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A theory of phase transitions occurring under the action of light is developed. It is assumed that the influence 
of the light on the ordering is exerted through photoelectrons, which interact strongly with the subsystem that 
becomes ordered (e.g., with the magnetic atoms in a ferromagnetic semiconductor). The steady states of the 
system can be described with the aid of a nonequilibrium free-energy analog called a synergetic potential, 
since the rate s of entropy production is proportional to its derivative with respect to the light frequncy 0. 
The steady-state value of the order parameter is found by minimizing the synergetic potential with respect to 
the order parameter. Light-induced phase transitions may be continuous or discontinuous, depending on 0. 
In the first case the derivatives of S with respect to the light intensity 0, and temperature are discontinuous; 
in the second, s itself is discontinuous. The photoelectron concentrations at which the phase transitions occur 
are estimated. 

PACS numbers: 64.70.Kb, 79.60.Eq 

There exist physical mechanisms, besides trivial 
heating, through which light can affect the state of a 
crystal that exhibits some kind of order, e.g., magnetic 
o r  ferroelectric order. In many cases these mechan- 
isms tend, in contrast to  heating, to maintain the order. 
Then at a given sample temperature (it i s  determined 
not only by the temperature of the thermostat, but also 
by the intensity of the absorbed light) the degree of or- 
dering is found to be higher in light than in darkness, 
and it is even possible for phase transitions to occur 
from the disordered to the order state under the action 
of light. The Curie temperature T, of the ferromagnetic 
semiconductor EuS has been experimentally observed to 
increase under the action of light.' In view of this, it 
has become necessary to  construct a theory of light-in- 
duced phase transitions, and this is the object of the 
present paper. 

Light-induced phase transitions fundamentally differ 
from ordinary phase transitions in that they occur under 
thermodynamic-nonequilibrium conditions, since the 
absorbed light energy is dissipated. Therefore, the 
f ree  energy cannot be used to  describe such transitions, 
and we cannot speak of the discontinuities of i ts  deriva- 
tives, e.g., the specific heat, at the transition point. In 
fact, the only clearly defined quantity characterizing 
nonequilibrium processes is the entropy-production rate 
S, and therefore it i s  precisely its discontinuities that 
should be investigated in the theory of nonequilibrium 
phase transitions. The question may naturally be asked: 
Is is possible to  construct for nonequilibrium phase 
transition a quantity that will play the same role that the 
f ree  energy plays in equilibrium phase transitions, i.e., 
one from whose extrema the steady states and the con- 
ditions for a nonequilibrium phase transition can be 
found, and from which the entropy production can be de- 
termined? 

Below we show that at any rate, for certain systems, 
it is possible to introduce such a quantity. The produc- 
tion of entropy is proportional to the derivative of this 
quantity with respect to the light frequency, and there- 
fore this derivative can, by analogy with the thermody- 
namic potential, be called a synergetic potential. The 
steady states correspond to the minimum af the syner- 
getic potential of the system. 

Apparently, the most effective mechanism through 
which light exerts i ts  influence on the ordering is the 
interaction of the photoelectrons with the ordering sub- 
system. For example, in magnetic semiconductors the 
exchange interaction between the photoelectrons and the 
localized magnetic moments of the atoms makes the 
moments tend to  establish a ferromagnetic order. The 
photoelectrons can affect not only the magnetic, but al- 
s o  the crystallographic order. Thus, they can cause 
uniaxial distortion of multivalley semiconductors of the 
Ge o r  Si type, accumulating in the valleys lying on one 
of the axes, since such a deformation lowers the bottom 
of these valleys (a similar phenomenon occurring upon 
the doping when multivalley semiconductors a re  doped 
has been theoretically investigated by Kochelap et ~ 1 . ' ) .  

Below we consider two models, in the first of which 
the phase transition does not occur in darkness, while 
in the second it does occur in darkness, and illumina- 
tion only shifts the critical point o r  changes the transi- 
tion from continuous to  discontinuous. In both models 
the influence of light on the ordering is exerted through 
photoelectrons. Although the first model is formulated 
in t e rms  of a magnetoexciton semiconductor, it can 
easily be reformulated for an antiferromagnetic or a 
nonmagnetic multivalley semiconductor. The second 
model, formulated for a ferromagnetic semiconductor, 
is  equally general. In the self-consistent field appraxi- 
mation the derivatives of 9 with respect to the light in- 
tensity and frequency and with respect to temperature 
should be discontinuous at a second-order phase transi- 
tion point, just a s  the specific heat is in the Landau- 
Lifshitz theory. The corresponding photoelectron-con- 
centration derivatives should exhibit similar discontin- 
uities. In the case of a first-order phase transition $ 
itself should undergo a jump. This should manifest it- 
self in photoconductivity and Hall-effect anomalies. 

