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Temperature study of photoinduced wide-angle
scattering in
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The photoinduced polarization-isotropic scattering in strontium barium niobate (SBN) doped with 0.66-mol. %
cerium has been studied over a wide temperature range including the region of the relaxor phase transition.
The temperature evolution of the scattering pattern has been examined with respect to changes in the domain
structure and of optical parameters of the crystal resulting from the phase transition from a ferroelectric state
to a paraelectric state. The scattering properties at temperatures above the ferroeletric phase are connected
to the relaxor behavior of SBN. We found that a transition temperature TC can be defined from the tempera-
ture evolution of the scattering pattern much more precisely than with conventional methods such as
frequency-dependent measurements of the dielectric susceptibility. © 2003 Optical Society of America
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1. INTRODUCTION
Photoinduced light scattering in photorefractive crystals
(PRCs) is a nonlinear optical phenomenon that always ac-
companies the propagation of a laser beam through a
PRC and manifests itself in a variety of light-scattering
patterns that differ in spatial structure and orientation of
the light polarization.1–3 The typical photoinduced scat-
tering observed in SrxBa1 –xNb2O6 , strontium barium nio-
bate (SBN), is a wide-angle polarization-isotropic scatter-
ing from a single extraordinarily polarized laser beam,
often referred to as beam fanning.2 The scattering origi-
nates from optical coherent noise exponentially enhanced
because of beam coupling between transmitted and scat-
tered waves on parasitic phase gratings formed in the
bulk of the crystal.1 These parasitic gratings are spatial
modulations of the refractive index recorded by the pump
beam with primary scattering by means of the photore-
fractive effect.4 The study of photoinduced scattering
has both applied and fundamental aspects: first, knowl-
edge of the processes from which light scattering origi-
nates can give a solution for how to eliminate or at least
to reduce the scattering and to make PRCs more suitable
for industrial applications. Second, photoinduced scat-
tering is a clear fingerprint of the fundamental photore-
fractive processes in ferroelectric crystals. The study of
photoinduced scattering can provide information about a
wide range of material parameters including ferroelectric
properties of a particular crystal that exhibits this
phenomenon.5,6 Recently, considerable lowering of the
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phase transition temperature was reported for SBN crys-
tals doped with various concentrations of cerium. Here
the transition temperature is reduced from 87 °C for un-
doped samples of the congruently melting composition
(x 5 0.61, SBN61) to approximately 22 °C in samples
doped with 2.07-mol. % cerium.7 This fact makes it at-
tractive to examine the phase transition in highly doped
SBN:Ce by a temperature study of beam fanning. An ap-
proach of the actual temperature of the sample to the
transition temperature results in anomalous changes of
the dielectric constant and the electro-optic coefficients.
This should enhance the photoinduced scattering consid-
erably, making it sensitive to changes in the structure of
SBN:Ce in the vicinity of the phase transition. The other
interesting point is the determination of the phase tran-
sition temperature in SBN:Ce as the actual critical point
at which this PRC exhibits strong relaxor properties.

SBN belongs to the tungsten bronze family of
ferroelectrics8 and exhibits a typical relaxor kind of be-
havior at the phase transition from the paraeletric phase
to the ferroelectric phase. This means that the polariza-
tion in SBN exists locally even far above the phase tran-
sition. These so-called polar clusters turn into ferroelec-
tric domains below the phase transition temperature.9,10

The relaxor behavior and the peculiarities of the domain
structure in SBN at high temperatures are satisfactorily
explained by the random-field Ising model.11,12 This
model postulates the existence of short-range random
electric fields causing a correlation between the dipole
2003 Optical Society of America
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moments of the nanodomains and resulting in the forma-
tion of local polar clusters. As a result, a nonzero spon-
taneous polarization can be observed above the critical
temperature. The critical behavior in the ferroelectric
relaxor SBN was first experimentally proved by Dec
et al.13 and by Kleemann et al.14 A persistence of the lo-
cal polarization far above the ferroelectric state results in
a significantly smeared phase transition, which makes it
difficult to detect the actual value of the Curie tempera-
ture TC at which critical changes in the domain structure
take place. In ferroelectric relaxors, the term phase
transition temperature is often applied to the tempera-
ture Tm , which corresponds to the maximum of the ex-
perimentally measured temperature dependence of the
dielectric permittivity. Since this method allows mea-
surement of only the integrated response of the crystal to
temperature changes, the Tm value strongly depends on
the history with regard to the electric field poling of the
sample. For the first time to our knowledge, the tem-
perature TC in SBN was detected from measurements of
the linear birefringence dependent on temperature.10

