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The influence of self-induced anisotropy on the light propagation in impure cybic crystal is considered. The anisotropy is
due to optical orientation of tunneling centers caused by absorption of polarized resonant radiation. The ellipsoid of polariza-
tion rotates through the large angle and the degree of polarization increases substantially under relatively weak fields when
the crystal is thick enough. The effects depend strongly on the detuning of the radiation frequency frorn the centre of the
impurity absorption band. The resonant self-transparency is analysed

The orientation of tunneling defects (off-center im-
purity ions or molecules) in cubic crystals induced by
resonant lineary polarized radiation was observed in a
nuenber of experiments [1,2]. The possibility of reso-
naut aptical orientatien (ROO) at comparatively weak
fields is due to the tunneling rate in the excited state’
(where the impurity appears after light absorption) be-
ing in large excess over that in the ground state. ROO
results in the anisotropy of impure cubic crystals. The
anisotropy in its turn influences the propagation of

orienting radiation. Consequently in the range of reso-.
nant impurity absorption nonlinear optical effects are -

to become apparent at weak fields.

To calculate ROO self-consistently we shall use the

stmple model of a multiwell tunneling center [3]. Itis
supposed in this model that at sufficiently low tem-
perature the impurity is in'the ground state in one of
equivalent wells and resonant light may induce the-
transition to the excited state in the same well only
(when radiation is absent the impurities are equally
distributed over the wells; the tunneling has been ig-
nored yet). The direction of the dipole transition mo-
ment d,, in the well n is supposed to coincide with the
symmetry axis of the intrawell potential. Then, ne-
glecting the host crystal absorption in the range of
resonant impurity absorption, Maxwell equations for
slowly varying envelope E of the radiation electric
field under stationary conditions may be presented as
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follows ,
(kV)E .= 2ni[k2P — k(kP)] ;

P=(c/2nk) T d,(@E) p, EV(Fd®),

@ =id,?, =2 d} .

‘Here k is the wave vector, k> = (w2/c2)e, k is the reso-

nant impurity contribution to the complex refractive
index in the absence of ROO, k| €k, p,(E) denotes
field-dependent population of the nth well (Z,, p,, = 1).

E Eq. (1) is correct when the field distribution is smooth

and second derivatives may be neglected.

In fact the function p,(E) describes the impurity
orientation by resonant field. It is shown in [3]- that
the tunneling having been taken into account the ROO
kinetics is determined by diffusion equauon*

2 Couny - Pn = Py(E) ()

apn/8t= - Cnmpm)’

for a variety of stfongly and weakiy bound tunneling

* Such a description is valid if interwell transitions are jump-
like, i.e. the duration of the reorientation act itself is small
as compared with the characteristic time C’ mn of the well
population change.
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centers. In the range of relatively weak fields the oc-
cupation of excited states is small and

Conn = A * Arnl W "IN,

/

The reorientation probabiiity (3) presents formally the
sum of probabilities of interwell jumps in the ground
(A@) and excited (4 V) intrawell states (I(d,,, E)% k" [N
determines the occupation if the mth well excited state,
k" [N is the impurity concentration). In fact parame-
ters A@ and AM) may have another sense [3]. For
example eqs. (2), (3) are valid if the energy of the ex-
cited state exceeds the interwell barrier height and ex-
cited impurity is delocalized: practically it is simul-
taneously in all wells.

The wells equivalent with respect to inversion are
evidently equally occupied in the high-frequency field.
Then it follows from the symmetry arguments that the

ROO kinetics of the cubic crystal defects with the sym-

metry of wells (100) or {111 is described by two inde-,
pendent parameters A® and 4D only [3], while the
stationary distribution p,(E) is described by the single
parameter a = (41/4D) k"d2/N. The field-induced
changes in the occupation of wells being essential the
nonlinear optical effects are not small. However, the
characteristic length where both the linear (absorption)
and nonlinear effects manifest themselves appears to
be large, Ik|~1 > k1. Therefore if the incident light
beam is wide enough, VE? <Vklk E? and eq. (1) is’
valid, the most prominent nonlinear effects are the
totation and change of the ellipsoid of polarization
and the self-focusing. Self-induced bending of the light
beam is negligible. It may be shown easily that div k
~k2, ie. the light propagation direction is changed
when the propagation length is of the order of k/x?

and hence exceeds substantially the absorption length -

1/k".

