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Abstract. In the present paper, the contribution of light absorption on self-focusing of cosh-Gaussian laser beams in 
collisional plasma is studied. The field distribution is expressed in terms of two transverse beam-width parameters, 
decentred parameters and linear absorption coefficient. Based on parabolic equation approach under Wentzel-Kramers-
Brillouin (WKB) and the paraxial approximations, nonlinear differential equations governing the evolution of beam-
width parameters are evaluated. The behavior of beam-width parameters with the normalized distance of propagation is 
studied for di erent values of decentred parameters and absorption coefficients in collisional plasma. The results are 
presented graphically and discussed. 

INTRODUCTION 

The phenomenon of self-focusing of laser beams in plasmas has been a subject of immense interest due to the 
fact that the manifestation of all nonlinear processes in plasmas is strongly affected by the transverse distribution of 
beam irradiance. The self-focusing [1] of laser beams is genuinely a nonlinear optical effect induced by modification 
of dielectric constant of plasma due to the intense laser field. In such self-action effect, the laser beams having non-
uniform distribution of irradiance in a plane, normal to direction of propagation leads to non-uniform distribution of 
carriers along the wavefront, which further leads to a change in dielectric constant of plasma [2]. In laser-plasma 
interaction, there are three main mechanisms that lead to a change in the dielectric constant of plasma as follows: (i) 
the ponderomotive force, (ii) the collisions, and (iii) the relativistic effects. Review of literature highlights the fact 
that under the framework of these mechanisms, few studies have been attempted by considering the contribution of 
light absorption in self-focusing of laser beams in plasmas.  

Armand [3] considered the effect of linear absorption on divergence of a beam. Virmani et al. [4] extended the 
formalism to include the imaginary part of the dielectric constant, in the analysis. The dependence of the imaginary 
part of the dielectric constant is in general as significant as that of the real part and hence neglecting it is justified 
only when the overall absorption is negligible and such case is not always. Hence, attempts have been made to 
account for the dependence of the imaginary part of the dielectric constant on irradiance profile of the beam. Yuen 
[5] is probably the first investigator to take account of this dependence. It is well known [6] that the nonlinear 
phenomena including self-focusing occur in the ionosphere for rather modest powers of radio stations; for periods 
exceeding the time of relaxation of electrons, the nonlinearity is essentially collisional. For the lower ionosphere, the 
collisions are predominantly with neutral atoms, while in the upper ionosphere, collisions with ions are predominant. 
The theory is readily applicable to other types of nonlinearities, for which the corresponding expressions for 
nonlinear part of dielectric constant are available. Therefore, in the studies on self-focusing of laser beams under 
different situations, light absorption has paved a vital role. Most of the studies [7-11] on self-focusing of laser beams 
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in plasmas have been carried out by neglecting the contribution of light absorption. Besides, Navare et al.[12] have 
examined an impact of linear absorption on self-focusing of Gaussian beam by taking into account collisional 
nonlinearity. Effect of linear absorption on self-focusing of quadruple Gaussian laser beam in an inhomogeneous 
magnetized plasma with ponderomotive non-linearity has been studied by Aggarwal et al.[13]. Self-focusing of 
cosh-Gaussian laser beam in plasma with linear absorption has been reported by Kant and Wani [14]. They have 
also extended their study to chirped Gaussian laser beam in collisional plasma [15]. Ouahid et al.[16] investigated an 
effect of light absorption on self-focusing of finite Airy-Gaussian laser beams under relativistic and ponderomotive 
regime. Patil et al.[17-19] have presented the influence of light absorption on self-focusing of Gaussian laser beam 
in different situations.  

In the present paper the attention is being paid to address the new class of laser beam usually known as cosh-
Gaussian beams and their self-focusing in collisional plasma with effect of linear absorption. In recent studies [20-
25], such beam has been explored in different situations by neglecting absorption. In addition to adopting impact of 
absorption, we have considered two beam-width parameters along transverse dimensions of the beam. We rely on 
the paraxial approach introduced by Akhmanov et al. [1] and its extension by Sodha et al.[2].  

