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Abstract

In this article, filamentation of a high power laser beam in hot collisionless plasma is investigated considering
the ponderomotive nonlinearity. We have studied the effect of self focusing (filamentation) of the laser beam on the
localization of ion acoustic wave (IAW) and on stimulated Brillouin scattering (SBS) process. The nonlinear coupling
between the laser beam and IAW results in the modification of the Eigen frequency of IAW; consequently, enhanced
Landau damping of IAW and a modified mismatch factor in SBS process occur. Due to enhanced Landau damping,
there is a reduction in the intensity of IAW wave, and the SBS process gets suppressed. For the typical laser plasma
parameters: the laser power flux ¼ 1016 W/cm2, laser beam radius (r0) ¼ 12 mm, n/ncr ¼ 0.11, and (Te/Ti) ¼ 10, the
SBS reflectivity is found to be suppressed approximately by 10%.
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1. INTRODUCTION

The nonlinear interaction of high power lasers with high-
density plasmas has been a subject of active research for
decades due to its relevance to laser driven fusion (Kruer,
2000; Bruckner & Jorna, 1974). The increasing use of high
power laser beams in various applications has worldwide
interest in laser-plasma interaction (Borghesi et al., 2007;
Laska et al., 2008; Dromey et al., 2009) in the nonlinear
regime. In collisionless plasmas, the nonlinearity arises
through the ponderomotive force-induced redistribution of
plasma. It is well known that various laser-plasma instabil-
ities like, filamentation (Kaw et al., 1973; Young et al.,
1988; Deutsch et al., 2008), harmonic generation (Ozoki
et al., 2007; Baeva et al., 2007; Dombi et al., 2009), stimu-
lated Raman scattering (SRS) (Kline et al., 2009; Bers
et al., 2009), and stimulated Brillouin scattering (SBS)
(Huller et al., 2008; Hasi et al., 2008; Kappe et al., 2007;
Wang et al., 2009) might be generated from the interaction
of laser pulses with plasmas. These instabilities affect the
laser-plasma coupling efficiency and SRS can even
produce energetic electrons (Estrabrook et al., 1980),
which can preheat the fusion fuel and change the com-
pression ratio. Most of the theories of stimulated scattering

and harmonic generation are based on the assumption of a
uniform laser pump. This is contrary to almost all the exper-
imental situations, where laser beams of finite transverse size,
having non-uniform intensity distribution along their wave-
front, are used. Such beams may modify the background
plasma density and suffer filamentation (self-focusing). The
non-uniformity in the intensity distribution of the laser also
affects the scattering of a high power laser beam.

SBS is a parametric instability (Drake et al., 1974; Hüller,
1991) in plasma in which an electromagnetic wave (v0, k0)
interacts with an ion acoustic wave (v, k) to produce a scat-
tered electromagnetic wave (vs, ks). SBS has been a concern
in inertial confinement fusion (ICF) application because it
occurs up to the critical density layer of the plasma and
affects the laser plasma coupling efficiency. SBS produces
a significant level of backscattered light; therefore, it is
important to devise techniques to suppress SBS. In plasmas
of heavy ions, this could be accomplished by introducing a
small fraction of light ion species that could incur heavy
Landau damping in the IAW and suppresses the SBS
(Baldis et al., 1998; Fernandez et al., 1996).

Little agreement between theory (Baldis et al., 1993;
Baton et al., 1994) and experiments (Chirokikh et al.,
1998) has been reported so far, in spite of intensive studies
of SBS during the last two decades in both fields. Most of
the earlier studies (on the discrepancy between theoretical
expectations and experimental results) are focused with the
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saturation effects of SBS-driven IAW, such as kinetic effects,
harmonic generation, and decay into sub-harmonic IAW com-
ponents. But it has been shown recently (Myatt et al., 2001;
Fuchs et al., 2001) that due to self-focusing, the laser pump
beam looses coherence when propagating into the plasma.
This incoherence could act as another potential saturation
mechanism for the SBS instability. For such cases, when
induced incoherence reduces SBS, the nonlinear saturation
effects studied in the past may be of minor importance,
because plasma waves stay at relatively low amplitudes.
Recently, Huller et al. (2008) did the numerical simulation
in two dimensions to support this idea. The spatial incoherence
in the pump laser beam due to filamentation instability (self-
focusing) and non-monotonous flow, cause an inhomogeneity
and the SBS decreases. In their simulation, IAW amplitudes
were kept small (around 1%) so that the traditionally
assumed nonlinear saturation mechanisms of SBS through
nonlinear IAW can be neglected.

