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Message

| am happy to leam that the Division of Physics in the School of Advanced Sciences, VIT Chennai is organizing
the “34™ National Symposium on Plasma Science and Technology (PLASMA 2019)" during December 3-6, 2019,
I was fold that this symposium is organized every year in different parts of the country to promote growth and
exchange of information in plasma science and its applications in various sectors. 21st Century technology
involves many things with plasma technology starting from fusion energy, plasma television, thin film industries,
air purification, agriculture, automobiles, E-textile etc. The main goal of this sympasium is to create a platform for
the plasma scientific community to express their scientific findings to the country.

Of late, the progress in plasma science and technology is not only contributing to the development of social and
economic features but also to the complete development of the country. This PSSI plasma series symposium is
establishing a very strong network among academicians, industrialists, scientists, technologists and
entrepreneurs throughout the country. | strongly hope that the delegates will use this piatform to discuss and
deliberate on their research findings in a bid to bring out suitable solutions for the issues that relates to the
society.

The fundamental need for research must be that the research findings carried out in the labs should find
patronage in the society, which could be done through industries. | am happy to note that this conference is being
organised alongwith Plasma Science Society of India (PSSI), Institute for Plasma Research (IPR), ITER India and
various other industry partners.

| congratulate the organisers on their efforts in organizing this conference successfully. My best wishes to all the
delegates,

| wish the conference all success.

With best wishes

Dr. G. Viswanathan
Founder & Chancellor

Vellore-632 014
25-11-2019

Vellore - 632 014, Tamil Nadu, India. Tel. : 491 416 2243100 Fax : +91 416 2243092 E-mail : chancellor@vit.ac.in
Chennai Campus : Vandalur - Kelambakkam Road, Chennai - 600 127, India. Tel.< 91 44 3993 1555 Fax : +91 44 3993 2555

www,vit.ac.in



34th National Symposium on Plasma Science and Technology (PLASMA 2019)




34th National Symposium on Plasma Science and Technology (PLASMA 2019)

MESSAGE FROM VICE CHANCELLOR

| am happy to note that the Division of Physics, School of Advanced Sci(3®e&3
at VIT Chennai S 034"y Mationat Symgosiumhoa Pld@sma Science and
Technology (PLASMA 2019 during December -8, 2019 alongwith Plasma Science
Society of IndigPSSI).

Plasma Science and Technologyan extremelyimportant and significant area of
research which could lead to technological advances with suitable fundamental understanding
of the scientific concepts. It has attained more importance as it hashbtoggther people
from different fields of science and engineering who are working in the broad apgasmé
researchVIT always prefers to find applications of the research findings in terms of products
alongwith quality publicationgnd | hope thisconference will open up frontiers in that
direction

| congratulate the organizers for conducting the conference at V@hr@h and wish

the conference great success.

May GOD Bless!

Dr. Anand A. Samuel
Vice Chancellor
VIT.
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MESSAGE FROM PRO-VICE CHANCELLOR

| am extremely happy to note that the3"ANational Symposium on Plasma Science
& Technol ogy ( Bbeng diganiz2dby the Division of Physics, School of
Advanced Sciences, VIT Chenralongwith Plasma Science SocietlyIndia (PSSI) during
December &, 2019

This conference will provide a platform for researchesademicianand industry
personnel from various disciplines to coalesce under one domaitassha researchThe
presence ofesearcherdrom various plaes acrossaand outside the countrwill provide
impetus tothemto get motivated and build their careers in the fields of fundamental and
applied research. As RMice Chancellor, | extendhy hearty welcome to the delegates and
congratulate the organizingmmittee.

| wish the conference a great success!

Dr. V.S, Kanchana Bhaaskaran

Pro-Vice Chancellor
VIT Chennai
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MESSAGE FROM IPR DIRECTOR ,I.’

o leasv|"na Re;earch
| am happy to know that the Plasma Science Society of India (PSSI) is organizin{] its 34
National Symposium on Plasma Science and Technology (PLA30AR) in association
with Division of Physics in the School of Advanced Sciences, VIT Cheduang 3-6
December, 2019 at VIT Chennai Campliss well known that plasma science & technology
has made major advances over the past few decades. The worldwide effort towards
Controlled Thermonuclear Fusion, which has found a focus in the International
Thermonuclear Experimental Reactor (ITER) project, is making good progress. There are
major technolgical contributions being made by ITHRdia in this project, with Indian
deliverables being amongst the first to reach the project Site. | am happy to know that this
year's conference -Theacshno|l sgysichhm|l étenfeIERNd
paallel with the fusion programme is the exgowing list of plasma applications in
industry, medicine/healthcare, agriculture, textile processing, waste disposal, aerospace
technologies, plasma antennas and so on. These are major challenges for the@&ss
community in India. Rapid development & deployment of these technologies in India over
the next few years requires a focused and bbzes#d effort similar to that for the fusion
programme. | would hope that participation in this Symposium waooddivate young
researchers from different branches of science and engineering to enter these challenging
fields. Lastly, on behalf of IPR, | thank the organizers for their sincere efforts for organizing
this symposium and BRNS for its financial supporextend my best wishes to all the
participants and hope that the Symposium will achieve its desired objectives.

AL At

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

The 34" edition of National Symposium on Plasma Science and Technology (PLASMA2019)

is jointly organized by Division of Physics, School of Advanced Science (SAS), VIT Chennai
and Plasma Science Society of India (PSSI) duritg3ecember 2019. This symposium
sereswasstarted in the year 1990 and successfully organized in various national institutes all
over the country with the main aim of promoting plasma scienceeatmhology within the

country. It is getting more importance after India had decided to joirnternational
Thermonuclear Experimental Reactor (ITER) in the 85 Looking at the importance of

the same, a special session has been dedicated to ITER India to promote and educate their
activitiesfrom this year.

Plasma of interest ranges over mamygers of magnitude in density and temperature from
laboratory plasmas, interstellar space plasmas, industrial plasmas and finally inertial
confinement fusion plasmas. Plasma science and technology can have significant impact on
many disciplines and tecblogies including those directly linked to the industrial growth.
Through this symposium we intend to create and maintain a coherent and coordinated
program of research dntechnological development in plasmeiesice. The progress in
science and technology directly related to the societal, economical and intellectual growth

of a country. PSSI symposium series is being organized to make a strong network between
academicians, scientists, technologists and entrepreneurs within the country. Plasma science
is interdisciplinary in nature and it brings engineers, physicists, chemists, mathematicians,
computer scientists in the same platform to exchange their scientific views. Plasma science
has tremendous applications in various fields such as thin film inglségriculture fields,

oil and gas sectors other than the nuclear fusion. India is proud to have three fusion reactors,
one in SINP Kolkata and two in IPR, Ahmedabad.

PLASMAZ2019 has attracted more than 350 registrations. The scientific sessoszead

over four days which will comprise of 15 invited talks, 30 oral presentations and around 300
posters. The key note address would be delivered by Dr. A. K. Bhaduri, Director, IGCAR
Kalpakkam

On behalf of organizing committee we express our deep appoecto all the sponsors
including DAE BRNS, CSIR, SERBST, Energy Science Society of India (ESSI), IPR and
various industry partners for their financial support. We would like to thank Plasma Science
Society of India (PSSI) for providing us the oppaity to organize PLASMA2019 at
School of Advanced Sciences (SAS), VIT Chennai. We would also like to express our sincere
thanks to all award committee members and session chairs. We would like to thank all the
invited speakers for their time and interestdelivering their talk in PLASMA2019. We
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thank proceeding editors and all members of VIT and PSSI who are directly and indirectly
involved in organizing the symposium.

At the end we would like to announce that the N&Sselected GNDU Amritsar, Punjas
the host of 2020 PSSI conference. We look forward to see you again at GNDU in 2020.

Wishing all of you an enjoyable and peaceful stay here at VIT Chennai and very productive
scientific sessions.

Convenes
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PLASMA i1 2019

Detailed Schedule03-06 December, 2019

Day - 01 (03Dec2019)

08: | 09: . .

REG 00! 00 Registration

INAU 1 09: 1 09: Inauguration

G 00| 45| "9

09: | 10: | Keynote R

KN-01 25 | 30 | Address Dr. A. K. Bhaduri, Director, IGCAR

TEA- | 10:| 11:| .

po1 | 30| oo | HighTea

D1/0OS | 11: | 13: . ) .

o1 00| 00 Oral Session 01 : Basic Plasma (BP) Speaker

SI- 11:| 11: | Invited- | 25+ | Nonl i near Evol uti on Dr. Avinash Khare

01 00 | 30 1 5m | Thermodynamics and Simulations (Sikkim University)

S1I- 11 | 12 | Invited- | 25+ lon beam sculpting: waveplgsma _ Dr. Sudegp
cooperation for sustenance in restricted Bhattacharjee

02 30 | 00 2 5m
geometry (IIT -Kanpur)

S1-0- | 12:| 12: orali 1 10+ | Effect of plasma beta on electromagnetic | Mr. Prabhakar Srivasta

01 00 | 15 2m | ETG turbulence induceplasma transport (IPR)

S1-0- | 12:| 12: Orali 2 10+ | Kinetic simulation of plasmavall transition ('}rﬂrribﬁﬁf/irlfr&i?\?l

02 15| 30 2m | for different plasma and wall properties "

Kathmandu)

S1-0- | 12:| 12: Orali 3 10+ | Chirped AxiconGaussian lasedriven Dr. Niti Kant (LPU,

03 30 | 45 2m | electron acceleration in vacuum Jallandhar)
2D-3V PICG-MCC simulation of plasma .

S1-0- | 12:] 13: . 10+ e ) Ms. Miral Shah

04 45 | 00 Orali 4 m transport across magnetic filter in ROBIN: (DAIICT, Gandhinagar)
Importance of wall effects

LNCH | 13: | 14:

-D01 00| 00

D1/0S | 14: | 15: Oral Session- 02 : ITER Technology- challenges and Speaker

-02 00| 30 Indian Support (IT) P

S2|- 14: | 14:| Invited- | 25+|1 TER Project Overvi Dr. Shishir

03 00 | 30 3 5m | Contribution Deshpande(IPR)

S20- | 14: | 14: . 10+ . . Dr. | Bandyopadhyay

05 30 | a5 Orali 5 om ITER physics and its challenges (ITER-India)

S20- | 14: | 15: orali 6 10+ | Technology developments for ITER class Mr. Jaydeep Joshi

06 45| 00 2m | NBI and a road map (ITER-India)

S20- | 15:| 15: . 10+ . o Mr. Girish Gupta (ITER

07 00 | 15 Orali 7 om Cryostat design and fabrication India)

S20- | 15: | 15: N 10+ Ms. Aparajita Mukherjee

08 15 | 30 Orali 8 om ICRH developments for ITER (ITER-India)
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D1/PS | 15: | 17:
-01 30| 30
17: | 19: S .
BYSA 30| 30 BUTI Young Scientist Award Presentations Speaker
. . Creation and Studies of Miction Beams .
BYSA | 172\ 17 BYSA-01 15+ from Intense Electromagnetic Wave Mr. Sanjeev Maurya (I
-01 30| 50 5 Kanpur)
Generated Plasmas
BYSA | 17:| 18: BYSA-02 15+ | Characteristics gflasmas confined in a Mr. Anuj Ram Baitha
-02 50| 10 5 dipole magnetic field (IIT -Kanpur)
BYSA | 18:| 18: BYSA-03 15+ | Exploring Thruster Potential of Compact | Ms. Anshu Verma (IIT
-03 10| 30 5 ECR Plasma Source Delhi)
. . Multi-WavelengthSignatures of Build up, -
BYSA | 18:) 18: BYSA-04 15+ Activation and Eruption of a Magnetic Flu Mr. Prabir !\/Ima (PRL,
-04 30| 50 5 Udaipur)
Rope from the Solar Atmosphere
BYSA | 18:| 19: BYSA-05 15+ | Excitation of pinned structures in flowing Ms. Garima Arora (IPR)
-05 50| 10 5 complex plasma
Day - 02 (04Dec2019)
D2/0S | 9:0 | 11: Oral Sessiofi 3: Space, Astrophysical and lonosphere Speaker
-01 0| 00 Plasma (SP) P
Data-driven Magnetohydrodynamics
S3H- 09: | 09: | Invited- | 25+ | (MHD): A novel tool to understand some A.K. Srivastava
04 00 | 30 4 5m | basic mechanisms othe energy and mass (IIT, BHU)
transport in the Sy
S31- [ 09: | 10: | Invited- | 25+ | BeYond Solitary waves: Nonconventionall . s,yisama Ghosh
05 30 | 00 5 5m \ (IIGM, Mumbai)
Earth's magnetosphere
Particlein-Cell (PIC) Simulations of .
S30- | 10: | 10: . 10+ s Dr. Arghya Mukherjee
09 00 | 15 Orali 9 om Eart_hos Magnetpsphe (IISER, Kol)
Particlebds Motions
A velocity shear driven kinetic Alfvén
S30- | 10: | 10: . 10+ . S . Mr. Krushna Chandra
10 15 | 30 Orali 10 om | waves instabilities with superthermal Barik, (IIGM)
electrons
590 [ 10: 10 o 1y | 00| el e o roung cosenn) . Act Upaayay
11 30 | 45 2m | o g Y (IIGM)
S30- | 10: | 11: Orali 12 10+ | Overtaking of kinetic Alfvén waves in Dr. Nareshpal Singh Sair
12 45 | 00 2m | electronpositronion plasma (GNDU)
TEA- | 11:]| 11:
D02 00| 15 TEA
D2/0S | 11: | 13:| Oral Sessioni 4 : Plasma Modelling & Simulation (PM), Speaker
-04 15| 15 Laser Plasma (LP) P
sai- | 11| 1u | vited- | 25+ | RO e feveycle ser | (PR)
06 15 | 45 6 Bm | poor Y O Y
S4- 11: | 12: | Invited- | 25+ . . - Dr. Amita Das (IIT
07 45 | 15 7 5m Plasma Simulation Activities Delhi)
S40- | 12: | 12: . 10+ | Minority heating scenarios in low ion .
13 15 | 30 Orali 13 2m | temperature plasma Dr. Asim Chattopadhyay
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S40- | 12: | 12: Orali 14 10+ | First evidence of the solitetype behavior Dr.Ajay Lotekar (IIGM,
14 30 | 45 2m | of supersolitary waves in plasma Mumbai)
S40- | 12:| 13: . 10+ | Numerical study of interaction of laser Ms. Kameswari
15 45| 00 Orali 15 2m | induced counter propagating shock wave Durvasula,
propagating (Univ. of Hyderabad)
S40- | 13: ] 13: orali 16 10+ | Generation of electrostatic mode in alasg Ms. Ayushi Vashistha
16 00 | 15 2m | plasma interaction (IPR)
LNCH | 13: | 14:
-D02 15| 15 LUNCH
AWD- | 14:| 15: .
GZ 15| 00 Guzdar Award presentation and talk
AWD- | 15:| 15: .
SH 00| a5 Sholapurwala Award presentation and talk
D2/PS | 15: | 17: .
02 45| 45 Poster Session 02
18: | 19: .
GBM 00! 30 PSSIGeneral Body Meeting
DIN- 20: | 21: Dinner
D02 00| 30
Day - 03 (05Dec2019)
D3/OS | 9:0 | 11: Oral Sessioni 5 : Plasma Diagnostics (PD) Speaker
-05 0| 00
. Radiation based Diagnostics on
S51- 09: | 09: | Invited- | 25+ ; R Dr. Malay B.
08 00 | 30 8 5m Tokamaks in IPR and Application of Chowdhuri, (IPR)
those for Investigation of Rasma
S51- 09: | 10: | Invited- | 25+ | Microwave Plasma Diagnostics for Dr. Hitesh B. Pandya,
09 30 | 00 9 5m | Fusion Research Machines IPR
S50+ |10:|10:| ¢y 47 | 10 | B icloe n thermal plasma | M- Niupama Tiva
17 00 | 15 om | Y P P (BARC)
reactor
ss0- | 10: | 10: ) 10+ | Impurity lon Temperature Measurement |, o0 dini vadava
18 15 | 30 Orali 18 om | Using Zeeman Influenced Spectral Lines i (Gujarat Uni.)
Aditya-U Tokamak '
S50- | 10: | 10: orali 19 10+ | Initial results of laser heated emissive pro, Ms. Abha Kanik (VIT,
19 30 | 45 2m | for sol region in Adityal Tokamak Chennai)
A new collisional radiative model for laser .
S50- | 10: | 11: . 10+ . Mr. Shivam Gupta (IIF
20 45 | 00 Orali 20 om produced_erIasma using calculated RDW R)
crosssections
TEA- | 11:]| 11:
D03 00| 15
D3/0S | 11: | 13: Oral Sessioni 6 : Industrial Application (IP), Societal Speaker
-06 15| 15 Benefits of Plasma (SP) P
S6- 11:| 11: | Invited- | 25+ | Pulsed Power and Plasma Applications Dr. Koichi Takaki
10 15 | 45 10 5m | for Agriculture and Food processing (lwate Uni. JP)
S61- 11: | 12: | Invited- | 25+ Elgr;-ri(;u_lrlg)cr;]unn;kl)\l;ig;thermal (Cold) Dr. Ramprakash (IIT
11 45115 11 Sm for Health & Food Applications Jodhpur)
. . Dirty Waste To Clean Environment And . .
gi}o' 11% 13% Orali 21 12?:]- Useful Energy: Air Plasma Gasifier Dr. Sr(lléli\rgzg)Ghorm
Technology Developed by BARC,
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S60- | 12: | 12: Orali 22 10+ | Plasma surface engineering of stainkee®l| Mr. Ramkrishna Rane
22 30 | 45 2m | for hip implant application (IPR)
s60- | 12: | 13: ) 10+ Optimization and enrichment of eIecFronlc Mr. A. R. Arivalagan
23 45 | 00 Orali 23 om waste to recover valuable metals using (Politecnico Di Milano)
plasma arc furnace tech
) . . Understanding gasification process in cok
S60 13:1 13: Orali 24 10+ bed air plasma gasifier: 3D CFD simulatig Mr. Subhankar Bhandar
24 00 | 15 2m : (BARC)
study and expt. Observations
LNCH | 13: | 14:
-D03 15| 15
D3/0OS | 14: | 15: | Oral Sessioni 7 : Pulse PowerTechnology (PP) & Nuclear Speaker
-07 15| 45 Fusion (NF) P
S7I- | 14| 14: | Invited- | 25+ | Indigenous development of Mult Dr. Archana Sharma
Gigawatt Pulsed Power Systems for
12 15 | 45 12 5m : S (BARC)
Nuclear and Industrial Applications
- ) . I Tungsten Compatibility for Spherical
f;l i‘é 1155 Inwltgd 25?: Tokamak Reactors: Modeling of Dr. P. N. Maya (IPR)
Radiation Damage and Fuel Retention
S7-O- | 15:| 15: Orali 25 10+ | Advanced insulators for NNBs: Challenge| Dr. Sejal Shah (ITER
25 15| 30 2m | and involved R&D India)
S7-O- | 15:| 15: Orali 26 10+ | Differential absorption spectrometer for Ms. Rakhee Menon
26 30 | 45 2m | hard xray spectrum measurements (BARC)
D3/PS | 15: | 17: .
03 a5 | 45 Poster Session 03
18: | 19:
CULT | "00] ‘30
DIN- 20: | 21:
D03 00| 30
Day - 04 (06Dec2019)
%Agos 9:8 1010 Oral Sessioni 8 : Nuclear Fusion (NF) Speaker
S8 - 9:0 | 9:3| Invited- | 25+ . . . .
14 0 0 14 5m Recent Plasma Experiments in SST Dr. Daniel Raju (IPR)
Investigation of Neutral Particle
S8l- 9:3 | 10: | Invited- | 25+ | Dynamics in Aditya and Aditya-U .
15 0 | 00 15 5m | Tokamak Plasmas using Degas2 and Dr. Ritu Dey (IPR)
Wedge des
) . DC and High Frequency Edge Electrode
S80- | 101 10: Orali 27 10+ Biasing Experiments in ADITYAU Mr. Tanmay Macwan
27 00 | 15 2m (IPR)
Tokamak
Studies On Fusion Relevant Plasma
S80- | 10: | 10: Orali 28 10+ | Exposure Behavior Of India Specific Dr. Trinayan Sarmah
28 15 | 30 2m | Reduced Activation Ferritic Martensitic (CPRIPR)
Steel in CIMPLEPSI
S80- | 10: | 10: . 10+ | Joining of SS316l with heat sink material .
29 30 | 45 Orali 29 2m | for divertorapplications Dr. K. P. Singh (IPR)
S80- | 1071 11 Orali 30 10+ EIeCrtf;IrneL::ai[;(r)(?sgtzgr::(()jz][i]r?(;nnf;es’nltnft?;on Mr. Darpan Bhattacharje
30 45 | 00 2m devi (CPRIPR)
evice
TEA- | 11:]| 11:
D04 00| 15 TEA
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D4/PS | 11: | 13:

-04 15| 15 Poster Session 04

LNCH | 13: | 14:

-D04 15| 15 Lunch

CON 14: | 15:

CL 15| 45 Concluding Session and Prize Distribution

TEA- | 15:| 16:

Do4 | 45| oo| TEA
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ABSTRACT

NO. INVITED TALKS

INWA1 Nonlinear Evolution Of Jeandés Instabilit)y
Avinash Khare

IN\L2 lon Beam Sculpting: WavePlasma Cooperation For Sustenance In Restricted Geometry
Sudeep Bhattacharjee

INVA3 | TER Project Overview And Indiadbds Contril
Shishir Deshpande & the ITERdia Team

INVL4 Data-Driven Magnetohydrodynamics (Mhd): A NovelTool To Understand Some Basic
Mechani sms Of The Energy And Mass Transpc
A.K. Srivastava

IN\L5 Beyond Solitary Waves--- Nonconventional And Multidimensional Structures In The
Earth's Magnetosphere
S. S. Ghosh, T. Kamaland S. V Steffy

IN\L6 Acceleration Of Electrons From AThin Foil Plasma By Tightly Focused FewCycle Laser
Beam
Mrityunjay Kundu

INWL7 Plasma Simulation Activities
Amita Das

IN\L8 Radiation Based Diagnostics On Tokamaks In Ipr And Application Of Those For
Investigation Of Plasma
M. B. Chowdhuri

IN\L9 Microwave Plasma Diagnostics For Fusion Research Machines

Hitesh Kumar B. Pandya
IN\L10 Pulsed Power And Plasma Applications For Agriculture And Food Processing
K. Takakiand K. Takahashi

INMVL11 Non-Equilibrium Non -Thermal (Cold) Plasma Technologies For Health & Food
Applications

Ram Prakash

INWV12 Indigenous Development Of Multi Gigawatt Pulsed Power Systems For Nuclear And
Industrial Applications

Archana Sharma

IN\A13 Tungsten Compatibility For Spherical Tokamak Reactors: Modeling Of Radiation
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Of Walll Effects
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Mesh Refinement Based Fluid Simulations Of Plasma Dynamics During High Power
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Abatement Of Microorganisms Using Oxygen Plasma
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Distributed Electrons

Indrani Paul, A.Roychowdhury , B.Paartd S.N.Paul
Effect Of Polarization Force On The Rogue Waves In Dusty Plasma
Sailendra N¢h Paul

Modulational Instability Of lon Acoustic Waves In Fully Relativistic Plasma Having
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S.N.Paul, A.Chatterjeand B.Paul

Magnetic Moment Field Due To Resonant Interaction Of Waves In Laser Induced
Relativistic Plasma

S.N.Paul, S.K.Bhattacharyagad B.Paul
Electrostatic Waves In Fully Nonlinear Degenerate Electretion-Positron Plasma
S. N. Paul, S. Basak, B.Pand A. Roy Choudhury

Control Of Chaoticity In Magnetized Filamentary Discharge Plasma Due To The Presence Of
Cylindrical Mesh Grid

Mariammal MegalingamShatakshi Sinha, Nikhita Panda@Bornali Sarma

Nitrogen Plasma Treated Cotton Fabrics Coated With Sio2 Followed By Rgo Deposition
For Water Purification Process

Pubali ChaudhuryS Padmashrek,Vinisha Rani ad BornaliSarma

Experimental Observation Of Intermittent Route To Chaos In MagnetizedFilamentary
Discharge Plasma Due To The Cylindrical Plasma Bubble

Mariammal Megalingam, Anurag Sangemd&8ornali Sarma
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NONLI NEAR EVOLUTI ON OF JEANOGS I NST
THERMODYNAMICS AND SIMULATIONS

Avinash Khare
Sikkim Central University
6" Mile, Samdur, P.O. Tadorg87102, Gangtok, Sikkim, India
vc@cus.ac.inkhareavinash82@gmail.com

Problems related to the formulations of the thermodynamics of gravitating systems are
discussed. A new inter particle potential is shown to remove some of these problems i.e.,
thermal equilibria of these systems exist at all temperatures. Molecular dysiamlations

with new interparticle potential are performed to study the nonlinear evolution of Jeans
instability of the system. The results show the stabilization of the instability due to hard core
formation in the nonlinear stage accompanied by finddeo phase transition, phase
coexistence and release of latent heat. Analytical models based on N gravitating hard spheres
and Chandrasekhar dés t heory of pol ytropes a
Astrophysical significance of the results isadissed
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ION BEAM SCULPTING: WAVE -PLASMA COOPERATION FOR
SUSTENANCE IN RESTRICTED GEOMETRY

Sudeep Bhattacharjee
Department of Physics, Indian Institute of Technologianpur, Kanpur-208016
sudeepb@iitk.ac.in

With rapid development of basic, applied and waisciplinary research, ion beams are
becoming an increasingly important research tool. Researchers employ ion beams with
energies ranging from a few eV to some MeV for studyingniatter interactions. The has

been significant progress on novel focused ion beam sources and their applications have
attracted special attention in recent times. Liquid metal based focused ion beam systems have
traditionally addressed areas such as milling, patterning, andrdsglution imaging.
However, in order to meet emerging applications, such as processingatadals or
creation of complex microstructures in midtoidic applications, efforts to develop plasma
based focused ion beams are utilized, which can beaxar provide higher currents for

rapid processing, and do not involve metallic contamination.

Developing plasma sources for focused ion beams is nontrivial and can pose mighty
challenges. Often a mictoeter size beam needs to be extracted to maintaimall sbject

size for demagnification, thereby demanding that the plasma source be as small as possible.
The situation is exacerbated in case of electromagnetic wave driven plasma sources because
of geometrical cutoff limitation, which demands a minimumnshar dimension for wave
propagation and subsequent plasma generation. Additionally, the density cutoff limitation is
encountered when the plasma frequency becomes larger than the wave frequency. The two
limitations are often inextricably intertwined andspoconsiderable confrontation for wave
particle sustainability.

The talk will begin with a brief discussion of these aspects and demonstrate how they have
been obviated in the present research. The remaining part of the lecture will dwell upon
recent resarch results of such a plasma based focused ion beam system developed in the
laboratory. It is shown that intense, focused menergetic ion beams of different masses

are obtained that permits a huge variation of momentum transferred to the substateatsuc
sizecontrolled microstructures with large aspect ratios (line width/depth) can be sculpted on
metallic substrates, a feature unrealized in conventional systems. A distinctive phenomenon
of nonlinear demagnification is observed for beams, whenl#sgn@a electrode aperture size

is reduced to below the Debye length. Further reduction of beam size is achieved by
employing micreglass capillaries, where charge dissipation in a hysteresis cycle and self
focusing of beams are observed.

References:

[1] S. K. Maurya, S. Barman, N. Pan and S. Bhattacharjee, Phys. PI2sn@63103, (2019).

[2] S. K. Maurya, S. Paul, J. K. Shah, S. Chatterjee, and S. Bhattacharjee, J ApplLBhg23302,
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| TER PROJECT OVERVI EW AND | NDI A6S C¢

Shishir Deshpande & the ITERdia Team
Institute for Plasma Research, Gandhinagar, Ind&82428

Controlled thermonuclear fusion in the laboratory remains a powerful driver in basic and
applied plasma research. It offers a potentially attrasthetion to power generation due to
abundance of fuel, inherent safety and especially since it is environmentally acceptable. Over
many years of research, the toroidal plasmas have revealed many facets of stability, control,
confinement and transport. Tiveorldwide research has culminated in the dream project
called International Thermonuclear Experimental Reactor (ITER). Here the ultimate test of

burning plasmas will be carried out in a fus
ki ndd c esrfrom its sewem partners (China, EU, India, Japan, S. Korea, Russia and

the US).

ITER-India is a special project within the Institute for Plasma Research, Gandhinagar. The
mandate for ITER ndi a i s to <#élhidvercolmmditam&s taei n o | °

defined by the nine packages: (1) Cryostat, (2véti Shielding, (3) Cryodistribution &
Cryolines, (4) lon Cyclotron Heating Rfower sources (365 MHz) for coupling 20 MW,

(5) Electron Cyclotron Heating sources for 2 MW at 170 GHz, (6) DiagnNstitral Beam,

(7) Power Supply Systems for IC, EC and DNB, (8) Component Cooling, Chilled Water and
Heat Rejection System, and (9) Diagnostics (witRay, visible and microwave region) with

Port Plug. A unique and challenging feature of the ITER progetsisplitting into various
procurement packages being executed all over the world and the requirement that all these
systems integrate well with each other. While this is true for ITER main machine, the-system
level challenges add another key featurethe sense that many systems are significantly
large or high capacity in some sense and hence require extensive R&D to mitigate risks. The
work-packages of ITERndia include a mix of precision, heavy, R&D intensive and interface
intensive systems, undéuilt-to-print and functional systems category. In several systems,
components fall under the category of first of its kind or of the largest kind. The uniqueness
of specifications lead to a challenging situatiomamely that neither the existing labs or
potential suppliers have ever done or encountered such-ugcdleither in size/volume,
capacity, precision etc.) and do not have the R&D infrastructure to match the requirements.
The overview covers some historical highlights, current status and how-IRdER is
meeting the challenges of this unique project.
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DATA-DRIVEN MAGNETOHYDRODYNAMICS (MHD): A NOVEL
TOOL TO UNDERSTAND SOME BASIC MECHANISMS OF THE
ENERGY AND MASS TRANSPORT I N THE SUNC

A.K. Srivastava
Department of Physics, Indian hitste of Technology (BHU), Varana221005, India

The combined interplay of the Sun's complex magnetic field and ionized hot plasma provides

a variety of exotic plasma dynamics, including wave processes in its atmosphere at diverse
spatietemporal and spectral scales. Various observatories have beenssioneu over the

last several decades, on the ground and in space that have contributed to a significantly
improved understanding of the energy and mass transport processes in the solar atmosphere.
Datadriven Magnetohydrodynamics (MHD) has novel implioati in understanding various
dynami cal pl asma processes in the Sunbs at mc
mass transport processes (e.g., waves, plasma flows, and magnetic reconnection) and their
role in the localized heating and mass cyafleyarious layers of the solar atmosphere using
MHD approximation. | conclude that some of these physical phenomena may also have
significant physical implications at the laboratory plasma scales.
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BEYOND SOLITARY WAVES --- NONCONVENTIONAL AND
MULTIDIMENSIONAL STRUCTURES IN THE EARTH'S
MAGNETOSPHERE

S. S. Ghosh T. Kamalamand S. V. Steff§
YIndian Institute of Geomagnetism, New Panvel, India
’CMS College, Kottayam, Kerala, India

It is well known that the Earth is engulfed within its magepteere which is protecting it

from the bombardment of the extra terrestrial charged particles and making life possible on
the Earth. The study of our magnetosphere is important to understand tBarBunoupling

which is manifesting itself by our spaceather conditions. Being in a highly technological

era, understanding and predictions of space weather is gradually becoming the necessity of
our day to day lives. One important aspect of the magnetosphere is its boundary layers which
are identified by altgrp variation in their plasma parameters. The available free energy at
these discontinuities have turned them into a convenient test bed of nonlinear plasma waves.
Satellite observations have revealed localized bipolar or monopolar electric field pulses
which are often interpreted by the theory of solitary waves or double layers in one dimension.
Present daysdé in situ measurements with hi
revealed the existence of multidimensional structures in different regi@mce. Whereas

the previously observed one dimensional localized structures have been successfully modeled
by the solitary wave theory, its direct extension to two dimension is found to have its own
limitations. The theory oflromionsmay then provide a possible model for such highly
localized multidimensional pulses. Dromions are exponentially localized structures in two
dimensions which are characterized by time dependent boundary conditions. They appear as
a solution of a class of nbnear partial differential equations. Though the study of the
mathematical aspects of dromions is already more than a decade old, its application to space
plasma physics has received a scant attention so far. In one of our previousGiwosk (

etal., 20@ Nonlin. Process. Geophys., 468) have shown that the nonlinear evolution of

an electron acoustic wave can lead to a dromion solution. With a chosen set of parameters
relevant for the auroral plasma, it was also shown that the shape and size ofittieabna
solution of the electron acoustic dromion is consistent with the satellite observations.
Interestingly, present day MMS observations also revealed bipolar pulses for both parallel
and perpendicular electric field which may well be the signatura oo dimensional
structures like dromions. Besides the multidimensional localized structures, MMS have also
recorded "near unipolar" pulses which appear with an extra wiggle or ‘fold' in the otherwise
conventional monopolar pulses. Interestingly, our yepent theoretical study has predicted

the existence of "folded double layer" for a nonlinear ion acoustic wave propagating
obliquely in a magnetized plasma. The morphology of the analytical solution matches with
the MMS observations. In short, we may clude here that, the interpretation of the recent
exciting observations by MMS may need theories beyond the conventional solitary waves.
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ACCELERATION OF ELECTRONS FROM A THIN FOIL PLASMA BY
TIGHTLY FOCUSED FEW -CYCLE LASER BEAM

Mrityunjay Kundu?
YInsttute for Plasma Research, Bhat, Gandhinaga82 428, Gujarat, India
’Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Mur6ai
094, India
mkundu@ipr.res.in

Acceleration of electrons with relativistic energies from a thin foil driven by tigbttysed
few-cycle laser beam down tmeopticalperiod and beam spot size down to the size of the
laser wavelength has been studied using two dimensional electroragaeiclein-cell
(EMPIC-2D) simulations. In such limits, beam dynamics has been simulated with extreme
care using complex analytical signal representation which otherwise manifests artificial
acceleration of electrons due to beam singularities. A fevardgdges of numerical beam
propagation over the analytical expression are first discussed. Increasing {plaspra
scalelength, acceleration of electrons appears in the forward direction while electrons
circulate in the plane of polarization for shatpgma boundary. For weaker intensities laser
field is found to be mostly reflected from the skin layer at the sharp tmogetresulting
lesser energy gain. At increasing relativistic intensities plasma becomes transparent to the
laser and more electroase pulled out, and then pushed back through the plasma forming a
circulating electron current. The mechanism of electron heating is under investigation.
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PLASMA SIMULATION ACTIVITIES

Amita Das
Physics Department, Indian Institute of Technology Delhi, Hauz Khas New Delhi 110016
amita@iitd.ac.in

Plasma is aomplex medium having many interesting attributes. It has an important and
extensive role to play in the scientific and technological feordt forms the basis for many
environment friendly technologies. The complexity of the medium emanates from the fact
that it is created by doing violence to matter and its evolution is governed by electromagnetic
force fields which are often created by theedium itself. Experiments, theoretical and
simulation techniques are adoptedunderstand the behaviour of this mediumthis talk |

will describe about the challenges involved, the required simplifications and diverse
simulation approaches that haseh adopted in this pursuit.

