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The time dependences of the number of magnons and the oscillation amplitude of the magnon-related 
magnetization during the relaxation of parametrically excited magnons after the pump has been switched off 
have been determined. The data of these measurements indicate that magnon relaxation in the 
antiferromagnetic crystals CsMnF, and MnCO, at T - 1.5 K has a complex character: besides a decrease in 
the number of magnons, there occurs a destruction of the initially existing phase correlation. The magnon 
lifetimes and the phase correlation destruction time are determined. The effect of the complex character of the 
relaxation on the parametric magnon-excitation threshold is studied. 

PACS numbers: 75.30.Ds, 75.50.h 

1. INTRODUCTION sumed that the phase correlation that a r i ses  in the 

Spin-wave relaxation in magnetically ordered crystals 
has been studied both theoretically and experimentally 
in a number of papers (see, for example, Refs. 1-4). 
In the experimental investigations the relaxation rate of 
the spin waves was usually determined from the strength 
of their parametric excitation threshold field. During 
the parametric excitation wave pairs with wave vectors 
k and -k are  excited whose frequency w, satisfies the 
parametric-resonance condition w, = w,/2 (w ,  is the 
microwave-pump frequency). For  this excitation to be 
possible, i t  is necessary that the microwave-field am- 
plitude h exceed the threshold value he. The relation 
between the relaxation rate, Avk, of the excited waves 
and h, was established theoretically in a phenomenolog- 
ical analysis of magnon damping in the 7 approxima- 
tion (see, for example, Ref. 5): 

where V ,  is the spin wave-pump coupling constant, 
which depends on the frequency of the excited waves, 
the parameters of the material, and the external con- 
ditions (e. g. , the magnetic field). 

Thus, the method of determining Av, from the value 
of h, is an indirect one, and is based on certain as- 
sumptions. A more direct method was used in subse- 
quent  investigation^.^^ ' The spin waves were paramet- 
rically excited up to some amplitude, then the pump gener- 
ator was switched off, and the damping of the micro- 
wave signal emitted by the spin waves in the course of 
the relaxation was studied. Relaxation-rate values ob- 
tained with the aid of these two methods for one and the 
same sample (the antiferromagnet MnCO, in the inves- 
tigation by Prozorova and one of the present authorss 
and a YIG-ferrite sphere in Zhitnyuk and Melkov's in- 
vestigation') a re  found to differ greatly from each other 
(by a factor of 4-7). 

To explain this inconsistency, i t  was proposed in Ref. 
6 that a significant contribution to the damping of the 
microwave signal is made by those interactions of the 
spin waves which result only in the dislocation of the 
phases of the spin waves, and leave the frequency and 
the wave vector unchanged. In other words, i t  is as-  

spin-wave system under the action of the pump is de- 
stroyed after the microwave field has been switched off 
a t  a rate faster than the rate of variation of the number 
of spin waves. Then the situation ar ises  in which mag- 
nons still exist, but no longer emit a coherent signal. 
These interactions should affect the threshold-field 
strength h, to a lesser extent, since for  an ensemble of 
waves with broken phase correlation, the coupling to the 
pump weakens, but does not cease entirely. The effect 
of this type of interaction of the spin waves on their 
parametric excitation has been theoretically analyzed 
by Zakharov and L'vov. The scattering of spin waves 
by point defects is considered a s  such an interaction. 

In order to be able to say with certainty that the ran- 
domization of the magnon phases does indeed occur, we 
must carry  out an experiment during which we measure 
the time dependence of the number n,, of magnons with 
a given wave-vector value k' while the excited crystal 
relaxes to the equilibrium state, and compare this de- 
pendence with the time dependence of the emitted-mi- 
crowave signal intensity during the same relaxation 
process. If the characteristic relaxation times ob- 
tained in these two experiments turn out to be different, 
then the phase randomization occurs. The purpose of 
this work was to se t  up such an experiment. 

