
NON-LINEAR INTERACTION OF HIGH POWER 

LASER BEAMS WITH PLASMAS 

By 

SALEIMAXERWAMAYVO 

CENTER FOR ENERGY STUDIES 

Submitted 

in fulfillment of the requirements 

of the degree of 

Doctor of Philosophy 

to the 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 
August - 2001 



0 Indian Institute of Technology, New Delhi-2001 



rr CCFF5TD 

ow.% ParL,, 



In the Warne ofArrah 

The Wtost Gracious, 

The .lost Wiercifui; 

Is there any reward-for good" other than good? 

Dedicated to 

911y Parents, &others, family and Teachers 

(They have always seen a source of 

Inspiration and acted as riding spirit in this endeavor 

In pursuit of exoffence 



CERVIX/TA 

This is to certify that the thesis entitled "Non-Linear Interaction of High Power 

Laser Beams with Plasmas" being submitted by Mr. Saleh Thaker Mahmoud to 

the Indian Institute of Technology, Delhi, for the award of the degree of "Doctor of 

Philosophy' in Center for Energy Studies, is a record of bonafide research work carried 

out by him. 

Mr. Saleh Thaker Mahmoud has worked under our guidance and supervision and has 

fulfilled the requirements for the submission of this thesis, which to our knowledge has 

reached the requisite standard. 

The results contained in this work have not been submitted in part or full, to any other 

University or Institute for the award of any degree. 

) 

Prof. R. P. Sharma 

Center for Energy Studies 
Indian Institute of Technology 
Hauz Khas, New Delhi-110016 



ACKNOWLEDGEMENT 

I am privileged to express my deepest sense of gratitude to Professor, Dr. R. P. 

Sharma, and Dr. H. D. Pandey, for their initiative, valuable guidance and 

supervision, keen interest and educative discussions throughout the course of this 

work. I am indebted to Prof. R. P. Sharma's help and encouragement, which kept 

my enthusiasm alive. 

Many thanks are due to the head and staff members of Center for Energy 

Studies, I.I.T-Delhi for their kind help and cooperation during my Ph.D. work. I 

am grateful to all the faculty members who have helped me directly or indirectly 

to complete my work. The cooperation and help rendered by colleagues Dr. Atul 

Kumar and Ms. Anita Shukla are being acknowledged herewith thanks. 

I take this opportunity to extend my sincere thanks to Professor, Dr. Nafei 

Al-Naseri, Dean of Laser and Plasma Institute for Postgraduate Studies, 

University of Baghdad and his staff for their moral support in this venture. 

Heartful thanks to my friends Bassam, Kamel, Khalid, Hyder, Karim and Maan 

for their moral support and comradeship. 

I owe it to my wife and kids (Zynab, Mohamed and Ahmed) for their 

patience during my research work. Above all I owe it to my parents and brothers 

for their encouragement, which gave me courage and confidence to materialize 

my dreams. 

Next, I must offer my sincere thanks to the Government of Iraq in particular 

the Ministry of Higher Education and Scientific Research, and Baghdad 

University in granting me this opportunity. I would also like to extend my thanks 



to the Government of India in particular the Indian Council for Cultural Relations 

(ICCR) for their financial support. 

Thanks are due to staff, Computer Services Center and Library of I.I.T in 

extending their helping hand during the course of my Ph.D. I am also thankful to 

IIT-Delhi administration and to the people of India. 

Sah 

August-2001 

'U 



BY/M Cr 

In laser plasma interaction various instabilities such as self-focusing, 

filamentation, Stimulated Brillouin Scattering (SBS) and Stimulated Raman 

Scattering (SRS) play very important role in the efficient coupling of laser beam 

energy to the plasma in achieving laser induced fusion. This thesis presents an 

investigation of the effect of self-focusing on SBS and SRS in hot, unmagnetized 

and collisionless plasma. Paraxial-ray approximation has been employed to study 

the above—mentioned effects. The effects of pump depletion and self-focusing on 

SBS and SRS have been studied in steady state case. The reflectivity with pump 

depletion is less than without pump depletion and three-wave interaction case. 

The time dependent setting up of ponderomotive non-linearity in the 

plasma is investigated. The effect of transient self-focusing nature on SBS back-

reflectivity has been discussed. This study reveals that the hot spot movement and 

the competition between the self-focusing and backscattered beau will affect the 

modified background density and hence the SBS reflectivity shows an oscillatory 

behavior with time. 

Due to the availability of lasers capable of delivering high power in short 

pulse into focal spots with a few wavelength radius, it is expected that 

nonlinearity arising on account of electron mass variation with high laser power 

(relativistic nonlinearity) cannot be ignored. Therefore, the effect of the 

relativistic mass variation on laser beam propagation has been studied. It is seen 

that the pump laser beam can undergo self-focusing process and its intensity gets 

affected during the process of propagation. The stimulated Raman scattering and 
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stimulated Brillouin scattering processes in the relativistic regime have also been 

discussed when the pump intensity is changing on account of self-focusing 

process. In fact on account of the relativistic non-linearity, pump laser beam and 

backscattered wave affect each other and cross-focusing process takes place. This 

leads to the change in the SRS and SBS back-reflectivity. 

Last chapter presents, beat wave excitation of electron plasma wave by 

cross-focusing of two intense laser beams. The effect of excited electron plasma 

wave on cross-focusing of lasers and the plasma wave power has also been 

studied. It is observed that the inclusion of resonantly excited electron plasma 

wave (EPW) on cross-focusing is drastic and the accelerating electric field of the 

generated EPW gets significantly reduced. 
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