Giulietti et al. (1999) have measured the stimulated
Brillouin back scattering from the interaction of a laser
pulse with preformed, inhomogeneous plasma in conditions
favorable to self-focusing. Spectral and temporal features of
the reflectivity suggest a strong effect of self-focusing on
back-SBS. Baton et al. (1998) have experimentally shown
the dependence of the SBS reflectivity on both the focusing
aperture and the incident laser intensity for millimeter size,
homogeneous, stationary plasmas. Baldis et al. (1998) have
given the experimental evidence of the transverse localiz-
ation of SBS emission to the laser beam axis, demonstrating
that only a few small regions of plasma contribute to the
emission. As a consequence, SBS reflectivity of these
regions is much higher than the average SBS reflectivity,
by a factor of 50–100. Eliseev et al. (1996) have shown
that the SBS reflectivity from a single laser hot spot is
much lower than that predicted by a simple three wave coup-
ling model because of the diffraction of the scattered light
from the spatially localized IAW.

In this article, we have studied the effect of self-focusing
and localization of IAW on SBS process (as a specific case,
backscattering, for which k ¼ 2k0), using paraxial ray
approximation. The nonlinear coupling between the filamen-
ted laser beam and ion acoustic wave results in the modifi-
cation of the Eigen frequency of IAW; consequently,
enhanced Landau damping of IAW and a modified mismatch
factor in the SBS process occur. Due to enhanced Landau
damping, there is a reduction in intensity of IAW, and the
SBS process gets suppressed.

In our present work also, the level of IAW amplitude (after
nonlinear coupling between IAW and laser beam) is around
1%. Our work goes one step ahead from the Huller et al.
(2008) simulation, and highlights the underlying possible
physical process of this SBS saturation. This physical
process involves the localization of IAW due to nonlinear
coupling between pump laser beam (filamented/self-focused)
and IAW due to ponderomotive nonlinearity (Sodha et al.,
2009). As a consequence, the Landau damping of IAW

increases and hence the SBS reflectivity is suppressed.
Therefore, the present work takes into account the mechanism
proposed by Huller et al. (2008) in their simulation and IAW
localization also for the saturation of SBS.

The article is organized as follows: In Section 2, we give
the brief summary of the basic equations of the propagation
of laser beam. The modified equations for the excitation of
IAW are studied in the Section 3. The effect of localization
of the IAW is also presented in the same section. In
Section 4, we derive the basic equations that govern the
dynamics of SBS process and SBS reflectivity. The impor-
tant results and conclusions based on the present investi-
gation are presented in the last section.

2. EQUATION OF LASER BEAM PROPAGATION

A high power Gaussian laser (pump) beam of frequency v0

and the wave vector k0 is considered to be propagating in hot
collisionless and homogeneous plasma along the z axis.
When a laser beam propagates through the plasma, the trans-
verse intensity gradient generates a ponderomotive force,
which modifies the plasma density profile in the transverse
direction as (Sodha et al., 1976)

N0e ¼ N00 exp �
3
4
a

m

M
E � E�

� �
, (1)

where

a ¼
e2M

6kbT0gm2v2
0

:

e and m are the electronic charge and mass, M and T0 are,
respectively, mass of ion and equilibrium temperature of
the plasma. N0e is the electron concentration in the presence
of the laser beam, N00 is the electron density in the absence
of the beam, kb is the Boltzman’s constant and g is the
ratio of the specific heats.