2. PROCEDURE OF THE MAIN EXPERIMENT 

a) Measurement of the decrement of the number of 
nonequilibriurn magnons 

To measure the n,, dependence, we use the pheno- 
menon whereby the spin-wave spectrum changes during 
the interaction of the magn~ns,~*'O a phenomenon which 
has been experimentally studied by Prozorova and one 
of the present authors. l1 This phenomenon consists in 
the fact that the natural frequency O, of a magnon with 
wave vector k in a crystal in which some ensemble of 
spin waves has been excited differs from the frequency 
w, of a magnon with the same k value in an unexcited 
crystal by the amount 
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Here T,, is the amplitude of a four-magnon interac- 
tion in which two initial magnons with wave vectors k 
and k' are  transformed into two final magnons with the 
same wave-vector values (nondissipative interaction). 
The quantity 4,, naturally depends only on the number 
%. of magnons with wave vector k', and does not de- 
pend on the presence of phase correlation in the inves- 
tigated magnon ensemble. 

Thus, to measure the n,.(t) dependence, we only need 
to measure the time dependence of the contribution of 
these magnons to the shift in the natural frequency of 
magnons with another k value, i. e . ,  the quantity 

The frequency shift A,,, was measured with the setup 
described in Ref. 11, but the measurement procedure 
was slightly changed. A crystal of antiferromagnetic 
CsMnF, o r  MnCO, is subjected to the action of two mi- 
crowave pumps with frequencies w,, and w,,, which 
parametrically excite in the sample magnons with wave 
vectors k, and k, and frequencies 

The number of excited magnons (-1016 per cubic cm) is 
roughly six orders of magnitude higher than that of the 
thermal magnons with the same wave vectors a t  a tem- 
perature T 3 W. We shall denote by PM1 the magnons 
parametrically excited by the pump with frequency o,, 
and by PM2 the magnons that ar ise  under the action of 
the second pump (as is done in Ref. 11). The pump 
frequencies a re  wP1/2n = 22400 MHz and w,/2n = 35500 
MHz. In this case the wave vectors of the excited mag- 
nons a re  determined by the relations (3) and by the 
dispersion law [see formula (4) below], and, depending 
on the external magnetic field, range from zero to a 
value of the order of lo5 cm". For  more details about 
the parametric excitation of spin waves in antiferro- 
magnets see Refs. 4,6,10,11. 

We shall study the relaxation of the PM2 magnons 
after the pump exciting them has been switched off. 
Let us  try to determine the time dependence of the 
number N,( t )  of these magnons. For  this purpose, let 
us consider PM1-magnon shift natural-frequency re- 
sulting from the presence of the PM2 magnons, i. e . ,  
the quantity A,, = 2T1$,. Before the beginning of the 
experiment the two pumps a re  switched on, and a 
steady-state absorption level is established a t  the two 
frequencies. Then, after the second pump has been 
switched off, A,, decreases to zero. This leads to a 
change in the natural frequency O,, of the PM1, and the 
parametric-resonance condition (3a) is violated. As a 
result, the steady-state power-absorption regime for 
the first  pump is perturbed, and, by making use of the 
onset of the characteristic transient process, we can 
register the spectral shift A,,. In the course of the 
transient process, the nonresonant magnons attenuate, 
and magnons with a new resonance k value a re  excited, 
which leads to the reestablishment of the steady-state 
absorption level. 

The relatively weak attenuation of .the spin waves al- 

lows the registration of a shift A,, - ~ b ' ~ w ,  During the 
transient process caused by the switching off of the 
second pump, the natural frequency of the PM1 varies 
according to the law 

The ~ , , ( t )  dependence is measured by cancelling this 
change with an artificial shift of G,, in the opposite 
direction [i. e . ,  toward 3,,(0)]. The reverse spectral 
shift is produced by changing the external magnetic 
field by a small amount. The spin-wave spectrum in an 
unperturbed crystal of an antiferromagnet with the 
"easy-plane" type of anisotropy depends on the mag- 
netic field H in a known fashion1': 

where g is gyromagnetic ratio, H, is the ~ z ~ a l o s h i n s k i ~  
field, HA2 is a constant describing the interaction 
between the elecronic and nuclear spins, and T,, is the 
temperature of the nuclear spin subsystem. The 
values of g, H,, HA2, and cu for our samples a re  
known. 4113 

Thus, if simultaneously with switching off the second 
pump we begin to vary the external magnetic field in 
such a way that a t  each moment of time 

then the resonance condition (3a) will not be violated, 
and no transient process should be observed. Thus, 
we must choose in the course of the experiment that 
H(t) dependence which guarantees the fulfillment of (5). 
If we a re  able to do this, then, using (4), we can find 
A12(t) and, consequentlyi both the time dependence of 
N, and the PM2 lifetime. We vary the external field 
with the aid of a small coil wound around the sample 
located inside a two-mode microwave cavity resonator. 
The reaction of the PM1 to  the switching off of the 
second pump is compensated for by a current pulse 
fed to the coil via a small adjustable RC circuit. By 
appropriately choosing the current strength and the time 
constant of the RC circuit, we can indeed effect this 
conpensation. 

