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It is shown that in absorption of circularly polarized light by multidomain magnets possessing circular
dichroism, photomagnetization occurs. The effect is caused by the fact that the values of the exchangeinteraction parameter in different domains become different. In magnetic semiconductors, this is due to the
different concentrations of the photocarriers in different domains. For the Landau-Lifshitz structure, the
equilibrium values of its period and of the domain widths are found, and also the relative value of the
photomagnetization.The velocity of an interdomain wall under the action of light is considered. According to
estimates for CdCr,Se,, the photomagnetizationat light intensities of the order of 10 W/cm2 reaches values of
A M / M , of the order of lo-'.
PACS numbers: 75.60.Ch, 75.30.Cr, 78.20.L~

1. The interaction of magnetic materials with optical
radiation leads to a change of their magnetic properties. Thus under the influence of light, the magnetic
permeability and the hysteresis loop change (experiments on chromium spinels CdCr,Se,, Refs. 1 and 2:
the photoferromagnetic effect). There a r e experimental results3 on the effect of circularly polarized light on
the magnetic semiconductor EuS.
The present paper carries out a theoretical treatment
of the magnetization that occurs under the influence
of circularly polarized optical radiation in a ferromagnet with a domain structure in zero magnetic field. The
effect occurs because the values of the exchange-interaction parameter J in different domains may become
different. Thus in magnetic crystals there is a circular
dichroism, characterized by different coefficients of
absorption of light, K+ and K-, for different circular
polarizations. Such circular dichroism exists in magnetic semiconductors [chromium spinel, CdCr,Se, (Ref.
4), the europium chalcogenides EuO and EuS (Ref. 5)]
and in ferrodielectrics (the garnet YIG, Ref. 6). On
illumination of the magnet by light with a definite circul a r polarization, the coefficient of absorption of light in
neighboring domains will be different; here, for simplicity, we choose the direction of propagation
of the
- light ;long the direction of magnetization of the main domains of the Landau-Lifshitz structure. As a result,
there a r e different numbers of photoelectrons in neighboring domains. And since the photoelectrons take part
in the indirect exchange in magnetic semiconductors
(see, for example, Ref. i'), the effective exchangeinteraction constants a r e different.') In magnetodielectrics a similar situation occurs; here, as a result of
the circular dichroism, there a r e different numbers of
ions (in YIG garnets, ~ e ions6)
~ +in the excited state in
neighboring domains, in which the exchange-interaction
parameter will in general be different. As a result,
changes occur in the equilibrium domain structure,
and these lead to photomagnetization of a multidomain
crystal, in the absence of an external magnetic field, by
light with a definite circular polarization. Earlier ,8
we studied the photomagnetization of a stripe domain
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structure for small light intensities. The present
paper considers photomagnetization of the Landau-Lifshitz domain structure. This structure is realized in
cubic crystals with a positive anisotropy constants and
is energetically advantageous in a plate of finite dimensions.1° The present paper treats photomagnetization
by light sufficiently intense s o that the resulting photomagnetization is in general not small in comparison
with the saturation magnetization Mo. The paper also
considers the velocity of the domain-wall motion that
occurs during photomagnetization of a multidomain
ferromagnet.
We remark that in all the effects considered in this
paper, the fact is taken into account that the energy of
uniform exchange is different in different domains.
Here, although the relative changes of the effective exchange constant a r e small (thus for magnetic semiconductors they a r e proportional to A ~ / N ,where An is the
change of the photocarrier concentration and N is the
total number of states in the Brillouin zone), neverthel e s s , as was shown in our paper Ref. 8, the relative
photomagnetization contains, along with this small
parameter A ~ / N ,also a large parameter: the ratio of
the energy of exchange interaction to the relativistic
magnetostatic energy.
2. The equilibrium domain structure is found from the
condition for a minimum of the total energy W, which
i s made up of the magnetostatic energy Wm,, the energy
of the interdomain walls W,, the energy of the closure
As was
domains Wcd, and the exchange energy W.,
shown in Ref. 8, the widths of the domains under illumination by circularly polarized light must be different.
As a result, the Landau-Lifshitz structure is reconstructed in such a way (see Fig. 1) that deviations occur
from the 45-degree geometry that prevails in the absence of photomagnetization.
The angles B, y , and B a r e connected by the relation
2p=n-27=8,

(1)

which follows from the condition of continuity of the norma1 component of magnetization M, at the boundaries
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We write the energy of the interdomain walls, per unit
a r e a of the plate surface, in the form
FIG. 1.