The wave equation for the pump laser beam has been
solved using Wentzel-Kramers-Brillouin approximation and
paraxial-ray approximation, and the electric field of the
pump laser beam can be written as (Sodha et al., 1976;
Akhamanov et al., 1968)

E ¼ E00 exp i v0t � k0 S0 þ zð Þ½ �
� �

, (2)

where wave number and Eikonal of the beam is given as

k2
0 ¼

v2
0

c2
1�

v2
p

v2
0

 !
¼

v2
0

c2
10, (3a)

S0 ¼
r2

2
1
f0

df0
dz
þ f0(z): (3b)

The intensity distribution of the laser beam for z . 0 may be
written as (Akhamanov et al., 1968)

E � E� ¼
E2

00

f 2
0

exp �
r2

r2
0

� �
, (4)
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where E00 is the axial amplitude, r0 is the initial beam
width, r refers to the cylindrical coordinate system and
10 ¼ (12vp

2/v0
2) is the linear part of the plasma dielectric

constant. vp is the electron plasma frequency, and f0 is the
dimensionless beam width parameter, satisfying the bound-
ary conditions: f0 jz¼0 ¼ 1 and df0/dz jz¼0 ¼ 0, governed
by the equation (Sodha et al., 1976)

@2f0
dj2 ¼

1

f 3
0

�
3
4
a

m

M
E2

00

� �
v2

pR2
d0

10v
2
0 f 3

0 r2
0

exp �
3
4
a

m

M

E2
00

f 2
0

� �
, (5)

where Rd0 ¼ k0r0
2 is the diffraction length and j ¼ z/Rd0 is

the dimensionless parameter. The density of the plasma
varies through the channel due to the ponderomotive force.
Therefore, the refractive index increases and the laser beam
get focused in the plasma. Eq. (4) gives the intensity
profile of the laser beam in the plasma, which is shown in
Figure 1, using the following parameters in numerical calcu-
lation: the incident laser intensity equals a E00

2 ¼ 1.22 (laser
power flux ¼ 1016 W/cm2), r0 ¼ 12 mm, n/ncr ¼ 0.1, and
(Te/Ti) ¼ 10.

3. LOCALIZATION OF ION ACOUSTIC WAVE

Nonlinear interaction of an ion acoustic wave with the laser
beam filaments leads to its excitation. To analyze this exci-
tation process of IAW in the presence of ponderomotive non-
linearity and filamented laser beam, we use the fluid model as

@nis

@t
þ N0 r � Visð Þ ¼ 0, (6)

@Vis

@t
þ
giv

2
thi

N0
rnis þ 2GiVis �

e

M
Esi ¼ 0: (7)

The electric field Esi is associated with the IAW and satisfies
the Poisson’s equation,

r � Esi ¼ �4pe(nes � nis), (8)

Where nes is given by

nes ¼ nis 1þ
k2l2

d

(N0e=N00)

� 	�1

: (9)

The Landau damping coefficient for IAW is given by (Krall
& Trivelpiece, 1973)

2Gi ¼
k

(1þ k2l2
d)

pkbTe

8M

� �1=2

�
m

M


 �1=2
þ

Te

Ti

� �3=2

exp �
Te=Ti

(1þ k2l2
d)

� �" #
, (10)

where Te and Ti are electron and ion temperatures, Vis is the
ion fluid velocity, ld ¼ (kbT0/4p N00e2)1/2 is the Debye
length, and vthi ¼ (kbTi/M )1/2 is the thermal velocity of
ions. Combining Eqs. (6), (7), and (9) and assuming that
the plasma is cold i.e., vthi