We can, by analogy with the theory of equilibrium 
second-order phase transitions, expect $ to have dis- 
continuities of a type more complex than jumps in i ts  
derivatives when we go outside the limits of the self- 
consistent field approximation, i.e., when we make a 
more exact allowance for the fluctuations. It i s  also 
natural to assume that the discontinuities in S should be 
observed not only in light-induced, but also in nonequil- 
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ibrium phase transitions of other types. Thus, the dis- 
continuity in the thermal coefficient of electrical resis-  
tivity dp/dT of a ferromagnetic conductor a t  the Curie 
point can be regarded a s  a manifestation of an S-dp/dT 
discontinuity (strictly speaking, this is a nonequilibri- 
um phase transition even under conditions of weak cur- 
rents). The s discontinuity in these materials is of the 
same type a s  the specific-heat discontinuity. This al- 
lows us  t o  assume that the specific-heat discontinuity in 
the case of equilibrium, and the 8 discontinuity in the 
case of nonequilibrium, phase transitions a r e  affected 
in qualitatively identical fashion by the fluctuations. 

Let us note in conclusion that in principle light-induc- 
ed phase transitions can occur without the dissipation of 
the light energy when the light frequency falls  within the 
transmission band of the ~ r y s t a l . " ~  The effect of light 
on the magnetization in this case is due to the change 
occurring under the action of the light in the valence- 
band states in the magnetic semiconductor, a s  a result 
of which the superexchange between the localized spins 
changes. This light-action mechanism requires much 
higher light intensities than the mechanism considered 
in the present paper. The absence of dissipation also 
allows us to describe such phase transitions a s  equilib- 
rium transitions, the effect of illumination on which 
amounts only to the renormalization of the exchange in- 
tegral. 

1. THE INDUCTION OF MAGNETIZATION IN 
MAGNETOEXCITON CRYSTALS BY LIGHT 

In this section we shall consider the simpler case of a 
phase transition that occurs a s  T - 0 entirely a s  a re- 
sult of the absorption of light. In darkness the order 
parameter (the mean magnetization) is equal to zero not 
because the magnetic moments of the atoms a r e  disor- 
dered, i.e., not because the statistical averages of the 
components of the moments a r e  equal to  zero, but be- 
cause their quantum-mechanical averages over the 
ground state a r e  equal to zero. Therefore, the term 
"disordered state" has a somewhat arbitrary character 
here: it does not allow for order-parameter fluctua- 
tions. The order appears when the conduction electrons 
polarize the atom shells and thus make them acquire 
mutually parallel quantum-mechanical mean moments. 

The simplest model of such a magnetoexciton crystal  
(it is customarily called a singlet magnet in the physics 
of magnetic phenomena) is a s   follow^.^ The crystal 
consists of magnetic atoms whose average moments in 
the ground and first-excited states 10) and 11) a r e  equal 
to zero. The moments a r e  quenched, since the opposite 
directions of the moment J a r e  represented with equal 
weights in the wave functions, e.g., l0)-{l4) + I-G)), 
while 11)-(14) - I-G)), where 14)  is a state with a 
given 3 =&. But the matrix element of a component of 
an atom's moment, taken between the ground and first- 
excited states of the  atom, is nonzero (in the cited ex- 
ample it is equal t o  4 ) .  Therefore, there appears in 
the crystal a s  a result of the mixing of these states a 
moment component proportional to the degree of mixing. 
This mixing can occur a s  a result of the interaction 
with the photoelectrons, and we assume this mechan- 
ism below. 

The system's Hamiltonian without allowance for the 
direct exchange between the magnetic moments of the 
atoms can be written in the form 

Here bt and b, a r e  the Pauli creation and annihilation 
operators for the exciton corresponding to  the lo)-- ( 1) 
transition in the atom g; a& and a,, a r e  the operators 
for a conduction electron with a spin component U; A is 
the electron-atom exchange integral, which is assumed 
to be positive (it includes the factor 4 ) .  The Hamilton- 
ian for the electron-phonon interaction in a multivalley 
semiconductor of the Ge or Si type has a similar struc- 
ture, except that the valley number should figure in it 
instead of the electron spin. 

