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Cascaded coherent Raman scattering by
phonon polaritons

G. Kh. Kitaeva,* K. A. Kuznetsov, A. A. Mikhailovsky and A. N. Penin
Department of Physics, Moscow State University, 119899 Moscow, Russia

We consider the cascaded part of coherent four-wave Raman scattering in crystals without inversion
symmetry as a method of spectroscopy of phonon polaritons. The theory of this effect is developed accounting
for the limited dimensions of the scattering area and imaginary character of the non-linear susceptibilities.
The experimental results for four-wave cascaded scattering by polaritons in crystals of LiIO3, LiNbO 3 : Mg
and LiNbO3 : Mg : Nd are presented. The effect of narrowing of the polariton lineshape is observed in doped
LiNbO 3 in the region of strong polariton absorption. The probable nature of the narrowing, connected with
the excitation of the electronic states during the four-wave mixing, is discussed. Copyright 2000 John
Wiley & Sons, Ltd.

INTRODUCTION

The dispersion characteristics of phonon polaritons are
directly related to phonon parameters, such as frequen-
cies, damping constants and oscillator strengths. Owing to
the strong dependence on the phonon oscillator strength,
polariton dispersion is extremely sensitive to various small
changes in the medium composition or structure. Weak
second-order or impurity polar phonon resonance can
be observed in polariton spectra rather than in Raman
spectra.1 Usually polariton dispersion in crystals without
inversion symmetry is studied in the scheme of the near-
forward Raman scattering. Most of the scattered light
intensity is provided by the second-order susceptibility
�.2/ in this scheme. As distinct from IR spectroscopy, this
method does not require an IR technique and enables to
exclude surface effects. However, its application is often
limited because of the low intensity of the scattered radi-
ation, especially when small-sized crystal areas are stud-
ied. The time-resolved study of the dynamics of phonon
polaritons turns out to be a very good probe of polariton
properties.2 However, in the impulsive stimulated Raman
scattering technique, low-frequency (<5 THz) polaritons
can only be studied with an appropriate signal-to-noise
ratio.3 This problem can be solved by means of active
four-wave mixing spectroscopy.4

In a medium without inversion symmetry, in addition
to the well-known direct coherent scattering, cascaded
scattering can take place in the same optical scheme.
The direct coherent scattering arises due to the third-
order susceptibility�.3/ of a medium, and the cascaded
wave interaction consists of the two subsequent frequency
conversion processes, so that its efficiency is proportional
to the square of the second-order susceptibility�.2/. When
the intermediate state is in resonance with the phonon
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polariton, and the dispersion characteristics of all other
waves are known, this effect can be used as a method for
polariton investigation.

The first work on coherent four-wave scattering by
polaritons in a medium without inversion symmetry was
performed in the 1960s;5 in the 1970s, most studies
were dedicated to the analysis of the interference of
direct and cascaded four-wave mixing processes and the
investigation of the cubic non-linear susceptibility�.3/

dispersion.6 – 10 Now the effect of cascaded four-wave scat-
tering has been successfully used in time- and space-
resolved studies of polaritons.11,12 In this paper, we con-
sider stationary coherent four-wave Raman scattering.13,14

In the case of the frequency–wavevector domain scheme,
the dependence of the signal intensity on the wave mis-
matches contains information about polariton dispersion
and absorption characteristics. In all previous theoretical
studies, the scattering medium was regarded as homo-
geneous and large enough to satisfy the condition when
the linear dimensionsl of the scattering object are much
larger than the polariton free path:l˛p × 1, ˛p being
the polariton absorption coefficient. Also, it was implied
that the scattered element could be regarded as an infinite
plane layer.10 In this work, first, we extend the conven-
tional theoretical model for the cases when the sizes of the
scattering area are not very large in comparison with the
polariton free path and are bounded in all three directions.
Second, we depict the procedure of receiving and process-
ing of experimental results, and finally discuss the results
obtained for a crystal of LiIO3 and crystals of LiNbO3
doped with Mg and Nd.