To illustrate the change of polarization we shall con-

sider the radiation propagating in the (001) direction
(z-azis). Taking into account the expressions for p, [3]
and eq. (1) one obtains for (111) centers the following
equations ‘

dE, 1+2lE,|? L g
<t =ikE, —F—, E =—(E, - (-1)}'E,),
dz 51 4B B2 =y

=B 2 +IE,2, w#u's wpu'=12, (4
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while for 100 centers
2
v 1+3aiE“,| 2
T KE, 222 2.
1 +alE})* +3a lElEzl /4

E1=Ex; Ey=E,, w#u; wmu'=12. (5
The solution of egs. (4) is |
E,@=E,@ explio,@)}; ImE,=0;
E|(2) E5(2) = E,(0) E(0) exp(~2¢"2)..
E,()/E, () = [E,)E (0]

X exp{~alE3@) - E3(2) - E30) + E2O)1}. (6)

¢, (2) +p5(2) — [, (0) +,(0)] =2k'z, K'=Rex.

012G) — 0,50 = as{ [E3(z) - E3(2)]

~[E20)-EXO)}, ¢p=¢, ¢y s=KIk".

Parameter s characterized the detuning €2 of radiatis.:
frequency from the resonance. For weakly bound cen-
ters (I' € wp) s = /T, where I' and wp are the half-
width of the impurity absorption band and Debye fre-
quence. For strongly bound centers

, @ '
s=—\/—-;0f exp(x2)dx (> w; o)

It follows from eq. (6) that at Q = 0 the polarization
plane of linearly polarized radiation turns to the near-
est direction among (110), (1T0):

E,(2)/E,(2) = [E,(0)/E,(0)]

X exp{a [E_%(O) -E %(0)] }, «"z» 1.

To understand this rotation it should be taken into
account that different field components are absorbed
by the centers in wells with different orientations. The
absorption of a component is proportional to the oc-
cupation of corresponding wells which in it’s turn is ap-
proximately inversely proportional to the intensity of
the component (cf. egs. (2), (3)). Hence the difference
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in the absorption of components increases with rising
difference in their intensities. The increase in the ratio
of components causes monotone (at Q = 0) growth of
the polarization degree (eccentricity e(z)) in case of
elliptically polarized radiation. It is seen from fig, 1
that € = 1 with the rise in field even at s # 0, but in-
‘reases slower at small s.

The eccentricity e(z) and the angle o(z) between
sernimajor axis of the ellipse and the direction (110}
in case of {111) centers or {100} centers (we have sup-
posed EI(O) > E,(0)) are determined by the expres-
sions

ez)=
(1 ~{IE1? - [(B? - E2)? +4E2E2 cos ¢, 1/2})1/2
B + [(E% —E%)z +4E%E§ cos ¢, ,] 12

) 2E? E cos ¢, _ F..(2)

ofz)==Z arctg (-——————-), E. ,=FE, ,(2),
E2) L2 71,2

Y19 = ¥15(2). @)

It follows from eq. (6) that for <111) centers E; ,()

£

af?

4 5 0 af?

Fig. 1. The dependence of the eccentricity of the ellipsoid of
polarization on the incident field intensity for a) <111) centers;
b) <100) centers. The crystal thickness/ = 1,5/k” and a(0)
=30°. The curves 1 to 3 correspond to s = 1, 2, 4.
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~E) ,(0) expla (E? 2(0) E2 1%0)] }in sufﬁcxently
thlck slabs where IE(I)I < |E(0)%)|. When.a [E,(O)

- E2(O)] > 1,¢(l)~ 1, ol) > 0. The dependences of
€ and a both on the field strength and the crystal thick-
ness are seen from figs. 1,2 to be nonmonotonous at'
s#0. Although the oscillations increase with the in-

