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STEADY STATE STIMULATED SCATTERING BY THE
GRATING NONLINEARITY IN NLC

I.V.GOOSEV, V.A.KRIVOSCHEKOV, B.YA.ZEL'DOVICH
Nonlinear Optics lLaboratory, Technical University,
Chelyabinsk, USSR

(Received October 4, 1991)

Abstract The forward stimulated O —E scattering with
the replication of wave front in nematic liquid

crystal 5CB was obaerved for »=0.63um radiation with
very low Intensity, O.03W. The scattering was due to
short- period (3¢m) gratings of director and therefore
the frequency shift was 30Hz, Dbuildup time
was (.04 seconds.

The high third-order ncnlinearity in nematic liquid
crystal (NLC) 1s connected with the reorientation of 1its
director by the laser radiation. Moreover the nature of
this reorientation can be conventlonally attributed to two
types: quasihomogeneous and grating.

In this report we discuss the second part. Consider
the simultaneous  co-propogation of  ordinary  and
extraordinary waves which are mutually coherent and ars
propagating perpendicular to the director n in the planar
NLC cell. Then the polarization of the summary field E in
NLC will be changed periocdically in the medium:

E = eerexp(ikeZ) + eyEOexp(ikDZ) (1)
in that situation the director distribution is

nz,t)= e+ s(z,t)ey (2)

Where e 1s the angle between n and ey- In such a
scheme the dielectric susceptibllity tensor asquires the
nondiagonal addition which was perlodical for z and leads
to rescattering of O- and E-waves into each other.
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That results in the amplification a wave with ocne
polarization at the expense of the wave with another one by
that mechanlsm. The weak amplified signal may be produced
elther by external source or by spontanecus scattering of
the pump wave.

The equation for the NLC-director 1in 1linearised
approximation has the form

o° <

%8 _‘a 1qz-10t *o _+10t-1gz)
et *+ Ko oze bn[EoEee + E.Ee ] (3)

T

Where |q|:(w/c)(ne—no) i the wave vector of director
grating which is written in the volume of NLC, zazni—ng i3
dielectric anisotropy of NLC on the optical frequency «,
Q=w -~ 15 the ITequency shift between pump and scattering
wave, K is the Frank constant, »n 1s the orientational

22
viscosity.
In the gteady state
* iqz-10t
£ EE e
8(z,t) = —2 2[ Lo c.c.] (4
16nK22q 1+1iar

where F:K2,q2/n 1s the relaxatlon constant of the grating.
Therefore the shortened equations for the signal on the
g-polarization have the form [11:

; g A

& _ [ . 5E et 2 5 QHir g
= |7+ 1<s~k]E g + 2isk = G|E|Z-2 24 5)
= ’ Fare

Here the galn ccetfficient g (cm‘1, by intensity), G 1s
the gain constant at the point a=r, sk is correcticn to the
wave of signal, which describes the mutual focusing. G has
the dimension om/W 1f the power density of the wave lEI2
had the dimension W/cm®.

T11ll now only nonstationary stimulated scattering (33)
was reglized with the use of pulsed ruby laser radiation
f21. The steady-state 35 was realized in the geometry of
small angle between the director and pump wave vector (the
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gomeotropic orientation of director) and for rather hight
power of cw argon laser radiastion [3). That defined the
comparatively large director's deformation perilod.

In our report there 1s the experimental realization of
steady-state S5 of ordinary wave into extraordinary one due
to grating nonlinearity in NLC.

The linearly polarized radiation from He-Ne laser
(»=0.63 «m) with power up to 50mW was directed to 1mm thick
planar cell with 5CB crystal. That pump corresponded to
ordinary wave for such «c¢ell. We have abserved the
wide-angle linear thermodynamically squalibrium scattering
from O- to E-wave (™15 -~ 20%). Beslde that, we have
obgerved the nonlinear stimulated scattering with the
threshold pump power P = SmW. The diameter (FWe"2M) of the
focal wailst of laser beam in NLC-cell was Evéao Y 10um, 1ts
length 2z (FWHM) = E(mno/c)ao ™ T00em was completely inside
the cell.

The hights nonlinear conversion coefficient R from O-
to E-wave was .50%. The frequency shift between pump and
scattered wave was measured by two methods.

In the first one the polarizer was placed at the exit
of the cell at the 45° angle to the scattered wave
polarization. That permited to observe the iInterference
between the pump and scattered wave. These interference
beats were registed with the help of an oscilloscope. The
beats period depended on the Irequency shift . The
Fourder-transform and correlation function of those
ogcillograms were calculated. The analysis of those data
allowed to estimate the frequency shift /2= .25Hz.

In the second method the spectral profile of the weak
signal gain was registed. With the help of the sawtooth
generator and the plezomirror the frequency of the signal
to be amplified was shifted from -60 to +60H=.

The maximum of the signal wave gain was at the Stokes
frequency shift o = wgT = ~24%5Hz. The theoretical

gstimation of the optimumdsignél frequency shift is o =1 =
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= K,,a°/n = 2r(2THz) for SCB (for t = 20°C). Here
K22:5-10‘7dyne, w ~ 1.2Poise, q ~ 2-10%em™' (the grating
period A = 2n/q 3um). It can be seen that the results of
both methods are in a good agreement with the theory.

The single-pass gain of signal intensity is determined
by the Tfactor exp(fg.,,dz). One should also take into
account the transverse overlapping of Gaussian beams of the

pump and Stokes wave. Finally we get

8n®

fgeﬁdz = :CFGPO (6)
where F (W) 13 pump power; c and » are gpeed of light and
wavelength 1in vacuum.

When the pelarization of illuminating wave was 45°,
i.e. had the same frequency and intensity at the input of
the NLC-cell, the mutual Tfocusing (cross-focusing) was
observed.

In conclusion, we have observed the 35 at very short
length, = 1mm, with unusually (for LC) Ilarge frequency
shift, «/Zr . 25Hz and spatial locality, 1/q ~ O0.5um with
very low threshold power, ~ 5-1073W.

This will allow to amplify wlde angle signals, 46 -
na/n ~ 0.12 radians, with relatively quick resporce.
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