References:

[1] Plasma medium and its understanding through numerical simulations, Amita Das, Science
and Culture, Special issue on Meghnad Saha and the world of plasmais [d0\2018) Pg
370.
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RADIATION BASED DIAGNOSTICS ON TOKAMAKS IN IPR AND
APPLICATION OF THOSE FOR INVESTIGATION OF PLASMA

M. B. Chowdhuri
Institute for Plasma Research, Bhat, Gandhinagar 382 428, India
malay@ipr.res.in

Radiation emanated from tokamak plasma is an important tool to diagassigely without
perturbing it. Radiation, especially fromrdy to NIR region can be recorded either in total

or spectrally resolved depending on the parameter needed to be obtained. In tokamak, the
parameter, such as plasma size and shape, electr@ersgare T, ion temperature ;T
radiation loss Rq and plasma rotation velocity can be estimated through the recording of
emitted radiation. Understanding of the particle and impurities transport can be done through
the monitoring of the radiation. Théagma visible imaging using high speed camera is used

to find out plasma size and its movement. Spectrally resolved visible spectroscopic
diagnostics, either using interference filter or by spectrometer can be employed to monitor the
fuel ion and impuritis inside the plasma for the qualitative and quantitative assessment of the
plasma performance. The influx and concentration of the particle and impurities is
determined through analysis of absolute intensities of spectral line emission recorded from
the tdkamaks. Similarly spectroscopy in VUV andry region give information about the
plasma core region as these radiations primarily come from the high Te region of the plasma
and using these diagnostics plasma temperatures and impurity transport coefiieient
estimated for tokamaks in IPR. Similarly, the estimation gf ffom the measurement of
visible continuum emissions and radiation loss using AXUV photodiode detector enables to
understand the tokamak plasma properties, such as energy confinememtanunation. In

this presentation, diagnostics and their usages for studying the neutral particle behavior,
recycling and impurity behavior during Li coating experiment, oxygen and iron impurities
transport study and understanding of the radiation logseAditya tokamak, will be
discussed. This presentation will also cover the visible to VUV spectroscopic measurements
on the SST1 tokamak plasma. The behavior of radial profile of the neutral particle and
impurity ion temperatures, impurity ion rotatiomthe AdityaU tokamak plasmas will also

be presented
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MICROWAVE PLASMA DIAGNOSTICS FOR FUSION RESEARCH
MACHINES

Hitesh Kumar B. Pandy&
YTERIndia, Institute for Plasma Research, Bhat, Gandhinagar
2 Homi Bhabha National Institute, Anushaktinagar, Murs@0094,
hitesh@ipr.res.in

Diagnostics are very important to characterize the fusion plasma by measuring plasma
parameters such as ' density, distribution function over energy, temperature, &tieir sp
profiles and dynamics. There are mainly two categories of the plasma diagnostics namely; (i)
passive methods in which electromagnetic (EM) radiation from microwaveray,Xemitted

by the fusion plasma are monitored to derive the plasma paranfgeastive methods EM
radiations produced by external sources are used to interact with the fusion plasma to
determine the plasma parametdBsief description about basic principles and characteristics

of various diagnostics techniques will be coveredhe talk. Among all these, various
microwave and millimeter wave fusion plasma diagnostics will be discussed. Further, in case
of fusion research machine, there are neutron radiation, high magnetic field and high power
RF stray radiation. Difficulties faed in setting up the microwave diagnostic system on the
fusion research machine and to determine accurate and reliable measurements of the plasma
parameters will also be addressed. The description about techniques to accomplish the plasma
parameters meaements in such environment will also discussed.
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PULSED POWER AND PLASMA APPLICATIONS FOR
AGRICULTURE AND FOOD PROCESSING

K. Takaki*"and K. Takahashf
YFaculty of Science and Engineering, Iwate Universitg;%Ueda, Morioka, Iwat@20-
8551, Japan
Agri-Innovation Center, Iwate University;18-8 Ueda, Morioka, Iwate 028550, Japan
takaki@iwateu.ac.jp

Repetitively operated compact pulsed power generators with a moderate peak power were
developed for the applications in several stages of agriculture and food processing. Pulsed
high-voltage produces intense higlectric field which can cause some biotmji effects

such as stress response (stimulation) and electroporation. Types of pulsed power that also
have biological effects are caused with gas and water discharges which include reactive
species such as ROS and RNE We developed repetitively opeeat compact pulsed power
generators with a moderate peak power for the agricultural applications. The repetitive pulse
discharge was used for promoting growth of the vegetables and fruits. The growth rate of the
vegetables and sugar content in the strawldsarvested after the cultivation increased by the
plasma irradiation to the hydroponic soluti@}. The plasma was irradiated in the drainage
water for 10 and 20 minutes each day. The leaf size of the plants increased with plasma
treatment time. Numberf aolony forming units (CFU) oR. solanacearunin the liquid
fertilizer decreased from 1Go 1¢ CFU/mL using the discharge plasma treatmfjt
Seedlings with discharge plasma treatment were relatively healthy; in contrast, all seedlings
in the positie control wilted and died from infection 8. solanacearumafter 12 days. The
(s-pulse highvoltage improvement of mushroom vyield. The yielding rate of Shiitake
mushroom I(. edodey was also improved with the higloltage stimulation in fruibody
formation phasd4]. The AC highvoltage keeping freshness for a relatively longer period of
agricultural[5], and marine produc{$]. The electrostatic effects can contribute to remove
airborne bacteria and fungi spore from the storage house and coffdin€his removal
contributes to reduce the infection risk with fungi and bacteria. Some kinds of fruit and
vegetable emit the ethylene gas which accelerate a degradation of other kind fruits and
vegetables. The repetitives-pulse DBD remediation of air andjiiid to inhibit degradation

of agricultural products via ethylene removal via oxidization rea¢iipnThese applications

can contribute a sustainable food supply chain in the world.
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NON-EQUILIBRIUM NON -THERMAL (COLD) PLASMA
TECHNOLOGIES
FOR HEALTH & FOOD APPLICATIONS

Ram Prakash
Indian Institute of Technology Jodhpur
NH-62, Nagaur Road, KarwaB42037, Jodhpur, Rajasthan
ramprakash@iitj.ac.in

Atmospherigoressure noequilibrium nonthermal plasmas, also known as Dielectric Barrier
Discharge (DBD) plasmas, have recently found many advanced applications in biology,
medicine, food, agriculture, etc. [1]. Such plasmas can efficiently kill bacteria, yeagds, m

and other hazardous microorganisms, including potentiatelbiorism agents, even spores

and biofilms, i.e., generally very difficult to inactivate [2]. The most attractive feature of such
plasmas is the ability to achieve enhanced gas phase chewiisiout the need of elevated

gas temperature. In fact, such plasmas exhibit electron energies much higher than that of the
ions and the neutral species that remain near to room temperature and the energetic electrons
enter into collision with the backgund gas, causing enhanced level of dissociation,
excitation, ionization, etc. Due this fact plasma does not cause any thermal damage to the
articles that it comes in contact with and hence one can easily employee such plasmas for bio
decontamination andegilization of surfaces, medical instruments, water, air, food, even of
living tissues without causing their damage and other side effects. Such plasma treatments
can be attributed to several synergic mechanisms, including UV radiations, electric field,
charged particles, generated radicals and reactive species. However, plasma induced
processes ar e still mostly regarded as an
understanding of these mechanisms and their roles and synergies is absolutely necessary. In
this talk a review of Indian efforts in the development of plabased VUV/UV Excimer
Sources and Cold plasma jets for health and food applications will be presented and strategies
will be discussed for multidisciplinary approach to bring out the reékfoi this emerging

area of research.

References :
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INDIGENOUS DEVELOPMENT OF MULTI GIGAWATT PULSED
POWER SYSTEMS FOR NUCLEAR AND INDUSTRIAL
APPLICATIONS

Archana Sharma; FIE,FNAE
Head, Rilsed Power and System sectiddhabha Atomic Research Centre,
ProfessorHomi Bhabha\ational Institute;Mumbai400085.

Intense pulsed power systems are beindgeveloped now in a very compact topologies and
repetitive mode. Applications of these high power pulsed source are no more limited to R&D
activities but also extended towariaglustrial applications. In this talk journey of BARC's
pulsed power program will be illustrated and paradigm shift in the generation of high power
microwaves (~1GW), Flash -Kays (~1MeV), Dense plasma focus based Pulsed neutron
source (~1079n/pulse), magpc field (50T) and controlled shock plasma (ABDMPa)

pulses. All these development have been done using mostly off the shelf available
components and designed to meet the specified parameters with local fabrications. It gives a
comfort of user frienkihess, Opeaation and maintainability witlkustomized solutions. These
achievements are attributed to visionary seniors and competent team members who work in
synergy with multi disciplinary expertise for delivering the system in a product finish form.
My efforts are to take these technologies from lab to the user's site and if any changes are
needed it can be addressed as a commitment. Please see the potential of the work and its
applicability in individual institute and labs. there is possibility to warkollaboration by in

kind contributions also through suitable MoU. This PSSI forum is an apt platform to have this
vision of deployment to get fulfilled, thanks to the organizers to include this topic. As
"plasma" acitvities initiated the indigenous dieyenent work in pulsed power technology

for fusion in early 1970 in BARC.
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TUNGSTEN COMPATIBILI TY FOR SPHERICAL TOKAMAK
REACTORS: MODELING OF RADIATION DAMAGE AND
FUEL RETENTION

P. N. Maya* and S. P Deshpande
Institute for Plasma Reseach, Bha, Gandhnagar-382428
pnmaya@ipr.resin

Sphericd Tokamak Readors (STR) are attractive due to ther inherent

cgpabilities viz. disruption avoidance, natura €ongation, natura divertor and very
high beta cgpability -- apart from a smaller size, with presumably lower cods [1].

Given the development of new supercondwcting maerias and new divertor

concefs, the STRs represent a rapidly developing front [2] and may very well be

reaized not far in the future. Howevea, the combination of size reduction and

aggressively large fuson power values will lead to extreme wall loading, baoth

in terms of heat and particle fluxes. Severa desgns of STRs are currently being

developed around the world with the saoping studes and avalable daa from

currently operating tokamaksas well as otherexperimenta/ dedicaed testfacilities.

Modeling is amost the only available option for projection of scenarios to reactor-

like extreme conditions, however comprehensve daabase and insights from

expets aroundtheworld [3], need to be usedin the modeling to bring redism. In

fact, for the STRs, the flux of neurons as well asheat can be more than an order
of magnitude of that for ITER. In this work, we condder tunggen-basd plasma

facing maeriads (PFM) for STRs and examine their compatibility for extreme
conditions for two casesnamdy, (1) to act as acompnent test facility and
(2) as a power plant. The focus of the work is on radiation damage and

possble fuel-retention in a few operational scenarios. A scan on machineis key

parameers dlows a perspective to undersand the constraints on PFM. The cases
wherethe poloidal banana width is large enoughto alow the apha particles to be

unomonfined need to consder concurent apha and neutron irradiation. Such
Stuations may result in sgnificant suface modfications [4] with ther own

consequerces. Role of iorrirradiation in experimental smuation of damageuwill be

discusseal especidly in the contextof helium irradiation with pre-damaged materias

[5].

[1]. Gi et d., Nucl. Fuson 55 063036(2015

[2]. A. Sykeset d., Nucl. Fusion 58 016039 (2018) and references therein
[3]. M. Tillack et &., Nucl. Fuson 53 027003(2013)

[4]. LaBombad et &., Nucl. Fusion 55 053020 (2015)

[5]. PN. Maya et d., Nucl. Fusion 59 076034 (2019
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RECENT PLASMA EXPERIMENTS IN SST -1

Daniel Raju and SST team
Institute for Plasma Research, Near Indira Bridge, Bhat, Gandhind§2428, Gujarat
raju@ipr.res.in

After some improvements done for the magnetic null configuration by modifying a few
external correction coils of central solenoid, plasma -sfariscenarios in Steadyate
Superconducting Tokamak (S} [1] have become better. There wéne experimental
campaigns conducted, one in April and another in September, in which the plasma
breakdown and statp were assisted by the Electron Cyclotron Resonance (ECR) pre
ionization and loop voltage of® volts produced by the Copper based @ solenoid. In the

April experimental campaign, plasma currents were driven by Ohmic system for severel 100s
of milliseconds followed by the Lower Hybrid Current Drive (LHCD) thereby, enhancing the
duration of plasma to about 645ms. In the September e¢gmpplasma duration of
650millisecod was achieved by Ohmic current drive only. Results from these two campaigns
are quite encouraging for future plasma experiments with the enhanced pulse duration
(beyond 1 second), using the combination of both Ohmid_&@D systems. Major focus of

the experiments would be on the plasma 4tproptimization, along with the operation of
Ohmic and LH current drive and superconducting poloidal field coil. The operational
limitations and issues during plasma experimentslavaiso be addressed in this paper in
detail.

References:

[ 1] APresent -1Stpatoy s cdfo,t hre-1&8n] NBckear &usian4@ nd S S
(2000) 1069
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INVESTIGATION OF NEUTRAL PARTICLE DYNAMICS IN ADITYA
AND ADITYA -U TOKAMAK PLASMAS USING DEGAS2 AND UEDGE
CODES

Ritu Dey, J. Ghosh? M. B. Chowdhuri, R. Manchandia N. Yadavd, H. Raf, R. L.
Tannd and Aditya Tearh
Ynstitute for Plasma ReseardBhat, Gandhinagar 382 428, India
2 Homi Bhaba National Institute, Anushakti Nagar, Mumbai 400 094, India
*The National Institute of Engineering, Mysuru 570 008, Karnataka, India
*EPFL, Station 13 CH.015 Lausanne, Switzerland
ritu.dey@ipr.res.in

The fuelneutrals present in the confined plasma of a tokamak are known to play several
important roles in overall performance of the discharge. There exists different sources of
neutral entering into the plasma during a discharge, such aputjs&SMBI/pallet hjection,

mainly for maintaining the plasma density and the neutral recycling from the
limiter/divertor/vessel wall. These neutrals enter in the plasma as a molecule and interact with
plasma particles and decide the global plasma parameters. The tempgosphtal variation

of electron density and temperature profiles affect the neutral particle penetration inside the
plasma. The penetrated neutrals in turn change the radial profiles of temperature and density.
Due to the several limitations in measuretsasf neutrals inside the plasma, simulations are
required for thorough understanding of the processes involved in molecular dissociation,
atomic ionization/recombination etcThe study of neutral penetration in ADITYA and
ADITYA -U tokamak plasmas sarried out in detail using DEGAS2 code. The DEGAS2 is
basically a neutral particle transport code, which is implemented for the first time for
ADITYA tokamak with limiter geometry and the concentration of neutral particles is
estimated [1]. Furthermorehe penetration of neutral particle from edge to core region of
plasma is investigated for different discharges of ADITYA tokamak by modelling the
experimental H spectral line profile and radial profile ofgteémissivity [2,3].The simulated

result elucidag that the neutral molecules penetrate quite far inside the limiter radius. In an
another study, the particle confinement time is calculated for ADITYA tokamak plasmas by
estimating the recycled neutrals through the modeling of experimen&nidsivity pofile

[4]. From the radial profile of particle confinement time, it is found that nature of particle
transport in core as well as edge region in ADITYA tokamak is anomalous in nature. An
attempt is also made to examine the neutral penetration and sulisefaages in the
temperature and density profiles due to-gafs, the DEGAS2 code is coupled with
UEDGE, which is a two dimensional edgkasma fluid transport code. The estimated
change in the plasma density is found to be in good agreement witbf ttiet measured
values [5].

References:
[ 1] Dey R. et al , Al nvestigation of neutr al
DEGAS2 codeo, Nucl . Fusion, 57 086003 (201
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EFFECT OF PLASMA BETA ON ELECTROMAGNETIC ETG
TURBULENCE INDUCED PLASMA TRANSPORT

Prabhakar Srivastas’, L.M. Awasthi®, A.K. Sanyasi', P.K. Srivasta\a', R. Sugandh’,
Raneswar Singh? and R.Singh®
! Insitute for PlasmaResearch, Gandhiragar, India,
2 CASS University of California, SanDiego, USA,
3Advanced Technology Center, NFRI, Dagjeon, South Kaea
E-mail: prabhakar.srivagav@iprres.in

Plasmatransportaaoss the confining megnetic field continues to botherfusion fraternity;
conseauently, numeousefforts made ininvesigationson its experimental, theaeticd and
compuational understanding. Till now, the problem concerning ion sdes grealy
resolved hut contribution of electron scade towards plasmaloss still remainsunresolved.
The reason may be the inabilty of carrying out dired measuementsin fusion devices
because of the extremdy small scde lergth of instability and prevalent
violent conditions [1]. Recent suaess on uambiguous cemonstetion of excitation of
Electron Tempeature QGadient (ETG) turbulerce in Large Volume PlasmaDevice has
mativated us to invesigate ETG induced turbuent transport [2]. We invesigated
convedive particle transport and compaed contribution from electrostatic and
electromagnetic componentswith theaetica estimaies. It was observed that induced
particle transportis direded rdially inward [3]. Surprisingly, we found the existerce of
finite and non- zero EM flux against predicted zero for slab ETG modeldespite having
magnitude significantly small compaed to ES countgpart [4]. We caried out
investgations for plasmabeta effed on particle and energy transport by varying plasma
beta between 0.01- 0.2. Suitable diagnosticsare developedfor simultaneous mesurement
of temperature, potential and density fluctuatiors. Detailed results on contribuion of

phase angle modification to particle and energy transport will be presented in the
conference.

References:
[1] P. C.Liewer, J. M. McChesrey, S. J. Zweben, and R.W. Gould,Phys. Fluids 29,
309(1986.

[2] S K. Mattoo,S. K. Sngh, L. M. Awasth, R.Singh, and P. K. Kaw, Phys. Rev.
Lett. 108 255007(2012).

[3] P.Srivastav, R.Singh, L. M. Awasth, A. K. Sanyasi, P. K. Srivastawg, R.
Sugandhi, R. Singh, and P. K. Kaw, Phys. Plasimes 24, 1121152017).

[4] P. Srivastav, R.Singh, L. M. Awasthi, A. K. Sanyasi, P. K. Srivasta\a, R.
Sugandhi, and RSingh, PlasmaPhys. Control. Fusion61, 055010(2019.

18



mailto:srivastav@ipr.res.in
mailto:srivastav@ipr.res.in

34th National Symposium on Plasma Science and Technology (PLASMA 2019)

KINETIC SIMULATION OF PLASMA -WALL TRANSITION FOR
DIFFERENT PLASMA AND WALL PROPERTIES

Raju Khanal
Central Department of Physics, Tribhuvan University, Kirtipur, Kathmandu 44613, Nepal
plasmanepal@hotmail.com

The plasma sheath, formed in the immediate vicinity of a material wall facing plasma, plays
an important role in determining overall plaspraperties as well as particles and energies
reaching the wall. The kinetic trajectory simulation (KTS) model, which we have developed,
will be introduced and results obtained for different plasma and wall properties will be
presented. In the KTS model tien kinetic equations are solved for given ion distribution
functions at the injection and the potential profile is iterated towards the final time
independent selfonsistent state. On the other hand, the electron densities are obtained
analytically conglering Boltzmann distribution and caoff by the negative wall. The analysis

of magnetized plasma sheath characteristics with two species of positive ions reveals that the
presence of second ion affects the velocity distribution functions of both ioesp8pecial

focus will also be given to the presheatteath coupling scheme for the magnetized plasma
sheath. The energy of ions reaching the material wall and sheath thickness can be controlled
by applied magnetic field and its orientation.

CHIRPED AXI CON-GAUSSIAN LASER-DRIVEN ELECTRON
ACCELERATION IN VACUUM

Niti Kant, Jyoti Rajput
Department of Physics, Lovely Professional University,Phagwara, Punjab, India
nitikant@yahoo.com

Electron energy enhancement by a frequency chirped radially polarized affén
Gaussian laser pulse in vacuum in the presence of wiggler magnetic field is analyzed. A
strong longitudinal electric field is produced by axicon laser which is mainly responsible for
direct electron acceleration in vacuum. Interaction time betwasam and electron has been
increased on account of linear frequency chirp, however, the applied magnetic wiggler field
helps in improving the strength of ponderomotive force in order to keep the electron
traversing in the accelerating phase up to longsrauces. It is noticed that an electron with
initial energy of few MeV, accelerates up to GeV energy with optimized laser and magnetic
field parameters.

References :

[1] S. Tokita, S. Inoue, S. Masuno, M. Hashida and S. Sakappl. Phys. Lett95111911
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2D-3V PIC-MCC SIMULATION OF PLASMA TRANSPORT ACROSS
MAGNETIC FILTER IN ROBIN: IMPORTANCE OF WALL EFFECTS

Miral Shat, BhaskarChaudhury, Mainak BandyopadhydyArun Chakrabort§
'Group in Computational Science and HPC, DAIICT, Gandhinagar, India, 382007.
2 ITERIndia, Institute for Plasma Research, Gandhinagar, India, 382428.

miral_shah@daiict.ac.inphaskar_chaudhury@daiict.ac.in, mainak@itedia.org

Plasma transport across the magnetic filter in negative ion sources is complex to understand
due to different drifts and instabilitigd]. We have developed a 2Bv Particlein-Cell

Monte Carlo Collisions (PI®ICC) code with periodic boundary conditions and simple
hydrogen chemistryj2][3] for comparison with experimental results from ROBIN (RF
oriented beam source in Indif]. Simulation results showed some discrepancies with the
experimental results, which is due to closed diamagnetic current due to presence of periodic
boundary condition. Our code has been further extended to a maostiageabdel with wall
physics to understand the plasma diffusion across the magnetic field. In this work we present
a comprehensive comparison between the results from the two models (periodic-vs. non
periodic). The comparative studies have been perfoumededr realistic conditions similar to
ROBIN. A more realistic with detailed negative hydrogen ion chemistry is under
development.

References:
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TECHNOLOGY DEVELOPMENTS FOR ITER CLASS NEUTRAL
BEAM SYSTEMS AND A ROAD MAP FOR THE INDIGENIZATION

Jaydeep Joshf, Arun Chakraborty; Hitesh Paté| Ashish Yada¥, Mainak
Bandyopadhyay?, M.J, Singhi
YTERIndia, Institute for Plasma Research, Bhat, Gandhina@®@2428 India
’Homi Bhabha National Institute (HBNI) Anushaktinagar, Munib400094 India
jaydeep.joshi@itemndia.org

Neutal beam systems for ITER class fusion machine consist of components which involves
large number nowonventional manufacturing technologies and each of them have to be
developed to meet the system requirements. While realization of the components for ITER
some of the technologies are already being exercised at global level and have been developed
for the first time ever, however, at the works of foreign manufacturers. These manufacturing
technologies includes (1) precision machining to the accuracy otdes of microns (2)

Deep drilling of ~1.8m with the drift control of 0.5mm (3) similar and dissimilar material
welding technologies conforming to the highest quality class for water to vacuum junction
with full penetration technique and 100% volumetriaminations (4) Brazing technologies

over large areas (5) Copper electrodeposition (6) Ceramic to metal transitions for high
voltage applications. The paper shall present the overview of development of technologies,
challenges faced, their resolutions, dfidtion aspects and learning. Further, in order to
establish a selfeliance in developing several such technologies in the application areas of
fusion technologies, continued efforts are being made with a systematic process
developments and prototypindhese includes, precision machining, high energy beam
welding, laser based additive manufacturing technologies, copper electro deposition, additive
manufacturing, cladding technologies and friction stir channel processing. Many of them
have already beerechonstrated as a proof of principle and qualification has been performed
through  destructive  examination, nRdastructive  examination,  metallurgical
characterizations and functional tests as applicable. The paper shall present these
developments followetly a road map for developing such ronventional manufacturing
technologies within the domestic frame with the aim of reducing the dependency to the
foreign suppliers and enable the manufacturing of these complex components completely
indigenously.
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CRYOSTAT DESIGN AND FABRICATION EXPERIENCES

Girish Kumar Gupta, Rajnikant Prajapati, Mitul Patel, Vaibhav Joshi, Vipul more, Jagrut
Bhavsar, Mukesh Jindal, Avik Bhattacharya, Gaurav Jogi, Amit Palaliya, Saroj Jha, Manish
Pandey, Anil Bharadwaj
ITER-India, Institute for plasma research, Bhat, Gandhinagar
girish.gupta@iterindia.org

Cryostat is a large stainlesteel vacuum vessel which provides vacuum environment to
ITER Machine. The cryostat is ~29 meters in diameter and ~29 meters in height having
thickness varies from 25 mm to 200 mm. Cryostat also provides support to complete tokamak
machine and takes all machine loads during normal and accidental events. ITER machine has
massive weight resting on cryostat pedestal ring and transfer huge loads rdadhme
operations. To meet these requirements, Cryostat has been designed for various operational
conditions.Cryostat has many interfaces with stringent tolerance requirements and different
thickness of material at various location. Due to large sizeryddtat, it has three stages of
fabrication. In first stage the components are being fabricated at India having size restriction
of IMx9mx19m. In second stage these components are being assembled at site workshop to
form four main sections and in third geathese sections will be assembled in pit to make
complete Cryostat. The requirement of stringent tolerances, handling heavy weights, welding
of various thickness and many stages of fabrication make the work one of its kind and
challenging.This Paper cone the details of design evaluation of Cryostat, fabrication
challenges and learning.

PARTICLE-IN-CELL (PI C) SI MULATI ONS OF E/
MAGNETOSPHERE AND TRAPPED
PARTI CLEGS MOTI ONS

Arghya Mukherje& Arnab Basakand Dibyendu Nandy?
Center of Excellencia Space Sciences India, Indian Institute of Science Education and
Research Kolkata, Mohanpur 741246, India
’Department of Physical Sciences, Indian Institute of Science Education and Research
Kolkata, Mohanpur 741246, India
arghya.cessi@iiserkol.ac.in

The Earth surface is constantly bombarded by
is the region dominated by its dipolar magnetic field which forms an obstacle in the path of

the solar wind, causing it to be diverted around the Earth. The dynamstglofkind of

systems are essentially governed by the Magnetohydrodynamics (MHD) equations [1]. MHD
neglects single particle aspects and treats the wind and the ambient medium as conducting
fluids characterized by macroscopic parameters viz. density, ityelocagnetic field and
temperature. But the high energetic charged particles present in the solar wind essentially get
trapped in the Earthés magnetosphere and exfkt
For example, formation of Van Allen rad@t belts, dazzling aurora lights, substorms, etc.
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Due to very |l ow particle density, singlel/lte
adequate and reasonable approximation to reveal the dynamics of these particles near the
magnetosphere. By usinge particle module available in the PLUTO code [2] an earlier
study on the-odtstarplled mn entg DY stfeams o [ 3] has bee
dynamics of the particles near the Earthos n
by trackingthe orbits of the particles and comparing them with the existing theoretical
results. Our model has been further extended to study the acceleration processes and injection
near the magnetotail and aurora region [4].
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A VELOCITY SHEAR DRIVEN KINETIC ALFVEN WAVES
INSTABILITIES WITH SUPERTHERMAL ELECTRONS

Krushna Chandra BarikSatyavir Singhand G. S. Lakhirta
123ndian Institute of Geomagnetism, Navi Mumbai 410218, India
kcbarikl7@gmail.com

The generation of kinetic Alfvén waves (KAWS) by velocity shear through a theoretical three
component pl asma model compr i si-slectrorsfandb ac k g
drifting Maxwellian beam ion are presented. The ion beam is streaming along tletamb
magnetic field, whereas, velocity shear is perpendicular to it. The role of velocity shear and
a-electrons in the generation of resonant instability of KAWSs is examined. The effect of other
plasma parameters such as number density, propagation spepéees temperature, plasma

beta (thermal pressure/magnetic pressure) is analysed. The results of the study are compared
with the Maxwellian electrons case. It is found that the-themmal electron impedes the

growth of KAWSs and also narrows down the wawestable region, whereas, the Maxwellian

electron facilitates the growth and enhances the wave unstable region. A relatively high
number density and velocity shear are required to excite the KAWSs wititheonal

electrons as compared to the Maxwelliaections. The model can generate a frequency of

al8 mHz that may be hel pful i n  u-fredjeemcg t andi
waves (IlmHZB830Hz) observed in the auroral/ polar <cu
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STATISTICAL ANALYSIS OF GROUND OBSERVATIONS OF
ELECTROMAGNETICION CYCLOTRON WAVESAT MAITRI

Aditi Upadhyay !, Bharai Kakad®, Amar Kakad®, Yoshitaru Omua?, Ashwini Kuner
Sinha'
YndianInstituteof Geomagretism,New Panve, Navi Mumbai,India.

“Research Institutefor Sustainablédumanosphre, Kyoto University, Japan.
aditiu147@gmail.com

The EMIC waves are the discree emissions ofthe plasmawaves generated in inner
magnetosplere which are known to beexcited by the temperature anisotopy of theions
of energy range 1-100 keV. EMIC waves are usuwally excited in the equatorial plane

(11 ) of the magnetosplere where the sptial gradient of magnetic field is lower. They
intera¢ with theradiation belt eledrons through the Doppdr shifted cyclotron resorance
and scdter them into the atmospleric loss cone. They influence the dynamics of the
energetic patticles of the inner magnetosplere. These waves travel dong magnetic field
lines to itsfootprint in the high latitude ionosplere Their sigretures can berecrded in
both stellite and ground obe®rvations. These are obsived as the Pcl geomagnetic
pulsations ongroundand themagnetic fluctuationsremain in thefrequency range of 0.1-
5 Hz. In present stuly we have used Induction Coil Magnetometer (ICM) observations

recorded at Indian Antardic station Maitri (Geographic coordinates: 70.7 S, 11.8 E;

Geomagnetic coordinates. 63.1 S, 53.6 E) during 20112017We are presenting a
statisticd study of ground obsivation of EMIC waves covering 7 yeas of data, divided
in quiet and distubed days. The data spans bothascending and descending phese of the
solar cycle 24, which has witnesseed extremely low adivity. Based on theduration and
power of the individua EMIC wave in the spectrogram we identified days and total
duration of EMIC wave occurrence. The occurrence of EMIC wave is noed in dfferent
frequency regimesbetween 0.12- 2 Hz. All EMIC wave events sparated on thebasis of
solar flux (i.e.,, low, mocerae, high) and their seasnal, locd time dependence, and
durations have been examined. Owerdl the BEMIC waves are observed on 1263 dys
(3166.5hours, 5.58%0f total duration) out of 2364 dys for which data was available. A
significant contribution of EMIC wave occurrence comes from the ascending phase
(3.71%) as compared to ascending phase (1.87%6) of the solar cycle, which suggests
nearly a two-fold increae in their occurrence The duration percentage of EMIC waves
on megneticdly disturbed days is approximately equal (1.06 times) to that on quet days.
The ground obsivation of EMIC waves shows aclear seasonal dependence during
moderae-high sobr flux with pea&k around winter (March-October). In locd time, pe&k
occaurrence of EMIC waves is e betweenl1.7 - 20.7 LT. Thelonger duration (240 -
1000 minutes) EMIC wave events are domirneted on quiet days (20.9%) as compared to
distubed days (14.1%). The solar wind parameters were used to uncbrstand the
descending phase dependence.
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OVERTAKING OF KINETIC ALFVEN WAVES IN ELECTRON -
POSITRON-ION PLASMA
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*nssaini@yahoo.com

Over the past many yeathe variety of nonlinear structures, Alfven waves and the
magnetoacoustic waves (slow arfidst) are the basic wave modes in the magneto
hydrodynamic (MHD) systems in which Alfvén waves are the low frequency waves (below
the ion cyclotron frequency) which play a central role in many laboratory, cosmic as well as
fusion plasmas where the plasimas typically much smaller than the electron to ion mass
ratio. The observational data from the Freja and the FAST satellites [1] have revealed a clear
signature of solitary Alfvénic structures [2Kinetic Alfven waves arise when the
perpendicular wavelgth of ordinary Alfven wave is comparable to the ion Larmor radius.
The propagation and interaction of mudtlitons are important phenomena in plasma
physics.They interact elastically and owing to this reason, the amplitudes of solitons do not
changehowever each soliton gets a phase shifthe present work, we have investigated the
propagation of ion acoustic kinetic Al fven
de Vries equation is derived and discussed using the plasma parameten® ttygically

found in solar corona. The interaction of fast IAKAWS is explored by using the Hirota
bilinear formalism [3], which admits mul§oliton solutions. It is pertinent to mention here

that this solution describes two solitons travelling in thene direction and the soliton
interaction takes place when the faster solitary wave overtakes the slower solitary wave. It is
further noted that the amplitude of the respective solitary waves remain unchanged after the
interaction, however, they do experee a phase shift. This study may also be helpful in
understanding various ndimear coherent structures in space and astrophysical plasma
environments.
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FIRST EVIDENCE OF THE SOLITON -TYPE BEHAVIOR OF
SUPERSOLITARY WAVES IN PLASMA

Ajay Lotekar, Amar Kakad, and Bharati Kakad
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Supersolitary waves (SSWs) are a new classaditary waves in plasmas, which are
characterized by having extra wiggles on both sides of its associated bipolar electric field
structure. In the past, many researchers have studied their existence in different plasma
constituents. However, whether thégllow the solitontype properties or not is yet to
examine We performed a fluid simulation of the heawl collision of supersolitary wave
(SSW) with a regular solitary wave (RSW) in a plasma consisting of cold fluid ions and two
temperature electrons hHag kappa distributions. We have set up the fluid simulation to
evolve bothion acoustiqlA) SSW and IA RSW seltonsistently. Our simulation shows that

the generated SSW maintain its shape while propagating at a constant speed. Furthermore,
the simulatio demonstrates that the heawl collision of SSW with RSW does not affect

their original characteristics revealing its soliiype behavior. This is the first simulation to
confirm the solitortype behavior of the SSWs in plasma.

NUMERICAL STUDY OF INTERACTION OF LASER INDUCED
COUNTER PROPAGATING SHOCK WAVES

D. P. S. L. KameswadriG. Nagarajl; S. Sai Shivg P. Prem Kirart?
LACRHEM, University of Hyderabad, Gachibowli, Hyderabad,
2 School of Physics, University of Hyderabad, Gachibowli, Hydetaba
premkiranuoh@gmail.com

The hydrodynamics of two interacting counter propagating shock waves generated from
ambient air plasmas is numerically studied using FLASH -dweensional radiation
hydrodynamic (2BRHD) code and compared with the experimengsults. For generating
plasmas, two laser beams were {foeused at a separation of 4 mm and the plasmas so
produced were allowed to expand in the opposite directions. Experimentally, the two shock
waves were generated using second harmonic (532 nmNdfYAG laser beam of pulse
duration 10 ns with unequal energies of 50 (S1) and 100 mJ (S2) (1:2 ratio of the energy
sources), respectively. The formation and interaction of two plasma plumes and shock waves
was studied from the initial laser interactiomés to over a longer durations of up to 30 ps.
The plasma dynamics and the subsequent shock wave expansion were validated with the
experimentalesults show a good agreemente simulated results predicted that the shock
waves generated from the two pias sources started interacting with each other from time
duration of 500 ns leading to the formation of a stagnation layer at the interaction zone of the
two shock wave. A higipressure jump of 4 MPa is formed at the stagnation layer at 650 ns
whose presse is higher than that of the individual pressydgsoccurred at theanto sources

S1 (1.4 MPa) and S2 (1.9 MPa). A similar trend is also observed in the density at the
stagnation layer with a maximum density of 3.5%4dn/cnT at the time of 650 ns. Later on
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after 1 us, the density jump at the stagnation layer decreasesdaad & the density jump
occurs towards the low energy plasma source S1. Since, the energy of the plasma source
created with S1 (50 mJ) is small in comparison with S2 (100 mJ), the hydrodynamic
expansion is favored towards the plasma outer region of the/tsch is in the direction
opposite to laser beam propagatian direction of S1) and along the propagation of S2. This
hydrodynamic expansion of the plasma is called as the jet let. Since the area of plasma outer
region (POR]2, 3] of S1 is small compared to that of S2, the enhanced plasma jet penetrates
into plasma outer region POR of S1 alé@gdirection which is clearly from the experiments

as well as from the simulations. The radius of this formed jet let is observed tsauaridia

time. The high density colliding plasma plumes are very useful to understand the design of
inertial confinement fusion (Hohlrumg$}], X-ray laser research, generation of higher ion
temperaturg5] and charge particle acceddion using Thomson scattering in conjunction

with proton radiography etc. to name a few.
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The interaction of laser with plasma is krowo be highly nodinear and give rise to several

drifts and instabilities. In our-P Particle- In - Cell (PIC) simulation study using OSIRIS4.0,

we have mainly concentrated on role of EXB drift in coupling laser energy into plasma and
into ion species particular. We show thatnene | at i vi sti c pul sed CO2
the presence of ambient magnetic field have been able to couple its energy irderseer

plasma which is otherwise not possible according to the presently known absorption
mechaisms. EXB drift creates a charge separation in the system which leads to coupling of
laser energy into plasma via generation of electrostatic modes in the system. In this way, we
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have observed ions dominated mechanism for laser energy coupling which beuld
discussed in detail.
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Simulation of particle nucleation and growth has been carried out for yttria with argon as the
carrier gas in a thermal plasma reactor. The set of General Dynamic Equation)(GIDE)
equation for each particle size) governing the particle humber catiserfor different
processes like collisions among different particles, monomer evaporation and particle
transport have been solved following the approach of Girshick et.al[1]. A simulation code
under this formalism is developed in Fortran 90. Considetirgargest particle present in
the system may be of micrometer size (£ &®ms/molecules), GDE forms a set of around
10 equations. For a tractable solution, we have used discrete section model of Girshick for
simulating particle nucleation and growth. The particle size spectrum is divided into sections.
Within a section particle number density is assumed to be constagteSparticles up to a
chosen particle size are treated individually. Total number of monomers in a given section is
defined as a new variable in terms of which equations are written. Only one equation per
section is sufficient to describe the particlendsics under this consideration. Equations in
time domain are solved numerically using Runge kdttaethod. To compute values of
various summations appearing in the particle dynamic equations, @ftearal Gaussian
guadrature method has been udedraneters like saturation ratio, critical cluster size, mass
mean diameter, mean particle size, particle size distribution are computed with the developed
code. Simulation is done for a range of cooling rate (from 5000 K/S to 5,00,000 K/S) and
pressure (0.1tm,1 and 10atm). It has been observed that for a fixed pressure, as cooling rate
increases super saturation ratio increases and critical cluster size decreases. Mass mean
diameter and mean patrticle size of the particle decreases with increasing coelingaaga
fixed cooling rate, super saturation ratio is observed to be high at low pressure(~0.1 atm) and
low at atmospheric pressure (1 atm). Reduction of mean particle size and mass mean
diameter have been investigated as a function of pressure.
Refererces:
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IMPURITY ION TEMPERATURE MEASUREMENT USING ZEEMAN
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Measurement of thempurity ion temperature at the plasma edge is important to understand
the various phenomena happening in the edge. In edge transport study, impurity ion
temperature is involved in the force balance equation through the forces due to ion
temperature gradnt and friction arises due its parallel flow along the magnetic field.
However, in many cases, ion temperature has been usually considered as some factors of
electron temperature instead of the value from measurement. The edge ion temperature can
be obtaird using Doppler broadened spectral lines from thedompurities, such as carbon

and oxygen present even in the present day?o:
shapes of the spectral lines from these ions are affected by tokamak high niggjdetia

Zeeman Effect, which causes the erroneous temperature measurement done using Doppler
broadening technique. In Aditjd tokamak, oxygen and carbon spectral lines having
wavelengths at 650.0 nm and 658.2 nm respectively has been routinely ntbwitbra high
resolution multtrack spectroscopic system. By measuring temperature with Doppler
broadened spectral line without considering Zeeman Effect, sometimes it comes out to be
higher than the ionization potential of these ions. As for exampléeroperature comes out

to be more than 30 eV for'Gon. A proper analysis technique has been developed to remove

the inaccuracy present in temperature measurement. The estimated temperature becomes ~ 12
eV after Zeeman Effect taken into account. In th@kadetails on the estimation of carbon

and oxygen ion temperatures at the plasma edge in Aditigkamak are presented and
analyzed with other plasma parameters, plasma edge electron density and temperature.

