THEORETICAL AND SIMULATION STUDIES
ON LASER INTERACTING WITH
MAGNETIZED PLASMA

LAXMAN PRASAD GOSWAMI

DEPARTMENT OF PHYSICS

INDIAN INSTITUTE OF TECHNOLOGY DELHI

February 2025



© Indian Institute of Technology Delhi (11TD), New Delhi, 2025



Theoretical and Simulation Studies on Laser
Interacting with Magnetized Plasma

by

LAXMAN PRASAD GOSWAMI

Department of Physics

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY
DELHI

February 2025



Dedicated to my parents



Certificate

This is to certify that the thesis entitled “Theoretical and Simulation Studies
on Laser Interacting with Magnetized Plasma’, submitted by LAXMAN
PRASAD GOSWAMI to the Indian Institute of Technology Delhi, for the award
of the degree of Doctor of Philosophy in PHYSICS, is a record of the original,
bona fide research work carried out by him under my supervision and guidance. The
thesis has reached the standards fulfilling the requirements of the regulations related
to the award of the degree.

The results contained in this thesis have not been submitted in part or in full to any
other University or Institute for the award of any degree or diploma to the best of
my knowledge.

Prof. Amita Das
Department of Physics,
Indian Institute of Technology Delhi.

Date:



Acknowledgements

Of course, an undertaking of this kind would not have been possible without many
people’s collective and organized efforts. However, the most important person in this
journey I would like to express my sincere gratitude to my thesis supervisor, Prof.
Amita Das. I am indebted to her for all the opportunities given by her—which are
far too many for me to count. She has given me ample free time to find a problem of
my choice and work on it. Even during the trying times of the COVID-19 lockdown
(especially the first one), she was available to help me continue the simulation work
when I was really new to working remotely. Many times, she had to go all the way
from her home to the lab just to switch on my Desktop. She went the extra mile
to allow me lab access during this global pandemic when no other guide was ready
to make such a hard decision. A student like me, who came from an Electronics
Engineering background, could complete his research work in core Physics within
five years, which was possible only due to her kind help and guidance. Last but
certainly not least, I would also like to thank her for teaching the courses PYL657
(Plasma Physics) and PYL658 (Advanced Plasma Physics). These courses helped

me a lot in building my basics of plasma physics.

I would also like to thank my SRC members— Prof. V. Ravisankar, Prof. Aloka
Sinha, Prof. Vikrant Saxena, and Prof. Satyananda Kar— for their valuable sug-

gestions and feedback on the work from time to time.

I would like to thank my collaborators Dr. Srimanta Maity, Dr. Devshree Mandal,
Dr. Ayushi Vashistha, Mr. Trishul Dhalia, Mr. Rohit Juneja, and Mr. Anandam
Choudhary.

I extend my thanks to all the lab members of the Einstein Research Scholar Room
for providing a congenial atmosphere in the lab. A special mention goes to Dr.
Sooryansh Asthana for being extraordinarily helpful, even going beyond expecta-
tions. I am extremely thankful to Dr. Rajni Bala, Mr. Aman Singh Kataria, Mr.
Trishul Dhaliya, Mr. Rohit Juneja, Mr. Imran Khan, and Mr. Subhasish Bag for
valuable feedback on various presentation slides, plots, and reports. I also want to
thank Mr. Subramanya Bhat and Mr. Imran Khan for treating us to homemade

delicious food on many occasions.

ii



I would like to thank my friends— Ms. Mamta Singh and Mr. Rahul Shaw, for their
unconditional help and support (both technical and emotional) during my Ph.D.
journey. Thanks to Dr. Sathi Das for always being alongside me in all my decisions

and providing emotional help.

I really feel fortunate to have some teachers in my academic studies—my Physics
teacher (in 10 + 2), Mr. Suresh Chandra Sharma, and Prof. R. P. Sharma (during
Ph.D. coursework). Suresh sir is my lifelong ideal and was behind my motivation to

pursue physics as my career.

I would like to thank the Council for Scientific and Industrial Research (CSIR) for
providing me with financial support for doctoral research. I acknowledge the travel
grants (Research Scholar Travel Award and Research Excellence Travel Award) from
IIT Delhi to attend the conferences “12" Festival de Théorie 2022” and “AAPPS-
DPP 2023".

I believe that words are not enough for my family, including my parents, Mr. Shiv
Hari Goswami and Mrs. Krishna Devi, and my siblings, Mr. Narendra Kumar
Goswami, Mr. Shyam Sundar Goswami, and Mrs. Priyanka Goswami, for their
untiring efforts, unflinching faith in me, and unwavering support in each decision of
my life, without which this thesis would not have seen the light of the day. I am
God gifted to have cousins, Mr. Yash Pathak and Mr. Ansu Pathak, who are always
there for my help in every nook and corner of my journey. In fact, my decision to

join the Ph.D. program in Physics was motivated by Yash Pathak.

I might have missed some very important person(s) in this acknowledgment due to

my forgetfulness. However, believe me, my acknowledgment is not tied only to these

pages.

Laxman Prasad Goswami



Abstract

This thesis makes an important contribution to the field of laser interaction with
magnetized plasma. The study examines new laser energy absorption schemes aided
by the application of an external magnetic field. These absorption schemes are
essentially premised on the generation of electrostatic fields in the plasma, which
ultimately transfer their energy to particles. The role of ponderomotive force (both
longitudinal and transverse) and diamagnetic effects due to plasma inhomogeneity
for the generation of electrostatic waves has been studied. Some other interesting
and novel features of the magnetized regime have also been explored. This includes
the demonstration of parametric processes such as the Brillouin scattering in the

context of magnetized plasma response.

Furthermore, the transparent propagation of the incident radiation in plasma at
extremely strong magnetic field strengths (where both the electron and ions display
magnetized response at the radiation frequency) has been demonstrated. Though
such strong magnetic fields are not available in the laboratory, their presence in
an astrophysical context is plausible. These studies have been performed with the
help of the Particle-In-Cell (PIC) simulations technique using OSIRIS-4.0 and the
EPOCH-4.17.10 platform.
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