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Abstract

In the present manuscript, we propose a theoretical model which defines propagation of Hermite-cosh-
Gaussian laser pulse in thermal quantum plasma with density ramp. Further, differential equation for the beam
width parameter is set up by taking expression for dielectric function and following WKB approximation.
Comparison is done for the self-focusing with density ramp profile and without density ramp is reported. The

former is more prominent in achieving stronger self-focusing of laser pulse as compared to the later one.
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I. INTRODUCTION

In last few years, interaction of the laser with plasma has been world widely studied because of its
unique applications which include inertial confinement fusion [1-3], electron acceleration by laser [4-
6], self —focusing and the harmonic generation [7-13] etc. Among these nonlinear effects one of the
most important effects is self-focusing. When a high power laser beam propagates through the
plasma, dielectric function of the plasma is modified due to the oscillatory velocity of electrons. The
focusing and defocusing of first six TEMOp Hermite-cosh-Gaussian laser in collisionless plasma was
studied by Takale et al. [14].

Importance of density ramp and decentered parameter for efficient self-focusing laser was
successfully reported by Kant et al. [15]. Also, it has been observed that, under the influence of

magnetic field and plasma density ramp, the self-focusing becomes stronger up to great extent [16].
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Further, in quantum plasma self-focusing of a cosh-Gaussian laser was presented by Habibi et
al.[17], by following higher order paraxial theory. They got better results for self-focusing of the
cosh-Gaussian laser beams in comparison to Gaussian beams by selecting suitable decentered
parameter.

The manuscript is defined as follows: section Il devoted to equations for nonlinear dielectric function
and characteristics of the beam width parameter with normalized propagation distance. In section 11l
presents results and the discussions. Final conclusion of the investigation is presented in section IV.

Il. THEORETICAL CONSIDERATIONS

In cold quantum magnetoplasma can be written as

o el

where H_is the Hermite polynomial of m™order, f(z) represents dimensionless beam width
parameters. Oscillatory velocity related to electrons is v=eE/m,wy . Here w,eand m, are the
angular frequency of the incident laser beam, electronic charge and rest mass respectively. Also

¥ =+/1+aEE", represents the relativistic factor where a =e?/mZw*c®. The dielectric function for
the nonlinear medium can be written as
e=¢,+¢(EE"), (2

where &, =1-} /| &} @} = 4mn(£)e? Im.

‘= & ) =Pyl 1 expf - 37 e
¢(EE™) = exp(dj[l 7/] {1 exp( M aEE ﬂ 3)

@, (L+ Aoyt — 0,21¢))’ 1- o, | o))y

where o =e*M /6mZy*w’k, T, S=4x%h? Im*a} L+ Aw,t — w,z/ ¢))* A, and

y =1+ ?EE"/c’m2e? .

Further, wave equation is given as
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Solution of the Eq. (4) is as follows

E=0 (4)

E = A(r, z) expli (et — kz)] (5)
where A(r,z) represents complex amplitude of the electric field. Putting the expressions for E and

A(r,z) ineq. (4),

05, Sw¢ exp(z/dR;) b,
0z c’k?dR, o L+ Moyt — 0,21¢))* L-w, | o))y
. zowf exp(z/dR,) wh, s
c’k*dR, o; (L+ Aot —o,210))* (-0, | 0,)y o0z
250 exp(z/de)( 02, ]2
2c*k*d*R? o, (L+ Aoyt — 0,21¢))* 1-w, | 0,)y
zof exp(z/dR;) why
c’k’dR, o, L+ Ayt — 0,21¢)) A-w, | o))y
o, exp(z/de)( wh, JZ
4c*k*d’R? o L+ Aot —w,210)* (- o, | o))y

_(ﬁjZ 1 A1 (A
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(6)

and
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The solutions of egs. (6) and (7) are of form
N O ) O R S L B
Aé _ Eg H, 2r e2le Z(VOf(Z) 2] +e 2[fof(Z) 2] +2e (fozfz(Z) ZJ (8)
f<(z2) ry f
and
r2
S =-p(2)+ 9(2) ®)
Substituting these values in Eq. (6), we get the equations,
Form=20
cexp(&/d) [ ok ]_ d’f
oali w% exp(&/d) op L+ Mgt —wyzlc))’y ) ~|dg?
@2 (L+ Aoyt — 0,21)) (- w, | )y (10)
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Form=1
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(12)

I1l. RESULTS AND DISCUSSION
Consider frequency and the spot size of initial laser @ =1.778x10"rad/s. From figure 1 (a), one
may observe effect of exponential density ramp in comparison to tangential on self-focusing through

magnetoplasma with relativistic effects. In the similar way for m =1, figure 1 (b), noticed that, the

beam passing through plasma with exponential as well as tangential density transition gets diffracted.

For m = 2,in figure 1 (c), the strong self-focusing with early effects is noticed. Previously, Kant et

al.[18] have observed self-focusing with ponderomotive nonlinearity under density transition and
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found strong self-focusing nearly at & = 0.5. Here in this work, stronger self-focusing is noticed even

at lower values of the normalized distance of propagation.

Figure 2 reveals the dependence of f on & for various decentered parameters bat mode indices
m=0,1and 2. One may clearly observe that, as values of the decentered parameter enhances, self-

focusing is increased and is shifted towards the smaller values of distance of propagation. Strong
self-focusing of Hermite-cosh-Gaussian laser beams in collisionless magnetoplasma was studied by
Patil et al.[19] which supports our results.

IV. CONCLUSION

Present manuscript describes relativistic effect of self-focusing on Hermite-cosh-Gaussian laser in
plasma with density transition. Using WKB approximation, enhancement in the self-focusing of
Hermite-cosh-Gaussian beam is observed. It is noticed that with the density transition the spot size of
Hermite-cosh-Gaussian beam reduces as it travels inside plasma. Present work may be utilized in

analysis of quantum dots and laser induced fusion etc.
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FIG. 1. Comparison between effects of exponential and tangential plasma density ramp on

dependence of f on ¢ form=0, (a),m=1, (b) and m=2, (c). Other terms are taken as

oEl =0.1, @,/ ©=0.75 @,/ ©=0.8,b=0.9, ax, /c =470.
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FIG. 2. Dependence of f on & at various decentered parameter values form=0, (a),m=1, (b) and

m= 2, (c). Other parameters are same as considered in fig. 1.
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