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Abstract
Stationary and dynamic properties of photo-induced light scattering (PILS) have been studied
as a function of the photorefractive crystal thickness. A mono-exponential growth of the
scattering amplification coefficient as well as a deceleration of the scattering recording
dynamics is found with increasing crystal thickness. The experimental data set is analyzed by
considering scattering centers located (i) in the crystal bulk or (ii) near to the crystal surface.
By comparing experimental and theoretical results we can conclude that the major contribution
to the output scattering signal originates from a thin crystal region frontier to the surface of light
incidence (near-surface). The deceleration of the scattering dynamics is interpreted as the result
of the competition between differently recorded noisy photorefractive gratings.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Photo-induced light scattering [1] (PILS) is a nonlinear
phenomenon accompanying the propagation of laser beams in
nonlinear optical materials [2–6]. The scattering is seeded
by coherent optical noise, which is amplified at the expense
of the pump beam via nonlinear wave mixing processes, like
two-wave (2WM) or four-wave mixing (4WM), respectively.
In particular, PILS has been discovered in photorefractive
crystals [7–10]. Here, wave mixing occurs on noisy refractive
index gratings. Such gratings are self-recorded via the
interference between the pump beam and noisy waves in the
presence of the photorefractive effect. The wave mixing theory
yields a simple analytical solution for the output scattering
intensity Is

Is = Isoe(�−α)l , (1)

where Iso is the initial scattering intensity of the noisy waves,
� is the gain factor of the nonlinear optical medium, l is
the length of the wave interaction, and α the absorption
coefficient. The relation given in equation (1) is derived in
the undepleted-pump-beam approximation; i.e., it is suggested
that the intensity of the directly transmitted pump beam is only
slightly affected by the appearing scattered light.

The study of the PILS phenomenon is accompanied by
different aspects for applications and fundamental studies,
respectively. For instance, it allows us to elaborate methods
to either suppress or to enhance the scattering [11–13]. At the
same time, it enables a deep macro- and microscopic insight
into major properties of nonlinear optical materials [14–17].
Moreover, it can be applied to determine the conditions for
an optical amplification in the frame of 2WM and 4WM,
respectively [8, 10].

In the last decades, great effort was made to apply
the wave mixing theory to the PILS phenomena. These
studies provided the determination of � as a function of
material properties and particular scattering geometries. Also,
the temporal and angular behavior of the scattering were
numerically modeled [18–23]. According to equation (1), the
properties of the seed scattering are represented by the angular
distributions of the parameters Iso and l, respectively. The
latter is defined by the propagation length of the scattered
waves within the crystal bulk of thickness L. A dominating
contribution of the surface (or near-surface) scattering, i.e.,
l = L, was often assumed [1, 18, 23].

A distinct statement on the interaction length l, however,
requires a systematic theoretical and experimental study. First
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systematic studies on the properties of initial scattering were
focused on the photorefractive ferroelectric crystal strontium
barium niobate doped with cerium, Sr0.61Ba0.39Nb2O6:Ce
(SBN:Ce). Investigations were performed as a function of
external electric fields and over a wide temperature range
covering the ferroelectric–paraelectric phase transition. The
results allowed us to derive a model for the scattering centers
in SBN. It was concluded that scattering centers are related
to refractive index singularities induced at domain walls by
internal electric fields [24, 25]. Remarkably, such scattering
centers must be located in the crystal bulk or at least within
the near-surface region of the crystal—and not on its surfaces.
Hence, the model of bulk scattering centers can be a very likely
case in nonlinear optical materials, as well. It is therefore
required to accommodate the models for bulk and surface
scattering centers in photorefractive ferroelectrics.

In this contribution the thickness dependence of the
PILS phenomenon is studied in the photorefractive crystals
SBN:Ce and LiNbO3:Fe. Temporal and stationary properties
of the wide-angle PILS resulting from 2WM amplification
are investigated in SBN:Ce. Analytical solutions for two
theoretical limiting cases of (i) bulk and (ii) near-surface
scattering centers are derived and the effective interaction
length l is determined. The generality of our simple approach
is verified by additional experiments with parametric PILS via
4WM in LiNbO3:Fe.