2
� cs

2, one obtains the general
equation governing the ion density variation

@2nis

@t2
þ 2Gi

@nis

@t
� c2

sr
2nis þ k2c2

s

� �1þ
1

1þ k2l2
d

N0e

N00

� ��1

0
BBB@

1
CCCAnis ¼ 0, (11)

where cs ¼ (kbTe/M )1/2 is the speed of the IAW for Te� Ti.
The solution of the above equation can be written as

nis ¼ n(r, z) exp i vt � k(zþ s(r, z))½ �
� �

, (12)

here s is the Eikonal for IAW. The frequency and wave
number of the IAW satisfy the following dispersion relation
in the presence of laser beam

v2 ¼
k2c2

s

1þ k2l2
d(N0e=N00)�1 : (13)

Substituting Eq. (12) into Eq. (11) and separating the real and
imaginary parts, one obtains, the real part as

2
@s

@z

� �
þ

@s

@r

� �2

¼
1

nk2

@2n

@r2
þ

1
r

@n

@r

� 	
þ

v2

k2c2
s

þ 1�
1

1þ k2l2
d(N0e=N00)�1

� 	
(14a)

and imaginary part as

@n2

@z
þ

1
r

@s

@r
þ
@2s

@r2

� �
n2 þ

@n2

@r

@s

@r
þ

2Gi

c2
s

vn2

k
¼ 0: (14b)

To solve the coupled Eqs. (14a) and (14b), we assume the
initial radial variation of IAW density perturbation to be

Fig. 1. (Color online) Variation in laser beam intensity with normalized
distance (j ¼ z/Rd0) and radial distance (r) for laser power a E00

2 ¼ 1.22
and r0 ¼ 11.5 mm.
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Gaussian, and the solution at finite z may be written as

n2 ¼
n2

0

f 2
exp �

r2

a2f 2
� 2kiz

� �
(15a)

and

s ¼
r2

2
1
f

df
dz
þ f(z), (15b)

where ki ¼ Giv/kcs
2, is the damping factor, f is a dimension-

less beam width parameter and a is the initial beam width of
the acoustic wave. We have used the following boundary
conditions: df/dz ¼ 0, f ¼ 1 at z ¼ 0. Using Eq. (15) in
Eq. (14a) and equating the coefficients of r2 on both sides,
we obtain the following equation governing f

@2f

@j2 ¼
R2

d0

R2
df 3
�

3
4
a

m

M

E2
00

r2
0

f

f 4
0

� �
R2

d0k2l2
d

(1þ k2l2
d)2

� exp
3
4
a

m

M

E2
00

f 2
0

� �
, (16)

where Rd ¼ ka2 is the diffraction length of the IAW. Eq. (16)
represents the density profile of IAW in the plasma when the
coupling between self-focused (filamented) laser beam and
IAW is taken into account. It is interesting to compare
Eq. (16) with Eq. (5) i.e., self-focusing of laser pump
wave. In the absence of the coupling between the laser
beam and acoustic wave, the second term in Eq. (16) is
zero and the solution of Eq. (16) is given by

f ¼ 1þ
z2

R2
d

:

Thus propagating a distance Rd, the width a is enlarged byffiffiffi
2
p

and the axial amplitude of density perturbation in IAW

is decreased by the same factor even in the absence of
Landau damping.

We can, however, obtain an analytical solution of Eq. (16)
in special case. When the laser beam has the critical power
for self-focusing, the diffraction term (the first term on the
right-hand-side of Eq. (5)) balances the nonlinear term in
Eq. (5). Under such conditions ( f0 ¼ 1), the main beam pro-
pagates without convergence and divergence and is generally
known as the uniform waveguide mode. Therefore, the
solution for f is given by

f 2 ¼
Aþ B

2B
�

A� B

2B
cos 2

ffiffiffi
B
p

z

 �

,

where

A ¼
1

R2
d

and B ¼
3
4
a

m

M

E2
00

r2
0

� �
k2l2

d

(1þ k2l2
d)2 exp

3
4
a

m

M
E2

00

� �
:

Therefore, the amplitude of IAW (given by Eq. (15a)), which
depends on f will be oscillating with z due to this nonlinear
coupling, hence the IAW gets localized.