This is illustrated by the oscillograms of the power 
of the f i rs t  pump passing through a resonator with a 
sample after the second pump has been switched off in 
the absence of a current in the coil (i. e. , simply the 
response of the PM1 to the spectral shift A,) and upon 
the passage of a current through the coil (Fig. 1). The 
compensation occurs when the leading edge of the cur- 
rent pulse fed to the coil has an exponential form, and 
allows the determination of the characteristic time of 
this exponential function to within 15%. When the time 
constant of the RC circuit deviates by 10-15% from the 
value corresponding to the optimal compensation, the 
compensation becomes unattainable a t  any amplitude of 
the current pulse in the coil. Since the spectral shift 
A,, is small (-10-5w,1), the change in w, that offsets it 
is also small and, hence, proportional to the change in 
H. Then a t  compensation the growth rate of the current 
in the coil is equal to the damping constant of the spec- 
t ra l  shift A,,. We have thus determined the charac- 
teristic relaxation time T, of the spectral shift. 
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FIG. 1. Compensation of spectrum shift: trace 1) power pas- 
sing through the resonator, trace 2) current in the coil; a) 
response of the PM1 to the switching off of the second pump, 
b) compensation of this response with the aid of the current in 
the coil. 

A somewhat different method of measuring A,, was 
used earlier. 'l A transient process similar to the 
response of the PM1 to the switching off of the second 
pump was initiated by a small change in the frequency 
w,, of the first  pump, and this also led to the violation 
of the parametric-resonance condition (3a). But the 
change in w, does not merely reduce to a change in the 
difference 3,, - w J2, a s  we thought," but also leads to 
some other changes in the equations describing the para- 
metric excitation of waves [ ~ q .  (7b) of Ref. 11 acquires 
a term proportional to taw Jat]. Therefore, the same 
changes in 3,' and w,,/2 can, generally speaking, lead 
to different reactions of the PM1. 

The method used in the present work to offset the 
frequency shift does not have this disadvantage. We 
performed control experiments in which the shift A,, 
was measured by the method described in Ref. 11 and 
the methad proposed in the present paper. The A,, 
values and the characteristic magnon-damping times 
obtained by these two methods do not differ from each 
other within the limits of the measurement e r r o r  (15%). 
This fact allows us to believe that the experimental data 
on the magnitude of the spectral shift given in Ref. 11 
remain valid. 

b) Measurement of the characteristic destruction time of 
the magnon phase correlation 

To measure the characteristic phase-correlation-de- 
struction time, we must measure the time dependence 
of the oscillation amplitude of the spin-wave-related 
magnetic moment m of the sample. The nonlinear 
coupling of the magnetic field with the magnon, which 
makes the parametric excitation possible, leads to a 
situation in which the parametrically excited spin 
waves a re  accompanied by a magnetic-moment oscilla- 
tion that is uniform over the sample, and has a fre- 
quency equal to the frequency of the pump. The am- 
plitude mo of .this oscillation is proportional to the 
number of PM, and is due to the presence of phase cor- 
relation in the magnon system. lo The damping of the 

oscillations of the PM2-related magnetic moment m 
was studied, by the method of beats described in Ref. 
6. The essence of this method consists in the follow- 
ing. After the pump that excites parametrically the 
magnons has been switched on, and the steady-state 
absorption level has been attained, the pump frequency 
is changed quickly (i. e , within a time interval short 
compared to the PM2 lifetime) by an amount several 
times greater than the magnon relaxation frequency. 
The power absorbed then executes beats near the zero level 
with frequency equal to the difference between the pump 
frequencies before and after the frequency shift. An 
example of an oscillogram of such beats is shown in 
Fig. 2. Depicted here is the time dependence of the 
microwave power passing through a resonator with a 
sample (the voltage of the crystal microwave detector). 
A measure of the power absorbed in the sample i s  the 
difference between the voltages generated by the detec- 
tor in the absence and presence of absorption. 

