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Self-diffraction of light waves at contra-directional mixing in the cubic
photorefractive crystal of 23 symmetry class
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Regularities of the influence of self-diffraction of the light waves on the energy transfer in the case of contra-
directional two-wave mixing in the cubic photorefractive piezocrystal of 23 symmetry class are analyzed. The
dependence of the relative intensity of the object wave on the azimuth of its polarization and the orientation angle
of the photorefractive crystal is theoretically and experimentally investigated. It is shown that when solving the
equations of coupled waves without taking into account self-diffraction, the most accurate estimate of the intensity
of the object wave at the output of the crystal is achieved in the case when the vector amplitudes of linearly
polarized mixing waves in the crystal bulk belong to the same plane. In the general case, for arbitrary values of
the azimuth of the linear polarization of the object wave and the orientation angle of the crystal, neglection of
self-diffraction of light waves by formed reflection holographic grating at calculations can lead to the significant
disagreements between results of theoretical calculation in comparison with experimental data.
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Introduction

Due to the unique combination of high photosensitivity
and the ability to operate in real time, photorefractive
crystalline materials are used to develop a variety of
devices for the information photonics, such as adaptive
holographic interferometers, optical modulators, interference
and diffraction filters, as well as devices based on them
(see, for example, [1]). In recent years, a number of studies
have been published [2-4], describing new directions for
the practical application of photorefractive crystals. The
possibility of using Bi;2SiOz9 (BSO) and CdTe crystals
as photosensitive media in optical radiation detectors for
positron emission tomography was demonstrated in [2].
In [3] it is shown that the LiNbOj3 : Fe photorefractive crystal
can be successfully used in holographic encryption and
decryption systems. The study presents the results of testing
a holographic decryption system in terms of displacement
of the phase key both in the longitudinal and transverse
directions from the original position, as well as blind
decryption without knowing the correct key. An analysis
of the possibilities of using the photorefractive effect in
neuromorphic computing in telecommunication applications
is given in [4].

The nonlinear optical effect, which consists in the self-
action of light beams in the recording medium as a result
of changes in its properties under the influence of induced
radiation, was predicted in early studies [5-7] and plays an
important role in the formation of dynamic holograms in
photorefractive crystals [8,9]. The self-action of light beams
when recording a hologram in a dynamic recording medium
results in the situation that the light beams recording the

holographic grating are subjected to diffraction by this
grating [8]. This causes a change in the intensity and
phase of the recording beams and affects the further process
of formation of the hologram [6,8]. The described wave
phenomenon was named self-diffraction of light [5].

The influence of self-diffraction on the properties of
bulk holographic gratings in a dynamic recording medium
has been studied by a number of authors (see, for
example, [5,6,8]). A generalization of the well-known
Kogelnik’s theory of coupled waves [10] to the case of bulk
holograms formed in absorbing photosensitive media taking
into account the self-diffraction of light beams was proposed
in [11]. The study presents an analytical asymptotic solution
to differential equations with variable coefficients, on the
basis of which the amplitudes of diffracted coupled waves
can be found. Using the yielded expressions, the properties
of transmission and reflection holograms in the presence
of absorption by a photosensitive medium were studied.
The resulting analytical expressions were taken into account
in [12] to analyze the influence of local and non-local
nonlinearities of the medium on the diffraction efficiency of
a hologram recorded in a photorefractive crystal. It is shown
that the self-diffraction of recording light waves affects the
selective properties of holographic gratings: not only the
half-width of the Bragg peak changes but also a shift in the
maxima occurs on the graphs of the diffraction efficiency
of transmission and reflection holograms as function of the
thickness of the recording medium and the magnitude of
the phase mismatch.

In cubic photorefractive crystals, modulation of the
dielectric constant at optical frequencies, apart from the
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linear electro-optical effect, can be additionally due to
the photoelastic and inverse piezoelectric effects [13]. At
the same time, non-centrosymmetric cubic photorefractive
crystals also have noticeable optical activity [14]. As shown
in [15], the combined action of optical activity, photoelastic
and piezoelectric effects causes significant changes in the
polarization and energy characteristics of the reconstructed
wave that arises as a result of the reference beam diffraction
by the bulk hologram recorded in the crystal. In [15],
the theory of light diffraction by a phase holographic
grating formed in a cubic optically active photorefractive
piezocrystal is presented. The influence of photoelasticity
on the self-diffraction of light waves by a bulk hologram
in a non-centrosymmetric photorefractive crystal of 23 sym-
metry class was studied in [16]. It has been established
that a necessary condition for consistency of the results of
theoretical calculations and the obtained experimental data
is to take into account the contribution of photoelastic and
piezoelectric effects in the equations of coupled waves used
to describe the mixing of the reference and object light
beams on a holographic grating. In [17], the self-diffraction
of mixing waves by a transmission hologram in a BSO
crystal was studied and the conditions for achieving the
highest values of the relative intensity of the object light
wave were established.

