Parametric suppression of stimulated Raman scattering

E.A. Golovchenko, E. M. Dianov, P.V. Mamyshev,and A.N. Pilipetskii
Institute of General Physics, Academy of Sciences of the USSR

(Submitted 13 July 1989)
Pis’ma Zh. Eksp. Teor. Fiz. 50, No. 4, 170-172 (25 August 1989)

The suppression of the stimulated-Raman-scattering gain caused by a parametric
interaction has been determined quantitatively for the first time. A good agreement
is found between theory and experiment. Single-mode optical fibers, which make it
possible to realize a regime of an interaction of plane waves, were used as the
stimulated-Raman active media.

The parametric excitation of an anti-Stokes component during stimulated Raman
scattering is a fairly well-known effect. There is particular interest in the parametric
suppression of stimulated Raman scattering which has been predicted theoretically
(Refs. 1 and 2; see the review in Ref. 3 and the bibliography there): Upon a small
deviation from phase matching, the stimulated-Raman gain decreases, while under
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conditions of complete phase matching the gain vanishes (neither the Stokes wave nor
the anti-Stokes wave undergoes an exponential amplification). The experiments which
have been carried out in bulk media provide only qualitative support for the theory,
since the diffractive divergence of the light hinders experiments of this type (see the
review’ ). If single-mode optical fibers are used instead, it becomes possible to realize a
regime of an interaction of plane waves. The promising outlook for the use of fibers for
these purposes was pointed out some time ago.’

We describe the electric field of the interacting waves in the single-mode fiber by
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Here E 5., ©,5,, and ks, are the amplitudes, frequencies, and propagation con-
stants of the pump wave, the Stokes-component wave, and the anti-Stokes-component
wave; ¢ is the polarization unit vector; and f(#,) is the transverse distribution of the
field of the mode of the optical waveguide. The following system of equations holds for
the amplitudes of the interacting waves under the conditions |Es, |* < |E, |*:
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where y{2 and y¢’ are the nonresonant and resonant cubic nonlinear susceptibilities,

E,s. =VaE,s,, a=§f*(r))d’(r))/§ f2(r,))d*(r,)=1/2, I, =|E,|” is the intensi-
ty of the pump wave, ) =0, — 05 =0, — 0,, and Ak =2k, — kg — k,. Assuming
wi/ks =wl/k, ~0%/k, = »*/k, we introduce the coefficient R, which describes the
contribution of the electron susceptibility to the nonlinear polarization,
R = y\R27a’/ (c*k), and we also introduce the complex stimulated-Raman gain
Q) = — iy (W)drew’/ (k). 1t is straightforward to solve system (2) and deter-
mine the growth rate of the Stokes wave:

E, « exp (42)
A= (RI Ak +igol Ak[2~ Ak?[4)V2, (3)

In the calculations we used the known*® behavior g,(Q) for quartz glass, with a
maximum Re(g,(2)) =0.93 X107 "' cm/W (at the wavelength A = 1.064 um), for
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Q/(2mc) =440 cm~'. We also used the nonlinear refractive index N, = (y§3

+ v (0))27mew’ny/ (Ck?) = 3.2X 107 '° em?/W. Figure 1 shows the normalized in-
tensity gain for the Stokes wave, G = g/Re(g,(Q)) (|EC|2cxexp(ngz)), versus the
parameter y = Ak /I, Re(gy)) for Q/(2wc) =440 cm~'. The sign of ¥ is deter-
mined by the sign of the dispersion of the waveguide, d’k /dw’, since we have
Ak~ — (d°k /dw?)Q’. In the limit ¥— o, the parametric process is ineffective, and
the stimulated-Raman gain approaches unity, G— 1. In other words, this case corre-
sponds to the “normal” regime of stimulated Raman scattering. In the limit -0,
there is a parametric supression of the exponential growth of the stimulated Raman
scattering, and we find G—0. The maximum on the curve of G(¥) in the region >0
describes a modulational-instability effect.

Experiments were carried out in the region d ’k /dw’ > 0. For the experiments we
selected a polarization-conserving single-mode optical fiber with a strong birefringence
(the difference between the effective refractive indices for the axes of the fiber was
An = 2.3 10™*). Since the stimulated-Raman gain depends on the polarization state,
the use of polarization-conserving waveguides is a matter of fundamental importance.
As pump source we used a cw QS /ML Nd:YAG laser (4 = 1.064 um, pulse length of
50 ps, power <500 kW). The polarization of the pump light was oriented along the
“fast” axis of the fiber. We determined the values of the pump power density /, which
corresponded to the threshold for stimulated Raman scattering, i.e., to the transition
of the stimulated Raman scattering to a saturation regime from the spontaneous-noise
level in waveguides of various lengths L (from 0.7 m to 10 m). According to Ref. 6,
the situation corresponds to the attainment of a stimulated-Raman gain of 16:
g, ), L=16. We thus determined the g(/) dependence. In addition to the Stokes
component of the stimulated Raman scattering [/ (27¢) = 440 cm™ '], we observed
the anti-Stokes component. The polarizations of the pump, the Stokes component, and
the anti-Stokes component were linear and equal to each other. The value of Ak was
found from the measured dispersion of the fiber: d*k /dw* = 1.8X107** s?/cm and
thus Ak~1.24 cm~"'. Figure 2 shows experimental points along with a theoretical
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as FIG. 2.
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curve of G(y). The agreement between theory and experiment is seen to be good.

We also carried out some other experiments on the suppression of stimulated
Raman scattering. The degree of spectral broadening of laser pulses due to phase self-
modulation at the threshold for stimulated Raman scattering is known>’ to be propor-
tional to the ratio of the nonlinear refractive index N, to the stimulated-Raman gain.
For quartz-glass fibers in the absence of a parametric interaction, the degree of spec-
tral broadening is 33 and is independent of the length of the fiber.” In the case of a
parametric suppression of stimulated Raman scattering, in contrast, the degree of
spectral broadening of the pulses should increase, as we observed experimentally. For
a fiber of length L =3 m (in this case we have y~ — 19) the degree of broadening
was 36, while for L =0.7 m (y = — 2.3) it was 83.5. These results agree well with the
theory.

In summary, we have achieved a more than twofold parametric suppression of the
stimulated-Raman gain in a collinear interaction in this study. The degree of suppres-
sion of the stimulated Raman scattering could be increased significantly (at the same
pump intensities) through the use of fibers with a smaller dispersion. This effect might
be utilized to increase the laser-beam power which can be coupled into a fiber without
a conversion of the beam energy into stimulated Raman scattering. It might also be
utilized to increase the range over which the frequency of ultrashort laser pulses can be
scanned and to achieve a corresponding increase in the degree of compression of
ultrashort laser pulses in fiber-grating compressors.’
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