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(A Deemed to be University u/s 3 of the UGC Act, 1956)

JAIPUR CAMPUS

Message

It is an important and pride moment for Birla Institute of Technology and Plasma Science
Society of India to jointly organize the 36 th National Symposium on Plasma Science and
Technology during 13-15 December 2021 at BIT Jaipur Campus . The broader theme of the
symposium “Plasma for Benefit of Mankind” is well addressing the concern of common people
through technology intervention at the time of Covid 19 pandemic when the humanity has
been facing serious challenge to its survival which includes threats related to economic and
social perturbation. It is quite appropriate here to say that this symposium is going to make a
significant contribution to address some of the serious concerns the mankind is presently facing
with discussions and deliberations on the application of plasma technology . The validity of this
hope and assurance to the society is based on the broader platform of plasma applications
which have positive impact on well being of people , the notable plasma applications of
interest here are- Plasma medicines, fusion energy , application to agriculture and food
processing , environment friendly material processing , waste management , air and water
purification , etc . The applications of plasma in space and defence sectors are also playing
vital role in shaping the better future of the society .

It is quite encouraging to learn that the symposium has got a good participative response from
about 300 scientists and researchers from reputed institutions and universities . Definitely ,
discussions and deliberations at such intellectual level would result in fruitful outcome in terms
of industrial application or realization of research ideas in a real time processes or products.

On behalf of the host institution , | welcome all guests and participants and wish the
symposium a great success.

p\uﬂm "r’"k
(Dr. Abhinav Dinesh)
Director

Birla Institute of Technology , Mesra

Jaipur‘Campus




Institute for Plasma Research

MESSAGE

I am happy to know that the Plasma Science Society of India (PSSI) is organizing its 36"
National Symposium on Plasma Science and Technology (PLASMA-2021) as an online event
in association with the Birla Institute of Technology, Mesra, Jaipur Campus during 13-15
December, 2021. This meeting holds special importance as the last Plasma conference could
not be held due to the Covid-19 pandemic.

With so many societal applications of plasmas, it is slowly but surely becoming part and parcel
of our daily life! I am happy to know that the theme of this edition of the Plasma conference
is “Plasma for Benefit of Mankind”, which truly reflects how plasma will play an important
role in our lives. Plasma science & technology has also made major advances over the past few
decades, with the ITER project on track to establish the usefulness of Controlled
Thermonuclear Fusion. In parallel with the mega-projects related to fusion, the ever-growing
list of plasma applications in industry, medicine/healthcare, agriculture, textile processing,
waste disposal, aerospace technologies, communications and so on only adds to the wide
adaptability of plasma science & technology. A promising new area of particular importance
for India, is the application of plasmas for the eco-friendly and low-carbon production of

hydrogen.

In the 75" year of India’s independence, I really hope that participation in this Symposium
would motivate young researchers from different branches of science and engineering to enter
the challenging fields of plasma science & technology. Lastly, on behalf of IPR, I would like
to thank PSSI and the organizers for their sincere efforts for organizing this symposium. I
extend my best wishes to all the participants and hope that the Symposium will achieve its

desired objectives.

(Dr. Shashank Chaturvedi)
Director, Institute for Plasma Research
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Preface

The 3™ National Symposium on Plasma Science and Technology (PLAS02A)is

jointly organized by Bpartmentof Physics,Birla Institute of Technology, Mesra,
Jaipur Campusind Plasma Science Society of India (PSSI) dutigd5 December

2021. Due to COVID19 pandemic related limitations, this year the symposium is
organized in onlinanode. Thesymposiumon Plasma Science and Technologss

started in199Gs and successfully organized in various national institutes\at the
county. The symposiunaims to promoe plasma science and technology within the
country and also to encourage & involve a large number of Indian researches to
participate & exchange their ideas in the symposium.

It is well known that achieving the controlled Nuclear Fusion is prime objective of
Plasma Physics research. Simultaneously, a lot more industrial and societal applications
of Plasma are also explored in various sectors like healthcare, aerospace,
semicomluctor, agriculture, automobiles, displays etc. Surprisingly, many of them have
given promising results at laboratory level. So exploring societal plasma applications
are now another focus of plasma research, Hence we have taken the theme of this
symposiumas APl asma for Benefit of mankindo.
For this PLASMA2021 symposium, we have received around 300 participant
registration. As per schedule, there will be 9 Invited talks, 1 keynote address, 18 Oral

presentations, approx. 210 poster presentatior&tbAward presentations and few

other special award presentations as well. The good response received from participants




in this difficult time of COVID pandemic is really remarkabléhe symposium ran for
threedays (1315 December) and have various technical étechnical sessions.
There are 6 Technical sessions, Buti Award presentations, A K Sundaram Memorial
lecture, Sodha Award lecture, Parvez Guzdar Award lecture, M S Sodha Award lecture,
Sholapurwala award lectuetdc. The students of BIT Jaipur campus hksb prepared a
cultural program as a part of the symposiurhe keynote address was delivered by
Prof. Prabhat Ranjan, Vice Chancellor, D Y Patil International UniverBitye. First

time in this symposium, a special lecture was introduced in the memory of Prof. A K
Sundaram, that was delivered by Prof. Gurudas Ganguli from Naval Research
Laboratory, USA.

