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Hermite Cosh Self focusing of Hermite Cosh Gaussian (HChG) laser beams in a rippled
Gaussian (HChG), density plasmas has been observed taken into account of relativistic
Decentered nonlinearities. Non linear parabolic partial differential equation governing the
parameters evolution of complex envelope in slowly varying approximation is solved

using paraxial approximation in a periodically modulated density profile.
Pronounced self focusing is observed for mode index m=0 and for a particular

Introduction

At high intensities, the interaction of laser
beam with plasmas have received a great
deal of attention due to its relevance in
fundamental  research as  well its
technological applications such as charged
particle acceleration (Lotov et al., 2014), x-
ray source (Arora et al.,, 2014), inertial
confinement fusion (Brian M. Haines,
2015), high harmonic generation (Mendonca
et al, 2015), and attosecond pulse
generation (Tosa et al., 2012). Interaction of
intense laser beam with non linear medium
gives rise to non linear phenomenon such as
self phase modulation (Schroeder et al.,
2011), ponderomotive self focusing (B.
Bokaei et al., 2013), self trapping (Aakash
and Thomas, 2014) and parametric
instabilities (Sukhdeep Kaur and Sharma,
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2011). Self focusing of laser beams in a
plasmas has a topic of continuous interest
from last three decades due to its wide
ranging applications. One needs to focus on
long propagation distance of intense laser
beams in a plasma without loss of energy.
Self focusing of laser beams in a plasmas
has a topic of continuous interest from last
three decades due to its wide ranging
applications.  Recently  emphasis  on
propagation of various HChG beams in
complex optical system and turbulent
atmosphere have been investigated by
different scientific community (Tang et al.,
2006; Bai et al., 2010).

As the laser beam propagates through
plasmas, the dielectric constant of the
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plasma changes significantly, results in
modifications of refractive index via
relativistic and ponderomotive

nonlinearities. Relativistic self focusing
occurs at relativistic velocity (v = ¢) when
mass of electron increases by a

2
factor y = 1/ (1 —:—2. The self

focusing is counterbalanced by diffraction
effect.

Initial theoretical analysis on self focusing
was reported by Akhmanov et al., (1968)
and it is further developed by scientific
community. Recently Gill et al., (2011) have
studied self focusing of Cosh Gaussian laser
beam in plasma with weakly relativistic and
ponderomotive regime. They have discussed
the effect of decentred parameter b on self
focusing, self phase modulation and self
trapping of Cosh Gaussian beam. Kaur and
Sharma (2009) have developed analytical
and numerical analysis for propagation of an
intense laser pulse in a plasma with a
periodically modulated density profile using
envelope equations. Overall self focusing
length increases and minimum spot size
decreases with the wave number of the
ripple. Nanda and Nitikant (2014) discussed
enhanced relativistic self focusing of
Hermite Cosh Gaussian laser beam in the
presence of plasma density ramp. Proper
selection of decentred parameter results in
strong self focusing of HChG beam. Patil et
al., (2010) have investigated the focusing of
HChG laser beams in magneto plasma by
considering ponderomotive nonlinearity.
The effect of mode index and decentred
parameter on the self focusing of the beams
has been discussed. Additional self focusing
is observed for higher decentred parameter
but ordinary mode of collision less magneto
plasma is less susceptible for self focusing
than extra ordinary mode.
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This paper presents an investigation of
pronounced focusing of HChG laser beams
in rippled density plasmas taking into
account of relativistic nonlinearities. Density
ripple gives impact on propagation of laser
beam in a plasma. Non linear parabolic
partial differential equation governing the
evolution of complex envelope in slowly
varying envelope approximation is solved
using paraxial approximation in a
periodically modulated density profile. The
paper is as follow, section Il represents
mathematical formulational of self focusing
of the laser beam. Results and discussion are
incorporated in section Il followed by
references.

Self focusing of the beam
In the absence of external charge and

current, Ampere’s and Faraday’s laws can
be written as

= _— 18D
XB=1%
1)
= = 18E
XE=—"%
(2)

where E and B are the electric and magnetic
field vectors, D is displacement current
given asD=eE andeis dielectric
permittivity in which induced current
density due to laser plasma interaction
exists. Taking curl of equation (2) and using
equation (1) we get,

Vx(FxE) = - 122

c2 gt2

By solving above equation we obtain the
general wave equation of laser beam
propagation is,
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The solution of equation (4) is of the form,

E = A(r, z)e!(wt—k2) (5)
The field distribution of HChG laser beam
propagating in a plasma is given by

E(r,z) = 2
_ ’ .

