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The Raman scattering of light from spin waves in 
antiferromagnet CoC03, which a r e  excited by a uniform 
precession of the magnetization (under the antiferromag- 
netic resonance conditions), was observed in recent ex- 
periments of A. Borovik-Romanov, V. Zhotikov, N. M. 
Kreines, and A. pankov.' Therefore, it i s  of interest to 
determine theoretically the distribution function of spin 
waves nk and its dependence on the ampitude of the uni- 
form precession of the magnetization and on the param- 
eters characterizing the scattering of spin waves and 
of the uniform precession from static inhomogeneities. 

The Hamiltonian describing such scattering has the 
standard form (see Refs. 2 and 3) 

Here, ak a r e  complex spin wave amplitudes; a. is  the 
amplitude of the uniform precession; bk is the Fourier 
transform of the static random field, whose scattering 
properties a r e  characterized by a matrix qkkf; N is the 
number of magnetic atoms in the crystal. 

An equation of motion for  

nk = <opk?, no =<ah,). 

averaged over the random field due to inhomogeneities 
can be obtained by the Wyld diagrammatic method as in 
Ref. 2. The homogeneous precession then satisfies the 
standard equation and the effect of inhomogeneities re- 
duces to a two-magnon correction to the damping dec- 
rement yo in a pure crystal (and, therefore, to the ap- 
propriate broadening of the antiferromagnetic resonance) : 

The distribution function governing the distribution 
of spin waves over the angles % can be expressed in 
terms of nk as follows : 

It follows from Eq. (3) that spin waves excited by the 
uniform precession a re  located in a layer of thickness 
rn/vn near the surface wk = o. This can be easily ex- 
plained since the uniform precession mode scattered 
from imperfections creates a stimulating force at a fre- 
quency o acting on spin waves and the width of the reso- 
nance line for spin waves is determined by their total 
damping decrement, i.e., by ra. 

It is  convenient to determine the angular distribution 
of spin waves n~ from Eq. (3). We shall f irst  integrate 
Eq. (3) over o k  and use Eqs. (4) and (5) to transform the 
latter equation into a ntransport equationf1 : 

Integrating Eq. ( 6 )  over Q ,  we obtain a simple expres- 
sion representing the energy balance for spin waves: 

the term on the left-hand side represents the energy dis- 
sipation in a system of stimulated spin waves with k * 0 
due to the intrinsic relaxation mechanisms and the term 
on the right-hand side represents the energy dissipation 
of the uniform precession due to the two-magnon effects 
(such energy is transferred to spin waves with wk = u). 
Naturally, the terms containing I which describe the 
redistribution of the energy within a system of spin waves 
with o k  = o due to the two-magnon effects do not appear 

Here, C i s  the impurity concentration; a 3  is  the volume 
in Eq. (7). of a unit cell; fi i s  the solid angle; vn is the projection of 

the group velocity of spin waves on the normal to the sur- The actual form of the distribution function IQ de- 
face o k  = w ;  kn is i ts  radius. pends on the dispersion law of spin waves o k  and on the 

scattering matrix for impurities gkk1. For  example, for 
Assuming that nk > $ = [exp (i=wk/~)-l]-', we ob- 

wk = qur, x = cos 0, yk = yk, and gkkl= gl, gok = go, we tain the following distribution function of spin waves: 
obtain 

where o is  the uniform precession frequency (not neces- 
sarily under resonance conditions) and rs is the damping 4~ 2~ U, 

of spin waves taking into account the inhomogeneities: 
where ukXSX = ti. 

(4) Equation (7) then assumes the form 
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~t follows from Eqs. (9) and (7) that the total number of 
spin waves with k s 0, i.e., Nk can be much greater than 
the number of spin waves with k = 0 (i.e., q,) provided 
the principal relaxation mechamism for the uniform pre- 
cession is  the two-magnon scattering. Therefore, we 
obtain 

Experiments on CoC03 yield Nk/no lo3-lo4. To 
estimate the occupation numbers nk, we shall use Eqs. 
(5), (7), and (9). As a result, we obtain 

For antiferrornagnets with an easy-plane anisotropy, 
we obtain (no/BN) = q2, where J ,  i s  the angle of precession 
of the antiferromagnetic vector L [I/ - ( h h / L ) ,  where x 
is the direction of H]. Setting also ok= u: + a2k2, we 

find that 

2x2+2nZ 
nk C - ka=okyk ' 

Under experimental conditions, the following rela- 
tions were satisfied: ( k ~ ) ~ =  lom6,  (wk/Yk) > lo3,  and 
1 ~ 1 ~  f 5 .  lo-'. Therefore, the situation when nk >> 1 (nk 
lo3) can be easily achieved. It was reported in Ref. 1 that 
% was a factor of 20 greater than the background of ther- 
mal spin waves. For a more detailed comparison with 
the experimental results, the actual form of the function 
gkk~ depending on the type of impurity is required. 
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the present work and helpful discussions. 
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