When the power of laser beam is greater than the critical
power for self-focusing, we have solved Eq. (15a) numeri-
cally with the help of Eq. (16) to obtain the density pertur-
bation at finite z. The result is shown in Figure 2a, for
typical laser parameters as we have used in previous
section. It is evident from the figure that the IAW gets
excited due to nonlinear coupling with the high power laser
beam because of the ponderomotive nonlinearity. If we
take the zero Landau damping of IAW, we get the structure
having the amplitude varying periodically with the z coordi-
nate as shown in Figure 2c.

The localization may be understood as follows: Because of
the ponderomotive force exerted by the pump laser beam, the
electrons are redistributed from the axial region. According

Fig. 2. (Color online) Variation in IAW intensity with normalized distance (j ¼ z/Rd0) and radial distance (r), for a ¼ 19 mm, (a) with
Initial Landau damping (Gi/v) ¼ 0.0142 (b) with modified Landau damping (Gi/v) ¼ 0.0155 (c) with zero Landau damping.
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to the dispersion relation v2 ¼ k2cs
2/(1 þ k2ld

2 (N0e/N00)21),
the phase velocity v/k of the acoustic wave has a minimum
on the axis and is increasing away from the axis. If we con-
sider the initial wavefront of the electrostatic wave, the sec-
ondary wavelets travel with minimum velocity along the
axis and with higher velocity away from the axis. As the
wavefront advances in the plasma, focusing occurs, and
the amplitude of the density perturbation increases. When
the size of the wave front reduces considerably, diffraction
effects also become important and hence the amplitude of
the density perturbation starts to decrease.

We can calculate the periodicity length L of localized
structures by putting r ¼ 0 in Eq. (15a), as shown in
Figure 3. According to Figure 3, value of L comes out to
be 2.62Rd0. If we take the fast Fourier transform (FFT) of
the structure as shown in Figure 3, we get the spectral lines
in one structure at a separation of kA ¼ 2p/L, and the
value of kA is coming out to be 2.4 Rd0

21. We have shown
these structures in Figure 4a. These periodic localized

structures are similar to the structures in a periodic potential
well. This situation can be modeled by representing Eq. (11)
in the form of Mathew’s equation in a periodic potential well.
Therefore, taking the density variation as eivt in Eq. (11), one
can write

i
@

@T
þ GL

� �
nis þ

@2nis

@Z2
� Nns ¼ 0, (17)

here,

T ¼
t

(1=2v)
, GL ¼ (Gi=2v), Z ¼

z

(cs=2v)
, and

N ¼ m exp (ikAz)

(18)

where m represents the dimensionless amplitude of the
density perturbation in k-space. The normalized density of
the first spectral component in Figure 4a is 5.801, which is
at a distance of kA from the central component. The value
of m2 comes out to be m2 ¼ (Nk

2/N00
2 ) ¼ 0.0058, in which

we have used the seed value of IAW(N0
2/N00

2 ) ¼ 1023. If

nis is of the form nis ¼ c expð�i
Ð T

0 dtLÞ, then we may
write Eq. (17) in the form of Eigen value equation
(Rozmus et al., 1987)

Lþ iGLð Þcþ
@2

@Z2
c� Nc ¼ 0: (19)

We assume the solution of Eq. (19) in the form of Bloch
wave function as

c ¼
X

n

exp i k þ nkAð ÞZ½ �cn: (20)Fig. 3. (Color online) Variation in IAW intensity with normalized distance
(j) in real space at r ¼ 0 corresponding to Figure 2.