The beats a r e  observed because there still exist in the 
crystal, fo r  some time after the of the pump-frequency 
shift, magnetic-moment oscillations with frequency ' 
equal to the initial pump frequency. As a result, the 
absorbed power W =  ham/at will undergo beats until the 
oscillations excited in the sample by the initial pump 
die down. Magnetic-moment oscillations with a new 
frequency begin to build up out of the thermal back- 
ground, but do not attain an appreciable amplitude for 
some time after the beats have completely died down 
(for an oscillogram of the entire process with a slow 
time base, see Ref. 6). Since the change in the fre- 
quency is significantly greater than Av,, the "new" pump 
does not enter into resonance with the "old" PM2's, 
and has practically no influence on their damping, 
which thus occurs in the same way a s  i t  does in the 
absence of the new pump. Therefore, the envelope 
of the beats is a plot of m,(t) for the case of free 
damping of the PM2. In our experiments this enve- 
lope had the shape of an exponential function of the 
time. The characteristic damping time 7, of m was 
defined to  be a s  the characteristic time of this expo- 
nential function. 

The characteristic sensitivity of the crystal micro- 
wave detector is quadratic in the microwave-field 
amplitude. Therefore, the method of beats guarantees 
a higher sensitivity in the m, measurement than the 
direct observation of the microwave emitted by the 
sample after the pump has been switched off. The 
control experiments on the direct observation of the 
signal emitted by the sample yielded the same 7, 

values a s  the experiments on the observation of the 

FIG. 2. Beats of the absorbed power after a change in the 
pump frequency. 
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beats. 

In order to excite magnons in a sufficiently narrow 
interval of k space, we performed the 7, measure- 
ments with a pump power that barely exceeded the 
threshold power. As is well known, parametric ex- 
citation leads to buildup of those oscillations whose 
natural angular frequencies fall in an interval of length 

with its center a t  the point w J2; here r is the magnon 
lifetime in the 7 approximation for  the relaxation. The 
finite range of the natural-frequencies of the excited 
oscillations is itself a cause of dephasing of these 
oscillations after the exciting force has been switched 
off. The 7, values given below were obtained for 
(h/h,)' - 1s 0. 1. In this case the above-cited length of 
the excitation interval turns out to be such that over 
the period of time r the phases of the individual iso- 
chromats differ insiginficantly from each other: the 
cosine of the maximum phase-difference angle is not 
less than 0.95. It should be noted that the appearance 
of a dephasing of the magnetic-moment oscillations in 
the sample can occur also in the case in which a pump 
generator with a fairly large spectral width (i. e . ,  with 
a poor frequency stability) i s  used in the above-de- 
scribed experiment. 

The frequency stability of the pump generator used, 
measured by beating with a signal from another genera- 
tor of the same type, is not worse than 20 kEiz/psec. 
This i s  adequate for the analysis of those variations of 
the m-oscillation phase in which an appreciable phase 
change occurs over a period of time not longer than 
on the order of 10 psec. Since the transient in ques- 
tion lasts not more than 2-3 psec, our generator should 
from the point of view of "monochromaticity," be con- 
sidered to be satisfactory. 

3. RESULTS OF THE MAIN EXPERIMENT 

Figures 3 and 4 show the values of the relaxation 
rates Av, and Av, obtained by the beat and frequency 
shift-compensation methods a t  different magnetic- 
field values and temperatures. (The relaxation rate is 
connected with the characteristic exponential-damping 
time 7 by the simple relation Av= 1/2nr. ) It can be 
seen that the frequency shift A,, relaxes roughly two 
times more slowly than the high frequency magnetic- 
moment oscillations connected with the phase correla- 
tion in the PM2-magnon group 

Let us note that the deviation of Av, from Av, may 
be due not only to dephasing, but also to the presence 
of secondary magnons that can be generated in the 
course of the relaxation of the PM2. These secondary 
magnons can make a contribution to A,, a t  a time when 
a significant part of the PM2 system has already relax- 
ed. Thus, the frequency-shift-compensation experi- 
ments yield the upper limit of the magnon lifetime 7,. 