On behalf of organizing committee,would like to express our thks to Plasma
ScienceSociety oflndia (PSSHor providing us the opportunity to organize PLASMA
2021 at BIT Mesra, Jaipur Campdge would also like to express our sincén@nksto

Vice Chancellor, BIT Mesra, Ranchi and Director, BIT Jaipur Campus fooafijbe
support to organize this symposium. Wetaankfulto members of Nationa#dvisory
Committee,Scientific Program Committee and Local Organizing Committee for their
support ancencouragementWe arethankful to invited speakersl|l award committee
members and session chaWge would like to express our thanks to the sponsors of the
symposium, Aditya High Vacuum Pvt. Ltd. and Plasma & Vacuum Technologies of
their financial support. We express our thanks pvoceeding editors and all members

of BIT and PSSWwho are directly and indirectipvolvedin organizingthe symposium.

At the end we would like to announce that the NAC has initiating the selection process
for finalizing the host institute for next PSSI symposium, PLASROR?2, it is under
process. We look forward to see you again at PLASROR2.Wishing all of you for

attending this conference onlinedhavingvery productivescientificsessions.

Dr. Anand Kumar Srivastava
Convener
PLASMA-2021
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PPOGRAM SCHEDULE
PLASMA-2021, 1315 DECEMBER, 2021

Day-1 (13th December 2021, Monday)

09:30 10:30 11:15 to 13:00 13:00 14:15 to 15:45 15:45 18:00
to to to to to
10:30 L1215 14:15 18:00 19:00

Session-1 Lunch Session-2
(Basic Plasma) Break (Nuclear Fusion) Special
i || Keynote Invited-1 | 30 min Invited-3 | 30 min Session:
naugura % ;
Funcgﬁon Address | Tnvited-2 | 30 min Oral-NF-1 | 15min | Buti Award Driwi::rai;fm
Oral-BP-1 | 15 min Oral-NF-2 | 15min | Presentations | T
Oral-BP-2 | 15 min Oral-NF-3 | 15 min
Oral-BP-3 | 15 min Oral-NF-4 | 15 min
Keynote: Dr. Prabhat Ranjan, DYPIU, Pune Special Lecture: Dr. Gurudas Ganguly, NRL, USA
Invited-1: Devendra Sharma, IPR: Invited-2: Sudeep Bhattacharjee, IIT-K

Invited-3: Arun Chakraborty, ITER-India

Day-2 (14th December 2021, Tuesday)
9:30to 11:15 11:15 to 12:30 12:30 13:45 15:30
to to to
13:45 15:30 18:30
Session-3 Session-4
(Plasma Application) (Plasma Diagnostics) Award Presentations PSSI GBM
Invited-4 30 min &

; i Invited-6 30 min | Lunch | 1) Parvez Guzdar Award Cilfiiial
Invited-5 30 min Break ] -ultura
Oral-PA-1 15min | Oral-PD-1 | 15 min 2) Sodha-PSSI Award PPl‘;gl‘al;l 8
Oral-PA-2 15min | Oral-PD-2 | 15 min 3) Sholapurwala Award (Pre -Recorded)
Oral-PA-3 15min | Oral-PD-3 | 15 min

Invited-4: Ganesh Prasad, IAR. Gandhinagar Invited-5: Rajneesh Kumar, BHU
Invited-6: Jinto Thomas, IPR

Day-3 (15th December 2021, Wednesday)

9:30 to 11:15 11:15to 12:30 12:30 13:45 15:00
to to to
13:45 15:00 16:00
Session-5 Session-6
(Space & Astrophysical | (Laser Plasma, Pulsed
Plasma Power & Others)
Invited-7 30min | Invited-9 30 min Lunch Poster Concluding
Invited-8 30 min Break Awards Session
Oral-SP-1 15min | Oral-LP-1 | 15 min
Oral-SP-2 15min | Oral-LP-2 | 15 min
Oral-SP-3 I15min | Oral-LP-3 | 15 min
Invited-7: Bhuwan Joshi, PRL Invited-8: Anand Moorti, RRCAT

Invited-9: K. Ramachandran, Bharathiar University, Coimbatore

Note: The Inviteeb and Invitedd wereinterchanged as per the availability of speakers.

Department of Physics, BIT Mesra, Jaipur Campus 13-15 December, 2021
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SESSION CHAIR -PERSON FORPLASMA -2021
Session Chair-Person
Basic Plasma Prof. S. P. Deshpand#®’R Gandhinagar
Nuclear Fusion Dr. Amit Sircar, IPR Gandhinagar
Plasma Application Dr. Ram PrakasHIT Jodhpur
Plasma Diagnostics Dr. P. K. Atrey IPR Gandhinagar
Space and Astrophysical Plasim Dr. Ramesh Chandr&umaun University, Nainital
Laser Plasma, Pulsed Power ar Dr. Rishi Verma BARC, Vizac
Others
Buti Young Scientist Award Dr. H. K. Dwivedi, MUIT, Lucknow