2. Model considerations

PILS is considered in photorefractive crystals as the result of
the following processes. The incident laser beam is scattered
on optical inhomogeneities and mechanical scratches located
on the surface and/or in the volume of the crystal. Components
of coherent noise with wavevectors ksi(θs) originate from
such scattering centers and propagate at different angles θs.
Such noisy waves serve as a seed or initial scattering for
the PILS phenomenon. The seed waves interfere with the
transmitted pump beam kp (θp = 0◦) yielding the elementary
light patterns Ki = ksi − kp. The spatial light distribution
is transferred into a modulation of the refractive index with
amplitude �n via the photorefractive effect [26]. Wave mixing
on the recorded gratings results in an amplification of a part
of the scattered light at the expense of the pump beam. It is
obvious that the pump beam is much stronger than a single
scattering component and gratings remain with rather low
modulation depth. We recall that the wave mixing theory
in the undepleted-pump approximation yields equation (1)
as a simple expression for the PILS intensity in the steady
state. It has been shown that equation (1) can be successfully
applied for the quantitative analysis of PILS in different
materials [29, 28, 27] if the gain factor �(θs), the initial
scattering intensity Iso(θs) and the effective interaction length
l(θs) are taken as angular dependent functions. The output
scattering pattern is composed by scattered waves propagating
at different angles θs, which are amplified via wave mixing.
The properties of the angular distribution of PILS reflect
whether two (2WM) or four waves (4WM) are involved in the

Figure 1. Experimental setup for the observation of the wide-angle
PILS in the SBN:Ce crystal. Coherent illumination is performed by a
single beam of extraordinary polarization (λ = 514.5 nm). The
scattering is monitored at the angle θs = 15◦. The crystal’s c-axis is
in the plane of incidence. The thickness of SBN samples is 0.3, 0.5,
1, 1.5, 2, 3 and 3.5 mm.

light amplification process. Wide-angle and angle-selective (or
parametric) scattering phenomena are therefore distinguished.

Wide-angle PILS results from 2WM processes on
refractive index gratings which are spatially shifted with
respect to the incoming light pattern. The scattering is
amplified in the direction opposite to the grating shift. As
a result a rather diffusive light lobe can be observed on
a viewing screen behind the crystal. A typical example
of the wide-angle PILS, also designated as beam fanning,
was investigated in SBN for the first time [1]. In this
crystal, the light interference and refractive index patterns are
shifted by π/2 to each other which is caused by diffusion
charge transport. At the same time, the linear electro-optic
coefficient r333 provides pronounced light scattering from an
extraordinarily polarized pump beam which incidences normal
to the polar c-axis (figure 1). The distribution of the wide-
angle PILS in SBN is perfectly described by equation (1) where
�(θs) describes the 2WM amplification on an elementary
grating Ki. The validity of this approach was proven in
the optical spectral range λ = 450–650 nm and from
room temperature up to the ferroelectric–paraelectric phase
transition temperature [27, 15].

In photorefractive crystals with a local response where the
stationary energy exchange on unshifted gratings via 2WM is
not possible, the coherent noise can be alternatively amplified
via 4WM processes. It results in the angle-selective (or
parametric) PILS consisting from various conical surfaces
differently oriented in space [9, 10]. One of the most efficient
processes of parametric PILS appears in LiNbO3:Fe crystals
by illumination with a pair of extraordinarily polarized pump
beams. In contrast to SBN, LiNbO3:Fe possesses a local
photorefractive response owing to the dominating photovoltaic
charge transport [30]. The scattering yields one ring and two
vertical arcs on the viewing screen as shown in figure 7(a).
The light polarizations of the scattered light and of the pump
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beams are identical. According to the general classification
of the parametric PILS phenomenon [10], the scattering is
assigned to the ee–ee type. It results from elementary 4WM
processes between two pump and two scattered waves meeting
the phase-matching conditions kp1 ± kp2 = ks1 ± ks2, where
the positive sign corresponds to the ring and the negative one
to the arcs. A detailed theoretical and experimental description
of this scattering can be found in [29, 10]. It was shown
that the intensity distribution in the scattering pattern can also
be described by equation (1), where �(θs) describes 4WM
processes responsible for this type of scattering.

In general, different scattering waves may contribute to the
output scattering signal Is(θs) measured at the particular angle
θs . These waves originate from different scattering sources in
the crystal bulk. According to equation (1), the amplification of
the initial scattering strongly depends on the interaction length
l. Hence, the contribution of different waves to Is(θ) depends
on the location of the scattering center within the crystal.
Below, two limiting approaches will be discussed: (A) the bulk
scattering model, which accounts for the contribution from
all scattering sources distributed in the entire crystal volume,
and (B) the near-surface scattering model, considering only
scattering centers located at the surface and/or in a thin crystal
region frontier to the incident light.

