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Abstract

In this paper, self-focusing of asymmetric cosh-Gaussian laser beams in collisionless magnetized plasma has been studied.
The non-linearity in dielectric constant considered herein is mainly due to the ponderomotive force. The non-linear
coupled differential equations for the beam width parameters in transverse dimensions of the beam have been obtained
by using WKB and paraxial approximations under parabolic equation approach. The numerical computation is
completed by using fourth-order Runge–Kutta method. The effect of unlike decentered parameters in both transverse
dimensions of the beam on self-focusing of cosh-Gaussian beams has been presented. Further, the effect of the static
magnetic field and polarization modes of the laser has been explored.
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1. INTRODUCTION

The field of non-linear effects in plasmas has grown rapidly
during last few decades due to the availability of high-power
laser beams. In the wide spectrum of non-linear effects, self-
focusing/defocusing of laser beams (Akhmanov et al., 1968)
occupies significant place in the field of laser–plasma inter-
action due to its relevance to laser-based plasma accelerators
(Malka, 2012; Hooker, 2013), laser-driven fusion (Atzeni,
2015; Betti & Hurricane, 2016), harmonic generation
(Kaur et al., 2009; Zhang & Thomas, 2015; Vij et al.,
2016), ion acceleration (Tripathi et al., 2005), new radiation
sources (Brenner et al., 2016; Ferri et al., 2016), ionospheric
modification (Keskinen & Basu, 2003; Gondarenko et al.,
2005), etc. In plasmas, the self-focusing of laser beams,
having a non-uniform distribution of irradiance along the
wavefront is caused by the corresponding non-uniform distri-
bution of the dielectric function of the plasma media on ac-
count of inherent non-linearities (Sodha et al., 2006).
Three types of non-linearities, viz., relativistic, ponderomo-
tive, and collisional have been identified. The role of these
non-linearities in the self-focusing of the beams has received
considerable attention in the last 50 years. The phenomenon

of self-focusing associated with the interaction of intense
laser beams with plasmas occurs due to the laser-induced
changes in the dielectric properties of plasma. Since the non-
linear effects in plasmas are highly sensitive to the intensity
distribution along the wavefront of the beam, which is signif-
icantly affected by self-focusing, the magnitude of all non-
linear processes in plasmas is affected by this phenomenon.
In case of collisionless plasma, the ponderomotive force on
the electrons is proportional to the gradient of the irradiance,
which causes a redistribution of the electron density and
thereby the dielectric function. Such non-linearity sets in a
period of the order r0/cs, where r0 is the width of the beam
and cs is the ion sound speed. Hence, for collisionless
plasma at moderate fields of the laser beam, there is a mod-
ification of electron density and subsequent alteration in the
dielectric function of the plasma causing self-focusing/defo-
cusing of the beam (Sodha et al., 1976).
The theoretical analysis based on a paraxial approach for

self-focusing of laser beams in non-linear medium (Akhma-
nov et al., 1968) has been extended by Sodha et al. (1976) for
plasmas. Most of the research work (Jha et al., 2006; Asthana
et al., 2009, 2012; Xiong et al., 2010; Malekshahi et al.,
2014; Aggarwal et al., 2016; Kumar et al., 2016; Wani &
Kant, 2017) on self-focusing of laser beams in magnetized
plasma has been confined to cylindrically symmetric Gauss-
ian beam. Upadhyay et al. (2002) have studied the
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asymmetric self-focusing of the laser pulse in plasma and
highlighted that over a distance of a few Rayleigh lengths,
the temporal profile of the laser acquires significant asymme-
try. Survey of literature has shown that there are many beams
with a variety of intensity profiles. The beam shaping tech-
nology has made these beams available practically. Only
few investigations have been reported on self-focusing of el-
liptic Gaussian beams (Soni & Nayyar, 1980; Singh et al.,
2008), Laguerre-Gaussian beams (Khamedi & Bahrampour,
2013), hollow Gaussian beams (Hussain et al., 2014), super-
Gaussian beams (Gill et al., 2015), Hermite-Gaussian beams
(Takale et al., 2009; Kant et al., 2012), quadruple Gaussian
beams (Aggarwal et al., 2015a, b), etc. The non-linear effects
arrived by these laser beams in plasmas are highly sensitive
to the distribution of intensity along the wavefronts of the
laser beams and laser–plasma coupling parameters. A new
class of laser beams known as cosh-Gaussian beams (Lu
et al., 1999) has received significant interest as these
beams possess high power and low divergence in comparison
to the Gaussian beam (Konar et al., 2007). Such beams thus
can be utilized to achieve efficient interaction with the plas-
mas without being absorbed. The investigations on interac-
tion of cosh-Gaussian beams with plasmas (Gill et al.,
2011; Patil et al. 2011, 2012; Patil & Takale, 2013; Aggarwal
et al., 2014; Nanda & Kant, 2014; Kant & Wani, 2015), till
date, to the best of author’s knowledge, are limited to their
intensity profile with circular symmetric cross-sectional
area. Since many laser systems produce a beam that is
more nearly elliptical and the ellipticity of the beams leads
to deviation from circular symmetry, it is worthwhile to un-
dertake such realistic situation. Moreover, self-focusing of
symmetric Hermite-cosh-Gaussian laser beams (Patil et al.,
2007, 2010; Kaur et al., 2017) in plasmas has received con-
siderable attention in different situations.
The aim of this paper is to investigate self-focusing of asym-

