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Using as an example a metallic layer of Na with a scatterer sublayer (Ta or Nb) on one of the surfaces, the
influence of spin scattering by a part of the sample surface on the relaxation of the magnetization of the
conduction electrons is investigated theoretically and experimentally by the conduction-electron parametric-
resonance (CEPR) method. Additivity of the contribution of the surface scattering to the total relaxation rate
is demonstrated, and an analytic expression is obtained for the surface relaxation time. This expression is valid
for arbitrary values of the probability £ of electron spin flip in a single collision with the surface. This time
depends on the diffusion coefficient, on the thickness, and on ¢, and is inversely proportional to the additional
broadening of the CEPR signal. The proportionality coefficient is =~ 1. The size and temperature dependences
of the CEPR line width are used to determine the diffusion coefficient in the Na volume (D = 50+ 10 cm’
sec™') and the values of £ (¢>8X 1072 for Na-Ta and £ = 8 10~ for Na-Nb), with £ independent of
temperature. The numerical values of £ are governed by the spin-orbit scattering from the interface and not in
the interior of the scatterer. A possible scattering mechanism is proposed.

PACS numbers: 72.10.Fk, 72.15.Qm, 76.30.Pk, 75.70.Dp

1. INTRODUCTION

Because of the high mobility of the conduction elec-
trons in metals, the parameters of the conduction-
electron paramagnetic resonance (CEPR) depend on the
state of the surface. The CEPR is therefore one of the
methods of investigating surface properties. In addition,
in the case of strong spin scattering on the surface, an
experimental determination of the diffusion coefficient
of the conduction electrons in the interior of the metal
is possible.!

The existing theories?~* of the CEPR line shape,
which take into account the spin surface scattering
of the conduction electrons, were developed for the
case when the probability € of the spin flip in a single
collision with the boundary is constant over the entire
surface. Inthe case of strong surface scattering, the
magnetization amplitude first decreases and becomes
nonresonant on the entire sample boundary. As a result
the signal shape is strongly distorted, and the signal
amplitude decreases. This makes difficult the observa-
tion of the CEPR signal itself, as well as the physical
~ interpretation of the line parameters. For investiga-
tions by the CEPR method it is therefore preferable, in
our opinion, to cause the conduction-electron spins to
be scattered by only part of the sample surface, say
from one side of a metallic layer. Then, if the scatter-
ing is strong, the CEPR signal is determined by the
value of the magnetization of the conduction electron on
the nonscattering surface and is neither decreased in
amplitude nor distorted in shape. The scattering sur-
face produces an effect because the conduction elec-
trons diffuse only during the time of the spin relaxation,
and this leads to broadening of the CEPR line. Con-
versely, the additional broadening of the CEPR signal
can be used to measure directly the time of surface
relaxation of the conduction-electron magnetization on
the nonscatter ing surface. The aim of the present paper
is a theoretical and experimental study, by the CEPR
method, of the surface relaxation in plates with differ-
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ent types of surface, using as an example a layer of
metallic sodium with a spin-orbit scatterer (Ta, Nb) on
one of the boundaries, as well as the determination of
the coefficient of diffusion of the conduction electrons

in the volume and of the parameters of the interaction
of the conduction electrons with a metal-metal inter-
face. The choice of sodium was dictated by the fact that
the CERP signal in it has been well investigated; in addi-
tion, its Fermi surface is almost spherical and it is of
interest to compare the experimental value of the dif-
fusion coefficient of the conduction electrons with that
calculated by the free-electron model. Tantalum and
niobium were chosen because of their poor solubility in
sodium and because of the expected large spin-orbit
interaction constant, which is needed for the determina-
tion of the conduction-electron diffusion coefficient.

2. THEORY

In the CEPR method one measures directly the deriva-
tive, with respect to the constant magnetic field, of the
absorbed microwave power averaged over the period of
the oscillations. To calculate the latter we must know
the amplitude of the electric field on the surface of the
sample, determined by simultaneous solution of Max-
well’s equations in the case of the normal skin effect and
the Bloch equations for the magnetization. According
to the experimental conditions, the equations were
solved for a metallic layer of thickness d, located in
the region -d/2 <z <d/2, with the alternating micro-
wave field outside the sample and parallel to the sur-
face. The constant magnetic field was chosen, for
simplicity, to be perpendicular to the surface, since
the experimentally observed CEPR signal was indepen-
dent of the orientation of the constant magnetic field. To
make the result general, the boundary conditions for
the microwave field amplitude H,exp(-iwt) +H_ exp(iw?)
were chosen in the form