According to  (I ) ,  in order for the mixing of the states 
10) and 11) to  occur, the conduction electrons should be 
spin polarized. When the crystal i s  illuminated by un- 
polarized light, the polarization of the photoelectrons 
can occur only a s  the result of the magnetization of the 
crystal. '1f magnetization fluctuations a r i se  in an orig- 
inally unmagnetized crystal  during i t s  illumination, they 
entail photoelectron-polarization fluctuations that tend 
to  sustain and intensify the magnetization fluctuations. 
But the growth of the magnetization fluctuations is in- 
peded by the expenditure of energy on exciton excitation. 
As a result of the competition between these two factors 
the fluctuations die down at low light intensities and in- 
tensify at high intensities. This means that a phase 
transition from the unmagnetized into the magnetized 
state occurs at some critical light intensity. 

A quantitative analysis is carried out with the use of 
phenomelogical equations of motion for the occupation 
numbers of the spin subbands of the conduction band v, 
= (atgar,) (the symbol (. . .) denotes averaging): 

where T, is the recombination time and P,, , is the 
probability for  a change to  occur in the spin component 
in unit time. 

The effect under consideration is most important in 
the case of direct band-band transitions. We shall, for 
simplicity, assume that the conduction electrons inter- 
act with the crystal magnetization significantly more 
strongly than the holes. Then, to first  order in the ra- 
tio of A to  the conduction-band width W, the generation 
factor for unpolarized o r  plane-polarized light with fre- 
quency 51 can be represented in the form (see, for ex- 
ample, Ref. 6)  

where E, is the gap width in the absence of the magnet- 
ization q; the constant R ,  which depends on the energy- 
band structure, is proportional to  the light intensity; 
Oh) is the unit step function; f i  = 1. 

Since under normal conditions recombination can be 
assumed to  be nonradiative, and it occurs via multi- 
stage processes of charge capture by the impurity cen- 
t e r s ,  the recombination process should depend on the 
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gap width much more weakly than the generation pro- 
cess. Therefore, we can assume that 7, does not de- 
pend on q. Further, in order t o  simplify the calcula- 
tion, we shall make the model somewhat cruder by as- 
suming that the coefficients P,, and P,, in (2) a r e  equal 
to each other and independent of q at small (P,, , =PI. 
Thus, in the model being used, the dependence of the 
numbers v, on the magnetization stems from the de- 
pendence of the ca r r i e r  production on the same quanti- 
ty. 

To investigate the stability of the system against the 
fluctuations q for T * 0, we construct with the aid of 
(1)-(3) linearized-in r]-equations of motion for (b*),  
(b), and 6 = v, - v , ,  the time dependence of these quanti- 
ties being assumed to be exponential (-eu). Allowing 
for the fact that the characteristic variation time X-' of 
the fluctuations is long compared to o-', we find that for 
SZ > E, the magnetization fluctuations increase in inten- 
sity when the light intensity exceeds the critical value 

With allowance for (3) the criterion (4) can be expressed 
in t e rms  of the critical photoelectron concentration v,, 
starting from which the unmagnetized state of the crys- 
tal  becomes absolutely unstable: 

For A =0.3 eV, SZ-E, =0.1 eV, and w =loe3 eV, it is 
(-loi8 cm-9. 

Let us now investigate the steady state of the system. 
Instead of explicitly introducing an interaction between 
the system and the thermostat, it is sufficient to  as- 
sume on the basis of the condition T- 0 that each atom, 
whether in darkness o r  not, is in the ground state, and 
that the moments of a l l  the atoms a r e  parallel t o  each 
other. Allowing for the possibility that the atom will be 
polarized by the photoelectrons, we write i ts  wave func- 
tion in the form 

where 10) ..is the vacuum wave function of the exciton. 
It follows from (1) and (6) that the magnetization in the 
steady state is given by the equation 

We can construct an entire family of functions of q 
with Eq. (7) condition for their e x t r e m .  Of these func- 
tions we a re  interested in the one in t e rms  of which the 
entropy production can be expressed. For this reason, 
below we shall call it the synergetic potential [see (20), 
(2111: 