where W,.,
is the energy of the 180-degree walls and
W,.,-is the energy of the boundaries of closure domains:

0
0
Ww,,=2A. cos -+ 2Ab sin -.
2

between the main and closure domains. We note that
the same kind of deviation occurs in the Landau-Lifshitz
structure on application of an external magnetic field
perpendicular to the surface of the plate." The magnetization M, has a discontinuity on the lower and upper
faces of the plate: this corresponds to a uniform distribution of "magnetic charges" on the upper and lower
faces of the plate, of thickness 1, with densities *Mo
cos8. The magnetostatic energy of such a uniformly
magnetized plate, per unit area of the surface, is, from
Refs. 8 and 12.

(11)

2

Here A,,
A,, and A, a r e the surface energy densities
of 180-degree boundaries and of boundaries of the main
domains a and b with closure domains.')
We consider the reconstruction of the domain structure. The equilibrium values of the angle Go and of the
period of the structure do a r e determined by the conditions for a minimum of the energy:
-=_
aw

ae

4nlM,' cos 0. sin 0,
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(12)
K sin40. coa o.=o,

aw
4
2A1,01
- ad
- - ( ~4c o s ~ ~ + ~ )2Cz
s i n ~ e . - - - =do"~ .
The effective exchange-interaction parameter J under
illumination by circularly polarized light depends, because of circular dichroism, on the angle $ between the
magnetization vector M, and the direction of propagation
of the circularly polarized light, according to the law
J=Ja+J,cos $.

(3)

-

Thus in the main domains J,= Jo + J,, J, = Jo J, , and in
the closure domains J, = J, + J, cos8. The exchange
energy per unit area of the plate surface is

where C,, C,, and C- a r e the volumes of the main and
closure domains per unit distance along the Y axis, S is
the value of the spin, 0 is the lattice constant (the
lattice is assumed to be simple cubic), and d is the
period of the structure. Taking account of the relation
(11, we get
2s2J,

WAX==
- -1 cos 0.

(5)

4'

The anisotropy-energy density in the closure domains is

Here K is the f i r s t cubic-anisotropy constant.
The magnetostriction energy of the closure domains
can be estimated by assuming that the strain tensor is
constant over the whole volume of the body.' Following
Ref. 9, we get for the density of magnetostrictive energy
in the closure domains
b,' sinz0
Pmrv

--'

2CJ

'

h e r e b , is the magnetoelastic coupling constant, and C,
is the elastic modulus. From (6) and (7), the energy of
the closure domains per unit a r e a of the plate surface

(13)

The system of equations (12)-(13) has in general two
roots, 8,, and 8,, with 8,, < 8,. It can be shown that
the larger root 8, corresponds to a minimum of W,
the lower Ool to a maximum of W. With increase of the
pumping (the light intensity), the values of 8,, and of 8,
approach each other; and on attainment of a critical
value of the pumping and correspondingly of J,,,, there
is a single root 80,r=801=oo,. But this solution does not
correspond to a stable state of the system, since the
state with 0, = O (the whole specimen uniformly magnetized) has a lower energy than the state with o,,.
Here

But on the other hand, it is known that a structure with
branched domains gives an energy that is smaller than
the energy of a uniformly magnetized plate.'' In our
case also it turns out that branching begins before J,,
is attained; namely, on attainment of 4 -0.5 J,,.~)
For J,< J: ,
cos 00=J,Sz/2n&aM,'.
We note that this result corresponds to the fact that in
the range Jl< J,', the contribution from the last two
terms in formula (12) is small in comparison with the
f i r s t two. And it is only in the range go<<1 (near Go,),
when the period do of the equilibrium structure becomes
sufficiently large, that they must be taken into account
and the expression for cos 8, becomes different. But
our whole treatment is limited, as has already been
indicated, to angles 8, larger than O,.,
The magnetic moment of unit volume of the ferromagnet caused by photomagnetization, AM, is Mo cos GO;
thus the relative magnetization of unit volume is

is
d
Wed, = - K cos20
4

(

+ -)2b,?
cz

sin30.
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(8)