2.1. Bulk scattering

In the case of scattering sources distributed in the crystal bulk
of thickness L the following simplified model assumptions are
made.

(i) The distribution of bulk scattering centers is divided into
a multitude of equal thin layers Si (li ) of thickness λ �
δl � L. The layers are oriented normally to the
incident pump beam and homogeneously arranged along
the propagation coordinate li = iδl, where i is the layer
number, as shown in figure 2(a).

(ii) The output scattering intensity, Is(θs), is determined in
the far field at a distance D � L from the crystal. It
is the result of all scattering components originating from
different layers Si and propagating close to the angle θs.

(iii) The efficiency of the initial scattering η(θs) and the
gain factor �(θs) are equal for all scattering components
contributing to Is(θs) from layers of different positions li .

Because of losses of the pump beam caused by optical
absorption and PILS processes, the initial intensity of the local
seed components Iso,i should decrease with li from layer to
layer,

Iso,i(li , θs) = η(θs)Ip(li) = η(θs)Ip(0)e−{�(θs)+α}li , (2)

where Ip(0) and Ip(li) are pump intensities for the first layer
and layer li , respectively.

The initial intensity of the scattering component Iso,i(li , θs)

emerging at li is amplified at the expense of the pump beam
and is partially depleted due to the optical absorption during
its propagation along the depth (L − li). This gives the inten-
sity Is,i(θs), which finally contributes to the total PILS signal
in the far field with the output intensity Is. Although the value

Figure 2. (a) Scattering in the vicinity of the angle θs emerging from
different layers Si of the crystal. The pump (kp) and scattering waves
(ksi) with the intensities Ip and Iso,i and the photorefractive grating Ki

are shown by the corresponding vectors for the first, the i th and the
last scattering layer. Is,i(θs) denotes the output intensity emerging
from layer i at an angle θs. (b) Two noisy gratings are recorded by
the pump beam with different components of the near-surface and
bulk scattering emerging from the first and from the i th layer,
respectively. Light and dark fringes elongated from the layer position
to the output surface of the crystal indicate the thickness of the
corresponding photorefractive gratings.

� for the particular angle θs is constant, the coupling length
(L − li) depends on the layer coordinate li . This results in dif-
ferent contributions of waves from different scattering layers
Si (li) to the output PILS signal:

Is,i(θs) = Iso,i(li , θs)e
{�(θs)−α}{L−li }. (3)

The far-field intensity of the stationary PILS Is(θs) results
from an integration of equation (3) with respect to li in the
limits {0, L} and � = �stat (t � τdi). Here, the constant
τdi is the Maxwell relaxation time. Correspondingly, the far-
field intensity of Iso(θs) is determined from the integral of
equation (3) with � = 0 (t → 0). The ratio of these values
is the scattering amplification coefficient, which depends on
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the crystal thickness as follows:

ms = Is

Iso
= sinh(�L)

�L
. (4)

Equation (4) is deduced under the assumption of indepen-
dent contributions of different bulk scattering components to
the PILS signal, i.e., grating competition effects are neglected.

2.2. Near-surface scattering

Here, we take into account only the seed scattering originating
from the surface and/or the near-surface of the crystal, i.e.,
from layers frontier to the incident light. Thus, contributions
to PILS from scattering layers in the bulk are neglected.

The thickness (L − li ) of a photorefractive grating Ki

recorded by the pump beam and a scattering component
depends on the position of the corresponding scattering layer
Si (li) (see figure 2(b)). The grating thickness approaches
L for near-surface scattering and decreases with li for
bulk scattering. Considering the simultaneous recording of
gratings with scattered waves from different layers, a minor
contribution of gratings recorded with bulk scattering centers
to PILS can be expected due to the following facts:

(i) an exponential reduction of the scattering amplification
with the location depth of the scattering centers;

(ii) an effective suppression of the bulk-originating PILS by
the stronger near-surface-originating PILS.

The first factor appears because the light amplification
is exponentially dependent on the effective coupling strength.
The light scattered from near-surface layers possesses the
largest value �L, while the product �(L − li) corresponding
to the bulk scattering decreases proportionally to the depth.