4. CONTROL EXPERIMENT 

For  an indication of the randomization of the PM 
phases in the course of the relaxation, we performed 

Av, MHz 

I I 
f '0 ~f k0e2 

FIG. 3. Results of the magon-relaxation frequency measure- 
ments a t  T= 1.63 K: the symbols 0, V, and . correspond to 
the quantities AVA, Av(hc), respectively, for the original 
CsMnF, sample; A and A, to the quantities Avn and Av, for 
a sample with excess Mn content. The symbols and 0 denote 
AvA and Av, for a powder; while 0 and denote the same quan- 
tities for a sample irradiated in a microtron. The dashed line 
represents the values of AvQ,) computed from the formula (7) 
with the use of the experimental values of Avp and A % . 

the following control experiment. We rapidly varied the 
pump's phase in the entire range from 0 to 277 a t  the 
initial stage of the PM buildup (after the pump had been 
switched on for some time), a s  well a s  after interrupt- 
ing the pump for some time 6 (during which the PM at- 
tenuated freely in the absence of the pump), and com- 
pared the PM2's reactions to the rapid phase variation 
in both cases. The procedure for the rapid variation 
of the pump's phase is described in Ref. 6. Figure 5 
shows a schematic drawing of the oscillogram of the 
pump power passing in this case through the resonator. 
That the phase correlation can be exhibited in this way 
is due to the fact that the phase-correlated system of 
oscillations naturally reacts strongly to a change in the 
pump's phase, while an ensemble of oscillations with 
randomly distributed phases in no way reacts to such an 
action. The sequence of our actions in time is a s  fol- 
lows. At the moment of time t=O we switch on the 
pump, whose power slightly exceeds the threshold power 
(h/h, - 1 - 0.1-0.2). If the pump is not manipulated, by 
the moment of time t* the number of excited PM will 
become sufficient for our apparatus to  be able to regis- 
t e r  the power absorbed by them, and after quite a long 
flat section the oscillogram will show a rapid growth 
of the absorbed power (a steep drop of the pulse) and, 
subsequently, the approach to the steady-state regime. 

FIG. 4. Temperature dependence of bA (1) and Av, (2) for the 
CsMnF, sample. 
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5. ANALYSIS OF THE DATA AND THE MAIN 
RESULT 

FIG. 5. Schematic drawing of the oscillogram of the micro- 
wave power passing through the resonator in the control exper- 
iment. 

For  more details about the kinetics of the parametric- 
excitation process, see Refs. 13 and 14. 

If, without waiting for  the appearance of the drop, we 
carry  out, during a period of time To before i t s  ap- 
pearance, a rapid variation of the phase of the pump at  
the moment t,, then the chip appears a t  a later time. 
The lengthening of the flat part depends on the magni- 
tude of the phase change, but the maximum lengthening 
(Tph) is of the order of t*/2. Such a strong reaction to 
a change in the phase of the pump indicates the pres- 
ence of a fully correlated state a t  the growth stage. 
The rapid variation of the phase of the pump in the 
steady-state stage of the process (after the drop) also 
leads to a strong perturbation of the PM (see Ref. 6). 
Now, after the PM system has reached the steady 
state, a t  the moment of timet, we interrupt theactionof 
of the pump on the crystal (without switching off the 
generator itself) for a period of time, 6, such that the 
time interval t** - t, - 6 necessary for the appearance 
of a new drop after the resumption of the action of the 
pump is again equal to To. In this case if the phase 
correlation of the rnagnons is not destroyed during the 
f ree  attenuation, then the PM should be in identical 
states a t  the moments of time t, and t, + 6, and should 
react in identical fashion to the phase changes. Ex- 
periment shows, however, that, when the phase of the 
pump is varied within the limits from 0 to 277, the 
maximum change in the position Ti, of the drop a t  the 
moment of time t, + 6 becomes significantly smaller 
than Tph even for 6= 1 psec, while for 6 >2 ksec T;,? 
practically vanishes. Thus, the destruction of the phase 
correlation during the PM attenuation is obvious. 