THEORY

Suppose that three pump waves enter the medium (Fig. 1),
and their fields are expressed as

Ei D Ei0.r / exp.�iωit C ik ir / .1/

where i can be 1, 2 orL. The non-linear interaction
betweenE1 andE2 generates polarization at a difference
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Figure 1. Scheme for coherent four-wave scattering in a crystal
without inversion symmetry.

frequency:

P.1/.r , ω1 � ω2/ D �.2/1 .r /E10.r /EŁ20.r /e
�i.ω1�ω2/tCi.k1�k2/r

.2/
which can be in resonance with the phonon polariton at
the frequencyωp when

ω1 � ω2 D ωp .3/

�.2/1 is the effective value of the second-order susceptibil-
ity of the medium for this process. The spatial Fourier
componentsP.1/.k, ωP/ and E.r , ωP/ of the polarization
P.1/.r , ωP/ and fieldE.r , ωP/, generated by this polariza-
tion, are related through the polariton Green’s function
G.k, ωP/:15

E.k, ωP/ D G.k, ωP/P
.1/.k, ωP/ .4/

A general expression for the polariton Green’s func-
tion G.k, ωP/ was derived by Klyshko,9 accounting for
anisotropy of the crystal medium. In the case of ordinary
polariton waves, the Green’s function is equal to

G.k, ωP/ D ω2
P

c2

4�

k2�K2
P.ωP/

.5/

whereKP.ωP/ D kP C i˛P/2 is the complex wavevector
of the polariton state at frequencyωp, kp D npωp/c, np

is an ordinary refractive index and̨p is the absorption
coefficient of a crystal at the polariton frequencyωp.
Hence we derive

E.r , ωP/ D �.2/E10EŁ20e
�iωPt

.2�/3

∫
dkG.k, ωP/e

ikr

∫
V0

dreik.1/r

.6/
wherek.1/ D k1 � k2 � k. The domain of integration
over the wavevectorsk contains all possible magnitudes
and alignments ofk. The space integration is made over
the volumeV0, where wave amplitudes and non-linear
susceptibility are non-zero (Fig. 1). The sizes of this area
can be limited owing to the small dimensions of the non-
linear medium itself, or owing to the finite dimensions of
that region inside the crystal, where the pumping beams
intersect each other. Here and in what follows we neglect
the spatial profiles of pumping beams and distribution of
�.r / inside the areaV0.

In the second stage, the fieldE.r , ωP/ described by
Eqn (6) and the probe pumping waveEL are mixed. As
a result, the expression for the polarization oscillating at
the Stokes frequency

ωs D ωL � ωp .7/

takes the form

P.2/
casc.r , ωL � ωP/ D �.2/Ł1 �.2/2 EL0EŁ10E20e�iωStCikSr

.2�/3

ð
∫

dkeik.2/r G.k, ωP/
∫
V0

dre�ik.1/r

.8/
wherek.2/ D kL�kS�k. Effective values of the second-
order susceptibility at the first stage of the cascaded
interaction [�.2/1 ] and at the second stage [�.2/2 ] can differ
owing to dispersion and anisotropy. To obtain the total
polarization at frequencyωs, one has to account for direct
interaction due to�.3/. Finally, the general expression for
the signal intensity dependence from the mismatches takes
the form