Features of self-diffraction of light by a bulk holographic
grating in a photorefractive crystal of 43m symmetry class
are analyzed in [18,19]. In [18], the possibility of non-
unidirectional energy transfer between coupled waves is
shown when their polarization state changes due to the
mixing. In a linear approximation based on the modulation
coefficient of the induced interference pattern, analytical
expressions are obtained for finding the scalar amplitudes
of the components of the reference and object light waves.
In [19], an exact solution to the equations of coupled
waves was obtained, on the basis of which the amplitudes
of arbitrarily polarized light beams can be found during
their mixing on a transmission hologram formed in a
photorefractive crystal of 43m symmetry class.

As can be seen from the above review of studies, the
effect of self-diffraction of light waves on the properties of
interaction holograms in cubic photorefractive crystals has
been studied by a number of authors. At the same time,
features of the energy exchange during counter-propagating
two-wave mixing in a cubic photorefractive crystal taking
into account the mutual influence of recording light beams
and the formed reflection hologram, are almost unstudied
(a review of publications on the properties of reflection
holograms is given in [20]). Therefore, for the purpose
of effective practical application of cubic photorefractive
crystals, it is of interest to determine the conditions of a
holographic experiment (azimuths of linear polarization of
waves at the entrance to the crystal, orientation angle of the
crystal, etc.), under which the self-diffraction effect has the
greatest influence on the energy exchange between coupled
waves during their contra-directional mixing on a reflection
hologram. It is also important to determine the limits of
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Figure 1. Schematic diagram of contra-directional mixing of two
light waves in a photorefractive crystal.

applicability of the analytical expressions presented in [21],
which are obtained in the approximation of a given (static)
grating for finding the amplitude of an object wave during
contra-directional two-wave mixing. Solving these problems
will make it possible to more accurately predict the results
of holographic experiments and improve the efficiency of
the use of cubic photorefractive crystals as light-sensitive
media in devices for recording, processing, and transmitting
optical information.

Thus, the purpose of this study is to analyze the patterns
of self-diffraction of light waves during degenerate contra-
directional two-wave mixing in the cubic photorefractive
crystal of 23 symmetry class. The results of the theoretical
analysis presented in the study were obtained based on the
numerical solving coupled wave equations, which take into
account the linear electro-optical, photoelastic, and inverse
piezoelectric effects, and also the optical activity, natural
absorption, and circular dichroism of the crystal are taken
into account. To verify the results obtained theoretically, an
experimental investigation of the dependence of the relative
intensity of the object light wave on the orientation angle
of the (001) cut BSO crystal was carried out at various
azimuths of the linear polarization of light waves.

Theoretical model

Let two plane monochromatic linearly polarized light
waves be directed at a cubic photorefractive crystal of 23
symmetry class: the reference (subscript — r) wave and
the object wave (subscript — s) (Fig. 1). When building
up a theoretical model, triples of unit vectors (qr, ur, n;)
and (gs, us, ns) are used to specify the polarization state
and direction of wave propagation. Wave normals of the
reference and object waves coincide in direction with the
unit vectors n; and ns. Vector amplitudes R and S are
perpendicular to vectors n; and ns. Angles ¥, and s
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define polarization azimuths of the reference and object
waves, which are measured from vectors u, and ug to vector
amplitudes R and S clockwise when looking in the direction
of vectors n, and ng, respectively.