SPEAKERS for PLASMA -2021
Keynote Speaker:
Prof. Prabhat Ranjan  Vi€ghancellor, D Y Patil International University, Pune
Dr. A. K. Sundaram Memorial Lecture:
Dr. Gurudas Ganguli  Naval Research Laboratory, USA
Invited Speakers
Basic Plasma
Invited1:Dr. Devendra Sharma Institute for Plasma Research, Gandhinagar
Invited 2: Dr. Sudeep Bhattacharya Indian Institute of Technology, Kanpur
Nuclear Fusion
Invited 3: Dr. Arun Chakraborty ITERdia
PlasmaApplication
Invited 4:Dr. Ganesh Prasad Institute of Advanced Research (IAR),
Gandhinagar
Invited 5:Dr. K. Ramachandran Bharathiar University, Coimbatore
Plasma Diagnostics
Invited 6:Dr. JintoThomos Institute for Riees Research, Gandhinagar
Space and Astrophysical Plasma
Invited 7:Dr. Bhuwan Joshi Physical Research Laboratory (PRL),
Ahmedabad

Invited 8:Dr. Anand Moorti Raja Ramanna Centre for Advanced Technology

(RRCAT), Indore

Laser Plasma, Pulsed Power and Others
Invited 9:Dr. Rajneesh Kumar Banaras Hindu University, Varanasi

13-15 December, 2021 Department of Physics, BIT Mesra, Jaipur Campus
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ORAL PRESENTATIONS

1D Date Time At:s::lac Title Presenting Author Affiliation
Session -1 Basic Plasma
An experimental investigation of oscillating plasma T —
ORAL-BP-1| 13-Dec-21 | 12:15-12:30| 87 |bubbles and its non linear structure in a magnetized N IPR, Gandhinagar
plasma system egalingam
Study of Two Stream Instability in Inhomogeneous _ | Manipal
ORAL-BP-2| 13-Dec-21 | 12:30- 12:45 25 ) ) . Shachi Pachauri ) ) :
Dusty Plasmas with Uniform Magnetic Field University, Jaipur
Strong magnetic field effects in the strongly coupled _ )
ORAL-BP-3| 13-Dec-21 | 12:45-13:00| 188 X Prince Kumar IPR, Gandhinagar
rotating dusty plasma
Session -2 Nuclear Fusion
Study of MHD activity and Runaway Electrons in the } )
ORAL-NF-1| 13-Dec-21 | 14:45-15:00| 196 Sharvil Patel IPR, Gandhinagar
ADITYA and ADITYA-U Tokamak
Heat Transfer Analysis of PINI lon Source Back Plate . .
ORAL-NF-2| 13-Dec-21 | 15:00- 15:15| 79 ) Tejendra Patel | IPR, Gandhinagar
Using ANSYS
Design Updates and Current Status of Installation ) ) )
ORAL-NF-3| 13-Dec-21 | 15:15-15:30| 131 ] ) ~ Ankit Gandhi IPR, Gandhinagar
works of Experimental Helium Cooling Loop (EHCL)
Towards a 3D Quiescent nonneutral plasma state in
ORAL-NF-4| 13-Dec-21 | 15:30- 15:45| 152 |[small aspect ratio torus - a particle-in-cell simulation Swapnali Khamaru | IPR, Gandhinagar
study
Session -3 Plasma Applications
. - 3 Bharathiar
Microplasma synthesis of Ce-doped hausmannite . ) )
ORAL-PA-1| 14-Dec-21 | 1:30- 10:45| 138 . i o Kavitha ER University,
Mn304 Nanoparticles for supercapacitor application )
Coimbatore
Rapid Crystallizati f A h TiO2 usi
ORAL-PA-2| 14-Dec-21 | 10:45-11:00| 205 | PC -Tystalization of Amorphious TIKie using Parismita Kalita [IASST, Guwahati
Atmospheric Pressure Plasma
Cold pl treat t of ilk and its physical
ORAL-PA-3| 14-Dec-21 | 11:00- 11:15| 23g |-0'C Plasma trestment ot raw milkanc its physica Kiran Ahlawat I, Jodhpur
properties analysis
D Date Time Al:s:;ac Title Presenting Author Affiliation
Session -4 Plasma Diagnostics
sroneral| s | arse - rzrsl| Zms Argon impurity transport in Aditya-U tokamak using Kajal shah PDEU,_
spectroscopy Gandhinagar
Collisional Radiative (CR) Model for the Diagnostics of Shubham Singh
ORAL-PD-2| 14-Dec-21 | 12:00-12:15| 112 ] IIT, Rourkee
Ne-Ar Mixture Plasma Baghel
ORAL-PD-3| 14-Dec-21 | 12:15-12:30| 132 |Aditya tokamak plasma disruption characterization Shishir Purohit |IPR, Gandhinagar
Session -5 Space & Astrophysical Plasma
. Jagannath .
ORAL-SL-1| 15-Dec-21 | 10:30-10:45| 178 [Shear flow effects on Magnetic Island Coalescence Mahapatra IPR, Gandhinagar
Cosmic Rays Diffusion and Gravitational Collapse in P —
ORAL-SL-2 | 15-Dec-21 | 10:45-11:00| 222 |Radiative Molecular Clouds including ion Larmor radius Praiapati INU, Newdelhi
corrections el
Generation of kinetic Alfvén waves by multiple free Krushna Chandra )
ORAL-5L-3 | 15-Dec-21 | 11:00- 11:15 91 ] I1G, Mumbai
ENergy sources Barik
Session -6 Laser Plasma, Pulsed Power & Others
Indigenous High Power Pseudospark Switches for Fast Ram Prakash CSIR-CEERI
ORAL-PO-1| 15-Dec-21 | 11:45-12:00| 171 L o
Pulse Power Applications Lamba Campus, Pilani
Pulsed laser deposition of Cu0/Cu20 films and their ) )
ORAL-PO-2| 15-Dec-21 | 12:00- 12:15 48 L _ _ Rudrashish Panda |IPR, Gandhinagar
application in photocatalytic dye degradation
Excitation of Lower Hybrid and Magneto-sonic
ORAL-PO-3| 15-Dec-21 | 12:15-12:30| 218 |Perturbations by Laser in X-mode Configuration of Ayushi Vashistha |IPR, Gandhinagar
Magnetized Plasma