metric cosh-Gaussian laser beams in collisionless magnetized
plasma.We have done theoretical study concerned with beam-
width parameter changes, which are related to the transverse
dimensions of the beam during the propagation through the
plasma. The present study employsWKB and paraxial approx-
imations under usual parabolic equation approach (Akhmanov
et al., 1968). The systematic organization of the paper is as fol-
lows: In the Propagation dynamics section, we have given in-
tensity profile of the cosh-Gaussian beam, a non-linear
dielectric function for collisionless magnetized plasma and
setup the coupled differential equations of beam-width param-
eters in both transverse dimensions of the beam. In the Results
and discussion section, a detailed discussion of the results has
been presented. A brief conclusion is finally added in the Con-
clusion section.

2. PROPAGATION DYNAMICS

In the slowly varying envelope approximation, the evolution
of the electric field (for right circularly polarized also called
extraordinary mode) in collisionless magnetized plasma can

be written as (Sodha et al., 1976)
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where δ+= [1+ (ε0+/ε0zz)]/2 with ε0zz = 1−Ω2
p. The ef-

fective dielectric function ε+ of the plasma can be expressed
in the form given by

ε+ = ε0+ + f+(E+E∗
+), (2)

where ε0+ and f+ represents the linear and non-linear parts
of ε+, respectively with
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where γ+= [1− (Ωc/2)]/(1−Ωc), α= 3mα0/4M, α0= e2/
6mω2KBT0, Ωp= ωp/ω, ωp= (4πN0e

2/m)1/2 is the plasma
frequency,Ωc= ωc/ω, ωc= eB0/mc is the electron cyclotron
frequency.

Here, e and m are the electronic charge and its rest mass
respectively, N0 is the unperturbed density of plasma elec-
trons, M is the mass of ion, ω is the angular frequency of
laser used, KB is the Boltzmann constant, B0 is the static mag-
netic field, and T0 is the equilibrium plasma temperature.

Introducing the concept of eikonal, one can express E+ as

E+ = A0+ (x, y, z) exp[−ik+S+(x, y, z)], (4)

where S+ is the eikonal of the beam and is related to the cur-
vature of the wavefront of the beam.

Within the framework of WKB and paraxial approxima-
tions, for initially cosh-Gaussian beams, one finds
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where E0+ is the initial amplitude of the Gaussian laser beam
with initial beam-width r0+; b1 and b2 are the decentered pa-
rameters of cosh-Gaussian beams with f1+ and f2+ as the cor-
responding beam-width parameters in x and y dimensions,
respectively. Such decentered laser beams can be produced
in the laboratory by reflection of Gaussian laser beams
from a spherical mirror whose center is offset from a beam
axis (Al-Rashed & Saleh, 1995). The cosh-Gaussian laser
beams can thus be produced by the superposition of two
such decentered laser beams that are having same spot size
and are in phase with each other. Figure 1 depicts the initial
beam profiles (above orthographic view) for different decen-
tered parameters in transverse dimensions of the beam. From
this figure, it is clear that for intensity profile with symmetric
decentered parameters (b1= b2= 0.0), beam recovers circu-
larly symmetric view (Gaussian) as shown in Figure 1(a).
Figure 1(b) portrays the corresponding view for asymmetric
decentered parameters (b1= 0.2, b2= 0.6) in transverse di-
mensions of the beam. It shows a slight deviation from circu-
lar symmetry in case of the cosh-Gaussian profile. It is
obvious that due to the unlike decentering (b2 >b1), such de-
viation is more in y than x dimensions of the beam. For de-
centered parameters b1= 0.4, b2= 0.8, the corresponding
view has been presented in Figure 1(c). It is to be noted
from Figure 1 that two unlike decentered parameters in trans-
verse dimensions of the beam justify the ellipticity in case of
cosh-Gaussian intensity profile.
Following the approach given by Akhmanov et al. (1968)