We note that photomagnetization occurs both in the main
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domains and in the closure domains; by virtue of condition (I), which results from the continuity of M, on the
boundary of a main and a closure domain, it is the same
in both types of domains. That is, all domains, both
main and closure, thus "perform." Hence i t follows that
photomagnetization will occur, in general, for an arbitrary direction of propagation of the light with respect
to the axes of the domain structure, although the direct
analysis in the present paper relates to the case when k
is parallel to the direction of the magnetization in the
main domains of the Landau-Lifshitz structure.
While the relative magnetization over the whole permissible interval of variation of the effective exchange
parameter, 0 < J,< J:, and correspondingly of the intensity of illumination, is determined to a good approximation by the single expression (I?), the period of the
structure and the domain widths a and b depend differently on J, for the cases of small and of large reconstructions. In the case of small reconstructions (0
= r / 2 + cp, cp<< 1) of the domain structure, we have the
following expression for the period:

The domain widths a r e
a=do(l+B)/2,

where P i s the flow of light power of frequency w, T is
the lifetime of a photocarrier, and AK =K+ K,. For
the magnetic semiconductor CdCr,Se4, where according
to Ref. 4 AK- 102 cm-', for light power flow P- 10
W/cmZ of frequency w lOI5 s-', setting 7
s , we
have AM/M,

-

-

-

-

3. We turn to consideration of the velocity of a domain wall under the action of circularly polarized light.
We shall for simplicity consider the photomagnetization
of a stripe domain structure. Let there be an external
magnetic field H, directed along the Z axis, and circularly polarized light also directed along the 2 axis.
If J, is the angle between the direction of the magnetization and the direction of progagation of the circularly
polarized light, then according to (3), J = J, +J, cos #,
and $ = 0 for x = - w , $ = n for x = + - ; the X a x i s is
chosen perpendicular to the plane of the interdomain
wall, and the value x = O corresponds to the middle of
the wall. The volume density of exchange energy we,.
can be obtained in the usual way from the expression
for the exchange energy of two spins, -2JS,$, going
over to the approximation of a continuous medium, and
taking account of the variation of J with the coordinates.
As a result we have

where d i = 4 ( ~ , , , l ~ , / b ~ )i 's~the
~ equilibrium period of the
structure in the absence of ~ u m p i n gand
, ~ where we
have introduced the notation
where g is the Land6 factor.
In the case of large reconstructions, when4'

the period of the structure is determined by the following expression:

The domain widths a r e

For magnetic semiconductors, where the c a r r i e r s
participate in the indirect exchange, we have, following
Ref. 7, for the case of relatively small concentrations
of the c a r r i e r s ( n / ~
<< 1)

-A1 = AT.
=
I

T.

(n)"(~~)''hn
6"2"a0rn"'kB~.~~
'

It is necessary to point out the difference of the expression (27) from the usual expression for the exchange-energy density. Namely, terms proportional to
J, have appeared in the uniform and in the nonuniform
parts of the expression we,,. Usually the uniform part
of the exchange has not been taken into account at all,
because it corresponds to the first term in formula
(27), constant over the volume of the body; now, however, the uniform exchange corresponds not only to the
f i r s t term, whose contribution to all the effects is still
zero, but also to the second term in the expression
(27). It is the contribution of the second term that was
also taken into account in the expressions (4) and (5)
f o r the exchange energy q,,;the contribution of the
third term of (27) could be disregarded in the previous
part of the paper, because in the main and closure domains aM0/8x=O. The term proportional to J, in the
nonuniform part of w, that is proportional to (aM,/ax)'
exerts an influence on the dynamics of the wall motion;
but a s will be shown below, this contribution to the
velocity of motion of the wall is also relatively smalL5)

where N is the total number of states in the Brillouin
zone, A is the s-d exchange constant, and m is the electron mass. Using formula (24) and the expression for
the difference A n of the stationary concentrations of
the photocarriers in the different domains,

The volume density w,,,, of the total energy of the
crystal, with allowance for the energy of uniaxial
anisotropy and for the energy of interaction with an
external field H, can be written in the form

we get as a result of the following formula:

here and below, we introduce the notation F = 24/g2&.
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F r o m (28) we obtain the value of the "effective field"13

f:

H e r e n is the unit vector in the

Z direction.

T o find the law of motion of the interdomain wall, the
effective field f r o m (29) must be substituted in the Landau-~ifshitz'~
equation:

Curie temperature of rare-earth chalcogenides on the doping
level (see, for example, Ref. 7).
2 ) ~remark
e
that A, and A, in general depend on the angles P
and y, and thus on the angle 0 by virtue of the relation (1).
3 ) ~ h iestimate
s
corresponds to the work of ~ r i v o r o t s k i r ' ~ :
according to Ref. 10, branching begins when Ho-21rMo, while
Jimcorresponds to an effective magnetic field Heffw4rM0,
whence we have the estimate given.
4 ) ~ s u a l lthe
y condition K>>b ;/cZholds.
5 ) ~remark
e
also that this term leads to a small (since Jo>> J1)
change of the energy of an interdomain wall.
')1n the paper of Merkulov and ~amsonidze'~
domain-wall
motion under the influence of light was considered; but in this
paper the contribution of the change of uniform exchange was
disregarded, and thus the largest term was omitted.