Department of Physics, BIT Mesra, Jaipur Campus
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Papers Selected for BUTI YOUNG SCIENTIST PRESENTATION

13" December, 2021

) Abstract - ) Presenting .
ID Date Time Title Affiliation
Id Author
Fluid simulati i tic solit i
Buti-01| 13-Dec21 | 16:00-16:145 | 5 Ui simulation of ion acoustic solitary waves in a Kuldeep Singh  |GNDU, Amritsar
relativistic pulsar wind
i Dynamics of electrostatic waves in a dense relativistic pair | Assam Don Bosco
Buti-02| 13-Dec-21 | 16:15-16:30 29 Ridip Sarma L. .
plasma University, Guwahati
i First Order Phase Transition and Crystal-Fluid Coexistence in ) :
Buti-03| 13-Dec-21 | 16:30- 16:45 100 Hariprasad MG  |IPR, Gandhinagar
a Complex Plasma System
Storage of Excessive Magnetic Free Energy and Evolution of ST Udaipur Solar
Buti-04| 13-Dec-21 | 16:45-17:00 61  |Photospheric Current in Solar Active Regions Leading to era‘ riumar Observatory, PRL,
itra
Extreme Solar Eruptive Phenomena Ahmedabad
2D-3V PIC-MCC based Simulations of Plasma Transport
Buti-05| 13-Dec-21 | 17:00-17:15 117 |across Magnetic Filter : Instabilities and Double Layer Miral Shah DAIICT, Gandhinagar
formation
Experimental verification of cavity modes in a microwave
Buti-06| 13-Dec-21 | 17:15-17:30 195  |ion source and its influence on the plasma dynamics and the |Chinmoy Mallick |IPR, Gandhinagar
extracted ion beam
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Keynote Address

Date: 13 December 2021 10.30 am: Link:

Nuclear Fusion in India: Past, Present and Future

by
Prof. Prabhat Ranjan
Vice Chancellor, D Y Patil International University, Akurdi, Pune, India
Abstract

Activity in Indian Nuclear Fusion program started in early 1980s with two programs: (1) Institute for Plasma
Research, Gandhinagar funded by DST and (2) Hot Plasma Project in Saha Institute of Nuclear Physics, Kolkata
funded by DAE. Both these projects followed Magnetic Confinement route to confine very high temperature
plasma using “Tokamak™ device. In mid 90s, Govt of India gave a go ahead to an ambitious project of developing
Superconducting Tokamak, SST-1 with very long plasma discharge of 1000 sec.

In mid 2000s, India also joined hands with other countries to participate in an International project called ITER
that is being built in south of France with the goal to produce 500 MW net power. This is of a huge dimension
and after starting the design in 2007, it would be ready in 2025 at huge cost. Commercialization based on this
path was expected sometime in 2060.

In the meantime, many technological advancements such as high temperature high magnetic field
superconducting magnets are proving to be game changer and suddenly nuclear fusion as energy source has started
to look much closer. It is expected that we would be able to produce net energy in a device of much smaller
dimension than ITER in 2020s and we would be ready to feed power to grid in early 2030s and then it would keep
on scaling up till 2045 or so to replace fossil fuel across the globe as a clean energy source.

These developments have resulted in many private initiative with good level of funding and with focused objective
across the globe in last few years. Are we ready for such an initiative in India? Or India would miss this bus also
like many others and be dependent on other countries to supply us this technology.

Fortunately for the first time in India, a private initiative “Project Sanlayan™ has been initiated with Prof Ranjan
as Chief Mentor and with funding from Albot Technologies Pvt Ltd (Set up by Dr Akash Singh, Innovator and
Investor based in Silicon Valley). Initial work is being done at D Y Patil International Univ. Akurdi, Pune and a
number of Scientists and Engineers have joined the project. Talk would provide brief details of what this project
is trying to achieve.