and its extension by Sodha et al. (1976), we have obtained
expressions for beam-width parameters f1+ and f2+ as
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where A1,2 = 4(1− b21,2), B1,2 = b21,2 − 2, p0+ = αE2
0+;

ρ0+= r0+ω/c is the equilibrium beam radius; ζ+ = z/k+r20+
is the dimensionless distance of propagation.
For an initially plane wavefront, df1+,2+/dζ+= 0 and

f1+,2+= 1 at ζ+= 0, the conditions d2f1+,2+/dζ
2
+ = 0 lead

to the propagation of cosh-Gaussian laser beams without
convergence or divergence, i.e. in self-trapped mode. These
conditions are known as critical conditions. Thus, by putting
d2f1+,2+/dζ

2
+ = 0 in Eqs. (7) and (8), we obtain relations be-

tween ρ01+ and ρ02+ in both x and y dimensions as

ρ201+ = −A1δ+(1− Ωc)
2B1Ω

2
p γ+p0+

exp(γ+p0+), (9)

ρ202+ = −A2δ+(1−Ωc)
2B2Ω2

p γ+p0+
exp(γ+p0+). (10)

As the formulation for both the extraordinary and ordinary
(E-mode and O-mode) is similar, we can develop the corre-
sponding expressions for ordinary mode by replacing ωc

with −ωc.

3. RESULTS AND DISCUSSION

Equations (7) and (8) are second-order, coupled, non-linear
differential equations governing self-focusing/defocusing
of asymmetric cosh-Gaussian laser beams in collisionless
magnetized plasma. First term on the right-hand sides of
Eqs. (7) and (8) represents diffractional term, which leads
to divergence of the beam, while the second term is the non-
linear term, which is responsible for the convergence or self-
focusing of the beam. Obviously, the self-focusing or defo-
cusing of the beam for a given initial beam-width is deter-
mined by the relative magnitude of diffractional and
non-linear terms of Eqs. (7) and (8). We have solved these
equations simultaneously by using fourth-order Runge-Kutta
method by applying the initial conditions at ζ±= 0, f1±,2±=
1 and df1±,2±/dζ±= 0. The requisite laser–plasma parame-
ters are: ω= 1.778 × 1014 rad/s, N0= 1019 cm−3, B0=
0.10− 0.20 MG, b1,2= 0.0− 0.8, ρ01+,02+= 4, and p0+=
0.5.
Figure 2 illustrates the critical curves for E-mode in colli-

sionless magnetized plasma. It is noticed from this figure that
the value of equilibrium beam radius ρ0+ with initial intensi-
ty parameter p0+ decreases initially and slowly attains a cons-
tant value. As obvious, the value of ρ0+ is further affected by
the density of plasma electrons, the strength of the external

Fig. 1. The above orthographic view of initial 3D intensity profiles of cosh-Gaussian laser beams; (a) b1= b2= 0.0; (b) b1= 0.2, b2=
0.6; and (c) b1= 0.4, b2= 0.8.
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magnetic field, and decentered parameters b1,2, etc. The
region above the respective curves corresponds to the fo-
cused region and below, the defocused region. Figure 2
shows that if the decentered parameters in both the dimen-
sions are equal, then corresponding curves for ρ01+ and
ρ02+ merge together. This indicates that the beam is circular-
ly symmetric for identical b values along both the dimensions
of the beam. Further, if b values are different in x and y di-
mensions, the corresponding curves are not identical due to
the asymmetry in the beam profile. The focusing region in-
creases with increase in decentered parameters in both the
dimensions.
Figure 3 describes the variation of beam-width parameters