The second factor can be due to the competition between
photorefractive gratings corresponding to different scattering
waves and characterized by different spatial frequencies and/or
different phases. In this competition, the noisy gratings of
the largest thickness have an advantage, because of the higher
grating contrast. As an illustration, two gratings corresponding
to the scattering originating on the first and on the i th layer are
sketched in figure 2(b). The grayscale gradient in the gratings
fringes depicts the increase of the contrast as a function of
the thickness caused by the scattering amplification. For a
better presentation gratings with considerably different spatial
frequencies are chosen. It is clear, that stronger scattering
corresponds to the grating with higher contrast. Therefore,
the near-surface scattering enhanced on thicker gratings is able
to erase efficiently the thinner gratings recorded by the bulk
scattering. The larger the layer coordinate li the higher is the
suppression of the corresponding scattering components.

All this together should provide the major contribution of
the near-surface scattering to the output PILS signal, which
equals

Is(θs) = η(θs)Ip(0)e{�(θs)−α}L . (5)

In this case the initial scattering intensity (t = 0) is the same
as in the bulk scattering model.

Iso(θs) = η(θs)Ip(0)e−αL . (6)

The ratio ms = Is(θs)/Iso(θs) yields a simple exponential
dependence of the scattering amplification coefficient on the
crystal thickness

ms = e�L . (7)

Here we should note that a possible contribution from non-
coherent scattering is neglected in equation (4) and thus in
equation (7). This is particularly reasonable for photorefractive
crystals with a pronounced amplification of the scattered light.
The effect of interactions between different scattered waves
is also neglected, because of its negligible contribution to the
total scattering signal [19, 21, 23].

In conclusion, the bulk and near-surface scattering center
models predict a different dependence of the scattering
amplification coefficient ms on the crystal thickness L. We
have therefore experimentally studied the stationary and
dynamic properties of the PILS phenomenon in photorefractive
crystals as a function of the crystal thickness.

3. Experimental results and discussion

First, the wide-angle PILS induced by a single pump beam
was studied in SBN:Ce (0.04 mol%) grown by the Czochralski
technique. Seven samples of thickness L from 0.3 to 3.5 mm
were cut from the same boule perpendicular to the a-axis.
The samples were electrically poled following the field-cooling
procedure [31]. This provides the largest value of the
spontaneous polarization Ps and a stable polar structure at
room temperature. The unexpanded extraordinarily polarized
beam from an argon–krypton ion laser (λ = 514.5 nm,
dFWHM = 2.6 mm) impinged upon a crystal normally to
its input face. A low pump intensity Ip = 2.8 kW m−2

was chosen to prevent optical heating of the crystal due to
absorption. Independent absorption measurements give α =
(1.8 ± 0.2) cm−1 for all SBN samples at the used pump
wavelength.

The scattering pattern was observed on a viewing screen
placed at a distance of D = 40 cm behind the crystal. In the
steady state, an asymmetric diffusive scattering lobe extended
from the transmitted pump beam in the direction opposite to
the c-axis, as shown in figure 1. The detailed description of
the spatial properties of the wide-angle PILS can be found
elsewhere [1, 32].

The initial and the steady-state intensities of the scattering
signal were measured for two exposure times t = 0.1 s and
300 s, respectively. A photodetector with an angular aperture
of �θs = 0.5◦ was adjusted in the plane of incidence at a
fixed angle of θs = 15◦ (measured in air). Comparing the
results of samples with different thicknesses it was found that
the stationary PILS intensity Is(θs) increased for samples with
larger thickness L. At the same time the initial scattering
intensity Iso(θs) decreased. The normalized coherent noise
intensity as a function of L is shown in figure 3 in a logarithmic
plot justifying equation (6). A fit yields an absorption
coefficient of α = 2.1 cm−1 which is well comparable to the
value determined from the absorption spectrum.

The thickness dependence of the amplification coefficient
ms is shown in figure 4. The experimental results are
given by markers. The dashed and solid lines correspond

4



J. Phys.: Condens. Matter 20 (2008) 075225 M Goulkov et al

Figure 3. Thickness dependence of the initial scattering intensity in
SBN:Ce. The fit with equation (6) corresponds to α = 2.1 cm−1.