% [H’“ (rof:z})] e {"3 G+ 4

5D} .

where m is the mode index associated with
the Hermite polynomial Hn Eo is the
amplitude of HChG beam for central
position atr =z = 0, ro is the initial spot size
of the laser beam, b is the decentred
parameter, f(z) is the dimensionless beam
width parameter of the laser beam.

As the laser beam propagates through the
plasma, it imparts oscillatory velocity to the

. ek
electrons given by v = ,  Where

Mo we

¥ =+/1 + aEE* is the intensity dependent
2
relativistic factor with @ = ———, here mo
mp w=¢

,w, e are the rest mass of electrons, angular
frequency of incident beam, charge on
electron and c is the speed of light in
vacuum.

The dielectric constant for linear
medium is given by

non

e=¢g+@(EE") (7)
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Following Kaur et al (2009), the equilibrium
electron density n be sinusoidal,

(8)

where ng is the maximum electron density
and q is the ripple wave number.

n = ny(1+ a, cosqz),

In the absence of density transition,
considering only the relativistic mass of the
electrons, m, = myy. In the presence of
density  ripple, n =mny(1+ a;cosqz),
substituting n in dielectric constant of the
plasma gives the non linear part as follows,

-

9)

The complex amplitude A(r, z) may be
expressed as,

* m?m m?m
@(EE™) = y?-l-y?azcosqz

: ]
5
(14+aEE*) /2

E(r,z) = Ey(r,z)e”*@350r2 (40

where Ep and S are the real functions of r
and z. Following Sukhdeep and Sharma,
(2009) for eikonal S in Eqg. (10). Now
substituting (5) and (10) in equation (3) and
. 824 . .
neglecting S e get a complex differential

equation with real and imaginary parts.
Substituting A3 in real and imaginary parts,
where A3 is given by,

521 B2 __r_.By’
AG —E—"z[h‘m (ﬂ) }e? ie z(rufcz:IJ’z} —

(@ Tof

r o by? (= b_z)
e_z(l’of(Z)_E) + 2e (r%f’*cztuJ“z }

(11)

Using the values of equation (10) and (11) in
real part equation, we get the equation
governing the evolution of beam width
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parameter. Following Nitikant et al
(2014),the  equation of beam width
parameter for m=0 mode index in the
presence of ripple density is given by (12),

S '-'”fm
fas q'sinlq £

L+ —— |5 -
2( 1—P—a‘j‘2’—y—a‘j‘2’a2cos(q f))

(4}4:2) n

4;:_‘?)_3))2 eb?z =0

(12)

Here ¢ =qR, , ¢ =:—d is the normalized

propagation distance, Ry is the diffraction
length. Using boundary conditions, at £ = 0,
f=1anddf/df =0.

Results and Discussion

We have solved Eq. (12) numerically taking
into account of intensity of laser beam is
I =1.38x 10 W/em?, and the frequency
of incident laser beam is
w = 1.778 x 10%% rad/sec. We have plotted
variation of beam width parameter f as a
function of normalized distance of
propagation & for different parameters. Fig 1
shows variation of beam width parameter
with normalized distance of propagation at
m=0 mode of HChG beam in the presence
of density ripple. The other parameters are
row/c =500, b =0.9,and ripple wave
number q; = 13,14,50. The depth of
density modulation is @, = 0.2, aEZ = 0.1,
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wWpo/w =0.75,and 1, =84.36 um. We
have taken A; = 1 um. We found that while
increasing the ripple wave no, the beam
width parameter self focused and shows
periodic focusing.

At normalized ripple wave no g, = 50 the
beam width parameter decreases initially but
diffraction effect predominates. As the beam
propagates deep into the plasma, its beam
converges towards lower value of
normalized propagation distance followed
by periodic focusing and de-focusing. The
effect of density ripple is to cause overall
increase in the self focusing length.

Fig 2 represents the variation of beam width
parameter with normalized distance of
propagation at m=0 with density ripple for
different value of decentred parameter/ The
other parameters are ryw/c = 500, ripple
wave number g; =30, and b =0,0.9,1.8.
We found that as we increases the decentred
parameter at fixed wave no of density ripple
q, = 30, strong self focusing occurs at
& =0.0020.