The orthogonal basis ej, e, €3 is rigidly connected to
plane (I), which is parallel to the plane of the holographic
table (vector e; enters the crystal and is shown in the
inset on the left in Fig. 1). Unit vectors e, and es lie
in plane (I), and vector e; is perpendicular to it. Along
the Oz axis, which coincides in direction with the vector es,
the thickness of the crystal d is measured. Assume the
crystal faces exposed to the light beams are covered with an
antireflection coating, and the effect of waves formed during
reflection from them can be neglected. The unit vector h is
rigidly connected to the crystallographic coordinate system
and is used to specify the orientation of the crystal relative
to the plane of the holographic table. The crystal can be
rotated relative to the Oz axis by an orientation angle 0,
which is formed by vectors e, and h. Bragg angles ¢, @s
are measured in plane (I) and are determined by the angular
distances between the unit vector e; and vectors ny, ng,
respectively (see inset to Fig. 1).

In the case of contra-directional mixing of waves in the
crystal, a phase reflection hologram is formed with a wave
vector K with its direction opposite to the direction of
axis Oz. In Fig. 1, parallel lines applied to the crystal
show the periodically located phase planes of the hologram,
scattering the wavefronts.

From the wave equation for optically active media in the
approximation of slowly varying amplitudes, a well-known
(see, for example, [22]) system of equations of coupled
waves is obtained, which can be used to describe the
mixing of two linearly polarized light waves in the reflection
geometry in the photorefractive crystal:

% =ie W 151S +ie k10S + Ry — ar Ry, (1)
% =ie %218 +i1€ k262 — prRI — Ry, (2)
% = i€%%sir 1Ry +1€%ks1r2R +psS — asS1, (3)
Z—SZZ = i€k 1Rl +1€°Kks22Ry — psS1 — 4sSy. (4)
Expressions (1)—(4) wuse the following notation:

Ri, R2, S;, S, are projections of vector amplitudes R and S
on the axes that coincide in direction with the unit
vectors qr, Ur,qs and us, respectively; § is phase shift
between the fringe pattern and the holographic grating;
Prs = (p +1ix)/ cosqr s is specific rotation of the plane of
polarization of the reference and object waves, p is opti-
cal activity parameter, y is circular dichroism coefficient;
ars = a/ cos@rs is parameter used to set the absorption
of the reference and object waves, a is absorption coef-
ficient of the crystal; i is imaginary unit. The coupling
coefficients kyngt between the reference and object waves

propagating in the crystal are found on the basis of the
following relationships:  Kungt = —Ko(ejhAé_leqt) / COS @y,
where kg = 7n*/(21), n is refraction index of the unper-
turbed crystal, 4 is wavelength; u,q=r,s; h,t=1,2.
The mutual coupling between the components of vec-
tor amplitudes of the reference and object waves dur-
ing their contra-directional mixing in the cubic pho-
torefractive crystal is specified by means of tensor
convolutions (e A 'eq), where A&é~! are changes in
the components of the inverse dielectric constant ten-
sor, which can be found based on the well-known
expression A&™! = (13, pNp + Py, NiYki€pif NNt )Esc [23)].
This expression uses the following notation: rpr
and pS,,, are tensor components of the linear electro-
optical (rS) and photoelastic (pF) effects, respectively;
i are components of the tensor inverse to the ten-
sor Tk :Cﬁ'klninh where CiEjH are components of the
elastic modulus tensor (CE); €pif are tensor compo-
nents of the inverse piezoelectric (€) effect; Esc = MEgcn,
where Egc is modulus of the electric field strength of
the holographic grating, m is modulation depth of the
fringe pattern, which is found from the following expres-
sion: m=2(R;S; + RyS, cos(usur))/(Rf + R% + S% + S%),
Np, N are direction cosines of vector n in the crystallo-
graphic coordinate system. Superscript S for the linear
electro-optical effect tensor FS means that its components
were measured for a clamped crystal. Superscript E for
the tensors PF, CE means that the components of the
elasticity and photoelastic effect tensors were measured with
a constant electric field. In the case of non-zero components
of the tensors FS, pF, ¢ and €, which were obtained for a
cubic crystal of 23 symmetry class, the following notation is
adopted in the text below:

s _,S _ .S _.S _ .S _.s _
M3 = T3 =T213 =331 =31, =35 =T41,

Phi=pPH=pPH=p. PL=P5=P5 =P
p'153 = p§1 = pEz = ps, p54 = pES = p& = p4,
€123 = €132 = €213 = €231 = €312 = €321 = €14,
ch =ch=ch=ci,
ch=ch=ch=cf=cf=ch,=c,
Cs = C55 = Cgg = Ca.

