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This paper presents an investigation of self-focusing of Gaussian laser beam in collisionless plasma and
its effect on stimulated Raman scattering process. The pump beam interacts with a pre-excited electron
plasma wave thereby generating a back-scattered wave. On account of Gaussian intensity distribution of
laser beam, the time independent component of the ponderomotive force along a direction perpendicular
to the beam propagation becomes finite, which modifies the background plasma density profile in a

PACS: direction transverse to pump beam axis. This modification in density affects the incident laser beam,
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5238 By electron plasma wave and back-scattered beam. We have set up the non-linear differential equations
52'35'MW for the beam width parameters of the main beam, electron plasma wave, back-scattered wave and SRS-
reflectivity by taking full non-linear part of the dielectric constant of collisionless plasma with the help
Keywords: of moment theory approach. It is observed from the analysis that focusing of waves greatly enhances the
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1. Introduction

An efficient coupling of a high-power laser beam with plasma
is a topic of current research interest in many areas such as laser
induced fusion and particle acceleration [1-8]. In the laser plasma
interaction process, various instabilities such as self-focusing, fila-
mentation, stimulated Raman scattering (SRS), stimulated Brillouin
scattering (SBS), two plasmon decay, etc. come in to picture [9-14].
Due to these instabilities, the energy of the high-power laser beam
is not efficiently coupled with plasma. Therefore, these nonlinear
phenomena are being studied theoretically and experimentally. In
SRS process, the incident laser beam decays into a scattered wave
and an electron plasma wave. The large amplitude electron plasma
wave produces super thermal electrons that penetrate and pre-
heat the target core and the scattered wave represents a substantial
amount of wasted energy, i.e., the energy that would otherwise get
coupled to the target. Therefore, to know about the amount of useful
and dissipated energy in laser plasma interaction, SRS reflectivity
becomes a very important parameter for the achievement of laser
induced fusion.

* Corresponding author. Tel.: +91 9914142123; fax: +91 181 2690320.
E-mail addresses: arvinder6@lycos.com (A. Singh), keshavwalia86@gmail.com
(K. Walia).

0030-4026/$ - see front matter © 2013 Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/].ijle0.2013.07.005

Many theoretical investigations have been carried out on self-
focusing and scattering of laser beam separately by ignoring the
interplay among them. The evolution of these instabilities in the
nonlinear regime coexist and affect each other [15] and therefore
it is important to investigate and understand the interplay among
various instabilities. In light of considerable current interest in self-
focusing and SRS, lot of work has already been done in the past
[16-26].In most of the above mentioned works, investigations have
been carried out in the paraxial approximation [27,28] due to small
divergence angles of the laser beams involved. Also, if the beam
width of laser beam used is comparable to the wavelength of the
laser beam, paraxial approximation is not valid. In some exper-
iments, where solid state lasers are used, wide angle beams are
generated for which the paraxial approximation is not applica-
ble and therefore one cannot accurately compare the theoretical
results with that of experimental results. Moreover, in paraxial the-
ory non-linear part of the dielectric constant is taylor expanded up
to second order term and higher order terms are neglected. How-
ever, moment theory [29,30]is based on the calculation of moments
and does not suffer from this defect. In moment theory approach,
non-linear part of the dielectric constant is taken as a whole in cal-
culations [31-37]. Moment theory is difficult to apply, wherever
the propagation of more than one wave is involved and therefore
one always prefer to apply paraxial theory, in which the math-
ematical calculations become simpler as compared to moment
theory approach. To the best of our knowledge, so far no one has
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used moment theory approach to study the SRS. So, the novelty
of the present work is that instead of paraxial part,the full non-
linear part of the dielectric constant has been taken in to account
in the present investigation and therefore the approach is more
realistic.

In the present paper, SRS of a Gaussian laser beam from a col-
lisionless plasma has been investigated. The pump wave (wg, ko)
interacts with pre-excited electron plasma wave (w, k) to generate
a scattered wave (wg — w, kg — k). As a specific case, back scatter-
ing for which k~ 2k, has been discussed. The pump beam exerts a
ponderomotive force on the electrons, leading to redistribution of
carriers and consequently, the pump beam becomes self-focused.
The dispersion relation for electron plasma wave is also signifi-
cantly modified. The phase velocity of the electron plasma wave
becomes minimum on the axis and increases away from it. There-
fore, if appropriate conditions are satisfied, the electron plasma
wave may also get focused. Since the scattered intensity is propor-
tional to the intensities of the pump and electron plasma wave, it is
therefore expected that the self-focusing should lead to enhanced
back-scattering.

The paper is organized as follows: Section 2 is devoted to solu-
tion of wave equation for the pump beam and derivation of beam
width parameter of pump beam with the help of moment the-
ory approach. Section 3 is devoted to solution of wave equation
for electron plasma wave and derivation of beam width parame-
ter of electron plasma wave. In Section 4, the wave equation for
the back-scattered wave is solved by moment theory approach and
differential equation for beam width parameter of back-scattered
wave is derived. Expression for reflectivity ‘R’ of the back-scattered
is also derived. Finally a detailed discussion of results is presented
in Section 5.

2. Solution of wave equation for pump beam

Consider the propagation of Gaussian laser beam of frequency
wo and wave vector kg in hot collisionless and homogeneous plasma
along z-axis. When a laser beam propagates through plasma, the
transverse intensity gradient generates a ponderomotive force,
which modifies the plasma density profile in the transverse direc-
tion as [28]
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where o = e2M/(6kgToym?w?). e and m are the electronic charge
and mass, M and Ty are respectively the mass of ion and equilibrium
temperature of plasma. Ng. is electron concentration in the pres-
ence of laser beam, Ny is the electron concentration in the absence
oflaser beam, kg is Boltzman'’s constant and y is ratio of two specific
heats.

The initial intensity distribution of beam along the wavefront at
z=0is given by
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where 12 =x2 +y2 and ry is the initial width of the pump beam and
ris radial co-ordinate of the cylindrical co-ordinate system. Slowly
varying electric field Ey of the pump beam satisfies the following
wave equation.
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In the Wentzal-Kramers-Brillouin (WKB) approximation, the sec-
ond term V(V -Eg) of Eq. (3) can be neglected, which is justified,
when (c?/@?)I(1/€)V? In€| « 1,
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where €=€p+®(AA"), € and P(AA”) are linear and non-linear parts
of the dielectric constant respectively, where €3 =1 — (wg/a)(z))

and ®(AA*) = (w/w3)[1 — (Noe/No)l and wp = +/4mNge? /m is the

electron plasma frequency Further taking Eq in Eq. (4) as
Eo = A(r, z) exp[t{wot — koz}] (5)

where A(r, z) is a complex function of its argument. The behavior of
the complex amplitude A(r, z) is governed by the parabolic equa-
tion obtained from the wave Eq. (4) in the WKB approximation by
assuming variations in the z direction being slower than those in
the radial direction,
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where x(AA")=(ko/2€0)(€ — €p) and € =¢€q + D(|AA"]).
Now from the definition of the second order moment, the mean
square radius of the beam is given by
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From here one can obtain the following equation.
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where Iy and I, are the invariants of Eq. (6) [29]
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with [30]
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and
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For z>0, we assume an energy conserving Gaussian ansatz for the
laser intensity [27,28]
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From Eqgs. (7), (9) and (13), it can be shown that

Io = nr2E3,, (14)
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where fj is the dimensionless beam width parameter and ry is the
beam width at z=0. Now, from Eqgs. (8) to (15), we get
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