INITIAL RESULTS OF LASER HEATED EMISSIVE PROB E FOR SOL
REGION IN ADITYA 1 U TOKAMAK.

Abha Kanik, Arun Sarma Joydeep Ghoéh Payal Pandff Tanmay Macwah R. L. Tann3,
Minsha Shaf Ranjana Manchanfland ADITYA-U Teanf
WIT University Chennai, Vandalkitelambakkam road, Chenr@d0127
?|nstitute for Plasma Research, Near Indira Bridge, Gandhinagar District, Gup8at28
3Institute for Advanced Research, Gandhinagar, Guja&2428
abhakanik@gmail.com

Langmuir probes have been used widely for estimation of plasma parameters inttoectly

its measured VM characteristics. However, due to error probabilities in recording Langmuir
probe Al under certain circumstances, conventional emissive probes (CEP) are more popular
for direct measurement of plasma potential. Laser Heated Emissive @RHEP) has several
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advantages over CEP, especially in tokamaks where the frequent vacuum breaks are not at all
desirable to change the burnt filaments of CEP. A unique design of the LHEP for ABJTYA
tokamak overcoming many constraints of the compmdtafeometries and limitations of a big
device like tokamak havbeen designed and install€hdially movable Graphite probe tips

of 6 mm diameter were kept in SOL region of ADITYAtokamak and biased at 1 kHz
frequency, thereby having optimum measuresemntone plasma shot of ~200 ms. Results
were recorded with and without heating probe tips. In this paper we present the results of the
response of LHEP probe tips when biased in cold condition and when heated with €W CO
laser at 10.6 um having a maximymower of 55 watt powers, at different laser powers.
Direct measurements of radial profiles of plasma potential in the edge plasma region of
ADITYA -U tokamak, which will give the radial electric fields in the edge region is recorded
and reported here.
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Recently spectral measurements of neutral Zn emission linesafrartrafast laser produced
plasma in the pressure range of 0.05 to 10 Torr were reported [1]. The plasma parameters viz.
electron temperature grand electron density {nwere obtained from the measured optical
emission spectra using simple local thedyreamic equilibrium (LTE) model. It would be
therefore interesting and worth developing a detailed collisional radiative (CR) model to
obtain the reliable plasma parameters from their spe€toam laser produced zinc plasma
(LPZP) emission measurements Srhijesh et al. [1], we develop a detailed CR model. In
such plasma, the electron impact excitation of Zn is a dominant process and for the modeling
purposes, the excitation cross sections for the various fine structure transitions involved
among ground ate and excited states are required which we obtained using fully relativistic
distorted wave (RDW) approximation theory [2]. We consifine structure levels along

with the ground state of Zn and ZriThe model incorporates various population transfer
kinetic processes among fine structure levels such as electron impact excitation, ionization,
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and radiative decay along with their reverse processes e.g. electron impacitaion and
three body recombination [3]. Theand T, of LPZP are evaluatedhd published [4].
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DIRTY WASTE TO CLEAN ENVIRONMENT AND USEFUL ENERGY:
AIR PLASMA GASIFIER TECHNOLOGY DEVELOPED BY BARC,
MUMBAI
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The HOH-Ar plasma system has been modetedsidering a total of 18 species (Ar, Ar

Art AT 0,,0,,0,, 0, O, 0", O O™ H,, H,H" H,0, OH, e) generated through 14 non
equilibrium Saha equations. Associated rate constants have been evaluated taking reaction
energy, energy level, and degeneracy data from literaftnermodynamic properties of the
plasnma containing these species have been estimated in terms of partition functions, which in
turn depend on their energy levels and degeneracy. The energy Bibeational level of a
diatomic molecule is computed from vibrational constants of the regpeunblecules. The

energy of the ") rotational energy levels are computed from the rotational and vibrational
constants of concerned species. DeHyekel correction that accounts for additional effects

due to electrostatic interactions among chargedctestbecomes significant only above 10

atm. Since the maximum pressure considered in this case is 5 atm, the effect is not accounted
in deriving the two temperature Saha equatic
Lowering of the ionization potgial caused by the same effect has further reduced influence,
and not considered. The partition function of any monatomic species has been calculated as
the product of its translational and internal partition functions. For molecules, the internal
parttion function has been estimated as the product of its vibrational, rotational and
electronic partition functions. Necessary energy level and degeneracy data for all relevant
species have beerompiled from latest literaturéhe dissociation energies oftho- and

paraH. differ by 118.48 crit. Combining all contributions, the ionization energy of ortho

Ha, is accounted as 124357.238'¢nThe dissociation energy of,hs derived as 35999.583

cm' . The three vibrational modes of water, namely, the symenstretch (3656.7, 5160),

the asymmetric stretch (3755.8, 5360) and the bending mode (1594.8, 2290) have been
considered. The vibrational frequencies in"cemd the characteristic temperature in K for

each mode are shown in the parentheses. The vitmbantition function is given by the
product of vibrational functions for each of these frequencies. Simildrby,rotational
partition function for water has been calculated as the productatiorl functions for each

mode. Symmetry number that igdies the distinct number of ways by which a molecule can
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be brought into identical configurations by rotations has been accounted and taken as 2 for
water molecule. Required rotational temperatures have been estimated from basic principle
using respecti® moment of inertiaThe dissociation energy (I of water {o form a
hydrogen atom and a hydroxyl radical from water in its ground state) is accounted from
recent literature as 41145.94 ¢niThe characteristic rotational temperature of OH is not
readily available in literature. It has been estimated from basic principle as IEhéK.
equilibrium structure and fundamental vibrational frequency of the diatomic species OH has
been accounted as @7.1cn'. Variation in species densities and thermodynamic properties

of the plasma have been obtained for temperatures up to 40,000K andsfggonratio
(mass) up to 0.4, covering most of the situations of practical interest.

PLASMA SURFACE ENGINEERING OF STAINLESS STEEL FOR HIP
IMPLANT APPLICATION
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The austenitic stainless steel SS316L (SS) is widely used in various biomedical applications
e.g. orthopaedic implants, bone scaffold, stent applications etc. The major problem of SS is
that, it suffers from poor wear and corrosion resistance. Additiqriziéy release of toxic

metal ions such as Ni, Cr etc. in the body can create allergy to patients. Plasma based duplex
surface engineering (Plasma nitriding followed by Ti/TiIN multilayer coating) has been
performed to improve the adhesion, wear resistandeb& properties like cell viability for

Hip implant application. Thick Ti/TiN multilayers (thickness ~6.5 [Jm) coating was done on

plasma nitrided stainless steel. The tribological properties of-fay#red Ti/TiN coating (8
layers) on SS316L (SSML) wercompared with Ti/TiN coating on plasma nitrided SS316L
samples (SSPNML). The samples were characterisedRgyXDiffractometer (XRD), Field
Emission Scanning Electron Microscopy (FESEM) and Transmission Electron Microscopy
(TEM). The hardness, scratchwear and cytotoxicity tests were also carried out by Nano
indentation, micrescratch, sliding wear resistance anditno cytotoxicity evaluationlt was

found that Nanéhardness, micrscratch resistance and sliding wear resistance of the
SSPNML sample# simulated body fluid (SBF) were much better than those of the SSML
and SS samples. Further attempt has been made to measure the cyclic fatigue behavior,
generally experienced by a normal 4omt during walking, for SS, SSPNML femoral hip

joint head pototype samples under repetitive loading conditions againsthaghamolecular
weight polyethylene (UHMWPE) cup. Results of hip simulation and the corresponding
FESEM images of femoral hip joint head ball, UHMWPE cup clearly signify that the
SSPNML ballare more resistance to cyclic fatigue up to 1 million cycle as compared to SS
ball.
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Electronic waste (Bva st e ) recovery plays a vital rol e
handling of Ewaste shows the nations interest towards waste management and sustainability.
The increasing trend dE-waste along with economy and technology makes the developed
and technologically advanced nations to be the highest ingpéta Ewaste generation [1].

The hazards of improper treatment eiMaste are very severe as it contains heavy metals and
brominaed flame retardant (BFR) coated plastics which gives out harmful dioxins and furans
on improper incineration [2]. The necessity of a circular economy and urban mining is rising
due to the decreasing trend of natural resources. The growing populationigind h
materialistic needs of the people has forced us to choose an alternative resource, one of the
routes is by extracting valuable metals fromwaste. Hence in this paper we will be
discussing about the optimization and enrichment -gfalSte for the recary of valuable

metals including precious metals like Au, Ag, Pd, Pt from Printed Circuit Board (PCB) waste

of computers and mobile phones through Plasma Arc Furnace Technology in Nitrogen and
Oxygen environment. The recovery has been estimated for diffeiee fractions of the
powdered PCBs. A tubular plasma arc furnace is used for high temperature pyrolysis of E
waste, also at such high temperature, of more than 850*C harmful gases such as dioxins and
furans are unstable and other gases are also adallze characterization of&aste is done

before and after the thermal treatment using XRD, SEM, XRF andMERnalysis.

Keywords: Ewaste, Thermal Plasma arc technology, precious metals recovery, urban mining
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UNDERSTANDING GASIFICATION PROCESS IN COKE BED AIR
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EXPERIMENTAL OBSERVATIONS

S Bhandafi, N. Tiwari', S. Ghorui
1L &PTD, Bhabha Atomi®Research Centre, MumbabD0094
subhb@barc.gov.in

Management of solid waste is considered to be the most challenging issue in both developed
as well as developing country in present scenario. Air plasma gasification process is regarded
as the most advancexhd innovative technology to process all types of wastes including
municipal, industrial, medical and radioactive waste. Because of the availability of electrons,
ions, radicals and highly concentrated thermal energy air plasma technology offers superior
thermo chemical environment for solid waste gasification. The design and process calculation
of all the equipments of coke bed based plasma gasifier facility is reported. A comprehensive
3D Computational Fluid Dynamic (CFD) analysis of the coke bed baseglasma
gasification system has been done. The experimental investigation on a coke bed based air
plasma gasifier unit, secondary combustion chambeigasffprocessing units developed at
BARC has been presented. Conversion efficiency as high as 98chiesed for variety type

of solid waste including MSW, cellulosic waste, used resins. The composition of the flue gas
from stack has been measured and reported. It was successfully demonstrated that coke based
air plasma gasification is a in an advanceakst effective and environmental friendly solid
waste treatment technology which can be used as alternative to conventional waste
processing technology.
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Indian Negative Neutral Beam (NNB) programs like Indian Test facility, Twin source,
ROBIN involves systematic R&D to reach the final mandate of ITER Diagnostic Neutral
Beam(DNB) operation. Insulators are integral part of NNB injector systems because several
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of its subsystems need high voltage insulation. Considering operating environment, HV
application, structural integrity, radiation and vacuum compatibility etc., prepigde
insulators are selected. After the selection of the material, several prototype experiments are
performed to ensure the operational performance of the insulating material. DNB HV bushing
design is validated by 50 kV prototype bushing. 0.5 m ceraimmgc was manufactured by

cold isostatic pressing at Kyocera, Japan. Brazing of kovar sleeves at both the ends were done
by active titanium brazing. This ring was tested for its electrical performance up to 70 kV
applied voltage and vacuum compatibility topl 0° mbar. Radiation dependent electrical and
structural performance of ceramic was studied for neutron and ion beam irradiation. The
material showed excellent electrical, vacuum and radiation compatibility. Due to non
radiative environment of Indian $eFacility (INTF), the bushing is designed with porcelain
insulation. To fit all the feedlines in singe insulator, its diameter of porcelain ring was kept
~0.8 m which was the critical manufacturing challenge. To decide porcelain grade, two small
rings of C120 with diameter ~0.4 m was provided by supplier. Electrical and structural
compatibility was ensured on these rings. Followed by these testing, manufacturing of large
diameter ring was initiated. As the thickness requirement was 60 mm with stepls ahtdo

the most critical part was drying as several failures encountered during this stage of
fabrication. After these failures, fabrication process was established with precise drying and
machining methods. 0.8 m diameter ring with steps was succes$fwiyoped for the first

time indigenously in close collaboration with BHEL, Bangalore. The ring was tested up to
120 kV (20% higher than operating voltage) without any electrical breakdown. The integrity
of the ring was measured across the thickness wltrasonic test (UT). No noticeable crake

or void was measured. Another important development was 0.5 m FRP ring for Twin Source
experiment. It showed an excellent electrical performance for 100 kV applied voltage. IR
>1T-ohm at 5 kV. Further, its eleatal performance with time also retained which shows its
durability for required insulation performance. Presentation would describe design
requirements of insulators, approach adopted, involved R&D, advanced technology
involvement, issues encountered,itmeitigation and final outcome.

DC AND HIGH FREQUENCY EDGE ELECTRODE BIASING
EXPERIMENTS IN ADITYA -U TOKAMAK
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DC edge electrode biasing experiments have been widely carried out in various tokamak
[1,2,3] to induce an external electric field inside the tokamak. It ultimdedgs to
modification of particle transport leading to improvement in plasma confinement. Taylor et
al. demonstrated this by achievingnibde in CCT tokamak [1] using DC electrode bias.
Recently, DC edge electrode biasing has been used to mitigate dissugith control MHD
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modes in ADITYA tokamak [4] and active control of mode rotation in HET tokamak [5].

Here, for the first time, we introduce the effect of high frequency edge electrode biasing in
ADITYA -U tokamak. A capacitor based high frequency posepply (30 mF, 450 V),
capable of operation up to 20 kHz, is developed for high frequency edge electrode biasing.
The effect of both, DC and high frequency edge electrode biasing on the electrostatic and
magnetic fluctuations in the edge region will leparted. The edge fluctuations in potential,
density and temperature are measured using three radial array of Langmuir probes providing
radial, poloidal and toroidal variations. The magnetic fluctuations are measured using Mirnov
coils. The effect of edgelectrode biasing on confinement properties in ADITYAokamak

will also be reported in this paper.
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In recent years, bare Reduced Activation Ferritic Martensitic (RAFM) steel has been
proposed as a plasnfiacing material for future tokamaks such as DEMO, due to a number of
advantages, including their better neutron irradiation resistance, superior drydedgntion
characteristics, and also because they will be cheaper and easier to work with compared to
tungsten. It is therefore important to understand their irradiation behavior under fusion
relevant exposure conditionsDifferent variants of RAFM suclas EUROFER, CLA or
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F82H have been studied under exposure of low temperature deuterium or helium plasma, in
various linear plasma devices, including 2SIPISCES and PILOPSI facilities. In this
presentation, we report first investigation of the effettlong fluence helium plasma
exposure on the India specific RAFM dRIAFM), with the variation of iofflux by almost

an order (3x107?*m?s?) and target temperatures in between-836 K, in the CIMPLE

PSI device. CIMPLEPSI is a tokamak divertor sirtator device that can reproduce both
heatflux (10 MW/n?) and ionflux (10** m?s?) at ITER relevant extreme limifor fusion
relevant plasma surface interaction research [1]. The expesuked in drastic modification

of the top exposed surface of the samples, with morphologies ranging betaremneter
sizedvertical needles ttoamlike spongy surfaces and thick hollow fibers, the exact type of
which was determined primarily by the tparature of the plasma exposed steel target.
Measurements by Energy Dispersive-ray Spectroscopy (EDS) and Rutherford
Backscattering Spectroscopy (RBS) confirmed surface enrichment of the exposed samples
with high-Z elementsbecause iron and chromium wepeeferentially sputtered out by the
helium and other impurity ions. However, the surface laterddomogeneities produced
under high iorflux and temperature exposure conditions critically influenced the shape of the
RBS spectrum, which necessitated w neay of interpretation of the measured data. Through
optical emission spectroscopabservationswe confirmed that the sputtering yield of the
steel reduces with exposure time, because of the W enrichment and also due to the formation
of the porous micrstructures on the exposed steel surface. It was also concluded that
diffusion of helium into the suburface areas and their agglomeration into helium bubbles
were the precursors for the formation of the surface microstructures at relatively high target
temperature.

References:
[1] Design, development and recent experiments of the CIMP&Edevice, Nucl. Fusion,
59 p 112008 (2019).

JOINING OF SS316L WITH HEAT SINK MATERIAL FOR DIVERTOR
APPLICATION

K P Singh, Kedar Bhope, Alpesh Patel, SamiK8&irwadkar
Institute for Plasma Research, Bhat, Gandhinagar 382428
kpsingh@ipr.res.in

Divertor Plasma Facing Component (PFC) of ITEB® component has a multilayered
structure made of various materials such as tungsten, copper, CuCrZr and SS316LN materials
etc. Joining of dissimilar materials is problematic as having a different coeffafidéimermal
expansion between two materials. Vacuum brazing is a reliable technique for the joining of
dissimilar materials such as SS316L with CuCrZr materials which provides a clean and sound
joint [1-2]. High-temperature vacuum brazing of SS316L withGtZr has been performed

using BN+2 material at 1040°C for 5 mins and vacuum cooled. The brazed joint has been
characterized by Nedestructive testing (NDT) Ultrasonic testing (UT), Microstructural
examination, micro hardness and shear measurementbrébed joint of SS316BNi-2-

CuCrzr sample has been undergone 500 nos. of the thermal cyclic test at 450°C using
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Gleeble 3800 system. Shear measurement exhibits a sound joint with 118 MPa. The
experimental detail and results of the characterization wifiresented in the paper.

Keywords: PFC, NDIUT, Vacuum brazing
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THERMAL -HYDRAULIC ANALYSIS OF STEAM GENERATORS (SG)
FOR POWER EXTRACTION FROM FUTURE FUSION REACTORS

Piyush Prajapdtf, Paritosh Chaudhdr, Shrishail Padasalddi Shishir Deshpandg~®
®Institute for Plasma Research, Bhat Gandhinagar, 382428 India
PHomi Bhabha National Institute, Mumbai, 400094 India
‘ITER India and Institute for Plasma Research, Gandhinagar, 380005, India
E-mail : piyush.prajapati@ipr.res.in

This paper presents the thershgldraulic simulation of steam generators (SG) for extracting

the power from tokamak based fusion reactors. Three different coolants seem to have been
considered currently by the fusion blanket communitWater, Helium and Lead lithium
eutectic (PbLi). Transfer of heat from the primary coolant to secondary coolduat isost
important operation for this concept of fusion reactors to drive the power turbine and to
generate electricity. Nuclear fission technology is already established, some key ideas have
been taken from this technology to design SG for nuclear fuSenlV fission reactors

would be gasooled reactors which will be using helium gas as a coolant. Based on the
comparison study, shell and tube and printed circuit heat exchangers (PCHE) have been
identified as the potential candidates. Steam generasigrd for the Hecoolant concept has

been discussed in this study. Therhgdiraulic analysis has been performed using ANSYS
CFX. Attempt is made to improve the scientific and engineering information by compiling
work that has carried out as well as ustibn of information from present day reactors
(fusion and fission).

EXPERIMENTAL AND COMPUTATIONAL STUDIES ON THE
FORMATION OF DEFECT CLUSTERS IN GOLD IRRADIATED
TUNGSTEN FOIL

Prashant Sharmal, P.N. Mayaz, S. Akkireddyz, S. Mukherje(-:-3 and S.P. D%hpande2
YTERIndia, Insitute for Plasma Rsearch, Bhat,Gandhinagaii 382428 |ndia
%|nstitute for Plasma Bsearch, Bhat, Gandhinagr i 382428 ndia
3Bhabha AtomidResearch Center, Trombay, Mumbai
E-mail: prashant.shama@iter-india.org

Tungstenis consicered as a promisng candidate for plasmafacing matria in nuclear
fusionreadors dueto its low fud retention, high melting point and low erosionyield. The
radiation damage in turgsten, while subpded to a harsh environment of fusion energy
(neutronsand alpha particles) whichmay significantly enhance the fuel retention in it [1].
Since the reactor-like conditions such as the energy, magnetic field gradients, the
concomitant flux of H-isatopes, impurities and neutrons etc cannot be redized in lab
experiments, there isa need for careful extrapolationof the fissionneutrons and surogate
ion-irradiation experiments to the tokamek environment. This requires the evaluation of
defects from a vast data base of different ion mass, energy, flux, fluence and
irradiation temjerature and their correlation to H-isatopetrapping. It is believed that for a
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similar dpa heavy-ion irradiation in a wide energy range (150 keV to 20 MeV) tendto
produce defects similar to that of neutronsat high temperature [2]. However, the primary-
knock-on atom spedrum created by neutrons and heavy ions are significantly different and
this will lead to different defect structures [3]. In this wak we present the difference in the
PKA spectrum and the defect structures due to neutronsand 80 MeV gold ion irradiated
tungsten smples usng experimental and compuational techniques. The irradiation
experiments were carried out in reaystallized tungstenfoil samples for a fluence of
1.3x10" jongem? at room temperature. The range of Au ions in the foil was ~4.5 pm
and the correspondng dpa was 0.22. The me®-scale defects in the samples (~nm)
investigated using transmisson electron microscopy and positronannihilation spedroscopy
showed the formation of densevacancy and interstitial clusters in the samples. The defect
cluster size varied between 2 nm to 15 nm and the cluster density was up to 1.3 x 102 cmr
2, Simulations have shown that 80 MeV Au- irradiation produces PKA spedrum far
beyond (up to 50 MeV) the neutron PKA range (up to 300 keV) energy. Molecular
dynamics simulations show that beyond a threshold energy (> 150 keV) the indvidual
cascades splits into multiple ones that are spetially and tempaally interacting leads to the
formation of small yet dense defect clusters. The dfect evolution in the irradiated
sample is explained usinga phenomenolaica model of compettive capture of mohile
defects in the samples. The difference in the defect evolution in the neutron and ion-
irradiaion experiments will also discused.
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PREPARATION OF PURE AND MODIFIED LI ,TIO ; CERAMICS
PEBBLES AND ITS CRUSH STRENGTH & ACTIVATION ENERGY
CALCULATION FOR BREEDER BLANKET APPLICATION

S.K.Sinha
Department of Physic&irla Institute ofTechnology, Mesra, Patna Campus
E-mail: sk.sinha@bitmesra.ac.in

Pure LpTiO3 (LTO) Ceramics pebbles and LTO modified by Mg were prepared by chemical
method of sol. gel. Technique [1]. Pebble shape of prepared ceramics was obtained by
speherodization of ¢efollowed by calcinations. Proper calcinations temperature was
determined by differential thermal analysis (DTA). Phase determination was completed by
help of X ray diffreactometer (XRD). Crush strength of pebbles was carried out by ASAM
D695 compressiomachine. Crush strength of, O3 pebbles was found as 36.67N ireth

case of 1.0% Mg dopingHigher crush strength due to Mg doping was olegncrush
strength in pure LTQvas reported earlier as 18 N. Activation energy calculation of prepared
LTO was done by using Arrhenius equation and validation was done by a computer
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programming by Java [2]. Activation energy of Mg modified sample was found as
1.038eV/mole while in theyye LTO activation energy was 3.063 eV/mole.

EFFECT OF COLD PLASMA ON SEED QUALITY OF CROP
PLANTS - A REVIEW

C. Tamilarasan', K. Raja?
'Ph.D. Scholar, Department of Seed Science and Technology, Tamil Nadu Agricultural University,
Coimbatore- 641003.
“Assistant Professor, Department of Nano Science and Technology, Tamil Nadu Agricultural
University,Coimbatore 641003.
E-mail: tamilarasan2510@gmail.com

In universe matter exists in four states solid, liquid, gas and plasma. Plasma can be created by
heating a gas or subjecting it to a strong electromagnetic field. Plasma occur naturally in form
of sun, solar wind, lightening and can also be created artificially through discharge tubes and
welding arcs. Plasma exists in two forms cold and hot plasmer&it physical methods has
revolutionized current research in the field of agricultural science. Plasma treatment can be
considered as the next physical source. Which offer a broad range of interesting seed
application for enhancing sgeuality and its raintenance&eeds can be treated with plasma

by bombarding or by coating. Plasma treatment changes the wetting properties and water
imbibition of seeds, stimulates seed germination, reduces the number of seed borne pathogens
attached to the seeds, enhaneasous enzyme activities and antioxidant activities in seeds,
accelerates seed reserves utilization, increase chlorophyll contents, improves photosynthetic
capacity and finally results in higher plant growth and yield [1]. It is also used as a gemminatio
retardant by creating hydrophobic condition in seed to avoid flood condition. Keeping the all
above facts in mind, selected seed treatment technologies with their improvement and
significance will be discussed in this review.
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DEPENDENCE OF THE ION ENERGY ON THE GROUP VELOCITY
OF THE INCIDENT LASER PULSE PROPAGATING THROUGH A
DENSE PLASMA FOIL IN THE RADIATION PRESSURE DOMINANT
REGIME

Shalu Jain, Krishna Kumar Soni, N. K. Jaiman and KM&eshwari
Department of Pure & Applied Physics, University of Kota, KB&1005 (India)
E-mail : jainshalu912@gmail.com

The laser acceleration of charged particles is conceived to be one of the main applications of
various high power laser facilities around the world. One can generate very strong electric
fields in the plasma by using ultsdort electromagnetic (EM) pulspsovided by these laser
facilities. It gives a path for tabletop future accelerators providing high energy charged
particle beams [B]. The effect of group velocity of the incident laser pulse plays an
important role in laser driven charged particle &region. This effect significantly alters the
radiation pressure acceleration (RPA) and the maximum emg@iged by the ions as well
[4].This paper presents our analytical and numerical results which clearly show the effect of
the incident laser pulse @up velocity on the maximum energy acquired by the ions. We
derive expressions for the ion energy and momentum and give numerical results exhibiting
their dependence on the group velocity of the laser pulse propagating through a thin dense
plasma foil.
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INTEGRATION OF PROPRIETARY SOFTWARE USING OPEN
SOURCE TOOL IN ICRH DAC SYSTEM

Ramesh Joshi, H. M. Jadav, Manoj Singh, Sunil kugnbligh Power ICRH Systems
Division
Institute for Plasma Research, Bhat, India
E-mail: rjoshi@ipr.res.in

lon Cyclotron Resonance Heating (ICRH) for high power RF experiments has been
conceptualized for Tokamak. Data Acquisition and Control system (DAQLRH system

has been commissioned with new concept of low cost design in the 3 amplifier stages of RF
generator up to 200kW of RF power. DAC electronics hardware includasa@g input
channels, 3aligital input channels, tdigital output channels arftb-analog output channels

for the measurement and control of the system parameters. Experimental Physics and
Industrial Control Systems (EPICS) based open software platform is chosen for this purpose
due to its wide popularity in the big physics projeatsnmunity ecesystem. The salient
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feature of this Implementation is a modular design concept that facilitates low cost, intelligent
and reconfiguration integration of DAC hardware with different open source and proprietary
software. The instrumentation harare used for this modular design is Programmable Logic
Controller (PLC) for the control and monitoring. Control System Studio (CSS) is used to
develop the application for user interface that can easily glue with EPICS variable. NI DAQ
card has been usedrfdata archival in two different ways, one with hardwired trigger from
PLC channels and another using software trigger event with EPICS variable. CALab is used
to trigger data acquisition event using EPICS variable in order to synchronize data
monitoring with data acquisition. Procured USB based DAQ module having capatiility
acquire data at 10 kHz ratPata visualization and plotting is developed using LabVIEW
which uses separated calibration module for acquired row data. Spline interpolation method
is used for calibration of nonlinear range of data for acquired signals. This paper describes the
integration scheme and control structure of proprietary system access using EPICS open
source environment.

GENERATING RF PULSES OF DIFFERENT DUTY CYCLES AND
AMPLITUDES WITH RISE AND DECAY FOR ICRH OPERATION

Ramesh Joshi, H. M. Jadav, Manoj Singh, Kishor Misra, Sunil kénkéigh Power
ICRH Systems Division
Institute for Plasma Research, Bhat, India

E-mail: rjoshi@ipr.res.in

There are different methods developed for producingigrieation and second harmonic
heating of plasma using fast wave antenna that is an established technique for ion cyclotron
heating of tokamak plasma [1]. In order to use same IGRitkm for praonization as well

as heating, one needs to do few modifications in the control system. There is a requirement of
having different amplitude pulse to share ICRH RF power for various experimental
conditions. It is also having facility of adjtable rise and decay in pulse development using
software. In this paper we explain the necessary modifications made in the previously
developed VME based real time operating and control systentater experiment
requirementsThe control system software based upon single digital pulse operation for the

RF source. It is planned to integrate multiple analog pulses with different duty cycle in master
digital pulse for data acquisition and control system for ICRH system to be used for operation
of RF Geneator. The task of RF ICRH DAC is to control and acquisition of all ICRH system
operation with all control loops. For pre ionization startup as well as heating experiments
using multiple RF Power of different power level and duration with help of RF attenua

The existing control system software is based upon the pulse operation of RF source using
digital pulse generated by VME control system. Recently we modified the software to
generate multiple analog pulses with different duty cycles with rise and deaaaster

digital pulse for data acquisition and control system.
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THEORETICAL INVESTIGATION OF INTENSE HIGH FREQUENCY
RADIATIONS AS A RESULT OF INTENSE RELATIVISTIC LASER
PLASMA INTERACTION IN THE RADIATION PRESSURE
DOMINANT REGIME

Krishna Kumar Soni, Shalu Jain, N. K. Jaiman, and K. P. Maheshwari
Department of Pure & Applied Physics, University of Kota, KZ24005 (India)
E-mail : sonikrishnal490@gmatiom

In the radiation pressure dominant regime (RPD) when an intense laser pulse interacts with a
dense countgpropagating relativistic plasma mirror then the reflected pulse is compressed in
the longitudinal direction, becomes more intense, and coméggtsharmonics. Its frequency

is upshifted by a factor of quadruple of the square of the Lorentz factor of the plasma mirror
due to double Doppler effect-fl]. In this paper we present our analytical and numerical
results of the enhanced frequency anighiness of the reflected laser pulse. The reflected
frequency lies in the Xay or gammaay range. This phenomenon is important tool for
developing the sources of coherent radiation [2].
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DEVELOPMENT OF 7KV, 6A SOLID STATE HVDC SWITCH WITH
SERIES CONNECTED IGBTS

Bhavesh Kadia, Kirit parmar, YSS Srinivas, S.V. Kulkarni, Sunil Kuamar ICRH Group
Institute for Plasma Research, Gandhindga82428,Gujarat, India

Various high power RF amplifiers are being used in the High Power ICRH Systems Division
of IPR. The high power tubes e.g. Triodes, Tetrodes used in these amplifiers, need various
HVDC power supplies. These supplies need to have features like low rippteregulation

and fast switch off protection in case of internal arc fault in Thedes or Tetrodes
ConsequentlyDC voltage needs to be removed within few microseconds for protection of
the tube. In case of arc fault, the conventional power supgieshort circuited with a very

fast switch known as crowbar switch. Though adequate and reliddide miethod puts
enormous stress on the power supply and can cause considerable disturbance in the input
power linesWith development of the solid state dms such short circuiting of conventional
supplies can be avoided. A suitable salidte device based switch can be used in series to
open circuit the arc fault. For such an applicatibe, TkV, 6A series switch withdequate
isolationis fabricated ath testedThis poster presentelection of IGBTS, static and dynamic
voltage snubber details, jitter among various devices, switch performance and application.
Further, isolation level requirements of various circuits and components are analyzed.
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RECENT PLASMA EXPERIMENTS IN SST -1

Daniel Raju and SST team
Institute for Plasma Research, Near Indira Bridge, Bhat, Gandhind§an28, Gujarat
E-mail: raju@ipr.res.in

Improvement on magnetic null configuration in Steathte Superconducting Tokamak
(SST1) [1] by modifying a few external correction coils of central solenoid has led to better
plasma startup. Recent experiments have been conducted usingith@zareon by Electron
Cyclotron Resonance (ECR) and central solenoid to produce loop voltagé ofolfs.
Experiments with only Ohmic system as well as the Ohmic plus the Lower Hybrid Wave
(LHW) have helped in enhancing the plasma duration of about 650ms. Ezptyimre

ongoing with the objective of enhancing the plasma pulse duration beyond 1 second, and to

focus various Physics and technological aspects associated to the plasma startup as well as

radio frequency (RF) current drive. This paper would discusopieeational experiences
along with various limitations and issues in detail.
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DEVELOPMENT AND INTEGRATION OF GLASS AND PLASTIC
FOC LINK FOR DIGITAL PULSE SIGNAL TRANSMISSION

H M Jada¥, Manoj singh, Ramesh joshi, Gayatri, Bhavesh kadia, Sunil Kumar and High
Power ICRH Systems Division
Email : jadav@ipr.res.in

ICRH system is distributed at RF lab and SST hall that are 200nagians Synchronisation
with RF Pulse is required for the acquisition, control and monitoring of differerdysibm
placed at SST Hall i.e. VME system, Camera, Yokogawa recorder, density measurement,
Diagnostic circuit and CRO. Glass and Plastic Filpgice cable link has been developed for
Digital synchronisation trigger pulse i.e. TTL pulse of variable signal from RF lab to the
shield roomand RF bay area of SSITHall. Developed link is made to transmit and receive
Digital TTL signal either in pulser in continuous mode from SSIT'shield room or RF Lab.

Required signal processing is done at termination end as per the interface requirement i.e.

inversion of TTL signal, conversion of signal from Glass FOC to plastic FOC or vice versa,
light optical signals to compatible voltage signal, Digital ORing of signals etc.In this paper,

full system link design concept, interfacing and integration results, component and hardware

details would be presented.
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IMPACT OF NITROGEN GAS ON EDGE AND SOL PLASMA
TURBULENCE

Shrish R4j, N.Bisar?
Ynstitute for Plasma Research, Bhat Gandhinagar, 382428, INDIA
2 Institute for Plasma Research, HBNI, Bhat Gandhinagar, 382428, INDIA
E-mail: shrish.raj@ipr.res.in

Edge and Scrapeff Layer (SOL) plasma are highly turbulent in the presence of interchange
instability. This instability can be modified in the presence of impurity gases like Neon,
Argon, Nitrogen, etc. The main purpose of these gas feeds is to redudedusaon the

limiter plates and also to provide radiative improved confinement, and disruption mitigation
in tokamak. Earlier, impact of Neon gas has been studied [1]. Here we have analyzed the
effect of Nitrogen gas as an impurity in the Edge and SQions. We have derived a set of
model equations for the description of the interchange plasma turbulence in the presence of
the Nitrogen gas. The gas is ionized by the electron impact ionization and the ionized gas
subsequently radiates energy during rigacooling processes with the plasma electrons.
The model equations have been solved using a numerical code where all input parameters are
related to Aditya tokamak. Dynamics of Nitrogen molecular and atomic ions have been
simulated and it is found thatomic ions penetrate much deeper into the plasma due to the
presence of inward propagating pulse generated by interchange turbulence. Molecular ions
mainly form in the last closed flux surface region and dissociate before propagating further
inside in theEdge. The radial profile of electron density, electron temperature, molecular and
atomic ions has been presented from the numerical data. The reduction of radial outward
particle flux in the presence of Nitrogen gas has been observed mainly due todhsaraf

radial electric field shear. It is found that the Nitrogen gas shifts poloidal wave numbers
towards lower values that indicate the reduction of the interchange plasma turbulence at
longer wavelengths.
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MODIFICATION & UP -GRADATION IN EXISTING ICRH
INTERLOCK PROTECTION SYSTEM AS 30KV -130A RHVPS
INTEGRA TED FOR HPA4 STAGE RF-AMPLIFIER

Manoj SingH, HM Jadav, Ramesh Joshi, Sunil Kumar, Bhavesh kadia, Kirit Parmar, Kishore
Misra, Dharmendra Rathi, Atul Varia, Gayathri and RHVPS Development team
Institute for Plasma ReseardBhat, Gandhinagar 382428 (India)
parihar@ipr.res.in

ICRH-DAC (Data Acquisition and Control) controls and monitors the RF power to the
dummy load /Aditya / SST tokamak[1] for conditioning, heating, pi@nization and current
drive experiments. RF generator has four stages of high power tube based mmgalifiely
HPA1l, HPA2, HPA3 and HPA4. For higher power commissioning workrasing RF
power from HPA4 RHVPS (Regulated High Voltage power supplies) is integraednal
operation and system protection of RF Amplifier & associated Power supply reliesro

the hardware reliability of the control signals. RHVPS integration leadsottification and
up-gradation in existing interlock protection system as RHV¥?Maced around 200 meters
away from ICRH control roomGlass fiber basedritical signals ie. Fault, Trip, and
Emergency Shutdown are integrated in #hasting system [2]Fault signal i.e. DI from
RHVPS is integrated with Interlock card. Screen TRIP signal is integrated with newly
developed protection card, output of this card is logically ANEh existing Interlock
signals. Over current signal from Crowbar panel is logically AND with other critical signal.
This signal is further logically AND with other three critical signals like reflected power limit
signal, HV from crowbar and Screen gflidp ProtectionsAs soon as any fault occurs in any
power supply of the system or in RF tube, interlock card i.e. ORing of the critical signals
sense it and generate this control signal. This Logidatiged with RF trigger pulse from
VME as its anothemiput which immediately stop the pulse to signal generator hence no RF
signal applied from the signal generator to LPA. High voltages of all the stages are also
stoped with this Latched Interlock pulse for further protectibthe tubes. @ntrol signals

are successfully implemented fonline monitor and control in the VME Processasr well

with Hardware interlock protection circuiictive testing of ActuaRHVPS operation has
been dondy applying High Voltage upto 25KV with HPA4 tubghis paper would dicuss
functionality, performance and test results ehouse developed interlock circuit, FOC link,
delay optimization etc.
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DEVELOPMENT OF -4KV, 1A HIGH VOLTAGE DC POWER SUPPLY
FOR SST-1 CURRENT START UP EXPERIMENT

Kirit parmar, Bhavesh Kadia, Debjyoti Basu, Raj Singh, Sunil KiandrHigh Power ICRH
Systems Division
Institute for Plasma ReseardBandhinagar (Gujarat} 382428, India

Recently, a DC power supply of ratingkV, 1A with features likevoltage variability,
automation, low ripple, good regulation, owaitage ,and current protection has been
developed for providing electric field between two parallel plates those are located-ih SST
vessel. The supply will be used to push plasma rgdialithe plasma centre for current start

up experimentsThis power supply can selectively be operateth&@CW or pulse mode.