About the Speaker:

Prof. Prabhat Ranjan is currently Vice Chancellor of D Y Patil International University
(DYPIU), Akurdi, Pune. He is a Nuclear Fusion Scientist, a Futurist, an Educator, an
Innovator and a Science Communicator.

Prof.. Ranjan has worked on Nuclear Fusion in National and International Labs in

India and USA and made major contributions to this field for nearly two decades. He
was Project Leader of ADITYA Tokamak and SST-1 Tokamak Operation and Control oL
Group at IPR till 2002. He is a life member of PSSI and was PSSI newsletter editor from 1992- 96

From 2002, he served as Professor at Dhirubhai Ambani Institute of ICT in Gandhinagar for 11 years. His
remarkable innovative contributions include India’s Moon Mission, Wildlife and Agriculture sector. He is
particularly known for his innovations in the field of assistive technology that has helped to put smiles on the
faces of persons with severe disability.

From 2013-18, he was heading India's Technology Think Tank, TIFAC(Technology Information, Forecasting
and Assessment Council) in Delhi as its Executive Director. During his tenure, TIFAC developed Technology
Vision 2035, which was released by Hon'ble PM in Jan 2016.

He obtained his PhD from University of California, Berkeley and did college education from II'T Kharagpur and
University of Delhi after schooling from Netarhat School. He has received many awards and accolades for his
contribution to Science, Technology and Society.

As a founder Vice Chancellor of DYPIU, he has created a flexible and futuristic multitrack B Tech (Comp Sci
and Engg.) program in 2019, which won appreciation from AICTE and has resulted in modernization of Comp
Science curriculum across the country this year. He is also Chairing AICTE IDEA Lab National Steering
Committee to setup digital fabrication facility across country. Recently he has also been nominated to represent
India in ISO for Brain Computer Interface standardization effort.
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1°* AK SUNDARAM MEMORIAL LECTURE
By
Dr. Gurudas Ganguli

"Behavior of Solar Wind Compressed Plasma in the Earth’s Magnetotail”
Date: 13 December 2021 Time: 18:30 hrs [IST]

Meeting link:

Meeting ID: 841 6133 3104 Password: BITPLAS21

Prof A. K. Sundaram

Professor A.K. Sundaram, former Dean and a past distinguished faculty member of IPR, was an internationally known plasma physicist who
had played a major role in the establishment and early development of the Institute. He belonged to the ange of topics spanning space plasma
physics, fusion physics and fundamental aspects of fluid dynamics. Known for his detailed and rigorous calculations — all carried out in neat
long hand- he tackled frontline problems related to magnetic reconnection in the magnetospheoriginal team of seven scientists who had been
handpicked by Dr. Vikram Sarabhai in 1971 to initiate a fusion program at the Physical Research Laboratory (PRL), Ahmedabad. His active
contributions in the research program planning and in the training of young ‘would be plasma scientists’ at PRL were of considerable help in
the formation of a core group for the fusion program that was launched in 1982. Subsequently as the first Dean of IPR he set up the
administrative structure of the Institute and successfully oversaw its operation for a number of years. An accomplished theoretical physicist
with a strong background in Applied Mathematics his research interests encompassed a wide rre, tearing and ballooning mode instabilities in
tokamaks and fundamental aspects of basic fluid instabilities. His scientific accomplishments attracted international attention and led to
invitations for collaborations and visits to a number of leading research centres in the world. After taking retirement from IPR in 1993, Dr.
Sundaram immigrated to the USA and worked for several years at the Goddard Space Flight Center, Greenbelt, Maryland where he continued
to actively research magnetospheric and ionospheric phenomena. However his heart always remained at IPR — as he was fond of saying — the
organization that he had known from its infancy and had helped to grow and in which he had invested so much of his love and care. To honour
his memory his family has contributed funds to establish this annual memorial lecture to be organized by PSSI. The lecture is to be delivered
by an eminent scientist preferably on a topic of research interest of Dr.Sundaram.

About the Speaker

Dr. Gurudas Ganguli is the Senior Scientist for Intense Particle Beams and Plasma Processes in the Plasma Physics
Division at the Naval Research Laboratory (NRL). Prior to this appointment in June 2012, he was the Head of the
Space Analysis and Applications Section, Plasma Physics Division, NRL. He has a broad range of experience in
plasma processes including beam-plasma interactions, plasma turbulence, dusty plasma dynamics, laser-produced
plasma expansion, and high energy density physics in hypervelocity impact of projectiles in space. His work has
addressed both natural plasmas as well as induced disturbances in the near-earth space environment. His research
has motivated a number of laboratory and space experiments. He has led several ONR/NRL, DTRA, DARPA, Air
Force and NASA sponsored research programs in ionospheric and magnetospheric plasmas as well as negative ion
and dusty plasmas. He has authored/co-authored more than 170 publications.