Here we present new results of photoinduced light scat-
tering in highly doped SBN61:Ce experimentally studied
over a wide temperature range that covers the ferroelec-
tric, relaxor, and paraelectric phases. The temperature
evolution of beam fanning is examined in detail and is in-
terpreted within the framework of the photorefractive
model that describes beam fanning, in which the relaxor
properties of SBN are taken into account. Experimen-
tally, beam fanning is observed with respect to its spatial
distribution and integral intensity from the ferroelectric
phase at room temperature up to 140 °C far into the
paraelectric phase. The integral scattered intensity in-
creases strongly in the T , TC temperature range when
it heats up. If the crystal passes into the relaxor state at
T . TC , the gradual missequencing of the domain struc-
ture initiates changes in the spatial distribution and re-
duces the integral intensity of the scattered light. At
temperatures T @ TC , when the crystal is in the
paraelectric phase, photoinduced light scattering van-
ishes completely. One can detect the value of TC from
the temperature dependence of the spatial distribution of
the scattering pattern by defining an asymmetry param-
eter.
2. EXPERIMENTAL SETUP
A single crystal of SBN61 doped with 0.66-mol. % cerium
was grown by use of the Czochralski technique. We pre-
pared a rectangular parallelepiped with the edges cut
parallel to the crystallographic axes and with dimensions
of 0.895 mm 3 7.15 mm 3 6.2 mm along the a, b, and c
axis, respectively. We poled the sample electrically by
heating it up to 140 °C, applying an external electric field
of 350 V/mm along the c axis, and then slowly cooling it to
room temperature before we removed the field. To
change and to control the temperature of the crystal dur-
ing the measurements in the range from 110 to 1150 °C,
we mounted the holder on a thermoelectric element. A
temperature controller allowed us to adjust the sample
temperature to an absolute accuracy of 0.3 °C. The sur-
faces of the crystal normal to the c axis were short cir-
cuited to prevent the influence of the pyroelectric effect.
A sketch of the setup is shown in Fig. 1(a). The beam of
a He–Ne laser (l 5 633 nm) serves as a pump beam and
is directed onto the crystal normal to the large a face of
the sample. An extraordinary light polarization was cho-
sen. The beam intensity was adjusted to a value of
70 mW/cm2 by use of a half-wave retarder plate and a
Glan–Thompson prism. The absorption coefficient is
measured to 4 cm21 at l 5 633 nm. A small fraction of
the pump beam is directed onto photodiode PD1 by a
beam splitter to monitor the intensity of the pump beam.
Photodiode PD2 is mounted on a motorized rotating stage
at a distance of d 5 5.5 cm behind the sample. Thus,
it is possible to scan the scattering pattern in an exact
half-circle around the sample in the direction from the
negative to the positive end of the polar axis of the crys-
tal. The scattered light distribution behind the crystal is
measured in the range of scattering angles us from 290°
to 190° outside the crystal. The aperture of the dia-
phragm mounted on PD2 limits the apex angle of the
measured scattering to 0.5°. Negative and positive
angles correspond to scattering inverse to and along the
direction of the c axis of the crystal. At us 5 0°, the pho-
todiode crosses the pump beam behind the crystal. The
entire setup is enclosed in a black box (represented by the
dotted rectangle in Fig. 1). The pump beam passes
through a small opening of the black box, so as to mini-
Fig. 1. (a) Experimental setup for measuring the angular distribution of scattered light at different temperatures: L, He–Ne laser; l/2,
half-wave retarder plate; P, Glan–Thompson prism; BS, beam splitter; PD1, PD2, photodetectors. The SBN61:Ce (0.66-mol. %) sample
was placed on a stack of thermoelectric elements to regulate the temperature. (b) Typical scattering pattern of SBN61:Ce (0.66 mol. %).
The bright spot marks the transmitted laser beam.
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mize the background noise that is due to external light
sources.