H,=H_,=bH,, z=-d/2;
H.,=H_.,=H,, 2=d/2,
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where b is a numerical constant; w/2n, 2bH,, and 2H,
are frequency and the amplitudes of the microwave field
on the surfaces z=-d/2 and z =d/2. The spin scatter-
ing of the conduction electrons by the surface was taken
into account phenomenologically with the aid of the
boundary condition for the deviation of the transverse
component of the magnetization from the instantaneous
local equilibrium value on the surface® :

v a
z*z—l;(Mu—xH‘.)ﬂE(M..—xH.), &

s*

1—3*;
here M, and H, are the amplitudes of the magnetization
and of the microwave field, y is the statistical suscep-
tibility, €* are the probabilities of spin flip in a single
collision of the conduction electron with the surface
z==d/2 and z=d/2, respectively; vy and D are the
Fermi velocity and the diffusion coefficient of the con-
duction electrons in the volume.

The expression obtained for the derivative of the
resonant part of the absorbed microwave power is of

the form
oP/0H=yH *oSZ, (1a)

where S is the area of one boundary of the layer, Z is
defined by

2o ¢z o or L2 ) P () &)
szljk,[itbw‘ F,)A+——(G, G)B]} (1b)

The first term is due here to modulation of the depth of

the skin layer by the conduction-electron magnetization,
and the second is due to the nonlocal coupling of the mag-

netization with the microwave field, owing to the diffus-

sion of the conduction electrons. The following notation

was assumed in (1b)

Fia=kizth ( k‘z'd ) Gra=kyz cth ( k‘;d) ,

A= (1+b) (F\*Gy~+F,~Gy*) +(1—0) (G1*Ga—G,Gy*)
2(F,*Gy+F,GyY) ’

(1+b) (F*Fy—F"Fy*)+ (1—b) (G F,*+G,*F,™)

. B=
2(F*G,+F,G,y*) ’

(2)
Fi=F . tk*, G:=G,,+kz*,
1—i n+ik vr
ky=—o, k= k=gt
! A Y 3D

n=[(1+2*)"+1]% g=sgnz[(1+2?)"—1]", z=(Q—w)T.

Here 6 =(c?/2m0w)'/? is the depth of the skin layer; &,
=(2DT)'? is the depth of the “magnetic” skin layer; T

is the time of the spin relaxation of the conduction
electrons in the volume; Q =yH is the Zeeman frequency;
v is the absolute value of the gyromagnetic ratio; H is
the constant external magnetic field. The expressions
for the magnetization amplitudes M =M7, - iM?, on the
layer boundaries, which are needed for the physical
analysis of the surface relaxation, are of the form

M, —xbH,=yH, [6—(4-B)],

Z=— —

D(kz k.*) ’
o d 3)
M. -XH1=XHAW[1—(A+B)], a=

We note that the quantity K in (2) can be rewritten in
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a form similar to &, and k,:
k,~=1/8,",

where the quantity 6; =(2DT;)'® will be called the
depth of the “surface magnetic” skin layer on the sur-
face z =-d/2, due to the spin scattering of the conduc-
tion electron by this surface; 6 is the distance over
which an “average” electron diffuses in a time 7 and
preserves its spin direction, where

T,~=2D/vs*(27)?

has a simple physical meaning: this is the time during
which an electron located at the surface z =-d/2 will
collide with it 1/2” times and its spin will thus flip. We
can introduce analogously the value of the surface mag-
netic skin layer of the surface z =d /2.

In particular cases when there is no surface relaxa-
tion (¢”=¢* =0) or with symmetric boundary conditions
(b=1, €~ =¢*), expression (1) for 8 P/8H coincides with
the results of Ref. 6 and Refs. 2 and 4 res pectively,
except that in place of the factor w in (1b) the quantity
in the derivative 8/aH (in Refs. 2 and 6) is Q =yH, and
this leads to a noticeable distortion of the form of 8 P/aH
in the case of broad lines, for example in thin samples
with strong surface scattering. This difference is due
to the fact that the authors of the cited references failed
to take into account the fact that the magnetization of
the conduction electrons relaxes not to zero but to a
local equilibrium instantaneous value.

For dirty metals (6,< 8), when the second term in
(1b) can be neglected, the observed CEPR signal does
not depend on the surface scattering. Thus, the CEPR
signal is sensitive to the state of the surface only in
pure metals with high mobility of the conduction elec-
trons.

