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ELECTRON BERNSTEIN WAVE ASSISTED LASER BEAM

ABSORPTION IN MAGNETIZED PLASMA
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Abstract

In this paper, we have conducted a
theoretical investigation into the absorption
of electrostatic electron Bernstein waves
facilitated by a Hermite cosh-Gaussian
(HChG) laser beam in plasma that is
subjected to a static magnetic field. The
electron Bernstein wave plays a crucial role
in enabling strong nonlinear coupling. The
combined influence of the electron Bernstein
wave and the HChG laser beam generates
both linear and nonlinear current densities.
We have developed an analytical framework
for the absorption coefficient. When the
coupled mode of the electron Bernstein wave-
assisted HChG laser beam is in phase with
the nonlinear current density, it results in
resonant  absorption. The  graphical
representation confirms that the nonlinear
absorption  coefficient is  significantly
influenced by the static magnetic field
(electron cyclotron frequency), the Hermite
polynomial m, the width parameter of the
laser beam, the frequency of the laser beam,
the beam decentered parameter d, the
thermal velocity of electrons, and the
parameter b. The absorption process of the
laser is greatly enhanced even with a
minimal contribution from the electron
Bernstein wave. The decentered parameter
of the laser beam, associated with the cosine
term, is particularly sensitive and plays a
vital role in determining the absorption
coefficient. This enhanced and tunable
absorption process of the electron Bernstein
wave-assisted HChG laser may have
applications in second and third harmonic
generation as well as in plasma electron
heating.

Keywords:Electron Bernstein wave, Electron
cyclotron, Hermite cosh-Gaussian laser

beam, Decentered parameter, Absorption
coefficient

1. Introduction

Over the last few decades, interaction of laser
beam with plasmas has emerged the engrossing
field of research due to its nonlinear
phenomenon such as harmonic generation
[Tyagi et al 2016; Tyagi et al 2017], parametric
instability, anomalous absorption, electron
heating, terahertz radiation generation [Safari et
al 2018], self-focusing [Patil et al 2013]. The
anomalous absorption of electromagnetic as
well as electrostatic wave in plasma is
interesting due to promising the electron
heating, charge particle acceleration and
terahertz radiation generation. Plasma deserve
as a good candidate for the interacting medium
owing to possess the high conducting and high
particle (electron and plasma) density. This
medium might be supported the electrostatic
and electromagnetic wave. A kind of
electrostatic  wave  which  has  large
perpendicular component wave vector as
compared with parallel component and special
harmonic of electron cyclotron wave is
generally known as electron Bernstein wave.
This electrostatic wave exists in plasma in the
presence of static magnetic field. The assisted
electron Bernstein wave (electrostatic wave)

with different profile laser beam
(electromagnetic wave) provides the enhanced
nonlinear phenomenon such as second

harmonic generation, third harmonic generation,
electron heating and absorption in plasma.These
nonlinear phenomena might be enhanced in the
presence of magnetic field in plasma [Verma et
al 2015; Verma et al 2016; Ghaffari-Oskooei et
al 2015]. The field optimization property of
different spatial shape laser beam can be used
for tuning the absorption process in plasma.
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In this present study, we theoreticallyinvestigate
the electrostatic wave assistedHChG laser beam
absorption in plasma embedded with static
magnetic field. This HChG laser beam couples
with the pre-existed electrostatic electron
Bernstein wave in magnetized plasma at couple
wave number k; =k + k, and couple wave
frequency w; = w + wy. For the nonlinear
current density, we have followed the Fluid
model. In this present proposed theoretical
model, we have formulated the effective
absorption coefficient of combined effect of
electron Bernstein wave assisted HChG laser
beam. In Sec. 2, the nonlinear coupling of
HChG laser beam with electrostatic electron
Bernstein wave is given.In Sec. 3, The effective
absorption coefficient of electron Bernstein
wave aided laser beam absorption coefficient is
formulated. The graphical results and discussion
of this proposed theory is given in Sec.
4.Finally, in Sec. 5, we present the summary
and conclusion of this theory.

2. Laser Coupling with Bernstein Wave

Consider the magnetized plasma (B, Il 2)having
equilibrium electron density ny.A Hermite
cosh-Gaussian laser beam is propagating along
z-direction and polarized along y-direction in
plasma embedded with static magnetic field.
The general electric field profile of this laser
beamin cartesian coordinate system is written as

E S V2y yd
E(y,z) = JEoHp, <w_> cosh (—)

OH Won

2
exp <_ y_2> e—i(wot_koz),
WoH

whereE|, is the electric field amplitude of laser
beam at its central position (y=0, z=0),wqy is
the initial laser beam width, d is the beam
decentered parameter, w, and k, is the laser
frequency and wave number respectively, H,,is
the Hermite polynomial and m stands for mode

(1)
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index related with Hermite function.As the
HChGlaser beam interacts with plasma, the
electron associated with plasma is imparted
oscillatory velocity. The oscillatory velocity of
the electrons in plasma is governed by the
following equation

(2)

where e is the electronic charge and m is the
mass of electron.