Figure 4. Thickness dependence of the scattering amplification
coefficient ms. The fitting with equation (4) and equation (7) gives
� = 23.3 cm−1 and 32.2 cm−1, respectively.

to fits of equation (4) and equation (7) to the data set,
respectively. The best agreement is found for the curve
of the near-surface scattering model. The fit yields a gain
factor � of (23.3 ± 1.6) cm−1 (equation (7)) and of (32.2 ±
1.2) cm−1 (equation (4)). For comparison, two-beam coupling
measurements were performed with a SBN sample with
thickness L = 1 cm. An additional weak probe beam of
intensity Ipr = 0.005 · Ip was adjusted at an angle of θs =
15◦ with respect to the pump beam. The gain factor was
determined to be � ≈ 20 cm−1, which is in good agreement
with the fitting results in figure 4 according to the near-surface
scattering model. Our experimental data therefore indicate
that PILS is composed from scattering components emerging
from the crystal’s near-surface or surface frontier to the pump
beam. This accords well with previous suggestions presented
in [1, 23]. It should be noted that a minor contribution of bulk
scattering was concluded in [18], as well. This conclusion
was obtained from numerical simulations of the scattering
intensity profile, because a linear dependence on the crystal
thickness was assumed for the bulk scattering; in contrast to an
exponential one for the surface scattering.

Recently, it was shown that the scattering in SBN:Ce is
strongly dependent on the polar structure of the crystal [24, 25].

Figure 5. Dynamics of the wide-angle PILS in different SBN:Ce
samples. A pronounced deceleration is revealed with increasing
sample thickness.

In particular, the coherent noise (initial scattering) exhibits
drastic changes in the vicinity of the phase transition and
at the presence of an external electric field Eo having a
magnitude of the electric coercive field. Obviously, coherent
noise arising from the crystal surface does not possess any
remarkable dependence on the polar structure. Therefore, the
sources for coherent noise initiating PILS should be located
within the crystal bulk and not on its surface. As a model
attempt for SBN, the scattering sources were interpreted as
local changes of the refractive index δn which are induced by
internal (electric) fields and which are incorporated into the
domain structure. Taking into account these results and the
results of our present study we can conclude that the major
contribution to PILS is from coherent noise scattered in the
near-surface region of the crystal frontier to the pump beam.

Let us now discuss the competition between index gratings
recorded by noisy waves related to the near-surface and the
ones related to bulk scattering centers in more detail. The
initial scattering intensity Iso of noisy waves from the near-
surface region is assumed to be large compared with the ones
originating in the bulk. At the same time the coupling strength
�l is larger for index gratings related to near-surface scattering
centers since the interaction length can be approximated
with the crystal thickness, i.e., l ≡ L. According to
equation (1) these two factors ensure a significant enhancement
of gratings recorded by the waves originating in the near-
surface region. At the same time, grating recording with noisy
waves appearing in the bulk is suppressed. As a result of this
competition a deceleration of the scattering build-up dynamics
can be assumed. According to these considerations, the
deceleration should be more pronounced in thicker samples.

We therefore studied the scattering dynamics as a function
of the crystal thickness in SBN:Ce. Figure 5 shows the
scattering intensity normalized to the stationary value I max

s as a
function of the exposure time. The characteristic time τs of
the scattering development was determined by fitting of the
increasing part of the Is(t)-curves to an exponential function:
Is(t) ∼ et/τs . A significant deceleration of τs by a factor of
25 with increasing thickness L is found. Figure 6 shows the
resulting nonlinear thickness dependence of τs, which can be
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Figure 6. Thickness dependence of the characteristics time τs of the
scattering dynamics. The best fit with a function τs = τdi + aLb

(equation (1)) is shown for τdi = 1.2 s, a =1.74 and b = 1.98.

fitted by the empirical function

τs = τdi + aLb, (8)

where a, b and τdi are fitting parameters. It is remarkable that
the best fit corresponds to a nearly quadratic function in L,
τs = τdi + 1.74 · L1.98. Some retardation of the recording
process can be expected due to the energy exchange between
the strong pump wave and weak scattering waves. However,
the two-wave mixing theory predicts a linear dependence of
the characteristic recording time on the crystal thickness, τr ∼
L, taking into account the case of an interference pattern
with varying contrast along the beam interaction [33]. We
suggest that the explicitly pronounced nonlinear behavior of
τs versus L revealed in our experiments can be assigned to the
competition in the recording process of noisy photorefractive
gratings. The Maxwell relaxation time τdi = 1.2 s is estimated
from figure 6 by the extrapolation of the curve τs(L) to L = 0,
when no grating competition takes place. The validity of this
approach is justified by the independent experiment of the
grating erasure performed for the same SBN sample in the two-
beam setup. The directly measured value of τdi is almost the
same as that calculated with figure 6 and equation (8).