3. EXPERIMENTAL RESULTS
During the illumination of SBN:Ce with an extraordinar-
ily polarized coherent beam, a photoinduced light scatter-
ing appears behind the crystal distributed in the vicinity
of the directly transmitted beam and having the same
light polarization as the incident beam. The light pat-
tern formed by the scattered light on a screen is shown in
Fig. 1(b). The arrow shows the direction of the polar c
axis. The typical time necessary to reach a steady-state
distribution of the scattering pattern at room tempera-
ture at a given intensity of the pump beam is approxi-
mately 10–15 min. Figure 2 shows the one-dimensional
angular profile of the stationary intensity distribution of
this pattern (crystal temperature of T 5 28 °C) as a solid
curve labeled a. The sharp intensity peak in the central
part of the scan corresponds to the directly transmitted
pump beam. Because of the small aperture of the dia-
phragm on photodiode PD2, this peak is only a section of
the beam cut by the diaphragm. The dashed curve la-
beled b represents the angular profile of the pump beam
without a sample. Both intensity profiles are normalized
to their maximum intensities Imax . The angular distri-
bution of the light pattern as well as the pattern in Fig.
1(b) is strongly asymmetric. The main part of the scat-
tered light is found at negative scattering angles us ,
which corresponds to the direction opposite the c axis (2c
direction). Scattering in the 2c direction exhibits a wide
and not well-pronounced maximum at angle us

Imax

5 2(30 6 5)°. The scattering measured along the c
axis (positive scattering angles or 1c direction) is rather
weak. To obtain a quantitative measure of the asymme-
try of the scattering distribution, we introduce the asym-
metry coefficient mas 5 I2 /I1 defined as the intensity ra-
tio of the scattering in the 2c direction and in the 1c
direction. I2 and I1 are the integral scattering intensi-
ties in the 2c and 1c directions measured in the steady
state and shown in Fig. 2 by the two crosshatched areas
below the intensity curve. The angular interval 22°
< us < 2° is excluded from the calculation of I1 and I2

to take into account the scattered light only. The mea-
sured asymmetry coefficient for the scattering profile
shown in Fig. 2 is mas 5 14.3. This study of photoin-
duced scattering was carried out for different tempera-
tures in the range from 115 to 1148 °C. When the crys-
tal is cooled to temperatures lower than room
temperature, the maximum of the scattering pattern be-
comes flatter and the integral scattering intensity de-
creases.

The temperature evolution of the scattering pattern
with increasing temperature can be divided into three
phases or steps with respect to the fact that SBN under-
goes the transition from the ferroelectric into the
paraelectric phase passing through the relaxor (or precur-
sor) phase. These three phases are illustrated in Fig. 3
by three angular scans at T 5 50 °C (solid curve), T
5 58 °C (long dashed curve), and T 5 90 °C (short
dashed curve), respectively. The results of the tempera-
ture study of photoinduced scattering in SBN are further
presented in detail in Figs. 4–6. Figure 4(a) shows the
transmitted pump intensity Ip , and Fig. 4(b) shows the
integrated intensity IS 5 I2 1 I1 of the scattered light
obtained from the angular scan. To show only the tem-
perature dependence of the curves, they have been nor-
malized to their maximum values. Figure 5 shows the
temperature dependence of the asymmetry coefficient mas
over the whole temperature range. Figure 6 shows the
angular position of the maximum of the scattered inten-
sity dependent on temperature, for which the angles were
derived from the corresponding angular profiles of the
scattered light. The experimental results are displayed
by filled rectangles. In the first phase from low tempera-
tures to approximately 52 °C, the total scattered intensity
increased nonlinearly. Additionally, the transmitted
pump beam decreased. The scattering intensity grows in
the 2c direction and drops in the 1c direction, leading to
a sharp increase of the asymmetry coefficient. The peak
of the scattering intensity in the angular scan becomes
sharper and moves closer to the pump beam. The basic
features of the first phase are illustrated in Figs. 4 and 5.

