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It is shown that an intense beam of high-frequency almost-monochromatic
magnons can be generated in a ferromagnetic semiconductor at attainable levels
of pumping of electrons with down spin into the conduction band.

PACS numbers: 71.85.Ce, 72.30.+q

Parallel and perpendicular pumping methods with which to generate high-fre-
quency magnons with wave vectors ¢ <10® em=! are widely known. 1! It is shown
in the present paper that in a ferromagnetic semiconductor, at attainable spin-
down electrons pumping into the conduction band, it is possible to generate an
intense beam of high-frequency monochromatic magnons that are also narrowly
directed under certain conditions.

In a ferromagnetic semiconductor, the conduction band is split into subbands
with spins t and {. We consider the relaxation of nonequilibrium electrons
thrown into the conduction band. Inasmuch as the degree of ionicity in ferro-
magnetic semiconductors is large, an electron with kinetic energy €, much
higher than the energy of the optical phonon is in most cases more likely to
emit an optical phonon than to emit or absorb a magnon. For example, for
EuO with dielectric constants k,=4.6 and x,=26, the frequency of the longi-
tudinal optical phonon is w;=1,3x 10! sec-!, [} the exchange gap in the electron
spectrum is A=2Is=0.6 eV, 3! and the ratio of the relaxation frequencies of
the electrons on the optical phonons and on the magnons is of the order of 102,
Thus, electrons thrown into the  subband emit » optical phonons (= E(e,/¢,),
where E is the integer part) and end up in a state with kinetic energy w <w,.
They then go over to the subband t, emitting one magnon each, after which,
emitting optical phonons, they collapse to the bottom of the band. 1t follows
from the energy and momentum conservation law that the momenta of the
emitted magnons q lie in the interval ¢; =g =g,, where q; ,=p¢+ p, po= 2ma)/?,
m and p are the mass and the momentum of the electron in the 4 band and p
< py. It follows from the foregoing that number of emitted magnons is equal to
the number of electrons thrown into the upper subband, and at a sufficient pump
intensity it can reach an appreciable value, greatly exceeding the thermal
background. In the stationary state, the magnon distribution function N, in the
interval ¢ = ¢ =g, is determined from the condition that the number of gen-
erated magnons be equal to the number of those relaxing via various magnon—
magnon processes:
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where Ng is the equilibrium distribution function of the magnons, T, is the
magnon relaxation frequency, I’ is the magnon generation frequency as de-
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termined by the relation
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and v is the electron pump intensity per unit cell. The electron relaxation fre-
quency is

Yem(P) = T —p— é— Z . (3)
[

Here T is the temperature, Z= [} (N(x) +1)dx, and x; ,=wqy,q T™*. Since Ty,

is expressed in terms of Z, it follows that (1) is an integral equation with re-

spect to N . If T>Ty=@,lapy)?, then the generated magnons are subthermal.

Putting T,{(g) ~ ¢* with @ >0, we obtain the following expression for Z (the

magnon spectrum is wq=®c(aq)2, a is the interatomic distance, and @, is a

quantity on the order of the Curie temperature
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At Z > 1 (the asymptotic behavior sets in in fact at Z>1) and at p < p;, we have
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It follows from (7) that the number of magnons in an exponentially narrow
momentum interval Ag:q; =g =gq;+4q,
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increases exponentially rapidly with increasing pump intensity:
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At the same time, the number of magnons with momenta ¢ + Ag <g =g, is inde-
pendent, with exponential accuracy, of the pump, and is equal to

v ] a0

Thus, if the pumping is strong enough, the magnon distribution function has a
sharp peak at ¢ ~¢;. The described regime sets in at Z>1, i.e., as seen from

(8)
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(6), at a pump v>v, It is possible to consider in similar fashion the tempera-
ture region T < T, when the generated magnons are epithermal, We present
results only for the case when the magnon damping TI',, is determined predomi-
nantly by four-magnon exchange processes, i.e., I',(g) ~q3. The exponential
generation regime then sets in when
3
’ " p(l
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In this regime
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In real crystals, the anisotropy of the magnon spectrum (due, for example,
to dipole—dipole interaction) and the anisotropy of the electron spectrum
cause, generally speaking, T, I, and y,, to be dependent on the direction
of the wave vector q. As a result, the generation conditions turn out to be opti-
mal for selected directions q, and the generated magnons are concentrated in a
narrow cone.

In conclusion, ietus estimate the critical pump v. Assuming T,(py) ~ 108—
10° secl, T/@, ~ 107!, and py/ky~1/5, we find that at T> T the critical pump
is yy= 108—107 sec!, and is perfectly feasible in experiment.
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