in a 
wide range of supercriticalities (excess above the thresh- 
old). 

3. A giant hexagonal anisotropy of the modulation re- 
sponse and of the nonlinear dynamic susceptibility x "  exhib- 
ited by CsMnF, on excitation of nuclear spin waves may be 

an indication of an anisotropic distribution of parametric 
magnons in the k space. 

4. A correlation of the anisotropy of a, andx" with the 
hardness parameter h,, /h,, - 1 is evidence of the common 
origin of these effects which are due to the interaction of 
nuclear magnons with defects in a crystal. 

The authors are grateful to A. I. Smirnov and B. Ya. 
Kotyuzhanskii for valuable discussions. 

"It should be pointed out that in the case of these contributions the aver- 
age over a period 2?r/o, is zero, i.e., they do not allow for the influence 
of the power absorbed from the modulation field. 

"We shall assume that the criterion of stability of the steady state is satis- 
fied.'* 

3)The possibility of nonisotropic distributions of parametrically excited 
spin waves in antiferromagnetics was pointed out in the theoretical treat- 
ments in Refs. 3 and 16. 
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