In further calculations, a medium with the following BSO
crystal parameters was selected: the refraction index of the
unperturbed crystal is Ny =2.54 at 1 =633-10""m [§];
the electro-optical coefficient is rq; =5-10"2m/V [8];
the elasticity coefficients are c; = 12.96- 10 N/m?,
C; =2.99-101°N/m? c3=2.45-10"N/m> [24]; the
photoelasticity coefficients are p; = —0.16, p, = —0.13,
p; = —0.12, ps = —0.015 [25]; the piezoelectric coefficient
is e4 = 1.12C/m? [25].

Equations of coupled waves (1)—(4) were numeri-
cally integrated on the basis of the well-known shooting
method [26]. The initial conditions for solving the two-point
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Figure 2. Schematic diagram of the experimental setup: I —
helium-neon laser, 2 — light beam splitter; 3, 4 — totally reflecting
mirrors; 5 — phase half-wave plate; 6, 7 — orifice plates; 8§ —
crystal; 9 — photodiode.

boundary value problem were chosen as follows: for z = 0
it is assumed that Ry = —|R|sin;, Ry, = |R|cosyy; for
z=d it is assumed that S; = —|S|sinys, S, = S| coss.
A quantitative assessment of the energy exchange between
coupled waves was made using the relative intensity param-
eter p of the object wave, which was found by the following
formula: y =1lg/ Ig. Here |5 denotes the intensity of the
object wave during two-wave mixing in reflection geometry
(Fig. 1), which is fixed at the exit from the crystal (at z = 0).
The parameter 19 is equal to the intensity of the object wave
at the exit from the crystal in the absence of the reference
wave.

Experimental

Let us consider the experimental scheme (Fig. 2) of
contra-directional two-wave mixing in a photorefractive
crystal, which was used to verify the theoretical results
presented below. Helium-neon laser / generated radiation
at a wavelength of 632.8 nm, which was divided into two
light beams using beam splitter 2. The reference light
beam linearly polarized in the plane of incidence (r) was
reflected from totally reflecting mirror 3, passed through
orifice 6 and was directed to the crystal. The object (s) light
beam, after reflection from totally reflecting mirror 4, was
passed through half-wave phase plate 5 and after passing
through orifice 7 it was directed to the crystal. As a result
of the mixing of the reference and object beams in the
photorefractive crystal, a reflection hologram with a wave
vector K was formed. To record the intensity of the object
beam, photodiode 9 was used, which was located along
the path of propagation of this beam. The photodiode was
connected to a measuring circuit (not shown in Fig. 2)
containing a digital voltmeter, the readings of which were
recorded and the ratio y = Is/1% was determined based on
the data obtained.

When performing the experiments, we used the holo-
graphic experiment technique described in [27]. Initially,
the crystal was rotated relative to the z axis and the required
orientation angle 6 was set. Then, the reference beam was
blocked, and only the object beam was directed onto the

Optics and Spectroscopy, 2023, Vol. 131, No. 8

crystal and its intensity 12 was measured. After this, the
light-sensitive area of photodiode 9 was shielded with an
opaque screen, and the crystal was continuously illuminated
by the reference and object beams for 30s. Then, the
opaque screen located in front of the photosensitive area
of photodiode 9 was removed and the intensity of the
object beam |s during contra-directional two-wave mixing
was recorded using a digital voltmeter. Then, the orientation
angle 0 of the crystal was changed, and the described
sequence of actions of the experiment was repeated.

To perform the experiment, a (001) cut sample with
a thickness of 3.73mm was selected from the available
BSO crystals. The choice of cut and thickness of the
crystalline sample was made in accordance with the data
given in [28]. The authors have shown that for a BSO crystal
with a thickness of up to 10 mm, the highest values of the
relative intensity of the object wave with an appropriate
choice of input azimuths of linear polarization of light
waves are achieved if the wave vector of the reflection
hologram is directed along one of crystallographic directions
of the (100) family. It was also established in the study
that the graph of the highest relative intensity of the object
wave as a function of the crystalline sample thickness during
contra-directional two-wave mixing in a (001) cut BSO
crystal achieves its maxima if the following condition is
met: dg~ gn/(2p) (9=1,3,...). Due to the fact that
the experimentally measured specific rotation of available
BSO samples was approximately equal to p = 384 rad/m,
the minimum thickness at which the largest value y could
be achieved was d; =~ 4.21 mm. The BSO sample with a
thickness of 3.73 mm had the closest value to dj.