IS ¾
∣∣∣∣∣�.3/f00.k/C �

.2/Ł
1 �.2/2

.2�/3

∫
GŁ.k, ωP/

ð f0Ł.q1 � k/f00.q2 � k/dk

∣∣∣∣∣
2

.9/

where

q1 � k1 � k2, q2 � kL � kS, k � q2 � q1 .10/

andf.k/ is a function dependent on the shape and sizes
of the scattering area; for any given vectorE�:

f.E�/ �
∫
V

exp.iE�r /dr .11/

For example, when the scattering element has the shape of
a rectangular parallelopiped with sidesa, b andc, f.k/
is given by

f.k/ D Vsin.kxa/2/

kxa/2

sin.kyb/2/

kyb/2

sin.kzc/2/

kzc/2
.12/

wherekx, ky andkz are the coordinates of the vector
mismatchk. For a spherical element of the radiusl, it
is given by

f.k/ D 3V
sin.kl/�kl cos.kl/

.kl/3
.13/

To be precise, one must calculate functionsf0.q1�k/ and
f00.q2�k/ in Eqn (9) according to Eqn (11) by integrating
over different regionsV0 and V00. The last regionV00

is the part ofV0 where the probe pumping wave exists
(Fig. 1).

Now let us consider the most common case when the
scattering elementsV0 andV00 have complex shapes but
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their linear dimensions (of order ofl) are sufficiently large
to satisfy the condition

˛pl× 1 .14/

Then the polariton Green’s function can be taken outside
the integration sign in Eqn (9), since it changes slowly
in comparison with thef0 andf00 functions. Integration
of the residualf0 andf00 functions for cubic scattering
elementsV0 ³ V00 gives∫

f0Ł.q1 � k/f00.q2 � k/dk D .2�/3f00.q2 � q1/ .15/

This seems to be valid for more complicated shapes of
scattering elements also. Actually, the shape of scatter-
ing element should not affect strongly the signal intensity
distribution when conditions in Eqn (14) are true. Substi-
tuting Eqn (15) into the general expression of Eqn (9) we
obtain for the case of a large scattering element

IS ¾ j�.3/eff j2jf00.k/j2,
�.3/eff � �.3/ C �.2/Ł1 �.2/2 G

Ł.q1, ωP/
.16/

The same calculation scheme is valid in the case of anti-
Stokes coherent scattering (ωs D ωL C ωp), or when the
cascade process proceeds due to an intermediate resonance
with the certain exciton-like medium state at sum fre-
quencyω1 C ω2 D ωp [obviously, Eqns (10) have to be
verified according to frequency relationships].

The generalized third-order susceptibility�.3/eff in Eqn (16)
contains the cascaded part�.3/casc� GŁ.q1, ωP/�

.2/Ł
1 �.2/2 . This

term describes the polariton properties. The information on
polariton properties at a given frequencyωp is included in
the�.3/eff dependence on the wave mismatch�p � q1 � kp.
To obtain it one has to measure the dependenceIs.�p/ of
the scattered intensity on the polariton phase mismatch�p

under the conditionk D 0, i.e. when the direct four-wave
interaction is mismatched. Foro-polarized polaritons the
Green’s functionG.k1 � k2, ωP/ is described by Eqn (5).
G.k1 � k2, ωP/ depends on the scalar mismatch�p D
jk1�k2j�kP and polariton absorption̨p. Under the realistic
conditionskp× ˛p, kp× �p, thus,

G.k, ωP/ D 2�ωP

nPc

�PC i˛P/2

�2
PC .˛P/2/2

.17/

Substituting Eqn (17) into Eqn (16), we obtain the line-
shape ofIs.�p,k/ in the case of large coincident scat-
tering elements,o-polarized polaritons and real�.2/1 , �.2/2 ,
�.3/:

IS ¾
{
[��.3/]2C2��.2/1 �

.2/
2 �

.3/�P

.˛P/2/2 C �2
P

C [�.2/1 �
.2/
2 ]2

.˛P/2/2C�2
P

}
jf00.k/j2

.18/
where� D nPc/2�ωP. The last expression describes the
frequency dependence ofIs through dispersion charac-
teristics of second- and third-order susceptibilities, coef-
ficient � and wave mismatches�p, k. The last ones
assign the pure angle dependence ofIs at a fixed polariton
frequency.