He is the recipient of 2014 E. O. Hulburt Award for science, several NRL Berman awards for excellence in research publications, 2014 Edison
Award for patent on a novel technique to de-orbit the lethal small orbital debris, and 2010 Technology Transfer Award. He was a member of
the NRL Invention Evaluation Board and ONR panel member to upgrade the Navy S&T strategy plan in 2011 - 2012. He obtained his B.Sc.
degree, from St. Xavier's College, Ahmedabad, India, in 1974 and Ph.D degree from Boston College, Boston, Massachuttes, in 1980. He was
the Chairman of the International Union of Radio Science, Commission H (US National Chapter), during 2002 — 2005. He is a Fellow of the
American Physical Society, Adjunct Professor of Physics at West Virginia and Auburn Universities, and a member of the American Geophysical
Union. He has given over 100 invited talks at various national and international institutions and was appointed by the American Physical
Society as a Distinguished Lecturer in Plasma Physics for 2001 —2002.

Abstract of the Talk

Plasma in the earth’s magnetosphere is subjected to compression by solar wind during geomagnetically active periods and relaxation in
subsequent quiet periods. Repeated compression and relaxation is the origin of much of the plasma dynamics and intermittency in the near-
earth environment. An observable manifestation of compression is the thinning of the plasma sheet resulting in magnetic reconnection when
the solar wind mass, energy, and momentum floods into the magnetosphere affecting the “space weather” and culminating in the spectacular
auroral display. In situ measurements show compression of the magnetotail can create a thin current sheet of width comparable to the ion gyro-
radius (pi), occasionally with single or double peaked substructures in the current density. These unusual multi scale substructures, as well as
the origin of non gyrotropic plasma distribution with strongly sheared plasma flows cannot be explained by the standard Harris model. Intense
lower hybrid wave activity and subsequent magnetic reconnection and substorm onset are also observed, which result in a plasma dipolarization
front accelerating towards earth, driving space weather and injecting energetic particles into the radiation belts. We discuss a kinetic theory
that can explain these seemingly disparate phenomena comprehensively and explain their causal connections. This elucidates the origin of the
kinetic scale structures and the associated dynamics including anomalous dissipation processes necessary to initiate magnetic reconnection.
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Why quasi-longitudinality is the order of the day in electromagnetic turbulence?
Devendra Sharma
Institute for Plasma Research, Bhat, Gandhinagar, 382428, India
Abstract
Turbulence is characteristics of fluctuations in continuum systems driven at macroscopic scales that
are largely dissipationless. The electromagnetically coupled continua often possess too strong
anisotropies for readily applying the universal zero dimensional scale-free description of the
turbulence. Finite dimensional analysis and simulations are therefore essential for exploring operation
of turbulence in such systems, e.g., in a magnetized plasma. Recent simulations highlight that 1deally
transverse electromagnetic fluctuations acquire strong longitudinal character in order to couple with
electrostatic modes in order for turbulence to operate in a magnetized plasma. Computer simulations
show that the wvisible nonlinear effects exclusively appear in quasi-longitudinal regime of
electromagnetic modes in the form of small scale fluctuations excited perpendicular to the magnetic
field that are associated with large scale structures parallel to the field. This corresponds to the
situations in the nature [1,2] as well as in recent observations in laboratory [3] where a predominantly
parallel drive is observed to excite strongly quasi-longitudinal small-scale electromagnetic
fluctuations. Since even strongly nonlinear electrostatic fluctuations do not couple with small scale
fluctuations for nearly transverse propagation, the strong anisotropy (quasi-longitudinality) is noted
as the most plausible means for the observed turbulence to operate efficiently in the magnetized

plasmas.

References:

[1] D. A. Gurnett ef al., J. Geophys. Res. 77, 172 (1972)
[2] D. A. Gurnett ef al., Geophys. Res. Lett. 13, 225 (1986)
[3] Sanyasi A. K. ef al., Phys. Plasmas 24, 102118 (2017)

Department of Physics, BIT Mesra, Jaipur Campus 13-15 December, 2021



36th National Symposium on Plasma Science & Technology Plasma
2021

Basic Plasma Invited -2

Understanding plasma adaptation for biomedical application : strong magnetic
field effects and potential fluctuation dynamics

Sudeep Bhattacharjee', Deepika Behmani', Kalyani Barman' and Ramkrishna Rane?

!Department of Physics, Indian Institute of Technology — Kanpur, Kanpur 208016, UP, India
2FCIPT, Institute Jor Plasma Research, Gandhinagar 382016, Gujarat, India

Email: sudeepb@iitk.ac.in

Abstract

Cold atmospheric pressure micro-plasmas, are non-equilibrium plasmas with widely different
electron (—6000 K) and ion temperatures (—~300 K) [1]. These plasmas can be produced rather
inexpensively in the atmosphere, and possess high electron densities ~10'* m™ [2]. The typical plasma
frequency lies in the GHz range and the Debye length 1s in ~ pm. The lower gas temperatures provide
aconducive environment for application of these plasmas toward biological cells and tissues. Besides,
the interaction of the charged particles with the ambient air, gives rise to a rich gaseous chemistry
leading to the formation of reactive oxygen and nitrogen species (RONS) such as OH, HO2, H,O»,
including NO and N;Os and radiation such as UV photons, which are critical for many biomedical
applications such as sterilization, blood coagulation, healing of wounds, and in cancer therapy [3].
However, understanding plasma adaptation for these applications, and controlling the inherent
physical processes that can influence them is a major challenge.