Fig. 2. a, Typical angular distribution of the scattered light in
SBN at T 5 28 °C in the plane spanned by the c axis and the la-
ser beam. The central peak is the transmitted laser beam. The
two crosshatched areas to the left and to the right of the peak are
taken to derive the integral intensities in the 2c and 1c direc-
tions of the scattering profile, respectively. The intensities I1us
and I2us correspond to two symmetric scattering angles, where
6us is defined by the maximum of the intensity of the scattering
pattern. b, Beam profile without a sample, representing the
noise of the system.

Fig. 3. Angular distribution of the scattered light in SBN in the
ferroelectric state (T 5 50 °C), the relaxor state (T 5 58 °C),
and the paraelectric state (T 5 90 °C).
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They are characterized by a drastic drop of Ip , by a fast
nonlinear growth of the IS curves and also of mas in the
temperature range up to T 5 52 °C.

The second phase begins at T > 52 °C and continues to
approximately T 5 65 °C. In this phase, the total scat-
tering intensity starts to decrease, whereas the intensity
of the transmitted pump beam increases. The decrease
of the scattered intensity is especially pronounced for
large angles in both directions, whereas the scattered in-
tensity for small angles still shows a large maximum. In
this phase, the fast decay of the asymmetry of the scatter-
ing pattern takes place, intensity I2 decreases and I1 in-
creases, resulting in a pronounced maximum of the asym-
metry coefficient. The position of the maximum of the
scattering profile continues to move to smaller scattering
angles and finally merges with the pump beam at ap-

Fig. 4. (a) Temperature dependence of the transmitted pump in-
tensity. (b) Temperature dependence of the total scattered in-
tensity IS 5 I2 1 I1 . Both curves have been normalized to
their maximum values.

Fig. 5. Dependence of the asymmetry coefficient mas 5 I2 /I1

on the temperature.
proximately T 5 65 °C, where it can no longer be ob-
served. The scattering intensity and the asymmetry co-
efficient are reduced to values that are comparable with
those at room temperature.

At T 5 65 °C, the third and last phase of the tempera-
ture development of the scattering starts. The transmit-
ted pump intensity continues to increase and the total
scattered intensity continues to decrease, but at a much
slower rate than in the previous phase. At T 5 100 °C
the photoinduced scattering practically vanishes into the
background noise. The asymmetry coefficient in the
third phase becomes much smaller compared with the
room-temperature values and finally falls to unity for T
> 100 °C, indicating an absolutely symmetric angular
distribution of the scattered light. This phase of the tem-
perature evolution of the scattering is illustrated by slow
tails of the curves in Figs. 4 and 5.

Finally it should be noted that the scattering exhibits a
reversibility with respect to the heating and cooling pro-
cedures. When the crystal is cooled to room tempera-
ture, the scattering maximum reappears and the light
pattern becomes asymmetric again. The evolution of the
scattering in this case passes the above-mentioned three
phases in reverse order.

4. DISCUSSION
Photoinduced light scattering from an extraordinarily po-
larized pump beam (beam fanning) is observed in SBN in
the ferroelectric phase up to the regime of the phase tran-
sition and disappears in the paraelectric phase. The
cause of the scattering process is usually assumed to be
optical coherent noise, which is nonlinearly amplified by
means of two-beam coupling processes at the expense of
the pump beam.1 The primary seed scattering is a part
of the incident light scattered from imperfections of the
surface and the bulk (including the domain structure) of
the crystal and is characterized by a wide angular indica-
trix. The scattered light interferes with the transmitted
part of the incident beam and forms a rather complicated
light field. It stems from a linear superposition of a huge
number of elementary light patterns arbitrarily oriented
in space. One elementary pattern is formed by a pair of