Since a s  q- 0 the quantity o(q) also goes to zero, Eq. 
(7) always has a trivial solution and, furthermore, it 
can, under certain conditions, also have nontrivial so- 
lutions with r]  t 0. To prove that the nontrivial solution 
that ensures the minimum of the synergetic potential i s  
the one that should be realized, we need to  use the 
above-obtained results on fluctuation dynamics. Using 

(31, we represent the synergetic potential (8) in the 
form of a Landau- Lifshitz-type expansion in powers of 
17: 

K='l,oq2 [ I -VU]  +1/11wq6[1-L/ ,VUS].  (9) 

Indeed, according to  (4) and (9), the nonmagnetic state 
with q = 0 is stable precisely at the point where K(0) has 
i t s  minimum value, and loses i t s  stability when the 
minimum of K corresponds to q #  0. Thus, the physic- 
ally realizable solutions indeed correspond to the mini- 
mum of K(q). 

It follows from (9) that at frequencies sufficiently far 
from the absorption edge (under the assumptions made 
above, when U < 2), the light-induced phase transition 
i s  of second order, and the critical light-intensity val- 
ue, i.e., the value at which the phase transition occurs, 
coincides with V,, (4). If, on the other hand, the light 
frequency is close to the absorption edge (i.e., if U > 21, 
then the light-induced phase transition is of f irst  order, 
and should occur at some intensity V, lower than V,. 
The possibility that metals undergo, under the action of 
light, a discontinuous phase transition from the normal 
into the superconducting state was pointed out earlier.' 
It was, however, first indicated in a situation similar 
to the one discussed below.* 

We consider the case  in which for q = 0 the light fre- 
quency falls within the transmission band of the crys- 
tal, while for q f  0 the light can be absorbed (E, -A < SZ 
< E,). The synergetic potential has in this frequency 
range a minimum with q f  0, besides the one with q =0, 
if the light intensity is sufficiently high. For this to  
happen in the case in which E, - C2 <<A, the intensity 
should satisfy the following inequality, which follows 
from (2), (3), and (7) with allowance made for the fact 
that P,, = v, = 0: 

To the critical intensity value L =LC corresponds the 
value q = q,: 

The solution with q f  0 is stable against relatively 
weak fluctuations. The question of i ts  stability, how- 
ever, remains open when the fluctuations a r e  intense. 
But the magnetic state can in any case be realized, 
even if a s  a metastable state, if the crystal is first  
magnetized by an external field, and then light that will 
maintain this magnetization is switched on after switch- 
ing off the field. If we assume that, in the presence of 
the two K(q) minima, the more stable state i s  the one 
with the deeper minimum, then the magnetized state 
becomes more stable than the unmagnetized state be- 
ginning with L > 4/3~,. The magnetization is then equal 
to 271,. 

Light-induced magnetization at low temperatures is 
possible not only in singlet magnets, but also in anti- 
ferromagnets and metamagnets. Especially promising 
in this connection is the metamagnet EuSe, whose criti- 
cal field is very low, and which, moreover, possesses 
a high photocond~ct iv i t~ .~  The theory, developed in 
Ref. 8, of the photomagnetization of such materials can 
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easily be generalized within the framework of the 
shceme expounded in this section, and the results ob- 
tained a re  qualitatively similar to those obtained for 
magneto-exciton semiconductors. 

2. THE EFFECT OF LIGHT ON THE PHASE 
TRANSITION IN A FERROMAGNETIC 
SEMICONDUCTOR 

Here we shall investigate the effect of light on a phase 
transition that occurs in the absence of light. The an- 
alysis i s  carried out, using as  an example a ferromag- 
netic semiconductor in which light causes a Curie-point 
shift or a change in the order of the phase transition. 
Naturally, because such a system i s  not in an equilibri- 
um state, it cannot be characterized by a free energy, 
and, strictly speaking, the concept of temperature as  a 
thermodynamic parameter of the system does not have 
any meaning. But these concepts make sense for the 
thermostat with which the nonequilibrium system in 
qeustion interacts, and, therefore, temperature fig- 
ures in the results pertaining to nonequilibrium phen- 
omena. 