For pure metals
Ba>d (4)
with thickness larger than the depth of the skin layer
a8, (5)
expression (1) for 8 P/aH can be expressed in terms of
the amplitude of the magnetization (3) on the sample

boundaries:
oP oS 9

E TS aH{[M ( ) XH‘]H+[M (_% _bu]bH}
(6)

In the derivation we have used here, in accord with (4)

and (5), the inequalities
[Fi|=|G:|=|ki>|F:|, |G|, | ke

If the condition of strong surface relaxation is satisfied
on the surface z =—d/2 and there is no scattering from
the boundary z =d /2, then

min (8x, d)>6,7; (7

€*=0 when F; =G, =k,, and the magnetization can in
turn be expressed by

M, (

wd® ki

2D k- (8a)

d
2) —ybH, =—ybH, —
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M.- (%) —yH,=—yH, 32% %‘2 th(dk). (8Db)
It is seen from (8) that the amplitude of the magnetiza-
tion on a strongly scattering surface z=~d/2 is non-
resonant, and furthermore, when account is taken of
(7), it is smaller in absolute value than the amplitude of
the magnetization on the nonscattering surface by a fac-
tor 5;/6, or &;/d. Therefore, in accord with (6), the
observed CEPR signal is determined by the amplitude of
the magnetization of the conduction electrons on the
nonscattering surface.

To analyze the observed shape and width of the line,
we consider particular cases of (6).

Bulk metal (d>5,). We replace tanh(dk,) in (8b) by

unity, Substituting (8b) in (6), we obtain
2 —_ '
% =xH,zmzYSTz§;L”2>4“+_f),

where 7 =[1+(Q - w??*T%]*2. This expression for the
absorbed microwave power, in contrast to the case of
a plate with identical surfaces,? is of the same form as
in the absence of surface relaxation, but is smaller by
a factor 1+5%.

9)

Intermediate thicknesses (6<<d<<5,). We substitute
(8b) in (6) and separate the real part. Expanding the
ordinary and hyperbolic sines in the numerator and the
cosines in the denominator in the obtained expression,
and retaining the first four expansion terms, we have

I4 6 1—a?
— =y H 08T — 10
o W ONST  e (10)
where a =(Q - w)T*

1 1  1p/3\%4 1 1

e (2 2 2 11

T T,+T[(z) 5] T,+T’ 1
1/T,=6"“D/d". (12)

In the derivation of (10) we have neglected the terms
of order (d?/6%). Expression (10), with the exception of
the factor (1 +b%/2, has exactly the same form as in
the case when there is no surface relaxation. However,
in place of the usual relaxation time we obtain here the
effective time, which is determined by expression (11).
It is seen from the latter that strong scattering by one
of the surfaces yields for the width of the CEPR line an
~ additive increment (12), proportional to the diffusion
coefficient and inversely proportional to the square of
the sample thickness.

Thin samples (d< 5). As in this case the microwave
field is constant over the sample thickness, we consider
the case of symmetrical boundary conditions for the
microwave field (b=1). Then F;,=k; and G, =k;.
Recognizing that near the peaks of the derivative of the
CEPR line we have |F,|, |G| > |F,|, |G,|, we obtain
from (1) and (2)

oP 2\
—_——2 (—) xH 0y ST*d ad (13)

oH 3 (1+a?)? *
1t follows therefore that the influence of the strong
surface relaxation, just as in the case of intermediate
thicknesses, manifests itself only in a line broadening.

We note that in the case of strong surface relaxation,
when the total line width is determined by the surface
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FIG. 1. Theoretical dependence of the ratio of the line width
AH at half the maximum of the CEPR line to the relaxation
width (YT ™! on the value of d6. The plot was drawn for the
following parameter values: b=1; y=1.76 X 107 G! sec™;
6=1.12pm; vp=1.07 cm/sec; (yT)~1= 6.5 G; D = 50 cm?/sec;
g€'=0; 65 is equal to © (curve 1), 9.4pum (curve 5), 4.7pum
(curve 3), 0.56 um (curve 4), and 9.4 X 10" %um (curve 2).

contribution (12), the intensity of the CEPR signal, as
follows from (13), (10), and (9), increases with in-
creasing sample thickness (8 P/8H~ d® for thin samples
and ~d® for intermediate ones), and in the absence of
surface relaxation it assumes a maximum value at

d ~ b after which it decreases like d™.