The first term in braces describes the direct four-wave
interaction, the last term the pure cascaded part of scat-
tering and the intermediate term the interference between
the direct and cascaded processes. When the second-order
susceptibilities�.2/i are zero or vanishingly small, the scat-
tering has a pure direct character andIS ¾ j�.3/f00.k/j2,
as follows from Eqn (16). It remains the same even if
�.2/i are sufficiently large, but the polariton wave mis-
match is also large (�p × ˛p) and the last two terms
in braces in Eqn (18) are negligible. The intensity of
the direct scattering does not depend on�p; it is neces-
sary to provide the four-wave phase matching condition
k D 0 to obtain the peak signal intensity at a given fre-
quency. Tuning the signal frequency synchronously with
the frequency of any one pumping wave, one can measure
the spectral dependence of�.3/. However, when�.2/i are
non-zero and the polariton wave mismatch is small, the
presence of cascaded scattering changes the total angular
and spectral distribution of the scattered light according to
Eqn (18). Thus, a separation between direct, cascaded and
interference parts can be done by analyzing the intensity
dependence on�p at constantk. The optimal condi-
tions are whenk D 0 and the signal frequency remains
constant. Then the direct scattering gives a constant back-
ground which does not change with�p, and it can be
easily measured at large�p. When the contribution of the
direct four-wave interaction is much smaller than that of
cascaded processes,Is.�p/ has a Lorentzian form. By mea-
suring the position of its peak one can estimate the real
parts of the polariton wavevector and the crystal dielec-
tric constant;kp and ε0p, at the polariton frequencyωp.
The polariton absorption coefficient˛p and the imaginary
part of the dielectric constantε00p can be determined by
measuring the half-width of a Lorentzian peak. When the
direct and cascaded contributions are comparable, their
interference forms an intensity distributionIs.�p/ similar
to a Fano-type pattern. Analysis of theIs.tp/ distribution
provides the measurement of the ratio�.3//�.2/1 �

.2/
2 and the

sign of�.2/.6 – 8

Equation (18) was obtained earlier10 for coincident scat-
tering elements in the form of an infinite plane layer.
However, in this case the value of� is not the same.�
depends on the angle�p between the polariton wavevec-
tor kp and the normal to a layer through the addi-
tional multiplier factor cos�p. This difference between the
cases of infinite and finite dimensions of the scattering
elements is important in the measurement of the rela-
tive values of the third- and second-order susceptibilities
through the ratio of the direct and cascaded parts of the
coherent four-wave scattering. Derived above, Eqn (18)
is valid for scattering elements when these are large
[Eqn (14)], but finite. They are more appropriate for the
interpretation of data obtained under realistic experimental
conditions.

The assumption of real susceptibilities�.2/1 , �.2/2 , �.3/

is valid when all frequencies are far from resonances of
the scattering medium. Otherwise, the imaginary parts of
the susceptibilities should be taken into account. It is
impossible, for example, when the interval between the
polariton ωp and a phonon frequency is of the order of
the phonon damping constant. Now suppose that

�.2/i D �.2/
0

i C i�.2/
00

i , for i D 1,2

�.3/ D �.3/0 C i�.3/00
.19/
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If all other assumptions remain valid, we obtain instead
of Eqn (18)

IS ¾



.�j�.3/j/2 C 2��.2/
0

1 �.2/
0

2 �.3/
0
�P

.˛P/2/2 C �2
P

.
2 � υ
3/C [.�.2/
0

1 �.2/
0

2 /]2

.˛P/2/2 C �2
P[


2
2 C υ2 � ˛P�

�.3/
0

�.2/
0

1 �.2/
0

2

.
2
3 C υ/
]


jf00.k/j2

.20/
where the following symbols are introduced for short:

υ � �.2/
00

1

�.2/
0

1

� �
.2/00
2

�.2/
0

2

, 
2 � 1C �
.2/00
1

�.2/
0

1

�.2/
00

2

�.2/
0

2

, 
3 � �.3/
00

�.3/0

.21/
Apparently, the main structure of Eqn (18) is preserved
in Eqn (19). All the coefficients before the background,
interference and cascaded terms are modified. However,
not all of them depend on the wave mismatches. Thus,
the angular lineshape ofIs, measured at a constant fre-
quency, should retain the same character. In terms of the
dependence on�p at a fixedk, this consists of the con-
stant background, the cascaded peak and the interference
between them. Although the weighting factors of these
three terms are changed, the position and width of the
cascaded peak remain the same: the former is determined
by the conditionjk1� k2j D kp D npωp/c and the latter is
equal to the polariton absorption̨p.