In this work, we report results of investigation of plasma potential fluctuations and the effect of a
transverse magnetic field in an atmospheric pressure micro-plasma jet. Fluctuations can lead to
particle and energy transport and modify the electron energy distribution function, thereby atfecting
plasma process rates and generation of RONS and radiation. It is found that the fluctuations grow and
attain enhanced levels at certain magnitudes of the experimental parameters, such as applied voltage,
gas flow rate and gas mixing ratio, before decreasing. Strong magnetic fields (> 0.4 T) can
significantly affect the dynamics of the plasma jet and reaction mechanisms. It is found to give rise
to Zeeman splitting of the emission lines which lead to further broadening, and influences the plasma
density. Additionally, finite ion Larmor radius effects at strong magnetic field, reduces the collisional
drag considerably, and collisionally broadened ion cyclotron resonance condition can be realized,
which alter the emission intensities of the RONS. More details will be presented in the conference.

References:

[1] K. Barman, D. Behmani, M. Mudgal, S. Bhattacharjee, R. Rane and S. K Nema, Plasma Res.
Express 2, 025007 (2020)

[2] T. Abuzairi, M. Okada, S Bhattacharjee and M. Nagatsu, Appl. Surf. Sci. 390, 480-96 (2016)
[3] Li Lin and M. Keidar, Appl. Phys. Rev. 8, 011306 (2021)

[4] K. Barman, M. Mudgal, R. Rane, and S. Bhattacharjee, Physics of Plasmas (in press)
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Technology for Fusion Reactors — A Weave, Through the Interdisciplinary Spectrum

A. K. Chakraborty
ITER-India, Institute for Plasma Research, Bhat, Gandhinagar — 382428

Abstract

Production of energy from fusion is the dream of a plasma physicist and fusion technologist.
Harnessing the energy from fusion reaction and its sustained production involves challenges that

appeal to the scientists and engineers, from different perspectives.

The scientist’s objective is to explore a configuration space where the plasma, formed primarily inside
the magnetically confined device — predominantly in form of a Tokamak, is experimented in several
configurations to arrive at a stable operational mode which maintains the confinement for long
enough durations. The engineer, on the other hand, has his focus on ensuring the necessary attributes

in the device and its subsystems to enable these experimental explorations.

In meeting the requirements, Fusion Technology demands development of technologies where many
of them are of a first of a kind. Few examples are 1) The development of large size Super Conducting
magnets; ii) Special cryogenic pumps for pumping capacity exceeding 10° I/s; ii1) Ultra High Vacuum
(UHV) compatible > 10 MW/m? class, High Heat Flux (HHF) facing components; iv) Specialized
joining for similar and dissimilar material by processes that induce least impact on the heat affected
zones; v) Engineering joint designs that can be subject to volumetric inspection; vii) Shaping and
forming precision machined large structures; vii) precision machining of components to tolerances in
the order of microns; viii) Hundred kW class Liquid Helium (LLHe) refrigerator systems for cryogenic
supplies; 1x) Development of insulators that provide Mega Volt class isolation; x) High Voltage Power
systems (HVPS) capable of switching multi-megawatts of power in the order of micro seconds; xi)
Multi Megawatt Radio Frequency (RF) and microwave systems; xi1) Large area multi-ampere and
Megavolt class ion beam generators that provide the 1on beams for the Neutral Beam Injection (NBI)
system; xiii) Fast acquisition high throughput data acquisition system; xiv) High speed and high
throughput pellet injectors; xv) Advanced imaging systems using a wide band of spectrograph

systems; xvi) Advanced computer simulations for the generation of advanced configurations.

A blend of interdisciplinary areas of R&D leading to development of the specialized technologies,
listed above i1s therefore a necessity for the realization of the objectives of Fusion Technology.
Participation in ITER has enabled the creation of such an expertise pool, not only at the Institutional
level, in ITER-India, Institute for Plasma Research (IPR), but also at the industrial level, where,
several industries have collaborated in the effort to deliver systems to ITER, meeting all stipulated
requirements. While ITER is a collaboration of 7 nations, the path to the next step, of building of a
demonstration reactor, shall primarily be an indigenous etfort, as the race towards realizing a carbon

free energy source intensifies in the coming decades.

The talk proposes to share the Indian experience the development of Fusion Technology, its present
status and possible paths forward, involving the nation’s industry, technology institutes and centers

of excellence.
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Plasma Technology: Skill development support

Dr. K. S. Ganesh Prasad

Institute of Advanced Research
Institutional Area, Coba, Gandhinagar 382426.