- crease in s, the numerical calculations give e(z)> 0.9 -
at [s| < 4 both for (100) and ¢111) centers when inci-
dent radiation is linearly polarized. In the case of.
linearly polarized incident radiation Jo(z)l;,qy < ta(O)l

according to eqgs. (4), (5), (7). In the case of elliptically

polanzed radlatlon this is not true but Ioz(z)lmax <mnf4
(when E2(0) > E 1(0) n/4 < |a(z)| < 37/4). The de-
pendence of « on the field strength is flven in fig. 3 for
(100 centers. Under strong fields (aE'{ 5 > 1) practi-
cally all {100} centers go to those of eqmvalent wells

* which are oriented along (001 or (00T) directions and

cease to absorb radiation (it is seen from fig. 4 that the
self-transparency is much more pronounced for (100)

centers than for (111) centers). That is why asymptotic -

values of & and e at strong fields coincide with o(0) and

€(0) (cf. figs. 1,3). According to fig. 3 (it may be seen

also from eq. (7)) a changes much faster with the in-

crease in field in the range of relatively weak fields.
The ROO of {100) tunneling centers is often in-

d’

5]
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-Fig. 2. The dependence of the angle included between the semi-
major axis of the ellipsoid of polarization and the (110) direc-
tion on the crystal thickness for (111) centers. Incident radia-
tion is linearly polarized and aE* (0) = 12. The curves 1 to 3
correspond tos=1, 2,4,
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Fig. 3. The dependence of the angle included between the semi-
major axis of the ellipsoid of polarization and the (100) direc-

tion on the incident field intensity. Incident radiation is linearly g

polarized. The crystal thickness/ = 1.5/«". The curves 1 to 3
correspond tos= 1,2, 4, ’

vestigated when they are excited to the two-fold de-
generate level. The dipole moment of the correspond-
ing intrawell transition is perpendicular to the intrawell
potential symmetry axis. The light propagation in {001)
direction is described in this case by the equation

kS

. -2
10 Lv«f

Fig. 4. The dependence of the outgoing radiation intensity on
the intensity of incident radiation at &(0) = 30°. The full cur-
ves refers to (100) centers while the dotted curves refer to
(111) centers. In the range of weak fields E?nt = 0.05 Efn
The curves 1 to 3 correspond tol = 0.75/k"; 1.5/k” 2.25/x".
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dE, 31 +aE P [1 +alE? +alE, )
L =ikE
Az T 34 4alE? +a?(1EF + EE, )

E =E, E,=E uFu's u=1.2. 8)

x> 2 "y
Eq. (8) is valid if the transitions between degenerate
intrawell states of the excited impurity due to relaxation
processes [4] occurs much more frequently than inter-
well transitions. According to eq. (8) the electric vector
of linearly polarized radiation turns to the nearest direc-
tion among (100}, (010} at s = O (this is true also for the
light-induced transitions to non-degenerate level when
the rotation is determined by eq. (5)). In the range of
weak fields (¢E2 < 1) the rotation of polarization is
much slower when impurities are excited to the de-
genérate level than to the nondegenerate one.
The change of the radiation polarization is caused
by the decrease in absorption of the strong field due
to ROO. This mechanism causes also a peculiar self-
focusing: the cross-section of the beam propagating in
crystal decreases. We shall consider the change of a
shape of the one-dimensional (3E(x, y, 0)ay = 0) lin-
early polarized beam at 2 = 0. If E,(z = 0) = 0.and
dE, /dx < E; v/kk, we obtain from egs. (4), (5):
2

& dx E; 1+alE|®’

E'= E, exp[—«"z +4a (b—"%_— EY),

| Ey=Eyx2)lpag ©)

Formula (9) refers also to the cylindrical beam shape,
the coordinate x having been replaced by r. It follows
from eq. (9) that the self-focusing takes place when

@E3)> 1 only. Atz =4[aE3 — 1 +In(@E3)] (aE2 = 1)

the beam is the most sharp and then with the increase
in z it broadens. :

The self-induced anisotropy may be used both to
investigate the orientation of the tunneling centers {4;
and to find the parameters of tunneling splitting and
relaxation in both the ground and excited states of im-
purities which are difficult to be determined by other
means. It should be noticed that this anisotropy re-
stricts the application of ROO for volume holography.
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