Before conducting the experiment on contra-directional
two-wave mixing, the following parameters of the se-
lected BSO crystal were approximately assessed experi-
mentally: natural absorption @ = 15m™!, circular dichroism
x = 1.5m~'. When preparing the holographic experiment,
the ¢ and @s angles were chosen equal to 2.5 and 177.5°,
respectively, and the ratio of the intensities of the reference
and object light beams was 6:1. When measuring the 0
angle, it was assumed that the unit vector h was oriented
along the crystallographic direction [100].

Results and discussion

Fig. 3 shows a graph of the dependence of the relative
intensity y of the object light wave on the azimuth s,
specified at z = d, and the orientation angle 0 . The surface
(0, s) is calculated in the approximation of a given grating
(m= const) provided that the reference wave is linearly
polarized in the plane of incidence. The origin point of
azimuth s was chosen to be 98° because in this case, due
to optical activity, vector amplitudes R and S of coupled
waves during their propagation in the crystal remain in
the same plane (R || S) for any fixed value of the crystal’s
thickness [29]. In the case of a change in the azimuth s
during the propagation of coupled waves inside the crystal,
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Y, rel. units

0 90 180 270 360
0, deg

Figure 3. Graph of the relative intensity  of the object wave as
a function of the orientation angle 6 and polarization azimuth s,
calculated in the approximation of a given grating.

an angle of A =[98°—1s|, appears between the vector
amplitudes R and S, which is kept for any value of z. For
example, with 15 = 8° vectors R and S are perpendicular to
each other (R L S) for any coordinate z, because A = 90°.

As can be seen from Fig. 3, the graph of (6, vs),
obtained from numerical solving the equations of coupled
waves (1)—(4) without taking into account self-diffraction
(in the approximation of a given grating), has a wave-
like form with clearly visible lines of maxima and minima
(shown with dashed lines in Fig. 3,56). In this case,
each value of angle 6 can be associated with a value of
azimuth s at which the relative intensity p will achieve
its maximum. It has also been established that the
highest intensity of the object wave takes place when the
orientation angle changes in the ranges from 4 to 94°
(line b—b’) and from 184 to 274° (line d—d’). The
smallest values of y on the surface (0, 1s) are achieved
along the dashed lines a—a’ and c—c’, which correspond
to the following intervals of change of the angle 6: 0—4°
and 274—360° (a—a'); 94—184° (c—c’). In particular, the
relative intensity » remains constant in magnitude if the
values of azimuth s and angle 6 are related by a linear
dependence: s = 98° + 6.

Fig. 4 shows a graph of the dependence y(0, ), which
was obtained by taking into account the self-diffraction of
light waves by the reflection hologram recorded in the
crystal. To take into account the effect of self-diffraction
when solving the coupled wave equations (1)—(4), a
dynamic approximation was used. Within the framework
of this approximation, it was assumed that during the
experiment, the recording fringe pattern and the holographic

grating in the photorefractive crystal achieve a certain
mutually consistent state. In the linear recording mode,
the amplitude of the holographic grating is proportional to
the modulation depth m of the recording fringe pattern,
which, in contrast to the approximation of a given grating,
is a function of z coordinate (m(z) # const) inside the
crystal [6].

When numerically solving the equations of coupled
waves (1)—(4), the inclusion“ of self-diffraction causes
mainly a qualitative transformation of the y(6, 1) graph:
in the dynamic approximation the surface becomes
hump-shaped with symmetrically located global maxima
(points A and C) and global minima (points B and D).
As can be seen from Fig. 4, when recording a reflection
hologram in dynamic mode, all extrema of the (6, 1s)
graph correspond to one value of azimuth, s, and two
different values of the orientation angle. In the case we
have considered, this azimuth value s is approximately
equal to 94°, and the angle values 6, at which the maxima
and minima of the surface are achieved, are equal to 4°
(point A), 184° (point C), and 94° (point B), 274°
(point D), respectively. As the azimuth s decreases, the
energy exchange between light waves becomes weaker, and
the amplitude of relative intensity fluctuations y with a
change in angle 0 decreases. In the limiting case, when
the azimuth s is in the vicinity of —4° (dashed line ¢ — ¢’
in Fig. 3, ), the relative intensity y will have values close
to unity. This means the absence of energy exchange
between the reference and object waves during their contra-
directional mixing. With a further decrease in the value of