The cascaded peak loses its Lorentzian form when
˛p becomes comparable to or greater thankp, or when
Eqn (14) is disturbed. Numerical calculations on the basis
of Eqn (9) show that in these cases the bandwidth of the
cascaded peak increases.

EXPERIMENTAL

We studied polaritons in a homogeneous crystal of LiIO3

and crystals of LiNbO3 doped with Mg and Nd. The dis-
persion properties of polaritons (the values of the real
and imaginary polariton wavevectors, complex dielec-
tric constants, refractive indices and polariton absorp-
tion coefficients) at the frequencies under consideration
(corresponding wavenumbers were 741 cm�1 in the case
of LiIO3 and 530–570 cm�1 in the case of the doped
LiNbO3) were known from the near-forward spontaneous
Raman scattering data.16 The exciting pump waves 1 and
2 were generated by an Nd : YAG laser with a 20 ns pulse
duration and a tunable LiF : F2

� laser. The wavelength of
the LiF : F2

� laser can be tuned in the range 1.08–1.2µm.
The second harmonic of the Nd : YAG laser was used as
the probe pump. Three pumping beams were incident to
the crystal at various angles (Fig. 1). The Stokes com-
ponent of the scattered radiation was measured. Exciting
pump 1 and the probe pump weree-polarized and exciting
pump 2 waso-polarized in a crystal. Under these condi-
tions the polarization of the polariton and signal waves in
the crystals under investigation was ordinary. The linear
dimensions of the scattering elements were of the order of
1 mm. All the conditions, taking into account the deriva-
tion of Eqn (20), were satisfied.

For each given polariton frequency, the corresponding
frequencies of the tunable laser generationω2 and of the

signal under registrationωs were set up as constant. To
obtain theIs.�p/ dependence, we first measured the two-
dimensional angle distribution of the signal intensityIs.
According to Eqn (18) or (20),Is depends on the direct
four-wave mismatchk and polariton wave mismatch�p.
In turn, k and �p change with the angles of incidence
of the three pumping beams. For changingk and �p

over the whole necessary range, one has to scan any two
angles of incidence of the pumping beams, or any two
linear combinations of them. Our two-dimensional depen-
dences consisted of series of curvesIs.˛/j�1. Each curve
was measured under crystal rotation for the angle˛, at dif-
ferent constant angles�1 between the first exciting pump
and probe pump (Figs 1 and 2). The angle�2 between the
second exciting pump and the probe pump was fixed. We
then determined the cross-section of the two-dimensional
Is.�1, ˛/ dependence by the surface, where the mismatch
for the direct four-wave interactionk.�1, ˛/ is equal
to zero. In full agreement with the model predictions,
each experimental curveIs.˛/j�1 had a narrow maximum
on this surface. The dependence of˛max.�1/ followed
the conditionk.�1, ˛max/ D 0. Thus, comparing the-
oretical predictions and experiment, we concluded from
Eqn (17) thatIs.˛max/j�1 ¾ jf00.0/j2Is.�p/. In the second
step, we calculated the polariton mismatch�p for each�1

and corresponding̨max.�1/. Finally, the desired lineshape
Is.�p/ was plotted viaIs D Is.˛max/j�1 as a function of
�p D �p[�1, ˛max.�1/].

