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This thesis presents the nonlinear interaction of high power laser beams with 

plasmas. Various nonlinearities like ponderomotive, relativistic, and both 

relativistic and ponderomotive nonlinearities simultaneously have been considered. 

The work includes analytical modelling and numerical simulation to study the 

filamentation process of laser beam as the filamentation leads to change in the laser 

beam spatial structure. In view of the fact that filamentation can modify the 

conditions under which particular plasma mode can grow and consequently affects 

the overall process of excitation. This thesis is an attempt to understand 

localization of the electrostatic modes induced by the change in the spatial 

structure of the laser beam due to filamentation. 

The occurrence of localization of the electrostatic modes of the plasma changes the 

scenario of different nonlinear phenomenon and hence coupling efficiency between 

the laser and plasma. These findings are relevant for many recent areas of laser 

plasma research, prime examples being the currently unsolved problems of 

stimulated Raman and Brillioun scattering. In the present work the role of 

localization of plasma waves in the energization of electrons through the stochastic 

process has been studied. The plasma modes are localized as it gets coupled to the 

filamented laser beam. The motivation for this research stems from the possibility 

of stochastic acceleration in chaotic fields which are created due to laser beam 

filamentation effects. 
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The author has also given the extended-paraxial theory of laser beam 

filamentation. The higher order terms in the expansion of dielectric constant and 

eikonal have been taken into account. The laser intensity profile and other relevant 

quantities of plasma were expended up to the 4th  power of radial distance r and it 

makes a significant difference in the study of propagation of laser beam in plasma. 

The thesis consists of general introduction with literature survey and five chapters. 

The first chapter gives a broad overview of all the research work carried in the 

present thesis with literature survey. 

In the second chapter of the present thesis, stochastic acceleration has been 

proposed as a possible mechanism for the production of energetic particles in the 

laser-plasma interactions. Filamentation of a high power laser beam process leads 

to the formation of localized electron plasma wave structures. These localized 

structures are analyzed as chaotic and the repeated interaction of electrons with 

these chaotic fields leads to stochastic heating. In the third chapter, the stochastic 

acceleration has been investigated in the presence of self generated magnetic field. 

In the filamentary structures of the laser beam the upper hybrid wave is strongly 

coupled and gets localized. The interaction of the electrons with these chaotic 

structures leads to stochastic heating. The effect of self generated magnetic field 

(in laser plasma interactions) on the stochastic acceleration process has also been 

examined. The fourth chapter of the present thesis is an attempt to study the 

suppression of stimulated Raman scattering. The physical process involves the 

localization of electron plasma wave due to nonlinear coupling between filamented 
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pump laser beam and plasma wave due to ponderomotive nonlinearity. As a 

consequence, Landau damping of plasma wave increases resulting in the 

suppression of stimulated Raman scattering. In the fifth chapter the author has 

investigated second harmonic generation at ultra relativistic laser powers when this 

restriction on the shape of incident pump Gaussian laser beam has been relaxed 

during filament formation. It is observed that the generated second harmonic get 

modified in the presence of splitted filamentary structures of the laser beam. In the 

last chapter beating of the two laser beams and excitation of Longmuir wave at 

difference frequency has been studied. Modelling of this nonlinear process has 

been done with the help of a driven oscillator where the driven force is due to the 

laser beam filament formation. The results demonstrate that the Longmuir wave is 

having a turbulent spectrum. The spectral index of the complex turbulent spectrum 

of this Longmuir wave has been calculated. The mechanism of the stochastic 

acceleration has been presented in the presence of this Longmuir turbulence. 
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