The powersupply is made in conventional type topology and consists tbfeaphase
powercontroller, stepup transformer, bdge rectifier followed by a capacitor bank. The
overvoltage and over current protection enable this power supply to switch off and pulse
blocking in casef a fault. The HVDC Power Supply has been designed, developed and tested
successfully on dummy loadif more than4 kV, 1A with fault simulation conditions. This
power supply is developed and ready to use for actual load.The poster presents the topology
used, circuit details, selection of components, various protections and test results.

PLASMA INDUCED NITROGEN DOPED BIMETALLIC PHOSPHIDE
FOR EFFICIENT ELECTROCATALYSIS

J.Pramanik A.Paf
'Department of Physics, Kharagpur College, Kharagpt21305
2 Department of Physics, Vidyasagar University, Midnapior@1102
E-mail: jotir_moy@yahoo.com

Electrochemical water splitting has become a crucial tool for green energy technology.
Transition metal (Ni, Co, Fe etc.) based phosphide materials are gradually gaining ground as
cost effective as well as easy to synthesize earth abundant electrocdiaBjsthlitrogen

doped rGO hybridized with transition metal phosphides could be beneficial for efficient
electrocatalysis [3]. In this work, Nplasma treatment has been efficiently employed to
synthesize N doped rGO based nickel iron phosphide5@/NiFeP). Plasma based doping
could be an efficient eefsiendly alternative to the high temperature treatment or chemical
reaction [4]. Here, nitrogen has been doped in rGO by varying the irradiation time 3, 5 and 8
minutes with controlled power at 100W whileamtaining the pressure at 0.3mbar. The
structural, morphological and chemical characterizations of the plasma treated samples are
performed with XRD, FESEM, TEM and Raman spectroscopy. The as prepared samples
have been investigated for electrochemicalliveh water splitting. Moreover, Ar and;N
plasma can be applied as an effective surface energy technology to prepare heteroatom doped
efficient low cost electrocatalysts in future.
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ION BERNSTEIN MODE INSTABILITY IN PRESENCE OF ION
CYCLOTRON TURBULENCE ASSOCIATED WITH PARTICLE
HEATING.

Raksha Mundhra P.N. Dek&
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A particle dstribution function for noruniform plasma is considered with inclusion of
density gradient parameter. The Hoyclotron turbulence is considered to be present in the
system and the fluctuating parts of this gisieady plasma state corresponding to this
turbulence is evaluated on the basis of weak turbulence theory. In thisstpaalyy state of
plasma we consider leBernstein mode wave as perturbation to the system. Nonlinear
interaction of lorBernstein mode with turbulence field is considered and vidwgous
fluctuating parts of linear and ndimear parts of distribution functions are evaluated by using
Vlasow+Poisson system of equations [2,3]. We have analysed thdinean dispersion
relation of lonBernstein mode and investigated the conditidj$dr mode convesion while
propagating throughon-uniform media.
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SPECIES IDENTIFICATION, TEMPERATURE AND DENSITY
MEASUREMENT IN THE HOH ARGON PLASMA USING
EMISSION SPECTROSCOPY

Nirupama Tiwari & S Ghorui
Laser & Plasma Technology Division, BARG0085
E-mail: nirupamt@barc.gov.in

Optical emission spectroscopy is an important diagnostic technique for species identification.
This paperpresents observed OH band; H, H, lines along with atomic lines of Argon in

the plasma jet emanated from HOH argon dc arc plasma torch. It is observed that formation
of OH band along the axial direction starts after few mm distance from the nozizle exi
Initially its intensity increases with axial distance and reaches a maximum at some location
then starts decreasing. Using Stark broadeninggdind, the electron number density has
been measured while plasma temperature is measured using Boltznatecploique.
Rotational temperature has been estimated by matching experimental OH band and simulated
OH band at different temperature using LIFBASE software. Electron number density and
excitation temperature measured at nozzle exit is 1.8 X 1®° are 8000 K respectively.
Variation in electron density and temperature are presented with axial distance. It is found
that electron temperature is higher than ion temperature. Observed central dip ifitiee H
profile that gives indication of deviatidrom thermal equilibrium.

RESPONSE OF CARBON AND TUNGSTEN SURFACES TO
HYDROGEN PLASMA AT DIFFERENT ORIENTATION OF
MAGNETIC FIELD

Bishal Paudel, Roshan Chalise
Amrit Campus, Tribhuwan University,Lainchaur,Kathmandu,Nepal
E-mail: bishalpaudel1096 @gmail.com

For analyzing plasma wall interaction in all plasma applications and diverter of fusion device
in bounded region, it is mandatory to understand the interactions between energetic bulk
plasma with material surface. The ion reflection coefficient, absormo@ificient, total
charge density etc have been studied using Kinetic Trajectory Simulation model at different
orientation of applied magnetic field for Carbon and Tungsten based surfaces or wall. It has
been observed that the ion reflection coefficieml gon absorption coefficient of incident
particles do not depend on the orientation of magnetic field i.e., they were constant for
different angles. But the density of ions, total charge density, and Thomas Fermi energy was
greatly influences by the anglariation.
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C-R MODEL FOR AR -CO,; MIXTURE PLASMA USING RELIABLE
FINE STRUCTURE CROSS SECTIONS

Neelam Shukfy Reetesh Gangwaand Rajesh Srivastava
'Department of Physics, Indian Institute of Technology Roorkee, Rep4k&67, India
“Department oPhysics, Indian Institute of Technology Tirupati, Tiruggli7506, India

The carbon dioxide (C£) gas plasma are very interesting due to its application in numerous
fields such as plasma polymerization, etching, deposition, etc. In order to achievetefficie
processing in a specific application, it is important to understand the disdtiaetjes by
employing the appropriate diagnostic approach. The inert gas optical emission spectroscopy
approach is very suitable for diagnostic of these plasmas. It cad@rinformation about
electron temperature and density which are key parameters to monitor in any plasma
mediated processing. In this light the Ar is the most preferred choice due to its relatively
lower cost. Moreover thaddition of Ar gas in C@plasmas also assist in maintaining the
discharge at relatively lower power. It is mainly due to the fact that the ionization energy of
Ar is lower than the C@moleculesHowever, in order to extract plasma parameters, the OES
measurements need to be coupleth\ai suitable collisional radiative (CR) model. Using our
calculated relativistic crossections, we developed a fine structure resolved CR model for Ar
atom. In the present study, we applied our CR model to study the dis¢iraetes of
Ar/CO, mixture gasma. The OES measurements are taken from a recent study reported by
Martinezet al. [1]. They reported the OES measurements of AyCXD-80%) gas mixture
plasma. In the present work, we have modified our pure Ar inert gas CR model and applied it
to study the measurements reported by Martieeal.[1]. Previously, we have also extended

our model to other inert gas mixture plasmas [2, 3]. The further modeling results along with
discussion shall be presented during the conference.

OBSERVATION OF DUST ACOUSTIC SHOCKS AND STABLE DUST
STRUCTURES IN MODERATELY COUPLED DUSTY PLASMA

P.Sen, J. Pramanik
1?Department of Physics, Kharagpur College, Kharagp@21305
E-mail : jitphysics15@gmail.com

Linear and nonlinear dust acoustic waves are studied experimentally in a homogeneous
unmagnetised dusty plasma4]. Linear dust acoustic wave is excited by applying a variable
duty cycle dc voltage through a wire shaped grid. In this regime, the pHaséyef the

wave increases due to ierdust streaming and wave suffers dangpwith increasing dust
density. The formation of shocks [5] was observed when two insulating slits having
dimensions (6 cm X 2.5 cm X 0.05 cm) are inserted in front of the Arllsed dc voltage

of 60 volts with 500 ms ON time and 1000 ms OFF time was applied into the grid to excite
dust acoustic shocks. The sstéepening of nonlinear dust acoustic waves into a saw tooth
type wave with sharp gradient in dust density waseoiexl. This is very similar to the
numerical solutions [6] of the fully nonlinear fluid equations for a nondispersive dust acoustic
wave. The variation of shock amplitude and width from the slit position also studied.

52



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

References:
[1] N. N. Rao, P. KShukla, and M. Y. Yu, Planet. Space Sci. 38, 543, 1990
[2] A . Bar kan, N . D6 An g e lPtasmag & 8563R1995L . Mer | i no,
[3] J. Pramanik, B.M.Veeresha, G.Prasad, A.Sen and P.K.Kaw, Phys. Lett. A 3A2, 84
2003
[4] P.Bandyopadhyay, G.PrakaA.Sen and P.K.KavwRhys. Lett. A 368, 43494, 2007
[5] J.Heinrich, S.H Kim and R.L.Merlind2hys Rev Lett, 103, 115002, 2009
[6] P.K.Shukla and B.Eliasson, Phys. Rev E, 86, 046402, 2012

EXCITATION OF ELECTRON CYCLOTRON RESONANCE AND ITS
HARMONICS IN MICROWAVE GENERATED, LOW PRESSURE
PLASMAS

Shail Pandey Sudeep Bhattacharfee
'Department of Physics, National Institute of Technology Jamshedpur, Jamshedpur 831014,
India
’Department of Physics, Indian Institute of Technology Kanpur, Kanpur 208014, Indi
E-mail: spandey.phy@nitjsr.ac.in, shailphy@gmail.com

Multicusp (MC) magnetic confinement of plasma play an important role in microwave
generated low pressure plasma providing high degree of ionization for various plasma
assisted applications [1]. #erves the dual purposehelps in plasma generation through
electron cyclotron resonance (ECR) heating and at the same time helps in plasma
confinement through magnetic mirror effect. In spite of various works in MC bounded
plasma [2, 3], limited reportare available on study of effect of input frequenfyirf the
microwave regime over a wide range- (Bl GHz), on the resulting plasma. The present work
aims to study such effect thereby demonstrating plasma heating exsiédfid ECR and its
harmonicsThe experimental setp consists of a microwave source comprising of a function
generator followed by a travelling wave tube amplifier (TWTA)(IFI GT-B8®, 6- 18

GHz). The microwaves are guided to a cylindrical vacuum chamber (VC, diameter 20 cm)
via a flexible waveguide. A cylindrical MC (diameter 8.2 cm), is placedvdally within

VC. Argon, in the pressure range of 0.2.2 mTorr, is used as the test gas. For diagnostics, a
Langmuir probe (LP) and an electric field probe (EP) connected to a speatraiyzer
(E4408B,9 kHz - 26 GHz) are employednteresting features are observed in the radial
profile of plasma electron temperatuig (r)) when the input microwave frequendy= 6

GHz. It reflects wide range of resonance heating suggesting simultaneous existence of ECR
and its harmonicsl{( = nl. wheren = 2,3). At the same time, the spectrum of wave emission
from such plasma shows sharp peaks at 6 GRY, (2 GHz (Z11.) and 18GHz (3J0)

with a narrow bandwidth indicative of electron cyclotron emission (ECE). The line spectra

of ECE is in contrast to previous ECE reports where it shows a wide spectrum [3]. The later
emission is observed while resonantly heating the preforpl@sina by injecting high
frequencies [4] whereas in our case, ECE is emitting by thesealied plasmas generated by

the high frequencies. Calculations suggest that gradient of magnetic field at the resonance
positions plays an important role in excititgg harmonics of ECR.
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IMPLEMENTATION OF AN IMPROVED HALO MODEL WITH SELF -
CONSISTENT POWER BALANCE IN TSC

Amit Kumar Singti' 2 I. Bandyopadhydy?
Y ITERIndia, Institute for Plasma Research, Bhat, Gandhina®22428, Gujarat, India
%Institue for Plasma Research, HBNI, Bhat, Gandhina®#2428, Gujarat, India
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Accurate modeling of major disruption (MD) and vertical displacement events (VDE) in
ITER is necessary to determine the halo current amplitude during these events and hence the
electromagnetic loads on the machine components. Predictive simulation® fandVDE

events in ITER have been carried out using TSC and DINA cod2k However, in these
simulations, the halo current amplitude depends critically on the choice of the halo
parameters, namely the temperature and width of the halo region. Duek tof laredible
experimental data of these two parameters and also no sound physics based model so far,
these parameters were chosen rathehad as inputs to these codes to best match
experimental datan the earlier simulations [3[lo have a morself-consistent model of the

halo width, an improved halo model is being implemented in TSC that takes into account the
full power balance, including the Ohmic heating through the halo current, the conductive
losses along the open field lines, and loskesugh line radiation due to impurities [4]. Such

a model was included in a simplified way in the DINA code [5] assuming-l#&®liransport.

Details of this model implemented in TSC and simulations of halo current evolution during
major disruptions of Aldar C-Mod discharges using this model will be presented in this
paper.
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EVOLUTION OF SERIES OF ELECTRON AC OUSTIC SOLITARY
WAVE PULSES IN PLASMA

Amar Kakad and Bharati Kakad
Indian Institute of Geomagnetism, New Panvel, Navi Mumbap18
E-mail: amar@iigs.iigm.res.in

The generation of series of electracoustic solitary wave (EASW) pulses in thegpecies
plasma is investigated by using the ahmensional fluid simulations. We consider an
unmagnetized collisionless plasma consisting of cold electrons, hot electrons, and ions. The
Gaussian perturbations in the equilibrium electron and ion densities areousedite the
waves. This simulation demonstrates the generation of a series of EASW pulses-in three
species plasma through the breaking of the wave. We investigate the role of the
ponderomotive force in the process of the wave breaking. We observed idimwvaf the
maximum ponderomotive force acting spatially on the leading and trailing edge of the hump
in the cold and hot electron and ion fluid densities. It is seen that the maximum imbalance in
the magnitude of the ponderomotive force acting on biossof hot electron density hump
occurs at the time of wave breaking. This reveals that the imbalanced ponderomotive force
acting on the hot electron fluid is responsible for the breaking of the electron acoustic wave in
plasma [1].
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THE EFFECT OF ION TEMPERATURE ON THE FORMATION AND
DYNAMICS OF ELECTROSTATIC SOLITARY WAVES IN PLASMAS

Amar Kakad, Bharati Kakad, Ajay Lotekar
, and G. S. Lakhina
Indian Institute of Geomagnetism, New Panvel, Navi MurrbED218
E-mail: amar@iigs.iigm.res.in

We perform the fluid simulations to examine the effect of ion temperature on the formation
and dynamics of solitary waves in an unmagnetizedd¢amponent plasma consisting of ions

and electrons. Based on the fluid theories, some of the previous studies have reported that the
plasma with the electron temperature greater than the ion temperaune ¥ T;) supports

ion acousticsolitary waves (IASWSs), whereas the plasma with<¥ T, supports electron
acoustic waves (EASWSs). We have performed shraulation for a wide range of ion
temperatures (with fixed electron temperature) to examine the criteria of temperature and
thermal velocities in the generation EASWs and IASWs in plasmas. Our simulation shows
that the plasma with; B T, possessesvo wave modesapending on the ratio of electron to

ion thermal velocity. When the ratio of electron to ion thermal velocity, f8Mi > 1, the
system supports the generation of IASWs, whereas for R < 1 it supports the generation of
EASWs The analysis of characteics like amplitude, width, and phase speed of these
solitary waves implies that the EASWs have a negative potential, whereas the IASWs has
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positive potential. The transition from IASWs to EASWSs occurs whemptiesespeed of the
solitary wave exceeds thigniting value ofCBVyhe This study presents the detail investigation
of the evolution of EASWs and IASWSs generated in plasmas hayirgT{ that will have
implications in modeling such waves in space and laboratory plasmas [1].
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INFLUENCE OF DUST CHARGE GRADIENT AND POLARIZATION
FORCES ONJEANS INSTABILITY IN STRONGLY COUPLED
PLASMA

R. P. Prajapalj Bivash Dolatl, R. K. Chhajlarfi
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495009
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We have investigated the combined effects of dust charge gradient (DCG) force (due to
charge variations) and polarization force (due to inhomogeneity in the number densities of
electrons/ions) on the dust acoustic wave (DAW) and linear Jeans instability in
unmagnetized, collisionless, strongly coupled dusty plasma (SCDP). The electron and ion
fluids are assumed to be thermal and weakly coupled which are characterized by the
Boltzmann relation. The dynamics of strongly coupled gravitating dusty fluid iaatkazed

by the generalized hydrodynamic (GH) fluid model which is modified due to the combined
effects DCG and polarization forces. The modified dispersion characteristics of low
frequency DAW mode, compressional viscoelastic mode and linear Jeansliinsta
examined using the linear perturbation method. In the kinetic regime, the DCG and
polarization force dependent DAW mode is independent of strong coupling effects in the
gravitating SCDP. The fundamental Jeans instability and critical Jeans wavenare
suppressed due to the DCG force, polarization force and strong coupling effects, hence play
significant role in the dust cloud collapse of dense astrophysical matters. The numerical
calculations have been performed to study the effects of coedigarameters on the growth

rate of unstable Jeans modes.
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NON RESONANT INSTABILITY OF KINETIC ALFVEN  WAVES BY
ION BEAM AND VELOCITY SHEAR

Krushna Chandra BarikSatyavir Singhand G. S. Lakhirta
123ndian Institute of Geomagnetism, Navi Mumbai 410218, India
E-mail: kcbarikl7@gmail.com

The nonresonaninstability of kinetic Alfvén waves (KAWS) due to ion beam and velocity

shear along with the nethermal electrons is discussed. The theoretical model consists of

cold background ions and the source of free energy, i.e., the hot beam ions, both having
Maxwellian distribution and hot electrons having ftbermal distribution. For the
parameters considered, the velocity shear can excite the KAWs as a purely growing mode,
whereas, the ion beam alone cannot excite the waves. The ion beam and velocity sisear act

a dual source and can excite the KAWSs but this time the wave is not a purely growing mode.

It is found that the nothermal electron restricts the wave propagation close%ondereas,

the Maxwellian electron allows the wave to propagate away fropepdicular propagation.

The effect of other plasma parameters such as number density, species temperature etc. on the
excitation of KAWs is studied. The above moc
mHz in KAWs. The value of parallel wave number D (25628) p it km and
perpendicular wave number D(125628) km obtained from our numeric may be relevant

in understanding the observed characteristic

ROLE OF LOW ENERGY INERT GASEOUS ION BEAM
IMPLANTATION ON OPTICAL PROPERTIES OF METALLIC THIN
FILMS

Krishn Pal Singh and Sudeep Bhattacharjee
Department of Physics, Indian Institute of Technoligypur, Kanpur (U.P.) India, 208016
E-mail: sudeepb@iitk.ac.ifkrishnp@iitk.ac.in

The interest ofcientific community has gone to look at the behavior of metallic thin films
(MTF) by realizing their potential applications in various fields such as optical sensors,
mirror coatings for spacraft, optical filters and in photonic devices [1]. In additiopuoe
metallic thin films the behavior of MTF under the implantation of various inert as well as
reactive ion or radical speciésisopened new areas of reseatohnvestigate the modifte
surface propertie©ptical propertiesf irradiated MTF have already been investigated under
the implantation of very high energy (3060 keV) proton, gamma ray, alpha patrticle, and
argon ions [2]. However, there has been lack of research on low emgrigyntation of MTF

[3]. Therefore, it would be interesting to explore the modified optical properties of MTF
under low energy inertageous ion beam implantatiom the research carried out so far on
the optical properties of Al, Au, Ag and Cu metalien films implanted with various low
energy (0.5 keV) Ar ion fluences, several exciting features have been observed in their
reflection and transmission spectra. Reflectivity of all metallic thin films exhibits a
decreasing trend with the increasing do$eargon ions, while some peaks are observed in
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their transmission spectra at a particular wavelength. Transmission corresponding to the
peaks increases with the increase in argon ion fluence and it can help to look at the
application of MTF as filters topass specific wavelength through MTF. Another
distinguishing feature is the dependence of optical properties on the material being used for
metallic films, fluence and energy of implanted foreign ions. Since the optical constants play
a crucial role in dermining the optical properties of the medium, the Psdu@oewster

angle technique is employed to obtain the optical constants (real and imaginary part of the
refractive index) for both pristine as well as irradiated MTF. Similar investigation of bptica
properties of all MTF will be carried out under the implantation of low energy (0.5 keV) Kr
inert gaseous ion beams with varying fluence. Apart from this, both the real and imaginary
part of the refractive index will be computed by using pseudfrewste angle and the
experimental results of both optical properties and optical constants with theoretical
justification will be presented in the conference.
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FLUID SIMULATION OF ASYMMETRIC ELECTRON ACOUSTIC
DOUBLE LAYERS OBSERVED IN THE EARTH'S INNER
MAGNETOSPHERE

Ajay Lotekar, Amar Kakad, and Bharati Kakad
Indian Institute of Geomagnetism, New Panvel (West), Navi Muili&i18
E-mail: ablotekar@gmail.com

TheVan Allen Probes have recorded an interesting observation of symmetric and asymmetric
bipolar electric field structures on November 2812 in the Earth's inner magnetosphere.
Conventionally, the symmetric bipolar pulses are interpreted as electrongpaaseholes

and its associated dynamics is well understood. These asymmetric structures are interpreted
as electron acoustic double layeESADLs). Even though they are interpreted as EADLs,
their generation mechanism and physical properties are not nadrstood yet. We have
simulated the EADLs observed on November 13, 2012, by Van Allen {&olreorder to
understand their formation and evolution, we have performed the fluid simulation. We have
found that the localized depletion and enhancementiethee ct r on popul ati ons
magnetospheract as a perturbation to excite the symmetric bipolar electron acoustic solitary
waves, which later evolve into tl&ADLs. The ponderomotive force is found to be the main
driver behind transformation of treolitary wave to EADLSs via formation of the electron
acoustic shocks
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CHARACTERIZATION OF POTENTIAL FLUCTUATIONS IN
ATMOSPHERIC PRESSURE PLASMA JETS

Deepika, Kalyani Barman and Sudeep Bhattacharjee
Department of Physics, Indian InstituteTefichnology, Kanpur, Uttar Pradesh: 208016
E-mail: deepika@iitk.ac.imndsudeepb@iitk.ac.in

Non-equilibrium atmospheric pressure miggd as mas are termed as
have widely different electronYx 0.5 eV) and ion temperature$Y¢ 0.025 eV). These
plasmas are becoming popular because of wide variety of applications in several fields such
as surface functionalizatiobjology, medicine, environmental and cell or tumor treatments.
Flux of reactive species and strength of electric field impinging into cell, wound or tumor are
the key parameters of these applications. A minor fluctuation in potential and electric field
may affect these processes because of transport and heating of active species. Therefore, it is
important to investigatdluctuations in the plasma jeOur present work is aimed at
characterizing the fluctuations in atmospheric pressure plasma jet (APPJ). The plasma is
ignited inside a glass capillary tube by applying a high voltage and charge particles emerge
out from the capillary in the ambient aira$ine plasma jet of length ~10 mm and diameter ~

0.8 mm. A twepin probe having diameter of 0.18 mm and length of 1 mm each, has been
employed to measure the potential at two nearby local points in the jet. The separation
between the two pins is 0.260 minerefore it is straightforward to calculate the electric field
between the two pins of the probe at any radial, angular al pasition in the plasma jet.

The dynamic behavior of plasma jet and possible instabilities have been analyzed by
employing theclassical tools such as Fast Fourier transform (FFT), Wigner distribution, time
frequency analysis (TFA) and time cross correlation analysis. Time shift between the electric
signals captured at two spatial location inside the jet can be studied withcorcssation
function and dependence of this time shift on the gas flow rate could be utilized to reflect the
laminar to turbulent transition [1]. Wigner distribution and TFA method can be used to see
time evolution of frequencies by locating the fluctoatiboth in frequency and time [2].
Effect of applied voltage amplitude, gas flow rate and working gas mixture ratio on the
frequency spectrum has been studied. Symmetry and uniformity of electric field along axial
and azimuthal direction has been verifi@dth FFT method. Consequences of high
frequencies of applied signals on fluctuation characteristics are under investigation.
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INTERACTION OF ELECTRON ACOUSTIC NONLINEAR
STRUCTURES IN A PLASMA WITH GENERALIZED (R,Q)
DISTRIBUTION

Rupinder Kaut, N. S. Sairfi
'Department of Physic&§uru Nanak Dev University, Amritsd#3005.
E-mail: rupinderkaur.rk568@gmail.com

Over the last few decades, studies on the nonlinear propagation of electron acoustic waves
(EAWS) have received a great deal of attention. Electron acoustic waves are high frequency
electrostatic waves and can be generated in a plasma which containspuvatipos of
electrons (cold and hot) with stationary background of ions [1]. The thermal pressure of the
hot electrons is a source of the restoring force and cold electrons provide inertia. Numerous
investigations have been reported to study electronséicosolitary waves and shocks in
different kinds of plasmas. A limited number of investigations have been reported to study
head on collision of electron acoustic solitons in nonrelativistic or weakly relativistic
plasmas. The significance of considertheg relativistic dynamics of electrons arises due to

the fact that the effect of relativistic streaming electrons on the large electric field observed in
the polar cusp regions of the pulsar magnetosphere can make the cold electron species to
achieve relavistic velocities [2]. A theoretical investigation is carried out to study {wead
collision among electron acoustic solitary waves (EASWSs) with collisionless, homogenous
and unmagnitized relativistic plasma comprising inertial cold electrons, hobalecibeying

(r, q) di stribution and i mmobi | dighthid-Koa . By ¢
(PLK) method, two sided KdV equations are derived. The Hirota direct method is used to
obtain multisoliton solutions for each KdV equation[3]. Plasma patans, typically found

in Saturndés magnetosphere and the Eartho6és au
exist, are considered for numerical analysis. It has been found that the flatness parameter (r),
tail parameter (q) and other plasma paramseaffect significantly the propagation properties

of nonlinear electron acoustic solitary waves (EASWS).
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HEAD ON COLLISION OF LOW FREQUENCY SHOCK WAVES IN A
QUANTUM PLASMA

Sunidhi Singl3, N.S.Saini
! Department of Physics, GuNanak Dev University, Amritsar43005
E-mail: singla.sunidhi94@gmail.com

The micron sized dust particles are present in most of the space and astrophysical plasma
environments as well as in laboratory plasmas. Dusty plasmas are universal in various parts
of our cosmic environment, such as in the planetary ring system of Saturn, in Jupiter's moon
and in the dust rings of the Martian moon and etc. The dust grains may be positively or
negatively charged due to various charging mechanisms. The charging gfailistrelies on

the various properties of the dust grains as well as on the surrounding plasma medium. The
collection of electrons and ions by dust grains is not only dependent on the electron and ion
densities but also shape dependent. The chargingsdive dust particles happens due to the
sticking of electrons and ions to the grains surface. The electrons are lighter than ions and
have a higher mobility which leads to negative charging of the dust particles at equilibrium.
These highly charged dustains give rise to different kinds of wave modes in dusty plasmas;
dustion acoustic mode (DIA) is one of such modes. DIA waves can propagate in cosmic
pl asma environments, in the dusty pl aisma of
frequency noisén the Fring of Saturn. The quantum effects in plasmas become significant,
when the associated de Broglie wavelength of the particles is comparable to tpaurité
distance. In present investigation, we have analyzed the interaction of dastistic (DIA)

shock waves in quantum plasma whose constituents are electrons and ions showing quantum
behavior and negatively charged dust grains. The ions (quantum nature) and dust grains are
assumed to be mobile and inertialess electrons are considefesl goantum. Using an
extended Poincarkighthill-Kuo perturbation method, two sided Burgers equations for shock
waves are derived. The analytical phase shifts of DIA shock waves after collision have been
deduced. The impacts of physical parameters sutheaguantum diffraction parameter for
electrons and ions, kinematic viscosity which arises due to dust charge variation, the
unperturbed dust to ion density ratio, and temperature ratio on the phase shifts occurred
during the hean collision between DIAshock waves are analyzed. The results of present
investigation may be useful in the understanding of fundamental plasma phenomenon in a
dusty plasma environment containing inertialess quantum electrons, inertial ions and dust
particulates.
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DESIGN OF POST INSULATOR FOR ELECTRO -MECHANICAL
REQUIREMENT OF BEAM SOURCE TO CHARACTERIZE IN
INDIAN TEST FACILITY (INTF)
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Beam Source consists of ion source and accelerator system, shall be installed ina 180 m
UHV vessel for the plasma production and negative ion acceleration in Indian Test Facility
(INTF). Beam Source is mechanically supported on the electrically grounded Vessel. During
operation, the source will be lifted to operating voltage-10OkV. Electical isolation
between Beam Source and Vacuum vessel is provided by ceramic isolators, named Post
Insulator. Post Insulators are attached with metallic flanges and connected with vacuum
vessel and Beam Source on either ends. It is necessary to valetdtea and mechanical
performance of post insulator in operatingudibions prior to its assembliyhe objective of

this paper is to present the design and analysis of Post Insulators, with respect to its
functional and operational requirements. Design calculations are done for finalize the size
and configuration of the post insulators, and subsequéiriije Element Analysis method

has been adopted to verify the design with respect to its different load combinations imposed
by the dead weight of beam source, reaction forces from the transverse and rotational
movements of beam source and other accitidotd scenarios. Additionally, seismic
analysis was also performed to verify the design considering the Ahmedabad zone seismic
spectrum. Electrostatic analysis of post insulator is carried out for 100 kV isolation for
various configurations of stress shis to simulate possible electric stress on different
location of post insulator. Based on the analysis result with optimum electric stresses, the
design & post insulator is finalizedThis paper would give details of post insulator design
criteria, anajtical assessment, final design and its validation for structural, electrical and
vacuum compatibility.

INVESTIGATION OF DISINFECTANT PROPERTIES OF PLASMA
ACTIVATED WATER (PAW)

Vikas Rathor&’, Divyesh Paté| Shital Butarfi S K Nema®
'FCIPT, Instiute for Plasma Research, Gandhingg82016 Nirma University,
Ahmedabae882481 *HBNI Mumbai400094
*E-mail: vikas.rathore@ipr.res.in

In the last two decades, cold atmospheric plasma (CAP) has gained significant attention in
the field of medicine and agriculture. CAP has high electron temperature compared to ions
and neutrals. Cold atmospheric plasma interacts with water and forms @teigjdive)

reactive oxygen and nitrogen species (RONS) which remain in the water. Due to the presence
of these species water becomes active therefore commonly known as Plasma Activated Water
(PAW) [1-2]. Researchers have reported two configurations tergée PAW. In the first
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one, plasma discharge immersed inside the water [3] whereas in the second configuration
plasma discharge remains close to the water surface [1]. In the present work, we have used
dielectric barrier discharge (DBD) @xial torch togenerate plasa close to the water
surface.These RONS present in the PAW play a major role in killing of pathogens and
therefore has potential to use it in the field of food and agriculture, surfacesindnent
disinfectant [23]. In the present workve have successfully identified and measured the
presence of RONS in PAW. N@ons concentration are detected using strip test, and
measured using colorimetric method. Similarly, 8iGns concentration is detected using
colorimetric test, and measuresing UV technique. Ozone concentration is determine using
indigo colorimetric test. Test Strip and colorimetric method also implemented for the
detection of Hydrogen peroxide {8,) in PAW, but it is beyond detection limit due to the

fact HO, reacts withNOzaons to give N@dons, and also that the plasma generated is in
glow discharge region [1]. Generated PAW is acidic in nature with pH in the range of 2.5 to
3.5 due to the presence of p¥@nd NQo(Nitric and Nitrous acid) species. The oxidation
reduwction potential (ORP) of PAW was measured and it falls in the range af 650 mV.

In the present work, we have mainly emphasized on the disinfectant study of Pseudomonas
aeruginosa (P. Aeruginosa) using PAW as a disinfectant. About 6 log reductiofoimy Co
Forming Unit (CFU) is observed in PAW (ORP 600+ mV) compared to control (Bacterial
strain in Phosphate Buffer solution, PBS). Further, the results have shown that with the
increase in ORP value of PAW, its disinfectant ability increases.
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DESIGN, TESTING, INSTALLATION AND COMM ISSIONING OF
LOW VOLTAGE ELECTRICAL POWER DISTRIBUTION
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The recently constricted Auxiliary Building and New Lab Building requires electrical
power for the HVAC, lighting and experimental loads.To providethe electricd power to
HVAC and lighting of boththe buldings and experimental loads, a low vdbge electricd
distribution system has been designed. , The 11 kV is stepped down to the voltage levels
of the load (415/230/) by means of distribution transfamers, which are installed in the
transformer bays outside the Auxiliary building and new lab bulding. The Eletricd
Panels located insde thebuildings receive power from the ®ondary of Distribution
Transfamers and dstributes pover to the end loads. This paper summaises the
installation and commissioning tests performed on the electrica distribution system.
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CHARACTERIZATION OF PARALLEL -PLATE DIELECTRIC
BARRIER DISCHARGE WITH SINGLE AND DOUBLE DIELECTRIC -
INSULATED ELECTRODES

Anand Kumar Srivastava
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The dielectric barrier discharge (DBD) is a popular & scalable plasma source for the
production of atmosphergressure glow discharge using various electrode geometries for
industrial applications. Parallplate electrodes are th#asic configuration and employed
often in laboratories for testing. In DBD, plasifia@ing surface of electrode is masked with

thin dielectric sheet or sometimes coated with a thin insulating layer in order to prevent glow
to-arc transition. In this papewne have characterized the glow discharge properties when the
dielectric layer is pasted only on one electrode as compared to both. In our experiments, glow
discharge is ignited in helium gas at atmospheric pressure when a sinusoidal voltage is
applied betwen pair of circular electrodes. It was observed that the discharge operates in
filamentary mode when the dielectric layer is pasted only on powered electrode. It is
transformed to diffuse mode when both the electrodes are insulated. The recorded current
waveform show many peaks indicating the presence of filamentary discharge with one
dielectric. We have simulated the vacuum electric field between the electrodes to clarify the
observation. A comparison of other electrical properties such as current dqusityr
density, applied frequency, voltage etc is presented.

References

[11J. R. Roth, o6l ndustri al Pl alsPnreiplds,(1®95neer i ng,
[2] A. K. Srivastava and G. Prasad, J. Electrostafigsp. 140146 (2014).

[3] A. K. Srivastava, Materials Today: Proceedintf,p. 103338 (2019).

[4] A. V. Pipa and R. Brandenburg, AtonTs,14, p.218 (2019).