Fig. 4. (Color online) Comparison of Power spectrum of IAW, for a E00
2 ¼ 1.6 (a) with Initial Landau damping (Gi/v) ¼ 0.0142 (b) with

modified Landau damping (Gi/v) ¼ 0.0155.
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Substituting this solution in Eigen value Eq. (19), we obtain
the equation

(Lþ iG0
L)c0 � K2c0 ¼ m(cþ1 þ c�1), (21a)

and

(Lþ iGn
L)cn � (K þ nKA)2cn ¼ m(cn�1 þ cnþ1), (21b)

where

Gn
L ; GL(k þ nkA):

keeping only c0, c+1 components, we obtain (Rozmus et al.,
1987) for L ¼ L1 þ iL2,

L1 ¼ k2 1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1þ 4m2=k4Þ

p
 �
=2 and L2

¼ � �GL=(1þ D=L1), (22)

where the effective damping �GL is

�GL ¼ GL(k)þ m2 GL(k þ kA)

(k þ kA)4 , (23)

and mismatch factor has the form

D ¼ L1 � k2 (24)

Eqs. (22) and (23) give the expression for modified frequency
and enhanced Landau damping of the IAW, respectively. The
value of the enhanced Landau damping is 0.0155, whereas
the initial damping value was 0.0142. Therefore, we have
approximately 10% increment in Landau damping of IAW,
and the mismatch factor in Eigen frequency is coming out
to be 0.0338. It is obvious that Landau damping governs
the intensity of the IAW, and due to localization of IAW,
the effective damping of the acoustic wave increases, there-
fore, as a result, the intensity of IAW reduces accordingly,
as shown in Figure 2b. The enhanced Landau damping
effect is also observable in the modified spectra of the
IAW, as shown in Figure 4b.

4. STIMULATED BRILLOUIN SCATTERING

The high frequency electric field ET, satisfies the wave equation

r2ET �r(r � ET ) ¼
1
c2

@2ET

@t2
þ

4p
c2

@JT

@t
; (25)

where JT is the total current density vector in the presence of the
high frequency electric field ET and it is given by

JT ¼ �e N0vt þ
1
2

nesvt0

� �
� e N0vt þ

1
2

n�esvt

� �
: (26)

ET may be written as the sum of the electric field E of the pump
laser beam and of the electric field ES of the scattered wave, i.e.,

ET ¼ E exp (iv0t)þ ES exp (ivSt): (27)

Substituting Eqs. (26) and (27) into Eq. (25), and separating the
equation for pump and scattered field

r2E þ
v2

0

c2
1�

v2
p

v2
0

N0e

N00

 !
E ¼ �

4pe

c2

1
2
@

@t
(nesvt0), (28a)

r2ES þ
v2

S

c2
1�

v2
p

v2
s

N0e

N00

 !
ES ¼ �

4pe

c2

1
2
@

@t
(n�esvt): (28b)

In solving Eq. (28b), the term r(r�ET) may be neglected in
the comparison to the r2ES term, assuming that the scale
length of variation of the dielectric constant in the radial dis-
tance is much larger than the wavelength of the pump wave.
Substituting vt ¼ ðieE=mv0Þ in Eq. (28b), one obtains

r2ES þ
v2

S

c2
1�

v2
p

v2
S

N0e

N00

 !
ES ¼

1
2

v2
p

c2

vS

v0

n�es

N00
E, (29)

let the solution of Eq. (29) be

ES ¼ ES0(r, z)eþikS0z þ ES1(r, z)e�ikS1z, (30)

where k2
S0 ¼ ðv

2
S=c

2Þð1� ðv2
p=v

2
SÞÞ ¼ ðv

2
S=c

2Þ1S0 and ks1 and
vs satisfy the matching conditions

vS ¼ v0 � v, kS1 ¼ k0 � k:

Using Eq. (30) in Eq. (29), one gets

� k2
S0ES0 þ 2ikS0

@ES0

@z
þ

@

@r2
þ

1
r

@

@r

� �
ES0

þ
v2

S

c2
1S0 þ

v2
p

v2
S

1�
N0e

N00

� �" #
ES0 ¼ 0, (31)

� k2
S1ES1 þ (�2ikS1)