1.15
— 1.00
-

= 0.85

units

(S

0 90 180 270 360
0, deg

Figure 4. Graph of the dependence of the relative intensity y
of the object wave on the orientation angle 6 and polarization
azimuth s, calculated in the dynamic approximation.
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Figure 5. Graphs of the dependence of the relative intensity  of the object wave on the orientation angle 0, obtained experimentally
and theoretically for different values of the polarization azimuth s: s = 98° (a); s = 53° (b); s = 8° (¢); ¥s = 3° (d); Ys = —7° (e);

s = —22° (f); ¥s = —37° (2); ths = —82° ().

the polarization azimuth (s — —82°), two local maxima
and minima are again formed on the (6, ¥s) surface.

As can be seen from a comparison between Fig. 3 and 4,
there are fundamental qualitative differences in the graphs
of (6, 1s), calculated with and without taking into account
the self-action of light waves when recording a reflection
hologram in a photorefractive (001) cut BSO crystal. The
key question here is the following: is it possible to achieve
a maximum relative intensity p for any angle 6 with an ap-

Optics and Spectroscopy, 2023, Vol. 131, No. 8

propriate choice of azimuth 15, as predicted by the solution
to coupled wave equations (1)—(4) in the approximation
of a given grating, or there are only a few combinations of
values (6, 1)) at which the parameter p achieves extreme
values as it is obtained in the dynamic approximation. In
addition, it is important to answer the question: whether
or not there are such values of azimuth s for which at
any value of the angle 0 the relative intensity » has a value
close to unity. In the approximation of a given grating,
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there are no such values of the object wave polarization
azimuth — for any azimuth s the relative intensity p
changes periodically with a corresponding change in the
angle 0. The results of the numerical solving the equations
of coupled waves (1)—(4) in the dynamic approximation
show that there is a value of azimuth s, in the vicinity of
which y =~ 1. To verify the correctness of the application
of the two above theoretical approaches to describing the
y(0, ¥s), the dependence of the relative intensity y on the
orientation angle 6 was studied experimentally for different
values of the polarization azimuth s.

Fig. 5 shows graphs of the dependence of the relative
intensity p of the object light wave on the angle 6, obtained
for different azimuth values 1s. The dash-dot lines show the
y(0) dependences obtained in the approximation of a given
grating and correspond to sections of the y (0, 1s) surface
shown in Fig. 3 by planes s = const. The solid curves
in Fig. 5 represent the p(0) dependences obtained in the
dynamic approximation, which coincide with the sections of
the p (6, ¥s) surface shown in Fig. 4 by planes s = const.
The graphs of dependences shown with circles and squares
are the data from two series of holographic experiments. A
small shift (of the order of a few degrees) of the maxima
of the y(0, ¥s) graphs in Fig. 3,4 and y(0) graphs in Fig. 5
relative to the origin of the orientation angle (0 = 0°) is
due to the fact that in the BSO crystalline sample used,
the direction of the crystallographic axis [100] was known
with an error of a few degrees. Due to this situation the
adjustment of the crystal in the experimental setup could
not be started exactly from the [100] axis, which led to
an insignificant shift of the above-mentioned graphs relative
to each other.

The curves in Fig. 5,a were calculated for s ~ 98°,
which corresponds to the case when R and S vector
amplitudes for contra-directional propagation of light waves
inside the crystal are in the same plane. In this figure, the
theoretical and experimental curves are qualitatively similar
to each other, however the graph of y(0) calculated in the
dynamic approximation is quantitatively more accurately
corresponds to the experimental data. As the angle A
between vector amplitudes R and S inside the crystal
increases, the theoretical and experimental curves shift by
an angle of 0, which is equal to half the angle between these
vectors (A/2). For example, with s ~ 53° (Fig. 5,b) the
angle A between vector amplitudes R and S is equal to 45°,
and the shift of the maxima took place approximately
by 22°, or, for example, with A =90° a shift in the
dependence graphs is achieved, approximately equal to 45°
(Fig. 5,¢).