In the case of weak surface relaxation {6 > min(d, 6 )]
the line shape does not change.? The additive contribu-
tionto the total line width, due to surface scattering,
takes the following form?+5;

/T, =evs/2d. (14)

Thus, inthe case of strong and weak surface relaxa-
tion the line shape is the same as in the absence of
surface scattering, and only the additive contributions
to the total line width, (12) and (14), are different.

One can expect in the intermediate case [min(5,,d) ~ 5]
the line shape to remain unchanged, and the surface con-
tribution to the total line width to be described by the
expression interpolated from (12) and (14)

A/B
s} N

1 !

g non 20n  d/é

FIG. 2. Theoretical dependence of the asymmetry parameter
A/B of the CEPR line on the value of d/6. The values of the
parameters and the symbols are the same as in Fig. 1.
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FIG, 3. Theoretical dependence of the asymmetry parameter
C/D of the CEPR line ond/6. The parameter values and the
symbols are the same as in Fig. 1; H,,,is the coordinate of
the maximum CEPR peak; Hy= w/v is the resonant value of the
magnetic field.

Tl 19

i.e., the total line width T7*™! is of the form

1
—=—t =+
" T LDV6 &

In fact, numerical calculations of expression (1) for

3 P/8H have shown (Figs. 1-4) that the line parameters
depnd little on €. The maximum deviation from the
parameters at £~ =0 is reached at 6;~min(d, 6,) and
amounts to ~5/6, for the case of interest to us, that

of thin samples and samples of intermediate thickness.
In a bulky sample, the deviation of one of the line
asymmetry parameters A/B and of the coefficient of
proportionality of the line width AH to (yT*)™! is some-
what larger, this being due to the relative increase of
the contribution to the signal from the scattering sur-
face, a contribution that distorts the line shape.

da* 2d ]“. (16)

We can thus draw the following conclusions concern-
ing the influence of surface scattering by one of the
sides of the sample on the observed CEPR signal in the
cases of interest to us, of thin and intermediate-thick-
ness samples:

1) The signal shape is practically the same as in the
absence of surface scattering, in contrast to the case
of a plate with identical surfaces.

2) The line width 7*"! increases on account of the
additive contribution from the scattering of the conduc-
tion electrons by one of the sample boundaries, 7*!
=T +TS%

Ymaz

(2.4 b b
a/5

FIG. 4. Theoretical dependence of the parameter g .. = Hmax
/AH on d/6. The symbols and the parameter values are the
same as.in Fig. 1.
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3) The spin surface‘relaxation time is well described
by the expression

T.=d*/DV6+2d/&-vs

and has a simple physical meaning: this is the time
during which an “average” electron diffuses from the
nonscattering surface to the surface with the scatterer,
plus the time during which it undergoes 1/&~ collisions
with this surface, i.e., during which its spin relaxes.

&

3. EXPERIMENTAL PROCEDURE

The layer of metallic sodium with spin scatterers on
the sirface was produced by sputtering in a vacuum
=1x 107® Torr. The sputtering sequence was the follow-
ing:

1) Five pairs of glass substrates were each coated
with a layer of lithium fluoride of thickness =0.5 um
to obtain a clean surface.

2) On one out of each pair of substrates we deposited
a layer spin scatterer, tantalum or niobium, of thick-
ness ~ 100 A.

3) After several seconds, we started to sputter all the
substrates simultaneously with sodium. After reachingthe
specified thickness of the sodium layer, one of the sub-
strate pairs was covered by a shutter, but sputtering on
the remaining substrates continued. After a second pair

of substrates acquired a thicker layer it was covered, -
and so on, The thicknesses were determined with a

quartz resonator by measuring the sputtering time.

4) The films were covered with a thin layer of
paraffin.

5) Pure helium gas was admitted into the cover of
the setup to a pressure =1 Torr. The samples were
dropped one at a time into thin-wall glass ampoules,
which were then sealed-off from the setup.

Thus, in one evacuation act we could obtain up to
five samples with identical sodium-scatterer contact,
but with different sodium thicknesses. In addition we
obtained comparison samples with which we determined
the time of the conduction-electron spin relaxation due
to the scattering in the interior of themetal.