f1+ and f2+ as a function of the dimensionless distance of
propagation ζ+ for different values of decentered parameters
b1 and b2 at a fixed value of equilibrium beam radius ρ01+=
ρ02+= 4 and initial intensity parameter p0+= 0.5. It is obvi-
ous from the figure that for identical values of b1 and b2, f1+
and f2+ merge together as the beam propagates through the
magnetized plasma. From solid curve for which b1= b2=
0, the circular symmetric nature of Gaussian beam is clear
due to exact synchronized periodic oscillations of f1+ and
f2+. Further, with an increase in decentered parameter in
either or one dimension, strong self-focusing is observed
with slight decrease in self-focusing length. This supports
the earlier results (Gill et al., 2011, 2012; Patil & Takale,
2013; Nanda & Kant, 2014; Kant & Wani, 2015) for self-
focusing of circularly symmetric cosh-Gaussian beams in

different situations. It is also interesting to note that complex-
ity in oscillations of f1+ and f2+ occurs for different b values
in x and y dimensions. It is quite apparent from this figure
that after the initial focusing amplitude of oscillations of
f1+ (f2+) increases (decreases) with an increase in b values
in either dimensions. The reverse is also true for the next
cycle of f1+ and f2+. The behaviors of f1+ and f2+ changes
drastically but still maintains oscillatory self-focusing.
Thus, increase in asymmetry in the beam by means of
unlike decentering of beam profile in transverse dimensions
of the beam results in large complexity in the oscillatory
character of relevant beam-width parameters. Such complex-
ity emanates due to coupled disturbed delicate balance be-
tween diffractional and non-linear terms in Eqs. (7) and (8).

Figure 4 illustrates the dependence of beam-width parame-
ters f1+ and f2+ as a function of thedimensionless distance of
propagation ζ+ for different values magnetic field with b1=
0.4 and b2= 0.8. Oscillatory self-focusing is observed in
Figure 4 where a decrease in the magnetic field leads to increase
in self-focusing with a subsequent increase in self-focusing
length. Such type of behavior is reasonably similar to the earlier
prediction by Gill et al. (2010) for the Gaussian beam. Howev-
er, self-focusing is more in f2+ as compared with f1+. This is
due to the slight higher value of the decentered parameter
(b2= 0.8) in y dimension than x dimension where b1= 0.4.

The effect of polarization modes (E-mode andO-mode) on
the behavior of beam-width parameters f1± and f2± with a

Fig. 2. Critical curves for E-mode in collisionless magnetized plasma. Solid
curve corresponds to decentered parameters, b1= b2= 0.0, dashed curve
corresponds to b1= 0.2 and b2= 0.6, dotted curve corresponds to b1= 0.4
and b2= 0.8. Thick curves are for ρ01+ and thin curves are for ρ02+. The
other parameters are ω= 1.778 × 1014 rad/s, N0= 1019 cm−3, B0= 0.10
MG.

Fig. 3. Variation of the beam-width parameters f1+ and f2+ for E-mode with
a dimensionless distance of propagation ζ+ with ρ01+,02+= 4 and p0+= 0.5
for different decentered parameters in collisionless magnetized plasmas.
Solid curve corresponds to decentered parameters b1= b2= 0.0, dashed
curve corresponds to b1= 0.2 and b2= 0.6, dotted curve corresponds to
b1= 0.4 and b2= 0.8. Thick curves are for f1+ and thin curves are for f2+.
The other parameters are same as in Figure 2.
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dimensionless distance of propagation ζ± for B0= 0.10 MG
with b1= 0.4 and b2= 0.8 has been presented in Figure 5.
From this figure, it is obvious that both the modes show
their clear propagation behavior of f1± and f2±. It is to be
noted that significant self-focusing with increased focusing
length is observed in case of ordinary mode than that of ex-
traordinary mode. The complexity in behaviors of f1± and f2±
in case of both the modes is noteworthy.
The behavior of f1+ and f2+ along ζ+ leads to an impact on

laser beam intensity at same ζ+ values. Figure 6 elucidates the
dependence of normalized axial beam intensity I+ with ζ+ for
three b values. As obvious, the normalized beam intensity
shows oscillatory behavior which has gradual complexity
along ζ+. As obvious, the oscillation peaks in I+ corresponds
to valleys of f1+ and f2+ with respective ζ+ values.