@ES1

@z
þ

@

@r2
þ

1
r

@

@r

� �
ES1

þ
v2

S

c2
1S0 þ

v2
p

v2
S

1�
N0e

N00

� �" #
ES1

¼
1
2

v2
p

c2

vS

v0

n�es

N00
E0 exp (�ik0s0), (32)

to a good approximation, the solution of Eq. (32) may be
written as

ES1 ¼ E0S1(r, z)e�ik0S0 , (33)
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substituting this into Eq. (32), one obtains

E0S1 ¼ �
1
2

v2
p

c2

n�

N0

vS

v0

E0

k2
S1 � k2

S0 �
v2

p

c2
1�

N0e

N0

� �" # : (34)

Simplifying Eq. (31) and substituting ES0 ¼ ES00e
ikS0Sc, one

obtains after separating the real and imaginary parts
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The solution of these equations may again be written as

E2
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r2
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� �
, (36a)

Sc ¼
r2

2
1
fS

@fS
@z
þ f(z), (36b)

where b is the initial beam width of the scattered wave.
Substituting the above solution in Eq. (35a) and equating the
coefficients of r2 on both sides, we get the equation of the
spot size of scattered wave as
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, (37)

where RdS ¼ kS0b2 is the diffraction length of the scattered
radiation.

It is easy to see from Eq. (15) that the IAW is damped, as it
propagates along the z-axis. Consequently, the scattered
wave amplitude should also decrease with increasing z.
Therefore, expressions for B0 and b may be obtained
on applying suitable boundary conditions ES ¼

ES0exp(ikS0z) þ ES1exp(2ikS1z) ¼ 0 at z ¼ zc; here zc is the
point at which the amplitude of the scattered wave is zero.
This immediately yields
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, (38)

with condition
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:

The reflectivity is defined as the ratio of scattered flux
and incident flux, R ¼ (jESj

2/jE00j
2). By using Eqs. (30),

(33), (34), (36), and (38), we get ESES
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It is apparent from the above equation that the reflectivity is
dependant on the intensity of IAW and damping factor. To
observe the effect of localization of IAW on SBS reflectivity,
we have included the expression of modified Eigen fre-
quency, (Eq. (22)) and effective damping, (Eq. (23)) in the
above equation. It is clearly evident from Figure 5 that
the SBS reflectivity gets reduced in the presence of the
new Eigen frequency and damping values by almost
the same factor as the intensity of the IAW decreases. In
Figure 5, the solid red line (online only) shows the reflectivity
with initial damping value and the dashed blue line (online
only) shows the reflectivity including the effective enhanced
Landau damping. If we calculate the integrated SBS

Fig. 5. (Color online) Variation in normalized back scattered reflectivity of
SBS, jEsj

2/jE00j
2 with normalized distance, (i) when (Gi/v) ¼ 0.0142 (solid

red line) and (ii) when (Gi/v) ¼ 0.0155 (blue dashed line).
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reflectivity in two cases: namely (1) with initial damping of
IAW and (2) with modified enhanced damping of IAW, we
find that the reduction in SBS reflectivity comes out to be
approximately 10%.

5. CONCLUSION

In the present article, we studied the filamentation of the laser
beam in paraxial regime considering ponderomotive nonli-
nearity in hot collisionless plasma. It is evident from the
results that the IAW gets excited due to nonlinear coupling
with the high power filamented laser beam, and due to
Landau damping, it gets damped as it propagates. The coup-
ling is so strong that the IAW becomes highly localized and
produces periodic structures. Further we discussed the effect
of localization of IAW, this resulted in the modification of the
Eigen frequency of IAW; consequently, an enhanced Landau
damping of the IAW and a modified mismatch factor in the
SBS process occurred. Solving the Eigen value problem
we obtained an enhanced Landau damping, which resulted
in a reduction in the intensity of the IAW. As a consequence,
the back-reflectivity of the SBS process is suppressed by a
factor of approximately 10%. These results should find appli-
cations in the laser induced fusion scheme where a reduction
in SBS will improve the laser plasma coupling efficiency.
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