Abstract

Plasma Physics started few decades ago in India. Development of tokamak work perused by IPR
mitiated plasma technology development. There are several plasma machines working in the country.
Absorption of plasma technology by the industry requires technically trained manpower at different
levels. Technically trained manpower should be aware of associated fields like vacuum technology,
analog, digital circuits, power electronics etc. Universities in India have developed course to support
bio-technology, computer science, information technology etc. University has realized the potential
development and scope for the society and accommodated the courses. However, other fields like
vacuum technology, material science etc. have come up with short term courses or workshops to train
technical manpower for their fields in addition to conducting seminars and conferences. The simplest
and most widely used application of plasma is welding. Technical training institutes run by both
government and private agencies provide one-year certificate courses. It has given substantial support
to mechanical fabrication industry. Some of the universities have come up with advanced courses in
welding in India. A short term courses in plasma engineering with work shop training is required to
progress of technology into industry. This will also increase the scope of absorption of plasma device
in the society. This presentation focus on different initiatives that can be followed by academic

institutes or universities.
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Transferred arc plasma processing of waste aluminium dross

K.Ramachandran
Department of Physics, Bharathiar University, Coimbatore — 641 046
rams@buc.edu.in

Abstract

Waste aluminium dross is a byproduct of aluminium melting process and it contains aluminium metal,
aluminium oxide, aluminium oxy-nitride and impurities such as sodium chloride and potassium
chloride. Several million tons of dross have been generated annually from domestic aluminium
smelting process alone in many countries and more than 90 % of these waste dross have been land
filled without any treatment and recovery of value added products. Recently recycling of aluminium
attracts more attention since the production of aluminium from its ore is costly process. Conventional
methods for the metal recovery from the recycling of aluminium dross mvolve large amount of

chemicals and are time consuming.

In this presentation, a transferred arc plasma process for producing value added products from the
waste aluminium dross is discussed. The aluminium dross was melted and evaporated by the plasma
arc established between a crucible anode and a rod type hollow cathode made of graphite. Raw dross
and products of plasma treated dross such as slag and fine powder were characterized. The generation
of ultrafine alumina powder and slag are explained using simulation of the plasma arc inside the
crucible and free energy minimization calculations. High temperature and air entrainment into the
plasma mside the crucible converted the dross into alumina slag and fine powder. The amount of fine
alumina powder produced increased substantially with plasma power initially as seen from the results
of alumina obtained at 5 kW and 10 kW. However, further increase in plasma power resulted only in
marginal increase in the conversion of Al dross to alumina. Results of this study indicate that arc
plasma technology can be effectively applied to convert Al dross into value added fine alumina
powder. Rapid processing and eco-friendly nature are the merits of the plasma process reported in

this presentation.

Department of Physics, BIT Mesra, Jaipur Campus 13-15 December, 2021



36th National Symposium on Plasma Science & Technology Plasma
2021

Plasma Diagnostics Invited -6

Overview of SST-1 Thomson system: Installation calibration and operation

Jinto Thomas
Institute for Plasma Research, Bhat, Gandhinagar — 382428

Abstract

A multipulse, Nd:YAG (yttrium aluminum garnet) Thomson scattering (TS) system has been designed
and developed for measuring electron temperature ( 7°¢) and density (72 €) profiles of SST-1 tokamak.
The developed TS system has been installed on SST-1 for measuring the temperature and density
profile along the vertical chord at R=1.1 meter. Six Nd:YAG lasers synchronized with external
control are used for versatile of measurement. The scattered light is collected using multiple lenses
imaging system and a 2mm core optical fiber is used to transport the scattered light into the lab for
spectral dispersion and detection. A low cost and compact five-channel interference filter
polychromator is designed and indegenously fabricated for the spectral dispersion.. High gain
avalanche photodiodes are used as the detection system. Complete electronics for detection and
control has been implemented indegenously. Using the detectors with enhanced quantum efficiency
in the IR region, improves the detection efficiency and the measurement limits of the diagnostics. A
charge integrator based data acquisition system operating on PXI bus is developed for data
acquisition. The entire system is calibrated using a pulsed whilte light source to correctly ascertain
the spectral shape of the scattered spectrum. Rotational Raman and Rayleigh scatterings are used for
the absolute calibration of the TS system installed in SST-1. In the recent SST-1 campaign, the system
recorded the temperature and desnity profiles of SST-1 plasma. An overview of different subsystems
of TS diagnsotics will be discussed along with the results from the recent campaign. Future plans and
up gradation of this diagnostics will also be pointed out.
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Application of 2D and 3D magnetic reconnection in solar flares: A perspective

Bhuwan Joshi
Udaipur Solar Observatory, Physical Research Laboratory, Udaipur 313001, India

Solar flares are characterized by the sudden ré?el)assg?)cftexcess energy stored in the magnetic fields of
solar corona. The modern multi-wavelength observations have immensely improved our
understanding of the various physical processes occurring in different atmospheric layers of the Sun
during a solar flare. The standard flare model, a two-dimension (2D) model, has been successful in
broadly recognizing the impulsive energy release and eruption of magnetic flux role (MFR) as the
consequence of large-scale magnetic reconnection in the corona. Despite general success of the
standard model, it cannot fail to explain several observed features of solar flares which have been
identified in high-resolution data, mostly gathered in the last decade, from space-borne telescopes in
extreme ultraviolet (EUV), ultraviolet (UV) and X-ray bands. In order to understand the complex
observations, contemporary works have probed into the nature and the characteristics of magnetic
reconnection in three dimensions (3D). In this talk, I will review the efforts made on different fronts
to approach the problem of magnetic reconnection in solar flares. In particular, I will highlight our
recent works on the magnetic topology in 3D, formation of flux ropes and plasmoids, and evolution

of flaring loops.
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