4. CONCLUSION

In conclusion, an impact of decentered parameters on self-
focusing of asymmetric cosh-Gaussian laser beams is studied
by taking into account ponderomotive non-linearity in colli-
sionless magnetized plasma. Following important conclu-
sions are drawn from the present analysis:

• Self-focusing of laser beam increases with increase in de-
centered parameters in transverse dimensions of the beam.

• Symmetric self-focusing in transverse dimensions of the
beam is possible for identical decentering of beam pro-
file in both the dimensions.

Fig. 4. Variation of the beam-width parameters f1+ and f2+ for E-mode with
a dimensionless distance of propagation ζ+ with b1= 0.4 and b2= 0.8 for
different static magnetic fields. Solid curve corresponds to a static magnetic
field B0= 0.10 MG, dashed curve corresponds to B0= 0.15 MG, dotted
curve corresponds to B0= 0.20 MG. Thick curves are for f1+ and thin
curves are for f2+. The other parameters are same as in Figure 2.

Fig. 6. Dependence of the normalized axial beam intensity I+ with dimen-
sionless distance of propagation ζ+ for E-mode in collisionless magnetized
plasmas. Solid curve corresponds to decentered parameters b1= b2= 0.0,
dashed curve corresponds to b1= 0.2 and b2= 0.6, dotted curve corresponds
to b1= 0.4 and b2= 0.8. The other parameters are same as in Figure 2.

Fig. 5. Variation of the beam-width parameters f1± and f2± with a dimen-
sionless distance of propagation ζ± with b1= 0.4 and b2= 0.8 and B0=
0.10 MG. Solid curve corresponds to E-mode, while dashed curve corre-
sponds to O-mode of polarization of laser. Thick curves are for f1+ and
thin curves are for f2+. The other parameters are same as in Figure 2.
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• Complexity in self-focusing characters increases with
increase in asymmetry through decentering the beam
profile in both the dimensions of the beam.

• Change in the static magnetic field and polarization
modes of laser offers a possible solution to study the
complexity of beam propagation in transverse dimen-
sions of the beam.

The present results may serve additional information in the
various context of laser–plasma interaction, where laser
beams with decentered irradiance distribution are requisite.

REFERENCES

AGGARWAL, M., KUMAR, H. & KANT, N. (2016). Propagation of
Gaussian laser beam through magnetized cold plasma with in-
creasing density ramp. Optik 127, 2212–2216.

AGGARWAL, M., VIJ, S. & KANT, N. (2014). Propagation of cosh-
Gaussian laser beam in plasma with density ripple in relativistic-
ponderomotive regime. Optik 125, 5081–5084.

AGGARWAL, M., VIJ, S. & KANT, N. (2015a) Propagation of circularly
polarized quadruple Gaussian laser beam in magnetoplasma.
Optik 126, 5710–5714.

AGGARWAL, M., VIJ, S. & KANT, N. (2015b) Self-focusing of quadru-
ple Gaussian laser beam in an inhomogeneous magnetized
plasma with ponderomotive non-linearity: effect of linear ab-
sorption. Communications in Theoretical Physics 64, 565–570.

AKHMANOV, S.A., SUKHORUKOV, A.P. & KHOKHLOV, R.V. (1968).
Self-focusing and diffraction of light in a nonlinear medium.
Soviet Physics Uspekhi 93, 609–636.

AL-RASHED, A.R. & SALEH, B.E.A. (1995). Decentered Gaussian
beams. Applied Optics 34, 6819–6825.

ASTHANA, M., RATHORE, B. & VARSHNEY, D. (2009). Effect of self-
generated axial magnetic field and on propagation of intense
laser radiation in plasmas. Journal of Modern Optics 56,
1613–1620.

ASTHANA, M., RATHORE, B. & VARSHNEY, D. (2012). The anomalous
penetration of intense circularly polarized electromagnetic beam
through over dense magnetized plasma. Optik, 123, 67–72.

ATZENI, S. (2015). Light for controlled fusion energy: a perspective
on laser-driven inertial fusion. Europhysics Letters 109, 45001.

BETTI, R. & HURRICANE, O.A. (2016). Inertial-confinement fusion
with lasers. Nature Physics 12, 435–448.