DEVELOPMENT OF ARC DETECTION SYSTEM FOR RF SOURCE
AND MICROWAVE COMPONENTS

Hrushikesh Dalichal, Gajendra Suthar, Kartik MohRohit Agarwal, Rajesh Trivedi,
Kumar Rajnish, Raghuraj Singh, Aparajita Mukherjee
ITER-India, Institute for Plasma Research, Gandhinagar, India 382428
E-mail: hrushikesh.dalicha@iteindia.org

ITER-India, IPR has developed a dedicated test facilitytésting of MW level RF source
and associated components [1] [2]. The test facility includes MW level RF source, high
power dummy load, transmission line components includingnmaih lines comprising of
stub and phase shifter, Data acquisition & consydtem, auxiliary power supplies, high
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voltage power supply (HVPS), AC power distribution network, active water & air cooling
etc. The same facility will be used in future for testing of RF sourekged to ITER
deliverablesThe RF vacuum tubes of thé&-Rource must be protected against faults like over
current, overvoltage and overloads which may occur during operation. Arcing is one of the
major faults in the cavity of the source and the transmission line components during high
power RF operation, whiccan cause a severe damage to the system. Arc at output of RF
source causes excessive VSWR condition, which can damage the vacuum tube permanently,
if action is not taken immediately. To protect the vacuum tube and other critical components,
RF drive andHVPS needs to be switched off within 10us, once arcing is detected. Therefore,
a reliable arc detection system is essential to safeguard the systemcandrioe a reliable
operation.An indigenous development of arc detector is initiated by Fliitla, IPR. To

detect light during arc fault condition, a view port is used in cavity and transmission line and
the arc light is transmitted to detection circuit using fiber optic cable. Detection circuit uses
photo transistor to detect the light and generatdéat fault signal to turn off the RF drive as

well as associated HVPS. Arc detection circuit is tested successfully with response time of
<10us, which is acceptable for protection purpose of the RKcsoand associated
componentsSuch methodology of ardetection and protection can be used in any high
power RF and microwave system. In this paper, a detailed design of developed Arc Detection
System along with its test results will be discussed.
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STUDY OF RAYLEIGH - TAYLOR INSTABILITY IN STRONGLY
COUPLED MAGNETIZED PLASMA WITH FLR CORRECTION
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In the present work, the effect of Finite larmor radius (FLR) correctiorstudied on
RayleighTaylor (RT) instability propagating in a strongly coupled, magnetized plasma
medium. We have use the (GHD) generalized hydrodynamic model to derive the analytical
dispersion relation. The dispersion relation is modified due to thermreof magnetic field

and FLR effects.. Then the dispersion relation is also discussed in weakly coupled
(hydrodynamic) and strongly coupled (kinetic) limits. Numerical calculations are discussed
and it is examined that the FLR effect suppresses the lymate of RT instability. The
RayleighTaylor (RT) instability has been recently investigated in strongly coupled plasma
looking to its importance in Inertial Confinement Fusion reactions and in dense stellar
systems.
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ENERGETIC PLASMA ION BEAM PRODUCED RIPPLE PATTERNS
FOR SERS BASED DETECTION OF COMPLEX MOLECULES

Sooraj K P, Sebin Augustine Mukesh Ranjah Subroto Mukherjee
YInstitute for Plasma Research, Gandhinagar, 382044, India.
E-mail: sooraj@ipr.res.in

Noble metal nanoparticle based Surfardanced Raman Scattering (SERS) spectroscopy is

a promising technique for the detection of molecules at very low concentration [1]. This
technique can be used for developing low concentration detection technologies for various
complex molecules like glose, blood, pesticides, etc. In this technique, metal nanoparticles
arrays grown on energetic plasma ion beam produced ripple patterns produce large
electromagnetic filed enhancement between the nanoparticles that leads to higher SERS
signal. In the presenvork, ripple patterns are formed on Si substrate by Argon ion sputtering
and silver nanoparticles are grown on the patterned Si substrate using electron beam
evaporator. Molecules (glucose, blood and pesticides) with various diluted concentration are
deposited on the prepared Si substrate with nanoparticle arrays and Raman spectra has been
taken. It has been observed that molecules on nanoparticle arrays gives better SERS signal
enhancement compared to that of Molecules on plane Si and plane Si witmiaoddered
nanoparticles. The analysis shows glucose having concentration as low dg/6¥1@n be
detected using silver nanopatrticle arrays grown on Si substrate with ion beam produced ripple
patterns [2]. The analysis with pure blood samples shtwat glucose peaks with other
characteristic peaks of glucose are clearly visible with enhanced intensity for blood samples
deposited on Si substrate with silver nanopatrticles. The technique has been successfully used
for the detection of pesticides undduted concentration.

References:

[1] N. Jeffrey, W. Anker, Paige Hall, Olga Lyandres, Nilam C. Shah, Jing Zao, Richard P.
Van Duyne, Nat. Mater. 7 (2008) 442.

[2] Sooraj K P, Mukesh Ranjan, Rekha Rao, Subroto Mukherjee, Applied Surface Science
447 (2018) 57681

PRE COMMISSIONING TESTS OF DRY TYPE TRANSFORMER
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The distribution system at IPR involves various voltage levels. All high power electrical
loads are supplied from a 132 kV switchyard through five power transformer and associated
11 kV and 22 kV feeders . Further distribution for various low power Igadsne at 415 V

and 230 V. Various experimental facilities are housed in the New laboratory building. To
cater to the Low voltage experimental loads in this building a resst transformer was
procured. This paper summarises the jm@mmissioning teston the transformer. The

purpose of commi ssioning tests on transforn

66



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

These tests also establish that the erection of the transformer is correct and all the
connections / cables have been installed in accordaiticehe approved erection drawings
and diagrams. . This paper discusses the procedures and testing results of the transformer.
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ESTIMATION OF PLASMA PARAMETERS USING NEURAL
NETWORK FOR LARGE VOLUME PLASMA DEVICE
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Langmuir probe [12] is widely used for localized measurement of plasma parameters in an
experimental plasma device. Conventionally, 1/V characteristic curve obtained from the
sweeping of Langmuir probe is exponential in nature and depends on electrenatemnep
Usually, the derivation of electron temperature require fitting procedures, which are time
consuming in an experimental campaign, where a large number of I/V characteristics are to
be analyzed. In LVPD [1], introduction of a large electron endiitgy has divided plasma

into three distinct plasma regions having strikingly different plasma characteristics [3, 4]. I/V
curves obtained in these regions require different polynomial fittings for obtaining an
accurate estimation of electron temperatbdanual iterations are thus required which are
cumbersome and timesonsuming. In this background, we found that the referred neural
network fitting techniques [9] used across various plasma machines provide comparatively
accurate fitting for highly notinear 1/V curves obtained in LVPD. This paper discusses the
requirement, tools, and techniques, developed software for processing Langmuir probe data
and finally a comparison of plasma parameters obtained with NN with conventional fitting
procedures.
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INVESTIGATION OF ELECTRO -THERMAL CHARACTERISTICS OF
A NOVEL LOW PRESSURE NON-TRANSFERRED DC PLASMA torch
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The electrethermal characteristics of a novel dc plasma torch have been investigated under
low pressure conditions. Such plasma torches are an essential component of tlosvvery |
pressure plasma spraying coating technique, which has recently evoked lot of interest among
researchers and coating experts due to its rapid rates and coating stability. This technique is
quickly transforming as stat#f-the-art. The investigations haween performed at a chamber
pressure of ~ 30 mbar; however, torch vacuum compatibility has been checked up to a
pressure of 1®mbar. The experiments were performed with a total nitrogen gas flow rate of
5071 110 slpm. The total gas flow rate was divided into two components in 3:1 ratio, the
former being the primary plasma forming gas and latter being the secondary shroud gas
which acts as a cold boundary layer and provides wall stability for the torch components but
does takes part in plasma formation downstream [2]. Significant changes in various plasma
parameters have been observed in this study. A comparative analysis olite wi¢h
atmospheric operation shows that, when operated under low pressure conditions, the
operational range extends from 20 A to 500 A without any considerable degradation in anode
life time [1]. For an anode exit diameter of 17 mm, the plasma plungéhlénobserved to be

of ~ 1.07 1.5 m. The saddle point of theVlcurve varies for different gas flow rates. It is

also observed that that the arc voltage is strongly influenced by gas flow rate and increases
significantly with increase in gas flow rasé higher currents. The efficiency of the plasma
torch is observed to be very good ~1780 % for all conditions.

References:

[1] Prediction of operational characteristics of a dc-transferred arc plasma torch using
similarity criteria, European PhysikcJournal D, 71: 247 (2017)

[2] Influence of the Shroud Gas Injection Configuration on the Characteristics of a BC Non
transferred Arc Plasma Torch, Plasma Chemistry and Plasma Proca8sitag, 770 (2018)

68



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

SHEATH AS A MITIGATION SCHEME IN COMMUNICATI  ON
BLACKOUT
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Communication blackout refers to the scenavleen a spacecraft or module loses all of its
communication with the Earth while reenteri:
The blackout occurs due to the envelope of ionized air (plasma) around the spacecratft,
created by the heat from the comgsion of the atmosphere. During the blackout, the radio
waves used for communication between ground stations and satellites are attenuated and/or
reflected by the plasma layer. The population of electrons near the antenna is the main reason
behind this lckout. The plasma layer usually has an electron number density/ o6 10°°

m3. If the frequency at which the electrons oscillate is greater than the frequency of radio
wave transmission, it results in a reflection of the radio waves. The plasmaricgqis

directly proportional to the square root of the electron density of the plasma layer. Therefore,
reducing electron density will certainly help in bringing down the plasma frequency.
Eventually, it will help to reduce the blackout period. Thereedgetrostatic and magnetized
mitigation schemes, which provide a possibility for communication during radio blackouts.
The present study has attempted to explore the possibility of such mitigation schemes. The
results suggest that magnetized mitigatioresuds have more control over electron dynamics

and capable of more power optimization. Exact environmental factors have been incorporated
in the modeling to provide optimized parameters for different configurations of mitigation.
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CENTRALIZED DATA LOGGING SYSTEM FOR LARGE VOLUME
PLASMA DEVICE
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Large volume Plasma Device (LVPD) is dedicated for carrying out investigations relevant to
magnetospheric and fusion plasmas [1]. In LVPD, experiments are carried out tstgsen
developed LabVIEW based data acquisition and conysies [23]. The design of the data
handling system [4] is based on hybrid architecture employing MDS+ based data archival and
Syslog based data logging along with local storage at I&C systems. Recently, a high end
Xenon based HP 380L server on RHEL 7.2 baen procured, configured and prototyping

has been carrying out. A generic data logger module based on syslog interface has been
developed [5]. This data logging software extension for LVPD is under progress for currently
operational software modules. ew data handling system based on Queue based message
handler design pattern has been developed. The paper discusses the centralized data handling
hardware, configuration, data logging software, analysis, results and lesson learned.
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DEVELOPMENT OF FDTD MODEL FOR PLASMA ANTENNA
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Plasma antenna is a separate class of RF antenna which uses ionized gas as the conducting
element. The resurgence of interest in plasma antenna is due to its low rad@ectioss
characteristic which makes it a perfect tool for defense communicatienprésent work is
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aimed to investigate the distinctive features of the plasma antenna sustained by a surface
wave. A 30 cm long plasma column [1] acting as a plasma antenna has been simulated by
using frequencygependent forward difference time domain (ED)Tmethod in Cartesian
geometry. This technique has been extensively used to study the electromagnetic wave
behavior generated due to the interaction of an electromagnetic wave and plasma wave [2].
Important profiles of antenna element such as currergénpat, conductivity, etc. have been
studied by varying operating parameters (working pressure, drive frequency, length of plasma
column, etc.). Numerical results indicate that, the characteristics of plasma antenna
significantly depends upon plasma partar® namely plasma frequency and collision
frequency. The investigation is conceptualized to improve the available plasma antenna
designs.
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In this work we have carried outa cetail 3-dimensionalelectrostaticanalysis for a high
voltage mutiplier being developed at Insitute for PlasmaReseach for accderator and
otherfusionresearch applicaions. This Symmetricd Voltage Multiplier (SVM), which
multiplies the voltage in two staes, is a compex geometry with many components
suchas ceramic capadtors, nylon insuating supportsprass conneding discs, separators
etc. all assembledtlosdy in a cylindrical fiberglass encloserthatis pressurzed with dry
nitrogen gas to avoid arcing. A detailed 3-dimensionalfinite element modelis developed
usingComsolMultiphysics[1] to analyze and investgate the posible arcing locationsand
then to find the appropriate remedes[2]. Theseresults are presentedin this paper.
References:

[1] http://www.comsolcom/

[2] High Voltage Engineering Fundamentl by E.Kuffe

REMOTE OPERATION AND STATUS MONITORING OF AIR
COMPRESSOR SYSTEM

Dikens Christian, Rakesh Patel, Gaurang Mahesuria, Gaurav Purwar and Vipul L Tanna
Institute for Plasma Research, Bhat, Gandhinag8&®2 428, India.
Email: dikens@ipr.res.in

Smooth and reliable operation of pneumatic services is alwayslatory for the round
the-clock operating system. At IPR, 1.3 kW at 4.5 K helium refrigerator/liquefier (HRL)
cryogenics system, which is in the operational stage since 2003, and it is in use to cool down
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the magnets of Steady State Sup@nducting Tokmak (SSTF1). The HRL system consists
several sulsystems mainly, Col@ox, Purifier, SCMS, LN2 Valvd8ox, LN2 Booster
System, Helium Compressors, Helium Recovery Compressors, Oil Removal System, High
pressure (HP) and Medium pressure (MP) tanks for hefias inventory and Nitrogen
inventory System, etc. Operation, control, and observation of gyssems done by PLC

and SCADA. There are two nos. of ELGI make -@ompressors are used to provide
pressurised air to operate process control valves and otbeespr equipment. This
pneumatic utilities have also been used by -3Smtradivisions for their sulsystems. A
PLC-based automation and control system has been indigenously developed along with its
program logic, SCADA GUI for remote operation, obsensatiault diagnostic to minimize
human intervention for the Atompressor. This paper describes all efforts done towards
automation of pneumatics utilities.

CONTROL OF RADIAL GRADIENT SCALE LENGTH OF
ELECTRON TEMPERATURE IN A DOUBLE PLASMA DEVICE

Prince Alex™®, A. K. Sanyasi', Prabhakar Srivastav’, P. K. Srivastawa’, R. Sugandhi® 2 and
L. MAwasth* 2
Yinstitute for Plasma Bsearch, Gandhinagar, Gjarat, India
“Homi BhabhaNational Institute, Mumbai 400085|ndia
3Department of Physics, Uniersity of Milan, Bimcca, Italy.
E-mail: princedexanderm@gmail.com

A double pasmadevice (DPD) has been configured for controlling plasma prameers,
especially electron temperature in the target region by selective electrostaticfiltering of
source plasma.The filtering was realized by properly biasng a me#llic grid placed
between source and target chambe's. Argon plasmaproduwced in the grourded saurce
chamberusing a multi filamentary plasmasource at pressure of3 x 10“mbar. The role
of floating grid, biased grid, variation in effective grid transpaency by varying
Debye sheath etc. in controling the plasmaparameters were invesigated. A reduction in
electron temperature was obseved by varying the grid bias from -25 V to OV and
increase in electron tempeaature observed beyond grid bias of O0V. Effective
electron cooling obseved with 45% transpaent grid wheress electron heaing was
seen with 75% transpaent grid and the temperature has risen from 4.8 eV to 7.3eV. A
detailed anal ysis on the control of electron temperature is madeby changing the effective
grid thickness considcering Debye shedh into acoount. Besides controling electron
temperature, a control over plasmapotential and plasmadensity is also redlized in the
target region where plasmapoatential has changed from -5 V to +25 V and density
from 1.16 x 10™ to 8.52 x 10" m™ respettively, for the similar range of applied grid
bias. The filtering effect of biased grid can be clearly obsrved from the estmation of
EEDF, which showsthe suppesson of energetic electronsduring thecooling and rise of
energetic tail during thelocalized heding. The nmechanism of electron temperature control
has been further applied to a cassetteof concentric segmerted multiple grids by separately
charging it to demongdrate a control over radial gradients. We could demonstete a
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control on radial gradient of electron temperature with scale lemgth lessthan 10cm in
unmagnetized plasmaof DPD.
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INTOUCH WONDERWARE SCADA SOFTWARE
UPGRADATION FOR THE SST-1 CRYOGENIC SYSTEM

GaurangMahesuria,Rakesh Patd, Pradip Panchal, Rohit Panchal, Dashrath Sonara,
Hiren Nimavat and Vipul L Tanna
Institute for Plasma Research, Bhat, Gandhnagar-382 428, India.
Email: gaurang@ipr.res.in

The SST-1 Cryogenc system hasbeen widely spreader in terms of handling many auxiliary
subsystems, which include integrated flow distribution system (IFDCS), current feeder
system (CFS), LN2 management system and 80 K booder system. These subsystems
opeate in roundthe-clock basis and it is mandatory to provide safe and reliable solution in
termms of continuous data archive for the control and monitoring of the system. Supervisory
Control and Data Acquisition (SCADA) software sitting at the heart of SST-1 cryogenic
control systems and it is one of the simplest and the most cost-effective ways to help and
unify operation. The essential DAQ platform works on Wondemware InTouch SCADA
softwae verson 9.5 has been upgraded from our old SCADA along with its runtime as
well as development licenses. This upgraded new SCADA software is with a long history
for helping optimize engireering efficiencies. Greaer operational cortext coupledwith an
erhanced user interface, mobility and integration capabilities; is now hdping in operation
with more timely, integrated and adionable to help fast-track decison making and optimize
various parameers. Upgrading to the latest SCADA version engires us continue to leverage
our best-in-class technologies and innovations based on evolving industy trernds and
market drivers. This paper describes the selection, instdlation and adivation techniques
andmigration of exiging applicaionsin safe andreliable way.
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DESIGN AND DEVELOPMENT OF ALARM ANNUNCIATION
SYSTEM FOR SST-1 CRYOGENICS

Rakesh Patel, Pradip Panchal, Rohit Panchal, Gaurang Mahesuria and
Vipul L Tanna
Institute for Plasma Bsearch, Bhat, India
E-mail: rpatel@ipr.res.in

The Cryogenics subsystans of Steady State Supercondicting Tokamak (SST-1) are
1.3kW Helium Refrigerator/Liquefier plant, Liquid Nitrogen (LN2) distribution system,
Integrated flow distribution system (IFDCS), Curent feeder system (CFS) and 80K
Booser system. These cryogenics sub- systemshave their own control systemconsst of
Programmable logic controller (PLC) and Supervisory Control and Data Acquidtion
(SCADA).1t is essentialto have centralized darm annurciation system for immedite
attention of operator in case of abnormal process parameters behavior and emergency
situation exists in any cryogenics sub-systems. Alarm annurciation applicaion designed
and developed in Wonderware SCADA. Control area network establshed amongall
cryogenics sub-sys t e mantsol nodes [1]. OPClink gateway and FSGateway are
configured for establshing communication between Alarm annurtiation applicaion and
SCADA applicaions running ondifferent cryogenics sub-systems control nodes. The
main critical process parameters of al sub-systemsare addressedand defined in Alarm
annurtiation SCADA applicaion. This applicaion runs at badk end and alerts the
operator by audible sound and blinking graphicsin case of abnormal events. The Alarm
annurciation applicaion performed satisfadory in recent SST-1 plasma experiment
campaign. The features ofdevelopedapplicaionsare presented in ths paper.

References:
[1] Implementation of Time Synchronized Ciyogenics Control SystemNetwork
Architecture for SST-1, Fuson Ergineering and Design 112(2016) 747-751.

EFFECTS OF ION DRAG FORCE AND DUST CHARGE GRADIENT
FORCE ON THE COULOMB FISSIONING OF UNMAGNETIZED
DUSTY PLASMA

Santanu SheeBivash Dolai and R. P. Prajapati
Department of Pure and Applied Physics, Guru Ghasidas Vishwavidy&8égspur (C.G.)
495009
*E-mail: santanusheell@gmail.com

The combined effects of ion drag force, dust charge gradient (DCG) force, polarization force
and ionneutral collision force are studied on the low frequency dust acoustic wave (DAW)
and pinching instability in unmagnetized weakly coupled dusty plasmah&iaal electrons
satisfy the Boltzmann relation while dynamics of inertialess ions are modified owing to
dissipation effects of ioneutral collisions. The effects of ion drag force, DCG force due to
variation in charge and polarization force due to mbgeneity in the medium are taken into
account in the dynamics of unmagnetized weakly coupled dust particles. The presence of ion
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drag force causes fragmentation of dust cloud into two parts which is known as Coulomb
fissioning. The modified dispersion ahateristics of DAW and pinching instability are
derived using the plane wave solutions. The numerical studies have been performed to show
the effects of ion drag and DCG forces which are important for the low charges in the dusty
plasma. The laboratory agell as astrophysical applications in dust cloud fragmentations
have been examined.

References:
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ROLE OF TEMPERATURE FLUCTUATIONS ONETG
INDUCED PARTICLE FLUX MEASUREMENT IN LVPD

Prabhakar SrivastaV, L.M. Awasthi®, A.K. Sanyasi', P. K. Srivestawa’ , R. Sugandh’*,
Raneswar Singh® and R.Singh®
Ynsitute for PlasmaResearch, Gandhiragar, India,
’CASS Uniwersity of California, SanDiego, USA,
3Advanced Technology Center, NFRI, Dageon, South Kaea
E-mail: prabhakar.srivagav@iprres.in

Langmuir probes are widely usedfor estimating plasmaparameters both in tokaneks and
basic plasmadevices [1-3]. Generally, contribuions from temperature fluctuations are
ignored while caculating the plasmadensity. In LVPD, ETG induced particle flux is
measured from the correlated density and potential fluctuations by neglecting the
temperature fluctuations [4-6]. As obseved level of temperature fluctuationsis high (10-
30%) in ETG domnated regon of LVPD, hence their contribution cannot be ¢tally ruled
out[3]. We revisited the ETG induced particle flux measurement by induding the
contribuion of temgerature fluctuations. For this, a specially designed probe array is
used capable of providing simultaneous measurement of mean plasmaparameters and
estimation of fluctuation induced plasna transport. Results on modfied densiy
fluctuationsand implication on particle losswill be presented in the conference.
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PLASMA SPRAY DEPOSITION OF CHROMIUM OXIDE COATINGS
ON SS 316 L FOR WEAR RESISTANCE APPLICATIONS

Vandana Chaturvedi MistaY. Chakravarthyand S. Ghordi®
'Bhabha Atomic Research Centre, Trombay, 400085
2 Homi Bhabha National Institute, Anushaktinagar, 400094
vandanachaturvedil5@gmail.com

Plasma spray deposition is a weditablished technique for thick ceramic coatings on various
substrates to shield themoi corrosion and wear. Owing to its high hardness and high
melting point, chromium oxide finds wide application as wear resistant and thermal barrier
coatings [1]. Wear resistance of chromium oxide has been widely sté#igetles injected

into the plasma jet undergo rapid melting and get accelerated. These molten droplets moving
at high velocities (higher than 100 m/s) and at a temperature higher than the melting point [2]
strike the surface of the substrate and flattefotm an adherent coating in one single step.
However, the plasma process requires optimization for desired coating thickness and
adhesion strength for any required application. The present study offers comprehensive
investigation on plasma process partrefor the development of chromium oxide coatings

on SS 316L substrate. Dense adherent coatings of chromium oxide could be deposited on SS
316L with an intermediate bond coat of NiCrAlY to enhance the adhesion properties.
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DEVELOPMENT OF THE NEAR -INFRARED SPECTROSCOPIC
SYSTEM FOR ADITYA -U TOKAMAK AND INITIAL RESULTS

P. Pandit, R. ManchandaM.B. Choudhury, R.Dey, J.Ghosh
YInstitute of Advanced Research, Gandhinagar
2 Institute for Plasma Research, Gandhinagar
E-mail: payal.pandit@iar.ac.in

A new spectroscopic system detecting spectral emission in the near infraredL{@I0nm)

region of EM spectra is planned to be installed on the Adityakamak. The measurements

will provide information that can be used for machine protection, plasm#&ot and
performance evaluatiohe hydrogenic series is a sensitive diagnostic in the plasma region
having large ne and lower Te, such as diverter region. Here, thebitulgerecombination

rate is highly sensitive to Te and ne, and the BiQiRtnsty ratio can be used as a pitse

Te sensitive diagnosticAs NI R si gnal i s contaminated by
plasma bremsstrahlung emission and recombination emission. Signal estimation are thus
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necessary to demonstrate to finalize the ctbecoptics of the NIR spectroscopic system.

We have developed code in SCILAB for signal estimation of a few prominent lines of
hydrogen in the NIR region which correspond to the Paschen and Brackett series as well as
for the background Bremsstrahlung &n. This signal enables us to set up the optasga

the maximum signal chordinitial experiments for the NIR emission in the edge region of
Aditya-U as well as other laboratory experiments are also reported.
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FIELD EMISSION PROPERTIES OF ATOMICALLY
HETEROGENEOUS METALLIC NANOSTRUCTURES CREATED BY
MICROWAVE PLASMA GENERATED LOW EERGY ION BEAMS

Jayashree Majumdar, Krishn Pal Singh and Sudeeep Bhattacharjee
Department of Physics, Indian InstituteTadchnology Kanpur (IITK), Kanpur
208016, India

sudeepb@iitk.ac.inaymaj@iitk.ac.in

Metal surfacesvhenexposed tanoderatelyhigh ionfluxes of inert gasefaving bw
energieslead to significant surface structuring. Plasma based ion bsarface
patterning isattributed to surface atomremovaland rearrangingas selforganized
nanopatternswith incorporationof inert gas ions inducing heterogeneityf the
substr at andtbe atemicrldved. e selforganized patternsre usually
conical in shapewith radius of curvaturein the subnanometer regime. These
patterningcan be explainedas aninterplay of ion sputtering andurfacediffusion
(towardsthe peak of conics), which causecrease in surface porosignd surface
emissionarea[l].lt would be of interest to investigate the fiehdissionpropertiesof
such homogeneouslydistributed atomically heterogeneousnanopatterns.Field
Emissionis aquantum mechanical process haviagttechnological applicationis
field-emission displays, electron microscopeacuumnanoelectronicetc. Fowler
Nordheim equations provideapproximate geometry independentheoretical
descriptionof field emissionfrom bulk material. Thus, thereis arequirement for
new, geometryandadatom basef?] investigationwhich are not presentlgddressed
by the existing FowlerNordheim theory. Hence is crucial toinvestigate botthhe
theoretical anaéxperimental interrelationsf surfacegeometry,work function, field
emissionparameter$3] of low energy iorbeam irradiateanetallic surfacefor better
understandingf the present researchesults. Inthe research carriedut so far,
appropriateinert gas ionsof optimized energies (~2.5 keV) andflux (~10"° m s
! obtained from amicrowave plasma baseibn source) is utilizedto create
atomically heterogeneousand self-organized conical submicromstructures (or
nanostructurespn copper substratesligher ion beamfluence tends to produce
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uniformity in nanostructuresvith well defined hillocksSurface characterizatidms
been carried out usilgFM, SEM, KPFMandEDAX, providing estimatiorof their
shapes,roughness, the percentagd implanted ionsand their modified work
function variation. Investigations conducteon copper substratesvith varying
fluencesreveal nanopatternsre confinedto surfacelayers (~nm).Field emission
experimentwith varyingvoltageto get fieldemissioncurrent is carriecut usingthe
modified samplesFowler Nordheimequationshave beerappliedto calculatefield
enhancemenfactor andshow their variancewith varying ion specie&eepingthe
material of the substrate constarithe results of metallic substate surface
modification for different type of ionspecieswith varying fluencealong with their
field emission experimentaésults will bepresentedn the conference.
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PREVENTIVE MAINTENANCE ACTIVITIESOF SST-1
CRYOGENIC SYSTEM AT IPR

Ketan Patel, Srikanth L. N. G, Pankil Shah, Rohit Panchal, RakeshPatel, Pradip Panchal,
J C Patel, Hiren Nimavat, Atul Garg, Rajiv Shama, DikensChristianand V. L. Tanna
Inditute for PlasmaResearch, Bha, Gandhnagari 382428 (Gujarat) India
E-mail: ketan@ipr.resin

SST-1 Cryogenics system has wide spread in temms of varioussubsystems, which include
main helium cryo plant with cgpadty of 1.3 kW at 4.5 K, liquid nitrogen distribution
system, integrated flow distribution and control (IFDC) system, 80 K themmal shelds
system, 80 K valve-boxes and current feeders systems. IPR also provides pneumatics
utiliti es to intra-SST-1 Tokamak divisions. Being oneof the critical subsystem of SST-1
Tokamak, in order to ensue smocth and reliable operdion of cryogenic system, needs
mandatory preventive routine maintenance schedule as per protocolg[1][2]. In this paper,
we will report experience and lessonleamt during the preventive maintenance adivities
of SST-1 cryogenics system.
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PERFORMANCE VAL IDATION OF VACUUM INSULATED CRYO
FLEXIBLE HOSES

Pankil Shah!, L.N.Srikanth G1, Ketan Pa¢l?, Hiren Nimawat! and Vipul Tanna
nstitute for Plasma Bsearch, Bhat,Gandhina@r-382 428 Gujarg India
E-mail: pankil@ipr.res.in

Low transfer loss of cryogenic fluids play very imporiant role in cryogenic engineering.
Spedally, cryo fluids Viz. liquid nitrogen and liquid helium, the vacuum insuated fl exible
cryo hoses are very popula. These cryo compatible vaauum insuated flexible hoses are
very reliable and easy to layout in a spedfic route, while transferring the cryo fluids
from storage Dewar to miscdlaneous applicaions or swb-systems. At IPR cryogenic
facility, procurementof various sizes of vacuum insuated fl exible hosehas been donefor
transferring the cryogens to various applicéions. It is necessary to do the performance
validation of the hoses before conneding to the systens. For this, we have dedicated
testing and performance validation procedure in our quality checks plan, which includes
vaauum chedk at room temperature, thermal cycle testat 77 K (liquid nitrogen
conditions) 1], physical obervation on frosing on the outerjacket, and finally helium leak
testing at its operational service conditions[2]. In this paper, we summarize the procedure
of various performance validation tests and its ¢tanical results.
References:
[1] Srikanth G.L.N et a., filntegrated Liquid Nitrogen Distribution Network for the
cooling of SST-1 80K thermal shieldssystemd  1lIR tnternational Conference on
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BEHAVIOR OF DIFFERENT REACTIVE SPECIES OF
ATMOSPHERIC PRESSURE PLASMA JETS IN PRESENCE OF
STRONG MAGNETIC FIELD

Kalyani Barman, Deepika, Mohit Mudgal, Sudeep Bhattacharfedkamkrishna Rafend
S.K. Nem4
!Department of Physics, Indian Institute Technology Kanpur, Kagp8o16
’HBNI, FCIPT, Institute for Plasma Research, Gandhina8@2016

Atmospheric pressure plasma jets (APPJ) areequilibrium plasmas which have different
electron (~0.5 eV) and ion temperatures (0.025 eV). As it is formed in the atmosphere many
reactive species are present in the plasmas along with the working gassatetbhm in our

case. The APPJ is created by dielectric barrier discharge method inside a capillary tube. In
our work, two types of electrode configuration have been used to create the plasma. One
configuration is ring to ring electrode which requiremparatively high voltage to ignite the
plasma, and is called low frequency high voltage system (LFHV) and another configuration is
needle to ring electrode in which we can ignite the plasma in lower voltages as the frequency

79


mailto:pankil@ipr.re
mailto:pankil@ipr.re

34th National Symposium on Plasma Science and Technology (PLASMA 2019)

is quite high and it is callelbigh frequacy low voltage system (HFLV he reactive species
present in the plasma jet can be determined by the optical emission spectroscopy. The
prominent lines which can be observed by the spectrometer are atomic He | lines (587.6
BdPD VY *F)p67.8(BdD Y 'P)pr06.5 (3%'Y 2, 728.1 3K’ Y 2/ nm),

second positive system (SPS) of nitrogen with the vibrational transiiowith band head at

337.1 nm and other vibrational transitions in SPS &0g315.9 nm), @l (357.7 nm) an@-2

(380.4 nm). The first negative system (FNS) of nitrogen ion can be observed at 391.4 nm and
atomic oxygen line at 777.3 nm GpY 3F). Besides, weak intensity of hydrogen Balmer
lines Hy (656.3 nm), K (486.1 nm) and OH bandlso can be observed a0& nm.
Application of transverse and parallel magnetic field along the direction of the jet will affect
the plasma parameters (electron density and temperature). The positive and negative reactive
species will respond differently. The plasma jet is nobrtinuous jet, it consists of plasma
bullets which are created in every pulse of the applied voltage and travels along the jet with a
very high speed (~ £6m/s) [1]. These plasma bullets gain their maximum velocity when the
intensity of nitrogen ionic tie is maximum. Effect of magnetic field on these nitrogen ions
will affect the plasma bullet dynamics. Magnetic field will also affect the electron density and
temperature inside the plasma jet. The electron temperature and electron density are
measured byhe Boltzmann plot and Stark broadening methods respectively [2].
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PARTICLE -IN-CELL MODELING OF PLASMA INTERACTION ON
COLLECTOR SURFACE

Atit Deuja, Anish Maskey, Amrit Naharki, Satyananda Gupta, Suresh Basnet, Roshan Chalise
and Raju Khanal
Central Department of Physics, Tribhuvan University, Kirtipur, Kathmandu 4464/3IN
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The plasma interaction with plasma facing materials has wide range of applications such as in
fusion devices, plasma diodes, surface modification of materials, sputtering and many more.
A onedimensional 1d) electrosttic Particlein-Cell (PIC) model has been developed and
presented for bounded plasma system (siegidter plasma diode) to investigate the
interaction of plasma on the collector surface. It is assumed that the electrons and ions have
cut-off Maxwellian velocity distributions at the injecting side. In addition, the plasma is
assumed to be collisionless. It is found that the ion and electron concentrations decrease
toward the collector surface. The ions are accelerated towards the negative biased surface
whereas the electrons are repelled from it. However, those electrons having high thermal
mobility can reach the collector surface. The sharp monotonic decrease of electrostatic
potential near emitter and collector regions implies the formation of plasnash siwéh
collector sheath thickness larger than that of emitter. It is found that the electron and ion
densities are dominant near the emitter and collector surfaces, respectively. In addition, the
particle reflection coefficient decreases for both molyle (Mo) and tungsten (W)
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surfaces with the increase in impact energy of ion, however, the reflection coefficient for W
surface is higher than that of Mwirface by about 34.43% in magnitude. The obtained results
are found to be in reasonable agreemertt mievious similar works.

LASER CLUSTER INTERACTION IN STRONG EXTERNAL
MAGNETIC FIELD

Kalyani Swairfand Mrityunjay Kundd
Yinstitute for Plasma Research, HBNI, Bhat, Gandhinagar, Guijarat, India, 382 428
E-mail: kalyani.swain@ipr.res.in

Laserinteraction with atomic clusters leads to the production of high energy electrons, ions
and xrays which may be useful for future generation of particle and photon accelerators.
However, the effect of laser magnetic field is often neglected in the thedrsimulation of
lasercluster interaction since laser magnetic field is very weak by a factor of inverse light
speed as compared to the laser electric field. We find that, even in thelairistic regime

of | aser i nt &kt ithepeak maynefic.fi@ld sirengthCcan be substantial

(D 3.33 kilo Tesla) and this magnetic field alters the electron dynamics and energy absorption
by electrons in the shepulse regime of laser cluster interaction. In addition to the inherent
laser magnetidield we apply external magnetic field in different orientations w.r.t. to the
former and study the dynamics of cluster electrons and consequent laser energy absorption.