To verify the general character of the observed scattering
behavior, equivalent experiments of the PILS phenomenon as
a function of crystal thickness were performed for the ee–ee
type scattering in LiNbO3:Fe. The scattering was induced by
two pump beams crossing the crystal as shown in figure 7(a).
Previous experimental and theoretical studies revealed that a
frequency shift � = ωsi − ωp between the interacting waves
enables efficient amplification of initially scattered waves [29].
The large photovoltaic effect, which is characteristic for
LiNbO3:Fe, typically causes a local photorefractive response.
In this case, a small frequency shift � ≈ 1/τdi(∼1Hz)
between the recording waves is required to achieve small-
signal amplification with a non-zero gain factor � in the steady
state. Such frequency detunings in the scattered light may
originate, for instance, from temporal fluctuations of material
parameters of the crystal. Therefore, scattering sources in
LiNbO3 are also associated with bulk rather than with surface
inhomogeneities of the crystal.

Figure 7. Observation of the parametric PILS of ee–ee type in
LiNbO3:Fe. (a) Experimental setup: two coherent beams
(λ = 514.5 nm) of extraordinary polarization cross at the angle
2θp = 15◦ orthogonally to the c axis. The scattering is monitored at
the azimuth angle ϕ = 60◦. (b) Thickness dependence of the
scattering amplification coefficient ms. LiNbO3:Fe samples are of
thickness 0.25, 0.5, 1, 1.5 and 2 mm. Theoretical fitting with
equation (7) gives � = 33.5 cm−1.

LiNbO3 grown by the Czochralski technique from the
congruently melting composition with 0.006 wt% of iron was
used in our experiments. Five samples of different thicknesses
from 0.25 to 2 mm were cut orthogonally to the a-axis. In
the setup, the c-axis of the crystal is orthogonal to the plane
of incidence. The angle between the two beams is given by
2θp = 15◦ (measured in air). The intensity of each beam
reaches nearly Ip = 4 W m−2. The scattering pattern is
observed on the viewing screen as a scattering ring and two
vertical scattering arcs touching the pump beams. The incident
and scattering light has the same extraordinary polarization
in the crystal. The scattering intensity was monitored in the
right arc at the azimuth angle ϕs = 60◦ (see figure 7). The
scattering dynamics in the ring revealed an increase of the
deceleration with increasing sample thickness similar to that
shown in figure 5. The scattering amplification coefficient
ms versus L measured for the scattering arc is plotted in
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figure 7(b). Obviously, it resembles the results of figure 6. The
fit yields a gain factor for the parametric ee–ee scattering of
� = (33.5±1.0) cm−1, which is larger than for the wide-angle
scattering in SBN:Ce. It confirms the conclusion of the model
for the ee–ee scattering, which considers a large stationary gain
factor � for frequency detuned scattered waves.

Thus, it becomes apparent that general features of the
thickness dependence remain qualitatively the same regardless
of the particular type of the photorefractive crystal and of
the scattering process. This allows us to conclude that the
dominating role in the formation of the stationary PILS pattern
belongs to the scattering emerging from near-surface regions
of the crystal. The amplification of bulk seed scattering
is suppressed by near-surface scattering. It results in a
slowing down of the PILS dynamics, which increases for
thicker crystals. Therefore, the effective interaction length l
in equation (1) can be approximated with the crystal thickness
L with rather high fidelity. This is particularly valid for crystals
with a large thickness L � 1/�.

4. Conclusion

The thickness dependence of wide-angle and parametric
PILS is studied in the photorefractive crystals SBN:Ce and
LiNbO3:Fe, respectively. Two models of (i) bulk and near-
surface scattering centers are comparatively discussed as the
origin of the PILS phenomenon. Thereby, our study focuses
on the interpretation of the interaction length in the nonlinear
wave mixing process between noisy waves and an incident
pump beam. We can conclude from the direct comparison
of the theoretical model approach with the experimental study
that the major contribution to PILS is given by the scattering
originating in a thin region of the crystal frontier to the
incident beam. It is shown that the crystal thickness L can be
considered as the interaction length between the pump beam
and scattered waves. A deceleration of the scattering dynamics
with increasing thickness of the crystal is revealed. This
finding is interpreted by the competition between differently
recorded noisy photorefractive gratings, which is particularly
important for scattering processes. It is shown that the reported
features of PILS are quite general for different photorefractive
crystals. Moreover, they do not depend on the particular
type of scattering process. Our results are important from the
viewpoint of possible applications of the scattering for contact-
free material characterization [25, 32]. The obtained results
may also be important for the analysis of coherent oscillation
dynamics in different optical resonators with photorefractive
crystals as a nonlinear medium.
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