We did not observe any constant background, caused
by the direct scattering, in any of our experimental curves
Is.�p/. This indicated that the effective components of
third-order susceptibility were relatively small. The inten-
sity dependencesIs.�p/ obtained experimentally and by
fitting the model expression given by Eqn (17) for LiIO3

are shown in Fig. 3. Good agreement between the exper-
iment and theoretical predictions was obtained. Both the
position and the linewidth of the observed Lorentzian peak
correspond to the values of the crystal parameters at the
given polariton frequency.

However, in case of the crystals of LiNbO3 : Mg and
LiNbO3 : Mg : Nd the experimental curves are much nar-
rower than expected. It seems that their linewidths do

Figure 2. Signal intensity Is as a function of polariton mismatch
Is.�p/.

Copyright  2000 John Wiley & Sons, Ltd. J. Raman Spectrosc. 31, 767–773 (2000)
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Figure 3. Signal intensity Is as a function of polariton mismatch
(dots, experiment; dashed curves, calculation) in a crystal of
LiIO3 (polariton wavenumber �p D 741 cm�1, refractive index
np D 3.61, absorption ˛p D 1300 cm�1).

not depend(or weakly depend)on the polariton absorp-
tion coefficient. Figure 4 shows examplesof intensity
dependencesIs.�p/ for LiNbO3 : Mg with different Mg
concentrationsCMg. In the caseof thecrystalwith CMg D
7.1 mol%, the data were obtainedfor the polariton fre-
quencyinside the region wherethe dispersionof ε0p has
an anomalouscharacter.The correspondingtransverse
phonon wavenumberis near 582 cm�1. The expected
valuesof the real and imaginary parts of the dielectric
constantwere calculatedaccordingto the data for near-
forward scattering16 and dynamic parametersof E-type
phonons17 (Fig. 5). Although the imaginarypartsof the
dielectric constantand polariton absorptioncoefficients
arevery high in this region,we observeda narrowpolari-
ton line with a well pronouncedmaximum.

At the sametime, the positionsof all observedmax-
ima in LiNbO3 : Mg and in LiNbO3 : Mg : Nd were in
good agreementwith the expectedvalues of the real
part of the dielectric constantand polariton wavevec-
tor. The frequencydependencesof the ordinarypolariton

Figure 5. Dispersion of real (dashed curve) and imaginary
(dotted curve, obtained by Burlakov et al.16) parts of the dielectric
constant for ordinary waves in LiNbO3 : Mg (CMg D 7.1 mol%).
Squares, experimental data for spontaneous near-forward
Raman scattering; circle, coherent cascaded scattering by the
real part of the dielectric constant.

refractiveindex, measuredby spontaneousscatteringand
by coherentfour-wave scatteringfor one of the stud-
ied LiNbO3 : Mg, aregiven in Fig. 6.18 High coincidence
can be seen.Note that the absoluteerror of the three-
wave scatteringdata on refractive indices was approxi-
matelyš0.2–0.5,andtheabsoluteerrorof the four-wave
scatteringdata was smaller by an order of magnitude:
š0.02–0.03.

DISCUSSION

The theoreticalconsiderationof four-wavecoherentscat-
tering wasmadeon the basisof the conventionalmodel.
This model explainedsuccessfullydifferentpreviousex-
perimentswith crystalsof GaP,5 GaAs,6 LiIO3

8 andoth-
ers.The only distinctionbetweenour descriptionandthe

Figure 4. Signal intensity as a function of polariton mismatch (dots, experiment; dashed curves, calculation) in a crystal of LiNbO3 : Mg.
(a) CMg D 4.4 mol%, polariton wavenumber �p D 541 cm�1, ˛p D 5000 cm�1: (b) CMg D 7.1 mol%, �p D 575 cm�1, ˛p D 23000 cm�1.
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Figure 6. Dispersion of the ordinary refractive index of
LiNbO3 : Mg (CMg D 4.4 mol%) in the polariton range, obtained
by spontaneous near-forward Raman scattering (squares) and
coherent cascaded scattering (circles).

previousonesis the accountfor confineddimensionsof
the scatteringelementand the accountof the imaginary
partsof crystalnon-linearsusceptibilitiesin thevicinity of
intrinsic resonances.With regardto the crystal of LiIO3,
our experimentalresultsconfirm the validity of the the-
oretical model. However, the unusualnarrowing of the
intensity dependencesIs.�p/ in the dopedLiNbO3 can-
not be explainedin the frame of the theoreticalresults
obtainedin this paperor earlier.