EVOLUTION OF BEAM-WIDTH PARAMETERS 

The wave equation governing the electric field vector of a laser beam in plasma with effective dielectric function 
  can be written as 

 0E
c

E 2

2
2  

,                                                                                 (1)   

The effective dielectric function   of plasma can also in general be written as [2] 
 i

* i)EE(   0  ,                                                                         (2) 

where, 0  and )EE( * are the linear and nonlinear parts of the dielectric function respectively, i  takes care of 

absorption and 22
0 1  p with   212

04 m/enp    as the plasma frequency, e , m and 0n  being the 
electronic charge, its rest mass and the electron density in absence of the beam respectively.  The functional form of 
  is different in different physical situations. In case of collisional plasma, it can be expressed as [2]  
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where, 0
22 6 TKm/Me B  , M  is the mass of ion,   is the angular frequency of laser used, BK  is the 

Boltzmann constant, 0T  is the equilibrium plasma temperature and s  is the parameter characterizing the nature of 
collisions. We restrict ourselves to the case of 1s  which takes place for collisions of electrons with neutral 
particles.  

Within the framework of WKB and paraxial approximations, the intensity distribution of cosh-Gaussian laser 
beam propagating along z axis is given by 
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where 0E  is the initial amplitude of laser with initial beam-width 0r , 1b  and 2b  are the decentred parameters of 
ChG beams with 1f  and 2f  as the corresponding beam-width parameters in x and y dimensions respectively. 

Following the approach of Akhmanov et al.[1] and its extension by Sodha et al.[2], the beam-width parameter 
differential equations for ChG beams in collisional plasma are obtained as 
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where   2
2,12,1 14 bA  , 22

2,12,1  bB , 2
0EP   and cr,  021   is the equilibrium beam radius, 2

0krz is the 

dimensionless distance of propagation, dii Rk'k   is the normalized absorption coefficient, 2
0krRd   is the Rayleigh 

length. Under critical condition, 121  ff  at 0 , the condition 02
2

22
1

2   dfddfd  leads to propagation 
of ChG laser beams without convergence or divergence i.e. self-trapped mode.  

NUMERICAL RESULTS AND DISCUSSION 

Equations (5) and (6) are nonlinear coupled, differential equations in which first term on right-hand side 
corresponds to the diffraction divergence of the beam and second term corresponds to nonlinear refraction of the 
beam due to self-focusing. These equations can be solved numerically by using numerical values, 

srad. 14107781   and 319
0 10  cmn . Fig. 1 shows the plot of equilibrium beam radii 1  and 2  against 

initial intensity parameter P  for different values of decentred parameters 1b  and 2b .  

 
FIGURE 1. Variation of equilibrium beam radii 1  and 2  with initial intensity parameter P  for different decentred 

parameters 1b  and 2b .  0.02,1 b  (solid curves), 4021 .b ,   (dashed curves), 8021 .b ,   (dotted curves). 
 

From Fig. 1 it is seen that as value of decentered parameters increases, the critical curves shifts downward and attain 
minimum value. The region above the curves corresponds to the self-focusing and below it corresponds to 
defocusing. Fig. 2 shows the variation of beam-width parameters 1f  and 2f  against the dimensionless distance of 

propagation   for different absorption coefficients 040020000 .,.,.k '
i   with 8021 .bb  , 621     and 

1P . From this figure it is clear that stationary self-focusing of laser beam gets destroyed by taking into account 
the absorption. Subsequently, maximum of beam-width increases during the propagation in plasma. Finally the 
beam becomes too weak to control the diffraction and suffers steep steady divergence. As obvious, penetration 
decreases with increasing the absorption and decentred parameters too. Thus control parameters like absorption 
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coefficient, decentred parameters, initial intensity parameter, equilibrium beam radius plays an important role in 
propagation dynamics of the laser beams in plasmas 

.  
FIGURE 2. Variation of beam-width parameters 1f  and 2f  as a function of  for different absorption coefficients '

ik .  

000.k '
i   (Solid curves), 020.k '

i   (dashed curves), 040.k '
i   (dotted curves). 
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