BRENNER, C.M.,MIRFAYZI, S.R., RUSBY, D.R., ARMSTRONG, C., ALEJO,
A., WILSON, L.A., CLARKE, R., AHMED, H., BUTLER, N.M.H., HAD-

DOCK, D., HIGGINSON, A., MCCLYMONT, A., MURPHY, C.,
NOTLEY, M., OLIVER, P., ALLOTT, R., HERNADEZ-GOMEZ, C., KAR,
S., MCKENNA, P. & NEELY, D. (2016). Laser-driven x-ray and
neutron source development for industrial applications of
plasma accelerators. Plasma Physics and Controlled Fusion 58,
014039.

FERRI, J., DAVOINE, X., KALMYKOV, S.Y. & LIFSCHITZ, A. (2016).
Electron acceleration and generation of high-brilliance x-ray ra-
diation in kilojoule, subpicosecond laser-plasma interactions.
Physical Review Accelerators and Beams 19, 101301.

GILL, T.S., KAUR, R. & MAHAJAN, R. (2010). Propagation of high
power electromagnetic beam in relativistic magnetoplasma:
higher order paraxial ray theory. Physics of Plasmas 17, 093101.

GILL, T.S., KAUR, R. & MAHAJAN, R. (2015). Self-focusing of super-
Gaussian laser beam in magnetized plasma under relativistic and
ponderomotive regime. Optik 126, 1683–1690.

GILL, T.S., MAHAJAN, R. & KAUR, R. (2011). Self-focusing of cosh-
Gaussian laser beam in a plasma with weakly relativistic and
ponderomotive regime. Physics of Plasmas 18, 033110.

GONDARENKO, N.A., OSSAKOW, S.L. & MILIKH, G.M. (2005). Gener-
ation and evolution of density irregularities due to self-focusing
in ionospheric modifications. Journal of Geophysical Research
110, A09304.

HOOKER, S.M. (2013). Developments in laser-driven plasma acceler-
ators. Nature Photonics 7, 775–782.

HUSSAIN, S., SINGH, M., SINGH, R.K. & SHARMA, R.P. (2014). THz
generation and self-focusing of hollow Gaussian laser beam in
magnetised plasma. Europhysics Letters 107, 65002.

JHA, P., MISHRA, R.K., UPADHYAY, A.K. & RAJ, G. (2006). Self-
focusing of intense laser beam in magnetized plasma. Physics
of Plasmas 13, 103102.

KANT, N. & WANI, M.A. (2015). Density transition based self-
focusing of cosh-Gaussian laser beam in a plasma with linear ab-
sorption. Communications in Theoretical Physics 64, 103–107.

KANT, N., WANI, M. & KUMAR, A. (2012). Self-focusing of Hermi-
te–Gaussian laser beams in plasma under plasma density ramp.
Optic Communications 285, 4483–4487.

KAUR, S., KAUR, M., KAUR, R. & GILL, T.S. (2017). Propagation
characteristics of Hermite-cosh-Gaussian laser beam in a rippled
density plasmas. Laser and Particle Beams 35, 100–107.

KAUR, S., SHARMA, A.K. & SALIH, H.A. (2009). Resonant second
harmonic generation of a Gaussian electromagnetic beam in a
collisional magnetoplasma. Physics of Plasmas 16, 042509.

KESKINEN, M.J. & BASU, S. (2003). Thermal self-focusing instability
in the high-latitude ionosphere. Radio Science 38, 1095.

KHAMEDI, M. & BAHRAMPOUR, A.R. (2013). Noncollapsing vectorial
twisted laser beam in plasma under the paraxial approximation.
Europhysics Letters 104, 25001.

KONAR, S., MISHRA, M. & JANA, S. (2007). Nonlinear evolution of
cosh-Gaussian laser beams and generation of flat top spatial sol-
itons in cubic quintic nonlinear media. Physics Letters A 362,
505–510.

KUMAR, H., AGGARWAL, M., RICHA and GILL, T.S. (2016). Combined
effect of relativistic and ponderomotive nonlinearity on self-
focusing of Gaussian laser beam in a cold quantum plasma.
Laser and Particle Beams 34, 426–432.

LU, B., MA, H. & ZHANG, B. (1999). Propagation properties of cosh-
Gaussian beams. Optics Communications 164, 165–170.

MALEKSHAHI, M., DORRANIAN, D. & ASKARI, H.R. (2014). Self-
focusing of the high intensity ultra short laser pulse propagating
through relativistic magnetized plasma. Optics Communications
332, 227–232.

MALKA, V. (2012). Laser plasma accelerators. Physics of Plasmas
19, 055501.