Unfortunately,we cannotgive anyconvincingexplana-
tion of theobservedangulardependencesof the cascaded
scatteringin the dopedLiNbO3. We cannotexplain them
by photorefractivepropertiesof thesecrystalssince the
samenarrowingeffect existsin crystalswith differentMg
contents,before and after the photorefractivethreshold
at CMg ³ 5 mol%. It seemsprobablethat the reasonis
connectedwith the resonance-typeexcitationof the crys-
tal electronicstatesduring the four-wave interaction in
LiNbO3. First, the width of the electronicband gap in
LiNbO3 (near 3.8 eV19) is much smaller than in LiIO3

and less than the summaryenergy of two photons of
the probe pump. The population of the electroniccon-
ductivity bandcanincreasedueto two-photonabsorption
effects. Next, the frequencyω2 of the secondexciting
pump wave turns out to be in resonancewith the pola-
ronic states,the self-localizedelectronsat Nb ions of the
crystallattice.20 Excitationof theelectronicsubsystemcan
lead to an increasein the effective value of �.2/1 and to
a changein the probableinteractionmechanism.If the

second-ordersusceptibilitybecomessufficiently large,the
processof stimulatedgenerationof thepolaritonwavecan
occur.Thenecessaryconditionstakeplacewhenthepara-
metric enhancementof the polariton wave prevailsover
the polariton dampingrelaxation.There can be another
type of polariton generation,due to coherentrelaxation
of theelectronicstatesthroughthesimultaneouslyexcited
polaritons.In anycase,theprocessof polaritongeneration
can lead to narrowing of the polariton lineshape.How-
ever, the observedlevels of Is in LiNbO3 are not much
greaterthanthat in LiIO3, whereno generationnarrowing
exists.Nevertheless,the idea of the interactionbetween
thecertainelectronicstatesandcoherentlyexcitedpolari-
ton statesseemsto beinterestingfor furtherconsideration.

Owing to thenarrowingeffectwe losethepossibilityof
measuringthefreepolaritonabsorptionin LiNbO3, butwe
candeterminethepolaritonrefractiveindexanddispersion
of the real part of the wavevectorwith high accuracy.
Figure5 illustratesthe ability to determinethe dispersion
characteristicsin the vicinity of the phononresonance.

CONCLUSION

The four-wavecoherentcascadedscatteringby polaritons
provesto be a sensitivespectroscopymethod.Owing to
the high intensity of the coherentscattering,the signal-
to-noise ratio can be much more than in case of the
spontaneousnear-forwardRamantechnique.This canbe
usedin studyingpolaritonsin small-sizedobjects,or for
the measurementof the spatial distribution of polariton
propertiesin inhomogeneousmedia.The descriptivethe-
oretical treatmentof this effect, madeon the basisof the
conventionalmodel, accountingfor the finite dimension
of the scatteringvolume and the imaginarycharacterof
thenon-linearsusceptibilities,is appropriatefor theexplo-
ration of polaritonsin manynon-linearcrystals.

The questionstill remainsof how to explain the nar-
rowingof theangulardistributionof thesignalintensityin
the Mg-dopedcrystalsof LiNbO3. Owing to the narrow-
ing effect,we losethepossibility of measuringof the free
polariton absorption.However, we probably obtain the
possibility of determiningthe polariton refractive index
and dispersionof the real part of the wavevectorwith
higher accuracy.Figure 5 illustratesthe amazingability
to determinethe dispersioncharacteristicsin the direct
vicinity of the phononresonance.
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