Fig. 6. Temperature dependence of the angular position of the
maximum of the scattered intensity. Filled and open squares
represent the experimental and theoretical values (Neff 5 1.1
3 107 cm23), respectively.
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transmitted (pump) and scattered (seed) light waves that
consists of bright and dark fringes periodically sequenced
along the grating vector Kg 5 2p/L 5 4p sin us

in/l,
where us

in denotes the angle between the seed and the
pump components inside the crystal. Exposure of SBN
to such elementary light gratings results in a nonuniform
photoexcitation of electrons into the conduction band, in
their migration caused by thermal diffusion from bright
regions, their trapping in dark regions, and finally in the
formation of a spatially modulated electric field. The
spatial structure of the space–charge field formed by dif-
fusion processes is shifted in space by L/4 with respect to
the initiating interference light pattern. The amplitude
of the electric space–charge field can be expressed15 as

Esc 5
mkBT

e
3

Kg

~1 1 ~Kg /Kd!2!
3 êpês , (1)

where kB is Boltzmann’s constant, T is the temperature, e
is the unit charge, m is the modulation depth of the light
interference pattern, and êp , ês are unit vectors of the po-
larization of electric fields of the pump and scattered
waves, respectively. The expression for the inverse
Debye-screening length Kd is given by

Kd 5
e2Neff

~e33e0kBT !1/2 , (2)

where Neff is the trap density, e33 and e0 are, respectively,
the dielectric permittivity and the dielectric constant.

The linear electro-optic effect (Pockels effect) present in
the polar phase of SBN transfers this modulation of the
space–charge field into a spatial modulation of the refrac-
tive index. The amplitude of the resulting refractive-
index grating is proportional to the amplitude of the
space–charge field4:

Dn 5 2
1

2
neff

3 reff Esc . (3)

For beam-fanning gratings formed in SBN, the effective
refractive index is, in good approximation, neff ' ne , and
the effective electro-optic coefficient is

reff ' r33 5 2e0e33 g33 P3 , (4)

where P3 5 PS is the spontaneous polarization and g33 is
the quadratic electro-optic coefficient. An interaction of
the pair of pump and scattered waves on the shifted grat-
ing results in a stationary energy transfer that takes
place in the direction opposite the grating shift. In SBN,
the light scattered in the 2c direction is amplified and the
light scattered in the 1c direction is depleted, forming a
unidirectional scattering pattern oriented inverse to the c
axis [see Fig. 1(b) and Fig. 3]. The amplification–
depletion processes exponentially depend on crystal thick-
ness l, and in the steady state the scattered wave with ini-
tial intensity Iso reaches the value Is 5 Iso exp(Gl). Gain
factor G describes the nonlinear properties of the medium
and can be written16 as

G6c 5 6
4pDn

lm cos us
5 7

2pne
3r33

lm S Esc

cos us
D , (5)
where the 1 sign applies to waves scattered in the 2c di-
rection and the 2 sign to waves scattered in the 1c direc-
tion. The sign of the electro-optic coefficient r33 in Eq. (5)
is considered to be positive for the whole crystal, assum-
ing that the vector of the spontaneous polarization PS is
constant across the bulk of the crystal. This is true only
for ideal nonconducting ferroelectrics kept at T , TC .
Microdefects (including doping ions) and nonzero conduc-
tivity result in a rather complicated domain structure in a
sample. Real ferroelectrics usually consist of a vast
number of needlelike ferroelectric domains of different
sizes. The spatial orientation of ferroelectric domains in
SBN can vary only in two opposite directions antiparallel
to each other, resulting in local regions with opposite ori-
entation of the polarization vector. Regions with in-
verted PS result either in a reduction of the electro-optic
coefficient r or even in the local inversion of its sign. The
changes of the electro-optic properties of the crystal nec-
essarily result in similar changes of gain factor G, causing
a decrease of the total scattered intensity and/or a redis-
tribution of the scattered light in the 6c directions. The
procedure of poling the crystal by an external electric field
greatly improves the spatial ordering of the domain struc-
ture, causing a significant enhancement of the scattering
and its asymmetry. Nonetheless, even a sample pre-
pared as described in Section 2 displays a certain amount
of scattering in the direction of the c axis. This indicates
that some areas of the domains oriented in the direction
opposite the macroscopic polarization exist in the poled
crystals and contribute to the angular distribution of the
scattered light. When a poled ferroelectric crystal ap-
proaches the phase transition temperature, the domain
structure becomes unstable, and all optical parameters
endure anomalously large changes. Drastic changes of
the dielectric constant and the electro-optic coefficient,
which is proportional to both the dielectric constant and
the spontaneous polarization PS [approximation (4)], re-
sult in a strong alteration of the gain factor in the vicinity
of TC . The strong increase of the total scattered inten-
sity observed in Fig. 4(b) reflects a competition of the tem-
perature changes of e33 and P3 in G.