References:
[1] M. Kundu and D. Bauer, Phys. Rev. Lett. 96, 123401 (2006).
[2] SS Mahalik, M Kundu Phys. Rev. A 97, 063406 (2018)

CHARACTERIZATION OF PLASMA TURBULENCE IN A
MI RROR LEAKED PLASMA OF LVPD

A. K. Sanyasi®, Prabhakar Srivastas™?, L. M. Awasthi*?, P. K. Srivastava and
R. Sugandhi*?
Ynstitute for Plasma Bsearch, Bhat, Gandhinagr i 38243, India

2 Homi BhabhaNational Institute, Mumba-400085 India
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Magnetic mirror configuration is commonly adapted method for efficiently confining
plasnas in cylindrical plasmasystems. Not only labaatory plasnas but the dynamics of
plasnas surounding eath& magnetosphereis aso governed by the strong magnetic
mirror action at its poles.The bulk plasmambedad by populationof energetic electrons
travel along the magnetic field line gradients and suffers namdy, 1) refledion from the
mirror points at poles,2) scattering; which introduces stronganisaropy, and 3) a part of
it leaks through the magnetic mirror into the eath& atmosplere and contributes in the
excitation and de-excitation of neutral particles and aurora formation. In genera, these are
strongly influenced by eledromagnetic wave activities, especially of whistlers.In LVPD,
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we produced similar experimental scenario, where plasmaproduced in low magnetic field

is alowed to interact with high magnetic field region through a magnetic mirror of

ratio, Rm ~ 25. Investigationssugpest thatin the transition regon, a part of the plasma is
leaked through the mirror while remaining onesuffers strong refl ection. The mirror leaked

plasmais characterized for electron energy distribution function and excitation of small
scde turbulence spread across electrodatic and electromagnetic regimes. The mirror

leaked plasmais extensively studed by varying the strength of losscone. The outcome
from ths gudy carries dired relevance to magnetospheic plasmaand charge prticle

predpitation into the eathGs magnetosphere. Detailed results on this will be pesentedin

the conference.
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EXPERIMENTAL & CFD SIMULATION STUDY OF ATMOSPHERIC
PLASMA SPARY COATINGS OF RARE EARTH PHOSPHATES
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Rare earth phosphates are considered as potential protective surface coating material for
corrosion and high temperature application. By virtue of some distinctive properties like

environmental durability, chemical inertness and high melting point raite materials have

become popular surface coating material. Present paper focuses on the development of
atmospheric plasma spray coating on various substrates namely SS and graphite. A

comprehensive 3D simulation study has been done to understand atnwpfdwna spray

coating process using rare earth material as powder material. The optimized plasma spray
coating process parameter has been obtained by performing rigorous experimental as well as

CFD simulation study. Very good agreement has been founcert@FD simulation results

and experimental observations. Plasma sprayed coating was investigated using scanning
electron microscope and EDAX. Thermal cycling test of the coated coupons have been done.
Results reveal that good quality surface coating eaddveloped using atmospheric plasma

spray process.
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LARGE AREA WAVEGUIDE BASED NON -THERMAL PLASMA
DEVICE FOR RADIOACTIVE DECONTAMINATION: OVERCOMING
DESIGN COMPLICATIONS

Zahoor Ahmedl, Dr. Rajib Kaf, Arundhati Buté, Y.C. Shivakumal, Dr. Namita Maitf
1Fuel Reprocessing Division, 2 Laser & Plasma Surface Processing Section, 3Laser &
Plasma Technology Division, Bhabha Atomic Research Centre, MuabaB5
“zahoor@barc.gov.in

Continuous demand for naronventional, noipolluting energy sources has caused a surge in
nuclear industry. However, its rapid expansion brings the question of nuclear waste
management. Conventional methods of-alemical, mechanical machining, high pressure

gas phase decontamination process iggeaea lot of secondary waste and they do pose a
threat of accidental exposure to personnel. Researchers worldwide are looking for alternative
waste management systems involving plasma and laserthidomal plasma especially has

the potential to becoméné¢ alternative in radioactive decontamination [1]. However, low
surface area of such plasma generation devices almost always are the bottleneck for practical
appliation in nuclear industry [1Pue to overcome this limitation, a novel large area open
ended stepped rectangular waveguide based plasma generation system is modeled to generate
atmospheric pressure ngimermal plasma for this purpose. Considering practical
applications, plasma treatntearea needs to be significantly large for scaling up the
decontamination process and reduction in operational time. We have presently designed a
plasma cavity consisting of stepped rectangular waveguide system (2.45 GHz) with open end
dimensions of 86mmjal0mm(b). Designing such a large area an open ended rectangular
waveguide has its own complications. Firstly, all higher order modes will propagate in
addition to fundamental modes in the cavity, which will cause rrtgeference resulting in
microwave d@persion where fundamental and higher order modes will propagate with
di fferent group velocity within the cavity.
be challenging unlike caxial geometry and we needed to introduce step discontinuity inside
the waveguide to match the input impedance of thexta power cable to minimize the
reflection of power [2, 3]. Step discontinuity complications especially of wave transitions are
addressed in the design by placing stub tuner so that proper transitieiM waves to TE or

TM waves is achieved.The paper will discuss in detail about all the design challenges and
how one can overcome them while designing a large area atmospheric pressinermah

plasma device.
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CREATION AND STUDIES OF MICRO -ION BEAMS FROM INTENSE
ELECTROMAGNETIC WAVE GENERATED PLASMAS

Sanjeev KumaMaurya and Sudeep Bhattacharjee
Department of Physics, Indian Institute of Technoloiggnpur, Kanpur 208016, India
E-mail : sudeepb@iitk.ac.itmsanjeev@iitk.ac.in

lon beams based on plasma ion sources find many emerging applications in science and
technology. These beams, particularly from nobel gaseous plasmas, can-togic@md

provide rapid processing of materials [1]. The applicatiorss spver several areas such as
micro-nano pattering, rapid fabrication of semiconductors, modification of surface properties,
including studies of optical and field emission properties of createdstanzures [1,2]. A
microwave plasma based medfiementfocused ion beam system has been developed [2] in

our laboratory, which has significant advantages over conventional FIB systems and can
provide variable projectile masses by employing different gaseous plassyand higher

beam currents.Microstructues (such as gratings, a group of letters, array of spots etc.) of
high aspect ratio (~160000) are created employing 26 keV Ar, Kr and Ne ion beams [2]. A
theoretical model is developed to calculate the impact of the beam to the target sample by
defninga new parameter call ed Acurrent nor mal i
transferred per unit time and normalized with the beam current. Capillary guiding of the
plasma ion beams has demonstrated the self focusing of the beam which can be employed to
reduce the source size (plasma electrode aperture) for the reduction of beam size for a
constant demagnification of the electrostatic lens [3]. Observed hysteresis in beam current
with ion energy is used to calculate the dissipated charge from the beanthesimgteresis

area. The effect of plasma and beam parameters on focal dimensions has been investigated,
and a unique feature of enhanced nonlinear demagnification is observed when the plasma
electrode aperture is reduced to below the Debye length [4].
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CHARACTERISTICS OF PLASMAS CONFINED IN A DIPOLE
MAGNETIC FIELD

Anuj Ram Baitha and Sudeep Bhattacharjee
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There has been a long quest to understand charged particle behaviour and underlying
complex processes in a plasma confined in a dipole magneticRmlchn understanding of

the properties of such plasmas, keeping in view easier plasma accessibilitgahd state
operation, a compact tablep experiment employing microwaves of 2.45 GHz has been
developed [1], by employing a single water cooled cylindrical permanent magnet (NdFeB).
The plasma is generated by electron cyclotron resonance (ECR) heatuad.dbservations

(in terms of digital images) of the plasma shows alternate bright and relatively less bright
regions with resemblance to trapped charged
brightest region alongside the magnet is the ECjone Planar Langmuir and emissive
probes are employed to determine the plasma parameters [1, 3] such as electron temperature
(Te), ion density K;), space potentiaM), ion saturation current;d) including plasma beta

(b). The magnetic dipole field imapped in all space using a Hall effect prokds found to

lie in the range of 213 eV while the maximum plasma densit ) is of the order of 16 m’

® It is found that the density peak occurs away from the maggend lis is more or less

uniform in the central regiorr ¢ 6.57 7 cm), which also indicates the better confinement of
plasma in this region. A maximumnfor the presenexperimental system is ~ 2%ssuming
azimuthal symmetry a mathematical model for particléusion has been developed by
considering the fluid equation of motion [ 4
with magnetostatic fields and gradients in the plasma potential. The equations are written in
spherical polar coordinates, (f and(i), to address the dipole variation of the magnetic field

A numerical solution obtained using the Ruwuigdta (RK4) method for the radial and
angular components of the diffusion equation, yields the plasma density profiles, which are
compared with those dihed experimentally and found to agree reasonably well. The code
uses the experimentally obtain€gandVs as input. The experimental and calculated results

from the model, as a function of radial distance, neutral pressure and polar angle will be
preseted in the conference.
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KP EQUATION OF DUST ION ACOUSTIC WAVE IN
MULTICOMPONENT PLASMAS

Manveet Kaut, N.S. Sain
'Department of Physic&§uru Nanak Dev University, Amritsd#3005
E-mail: manveetsandhu7@gmail.com

A number of observations have confirmed the presence of superthermal particle in most of
the astrophysical, space and laboratory environments. The most common distribution
function employed to illustrate the superthermal particles in the generalizeddianenit the

Kappa function. This distribution is observed to provide the best fit for the superthermal
particles. As Dust is also omnipresent in different environments, so it is interesting to analyse
the nonlinear excitations in a multicomponent plasmapmsence of charged dust
particulates. In the present investigation we have studied the characteristics of two
dimensional small amplitude dusin-acoustic wave in Vasyliunasairns (VC) distributed
plasma. The KP equation has been derived using redysgifturbation technique. From the
solution of KP equation, we have studied the characteristics of small amplitude dust ion
acoustic structures. We have also investigated the stability of the solitary wave solutions of
KP equation. It is remarked that different physical parameters have great influence on the
characteristics of solitary wave. The findings of this investigation may be useful in
understanding the nonlinear structure in spa
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STUDY OF RAYLEIGH - TAYLOR INSTABILITY IN STRONGLY
COUPLED MAGNETIZED PLASMA WITH FLR CORRECTION

P.K. SharmaandNusrat khan
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In the present work, the effect of Finite larmor radius (FldRjrections is studied on
RayleighTaylor (RT) instability propagating in a strongly coupled, magnetized plasma
medium. We have use the (GHD) generalized hydrodynamic model to derive the analytical
dispersion relation. The dispersion relation is moditied to the presence of magnetic field
and FLR effects.. Then the dispersion relation is also discussed in weakly coupled
(hydrodynamic) and strongly coupled (kinetic) limits. Numerical calculations are discussed
and it is examined that the FLR effect siggses the growth rate of Rinstability. The
RayleighTaylor (RT) instability has been recently investigated in strongly coupled plasma
looking to its importance in Inertial Confinement Fusion reactions and in dense stellar
systems.
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OBSERVATIONS OF ELECT ROMAGNETIC ION CYCLOTRON
WAVES IN THE LUNAR WAKE

Biswajit Ojhg Satyavir Singh and Gurbax S. Lakhina
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We present an observation of electromagnetic activity by ARTEMIS P1 and ARTEMIS P2
satellites. The wave characteristics such as wave normal angle, ellipticity, polarization etc.
are delineated. Our analysis shows that the wave propagatesdel@mgle to the ambient
magnetic field and the wave activity is below the proton gsequency ( ). These
properties suggest that Electromagnetic lon Cyclotron (EMIC) waves are present in the lunar
wake and outside of it. These waves play major rolettferpitch angle scattering of the
relativistic particles from ring current. The crassrelation between the different magnetic
components of the wave magnetic field for individual spacecratft is high. We have performed
power and phase crossrrelationsbetween two spacecraft measurements to validate spatial
and temporal extent of EMIC waves in the lunar wake. These intense waves are almost
observed simultaneously by the spacecrafts ARTEMIS P1 & P2 which is indicative of spatial
broadening of EMIC wavesThus, the EMIC wave may play the important role in the
dynamics of the lunar wake.

VARIATIONAL MOMENT METHOD FOR SOLVING GRAD -
SHAFRANOV EQUATION IN AXISYMMETRIC TOKAMAK
PLASMAS WITH UP -DOWN ASYMMETRY

Udaya Mauryj R. Srinivasah
Ynstitute For Plasma Resrch, Bhat, Gandhinagar, 382428
E-mail : udaya.maurya@ipr.res.in

A variational moment method was developed to solve Stafranov Equation for
Axisymmetric Tokamak Plasmas by Lang L. Lao et al [1,2]. In this method, to find the flux
surfaces the&Cartesian coordinates R and Z in a poloidal section are expanded in a Fourier
series in terms of poloidal angle. Then the corresponding action is minimized with respect to
Fourier components to obtain coupled seeordkr differential equations in them, wvh are

then solved for fixed boundary using Shooting Method. In this poster, we present the details
of the theory, a new implementation of the code in Python and its extension-dommp
asymmetric cases.
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DESIGN OF A MULTICHANNEL CDTE BASED FAST ELECTRON
BREMSSTRAHLUNG DETECTION SYSTEM FOR ADITYA -U LHCD
DISCHARGES

Jagabandhu Kumar, P. K .Sharma, Santosh P. Pandya, A L Thakur
Institute for Plasma Research, Baht Gandhinag@2428
E-mail: jagabandhu.kumar@ipres.in

In ADITYA-U & SST-1 Tokamaks, a single channel CdTe detector is being used to measure
fast electron bremsstrahlung emission (FEB) in the energy range-202&eV. Single
channel FEB system only provides the information of line integrated nesasot of FEB

from a single line of sight. To study the power deposition profile of lower hybrid current
drive in ADITYA-U tokamak, a multichannel FEB detection system is designed [1]. In order
to optimize the designed parameter and performance of themsystesynthetic FEB
diagnostic has been utilized [2]. The designed 9 channels system consist of CdTe detector
array integrated with PR6 preamplifier, fast shaping amplifier and a fast digitizer of 10
MHz. The FEB (Hard Xays) emission from the 9 differechords will registered with
temporal resolution of-40 ms depending upon the slowing down time scale of the electrons
in the said energy range for ADITY¥HA tokamak plasma parameters. In order to filter out
low energy photons, 1 mm thick Al foil will ptad in front of the HXR camera system [3].
Stray hard X rays resulting from thick target bremsstrahlung emission and photons scattered
from tokamak surrounding structure will be shielded with 80 mm thick lead sheets.
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ELECTROMAGNETIC WAVE INTERACTION WITH PLASMAS
CONFINED BY A DIPOLE MAGNET
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Existence of variety of wave phenomena in the geospace environment has interested
researchers due to its constructive interplay with plasma resulting in applications like radio
communication, spce physics and basic research. Detailed study on wave dynamics in
plasma is an active area of research as it gives an intuition about the wave plasma interaction
in local domain both instantaneously and with temporal evolution. But its proper inspsction i
difficult in space and thus laboratory plasma can be used as a tool to addresslamental
physics issuesn this work we will model the interaction of a perpendicularly launched wave
with a plasma slab where the magnetic field is oriented perpgadic[1] to the direction of
propagation. We will then extend the work to investigate oblique propagation of waves with
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the external magnetic field where the angle between the wave vector and the magnetic field

will be varied to mimic the situation thhappens in a dipole plasma at different polar angles.

The Maxwell 6s equations wil/l be sodf2whE by co
magnetized plasma with suitable boundary conditions. The main aim of the work would be

to investigate powebalance [23] which will tell us about the temporal evolution of the

electron energy [3] and steady state temperature.
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ACCELERATION OF ELECTRONS FROM A THIN FOIL PLASMA BY
TIGHTLY FOCUSED FEW -CYCLE LASER BEAM
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Acceleration of electrons with relativistic energies from a thin foil driven by tighttysed
few-cycle laser beam down tmeopticalperiod and beam spot size down to the size of the
laser wavelength has been studied using timensional electromagnetic partidtecell
(EMPIC-2D) simulations. In such limits, beam dynamics has been simulated with extreme
care using complex analytical signal representation which otherwise manifests artificial
acceleration of electrons due beam singularities. A few advantages of numerical beam
propagation over the analytical expression are first discussed. Increasing {blaspra
scalelength, acceleration of electrons appears in the forward direction while electrons
circulate in the planef polarization for sharp plasma boundary. For weaker intensities laser
field is found to be mostly reflected from the skin layer at the sharp tmogetresulting
lesser energy gain. At increasing relativistic intensities plasma becomes transpdhent to
laser and more electrons are pulled out, and then pushed back through the plasma forming a
circulating electron current. The mechanism of electron heating is under investigation
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DEVELOPMENT AND CHARACTERIZATION OF ATMOSPHERIC
PRESSURE RF PLASMAJET

Mahreen*, G. Veda Prakash, Ashish Ganguli, Debaparasad Sahu, Satyananda Kar
Centre for Energy Studies, Indian institute of Technology Delhi, Hauz Khas, New Delhi
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There has been growing interest in the development of atmospheric pressure cold plasma
devices, specifically Atmospheric Pressure Cold Plasma Jets (APCPJs), for clinical purposes
[1, 2]. As APCPJ produces a blend of Reactive Oxygen and Nitrogen Species (RONS)
therefore i can be used as a tool for the treatment of biological species [1]. Although several
studies have been carried out to characterize the plasma jets, there is still a need to control the
jet parameters for optimizing their performance. In the current stubigh voltage (~2 ky

p), 13.56 MHz, RF APCPJ is developed using a customized, series resonance circuit. A non
intrusive method is also proposed using probe measurement for determination of global
plasma parameters i.e. electron dengity &nd eletron temperaturelt) which are the key
parameters for the controlled production of RONS in atmospheric plasmas. To avoid the
reflections at load side, voltage and current profiles were recorded before the matching
network to ensure matching of plasmadaapedance [3]. This was fulfilled by imposing the

zero phase shift condition between the voltage and current probes. This technique was also
used to compute theompleximpedance of the plasma load and power dissipation under
different operating conditits. Experiments were performed using helium and argon gases at
different RF power (40 W) and gas flow rates<I0 Ipm). Preliminary calculations provide

an estimate oh. and Te to be 18° m™ and 0.1 eV respectively for helium gas at 10 W RF
power and gas flow rate of 6 Ipm. A detailed description of the device and experimental
results will be presented in the conference.
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INDIGENEOUS DEVELOPMNET OF MULTIPORT LOOP TYPE CO -
AXIAL DIRECTIONAL COUPLER

Akhil Jha, Ajesh P, Rohit Anand, Manoj Patel, Pareshkumar Vasava, Rajesh Trivedi and
Aparajita Mukherjee
ITERIndia, Institute for Plasma Research, Bhat, Gandhindga82428, India
E-mail: akhil.jha@iterindia.org

ITER-India, IPR is responsible for delivery of 8 + 1(prototype) RF sources to ITER project
[1]. Each RF source will be built of two RF amplifiehains combined at end stage. Each
source will provide output power of 2.5MW/CW at VSWR 2:1. Total 20MW of RF power
will be delivered to ITER plasma in frequency range of688MHz [2]. The RF amplifier

chain is built up in three stages high power amplii®Al, HPA2 and HPA3. To measure

the forward and reflected RF power at the output of each stage of amplifiaxiato
directional coupler is connected as a part of transmission line components. In these
directional couplers, pick up loops are mountedh@outer conductor. These pick up loops
are coupled with the propagating RF wave in the transmission line through both capacitive
(with E-field) and inductive coupling (with Held). The distance and area of the loop
decides the capacitive coupling whilee orientation of the loop with respect to wave
propagation direction decides the inductive coupling of loop. Thus the magnitude of power
coupling is dependent on the capacitive coupling while the directivity of the signal coupled
with loop is depedenton the inductive couplingJsually one directional contains two ports

one for forward signal while other for reflected power signal. For multiple measurements
requirement there will be need of splitters and which will add loss and uncertainty error in the
measurement. Increasing the number of ports in a directional coupler can provide multiple
measurement signals without adding uncertainty error, but at the same time it may deteriorate
return loss/ insertion loss response & isolation of directional couflER-India, IPR has
indigenously developed, multiport directional coupler which is providing two forward and
two reverse signals i.e. caming four measurement loopkhis paper discusses the detailed
design of loop type directional coupler and waysrtprove directivity of directional coupler.

At the same time indigenously development of multiport directional coupler is presented with
detail simulation and analysis, without disturbing return loss/ insertion loss response &
isolation of directional couer.
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INDIGENOUS DEVELOPMENT OF FINGER CONTACT FOR RF
COMPONENTS IN MHZ FREQUENCY RANGE
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ITER India, IPR has to deliver 9 RF sources including one prototype RF source to ITER
project. The indigenous development of different RF components like cavity, switch,
direction coupler, stub, phase shifter, gas barrier etc. has been undertaken ak part o
development program to become $elependent in high power RF components technology.

In these RF components, a critical stdmponent is finger contact, which is developed
indigenously by ITERnNdia, IPR to overcome monopoly of the foreign supplinger
contact is used in sliding parts of amplifier matching circuit and transmission line
components for maintaining electrical contact during mechanical movement. The selection of
material for contact finger is based on electrical conductivity and spatign properties of
material. Beryllium copper brush 25 material is being used because it achieves the highest
strength and hardness available among all copper alloys after age hardening. It exhibits
excellent bendability. After forming in the fully adpardened condition, the above material
provides a unique combination of very high strength with high conductivity and high fatigue
strength limit. As per different requirement in the different RF components,-Ii@R, IPR

have developed two types of fiegcontact, i.e. one with 0.15 mm and other with 0.2 mm
thickness. The manufacturing methodology, RF current carrying capacity and mechanical
strength analysief the finger contacts will be discussed in this paper.

THE | -PARTICLE AND HEAVY ION Pl CKUP AND ACCELERATION
BY THE KINETIC ALFVEN WAVES

Manpreet Singh®and N. S. Sairfi
!Department of Physics, Baring Union Christian College, Baiaa505, India
“Department of Physics, Guru Nanak Dev University, Amrigk8005, India
E-mail : singhmanpreet185@gmail.com

Satellite observati ons s h oeparticleshaad heavyniond dree f a s
faster than most of the proton population. The high speed of these particles can be explained
with the help kinetic Alfven waves (KAW4L,2]. The KAWs are known for strong wave
particle interaction which are formed when the characteristic wavelength perpendicular to the
background magnetic field becomes comparable to the ion gyroradius. Unlike the Alfven
waves, the KAWs have a finite etac field parallel to the background magnetic field. It is

this parallel electric field that traph & -patticles and heavy ionsSo, in this investigation

we derived the expression for the dispersion relation of the KAWSs. It is found that when the
velocity of the solar wind becomes equal to the local Alfven velocity, the low frequency
KAWs are excit ed. -partiolesand heavy ®ris tire micked oprby thetwave U
and impart them the velocity greater than the solar wind. In the paramedtigsia, we
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studied the effect of magnetic field, proton number density, mass of the heavy ions and
various other parameters on the efficiency of the pickup and acceleration. This study may be
very useful to ex partelesrandthéagpnshn thee Bolasepwranmient. o f U
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OPTIMIZED ELECTRON BEAMS FROM INHOMOGENEQOUS
PLASMA DENSITY PROFILE IN LASER WAKEFIELD
ACCELERATION

K. Madhubabu, D. Phadte, A. Upadhyay and Y.B.S.R. Prasad
High Energy Laser Physics Section,
Laser Technology Division, RRCAT, Ind®ré52013
E-mail: madhubabu@rrcat.gov.in

Electron beam quality in bubblegime of the Laser Wake Field Acceleration (LWFA) can

be optimized even for a given laser and plasma parameter set by varying the plasma density
ramp. This is experimentally possible for changing theppilse parameters. In this study, we

have simulatedl WFA in bubble regime by taking exponentially rising plasma density profile
similar to the experimental gas jet density profile. We have varied the plasmdescrleof

the ramp part and optimized it to observe injected electron bunch quality. RC2D
Simulations performed using the partiatecell (PIC) code EPOCH have been carried out for

a laser pulse (wavelength=800nm, pulse duration=30fs, Intensity=35\/@n? spot
diameter=9 microns) interacting with a plasma having initial exponential falogved by

uniform density. The ramp density exponentially increases from a low value (0.0@1 n
maximum 1x 1&/m?* within 100 micrometre of longitudinal distance and remains constant
after that for a length of 900 micrometre. By varying the densaie¢ength in the ramp, we

could achieve the maximum electron energy 250 NeaVenhancement of ~ 10 %jth less
divergence and better energy spread. Further, an ion channel was introduced to control the
transverse oscillations of electrons leading tifedent properties of accelerated electron
bunch. The simulation results will be discussed in the light of their experimental possibilities.
Numerical experiments of exponential plasma density ramp, and ion channel with such
realistic density ramp have nio¢en reported in literature.
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ESTABLISHING MANUFACTURING FEASIBILITY OF ITER
CRYOSTAT THROUGH MOCK -UPS

Vaibhav JosHi Mitul Patef, Rajnikant Prajapdti Girish Gupta, Jagrut Bhavsar Amit
Palaliyd, Mukesh Jinddl and Jimmy Duft, Viren Patef , Chirag Patél Dipen Shah
Nayan Desdi Pruthviraj Shekhva Sivakumar
YTERIndia, Institute for Plasma Research, Bhat, Gandhina@®@2428 India
?Larsen & Toubro Heavy Engineering, Surat

E-mail: vaibhav.joshi@itetindia.org

Cryostatis a large stainless steel vessel providing vacuum environment to ITER Machine
components. It houses and supports critical components like the vacuum vessel &
superconducting magnets and also envelops the entire basic systems of the ITER Tokamak
machine. It wgghs ~ 3500 t and measures up to ~29 meters in diameter and ~29 meters in
height. For the entire vessel, material of construction is Dual marked SS304/304L and
thickness varies from 25 to 200 mm. It is a single wall cylindrical construction, reinfoyced b
horizontal and vertical ribsThe Design, manufacturing and inspection of the cryostat is
being carried out as per ASME Section VIII Division 2, supplementary requirement of ITER
Vacuum Handbook with a stringent tolerance requirements proposed by ITERZAtigea.

The cryostat is made up of Austenitic stainless steel material which is fully weldable
material, tough due to low thermal conductivity and higkoffciant of thermal expansion

result from welding causes greater distortions in assembly whigattig enhanced when

there is less mass available in component due to number of cutouts. In a view of these
conditions and stringent tolerances proposed as a ITER requirements it was decided to
perform to the scale moalp for Base section and Lower Cydier and Top Lid sector to
simulate the 1) welding Configuration: thickness and Accessibility 2) Welding Processes and
Sequence 3) Dimensional Tolerance requirement 4}D&Estructive examinations.

In current work, the detail plan and process followedBase section, Lower Cylinder and

Top Lid Mockups and its execution is described in detailed along with achieved results and
learnings. As a part of implementation cryostat base section and Lower cylinder
manufacturing is completed at site, whereas upplénder and Top Lid manufacturing is in
advance stage.

PROPERTIES OF PLASMOID INSTABILITY IN DOUBLE TEARING
MODE

Jagannath MahapattaR Ganesh
Yinstitute for Plasma research, HBNI, Bhat, Gadhinagar, Guijarat, India 382428
E-mail: jaga.physics94@gmail.com/jagannath.mahapatra@ipr.res.in

Magnetic reconnection and tearing mode instability, both have been studied extensively in
resistive MHD regime. Similar to single tearing mode, study of double tearing mode(DTM)
has also been repodti@nalytically and numerically in different geometries. Recent work on
DTM shows the reconnection rate is proportional to positive exponent of Lundquist number
[1], unlike SweetParker model where reconnection rate is proportional to inverse(positive)
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power of Lundquist number (resistivity). Recently, study of these DTM at high Lundquist
number in Hall MHD regime [] suggests the reconnection rate is also proportional to
negetive (positive) exponent of Lundquist number (resistivity). Using a recesuglaped

2D compressible MHD solver, we will reproduce the result of these DTM studies in resistive
MHD and extend this by including AHall t erm
work will be presented.
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DUST ACOUSTIC ROUGE WAVES IN A COMETARY PLASMA
ENVIRONMENT
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Nanometer and micrometer sized dust is present in almost all astrophysical and laboratory
plasma environments. They not only alters the plasma spectrum, also give rise to various
modes of electrostatic waves and vibrations. In this paper we study thetipopé Dust
Acoustic Rouge Wave(DARW)s in a cometary environment with positively and negatively
charged dust components, hydrogen ions, solar electrons and cometary electrons. The lighter
components are assumed to follow noMaxwellian Kappa distribiion. The solutions are
found using reductive perturbation method, by deriving the Nonlinear Schrodinger Equation
(NLSE).
References
[1] lon-acoustic rouge waves in muitn plasmas, M. Hassat al Commun. Theor. Phys.
711017 (2019)
[2] Solitary waves in a plasma with oppositely charged dust(heavietippaiy and kappa
modeled lighter ions and electrons, Sijo Sebasgial Phys. Scr90035601(2015)
[3] Electrostatic solitary structures in néimermal plasmas, R.A. Caires al, Geophys. Res.
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ANALYTICAL & SIMULATION COMPARISON OF WAKEFIELD
GENERATION IN PLASMA

Dinkar Mishrd andBhupesh Kumar
! Department of Physics, University of Lucknow
2 Department of Physics, University of Lucknow
E-mail: dinkarmishra.edu@gmail.com

When an intense laser beam propagates through the plasma, strong wakefigéoe eated

in both longitudinal and transverse direction which can be used for acceleration of charged
particles [1,2,3]. The strength of generated wakefields depends on the power and repetition
rate of the laser and its pulse profile [3,4]. The presenysteals with the comparison and
verification of both analytical and simulation results of lgdasma interaction. The
anal yti cal formul ati on of t he study i s b a:
continuity, and Poisson equations. Variational al as perturbation techniques are used for
studying the wakefield generation in plasma [3,6]. Through mathematical formulation, we
have found that the strength of the wakefield generated depends upon the pulse profile and
power of the laser. Analytical salts obtained were compared with the particle in cell
simulation results.
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SOLITARY WAVES IN A COMETARY PLASMA WITH DUST, IONS
AND ELECTRONS

Shruthy PrabhakarVineeth $and Noble P. Abraham
!St. Berchmans College Changanasseri, Ker#86101
’Mar Thoma College, Tiruvalla, Kerala689103
E-mail : shruthypl@gmail.com

Plasmas are macroscopically neutral states of matter, containing free electrons and ionized
atoms. Presence of any micrsized species, called dust, could make the behaviour of
plasmas significantly different. The altered equilibrium density by the dudt dead to
various interesting phenomena in them. Such dusty plasmas are common in many
astrophysical and laboratory environmentsi[1In order to understand the morphology of
coma, solitary waves in plasma have to be analysed [5]. Due to the preSéige energy
particles in cometary tail and also due to tremendous decrease in number of collisions in such
low temperature environments, cometary plasma deviate from the customary Maxwellian
distribution. A noAMaxwellian distribution, called Kappa digiution, was described by
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Vasyliunas, to cope with such situations[6]. It fitted well with many astrophysical
environments. In addition to solar wind protons, solar wind electrorandiT, the coma of
Halley contains b, He", He?*, C', OH", H,O", CO', H;0" and S [7]. In the present work,

we study the existence of solitary waves in a many component plasma: negatively and
positively charged dust, "Hions , solar electrons and cometary electrons. The effect of
spectral indices, charge density and chamgmber of dust, on the amplitude of solitary
waves is investigated. The influence of heavier dust addition is also examined. In addition,
the range of values of ;Nion number density) and;T(ion temperature) for which
compressive and rarefactive solitangsts is also studied.
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INVESTIGATIONS ON HYDROGEN PLASMA IN LARGE VOLUME
PLASMA SYSTEM

S. Sharma, D. Sahu, S. Kar,[R.Tarey, A. Ganguli and R. Narayanan
Indian Institute of Technology Delhi, Hauz Khas, New DdlhD016
E-mail: ShwetaSharmal102@gmail.com

Hydrogen plasmas offer a wide variety of applications due to the presence of multiple species
viz.; H, Hy, H", Hy', Hs", H etc. Some notable applications are ion beam K production

for fusion plasma heating and plasma processing] [@f semiconductors. Both of these
applications require the production of uniform and dense plasma over a large area which, in
cas of plasma processing, enables Si wafers ef8 hches to be treated uniformly resulting

in reduced manufacturing time. On the other hand, a thermonuclear fusion reactor like ITER
[4] requires a large area high energybldam to generate neutral beam dtagnostics and
heating of fusion plasma. IIT Delhi has a large volume plasma system that has been able to
produce very high density & 10" cm®), large volume (1 m di& © 1 m high) uniform Ar
plasmas at moderate powers of a few hundred Watts using compact ECR (Electron Cyclotron
Resonance) [5, 6]. The existing system and the aforementioned applications @lréarge
hydrogen plasmas provided the motivation to study ite@eh in the existing experimental

large volume plasma chamber at differ@ressures and input powertitial experiments

have been conducted in the large volume system using Hydrogen gas at low power (400W)
and low pressure (2.0mTorr) using only a #nGEPS attached to the top dome. Radial
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measurements were taken using two cylindrical Langmuir probes placed at two axial planes
atz=37.5 cm & 60.0 cm from the CEPS source mouth. A monotonically decreasing plasma
profile is obtained with densityn) of ~ 4.5x13° cm™ at the center of the chamber and ~
1.5x10° cm® atr = 30 cm, along with average electron temperatligeground 1 eV. This
low-temperature plasma is favorable for volumetric production abis which are further

useful in neutral beanmjection for fusion plasma heating. Also, the low energy plasma is
advantageous in damaffee plasma processing of Si wafers. Further experiments with high
power (> 1 kW) are planned in the future. Complete chamber assembly and the results of the
conduc¢ed experiments will be presented in detalil.

References:

[1] Fantz, U., Franzemt al Review of Scientific Instruments, 79(2), 02A511, 2008

[2], Muramatsu, M., and A. KitagawaReview of Scientific Instruments 83(2), 02B909,
2012.

[3] Wang, Fet al, ACS applied materials & interfaces, 6(17), p.015098, 2014.

[4] Ikeda, K,,Nuclear Fusion,50(1), p014002, 2009

[5] Ganguli, A.,et alPlasma Sources Sci. Technol. 25(2), p.025026, 2016.

[6] Tarey, R. Det al, Plasma Sources Sci Technol. 26(1), p.015009,2016.

WELDING IMPROVEMENTS FOR CRYOSTAT FABRICATION:
EXPERIENCE AND LEARNINGS SO FAR

Mitul Patel, Vaibhav JosHj Rajnikant Prajapati Girish Guptd, JimmyDutt*
Y TERIndia, Institute for Plasma Research, Ahmedabad
’Larsen & Toubro Heavy Engineering, Surat
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Cryostatis a large Austenitic stainless steel vessel providing vacuum environment to ITER
Machine components andupports critical components like the vacuum vessel &
superconducting magnets and also envelops interfacings systems of the ITER Tokamak
machine[1]. It weighs ~ 3500 t and measures up to ~30 meters in diameter and ~30 meters
in height It is made up of a dual mark 304/304L single wallindrical construction,
reinforced by toroidal and vertical ribsln addition to the Crysotat Design code ASME
Sectio VIII Div. 2[2], ITER vacuum handbook also applies for the Design, fabrication and
inspection of the cryostat segmenidue to large number of interfacing components, the
Cryostat consists of number of cutouts and large number of penetration resutitngber

of subassemblies. It is also madiassive amount of welding deposition is required to join
these subassemblies to fabricate the segRedmication of Cryostat involves stringent
tolerance requirements, similar and dissimilar weld joints includighen thickness weld

joints in every position, welding accessibility to the welding machine and welding operator,
ITER Vacuum requirements [3]. To achieve these requirements, several improvements were
done from the currently followed practices. One of thgortant key factors for the
manufacturing of welded components is to design weld edge preparation which facilitates the
welder/welding operator to produce sound welds. Current work details out the improvement
done for the various weld joints from 5mmadkmess weld joint (Lip seal weld joints) to
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290mm Top Lid Flange. All improvements are validated through various welding Mockups
followed by volumetric examinations. This poster also discusses the successful
Implementation of the improvements and learnimgshe actual manufacturing at Factory
and Site.
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MAGNETIC FIELD AND 3D ION TRAJECTORY CALCULATION FOR
SST NBI BENDING MAGNET
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Neutral Beam injection (NBI) is a very well established and efficient techniqueefimg

and current drive of magnetically confined tokamak plasma. The objective of Steady state
Superconducting Tokamak (SST) NBI system is to raise plasma ion temperature to 1 keV by
injecting Neutral hydrogen beams of energy-386 keV. Production of B is a complex
process. First hydrogen plasma is produced in vacuum chamber called plasma box. The
plasma consists of three species of positive hydrogen ions e.g. H1+ (full energy component),
H2+ (half energy component) and H3+ (ehed energy componentyhich are separated

from the plasma box and accelerated to the desired energy by set of electrodes consists of
shaped apertures maintained at differential voltages called ion extractor grids. These
accelerated positive hydrogen ions get neutralized pftssing through a hydrogen gas cell
called neutralizer by a process called charge exchange. The neutralization efficiency is not
100% as it depends on beam energy, e.g., in our case it is 70% for positive hydrogen ion
beam of energy of 55 keV. The meutalized ions are separated and deflected by Bending
Magnet placed just after neutralizer. These deflectedeurralized ions get dumped on a
system called ion dump. The ions which are neutralized forms an accelerated neutral beam
which enters into tokamaglasma and deposit their kinetic energy among the background
tokamak plasma ions and electrons as a result plasma heating takes place. The bending
magnet plays a vital role for production in neutral beam. For our SST NBI a bending magnet
is designed with mximum magnetic field of 1.7 kG, fabricated and installed inside NBI
vacuum vessel. During beam operation we must know the trajectory of the above mentioned
three hydrogen ion species so that all these ions get deposited into proper locations on ion
dump wthout damaging other beam line components. This paper shall present both 3D ion
trajectory plot and magnetic field calculation done using 3D OPERA computer program. This
work would help us to preet bending magnet parameters, e.g., current density eddqoir
generate required magnetic field for given beam energy and 3D ion trajectory originated from
the gap between the pole pieces and identification of safe incidence location above bending
magnet.
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EXPLORING THRUSTER POTENTIAL OF COMPACT ECR PLASMA
SOURCE
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E-mail: esz148087@ces.litd.ac.emshu.vrmll@gmail.com

The performance of a plasma thruster is assessed for efficient propulsion by analysing the
unique characteristics of plasma produced by a Compact ECR Plasma Source (CEPS). For
this purpose CEPS [1] was attached coaxially to two different sizes of expahsioer,

namely Small Volume Plasma System (SVPS, ID = 15 cm, Length = 37 cm) and Medium
Volume Plasma System (MVPS, ID = 48.2 cm, Length = 75 cm). Argon plasma produced by
CEPS at 2.45 GHz, cw, microwave frequencies was characterized using a cylindrical
Langmuir Probe (LP) along the axis over a wide range of pressure. In the first study where

the CEPS was attached to the SVPS, only the downstream plasma in the SVPS could be
evaluated for its thruster properties simae measurements could be performechinitthe

harsh plasma environment of the CE®R®l so that plasma properties within the CEPS were
unknown at the time. Within the SVPS, typical bulk and warm electron density, 't @n®

andn, & 12@m> respectively were measured at 0.5 mTorr and 500 W of microwave power.

A unique feature was th@B = const scaling observed along the axis over a wide range of

argon pressureBulk and warm electron temperaturdsd 2 . 5 Tg & -BMeW) were

uniform along the axis with the plasma potential dropping gently fvgrd 27 V t o 18
along the axis. Steady state equation of motion for ion was solved to calculate the ion flow
velocity to evaluate the thrust produced by the syskstimates yield peak thsts ofD2.5

mN (at 0.5 mTorr) and 7.5 mN (at 0.05 mTorr), for moderately low microwave powers of
D500 W [2]. The MVPS experiments were conducted to accommodatepréssure

operation for reducing friction. Apart from other differences with the SVPS, armajo
difference is that the MVPS plasmdaes not obethe n/B = const scaling seen in the SVPS.

