
Enhanced Raman scattering of a rippled laser beam
in a magnetized collisional plasma

NARESHPAL SINGH SAINI,and TARSEM SINGH GILL
Department of Physics, Guru Nanak Dev University, Amritsar, India

~Received 10 December 2002;Accepted 25 May 2003!

Abstract

In the laser–plasma interaction experiments, self-focusing and filamentation affect quite a large number of other
parametric processes including stimulated scattering processes. Nonlinearity considered in the present problem is the
collisional type. The coupling between the main beam, ripple, and excited electron plasma wave is strong. Authors have
investigated the growing interaction of a rippled laser beam with an electron plasma wave leading to enhanced Raman
scattering. An expression for scattered power is derived and the effect of the externally applied magnetic field on the
enhancement of scattered power is observed. From computational results, it is observed that the effect of increased
intensity of the main beam leads to suppression of power associated with the Raman scattered wave.
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1. INTRODUCTION

The stimulated scattering processes and filamentation of
laser light remain key issues of laser–plasma interactions
relevant to inertial confinement fusion~ICF!. In the stimu-
lated Raman scattering~SRS!, incident light on plasma is
converted into an electron plasma wave and low-frequency
scattered photons. Two major problems associated with SRS
are as follows:

1. First, the scattered wave represents a substantial amount
of wasted energy as SRS yields are as high 25%.

2. Second, the large amplitude plasma wave produces
superthermal electrons that penetrate and preheat the
target core, thereby preventing the efficient implosion.

Furthermore, self-focusing and filamentation are other
basic issues to be resolved for the success of ICF. In the
laser–plasma experiments, the filamentary structure created
in underdense plasma undergoes self-focusing by the same
mechanism as that of the main beam. The origin of filamen-
tation instability may be attributed to a small-scale intensity
spike associated with the main beam. Particularly in the hot
spots of the laser beam, self-focusing or filamentation grows
unstably through a feedback mechanism of increased elec-

tron thermal pressure via ponderomotive force or other non-
linear mechanisms. The resulting redistribution of the carriers
leads to an increased index of refraction which further re-
sults in concentration of intensity in the regions of hot spots.
Thus, perturbation grows at the cost of the main beam and
the overall effect is distortion of propagation characteris-
tics, inefficient laser–energy coupling to the target, and a
loss of symmetry of the energy deposition, leading to hy-
drodynamical instabilities of the target.

In theoretical studies, many interesting properties of stim-
ulated back scattering, self-focusing, and filamentation have
been carried out separately, ignoring interplay among them.
There is also no reason to separate the evolution of these
instabilities in the nonlinear regime where they coexist and
affect each other~Amin et al., 1993!. It is important to
investigate and understand interplay among various insta-
bilities. Liu and Tripathi~1995! have recently studied the
thermal effects on coupled self-focusing and Raman scatter-
ing of laser beams in a self-focused plasma channel. In light
of considerable current interest in self-focusing and SRS
~Short & Simon, 1998; Russellet al., 1999; Fuchset al.,
2000! and in view of earlier work~Sodhaet al., 1981; Singh
et al., 1987; Saini & Gill, 2002!, we here study the growing
interaction of a rippled laser beam with a electron plasma
wave mode leading to enhanced Raman scattering for mag-
netized collisional plasma. This model was used earlier in
other nonlinear excitation processes~Singh & Singh, 1990,
1999; Saini & Gill, 2002!. This model takes care of whole
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beam self-focusing, small-scale self-focusing, and their com-
bined effect on the excitation of a plasma wave that conse-
quently affects the stimulated scattering processes. Thus,
it is important to investigate nonlinear coupling of self-
focusing, filamentation, and SRS. In the case of magnetized
collisional plasma the nonlinearity arises due nonuniform
heating of the carriers along the wave front, and the redis-
tribution of carriers is affected by the change in the static
magnetic field.