Owing to the relaxor-type nature of the phase transi-
tion, the photoinduced scattering in SBN can be observed
even in this intermediate phase. The relaxor behavior of
SBN is explained by Westphal et al. and by Kleemann
et al.11,12 with randomly distributed electric fields that
stabilize the domain structure. The randomly distrib-
uted electric fields are caused by charge fluctuations that
possibly originate from the structural disorder in SBN
and favor the existence of polar clusters in a certain tem-
perature interval above the phase transition tempera-
ture. In the immediate proximity of TC , the stabilizing
action of randomly distributed electric fields is sufficiently
strong, but a further increase of the sample temperature
causes the missequencing and then the disruption of the
domain structure. The study of the temperature evolu-
tion of beam fanning allows us to assume that spatial dis-
ordering takes place first for small polar clusters and then
for large polar clusters. As a consequence, the large-
angle fanning that originates from primary scattering
from small-scale structures disappears first. At small
angles, the light scattered from large-scale structures ac-
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cumulates to increase temperatures and vanishes only at
very high temperatures. We assume that temperature
TC is defined as the temperature at which a well-defined
domain structure breaks down into disordered polar clus-
ters that are characteristic of the relaxor state. We con-
sider the relaxor phase as a dynamic intermediate state
between the ferroelectric and the paraelectric stationary
phases. In this state, SBN can no longer be considered to
be truly ferroelectric. However, the existence of local
randomly distributed electric fields prevents the total de-
cay of the domain structure. The action of these fields is
overcome by kinetic disordering at high temperatures.
Within this context, it is quite interesting to compare the
temperature dependencies of the total scattered intensity
IS [Fig. 4(b)] with the asymmetry coefficient mas (Fig. 5).
The initial increase of both curves reflects the increase
of G that is due to the changes of e33 and P3 when T ap-
proaches TC . As a result, the amplification and deple-
tion processes in the 2c and 1c directions of the scat-
tered light are nonlinearly with increasing temperature.
The coefficient mas that measures the ratio of scattering
intensities in the 6c directions exhibits better sensitivity
of the temperature increase of G than the total scattered
intensity IS that evaluates the integrated response. The
descending part of the curves reflects the reduction of the
G value that is due to the decrease of e33 and P3 when the
crystal reaches the relaxor phase. In the relaxor phase,
the long-range correlation of the ferroelectric domains is
substituted by short-range correlations that form polar
clusters, for while the mutual orientation of nanodomains
is locally correlated by strong randomly distributed elec-
tric fields that prevent polar clusters from disruption, but
the clusters can flip and thus inverse their orientation.
This disordering of the domain structure begins at TC and
results in a redistribution of the scattered light with re-
spect to the 6c directions and in the reduction of the
asymmetry coefficient mas . However, it almost does not
affect the total scattering intensity. When the tempera-
ture is increased, the process of cluster breakup begins,
which results in the real degradation of the domain struc-
ture of SBN and in the decrease of G. The latter leads to
a reduction of the total scattering intensity and of the
scattering asymmetry.