A completely newLP was designed and fabricated to withstand the plasma within CEPS, for
assessing if the CEPS can provide significant thoasits own Inside the CEPSa t a 0.5
mTorr and 600W, hi gicnp)laadshigrabulkd electon tenperatures & 1 0
(15-20 eV) were observed. Apart from this, the most unique feature of the CEPS plasma is

the presence ofery high plasma potentials that ageopped sharply within a short distance

by ab oy insidéthesCEPSVitsel8]. The latter drop can accelerate ions efficiently and

the computed thrustue to the CEPS aloneas f ound to be & 38 mN.
very high in comparison to isting thrusters like the helicon thrustegsd& f ew mN) . T
suggests that it might be possible to develop the CEPS into an efficient standalone thruster.
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QUALITATIVE ANALYSIS OF MATERIALS USING LASER
INDUCED BREAKDOWN SPECTROSCOPY
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Laser Induced Breakdown Spectroscopy (LIBS) utilizes the atomic emission of radiations
from the laser produced plasma of materials. The plasmarnsefbby laser ablation, the
ionization and evaporation of atoms and molecules on the surface bgdwgi laser pulses

of nanosecond time scale. The LIBS technique has become a very popular analytical method
in view of some of its unique features such jagliaability to any type of sample, practically

no sample preparation, remote sensing capability and speed of analysis [1]. Laser Induced
Breakdown Spectroscopy was one among the two pay loads of the Pragyan rover of the
prestigious Chandraya? mission.This technique is highly sensitive for qualitative analysis

of concentrations of few parts per million. The technique has great applications in space
exploration, deep ocean analysis, pollution monitoring, detection of adulterants and polar ice
research.n the present work, the LIBS analysis of an Indian five rupee coin was done using
Q-switched Nd: YAG laser pulses of wavelength 1064 nm. The presence of the cupronickel
(Cu-Ni) alloy was qualitatively identified by analyzing the characteristic emissiartrape
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PRODUCTION OF ARC PLASMA AND ITS CHARACTERIZATION
FOR DIFFERENT MATERIALS OF THE ELECTRODES
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Plasma is produced by arc discharge between two electrodes made of brass, copper, and iron
and is characterized by using movable single and double Langmuir probe. A movable
Langmuir single probe system has a reference point girecbiased with reference to one of

the electrodes of the arc plasma producing system. In double probe method, each probe is
biased with respect to one another. The two probes in a vertical plane are biased with a
potential and allowed to move throudtetarc plasma. The plasma density obtained is in the
order of 10’ m™ suggesting that the arc is appropriate for the study and treatment of surfaces
as well as for treatment of water. Variation in parameters of the arc plasma and its
characterization fodifferent materials of the electrodes are studied.
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MODELING ELECTRONEGATIVE PLASMASWITH Q NON-
EXTENSIVE DISTRIBUTION OF ELECTRONS

Rajat Dhawan* and HitendraK. Malik
Plasma $ience and Tednology LaboratoryDepartment of Physics,Indian Insttute of
Tedhnology Delhi, New Delhi T 110016,India
*E-mail: rajatdhawan147@gmail.com

In manyplasmasouces, the distribution of electron density is foundto be deviated from
their well- known Botzmann digribution. Therefore, non-extensive stagtics [1,2] is
adopted toanalyze such sydems. The invesigation of change inthe behaviour of plasma
parameters dueto the presence of negative ionsin such systemsbemmesessentiakince it
will reved advanced applications of electronegative plasnas in manyfields like suface-

plasma iteradion, plasme-based suface treaments [3], and moe. In  the pesent
study, we lave invesigated the sheah formation mechanism for electronegative
plasnas where behaviour of posiive ions,negative ions, and electrons are described by
their fluid approach, Boltzmann distribution, and g-non-extensive distribution,

respedively. The mpad of both postive and negativ e iteperetude on the
sheah formation mechanism is analyzed in detail since the temperature of the ions
plays a crucial role in many plasna-based matria processng experiments; changein

temperature results in abrupt modficaions in suiface progrties. Also, the impad of

density ratio of negative ions to electronsi.e. electronegativity on the sheah formed is
entertained herewith.
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EFFECT OF COLLISION ON ELECTRONEGATIVE MAGNETIZED
PLASMA SHEATH
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The effect of collision on electronegative magnetized plasma sheath has been investigated by
using thredluid model. The electronegative plasma consists of singly charged positive
hydrogen ionsH"), negative oxygen ion€X) and electrons. The electron arebative ions

are considered to obey Boltzmann distribution and the normalized fluid equations are solved
numerically for given boundary conditions to analyze potential profile, ion density profile,
ion velocity profile, kinetic energy profile, electron dég profile and negative ion density
profile. It is found that the collision frequency has significant effect on the sheath properties.
The electrostatic potential monotonically increases towards the wall and its magnitude at the
wall increases from 38 7 for the increasing of collision frequency from 0.00 to 0.03. The

ion velocity decreases at the sheath edge and increases towards the wall and its magnitude at
the wall increases from 8 to 9 for the increase in collisional frequency from 0.00 to BeD3. T
obtained results are compared with previous works and found to be in qualitative agreement.
The study of electronegative magnetized plasma sheath has useful applications in surface
modification of materials, sterilization of equipments, etching, spodtethin film deposition

and many more.

MAGNETOGRAVITATIONAL STABILITY OF HALL PLASMA WITH
FLR CORRECTIONS ANDTHERMAL CONDUCTIVITY FLOWING
THROUGH POROUS MEDIUM

Sachin Koathekdrand R. K. Chhajlafi
!Department of Physics, Mahakal InstituteT@chnology and Management, Ujjai56664,
(M.P.), India
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The problem of flow through porous medium of a hydragnetic system in contewith
astrophysical system is carried out. The porosity, viscosity, electrical and thermal
conductivity and finite Larmor radius (FLR) corrections along with MHD equations are
considered for the problem. The condition of instability of -gedivitational plasma is
investigated in the presence of Hall current. The medium is to be assumed to be acted by a
uniform magnetic field. The genera dispersion relation is obtained from linearized
perturbation equations of the problem using normal mode analysis mdthedgeneral
dispersion relation is discussed for transverse wave propagation to the magnetic fredd.
transverse mode of propagation the effect of porosity on Jeans criterion is observed in the
presence of magnetic field and FLR, however it reduces the stabilizing effect of both the
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parameters. The effect of Hall current is not appeared in Jeamsocriof the system. The
condition of stability of the system is also

EFFECT OF MAGNETIC FIELD ON ELECTRONEGATIVE PLASMA -
WALL TRANSITION

Prakash Karkj Basanta Raj DangpiMadhunsudan Dhunagaha
Suresh Basnétand Raju Khandl
Tri-Chandra Multiple Campus, Ghantaghar, Kathmandu, Nepal
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The present work is concerned with the electronegative magnetized plasma sheath properties
via fluid approach, which consists of helium ions (He+), negative oxyg@gra(@ electrons.

It is assumed that electrons and negative ions are in thermal equilibrium and obey Boltzmann
distribution whereas ions follow the momentum transport equation. The compiled set of fluid
equations has been solved for the given boundary twonsli It is found that the magnitude of
electrostatic potential monotonically increases towards the wall, which is consistent with
Debye shielding. The particle densities decrease towards the wall whereas decreasing rate of
negative ions much faster thtrat of ions and electrons. The magnitude of velocity of ions at

the wall gets increased from 5 km/s to 38 km/s when the magnetic field increases from 50 to
150 mT. In order to shield the effect of wall potential the space charge density increases
towardsthe wall and its peak nature shift towards the sheath entrance indicate.

WAKEFIELD GENERATION IN MAGNETIZED PLASMA

Saumya Singh anBhupesh Kumar
Department of Physic&Jniversity of Lucknow, Uttar Pradesh, Ine226007
E-mail: saumyasingh.phy@gmail.com

In this study we report the effect of magnetic fields on the axial and longitudinal wakefields
generated due to the laser plasma interaction in the mildly relativistic regime of the laser
intensity. Laseiplasma interaction is affected by the presencextdérnal magnetic fields {1

3]. Numerical study of the wakefields has been performed considering the propagation of a
linearly polarized laser pulse through plasma which is uniformly magnetized. The external
magnetic fields have been applied along the@agation directionas well as perpendicular to

the polarization of the laser pulse. An enhancement in the axial wakefields generated can be
used for accelerating the charged particles to high energy range in the plasma based
accelerators. Perturbative tedure is used to calculate the electric and magnetic fields
generated within and behind the laser pulse. Further, using VSim partead simulation

codes, the analytical study have been validated.
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The present work is concerned with magnetized plasaibinteraction process in which the
plasma consists of two species of singly charged positive ions (helium and argon) and
electrons. It is assumed that the electrons obey the Boltzmann distributibrthBaons have
same degree of ionization but different masses. The normalized set of fluid are solved for
given boundary conditions. It is found that the variation of magnitudes of magnetic field and
its obliqueness have significant effect on plasma tehgmoperties. The normalized
electrostatic potential is minimum at the sheath entrance and then monotonically increases
towards the wall. As the magnetic field increases from 0.082 T to 0.411 T, the magnitude of
wall potential gets increased from 34 to T®e magnetic field and its obliqueness have no
significant effect on density profile of heavier ion species; however the lighter ions are
significantly affected. The velocity fluctuations of lighter ions is more than that of heavier
ions and the velocis at the wall increase from 6 to 8 and 2.8 to 3.6 when the obliqueness of
magnetic field increase from 1@ 30, respectively.

MULTI -WAVELENGTH SIGNATURES OF BUILD UP, ACTIVATION
AND ERUPTION OF A MAGNETIC FLUX ROPE FROM THE SOLAR
ATMOSPHERE

Prabir Kunar Mitra and Bhuwan Joshi
Udaipur Solar Observatory, Physical Research Laboratory,
Badi Road, UdaipuB13001, Rajasthan, India
prabir@prl.res.in

Magnetic flux ropes (MFRs) are sets of magnetic field lines that are twisted around a
common central axis usually more than once [1]. MFRs can store huge amount- of non
potential magnetic energy in them and therefore play important role in the solar resuptio
The generation mechanism of MFRs is, however, less understood. Several statistical studies
(i.e., [2]) have established that large solar flares are generally accompanied bgcsieall
pre-flare activities. Depending on the location of the-fiaee adivities compared to the
location of the main flare, they are classified in three groupspatal, adjacent and remote
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[3]. Although the occurrence of patial and adjacent pflare brightenings, are frequent

and their role toward the main flare ighunderstood, cases of remote-fisze brightenings

are very rare. We present a unique event where a flux rope was built up and activated in
response of magnetic flux cancellation along the polarity inversion line (PIL) and its
triggering was caused bg remote region of pttare brightening. The active region
associated with the eruptive flare consisted with a leading negative polarity sunspots and a
bipolar trailing sunspot, associated with striking moving and rotational motionsliiéan

force freefield (NLFFF) extrapolation results indicate presence of a flux rope along the PIL
in the trailing sunspot which was observed in the form of a hot channel associated with a
filament. An elongated phase of flux enhancement and a subsequent period of flux
cancellation from the flaring region prior to the onset of the flare, led to build up and
activation of the flux rope. The remote glare brightening region was associated with a set

of randomly oriented field lines. Our analysis suggests occurrenc®@iofstocalized regions

of photospheric current of opposite polarities at the remote region where the initial
reconnection took place. Triggering of the eruption was caused by a slipping type
reconnection between the remote region and one leg of theoftex The eruption of the flux

rope led to formation of a fast, halo coronal mass ejection which caused one of the largest
geomagnetic storms in the last decade. Further, magnetic energy from the active region
increased by a subtle amount during -flaee enhancement and decreased during the
impulsive phase which is expected.
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UNDERSTANDING THE ROLE O F THICKNESS OF PLASMA IN THE
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Plasma with its property of quaseutrality can selectively change the mode of propagation

of electromagnetic (EM) waves in it. The present work discusses the propagation of EM
waves of 812 GHz in a cold wmagnetized collisional plasma using CST, Micawe studio

which is commercially available software. The microwave power is radiated through a horn
antenna which is designed for a constant gain throughout the operating frequency range. For
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the presented-B si mul ati on 6t he pl alasmadnd is seated@asn si de
Drude Dispersion material whose properties are governed by two plasma parameters namely
Pl asma frpeqgaedcygol ki s i dmedHicknéss @& the @asncayplays gn
important role in propagation of EM waves throughTite work studies the relation between

the wavelength of the incident microwaves and its propagation in the plasma. The present
works describes the optimum thickness of plasma for maximum attenuation of the incident
microwaves. The studies are carried aithe far field of the antenna.

Keywords: Electromagnetic wave Propagation, Drude model, Computer simulation
technology, plasma parameters.
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Spectroscopy is a nanvasive important tool in probing plasma behaviour as it gives
information about nature and quantity of impurity. Tokomak plasma has the combination of
low, such as oxygen and carbon and medium Z, like chromium and iron, impurities
depending on the plasma wall material. Impurity plays a crucial role in the plasma current
evolution and temperature as it decides the plasma resistivity. It also gives us information
about energy loss by radiation. The spectroscopic studies of radiatesiaenirom hydrogen

and impurities present in the tokomak plasma gives information on various plasma
parameters, such as ion temperature, Zeff and their variation with operating conditions.

In SST-1 tokomak, a low resolution survey spectrometer is useectird typical spectrum in

the plasma current flat top region representing various species for qualitative and quantitative
analysis of composition of Plasma. 7 channel fiberscope system, where light is transported
using optical fibores of 1 mm core diareetand NA 0.22, wavelength selected by an
Interference filter with 1 nm band width, and detected by photomultiplier tube is regularly
used to monitor the emissions from fuel gas (Hydrogen) and low Z (C, O, He) species from
the plasma. Visible Continuumgsial from Line free region at 523.4 nm with= 1nm, is

also monitored with good temporal resolution to Infe @ PlasmaWe will present the
results from various SST Plasma discharges describing the variation in impurities gnd Z
value with plasma parameters and discuss the correlation between impurities and plasma
properties with different operating conditions. Electron density and Temperature estimation
using He line intensity ratio during LHCD breakdown experiment will alstisimissed.
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ROLE OF FINITE EXTENT OF LASER PULSE IN OVERDENSE
PLASMA
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In laser plasma system, interaction of high power laser with solid target results in ionising the
target and formation of REB(Relativistic Electron Beam). Many studies have reported that
plasmagenerates return current in response to incoming forward current consisting of REB in
such way thathey compensate each other [1] . Among these, analyticaksthdive been
initializing system inequilibrium and most simulation studies are done with infinite laser
pulse interaction with overdensglasma. But in experimental scenarios, system is in
inequilibrium state as intense laser will interadth solid dens plasma in very violent and
nortlinear fashion. Transverse finite extent of pulse aigens up a possibility of magnetic
field generation at the long scales in the bulk plasma[2]. Irptiesentation we will show the

role of return current in inhibitin@EB and in generating long scateagnetic field. Role of
plasma impedance will also be discussed.
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DEVELOPMENT OF STEERABLE ECRH LAUNCHER FOR ADITYA -
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Electron Cyclotron Resonance Heating (ECRH) can be used for various experiments on the
tokamak. It is primarily used for pi#ienization, heating, current drive and Nelassical
tearing Mode (NTM) suppression [1, 2]. The high power microwave beam genésated
Gyrotron can be used for NTM suppression by steering it in the poloidal direction by ECRH
launcher [3]. This steering is done in real time. The new ECRH launcher is under
development for AditydJ and SST1 tokamak. This launcher is capable of steetimg

ECRH beam up to £10° in poloidal direction in 100 ms. The poloidal movement of the
launcher will be controlled by a closed loop system. The toroidal steering of the beam for
maximum +20° is also possible on shoshot basis. This poster explains ttiesign of
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mechanisms for the mirror movement and thermal and structural considerations in design of
the launcher. The high power microwave (~500 kW) beam incidents on the mirrors and it has
MW level of transient heat fluxes, which is absorbed by thermasnad the mirror [4].
Thermal simulations have been done to predict the temperature rise in the mirror for single
pulse as well as multi pulse operation. Performance of two different mirror materials SS304
and Oxygen Free High Conductivity Copper (OFHCYehbeen studied and compared. The
bulk mean temperature rise and cool down time have been evaluated for both the materials
using finite element simulations.
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IMPACT OF NITROGEN GAS ON EDGE AND SOL PLASMA
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Edge and Scrapeff Layer (SOL) plasma are highly turbulent in the presence of interchange
instability. This instability can be modified in the presence of impurity gases like Neon,
Argon, Nitrogen, etc. The main purpose of these gas feeds is to redudedusaon the

limiter plates and also to provide radiative improved confinement, and disruption mitigation
in tokamak. Earlier, impact of Neon gas has been studied [1]. Here we have analyzed the
effect of Nitrogen gas as an impurity in the Edge and SQions. We have derived a set of
model equations for the description of the interchange plasma turbulence in the presence of
the Nitrogen gas. The gas is ionized by the electron impact ionization and the ionized gas
subsequently radiates energy during regacooling processes with the plasma electrons.
The model equations have been solved using a numerical code where all input parameters are
related to Aditya tokamak. Dynamics of Nitrogen molecular and atomic ions have been
simulated and it is found thatomic ions penetrate much deeper into the plasma due to the
presence of inward propagating pulse generated by interchange turbulence. Molecular ions
mainly form in the last closed flux surface region and dissociate before propagating further
inside in theEdge. The radial profile of electron density, electron temperature, molecular and
atomic ions has been presented from the numerical data. The reduction of radial outward
particle flux in the presence of Nitrogen gas has been observed mainly due todhsaraf
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radial electric field shear. It is found that the Nitrogen gas shifts poloidal wave numbers
towards lower values that indicate the reduction of the interchange plasma turbulence at
longer wavelengths.

References:
[1] Dynamics of Neon lons & Neon Gas Seeding into Tokamak Plasma, N. Bisai et al
2019 Nucl. Fusion in presdtps://doi.org/10.1088/1744326/ab3d31

ANALYSIS OF SPECTRAL EMISSIONS IN VUV (110 - 300 NM) FROM
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Impurities in the tokamak plasma mostly provide emissions in thayXto vacuum
ultraviolet (VUV) regions of electromagnetic spectrum as the core electron temperature is ~
keV in the present day's tokamak. Th&iJV spectroscopy has been used extensively
study the impurity in the plasma core to understand there transport into the core from the
plasma edge, which interacts with plasma facing components, sources of impurities. The
spectral lines in the VUV wavelength range of 110 to 300 nm is reacformiation as it has
many radiative transitions from Be, Li, and -klkee ions of impurities. As for example,
spectral lines at 229.6, 154.8 and 227.1 nm are from B9, (G (C**), and He (&) -like

carbon ions. In SST tokamak spectral lines in this weength have been regularly
monitored using a normal incidence spectromdtike. VUV spectroscopic system consists of

a 1 mCzerny- Turner typespectrometer and an-bay sensitive CCD camera having
1340x400 pixels. Thepectrometer is equipped with the Mgoated grating having 1200
lines/mm blazed at 150 nm enabling the reciprocal linear dispersion of 8.3ATimen.
wavelength coverage is 22 around a preselected VUV wavelengthiThe diagnostic is
integrated with SSTL tokamak in vacuum and is evacuated using turbo molecular pump
based vacuum pumping system. The VUV spectrum is recorded-stlpated wavelength

with a temporal resolution of 10 ms depending upon exposure tinighee CCD. In this
study, spectral lines have been analyzed through their identification and VUV survey
spectrum is presented for the typical SEplasma. The temporal evolution and statistical
behaviour of the various spectral lines are also investigaitbdrespect to various machine

and plasma parameters.
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PLASMA NITRIDING AND CARBURIZING OF TUNGSTEN AND ITS
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In a fusion reactor helium is the result of thermonuclear reaction. As the diverter material is
mainly made of tungsten material, it has been observed that during the thermonuclear
reaction,interaction between plasma containing helium and pure tungsten takes place. This

| eads to formation of nanostructures <called
lead to increased sputtering of tungsten as well as contamination of the platmngdign
particles consequently. In this regard reducing the formation of tungsten fuzz formation has
to be addressed. In order to solve this problem it is required to carry out some modification of
tungsten material. This can be done by incorporatingogen as repoetl by many
researchers [2]. Tungsten carbide material is usually very hard in nature and therefore it is
widely used for manufacturing of cutting tool tips for higlquantity and high precision
machining. Tungsten carbide is also beursgd in nuclear reactor as a neutron reflector [3].
Since, Tungsten carbide tips are expensive; a coating of tungsten carbide on high speed steels
can be used as eheap alternativin this study, efforts have been done for producing
tungsten nitride antlingsten carbide using plasma nitriding and carburizing processes. They
were treated at 95U for 5 and 10 hours. Plasma nitrided and carburized tungsten samples
were then characterized for surface hardness, layer thickness, surface roughness and the
phase formed during the processds.was found that there was an increase in surface
hardness after these treatments. However, it was found that the thicknesses of the modified
layers were different in these processes mainly due to the different aiffogefficients of

nitrogen and carbon in tungsten material.
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Edge biasing in tokamak edge region is an important topic as it can control particle recycling,
exhausts, confinement time, and reduction of heat loads on the limiter plates. Here, in this
work, we have investigated sonoé the above effects theoretically and also numerically.
Electron conservation, quasineutrality, and electron energy equations have been solved,
where biasing in the edge region is provided by material plates. Interchange plasma
turbulence has been used foe description of the equations [1,2]. Positive, negative, and AC
biasing have been investigated. In each case, the poloidal length of the biasing probe has been
changed and the impact of this biasing length has been analyzed. It is found that oéldial pr
becomes more peaked for lower poloidal biasing length, but when the length increases more
than 35 ion gyroradius then the radial profiles do not vary with the length. The radial electric
field and its shear are also modified by the length. Norm#dly,shorter length gives more
shear rate at the probe position but in the edge region the situation becomes different, details
will be reported. Turbulent decorrelation rate and radial electric field shear are found almost
the same order of magnitude fafferent type of biasing. AC biasing becomes less effective
than negative biasing.
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The Building management systemfor new labaratory building of IPR is consistof nine
number of Direct Digital Control panels (DDC). DDC panels are incorporating
programmable logic controllers (PLC), 1/0O expansion modles, Conmmunication
moddes and end f®rmina conredions. Field process instruments such as pressure
transmitters, tempeaature ransmitters and level switches are conrededto analog inputand
digital input modues of PLCs. Final control elements suchas heders, variable frequency
drives (VFD) of mators and three way diverting valves are conreded to analog output
and digital output moddes of PLCs. Main control stationis located in new auxiliary
building a IPR. The Control station is installed with Supervisory control and data
acquidtion systtm (SCADA) of Vijeo Cited. The communication is established
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between the centra SCADA system and nine DDC panels using ModbusTCPF/IP
commuricaion. The graphical userinterfaces (GUI) are developed inSCADA systemfor
real time mortoring and controlling the HYAC parameters. The higorical and red time
trendsare developedfor analysis purpose. The alarm logs for critical system parameters
and event logs generations are programmed in SCADA. The ingdadlation and
commissioning tasks ofthesenine DDC panels and Main contol station are presented in
this pagr.

PLASMA CHARACTERISATION IN A SPHERICALLY
CONVERGENT ION SOURCE
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Different types of compact plasma soes are designed for utilizing its effects in specific
fields such as fusion, material studies, propulsion studies, and other potential applications.
Sources that can produce fusion by a discharge plasma requires a high density of ions. The
Spherically Cavergent lon Source (SCIS) is one of such plasma source that can confine ions
isotropically by the principle of Inertial Electrostatic Confinement Fusion (IECF) [1]. This
principle was first proposed by P. Farnsworth [2] and experimentally verified neafl0 6 s by
Hirsch in a device called Fusor [3]. The main concept of this device is to accelerate lighter
ions such as H D", T in a negative potential welherein the inertia of recirculating ions
electrostatically confines the plasma [4]. Although, tevice was designed for energy
production but, due to the low Q value (low fusion output), the consequent fusion output
products (neutrons, protons etc.) were used for different near term applications in the field of
defence, security, medicine, oil field&. In this paper, we present a parametric study on the
plasma produced inside the SCIS device. The plasma discharges namely, the hot cathode and
the cold cathode plasma were produced by introducing deuterium gas in the SCIS chamber.
Electrostatiqprobes such as single Langmuir probe and double Langmuir probe were used for
analyzing the currentoltage (}V) characteristic graphs of both the type of plasma. The
plasma parameters such as plasma potentjg) @lectron temperature T plasma densgyt

(m) and De by) eerd neeasgréedhto speaify the behaviour of the plasma ions that
assimilate to produce fusion inside the device. The study also includes the measurement of
potential profile and ion density profile inside the chamber during iga Moltage (HV)
discharge. The detaiare discussed in the paper.
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Stainless steel (SS) has beedely used for various components in nuclear power industries
due to its outstanding mechanical and physical properties. It is therefore important to study its
behaviour under extreme conditions (high heat load, exposure to intense and energetic
radiatiors etc) produced in current as well as future fusion reactors e.g. International
Thermonuclear Experimental Reactor (ITER) and Demonstration power station (DEMO).
Fusion like conditions is produced in plasma focus device for a few tens of ns time [1]. Being
a copious source of radiations including ions, electronsayX, and neutrons as well as
simple in operation makes plasma focus device suitable for study of materials behaviour
under conditions similar to that ofquuced in fusion reactors [2]Four different samples

(each 2 mm thick x 10 mm dia.) of SS, polished and exposed to single and multiple plasma
focus discharges (5 and 10) using a medium energy plasma focus device, 1RIBREPF

12 device was operated using 4 mbar of deuterium gas fillirggre at operation energy of

11.5 kJ (40 pF, 24 kV). In each PF discharge, the sample was exposed to deuterium ion and
neutron fluence of ~20ions/cnf and ~16 neutrons/cry respectively. The exposed samples
have been characterized for analysis of trmirface modifications specifically surface
morphologies and change in crystalline structure of sample using various characterization
techniques. The post irradiation XRD analysis of the SS sample exposed to single as well as
to multiple PF discharges confied structural phase transformation from initial mixed ferrite
(tustenite (FECT] topsinghesaesterfitdpbase (FCC). This could be possibly
due to sufficient rise in sample surface temperature required for structural phase
transformation in isgle shot exposure to intense deuterium ions and/or due to sufficient
concentration of deuterium atoms implanted into the SS sample. The surface profilometry
analysis revealed that high surface roughnegsH& been introduced in the sample due to
irradiation. The SEM image revealed the erosion due to sputtering, melting and evaporation
of surface layer. Results of comprehensive analysis of all the exposed samples along with
virgin samples shall be presented.
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NUMERICAL STUDIES FOR BATH COOLED HEAT EXCHANGERS
IN SUB-COOLED LN2 FOR THE CRYOGENIC GASEOUS HELIUM

Hemang Agravat, Arvindkumar Tomar, Mahesh Ghate, Upendra Prasad, R. Srinivasan
Institute for Plasma Research, Bhat VillaGgandhinagar382428, Gujarat, India
E-mail: hsagravat@ipr.res.in

Cryogenic gaseous Helium is emerging as a promising coolant for the various High
Temperature Superconductor application such as power cables, transmission lines as well as
cables for tokamak magnets. Helium gas can be cdoled65 K through heat exchangers

using sub cooled LN2. The thershgdraulic analysis towards the design of tube type heat
exchangers is numerically investigated to study the effect of various flow parameters. The
different configurations of tube type heatchangers are considered and studies to evaluate
their suitability for cryogenic gaseous Helium. It will be further optimized with their
experimental performance in Suboled setup.

Keywords: HTS, Heat Exchangers, CFD, Cryogenics, Subcooling
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RETRO-FITMENT OF EUROTHERM PC3000 PLC OF PURIFIER
FOR 1.3kW AT 4.5K HELIUM REFRIGERATOR CUM
LIQUEFIER FOR SST-1

Pradip Panchal, Kirti M ahajan, VishnuPatel, RohitPanchal, Rakesh Patel, Gaurang
Mahesuria, Dashrath Sonara, Hiren Nimavat, Gaurav Purwar and Vipul Tanna
Institute for Plasma Bsearch, Bhat, Gandhinagar, Gujata
India- 382428
E-mail: pradip@ipr.resin

The Helium refrigerator cum liquefier plant of 1.3 kW at 4.5 K supplies50-60 ¢/s forced
flow two- phaseHeliumat 4.5K or 300¢/s forced flow supercritical Helium (SHe) at 4.5K
to supecondwcting magnet (SCMS) of SST-1 and Liquid Helium (LHe) for vapor cooled
current leads for plasmaexperiments [1]. The Helium plantof SST-1 has four sub-systems
namely compressorstation,oil removal system, purifier and cold-box [2]. The purifier has
a dual 80K charcoa adsober bed with a 300-80 K Liquid Nitrogen (LN2) pre-cool hea
exchanger with processinstrumentation. The purfier is used taremove mpurities (N2, O2,
H20, Hydrocarbons(CxHy)) from Helium gas. Each sub- systemis controlled by dedicated
PLC and communicates to maser cold-box PLC. The purifier system has Euotherm
PC3000PLC, which is obsoleed. Thespaes and technical supportwere not provided by
OEM now. Hence retro-fitment of the old PC3000PLC system with a new Eurothe@m
Programmable Automation Controller (PAC) T2750 is exeauted. The purfier PLC has
control logics written in Sequential Function Chart (SFC) language, as per IEC 61131
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programming stardard, 61 Input / Output (I/O) channels and 5 Propartional-Integral-
Derivative (PID) control loops.All SFC logics, process I/O and communication interface
are kept the same in a newly developed program for the PAC T2750 system. The JBus
serial communication between purifier and ColdBox is kept the @me for command/datus
messge and aarm log-sheet print. All modesof purifier suchas on-line adsorption,pre-
commissioning, E700hea exchanger warm-up, bed warm-up, evacuation, purging, purifier
cold gandby / warm standby, etc. have been implemented corredly as per existing logics
and chedked with adual purifier process.A new SCADA applicaionis in-housedeveloped
for the operation of the purifier system and easy troubleshooing. The operation of the
newly installed PAC T2750system in purifier is sucessful for a recent one morth-long
SST1 campagn. This paper will discuss the architedure of existing Helium plant,
methodolgies adopied in retro-fitment of old Euothem PC3000 PLC, features of
new PAC T2750 system, implementation challenges, development of new SCADA
applicaionandlessons larned duing project exeaution.
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TEST RESULTS OF INDIGENOUS PROTOTYPE 2 STREAM (HE/HE)
PLATE -FIN HEAT EXCHANGER OF HE PLANT
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A 2-stream (He/He) vacuwirazed Alplatefin heat exchanger (PFHE) has been designed
and manufactured indigenously at IPR. This is a prototype (abdlibifdll scale) of the 2

stream PFHE required for the | PRO6s indigenou

This has serrated fins of thitess 0.2 mm and density ~709 fins/m. Serrated fins have been
considered as this gives higher heat transfer [1]. Of course, this type of fin gives higher

pressure drop, but, the design have been carefully done so that this is low enough for the

helium plan. This is designed to cool the hot helium stream by the cold helium stream in the
counterflow configuration. The nominal operating temperature is between 310 K to 90 K and
pressure is between 1.2 to 14 Bar atedinfihei s

h e

same temperature range but the pressure for both streams was ~14 Bara. Aspentech software

is used to find the performance of this PFHE at tested conditions and compared with the

performances from tests. This paper will give details of these.
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APPLICATIONS OF TRANSMISSION ELECTRON MICROSCOPY IN
PLASMA PROCESSING

A. Satyaprasdd, C.BalasubramanidnSagar Agrawd R.S.Rant S.K.Nem4,

J.Alphonsa
'Plasma Surface Engineering Division, Institute for Plasma Research, Bhat, Gandhinagar,
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A transmission electron microscope (TEM) is an advanced microscopy tool which finds
major applications in materials science and engineering. TEM uses a highly energetic and
monochromatic beam of electrons to pass through a carefully preparethinlt(€200 nm

thick) material samples for the microscopic analysis. The advantages of TEM can be
summarized as: 1) High resolution imaging, 2) Elemental analysis & 3) ability to provide
crystallographic information of even nafeatures of material Both cold and hot plasmas

find numerous applications in modifying physical and chemical properties of materials.
Typical plasma processes include thin film deposition, inducing physical and chemical
changes on the surfaces, enhancing the efficiency afsibffi based hardening processes,
development of muliayered coatings, synthesis of namaterials etc. TEM can contribute

to great extent in developing the scientific understanding of these processing methods. In the
present work, it is discussed on tindization of TEM for analysing thin films such as TiN,

and multilayered coatings required for the development of CZTS solar cells. Elemental
identification and elemental mapping of different layers is also presented. It is also elaborated
on the importace and criticality of preparing cressctional samples, particularly glass
substrate samples. Size & shape analysis, elemental identification, and crystallographic study
of naneparticlesi synthesized using various methods like thermal plasma arc sgstein

are also deliberated.

IDENTIFICATION OF DRIFT WAVES IN IMPED

Rosh Roy, Neeraj Wakde Sayak BosE?, Prabal K Chattopadhyay
! Institute for Plasma Research, HBNI, Bhat, Gandhinadg382 428, Guijarat, India
Present Add: Princeton Plasnihysics Laboratory, Princeton, NJ 08542, USA,
E-mail : rosh.roy@ipr.res.in

Laboratory plasma inherits namiformities due to its finite size. In magnetic field
environment these neumiformities drives various instabilities. Density gradient drivent drif
waves are commonly observed instabilities in magnetized laboratory plasma. In this work,
theoretical and experimental study of drift waves, is presented. Systematic identification of
drift waves is performed in IMPED and using the unique control featudevice, control

over excitation of drift waves is shown. Corresponding theoretical models are discussed to
explain the experimental data.
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PROBLEM OF PHASE JUMP AND METHODS FOR REMOVAL OF IT
FROM THE DENSITY SIGNAL

Umesh Nagora Dr.S.K.Pathak
Yinstitute For plasma research, HBNI ,Bhat Gandhinagar
E-mail: omesh@ipr.res.in, surya@ipr.res.in

An Interferometer is widely used for the line averaged density measurement of the fusion
plasma. A 140 GHz heterodyne systeras been used at Aditya and SST Tokamak for line
averaged plasma density measurem#rmeasures the phase based on the time difference
between two zergross points. Due to sharp density gradient or sudden change in plasma
column movement can cause the refraction of the signal and phase jump occurs. It causes a
very large phase shifiithe signal and hence in density also.The density signal gets affected
after that for the whole period of the time. So, to recover the density information in post
processing of the IF signals, two methods have been used. (A) Phase jump correction
program(B)By downsampling the IF signals. In phase jump correction,a faulty zero cross
points are replaced by its previous fanlty points.While in another method after applying

the downsampling and filter a phase has been reconstructed by an ARCEAN
unwrapping. Both the methods are applied to the phase jump signal and phase jump can be
removed. But in the case where the phase jump is not very sharp in that case, the total phase
jump can not be recovered. A second method is also used to find out phadE &igmals.

The advantages and drawbacks of these methods will be discussed in detail.
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DEVELOPMENT AND TESTING OF ELECTRICAL INSULATION
FOR ADDITIONAL TURNS OF TR#4 COILS OF SST-1

C.Dodiyd", A.Makwana, U.Prasat] Y.Paravastl N.Bairagf, D. Rajd, C.N. Guptadand
R.Srinivasah
Ynstitute for Plasma ResearéhGujarat
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The requirement of better magnetic null is the prime requirefoerihe plasma initiatiom

SST-1. From simulation it was found that addifaur more turn with the present single turn
TR#4 coils will cater this requirement. In order to verify the improvement of magnetic null,
four turns dummy copper cable installed and charged up to 300A and magnetic field
measured inside vacuum vessklter these measurements, it was found that an additional
four turns in TR 4#T and TR4#B enhances the magnetic null evolution during Ohmic coil
charging. Since Ohmic coil operates at high voltage, hence thetunterand ground
insulation requirement is very rstgent. Commercially available insulation resin and
hardener mixed in fixed ratio used to shock FRP tapes to serve this requirement. A dummy
copper conductor sample is used to prepare a sample with this insulation resin and FRP tapes
and cured at room tgwerature (RT). This sample was tested it up to 22 kV [1]. Similar
insulation system applied for the actual copper conductor used for additional turns of TR#4
coil winding. Installed and insulated TR#4 coils have been repeatedly operated up to 7 kA for
lasttwo experimental campaigns. This presentation illustrates the detailed scheme, process of
insulation and testing results. The test results of the coil after insulation is also included in
this presentation.
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DATA ANALYSIS OF QUENCH EVENTS OF SST-1 TF COILS USING
MATLAB

Pankaj Varmora*, Imran Mansuri, Bhadresh Parghi, Chirag Dodiya, Upendra Prasad,
R.Srinivasan and Daniel Raju
Institute for Plasma Research, Bhat, Gandhinag&2428, India
E-mail: pvarmora@ipr.res.in

Superconducting (SC) magnet system of 9SJonsists bsixteen Toroidal Field (TF) coils.

These magnets have been routinely charged to produce toroidal magnetic field up to 1.6 Tesla
at major radius of SST with operating current of 5 kA DC current for plasma experiments.

