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Abstract 
 

The high power laser plasma interaction is a subject of worldwide research because of its 

numerous applications which include harmonic generation, laser driven accelerator, laser 

fusion schemes, supercontinuum generation and X-ray lasers. All these applications 

necessitate the laser beam to propagate over several Rayleigh length in the plasma 

without divergence. When laser beam traverses in the plasma, three competitive processes 

come into picture which are diffraction, ionization induced refraction and relativistic self 

focusing. However, self focusing plays a significant role in all the above mentioned 

processes. It is a nonlinear optical process induced by change in the refractive index of 

material when an intense laser beam falls on it.  

The nonlinear physical mechanisms which play vital role in self focusing are colllisional, 

ponderomotive and relativistic nonlinearity. Self focusing of short pulses arises due to 

nonlinear plasma permittivity being an increasing function of laser intensity. It occurs due 

to relativistic increase in electron mass due to the laser field and electron density 

depression due to the transverse ponderomotive force. Most widely used theory for 

investigating self focusing is paraxial ray approximation (PRA), which considers only the 

region close to the propagation axis and suits well to the Gaussian laser beam because 

most of the portion is close to the propagation axis. However, there are laser profiles such 

as super-Gaussian (sG) beams in which intensity is same beyond the paraxial region of 

laser beam and dark hollow beams in which intensity is zero in the central region and 

maximum away from it. For investigating these beams, moment theory is best suited 

because it takes the moment of the beam spot size over the whole space. 

In the present thesis, at first we check the feasibility of PRA for sG beams. Then we have 

employed moment theory for these laser beams. The plasma is formed by tunnel 
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ionization of gas when the laser beam propagates through the gas. It is seen that laser 

beam suffers diffraction and ionization induced refraction divergence and gets defocused. 

To self focus the laser beam, high intensity beams of intensity       W/cm
2
 are used. 

At this intensity, relativistic effect comes into picture, which tends to self focus the laser 

beam. It is desirable for many applications as mentioned above that laser beam should 

propagate over many Rayleigh lengths without loss of energy. For this, we have 

introduced different types of density inhomogeneity in the plasma and achieved shorter 

self focusing length and faster and deeper self focusing compared to uniform plasma. We 

have also considered the Gaussian temporal profile of laser beam with pulse of 

femtosecond duration and spatial profile as sG. For a fast rising laser pulse, as the laser 

beam propagates in the plasma, the phase of the laser pulse gets modulated shifting the 

frequency of the laser beam. It is found that the frequency of laser pulse is downshifted at 

front end of the pulse and upshifted at the rear end of the laser pulse. The effect of 

cyclotron motion is also discussed and found better self focusing in the presence of 

external magnetic field. Resonant third harmonic generation for a self guided laser beam 

in ripple density plasma is also studied in the last part of the thesis and the effect of self 

focusing on resonant third harmonic generation is investigated. It is found that self 

focusing enhances the third harmonic field amplitude. The formation of electromagnetic 

soliton in relativistic plasma is finally studied. It is found that the soliton width decreases 

with increase in the order of sG beam and with increase in the normalized laser field 

amplitude because of stronger nonlinear interaction.   
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