These processes, inversion and flipping and breakup of
domains, explain the behavior of curves IS(T) and mas(T)
in their maxima. The flattened maximum of IS(T) cor-
responds to the process of inversion and flipping of polar
clusters. It is similar to the maximum observed for the
temperature dependence of the dielectric constant and
the linear electro-optic coefficients. The following de-
crease of IS(T) is due to cluster breakup processes.
Since the asymmetry of the scattering pattern depends
both on the inversion and on the breakup of the polar
clusters, the coefficient mas exhibits a stronger depen-
dence on the temperature, falling down when the process
of cluster inversion starts. From this we can assume
that the maximum of curve mas(T) corresponds closely to
the actual value of TC in SBN, whereas the maximum of
curve IS(T) is an analog to Tm , which is usually mea-
sured from the dependence e33(T).

We now estimate the temperature region above TC in
which the photorefractive model of beam fanning devel-
oped for T , TC can still be applied. We therefore have
calculated the temperature dependence of the maximum
angle of the scattering intensity peak us

Imax by using Eq.
(5) and compared the obtained result with the correspond-
ing experimental curve in Fig. 6. The term within paren-
theses in Eq. (5) describes the angular dependence of the
gain factor, whereby the space–charge field Esc depends
on angle us by means of the grating wave vector Kd and
the product êpês . The dependence of the azimuthal dis-
tribution of scattered light on the temperature originates
from Esc , which depends on the temperature due to kBT
and e33(T). Note that the temperature dependence of
the electro-optic coefficient r33 strongly influences the ab-
solute value of G but does not effect the angular distribu-
tion of the scattering. The temperature dependence of
the dielectric constant e33(T) has been determined by Dec
et al.9 For calculation of the dependence us

Imax(T), we
must enter the value of the trap density Neff into the ex-
pression for Esc in the term Kd [see Eqs. (1) and (2)]. We
assume that the intensity of the primary scattering is the
same for two symmetric scattering angles, 1us and 2us ,
and the values of G for these angles differ only in sign
(G2us 5 2G1us 5 uGusu). A simple logarithmic subtrac-
tion of the two corresponding scattering intensities I2u s
5 I0 exp(1uGu sul) and I1u s 5 I0exp(2uGu sul) yields twice
the value of the coupling strength 2uGusul. Applying this
procedure to the scattering profile measured at room tem-
perature (see Fig. 3) with uus

Imaxu 5 30° measured as the
maximum of the scattering profile, the gain factor GImax

5 29 cm21 is achieved. By using the literature
values9,17,18 ne 5 2.284, e33 5 2103, and r33
5 333 pm/V, one can see that the calculated gain factor
GImax should be reached with the value Neff 5 1.1
3 1017 cm23. Assuming that this value of Neff does not
depend on the temperature, we calculated the theoretical
curve us

Imax(T) and plotted it as open squares in Fig. 6.
The correspondence between the experimental and the
theoretical dependencies is quite good up to
T 5 56 °C, which shows that the temperature limit oc-
curs at the point at which Eqs. (1) to (5), derived for
T , TC , cannot be applied for the temperature range
above the phase transition point.

5. CONCLUSION
In conclusion, we have studied the photoinduced
polarization-isotropic scattering in SBN61:Ce (0.66
mol. %) over a wide temperature range. The tempera-
ture evolution of the spatial distribution of the scattering
intensity was discussed with respect to changes in the do-
main structure when the crystal undergoes a phase tran-
sition from the ferroelectric to the paraelectric phase
passing the intermediate relaxor state. The scattering
observed at temperatures above the phase transition was
shown to be due to the relaxor properties of SBN. The
scattering asymmetry coefficient mas , defined as the in-
tensity ratio of the light scattered in the direction parallel
and antiparallel to the polar axis, was introduced to
evaluate changes in the domain structure of the crystal.
We have shown that the temperature dependence of the
asymmetry coefficient mas(T) can be used to determine
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the value of critical temperature TC . Our estimations
also show that the conventional photorefractive model of
photoinduced scattering is valid even at a temperature
range above TC .
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