As the experimental data presented in Fig. 5 show, the
highest values of relative intensity  can be achieved only in
the case when the input polarization azimuths are chosen
in such a way that the vector amplitudes R and S are
in the same plane. With increasing angle A the relative
intensities p decrease at the maxima of the graph of »(0).
For example, if at 15 =~ 98° (A = 0°) the parameter p is
approximately equal to 1.03 (Fig. 5,a), then at s ~ 53°

(A =45°) the y ~ 1.025 is obtained (Fig. 5,b), and at
s ~ 8° (A =90°) this parameter is y = 1.015 (Fig. 5,¢).
When the azimuth s varying in the range from 8° (Fig. 5, ¢)
to —37° (Fig. 5, g), the relative intensity p takes values close
to unity, and the graph of p(0) changes qualitatively —
as the azimuth s decreases, the maxima and minima of the
graph of »(0) exchange places: in the intervals of 6 that
corresponded to maxima of the y(6) dependence minima
are formed, and vice versa. The change-over of maxima and
minima on the graph of () is clearly visible if we compare
the curves in Fig. 5,c and 5, g.

For a more detailed experimental study of the curve
transformation with azimuth s varying in the range from 8
to —37°, additional experiments were carried out to study
the y(0) dependence at s ~ 3° (Fig. 5,d), —7° (Fig. 5, ¢),
and —22° (fig. 5,f). It can be seen from the presented
experimental data, how with azimuth s decreasing in the
interval under study the curve y(0) transforms from a wave-
like dependence (Fig. 5,c¢) to a close-to-linear dependence
(Fig. 5,f) and then to an ,jinverted“ wave-like curve
(Fig. 5,8).

The experimentally studied transformation of the »(6)
graph with decreasing azimuth s cannot be satisfactorily
described within the framework of the approximation of
a given grating, because the set of experimental data
presented in Fig. 5 does not correspond to the surface
shown in Fig. 3. The best qualitative agreement between the
theoretical data obtained by solving the equations of coupled
waves (1)—(4) in the approximation of a given grating with
the experimental results is achieved only in the case when
the vector amplitudes R and S inside the crystal are in the
same plane. As can be seen from Fig. 5, in the general case,
only the self-diffraction of light waves taken into account in
calculations makes it possible to achieve good agreement be-
tween the experimental data and the theoretically calculated
graphs of the y(6) dependence. It has been experimentally
established that there are two combinations of 0, 15 at which
the parameter p achieves its maximum on the p(0, ¥s)
surface, which corresponds to the theoretical data obtained
from solving the equations of coupled waves (1)—(4) in the
dynamic approximation. It has also been experimentally
proven that there are azimuths s at which the relative
intensity p is approximately equal to unity for any angle 0,
which is predicted as a result of solving the problem taking
into account the self-diffraction effect.

Conclusion

It has been experimentally proven that the highest values
of the relative intensity of the object wave during contra-
directional two-wave mixing in a (001) cut BSO crystal
can be achieved by choosing such values of the azimuths
of linear polarization of light waves at which their vector
amplitudes inside the crystal are in the same plane. In
this case, there are only two combinations of values of the
polarization azimuth of the object wave and the orientation
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angle of the crystal at which the absolute maximum of
the relative intensity of the object wave can be achieved.
When experimentally determining the relative intensity of
an object wave, the existence of such azimuths of its
polarization was discovered for which the energy exchange
between the coupled waves is nearly stopped at any
orientation angle of the BSO crystal.

Also, when studying the dependence of the relative
intensity of an object wave on its polarization azimuth
and crystal orientation angle, it was established that solving
the equations of coupled waves in the approximation of a
given grating, in the general case, leads to incorrect results.
The most accurate predictions of the p(6) dependence
when performing numerical calculations without taking into
account the self-diffraction are achieved for the case when
the vector amplitudes of light waves inside the crystal are
in the same plane. In other cases, when estimating the
intensity of an object wave, an error may arise, which is
due to the neglect of the effect of the mutual influence of
coupled waves and the holographic grating on each other.

Thus, the self-diffraction has a significant effect on the
direction and intensity of energy exchange between light
waves during their contra-directional mixing in the cubic
photorefractive crystal of 23 symmetry class. Solving the
equations of coupled waves in the dynamic approximation
makes it possible to achieve the most accurate agreement
between the graphs of the relative intensity of the object
wave dependence on its polarization azimuth and the ori-
entation angle of the crystal and the obtained experimental
data.
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