Vi, = eE/m(in),

Since magnetized plasma holds the electrostatic
as well as electromagnetic waves. Electron
Bernstein wave is a kind of electrostatic wave
that can be excited in plasma with static
magnetic field. Therefore, here we can consider
that electron Bernstein wave might be pre-
existed in plasma.The potential profile of this

electrostatic wave is taken as ¢ =
d)oe—i(wt—kr)l

The electron Bernstein wave frequency is
written as

Il(b)e_b
1+ kzvth/2w2>’ )

w=lwc<1+

where | is the integer associated with modified
Bessel function (I;(b)), w, is the electron
cyclotron frequency, w, is the electron plasma
frequency, v, is the electron thermal velocity
and parameterb = k?v?, /2w.*

The perturbation of electron density due to
electron Bernstein wavecan beexpressed as

kZ
4
3. Effective Absorption Coefficient
The time average power dissipation per unit
volume of electron Bernstein wave aided HChG
laser beam can be expressed as

25 |5, |

diss 8 won%
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The energy flow per unit area per unit time is defined by pointing vector (P, = ¢

)

ﬂ) The power
8w /' P

dissipation of electron Bernstein wave aided HChGlaser beam in z-extent can be written as

dPL = _Pdiss dz.

(6)

One can obtain the expression of effective absorption coefficient by using the Eq. (6) as
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4. Results and Discussion

In the present theoretical investigation, we have
present a theory of electron Bernstein wave
assisted Hermite cosh-Gaussian laser beam
absorption in  magnetized plasma. The
schematic diagram of this theory is shown in
Fig. 1. The presence of electron Bernstein wave
cause to enhance in absorption process of laser
beam in magnetized plasma. The coupling of
laser beam with electron Bernstein mode is
given. Electron Bernstein wave is an
electrostatic  wave that possess large
perpendicular component wave vector and its
growth rate lies on the harmonics of electron
cyclotron wave.Fig. 2 shows the variation of
normalized effective absorption coefficient of
electron Bernstein wave assisted Hermite cosh-
Gaussian laser beam as a function of
normalized laser beam propagation distance
from y-axis for different values of mode index
associated with Hermite polynomial. As one
increase the mode index of Hermite polynomial,
the vortex of absorption profile is enhanced. For
the mode index m=1, the absorption profile
attains single weak peak at normalized
propagation  distance  (y/wy~0.70). The
absorption profile attains two peaks (first appear
around origin and second appear around
y/wy~1.2 ) that are greater amplitude as
compared to previous one.Further, if one takes
the mode index m=3, the amplitude of
absorption profile attains larger values as
compared to mode index m=1, 2. At this mode,
the intense peak appear at y/wy~0.44 and
y/wy~1.52 respectively.Therefore, one can
conclude that effective absorption coefficient
can be increased with increase in Hermite mode
index.

The variation of normalized effective
absorption coefficient as a function of
normalized laser beam propagation distance
from y- axis for different values beam
decentered parameter is shown in Fig. 3. The
laser beam decentered parameter is also known
as waist width parameter and is associated with
hyperbolic cosine term.For the Hermite mode
index m=2, one can see that the absorption
coefficient is enhanced with increase in laser
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beam decentered parameter. As one can see that
the amplitude of absorption profile attains lower
(at both peak) for beam decentered parameter
d=0. It is interesting to notice that with increase
in beam decentered parameter the absorption
amplitude attains higher peak at second lobe as
compared to first peak. The first peak remains
unchanged with the variation of laser beam
decentered parameter. The increase in beam
decentered parameter cause to well focusing of
laser beam with the plasma. The nonlinearity is
increased with increase in beam decentered
parameter. This enhanced nonlinearity leads to
increase in nonlinear current density and cause
to enhance in absorption process of laser beam.
In this way, one can say that the required
absorption coefficient can be achieved with the
variation in beam decentered parameter
associated with cosh term.

In Fig. 4, we have plotted the variation
of normalized effective absorption coefficient
as a function of normalized laser beam
propagation distance from y- axis for different
values of laser beam width. It is observed that
with increase in laser beam width there is an
increase in envelop of peak profile. The wider
envelop of peak profile cause to less absorption
as compared with steeper and intense peak. The
lower value of beam width leads to generation
of higher intensity and thus cause to imparting
maximum energy to plasma for coupling the
large amplitude electron Bernstein wave with it.
This leads to generate the nonlinearity and
cause to intense absorption as one takes the
lower beam width of laser beam.

5. Summary and Conclusions

Aided of electron Bernstein wave with HChG
laser beam gives rise to greatly enhance
absorption coefficient in plasma as compared
with only laser beam. The absorption
coefficient is also affected due to the presence
of static magnetic field. Field optimization
property of HChG laser beam promises the
required nonlinear coupling and thus results the
absorption  coefficient. ~ The  parameter
associated with electrostatic electron Bernstein
wave such as electron thermal velocity,
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parameter b and electron Bernstein wave
frequency and HChG laser beam such as beam
frequency, beam  decentered parameter
associated with cosine term d, Hermite
polynomial m and laser beam width are affects
the absorption phenomena. The graphical
profile depicts that electron Bernstein wave
assists the strong nonlinear coupling and
promises the enhance laser absorption. The
HChG laser beam decentered parameter and
beam width can be used for required absorption
coefficient.
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Fig. 1: Schematic diagram of electron Bernstein wave assisted HChG laser beam absorption in
plasma embedded with static magnetic field.
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Fig. 2: Variation of normalized absorption coefficient with normalized laser beam propagation
distance from y-axis for different values of Hermite mode index m, when d=1, b=1.8, w;/w, =
0.5, w./w, = 0.2, w/w, = 0.02, vy, /c = 0.2
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Fig. 3: Variation of normalized absorption coefficient with normalized laser beam propagation
distance from y-axis for different values of laser beam decentered parameter d, when m=2, b=1.8,
wi/w, = 0.5, w./w, =0.2, w/w, = 0.02, vy, /c = 0.2
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Fig. 4: Variation of normalized absorption coefficient with normalized laser beam propagation
distance from y-axis for different values of laser beam width w, when m=2, b=1.8, w./w, = 0.2,

w/w, = 0.02, vy, /c = 0.2
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