The analysis will be carried out in the self-consistent 
field approximation. We shall, for simplicity, assume 
that the ferromagnet i s  of the Ising type (i.e., that i s  
has a strong magnetic anisotropy, and that the spin of 
the magnetic atoms i s  equal to i). The Hamiltonian of 
these spins, which interact with the conduction elec- 
trons, can be written in the form 

Below, instead of the spin operators S,, we shall use 
the Pauli operators 

As for the interaction of this system with the thermo- 
stat, its details are  unimportant, since they do not en- 
ter  into the final results. Therefore, it i s  expedient to 
use that model of the thermostat which will allow the 
maximum simplification of the calculation. Specifical- 
ly, we shall assume that the role of a thermostat i s  
played by Fermi quasiparticles, whose Hamiltonian 
has, when (13) i s  taken into account, the form 

It i s  assumed that the thermostat operators b& and bc, 
(g i s  the atom number and p stands for the rest of the 
dynamical variables) anticommute with cf and c,. The 
spectrum w, of the thermostat quasiparticles is as- 
sumed to be continuous (in Ref. 3, where the interaction 
of light with a ferromagnet in the spin-wave region i s  
considered, it was more convenient to assume the 
thermostat quasiparticles to be Bose quasiparticles). 

The role of the order parameter 7 in the case under 
consideration i s  played by the quantity (S:) = 1 - 2m, 
where m = (ctc,) . In order to find m, we construct for 
the correlators (c*c), (c*b), and (b*c) with the aid of 
(12)-(14) equations of motion, which can then be solved 
in the molecular-field approximation with allowance for 
the properties of the thermostat as  a system with a 
number of degrees of freedom that tends to  infinity: 

( b,'ba)=F,&id, F,= {exp ( w J T )  + I ) - ' - - F ( o d T ) .  (1 5) 

Assuming that w, << J, and expanding the distribution 
function F, , (1 5), in powers of o , / ~ ,  we obtain from 
these equations the following expression for the mag- 
netization-fluctuation growth time X-': 

As can be seen from (1 61, the closer T i s  to T,, the 
lower the critical photoelectron concentration starting 
from which light-induces magnetization in the crystal. 
Conversely, when the electron concentration becomes 
equal to v,, the Curie temperature increases by an a- 
mount AT =T-  T, connected with v, by the relation (16). 
The foregoing i s  valid if the light-induced phase transi- 
tion is of second order. As will be shown below, it can 
also be of first order. Then the concentration v, has 
the meaning of a threshold concentration, starting from 
which the paramagnetic state is absolutely unstable. 

The steady state of the system can be found from the 
same equations of motion with the use, as  in Ref. 3, of 
the Laplace transformation. These equations can be 
linearized by choosing a s  zero time not the moment at 
which the light i s  switched on, but a moment sufficient- 
ly distant from it, when the values of the correlators 
are close to the steady-state values. The asymptotic 
behavior of m(t) i s  determined by the singularity of its 
Laplace transform at the coordinate origin. Then for 
m(m) we obtain the self-consistent expression [see (15)): 

For weak magnetizations, it can be obtained from the 
condition for the extremum of the quantity 

w 
K = J Q ' ( ~ - ~ / T )  + ' / , ~ ~ ' - ~ . a ( q )  dq ,  (18) 

which has the structure d the ferromagnet's free ener- 
gy shifted by the work done by the photoelectrons in es- 
tablishing the given degree of magnetic order. It will 
be shown below that the quantity K i s  the synergetic po- 
tential. 

As follows from (16) and (18), here also the minimum 
of the synergetic potential corresponds to the stable 
state of the system. The formula (18) yeilds for the 
Curie temperature shift an expression coinciding with 
(1 6). For A = 0.6 eV, v = and 51 - E, = 0.03 eV the 
quantity AT attains the value 1.5 K, which i s  compar- 
able to the light-induced Curie-point shift observed in 
EuS by Afanas'ev et al.' Here it i s  natural to assume 
that the coefficient of the q4 term in (18) remains posi- 
tive when the contribution to it from the photoelectrons 
is taken into account, so that light does not change the 
order of the phase transition. 

But the phase transition goes over from a continuous 
into a discontinuous transition (i.e., the term -q4 
changes its sign) when the light frequency falls below 
some threshold value 52,: 
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where Ti i s  the temperature starting from which the 
paramagnetic state becomes absolutely unstable at the 
given light intensity. According to (16), it and, hence, 
S2, increase with the light intensity. If we fix the fre- 
quency and raise the light intensity, then the order of 
the phase transition may be changed: from second to 
first order. 

The situation for C2 < E, i s  similar to the one consid- 
ered in Sec. 1. If E, - C2 <<A, then neglecting the term 
-q4 in the potential (18) we obtain a condition for the ex- 
istence of a K minimum at a finite q. If the photoelec- 
trons can be considered to be totally spin polarized, 
then this condition is the condition (10) with w replaced 
by 2(T - T,), where T i s  the temperature of the sample. 
The expression (11) carries over unchanged to the case 
under consideration. 