2. SOLUTION OF THE WAVE EQUATION

Consider the propagation of a laser beam of angular fre-
quencyv0 in a homogeneous magnetized plasma along the
externally applied static magnetic fieldB0 coincident with
the z-axis. The initial intensity distributions of the main
beam and the ripple are given by
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respectively. Heren is a positive number,r 2 5 x2 1 y2, and
r10 is the width of the ripple. Asn increases, the maximum
~rmax5 r10n102! of the ripple shifts away from the axis. The
ripple is symmetrically superimposed on the main Gaussian
beam. In collisional magnetoplasma, whenn2 ,, ~v0 2
vc!

2, we obtain a modified carrier density that is given by
~Sodhaet al., 1983!
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write the wave equation for the total electric vector, which
leads to the following equations~for one mode! for the main
beam and the ripple:
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For the sake of simplicity, we shall drop the subscript1
from subsequent analysis. FollowingAkhmanovet al.~1968!
and Sodhaet al.~1976!, the solutions of Eqs.~4! and~5! are
obtained and the dimensionless beam width parameters of
main beamf0 and ripplef1 are governed by the following
equations:
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The initial conditions onf0 andf1 for a plane wave front, are
df00dz5 05 df10dzandf0 515 f1 atz5 0. The expression
for the growth rate of the ripple can be written as
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3. EXCITATION OF ELECTRON PLASMA
WAVE (EPW)

A weak electron plasma wave is nonlinearly coupled to a
rippled laser beam via modified background density. Thus,
self-focusing of the main beam, ripple, and the dynamics of
growth of the ripple, all substantially affect the excitation of
the plasma wave. Using perturbation analysis and Sodha
et al.~1981!, it is possible to show the excitation of EPW by
the following equation:
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Using WKB and paraxial ray~PR! approximations and fol-
lowing the approach developed by Akhmanovet al. ~1968!
and Sodhaet al. ~1976!, the dimensionless beam width pa-
rameterfp of the plasma wave is governed by the following
equation:
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4. ENHANCED RAMAN SCATTERING

Interaction of the incident pump~v0, k0! with the electron
plasma wave~v, k! leads to generation of a scattered wave
~vS,kS!. Using the approach in Singh and Salimullah~1987!,
the wave equation for the scattered electric field can be
derived as
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We assume the following solution forEs:
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Equation ~13! can be solved following the procedure of
Akhmanovet al.~1968!, Sodhaet al.~1976!, and Singh and
Salimullah~1987!. The dimensionless beam width param-
eter fs of the scattered beam is governed by the following
equation:
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Finally, the total scattered power of the scattered laser beam
is given by~Singh, 1981!
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with Dr1 5 Dr1~0! at z5 zc andr 5 0.

5. DISCUSSION

It is obvious from the present analysis that because of the
coupling between the main beam and ripple, the ripple can
grow0decay inside the plasma and the growth rate~ki ! is
given by~9!. As is apparent from this expression, it depends
on pump and plasma parameters. Besides that, it depends on
the angle between the ripple and main beam and the exter-
nally applied magnetic field. We have chosen the following
set of parameters for numerical calculations:
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Equation~6! is a second-order, nonlinear, ordinary differ-
ential equation, governing the focusing0defocusing of the
main beam as it propagates through the plasma. If the first
term is large in comparison to the second, then diffraction
dominates over the nonlinear phenomenon, leading to de-
focusing of the beam. The situation is quite the opposite
when the second term is larger than the first and self-
focusing of the beam is observed. It must be mentioned that
relative magnitudes of these terms keep on changing with
the distance of propagation. We have solved all equations
numerically using the Runge–Kutta method.

Equation~7! governs the dynamics of the ripple intensity
with the distance of propagation. As is apparent from the
form of ~7!, its structure is similar to~6! for f0 and it is also
a nonlinear, ordinary differential equation. Besides that, the
beam width parameterf0 of the main beam appears in this
equation forf1. Apparently, the focusing of the main beam
drastically affects the focusing of the ripple.

In Figure 1, we have plotted beam width parameterf1
as a function of the normalized distance of propagation
j~5zc0v0 r10

2 ! for two values ofn, with aE00
2 54.0,vc0v05

0.6, and the other chosen parameters are the same. Curve 1
is for n 5 1, whereas Curve 2 is forn 5 2. The smaller the
value ofn, the larger oscillatory self-defocusing0focusing is
observed.