It is clear from the figure that while
increasing the decentred parameter, self
focusing of HChG beams shifted towards
lower value of normalized propagation
distance and periodic focusing and de-
focusing is seen due to predominance of
diffraction effect. In conclusion we found
that ripple wave no and decentred parameter
can improve focusing length which has got
practical applications in inertial  fusion
energy experiments. One can solve it further
for ponderomotive nonlinearity.
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Figure.l Variation of Beam Width Parameter with Normalized Distance of Propagation at m=0
with Density Ripple. The Other Parameters are and Ripple Wave Number
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Figure 2: Variation of beam width parameter with normalized distance of propagation at
m=0 with density ripple. The other parameters are ripple wave number , and

f

12 - b3=0.9

10 |

08

wwarasry -
m--.-n-l-"-
LT TR

06

-
-5-1;*111111111
PO
=

t-l‘.“‘:---ulﬂ--

04

Miineneeas

-
-
-w
TEma
mamamme S
mpmEmE=
Smsmna
-
LT LT TT %)

02

e e s
11113 Y H]

0.10 0.15

References from high intensity femtosecond

laser. AIP Advances 4, 047106.

Aakash A. Sahai and Thomas C. Katsouleas,
2014. Self-injection by trapping of
plasma electron oscillating in rising
density gradient at the vacuum-
plasma interface. Proceedings of
IPAC2014, Dresden, Germany.

Arora V, Naik P. A, Chakera J. A, Bagchi
S, Tayyab M and Gupta P.D., 2014.
Study of 1-8 kev K-a X-ray emission

180

Akhmanov S. A, Sukhorukov A. P and
Khokhlov R. V. 1968. Self focusing
and diffraction of light in a nonlinear
medium. Sov. Phys. Usp. 10, 609-
636.

Bai J, Pan J, Pan L, Ma, R, Zhao Z and Lu
B., 2010. Spectral anomalies of
pulsed



Int.].Curr.Res.Aca.Rev.2016; 4(2): 176-181

Hermite Cosh Gaussian Beams focused by
an aperture lens. Optik 121, 132-137.

Bokaei B, Niknam A. R and Jafari Milani
M. R, 2013. Turning point
temperature and competition
between relativistic and
ponderomotive effects in self-
focusing of laser beam in plasma.
Phys. Plasmas 20, 103107.

Brian M Hains, 2015. Exponential yield
sensitivity to long wavelength
asymmetries in three dimensional
simulations of inertial confinement
fusion capsule implosions. Phys.
Plasmas 22, 082710.

Gill Tarsem Singh, Mahajan Ranju and Kaur
Ravinder, 2011. Self-focusing of
cosh-Gaussian laser beam in a
plasma with weakly relativistic and
ponderomotive regime . Phys.
Plasmas 18, 033110.

Lotov K. V, Sosedkin A. P, Petrenko A. V,
Amorim L. D, Vieira J, Fonseca
R.A, Silva L. O, Gschwendtner E.
and P. Muggli, 2014. Electron
trapping and acceleration by the
plasma wakefield of a self
modulating proton beam. Phys.
Plasmas 21, 123116.

Nanda Vikas and Nitikant, 2014. Enhanced
relativistic self-focusing of Hermite-
cosh-Gaussian laser beam in plasma
under density transition.
Phys.Plasmas 21, 042101.

Mendonca J. T and Vieira J., 2015. High
harmonic generation in underdense
plasmas by intense laser pulses with

orbital angular momentum. Phys.
Plasmas 22, 123106.

Patil S. D, Takale M. V, Navare S. T and
Dongare M. B., 2010. Focusing of
Hermite-cosh-Gaussian laser beams
in collionless magnetoplasma. Laser
and Particle beams, 28, 343-349.

Schroeder C. B, Benedetti C, Esarey E,
Gruner F.J and Leemans W. P.,
2011. ). Growth and Phase Velocity
of Self-Modulated Beam-Driven
Plasma Waves. Phys. Rev. Lett.,
107, 145002.

Sukhdeep Kaur and Sharma A. K. (2009).
Self focusing of a laser pulse in
plasma with periodic density ripple.
Laser and Particle Beams 27, 193.

Sukhdeep Kaur and Sharma A. K, 2011.
Stimulated Raman back-scattering of
a laser in a magnetized plasma
channel. Phys. of  Plasmas 18,
092105.

Tang Q. J., Chen D. M, Yu Y. A and Hu Q.
Q, 2006. Propagation properties of
off-axis Hermite-cosh-Gaussian
beam combinations through a first-
order optical system. Chinese phys.
15, 2609-2617.

Tosa V, Altucci C, Kovacs K, Negro M,
Stagira S, Vozzi C and Velotta R.,
2012.  Single attosecond  pulse
generation by two laser field. AIP
Conf. Proc 1425, 102.

How to cite this article:

Sukhdeep Kaur and Manpreet Kaur. 2016. Pronounced Focusing of Hermite Cosh Gaussian
Beam for Mode Index M=0 in Plasmas. Int.J.Curr.Res.Aca.Rev. 4(2): 176-181.

doi: http://dx.doi.org/10.20546/ijcrar.2016.402.022

181



http://dx.doi.org/10.20546/ijcrar.2016.402.022