NANDA, V. & KANT, N. (2014). Strong self-focusing of a cosh-
Gaussian laser beam in collisionless magneto-plasma under
plasma density ramp. Physics of Plasmas 21, 072111.

PATIL, S.D. & TAKALE, M.V. (2013). Weakly relativistic and ponder-
omotive effects on self-focusing in the interaction of cosh-
Gaussian laser beams with a plasma. Laser Physics Letters 10,
115402.

PATIL, S.D., TAKALE, M.V., NAVARE, S.T. & DONGARE, M.B. (2010).
Focusing of Hermite-cosh-Gaussian laser beams in collisionless
magnetoplasma. Laser and Particle Beams 28, 343–349.

Self-focusing of asymmetric cosh-Gaussian laser beams propagating through collisionless magnetized plasma 675

https://doi.org/10.1017/S0263034617000684 Published online by Cambridge University Press

https://doi.org/10.1017/S0263034617000684


PATIL, S.D., TAKALE, M.V., NAVARE, S.T. & DONGARE, M.B. (2011).
Cross focusing of two coaxial cosh Gaussian laser beams in par-
abolic medium. Optik 122, 1869–1871.

PATIL, S.D., TAKALE, M.V., NAVARE, S.T., FULARI, V.J. & DONGARE,
M.B. (2007). Analytical study of HChG-laser beam propagation
in collisional and collisionless plasmas. Journal of Optics
(India) 36, 136–144.

PATIL, S.D., TAKALE, M.V., NAVARE, S.T., FULARI, V.J. & DONGARE,
M.B. (2012). Relativistic self-focusing of cosh-Gaussian laser
beams in a plasma. Optics and Laser Technology 44, 314–317.

SINGH, A., AGGARWAL, M. & GILL, T.S. (2008). Optical guiding of
elliptical laser beam in nonuniform plasma.Optik 119, 559–564.

SODHA, M.S., GHATAK, A.K. & TRIPATHI, V.K. (1976). Self-focusing
of laser beam in plasmas and semiconductor. Progress in Optics
13, 169–265.

SODHA, M.S., SHARMA, A. & AGARWAL, S.K. (2006). Focusing of
electromagnetic beams in collisional plasmas with finite thermal
conduction. Physics of Plasmas 13, 083105.

SONI, V.S. & NAYYAR, V.P. (1980). Self-trapping and self-focusing
of an elliptical laser beam in a collisionless magnetoplasma.
Journal of Physics D: Applied Physics 13, 361–368.

TAKALE, M.V., NAVARE, S.T., PATIL, S.D., FULARI, V.J. & DONGARE,
M.B. (2009). Self-focusing and defocusing of TEM0p Hermite–
Gaussian laser beams in collisionless plasma. Optics Communi-
cations 282, 3157–3162.

TRIPATHI, V.K., TAGUCHI, T. & LIU, C.S. (2005). Plasma channel
charging by an intense short pulse laser and ion Coulomb explo-
sion. Physics of Plasmas 12, 043106.

UPADHYAY, A., TRIPATHI, V.K., SHARMA, A.K. & PANT, H.C. (2002).
Asymmetric self-focusing of a laser pulse in plasma. Journal of
Plasma Physics 68, 75–80.

VIJ, S., KANT, N. & AGGARWAL, M. (2016). Resonant third harmonic
generation in clusters with density ripple: effect of pulse slip-
page. Laser and Particle Beams 34, 171–177.

WANI, M. & KANT, N. (2017). Self-focusing of a laser beam in the
rippled density magnetoplasma. Optik 128, 1–7.

XIONG, H., LIU, S., LIAO, J. & LIU, X. (2010). Self-focusing of laser
pulse propagating in magnetized plasma.Optik 121, 1680–1683.

ZHANG, P. & THOMAS, A.G.R. (2015). Enhancement of high-order
harmonic generation in intense laser interactions with solid den-
sity plasma by multiple reflections and harmonic amplification.
Applied Physics Letters 106, 131102.

B. D. Vhanmore et al.676

https://doi.org/10.1017/S0263034617000684 Published online by Cambridge University Press

https://doi.org/10.1017/S0263034617000684

	Self-focusing of asymmetric cosh-Gaussian laser beams propagating through collisionless magnetized plasma
	Abstract
	INTRODUCTION
	PROPAGATION DYNAMICS
	RESULTS AND DISCUSSION
	CONCLUSION
	References