Fig. 1. Beam width parameterf1 of the ripple plotted against the normal-
ized distance of propagationj~5 zc0v0 r10

2 ! in a collisional magneto-
plasma for the chosen set of parameters. Curve 1 is forn51.0 and Curve 2
for n 5 2.0.
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Figure 2 depicts the variation of the beam width param-
eterfp of the excited plasma wave for the above mentioned
set of parameters and for three values of the magnetic field.
Curve 1 is forvc0v0 5 0.0, Curve 2 is forvc0v0 5 0.3, and
Curve 3 is forvc0v05 0.6. It is observed that an increase in
the magnetic field not only slows down the self-focusing,
but also leads to oscillatory defocusing0focusing of the beam.
This is due to reduced nonlinear coupling of the electron
plasma wave to the rippled laser beam with an increasing
magnetic field.

The excited electron plasma wave is so strong that it
nonlinearly interacts with the main beam, leading to a Raman-
scattered wave. Equation~15! determines the dynamics of
self-focusing of the scattered wave as a function ofj. We
observe here thatf0, f1, and fp jointly determine the focus-
ing0defocusing of the scattered wave and consequently the
variation of the normalized scattered powerP ~5 PS0P0! as
a function ofj. In Figure 3, Curve 1 is forvc0v0 5 0.0,
Curve 2 is forvc0v0 5 0.3, and Curve 3 is forvc0v0 5 0.6.
For lower values of the magnetic field, however, scattered
power depends on focusing off0, f1, andfp as well asfs, but
is peaked dominantly byf1. However, a low magnetic field
suppresses the scattered power. But when the magnetic field
is increased tovc0v0 5 0.6, normalized scattered powerP
reaches as high as 8% with the distance of propagation.
Moreover, scattered powerP is dominantly determined by
focusing of the main beam and plasma wave as well as the
scattered wave. Besides other parameters, the ripple dynam-
ics and magnetic field play a significant role for scattered
power.

Figure 4 displays the normalized scattered power as a
function ofj for three different values of intensity param-
eter and a fixed value of the magnetic field~vc0v0 5 0.6!.

Curve 1 is foraE00
2 54.0, Curve 2 isaE00

2 55.0, and Curve 3
is for aE00

2 5 6.0. The following observations are made:

1. Scattered power is highest for the low intensity
parameter.

2. An increase in intensity suppresses the scattered power.
3. There is a shift in the maximum scattered power with

j for different values of the intensity parameter. It is
due to phase mixing of various terms in the expression
for scattered power as these terms keep on varying
with j.

Fig. 2. Beam width parameterfp of the excited plasma wave plotted against
the normalized distance of propagationj for different values of the mag-
netic field; the other parameters are the same. Curve 1 is forvc0v0 5 0,
Curve 2 corresponds tovc0v0 5 0.3, and Curve 3 corresponds
to vc0v0 5 0.6.

Fig. 3. Variation of the normalized powerP~5 PS0P0! with the normalized
distance of propagationj for different values of the magnetic field; the
other parameters are the same. Curve 1 is forvc0v0 5 0, Curve 2 corre-
sponds tovc0v0 5 0.3, and Curve 3 corresponds tovc0v0 5 0.6.

Fig. 4. Variation of the normalized powerP~5 PS0P0! with the normalized
distance of propagationj for different values of intensity withvc0v050.6;
the other parameters are the same. Curve 1 is foraE00

2 5 4.0, Curve 2 is
aE00

2 5 5.0, and Curve 3 is foraE00
2 5 6.0.
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6. CONCLUSIONS

The introduction of a magnetic field weakens the nonlinear
term, leading to decreased self-focusing of the ripple. This
behavior becomes more succinct as is obvious from Figure 1
and Figure 2. Further, the effect of an increasing magnetic
field leads to a decrease in coupling of EPW to the rippled
laser beam. This behavior is quite opposite to the one ob-
served earlier~Saini & Gill, 2002!. We also obtain high
scattered power for low intensity and wiggles in the scat-
tered power are smoothed. This behavior is also contrary to
the one observed earlier~Saini & Gill, 2002!. Thus, the
magnetic field plays a crucial role in the dynamics of the
rippled laser beam propagation in plasma.
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