'w.

where A is the relaxation parameter.
C a r r y i n g out calculations analogous to those made in
Ref. 13, we obtain the following expression f o r the
velocity of motion of an interdomain wall:

Since (FJ,/K)~" is the wall width D and s i n c e D >> q,,
t h e second t e r m in b r a c e s in (31) exceeds the third t e r m
by a f a c t o r 2(0/q,)'; thus the main contribution comes
f r o m the second t e r m , which is due to the change of the
uniform exchange.')
F r o m (31), the effect of the pumping is s i m i l a r t o the
effect of a n effective field )He,; h e r e

F o r magnetic semiconductors we have, in analogy t o
formula (26),
H,f, mo.1

4nPAK7 (AS)"
oaom'"Mo

'

F o r CdCr2Se,, where M , -4.102 G, f o r light power flux
0 1015 s-' we have Ifeff 40
Oe

.

P 10 W/cm2 of frequency

-

-

')We remark that there is experimental confirmation, indirect
to be sure, of the dependence of the effective exchange interaction on the carrier concentraticm: the dependence of the

890

SOV.
Phys. JETP 55(5), May 1982

Lems, P. J. Rijnierse, P. J. Bongers, and U. Enz, Phys.
Rev. Lett. 21, 1643 (1968).
'v. G. Veselago, E. S. Vigeleva, G. I. Vinogradova, V. T.
Kalhikov, and V. E. Makhotkin, Pis'ma Zh. Eksp. Teor. Fiz.
15, 316 (1972) [JETP Lett. 15, 223 (1972)l; L. V. Anzina, V.
G. Veselago, and S. G. Rudov, Pis'ma Zh. Eksp. Teor. Fiz.
23, 520 (1976) [JETP Lett. 23,474 (1976)l.
3 ~ M.
. Afanassev, M. E. Kompan, and I. A. Merkulov, Zh.
Eksp. Teor. Fiz. 71, 2068 (1976) [Sov. Phys. JETP 44,1086
C197611.
4 ~ L.
. Golik, Z. g. Kunkova, T. G. Aminov, and V. T. Kalinnikov, Fiz. Tverd. Tela (Leningrad) 22,877 (1980) [SOV.
Phys. Solid State 22, 512 (1980)l.
5 ~ Ferr6,
.
J. Phys. (Paris) 35, 781 and (erratum) 884 (1974).
%. B. Scott, D. E. Lacklison, H. I. Ralph, and J. L. Page,
Phys. Rev. B12,2562 (1975).
'2. L. Nazaev, Fizika magnitnykh poluprovodnikov (Physics of
Magnetic Semiconductors), M.: Nauka, 1979, Chap. IV, 8 1.
'G. M. Genkin and I. D. Tokman, Pis'ma Zh. Eksp. Teor. Fiz.
33, 119 (1981) [JETP Lett. 33, 113 (1981)l.
9 ~ M.
. Lifshitz, Zh. Eksp. Teor. Fiz. 15,97 (1945) [J. Phys.
USSR 8, 337 (1944)l.
'I. A. ~rivorotskir,Usp. Fiz. Nauk 108, 43 (1972) [Sov. Phys.
Usp. 15, 555 (1973)l.
"v. I. Marchenko, Zh. Eksp. Teor. Fiz. 72, 2324 (1977) [Sov.
Phys. JETP 45,1222 (1977)).
"c. Kooy and U. Enz, Philips Res. Rep. 15, 7 (1960).
1 3 ~D.. Landau and E. M. Lifshitz, Phys. Z. Sowjetunion 8,153
(1935) (reprinted in L. D. Landau, Collected Works, Pergamon, 1965, No. 18 and in D. t e r Haar, Men of Physics: L. D.
Landau, Vol. 1, Pergamon, 1965, p. 178).
141. A. Merkulov and G. G. Samsonidze, Fiz. Tverd. Tela
(Leningrad) 22, 2437 (1980) [Sov. Phys. Solid State 22,1419
(1980)l.
Translated by W. F. Brown, J r .

G. M. Genkin and I. D. Tokman

890

.