Let us note that the effect of the action of the pump 
in the period prior to the interruption on the duration 
of the oscillogram's flat section arising after the pump 
has been switched on again persists right up to 6 54-5 
psec. As an example, let us  give values for the quan- 
tities characteristic of such experiments (all the times 
a r e  in psec): 

Experiment t* t ,  Tph 8 Tph H, toe2 T ,  k 
N u m b  

1 12 10 6 2.5 0.4 1 1.6 
2 25 20 10 15 1 1 1.6 

These data allow us to believe that the phase correla- 
tion in the PM system is destroyed with a characteris- 
tic time r p h  not exceeding 1-1.5 psec. The same 7 p h  

estimate is obtained for other magnetic-field values and 
temperature in the range from 1.6 to 2.1 K. 

We shall characterize the magnon relaxation by two 
relaxation frequencies: Av, = 1/2rrN, where 7, is the 
lifetime of the magnon irrespective of i t s  phase, and 
Avph= 1/2717ph, where rpn is the phase correlation de- 
struction time for 7, = 00. Then we obtain for the life- 
time of the HF magnetic moment m associated with the 
spin waves the relation 

The above results determine these quantities through the 
following relations: 

Under those conditions when the lowest magnon relaxa- 
tion rate is attained in our experiments (T = 1.6 K, 
H S 1 kOe), these relations determine the intervals in 
which Avph and Av, have their true values: 

0,1GAv.<0.13, 0.1<AvNC0,13 MHz. PC 

At all  the remaining magnetic-field and temperature 
values the values of Av, also turn out to  be close to the 
values of Av,, and, consequently, 

Av ph - =const (H, T) = (0,2*0.05) MHz. 

For  the MnCO, sample, the difference Av, - Av,, 
which indicates the randomization of the phases, turned 
out to be even greater: a t  T =  1.6 K and H =O.  5 kOe, 
AvA=(O. 1 *0.02) MHz and Av,= (0.35*0.05) MHz. 
Thus, the randomization of the magnon phases occurs 
roughly with the same characteristic time a s  the de- 
crease in the number of magnons, and therefore the 
role of the loss of phase coherence is important in all 
the phenomena in which a particular phase correlation 
manifests itself in the magnon system. 

The virtually exact equality of the quantities Av, and 
Av, indicates that the secondary nonequilibrium quasi- 
particles produced during the relaxation of the magnons 
in question either make no contribution to the frequency 
shift A,,, o r  die down significantly faster than the PM2. 

6. INVESTIGATION OF THE ROLE OF THE DEFECTS 

To elucidate the nature of the randomization of the 
magnon phases, we investigated a number of samples 
containing artificially produced defects, since one of 
the mechanisms leading to  this phenomenon is the 
elastic scattering of magnons by all kinds of point 
defects in the volume o r  on the surface of the crystal. 
As  samples with volume point defects, we investi- 
gated: 1) a CsMnF, sample with nonstoichiometric Mn 
content (the Mn excess over the content in the stoichio- 
metric composition was -1%; the distribution of this 
excess over the volume of the sample was not moni- 
tored), and 2) a sample of stoichiometric composition, 
but irradiated with 8-MeV electrons in an accelerator 
of the microtron type (the radiation dose was 
C/mm3). The results of the Av, and Av, measure- 
ments on these samples a re  presented in Fig. 3. 

To analyze the effect of the boundaries on the dif- 
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ference between the quantities Av, and Av,, we inves- 
tigated a sample composed of a great number of I 

arbitrarily-oriented small crystals with the dimen- 
sions of the individual particles ranging from 0.1 to 
0.2 mm, i. e. , the dimension of the individual par- 
ticles did not exceed 1/5 of the dimensions of the 
parent sample. The result of the investigation of this 
sample is also shown in Fig. 3. Because of the large 
experimental e r ro r s ,  these data do not allow the de- 
termination of the difference Av, - Av, with the same 
accuracy with which this difference was determined for 
the original perfect sample, but i t  is clear that the dif- 
ference a t  least does not increase as a result of the in- 
troduction of these defects. consequently, the above- 
described defects have no effect on the processes ran- 
domizing the magnon phases, although they significantly 
increase the rate of relaxation of the magnon number. 