The CEPR signals were measured with a standard
3-cm microwave spectrometer with high-frequency
modulation of the field (100 kHz) in the temperature
range 100-300 K. The sample was placed in the
antinode of the magnetic field of the resonator in such
a way that the microwave field was parallel to the sur-
face. The range of investigated thicknesses of the
layers of sodium was 1.7-8.4 um for sodium with
niobium,

4. RESULTS OF EXPERIMENT .

The presence of a scatterer on the sodium surface
in the investigated range of thicknesses led to a strong
attenuation of the signal on account of the line broaden-
ing, so that it was impossible to carry out detailed
measurements of the line-shape parameters A/B and
C/D, but a qualitative agreement was observed between
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FIG. 5. Dependence of the CEPR line whidth o the reciprocal
square of the thickness of a sodium film with a Ta ( &) or Nb
(O) sublayer at room temperature. The lines show the theo-
retical plots for the values € = 8X1072 (1) and €™ = 8%x2073
(2). The values of the remaining parameters are the same as
in Fig. 1.

the experimental and the calculated values. For the
same reason, the CEPR signals could be detected only
in samples with a sodium thickness exceeding 26, when
the waveform of the observed signal was almost sym-
metric, and the most convenient parameter that char-
acterizes the relaxation time was the width AH at half-
height of the maximum line peak. The experimental
dependences of AH on the reciprocal of the square of
the thicknessof the sodium film, for the Na-Ta and
Na-Nb samples, are shown in Fig. 5. For all samples
the CEPR line width in sodium without surface scatter-
ing, measured on the comparison samples, was (yT)™!
=6.6+0.1 G at room temperature. To explain the ob-
served dependences with the aid of expression (1) one
can choose the parameters D =50 cm?/sec, g(Na-Ta)
>8x1072, g(Na-Nb)=8x 1073, The corresponding calcu-
lated dependences are shown in Fig. 5. The same values
of the parameters account also for the temperature
dependence of the additive line-width increment due to
scattering by the surface (Fig. 6). To show that the
surface contribution to the line width, when the strong
relaxation conditions (5; < d) are satisfied, is propor-
tional to the conduction-electron mean free path, the
plot in Fig. 6 is not against temperature but against
the electric conductivity (o) of bulky sodium (Ref. 7,

AH,, G
0+
A
N
w0} oy
.
wh P ?
° El
o Cl
0 1 AL 1 N I
0.2 0y 0.6 0.8, _4
G, w2 cm

FIG. 6. Dependence, on the electric conductivity of sodium, of
the additional contribution to the line width AH; = AH— AHy,
due to the spin scattering of the conduction electrons of Na on
the boundary with Ta and Nb. Here AHy is the line width in the
samples without the scatterer. The thickness of the Na layer
is 8.4 um (a) for the Na-Ta sample to and 7.7 pm (®) and 11

um (O) for the Na-Nb samples. The lines show the theoretical
dependences for the same thicknesses at €= 0.5X10~2 (Na-Ta)
and £ = 8x1073 (Na-Nb); D (300 K) = 50 cm? sec. The values
of 6 (300 K) and of the remaining parameters are the same as in
Fig. 1.
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p. 140). These measurements cculd be made on the
samples with the largest sodium thickness 8.4 pm for
the Na-Ta samples and 11.0 pm and 7.7 pm for the
Na-Nb samples. It was assumed in the numerical cal-
culations that the conduction-electron diffusion coef-
ficient is proportional to the electric conductivity. The
line width (yT)™! of pure sodium was determined ex-
perimentally from the comparison samples. Typical
plots of the line width AH against the electric conduc-
tivity for sodium 7.8 pum thick is shown in Fig. 7.

Thus, on the basis of the presented data we can draw
the following conclusions:

1. The theoretical calculations given in Sec. 2 de-
scribe well the observed experimental relations.

2. The value of the diffusion coefficient of the conduc-
tion electrons in sodium at room temperature, with
allowance for the measurement errors, is D =50+ 10
cm?®/sec.

3. The conduction electron spin flip probability in
sodium after a single collision is €> 8 x1072 for the
Na-Ta boundary and €= 8x 1072 for the Na-Nb boundary,
and does not depend on the temperature.

The experimentally obtained values of € can be ex-
plained by making the following assumptions: 1) the
conduction electrons of sodium do not pass in the
volume of the scatterer, and spin scattering takes place
from the first layer of the Ta or Nb atoms; 2) the
effective cross section ¢, for conduction-electron scat-
tering with spin flip, in collisions with Ta and Nb atoms,
is equal to its bulk value o,. Then &€=no =no,, where
n is the number of scatterer atoms per cm?® of the inter-
face. We estimate o, in accord with the simple theory
of paramagnetic relaxation®:

Aisa\?
hvg ) ’

where q is the lattice constant of sodium, and A is the
atomic spin-orbit splitting of the scatterer. Substituting
the value of ¢, in the expression for £, we obtain

20v=a’ (

26=0 (A"“ )z; (17)

Ave
here 6 =na’ is the ratio of the number of scatterer atoms
to the number of sodium atoms on the interface. In the
estimate we assume 6 =d?/&, where g, is the lattice
constant of tantalum (niobium). For d electrons, A,
=2.5¢ and, using the spin-orbit interaction constants
£(Ta)=1657 cm™ and £(Nb) =475 cm ™~ (Ref. 9), we obtain

e (Na—Ta)=0.93-10"*,

e (Na—Nb)=7.5-10"2.