The main difficulty preventing us from carrying over 
the results of this section to the case of the Heisenberg 
magnet is that the direction of the spins of the slow 
electrons in this magnet is not conserved in the vicinity 
of T,, but follows adiabatically the direction of the lo- 
calized magnetic moment of the crystal, slowly varying 
in space.5 But for long ranges of the exchange interac- 
tion between the localized spins this effect can be neg- 
lected, which enables us to apply the above-obtained re- 
sults to the Heisenberg magnet as  well. 

Let us now investigate the behavior of the main kinetic 
characteristic of nonequilibrium processes (the rate of 
entropy production) during phase transitions. This 
quantity is, when we neglect the radiative recombination 
of the current carriers,  and take account of the fact that 
all the energy of the absorbed light is eventually con- 
verted into heat, given by the expression [see (311 

which when allowance i s  made for the fact that a ~ / a q  
= O  in the steady state yields the relation 

which justifies the term "synergetic potential" for the 
quantity K, (81, (18). 

The entropy generation rate i s  discontinuous at the 
light-induced second-order phase-transition point for 
the same reason as the entropy is in the Landau-Lif- 
shitz theory of equilibrium phase transitions. Accord- 
ing to (20) and (3), for small q, when Aq<< C2- E,, the 
entropy generation rate i s  given by the expression 

It follows from (9) and (18) that, in the vicinity of the 
phase transition point, 

for the magnetoexciton semiconductor and 

for the ferromagnetic semiconductor, in which the con- 

centrations v, and v,(T) are  given respectively by the 
expressions (5) and (16) and i s  found from (19). 

As follows from the formulas (22)-(241, the entropy 
generation rate i s  itself continuous at the second-order 
phase transition point, but the derivative of 9 with re- 
spect to the light intensity R exhibits a jump, the deriv- 
ative a S / a ~  being smaller in the magnetized state than 
in the disordered state. If the light frequency does not 
exceed too much the threshold frequency, beginning 
with which the second-order phase transition becomes 
discontinuous, a ~ / a ~  may even become negative, i.e., 
the light may be absorbed at a decrea?ing rate as its 
intensity increases. The derivative a~/aC2 also exhibits 
a jump at the transition point. This derivative has a 
higher value in the magnetized state than in the unmag- 
netized state. Finally, according to (24), a jump of the 
same sign occurs in the derivative a S / a ~  (it corre- 
sponds at a fixed light intensity to the variation of the 
ambient temperature). 

In those cases in which a first-order phase transition 
occurs, the transition should be accompanied by a jump 
in the entropy production rate (in the equilibrium case 
the entropy itself undergoes a jump). S may increase 
or decrease in the transition from the disordered into 
the ordered state. For example, it clearly increases 
when S2 < E,, since light i s  not absorbed at all in the 
disordered state. On the other hand, it may decrease 
when 0, > E,. Thus, in the case of a magnetoexciton 
semiconductor with U -C 3, the inequality S(O) >$(q), 
which guarantees the decrease of $ upon the appearance 
of magnetization, remains valid at all values of < 1. 
At the same time, according to the results of Sec. 1, 
the phase transition should be discontinuous when U > 2. 

By analogy with (91, we can expect the above-consid- 
ered steady state with a homogeneous light-induced 
magnetization to be unstable under certain conditions. 
The crystal may break up into magnetized and unmag- 
netized layers, the former layers having an enhanced 
and the latter a diminished photocarrier concentration. 
Since the stratification i s  due to the flow of photocar- 
r iers  from one phase into the other, these layers should 
have a thickness of the order of the diffusion length. 
The homogeneous state should certainly be stable, in 
particular, in crystals with high magnetostriction. 

In certain crystals, the photoelectrons may, before 
recombining with the holes, form microregions with a 
high degree of ferromagnetic order, and localize them- 
selves in them.5 Thus, besides the collective effect of 
the photoelectrons on the long-range ferromagnetic or- 
der, the electrons can, acting independently of each 
other, also exert an influence on the short-range order. 
Consequently, autolocalization of the photoelectrons 
with appearance of local ferromagnetic order can occur 
in light of intensity lower than critical, starting from 
which long-range ferromagnetic order appears. 
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