The negative result of the experiment on the observa- 
tion of the effect of crystal defects on the magnon- 
phase randomization compels us  to postulate the exis- 
tence of some intrinsic phase-modifying magnon-in- 
teraction processes. It is possible that in the anti- 
ferromagnets investigated by us such a process is the 
scattering of the magnons by the nuclear spin subsystem, 
which behaves in the interaction with the magnons like 
paramagnetic impurities. l5 

7. THE THRESHOLD FOR PARAMETRIC EXCITATION 

Of importance in connection with the establishment 
of the existence of two types of magnon relaxation is the 
question of the threshold for parametric excitation of 
magnons under such conditions. To measure the para- 
metric-excitation threshold field he, we used the pro- 
cedure employed in the earlier experiments described 
in Refs. 4, 6, and 13 with slight modifications. These 
modifications were made necessary by the following 
circumstances. As i t  turned out, the permittivity of 
CsMnF, and MnCO, single crystals a t  microwave-pump 
frequencies in the centimeter-wave band is quite high: 
E = 4 0.2 for MnCO, and 5.5 i 0.5 for  CsMnF,. There- 
fore, the wavelength of a plane electromagnetic wave in 
such a medium is comparable to the sample dimensions 
1 %  1 mm. The presence of such an extended dielectric 
in the microwave cavity resonator used to produce a t  
the sample a microwave magnetic field stronger than 
he can appreciably distort the microwave-field distri- 
bution a s  compared to the distribution in the empty 
resonator (see, for example, Ref. 16). This circum- 
stance was not taken into consideration in the cited 
investigations, and the field he was computed from the 
magnitude of the microwave power entering the resona- 
tor under the assumption that the sample did not sever- 
ely distort the field distribution. In order that the 
microwave field at the sample could be computed 
more accurately, the sample, in the form of a cylin- 
der, was placed in a cylindrical hole in a quartz disk, 
completely filling this hole. The permittivity of quartz 
is 3.8, i. e . ,  close to that of the sample. The diameter 
of the quartz disk was equal to that of the cylindrical 
cavity of the resonator, and the disk with the sample 
was placed a t  the bottom of the resonator. The electro- 
magnetic field in such a resonator with the disk can be 

calculated exactly (see, for example, Ref. 16). Fur- 
thermore, a factor was omitted in the earlier4*6*1s 
computations of h from the magnitude of the microwave 
power, and the he value was accordingly too low. 

The measurements of he with the aid of the quartz disk 
showed that the distortion of the electromagnetic field 
in the resonator led to an underestimate of he's by 
roughly a factor of two. Thus, the relaxation rates 
determined from the beat damping and the he valuee do 
not in fact differ from each other as greatly a s  the data 
of Ref. 6 indicate (by a factor of 7), but, apparently, 
by a factor of 1. 5-2. The relaxation frequency ~v(h,)  
determined from he by the described procedure is pre- 
sented in Fig. 3. The absolute accuracy of these mea- 
surements is not high, since i t  is connected with the 
absolute microwave-power measurements; i t  is -3%. 
The value of Av(h,) lies between Av, and Av,, which 
qualitatively corresponds with the idea that the random- 
ization of the phases of the magnons affects the thres- 
hold for the parametric excitation of these quasipar- 
ticles: Av(h,) should be greater than Av,, since the 
phase randomization impedes the buildup, and smaller 
than Av,, since the loss of phase coherence of a pair 
of magnons does not mean that they completely stop in- 
teracting with the pump, for the phase gets readjusted 
after some time to a value a t  which the energy absorp- 
tion is maximal. Our data on the quantity Av(h,) a re  in 
agreement with the dependence, obtained by Zakharov 
and L'vov,' of Av(he) on the relaxation frequencies 
AuN and Av,: 

AV (h.) -- (AvN'+Av*AvN) ', (7) 

where Av, is assumed to be due to scattering by the 
inhomogeneities. 

Thus, we have shown that the relaxation of magnons 
a t  low temperatures has a complex character, and is 
described by two characteristic times: the phase-cor- 
relation-destruction time and the magnon lifetime pro- 
per. The values of these times have been determined. 
The effect of the complex character of the relaxation 
on the parametric magnon-excitation threshold has 
been studied. 

In conclusion, the authors express their gratitude to 
P. L. Kapitza for interest in the work, to A. S. Borovik- 
Romanov for constant attention and a discussion of the 
results, to L.A. Prozorova for advice, comments, and 
valuable discussions, to V.S. L'vov, G.A. Melkov, and 
V. B. Cherepanov for numerous discussions of the re- 
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