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ABSTRACT 

The thesis presents an analytical and numerical study of nonlinear wave-wave and 

wave particle interaction in plasmas with special reference to intense laser plasma 

interaction and electron acceleration. We develop a formalism of self-focusing of a low 

frequency whistler wave, propagating at an angle to the ambient magnetic field in a 

plasma. The nonlinearity arises due to the pondermotive force on electrons and 

subsequent redistribution of plasma along the magnetic field. The direction of self 

focusing differs from that of phase propagation due to plasma anisotropy. In the three-

dimensional (3D) case, the self-focusing is sharper and increases as 0 increases. In the 

2D slab model, self focusing occurs with spatial periodicity. 

We study the anomalous absorption of whistler wave, propagating through 

magnetized plasma in the presence of a density ripple. The whistler induces an oscillatory 

velocity on electrons that beats with the density ripple to produce a quasi-mode that has 

an electric field component along the ambient magnetic field and is strongly Landau 

damped on electrons. This diversion of energy leads to anomalous absorption of the 

whistler. For a density ripple of 10% with suitable wave number the whistler could be 

severely damped, diverting its energy into heating the electrons. 

A theory has been developed to analyze the effect of an axial magnetic field in a 

laser beat wave accelerator (LBWA), which enhances the oscillatory velocity of electrons 

due to cyclotron resonance effect leading to a higher amplitude of the ponderomotive 

force driven plasma wave, and higher energy of accelerating electrons. The axial 

magnetic field inhibits the transverse escape of electrons and thus causes a growth of the 

interaction length. A surfatron transverse magnetic field deflects the electrons parallel to 

the phase fronts of the accelerating wave keeping them in phase with it. 
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A formalism has been developed for relativistic self distortion of a Gaussian laser 

pulse in an inhomogeneous plasma in one dimension. The relativistic mass effect causes 

different portions of the pulse to travel with different group velocities leading to the 

steepening of the pulse front and broadening of the rear. This asymmetry created in the 

pulse shape gives rise to stronger ponderomotive force on electrons at the front and 

weaker at the rear. The fast moving electrons under this force are shown to have very 

significant net energy gain. 

A scheme of electron acceleration has been proposed in which a Gaussian 

whistler pulse is shown to cause ponderomotive acceleration of electrons in a plasma 

when the peak whistler amplitude exceeds a threshold value and whistler frequency is 

greater than half the cyclotron frequency, w > w /2 . The threshold amplitude decreases 

with the ratio of plasma frequency to electron cyclotron frequency, w,, /co. 

We propose a novel scheme of ponderomotive acceleration of electrons by a short 

laser pulse undergoing relativistic self focusing in a plasma. The saturation in nonlinear 

plasma permittivity causes periodic self focusing of the laser. The periodicity lengths are 

different for different axial segments of the pulse. As a result pulse shape is distorted. An 

electron initially on the laser axis and at the front of the self focusing pulse gains energy 

from the pulse until it is run over by the pulse peak. By the time electron reaches to the 

tail, if pulse begins diverging, the deceleration of the electron is slower and the electron is 

left with net energy gain. 

viii 



CONTENTS 

Certificate...........................................................................iii 

Acknowledgements .....................................................................v 

Abstract............................................................................. vii 

Contents .............................................................................. ix 

Listof Figures .................................................................... xiii 

Chapter 1: 	Introduction and plan of the thesis .............................................1 

	

1.1 	Ponderomotive force ............................................................... 3 

	

1.2 	Plasma channel formation .........................................................4 

	

1.3 	Self focusing ........................................................................ 6 

	

1.4 	Electron acceleration ............................................................... 8 

1.4.1 Ponderomotive acceleration ...............................................10 

	

1.5 	Anomalous absorption ............................................................11 

	

1.6 	Plan of the thesis ..................................................................12 

List of Publications ...............................................................13 

References..........................................................................14 

Part I 

Whistler induced nonlinear phenomena .....................................19 
References..........................................................................24 

Chapter 2: Self focusing of a whistler propagating at an angle to magnetic field 
in a plasma 

	

2.1 	Introduction ........................................................................ 27 

	

2.2 	Linear response ....................................................................28 

ix 



	

2.3 	Nonlinearity due to ponderomotive force ......................................30 

	

2.4 	Self focusing .......................................................................31 

2.4.1. 3D analysis .................................................................31 

2.4.2. 2D analysis .................................................................36 

	

2.5 	Discussion .........................................................................37 

	

2.6 	Conclusion .........................................................................3 8 

References.........................................................................3 9 

Chapter 3: Anomalous absorption of a whistler in rippled density plasma 

	

3.1 	Introduction ........................................................................41 

	

3.2 	Nonlinear current density .........................................................42 

	

3.3 	Absorption coefficient ............................................................43 

	

3.4 	Discussion ..........................................................................48 

References............................................................................49 

Chapter 4: Ponderomotive acceleration of electrons by a whistler pulse 

	

4.1 	Introduction ................................................................................................51 

	

4.2 	Ponderomotive acceleration ......................................................53 

	

4.3 	Discussion ..........................................................................59 

References..........................................................................61 

x 



Part!! 

Laser driven electron acceleration ...........................................63 

References.......................................................................... 67 

Chapter 5: Effect of an axial magnetic field and ion space charge on laser beat 
wave acceleration and surfatron acceleration of electrons 

	

5.1 	Introduction ........................................................................ 69 

	

5.2 	Laser beat wave (LBW) excitation of plasma wave ..........................71 

	

5.3 	Electron acceleration ..............................................................74 

	

5.4 	Effect of axial magnetic field on surfatron acceleration .....................77 

	

5.5 	Discussion ..........................................................................79 

References..........................................................................80 

Chapter 6: Relativistic self distortion of a laser pulse and ponderomotive 
acceleration of electrons in an axially inhomogeneous plasma 

	

6.1 	Introduction ........................................................................81 

	

6.2 	Pulse distortion ................................................................... 83 

	

6.3 	Electron acceleration ............................................................. 85 

	

6.4 	Discussion .........................................................................89 

References......................................................................... 91 

Chapter 7: Ponderomotive acceleration of electrons by a self focused laser pulse 

	

7.1 	Introduction ........................................................................ 93 

	

7.2 	Self focused laser pulse ...........................................................95 

	

7.3 	Electron acceleration ..............................................................97 

	

7.4 	Discussion .........................................................................102 

References.........................................................................105 

xi 



Chapter 8: 	Conclusions and future prospects ...........................................107 

References........................................................................110 

About the Author .................................................................111 

xii 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