We used in the estimates the following parameter
values: @=4.28x107% cm, vp =1.07x10° cm/sec (Na);

J 1 1 1
0z 04 0.6 6,y Tem™!

FIG. 7. Dependence of the CEPR line width on the electric
conductivity of a sodium film without a scatterer, d= 7.8 um.
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a,=3.31x10"% cm (Ta); a,=3.3%107% cm (Nb).

Thus, the theoretical values of £ agree well with those
obtained in experiment. The physical argument in favor
of the assumption that the conduction electrons do not

enter into the volume of the scatterer is the fact that
otherwise € would depend on the relaxation time in the

scatterer volume and would decrease with decreasing
temperature. Inour case, both the size dependence and
the temperature dependence of the total line width are
well accounted for by temperature-independent values
of €.

One of the possible mechanisms of the scattering of
the sodium conduction electrons by the interface may
be resonant scattering by the d-orbitals of the first
layer of the scatterer which form a band of surface
states’® at the surface of the free scatterer crystal,
this band being located near the Fermi level. In the
case of the contact of the scatterer layer with sodium,
the surface-state band should broaden. The situation
recalls resonant scattering by virtual d states of the
impurity atom. Comparing the known expression for
the effective cross section for resonant scattering,
with spin flip, by an impurity located in the volume of

the sodium, and the value of o, calculated from the ex-
perimentally obtained value of €, we can estimate the
broadening of the surface-state band: I'(Na-Nb)

=~ I'(Na-Ta)=3 eV. It should be noted that the question

of the scattering mechanism calls for further theoretical
and experimental research.
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Transport of polarized radiation in crystals in the excitonic
region of the spectrum. Polariton effects
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A theory is developed for radiation transport in crystals with allowance for polariton effects in elastic
scattering of the polaritons by impurity centers. The frequency dependences of the intensity and of the degree
of polarization of the resonant secondary emission upon excitation by polarized light are calculated and
analyzed. It is shown that the analysis of polariton transport in the absence of spatial dispersion, when the
exciton effective mass M —» o, reduces to the problem of radiation transport in a turbid medium. At a finite
exciton effective mass, account was taken of the additional light waves. In the region below the longitudinal
frequency @, , the presence of additional waves that attenutate in space at @ <, influences only the polariton
reflection coefficients. In the frequency region above @, an important role is played by scattering processes
between two transverse-wave branches and between branches of transverse and longitudinal polaritons.

PACS numbers: 79.60. — i, 71.36. + ¢, 71.35. 4z

§1. INTRODUCTION

In our preceding paper! we developed a theory of res-
onant transport of polarized radiation in crystals, with
account taken of the reabsorption and reemission as
well as of multiple reflection of light from the surface.
The analysis was carried out in the limiting case of
weak exciton-photon interaction, when the photons and
excitons could be regarded as separate particles. The
present article is devoted to a study of transport of res-
onant radiation in crystals in the case of strong exciton-
photon interaction, which leads to a restructuring of the
energy spectrum of the photon and excitons, and to for-
mation of collective modes—polaritons (opto-excitons).

Interest in the theory of polariton transport has in-
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creased in connection with the observation and investi-
gation of resonant Brillouin scattering of polaritons in
III-V semiconductors (GaAs) and II-VI semiconductors
(Cds, CdSe).*? In most theoretical work on resonant
scattering of polaritons, only single scattering was tak-
en into account.®® In the general case, however, be-
fore a polariton is emitted into vacuum or recombines
nonradiatively, it undergoes multiple scattering. The
Brillouin spectrum revealed therefore not only single-
phonon but also two-phonon peaks, as well as a broad
background corresponding to multiple scattering (the
so-called polariton fluorescence).® As shown by exper-
iment,? the distribution function of the polaritons is in-
homogeneous in space and has greatly differing values
near the boundary and in the interior of the sample.
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