TF coils quench detection systen & built to detect coils quench due to normal and off
normal events in SST. During SST1 plasma experiments, it was realized to have a
software tool to quickly analyze and plot voltages and temperatures profiles of quench events
if any in TF coils. A Matlab based software utility has been developed to quickly analyze the
temperature and voltage data of quench events. This software plots quench TF coil voltage
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and corresponding temperature sensors data in multiple axis from the selected data files
acquied in the existing DAQ system of magnets. This software plots each individual double
pancake (DP) voltage taps data as well as difference between two DP voltage taps. This
poster describes flow diagram of Matlab based programme, important features saavadysi
plotting performance of these GUI based software utility.
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DEVELOPMENT OF SIGNAL CONDI TIONING ELECTRONICS FOR
PROTOTYPE MAGNET CRYOSTAT TEST

Bhadresh R Parghi*, Pankaj Varmora, Upendra Prasad and R.Srinivasan
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The magnet system division at IPR has been working on the installation and testing of
prototype magnet cryostat. This prototype magnet cryostat consists of 80 K thermal shield as
well as vacuum chamber integrated with it to achieve temperature aroundvg&fir this
chamber. The monitoring of temperature, pressure, vacuum andnidds flow rate
measurements of various sséctions of this cryostat are important parameters of this
cryostat during evacuah and cocldown experimentsSignal conditioning eleronics cards

have been developed to cater the need of various cryogenic compatible temperature sensors,
venturi meters and pressure transmitters to be installed on cryostat 80 K bubble panel as well
as on inlet and outlet headers. Its design carry alh#ttessary measures to counter various
EMI/RFI interference and measure low amplitude signal in high common mode
electromagnetic voltage pickup environment. Minor modifications in the existing signal
conditioning cards [1] can serve for signal conditignof PT-100 sensors for temperature
measurements. The card uses inbuilt constant current module for excitation-180PT
sensors. Modifications and testing were carried out in signal conditioning cards to cater the
need for PT100 sensors. This poster givthe overview of the modified signal conditioning
electronics hardware and testing of integrated signal conditioning electronics witBOPT
Sensors.
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MECHANICAL DESIGN OF 24 KA BUSBAR SYSTEM FOR LLMHD
EXPERIMENT

Prosenjit Santra, Subhadip Das, Shrikant Verma, Kanubhai Rathod, Rd&jadke@charya,
Azadsinh Makwana Bharat Doshi, Amit Sircar
Institute For Plasma Research, Bhat Gandhinaga82428, Gujarat, INDIA
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An engineering design, analysis, and fabrication drawings/3D CAD model of a 24 kA bus bar
systen between MTDD lab and LLMHD lab has been completed by MESD on a job request
from the IPR Fusion Blanket Division. This bus bar system is required to connect
Electromagnet for LLMHD experiment in LLMHD lab to the 30 V 30 KA regulated DC
power supply in MTID lab, separated by a 12 meter wide roaelfoppace between the two

labs. The paper will present the engineering design, force estimation between bus bar paths,
engineering analysis using FEA, 3D CAD models of copper bus bar layouts, bus bar
configuration joints, their support structures inside the two lab spaces and also through the
road/open space, insulator design, interface related issues and future works.

ABSOLUTE CALIBRATION OF TE COOLED IR ENHANCED
SILICON AVALANCHE PHOTODIODE DETECTOR WITH AN
INT EGRATION SPHERE

Pabitra Kumar Mishra*, V Chaudhari, Neha Singh, Jinto Thomas and H.C Joshi
Institute for Plasma Research, Near Bhat, Gandhinagar, 382428
Email: pkmishra@ipr.res.in

Avalanche photodiodes (APD) are widely used for detecting low liegle signals from

visible to near IR region and are used in light scattering experiments e.g. Thomson scattering
for the detection of scattered photons. A test bench experiment was performed to calibrate
and characterize the APD with its signal conditgnelectronics for quantifying the number

of photons it can detect at a given gain. Using a pulsed optical source, integrating sphere and
appropriate collection and coupling optics, the APD is characterized for different junction
temperatures. The numbef photons falling on the APD is estimated using a calibrated
power meter. The calculated value of number of photons and the experimentally measured
values for the no of photoelectrons from the APD are compared and found to be in agreement
within acceptal# range of errors.
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STRESSANALYSISOF CRYOGENIC PIPING LAYOUT OF
EXPERIMENTAL SET-UP FOR 3- STREAM PLATE-FIN HEAT
EXCHANGER

O Chandratre', Vivek sharma’,A K Sahu', H Kavad®
Ynstitute for Plasma Bsearch, Bhat, Gandhinaar 382428

NIT, Roukda, Odisha
E-mail: omka.chandratre@ipr.res.in

The indigenous IPR helium refrigerator/liquefier (HRL) plant keing developed at
Gandhiragar, Gujarat, for tokanmek applicaion, has Vaaium-brazed Al-plate-fin hea
exchangers. These are some of the most important componentsof the cold box of the
HRL. These Heat Exchangers will be usedat cryogenic temperature and are generally
madeof auminum alloy (AI3003/Al5052) consicering high therma condctivity, good
machinability and good mechanical strength at low tempeature. A 3-stream plate-fin
hea exchanger (HE), to be usedfor HRL plant, has been designed and mandactured
indigenousdly. This is a vaauum-brazed counte-flow type with serrated finsof fin density
~700finsm. The performance test of this 3-strean heat exchanger has been dane at
cryogenic temperature. Thepiping design and layout hasbeen donecarefully to takecare
the oprating pressureand thermal stresses [1,2]. The piping layout has been analyzed
using CAESAR Il software for stress analysis for both room tempeature and 80 K
operational situations. The details of these will be presented in ths paper.

Keywords: Piping analysis, Cryogenic temperature, hea exchanger
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STUDY OF TRANSMUTATION, GAS PRODUCTION AND
DISPLACEMENT DAMAGE IN PLASMA FACING MATERIALS
FOR FUSION APPLICATIONS
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Tungsten due to its high melting temperature of 3¥22high thermal conductivity of 1.75

W. cmi'. k' and high threshold energy of 216 eV for deuterium sputtering is a prime
candidate material to be used in plasma facing components in ITER and other upcoming
fusion reactors. Neutrons created during the fusion-0f fdasma cause transmutation, gas
producton and displacement damage in tungsten and adversely affect its strength and lifetime
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of tungsten. In the present work, transmutation, gas production and displacement damage
have been studied for all the stable isotopes of tungsten for neutron irradiatiprto 15

MeV energy. Nuclear reaction cross section for transmutation, and gas production and energy
differential cross section of PKA species from all the open reaction channels have been
calculated with TALYS1.8 code [1. Nuclear models in TALYSL.8 code have been selected
based on the comparison of calculated reaction cross section and energy spectrum of
outgoing particles with the existirexperimental data from EXFOR data library [2]. Damage
matrices which are required to calculate the displacemi@mage cross section have been
calculated with NRT and Ardpa method [3]. Constant parameters ofdpa have been
derived with the result of molecular dynamics (MD) simulation of damage cascade carried
out with LAMMPS code [4]. MD simulations of disglament damage have been carried out

for the native PKA in tungsten at up to 200 KeV damage energies. Gas production and
displacement cross section have been calculated at up to 15 MeV neutron energy and used to
calculate the dpa and GPA in tungsten forRT&d EU Demo neutron spectrum [5]. Values

of GPA comes out to be 14.2 appm/FPY (helium production) and 56.8 appm/FPY (Hydrogen
production) for ITER neutron spectrum and 37.3 appm/FPY (helium production) and 56.8
appm/FPY (Hydrogen production) for Europedemo neutron spectrum respectively at the

first wall. Similarly, dpa values come out to be 3.3 dpa/FPY and 8.6 dpa/FPY for the ITER
and EU demo neutron spectrum at first wall. A similar assessment of transmutation, GPA and
dpa is also carried out for ir@nd chromium.

[1] A. J. Koning et aNuclear Data Sheetsol. 113, pp 2842934, 2012
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TESTING AND SET UP OF 245 GHZ ECR ION SOURCE ON 300
KV HIGH VOLTAGE DECK

Sudhirsinh \éla, Ratresh Kurar, Mitul Abhangi , RggeshKumarand Mainak
Bandyopadhyay.
Institute for Plasma Bsearch, BhatGandhinagar
E-mail: sudhi@ipr.res.in

A 300 kV high voltage ded has been indigenously developed and set up at IPR. It is
developed to injed the ceuterium beam in to acceeration system of ¥U-MeV neutron
generator as well aslow energy (up to 300 keV) deuterium ion bean irradiation facility.
A permanent magnet based 2.45GHZ ECRion sourkce along with ion extradion system
is installed on the HV ded for produdng the deuterium beam. The &0 kV, 15kVA DC
Isolaton transfamer is used to provide thepower on HV ded. This paper described
design of the 300 kV high voltage deck system, instalation setup and laest results of
theion beam extradion.
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EFFECT OF CZTS THICK NESS ON SOLAR CELL PERFORMANCE
USING TITANIUM NITRI DE AS BACK CONTACT L AYER
PREPARED BY MAGNETRO N SPUTTERING

Sagar Agrawal*?, Rinkal Kanarfi Ramkrishna RarigSubroto Mukherjee
'Homi Bhabha National Institutdjumbai, Maharashtra, India
2 Institute for Plasma Research, Gandhinagar, Gujarat, India
*E-mail: sagar@ipr.res.in

CwZnSng (CZTS) based multilayer thin  film solar cell with structure
SLG/Mo/CZTS/CdS/ZnO/ZnO:Al is studied in detailed for its performange niany
researchers [1]. The problems of Md®rmation at Mo/CZTS interface and its effect on
device performance is also being reported and studied [2]. Effect of thickness of CZTS
absorber layer on device performance, is also studied theoretically asrdrexqtally as well

[3-5]. However the effect of CZTS thickness on Md&mation is not been explored while

studying the effect of CZTS thickness on device performance. It is necessary to study the

effect of CZTS thickness using a back contact layer wisictot affected during sulfurization
process. Titanium Nitride (TiN) is one of the alternative layer proposed for back contact of

CZTSbased thin film solar cell [6)n this study we have prepared the CZTS based thin film

solar cell using structure SLGN/CZTS/CdS/ZnO/ZnO:Al to avoid MaoS formation.

Thickness of CZTS layer is varied from 600 nm to 1400 nm. Thickness variation affects the

structural and phase formation properties of the CZTS layer which as diagnosed using SEM,

XRD techniques. After prepation of device, illuminated & darkV¥ measurements are done

to characterize the performance of the device. Thickness of 1000 nm is found more suitable

for a better efficiency.
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EFFECT OF SULFURIZATION TIME ON CZTS THIN FILM FOR
SOLAR CELL APPLICATIONS

Rinkal Kanan, Sagar Agrawaf* 2, Subroto Mukherjee Alphonsa Joseph
'Homi Bhabha National Institute, Mumbai, Maharashtra, India
2 Institute for Plasma Research, Gandhinagar, Gujarat, India
*E-mail: sagar@ipr.res.in

CwZnSng (CZTS) thin film is apromising material for next generation thin film solar cell

as an absorber layer due to its eptectric properties and earth abundarintoxic
constituent [1]. Sulfurization process of Cu/Zn/Sn precursor thin film to form CZTS layer can
be done using different techniques where the materials such as SnS powde$ ayad ldre

used in the presence or absence of sulfur containing atmosgheaigous temperature and
time [2,3]. It is reported by many researchers that one of the main criteria for obtaining high
efficiency of solar cell is to have a void free and homogeneous CZTS thin film [4,5,6]. Since,
sulfurization process is one of theegs during formation of CZTS layer, it is necessary to
explore the effect of sulfurization parameters on properties of CZTS layer systdiypdor

further improvementln this study, CZTS based thin film solar cell is developed in the
following configumtion: SLG/Mo/CZTS/CdS/ZnO/ZnO:Al. CZTS layer is synthesized on

Mo coated soda lime glass by sulfurization ofspouttered Cu/Zn/Sn. Sulfurization was done
atbo® wi t h di fferent holding time (like 30 min
formation of CZTS phase was confirmed by XRD and EDX. CZTS surface morphology and
cross section of fabricated solar cell were analyzed by SEM. The solar cell fabricated with the
CZTS thin film sulfurized for 120 min shows the best conversion efficiency of &i@¥@an

open circuit voltage of 540mV, sherircuit current density of 12.9 mA/cnand fill factor of

50%.
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DEVELOPMENT OF TOKAMAK MODELS FOR EXHIBITS

Pratibha Gupta Manoj Kumar Gupta Bharat DosHi Harsha MachcharA.V.Ravi Kumar
YInstitute for Plasma ReseardBhat, Gandhinagar382428
E-mail: pgupta@ipr.res.in

Institute for Plasma Research, IPR is actively involved in to generating awareness about
plasma, tokamak and plasma applications for schools, colleges and at different science
exhibitions under outreach prograFor this purpose many physical models and posters have
been prepared. Generally it is found that a small tokamak model of size 150mm (for ease of
handling) is essential to explain the tokamak functions and role of the major sub system used
in building the Tokamak machine. The model is designed and fabricated toincorporate the
major sub sytems required in a tokamak. The model is designed to include dismantling and
assembly featured built its explained, the tokamak model is based on the concept of
removale and assembled sections. It has 12-sydtems. Model comprises of 33 pieces,

with three sections. The lower base plate and upper baseplate are in a single piece. The two
PF coils are in one piece, vacuum vessel sector, plasma sectors are threeegmbces
Toroidal Field (TF) coils, support pillars, vacuum vessel window are 6 in number, Vacuum
pumps are 3 in nos. The upper Poloidal Field (PF) coil and lower Poloidal Field coils are
made in one piece. Central Subéd is made as a single piedéhe metlod of fabrication
chosen is rapid prototyping. Different versions of model is designed to add more features in
upgraded version. The material used in fabricating the model is Acrylonitrile Butadiene
Styrene (ABS), ABS plastic is used for the versionl emdion 2, while Polylactic Acid,

PLA is chosen for the version 3. Each following version, is improvised than the earlier
version based on time required for the assembly and disassembly. The tokamak version3 has
been finalized for mass production fav d yourself, DIY tokamak model kit. In this paper
design and fabrication of the Tokamak model is discussed and the feedback received from the
students, teachers and participant is highlighted.

PIPING LAYOUT AND FLEXIBILITY ANALYSIS OF THE CLOSED
LOOP INDIGENOUS HELIUM COMPRESSOR

R BhatasarniaA K Sahd, N. Patel
linstitute for plasma research
’PDPU, Gandhinagar, Gujarat

E-mail: rajnikant.bhatasana@ipr.res.in

The indigenous helium refrigerator/liquefier (HRL) plant being developed at IPR will use an
indigenous helium compressor. This compressor is being developed by modification of an
open loop air compressor. This is anrtinjected screw air compressor origlly operating as

an operdoop. To make it helium compressor, it is necessary to make it closed loop with
necessary instrumentation and valves and oil removal system elements. This needs to be done
carefully to take care different operating pressurestamperature conditions. Looking at

these different situations a piping layout has been made and which has been operated and
found working satisfactory. The operational pressure at different location in the layout ranges
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from 0.2 to 16 bar and temperatuenge varies from 5 to 5%. Appropriate safety valves
also have been added. The flexibility analysis of this layout has been done using CAESAR
pipe software. The details of these will be presented in this paper.

BUILDING MANAGEMENT CONTROL SYSTEM FOR NEW
LABORATORY BUILDING HVAC PLANT AT IPR

Manishkumal/ asani, Sudhir Sharmaand Y agnesh Trivedi
Institute for Plasma Bsearch, Bhat, India
E-mail: mvasni @ipr.res.in

The Building management systemfor new labaratory building of IPR is consistof nine
number of Direct Digital Control panels (DDC). DDC panels are incorporating
programmable logic controllers (PLC), 1/O expansion modies, Conmmunication
moddes and end ®&rminal conredions. Field process instruments such as pressure
transmitters, tempeaature ransmitters and level switches are connededto analog inputand
digital input modues of PLCs. Final control elements suchas heaers, variable frequency
drives (VFD) of mators and three way diverting valves are conneded to analog output
and digital output modudes of PLCs. Main control stationis located in new auxiliary
building a IPR. The Control station is installed with Supervisory control and data
acquigtion system (SCADA) of Vijeo Cited. The communication is established
between the centra SCADA system and nine DDC panels using ModbusTCPF/IP
commuricaion. The graphical userinterfaces (GUI) are developed inSCADA systemfor
real time moritoring and controlling the HVAC parameters. The higorical and red time
trendsare developedfor analysis purpose. The alarm logs for critical system parameters
and event logs generations are programmed in SCADA. The ingadlation and
commissioning tasks ofthesenine DDC panels and Main contol stationare presented in
this pagr.

DEVELOPMENT OF GRAPHICAL USER INTERFACE USING
LABVIEW FOR MACHINE VISION ACQUISITION IN SST -1

V Chaudhari, Suraj kumar GuptaManoj kumat, and SST1 Team
YInstitute for Plasma Research, Gandhinagar, Guj&@2428, India
E-mail: viat@ipr.res.in

Optical imaging diagnostics is installed on SBETokamak to measure various plasma
parameters like plasma shape, size, movement [1] etc. Since very high magnetic field exist in
tokamak, the cameras cannot be mourtdiedctly on the machine. Images are transported
through wound image fiber bundle and coupled with CCD camera placed outside the
machine. Presently two imaging systems are installed onrlS®Inhe is aligned to view

plasma tangentially to see the poloidalss section of the plasma and other one is aligned for
wide angle viewing of plasma. All these systems need to operate remotely and data is
acquired in sync with plasma discharges. The LabVIEW based graphical user interface (GUI)
is developed for triggebased synchronized image / video acquisition and data storage
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purpose. The high frame rate camera (~ 5000 fps) and low frame rate camera (~ 30 fps) is
installed around the SST machine and image is acquired during the campaign. The GUI is
also integratedvith main plasma timing system for information exchange like shot number
and status.
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UNDERSTANDING OF PARTICLE TRANSPORT USING ESTIMATED
t, PROFILE OF ADITYA TOKAMAK PLASMA

Ritu Dey}, M. B. Chowdhuri, J. Ghosh? R. ManchandaN. Yadavd, R. L. Tanndand
Aditya Teant
Ynstitute for Plasma Research, Bhat, Gandhinagar 382 28a
2 Homi Bhaba National Institute, Anushakti Nagar, Mumbai 400 094, India
*The National Institute of Engineering, Mysuru 570 008, Karnataka, India
E-mail: ritu.dey@ipr.res.in

Particle transport which is one of the significant research area imageetically confined

fusion research area is less understood compared to energy transport as the complexity
involved in the experimental estimation of particle source term. The studies of particle
transport through the analysis of the confinement timesnaostly done with the global
particle confinement time, wRigch whBeest Nmias e
particle content inside the plasma and 0 1is
present work, the particle transpart ADITYA tokamak was studied by using the radial

profiles of particle confinement time of ADITYA tokamak plasmas. The radial profile of
particle confinement time is estimated using the experimental spatial profilgbofgHtness

in combination with thd® EGAS2 code [ 1] . pvhltes aresvariedbfrom @.0t h at
to 1.5 ms from the plasma core to edge. The values of diffusion coefficient (D) at plasma core
and edge ar e pesdtvalues dre@?2 ands3f/em rgspettively. Later, these

values were compared with the D calculated using Bohm diffusion aneclassical

transport. It is found that the estimated D is almost two orders lower in magnitude than the
Bohm diffusion in the core region whereas it is almost having similar order ipldbma

edge. However, the estimated D values at the plasma core and edge regions are quite larger
than those calculated using pelassical transport. This indicates the anomalous nature of
particle transport in ADITYA tokamak.
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WAVELET SPECTRAL AND CORRELATION ANALYSIS OF AN
IMPURITY EMISSION FROM THE ADITYA -U TOKAMAK EDGE

S. Patél, J.GhosK 3, M. B. Chowdhufi, T. Macwaii® R. Manchanda N. Yadav4, S.
Aich? R. Kumaf, K. M. Jadej3 K. Patef, S. Jh4 R. L. Tann4 K.B.K Mayya'and
ADITYA -U Tean?

Pandit Deendayal Petroleum University, Gandhinagar 382 007, India
%|nstitute forPlasma Research, Bhat, Gandhinagar 382 428, India
®HBNI, Anushakti Nagar, Mumbai 400 094, India
“The National Institute of Engineering, Mysuru 570 008, India
E-mail: sharvil.pphd19@sot.pdpu.ac.in

Impurity transport and control is one of the key areasnglrtance for optimized operation

of the magnetically confined fusion plasma devices. Impurities comes from the plasma facing
components due to plasmall interaction or is deliberately puffed for the alteration of the
plasma properties, and gets trangpdrfrom edge to core region of a tokamak via-neo
classical and anomalous transport mechanism. As a consequence, the accumulation of
impurities in the core region, their direct contribution to thg ahd higher emissivity can
significantly influence th@verall plasma confinement and RF heating efficiency. Therefore,
understanding of impurity transport behavior under different operating regimes and its
dependency on the plasma parameters controlling their transport is required. This study
explores the coelation present between the fluctuations observed in the spectral line
emission from (O Il, C Il and C Ill) impurities ions, the poloidal magnetic field, electron
density, electron temperature in the edge region of ADHFAWYAokamak. Important
information regarding the nature of anomalous transport of the impurity ions in the edge
region is obtained.

STUDY OF MICROINSTABILITIESIN A MULTISPECIES VLA SOV -
PLASMA USING KINETIC SIMULATION

A. K. Paul*, D. Sharma*
*|ngtitute for Plasma Research Bhat 38248,Gandhinagar Gujgat,India
E-mail: anjan.paul @ipr.res.in

The finite amplitude coll ective plasma perturbation essentially involve exchange of energy
between particles and wave. The kinetic simulations of colledive plasma in the phase space
are the most effedive way of analyzing this essntially nonlinea process of wave particle
interadion. A perturbation of hot eledron species nonresonantly excite an ion perturbation
that in turn trap the eledrons and modify the process of growth of the ion acoustic mode.
This process is analyzed by means of an eledrostatic kinetic Vlasov simulation procedure
by applying a modified flux balance method. The multiple time scales are resolved in the
simulation procedures and the microinstabilities present in the system are identified using a
spedral analysis.
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DESIGN AND IMPLEMENTATION OF PHASE SHIFTED RESONANT
CONVERTER POWER SUPPLY FOR PLASMA TORCH

Rushabh Patel and G. Prasad
Institute for Advanced Researdfpba, Gandhinagar.
E-mail : gprasad@iar.ac.in

The switch mode technique has brought several changes in design of equipment and power
supplies in various applications. In plasma applications there is requirement of different type
of power supplies. The fas of our work is in plasma torches. MOSFET/IGBT based power
supplies are in continuous demand with various specifications. Most of the transformers are
wound with Litz type wires to reduce inductance and capacitance effect. For high current
applications,generally strip type conductors are preferred. However with the strip type
conductors winding, the capacitance increases substantially. This will result in substantial
losses while operating switch mode power supply in hard switching mode. We have designed
amorphous core based switch mode power supply with a switching frequency of 20 KHz.
Amorphous core UU6597 from M/S Usha Amorphous, New Delhi is procured. The UU core
is of 188/97/170. The core area is 62.83camd A value of 1.5pH/turh Numerical
calaulation was made using the standard analytical equation and the number of primary and
secondary turns were determined by optimizing core and conductor loss. Transformer
primary was wound with copper foil of 0.3mm thickness and of 100mm width. The primary
number of turns is 16 and secondary turns 8. The two primaries are connected in series.
There were 6 secondary in each leg and all of them are connected individually to 100 amps
switching diode MMF2X100J120D. The transformer is connected in center tap imod
secondary side. Two modules of IGBTs of Semikron make (SKM200GB12T4) were
connected in full bridge configuration. The IGBTs were driven by SKPER32R driver card of
Semikron. UC3875 IC is used to generate phase shifted PWM (PSPWM) signals along with
CD4050 IC used as buffer. These phase signal have been fed to SKPER32R driver card to
drive IGBT. The fault signals coming out of SKPER32R from each IGBT are then fed to IC
CD4072 to suppress PWM signats the event of short circuitDual input inductors of
560uH each were mounted on positive and negative rail of the bus bar. Each module was
energized by feeding 3 phase power through EMI filter and ac inductor. The rectified voltage
from the bridge with filtering was feed to IGBT full bridge. The output dltage and
current were measured. The input current to the switching transformer is measured using CT.
A set of series connected capacitors were used to provide phase required for Zero voltage
switching and to satisfy minimum current required for ZVS. dugput DC voltage increases

with increasing the series capacitance. Later we have operated power supply with plasma
torch. The arc current was increase by increasing the phase shift. The results of the
performance of plasma torch with PSPWM are presented
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VISIBLE IMAGING OF THE TOKAMAK PLASMA

Mr. Suraj Kumar Gupta, Mr. Vishnu Chaudhari, Dr. Manoj Kumar & 9Slleam
Institute for Plasma Research, Gandhina@&2428
skgupta@ipr.res.in

A tangentialoptical imaging system has been installed on the-S®kamak. This system is

used to measure the various plasma parameters like plasma shape, size, movement etc. The
measurement of these parameters is very important from the machine operation peint of vi
and to study plasma wall interaction. As the visible light includes both the line emission from
the neutral atoms and continuum bremsstrahlung emission which originates in the core of the
plasma. Hence, this is a useful tool to studg analyze the ptana profile.This system
consists of wound imaging fiber, relay lenses, camera and accessories. As the camera cannot
be directly mounted to the viewport of the tokamak due to strong magnetic field, the wound
image fiber is mounted on the tangential viewpmdrthe tokamak, on which a suitable lens is
mounted. On the other end, a relay lens is used to transfer the image from the fiber to the
camera focal plane. The camera is externally triggered, which acquires the plasma images
during the operation at antérval of 30 miliseconds. The camera uses GigE interface for the
acquisition as well as to transfer the imagesifthe camera to the computBost processing

of the images are done in order to predict the spatial and temporal distribution of the plasma.
In this presentation results obtained during recently concluded experimental campaign will be
presented.
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NON-THERMAL ATMOSPHERIC PRESSURE PLASMA TORCH
POWER SOURCE DEVELOPMENT FOR DENIM JEANS COLOUR
FADING

Chirayu Pati, AdamSangharyat, Dr. S.K. Nema
Institute for Plasma Bsearch, Bhat, Gandhinagr
E-mail: chiaryu@iprres.in

Denim jeans colour fading is the very polluting job in thefield of textile industries.In the
conventional process of the denim jeans colour fading, industries used the hand
scraping, rock, sand, add wash and otherchemicd abrading subsances. The nonthermal
atmospleric pressureplagna torch is the very eco-friendly processto denim jeans colour
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fading by the plasmaetching process. The nonthermal atmospleric pressue plasmatorch
is driven by a very compact high voltage aternating power supdy. The power of the
plasmatorch is anayzed and aso testd with various other parametrs like voltage
and gas flow for its optmal condition. The dnim jeans matria is used for the
experiment purpose becauseitd s el iusddin the textile industries.The nonthermal
atmospleric pressureplasmatorch device is equippedwith the XY Z translatorinstrument.
This XY Z trandator guidedby the computer added design software.

FEASIBILITY STUDY OF CAPACITOR BANK BASED POWER
SUPPLY FOR TOROIDAL FIELD COIL OF SMALL SCALE
SPHERICAL TOKAMAK AT IPR

Vaibhav Ranjah Supriya A Nait, Y S S Sriniva§ E Rajendra&umart
YInstitute for Plasma Research
E-mail: vranjan@ipr.res.in

Spherical Tokamak (ST) is being actively pursued worldwide for economical and practical
advantages of fusion power. They are attractive because of low aspect ratio, relatively small
size, effective utilization of magnetic field, high beta & high boot strap fraction [1, 2]. A
small scale ST is being proposed using available infrastructure, utilizing technologies &
expertise gained from our tokamak experiments. Toroidal Field Coils, Ohmig; €oloidal

Field Coils and Correction Coils are electromagnetic Coils which would be the part of
Spherical Tokamak including the Vacuum Vessel. As per the preliminary design, Toroidal
Field Coils would generate toroidal magnetic field of 0.1 T (at 1ZdtA-50 milliseconds).

In order to generate current of 12 kA for 50 milliseconds in Toroidal Field Coils, Capacitor
bank based power supply topologies are explored. The feasibility study and preliminary
design of Toroidal Field Power Supply system of 12f@A50 milliseconds duration of flat

top & 10 millisecomls ramp up has been completdthis paper describes the feasible
topologies for Capacitor Bank based Power Supplies for generating constant current of 12 kA
in Toroidal Field Coil System. It also cers the design aspects, electrical circuit simulation
and analysis of Toroidal Field Power Supply using PSIM.
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STUDIES ON ELECTRON ENERGY GROUPS IN A HOT CATHODE
DISHCHARGE IN PRESENCE OF A MAGNETIC FILTER

Jocelyn SangnfaM. Chakraborty, M. Bandyopadhyay
Centre of Plasma Physickstitute for Plasma Research, Nazirakhat,
Sonapur, Assa82402
?|nstitute for Plasma Research, HBNI, Bhat, Gandhinagar 382428, Gujarat, India
E-mail: jocelyn.sangma@cppipr.res.in

Plasma confinement has been of interest to researchers from long ago. Many researchers like
James et @', Leung etal!?, have been on a quest to confine the plasma and study its
properties. The hot cathode discharge setup at-IlBRPis a multicusp device with two
magnetic cages, consisting of two chambers: the source and the target, designed to produce
and confine fasm&>*. Even though the device has a simple assembly, low cost operation,
and low power, it has been used by many to carry out various interesting and useful studies.
Formation of distinct electron groups has been observed isidlmperature plasma arnsl

found to be similar to that of the solar wind, which has three groups: Core, Strahl, and
Hald®. Experimentally, different groups of electrons have also been observed in helicon
plasm#! as well as in magnetron sputtering plafhend also in dc glw discharges in the
cathode regidr. In this present study, we aim to distinguish these groups in this hot cathode
discharge setup in presence of a magnetic filter. For the experiment, we have produced
plasma in the source region and then allowed tcsdito the target region across a magnetic
filter. The plasma parameters such as Plasma Densjty, (n De by e p),LPdasntat h (&
Temperature (d), and Electron Energy Distribution Function (EEDF) are analyzed together
with the study distinguishing electroogdifferent energy groups.
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STUDIES ON PHOTOCATALYTIC AND ANTIBACTERIAL
PROPERTIES OF PLASMA SYNTHESIZED TUNGSTEN -OXIDE
NANOMATERIAL S

M. Rahman, T. Sarmah P. Dihingid, D. Saiki&, D.N. Srivastavdand M. Kakat
'CIMPLE-PSI Laboratory, Centre of Plasma PhysiBR, Sonapui782 402, Assam, India
’Department of Physics, Sibsagar College, Joysagab 665, Assam, India
3Analytical Discipline and CIF, CSIRCSMCRI, BhavnagaB64 002, Gujarat, India
E-mail: mayur@cppipr.res.in

Tungsteroxide (WQ) nanomaterials are characterized with relatively smaller band gap
energy (2.42.8 eV) that renders photocatalytic behavior under visibl llgumination. Pure

WO3; with exotic, porous, morphology [1], or as composites while mixed with other
nanomaterials [2], may be used for photocatalytic degradation of harmful dyes in wastewater.
However, the absence of a high throughput reyrghesis tdmique is often the bottleneck

for successful utilization of nanomaterials for actual applications [1]. In the recent past, using
a thermal plasma torch assisted simple experimental system, we have demonstrated rapid
synthesis of W@ nanomaterials up to ¥e hundred grams per hour. In this reactor
configuration, an expanded argon plasma beam is produced with collimated, frozen structure
inside a vacuum chamber that interacts with a remotely placed solid tungsten target in
presence of oxygen, which leads tooguction of tungstewoxide nanoparticles through
oxidation of the bulk metal and subsequent sublimation of the oxide. This paper will report
studies on the photocatalytic and antibacterial properties of the synthesized nanomaterials.
Nanocomposites werergpared by mixing the nano metatide with some carbon
nanomaterials including graphitic carbon nitride-QgNs) and graphenexide. The
photocatalytic dye degradation properties were explored on Rhod&rsokition. In spite

of low specific surface areatoichiometric W@ composites showed better phatatalytic
degradation behavior compared to VW) may be because of better crystallinity of the
material. The nanocomposite: W@-C3N,4, degraded standard solution of Rhodaninep

to 78% in just fifteen minutes, which was very impressive. In this paper, we will also report
on the antibacterial properties of the synthesized nanomaterial that may lead to multi
functionality during treatma of wastewater.
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MAGNETOSPHERIC ELECTRIC FIELD FROM GROUND -
OBSERVED LOW LATITUDE VLF CHORUS EMISSIONS DURING
MAGNETIC STORM

K.K. Singht
'APS University, Madhya Pradesh
E-mail: dr.krishnaakumarsingh@gmail.com

An attempt has been made to estimate magnetospheric equatorial electric field (E) in the
vicinity of chorus source during magnetic stopariod from the VLF chorus emission
observed at our low latitude ground stations Jammu (L = 1.17) and Gulmarg (L = 1.28). The
special feature of VLF chorus emissions observed at Jammu and Gulmarg is the regularities
of the chorus spectra development by tradual increase of upper boundary frequency
(UBF) of the chorus emission during the first initial phase of observation. The method of
estimating E from the observed regularities of the chorus spectra development by the gradual
increase of UBF of the chaos emissions has been outlined. UBEthod based on the
measurement of the upper boundary frequency of the groloserved VLF chorus is used

for the estimation of fvalue of the chorus source of the reported VLF chorus, which is found

to be about 48 . The estimated magnetospheric equatorial electric field E from the VLF
chorus emission observed at Jammu and Gulmarg during magnetic storm period is 0.89
mVm™?, which is in agreement with the results reported by the earlier workers. The
importance of aelectric field study has been indicated.
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NUMERICAL SOLVER FOR COLLISION -LESS PLASMAS :
DEVELOPMENT AND APPLICATIONS OF A 1D2V VLASOV MODEL
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Gridded Vlasov methods which solve directly the coupled Vig&amigson equation on a grid

of phase space has proven to be an efficient method to studinean waveparticle
interaction phenomenon associated with several laboratory and astrophysicesptas

For example energetic particles produced in fusion experiments, solar wind and magneto
spheric plasmas etc. Earlier formation and dynamics of 1D electrostatic phase space vortices
has been studied, at electron as well as ion scale and inareléss plasmas as well as in the
collisional environment, using 4house developed XDV Vlasov - Poisson solver (VPPM
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2.0F¥ . VPPM 2.0 is a Eulerian solver based on Piecewise Parabolic Method {£Rkt)

Cheng- Knor®! time spilling scheme with piedic boundary conditions. Now in order to
address more realistic problems related to laboratory and space plasmas, VPPM 2.0 demands
an upgrade to 12V.

In the following we will address benchmarking of -2 VPPM 2.0 and the problem of

kinetic nonlinearinteraction phenomenon using AY VPPM 2.0 with various perturbative
methods. The details of the work will be presented.
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CHARACTERIZATION OF HELICON PLASMA PRODUCED BY
OXYGEN/ARGON GAS COMBINATION
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A helicon plasma source (HeliPS) operated with 13.56 MHz RF power supply has been
designed, developed and successfully used to produce helesma in different gases in
CPRIPR [1]. In the experiment reported here, helicon plasma is produced in Argon/Oxygen
gas combination to study the characteristics of such plasmas both in source and expansion
chambers and to understand the influence omathegion production. In the source chamber,
plasma parameters such as plasma density, electron temperature are measured by varying
different experimental parameters such as RF power, gas mixing percentage, etc. to study the
discharge mode transitions [2,3 the expansion chamber, a magnetic cage reduces loss of
plasma to the chamber wall. Plasma density, electron temperature, positive ion saturation
current, electron energy density function (EEDF) [4,5] have also been measured in the
expansion chambetJtilizing the effective temperature and effective mass, negative ion
density measurements in the expansion chamber has been performed and comparison of data
made between pure Oxygen and Argon/Oxygen gas combination.
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ROLE OF IONS IN A TOROIDAL ELECTRON PLASMAS:
A PARTICLE -IN-CELL STUDY

Swapnali Khamary Meghraj SengupfaR. Ganesh
Yinstitute for Plasma Research, HBNI, Bhat, Gandhinagar 382428, India
2 Department of Physics and Engineering Physics, University of Saskatchewan, Saskatoon,
Canada
E-mail: swapnali.khamaru@ipr.res.in

Cylindrically trapped pure electron plasma is prondotng time confinement. This nen
neutral plasma species is studied theoretically/computationally and experimentally, to explore
the fundamental ideas (as for example: isomorphism between 2D inviscid Euler fluids, ion
resonance instability). In several pugkectron plasma experiments, ions from background
molecules by energetic electrons, deto ion resonance instabilitPR has pioneered
experiments in toroidal pure electron plasmas|[1,2]. Recently, tight aspect ratio toroidal
device[3] at IPR has achievémhgtime confinement of pure electron plasma. Confinement is
achieved by loading the electrons along the magnetic field and trapping the same by applying
negative voltage at the fiend pl ugs olftid . Tor
present sidy, a Particlan-Cell (PIC) simulation study of the collisionless, cold, pure
electron plasma with the focus on the role of ions, has been performed in a similar parametric
space as toroidally experimental device[4], but, with one difference. Whereas the
experimental device has discontinuity in the toroidal direction with electric field endplugs
resulting in a high frequency toroidal bounce motion of electrons, in our simulation the
device is toroidally axsymmetric and bounce motion is neglected. A BEC code
PEC3PICI[5] used for this study.lon driven dynamics of cold electron cloud in a toroidal
magnetic trap is investigated using a 3D PIC code PEC3PIKEpr focus of the study are

(i) 3D nonlinear evolution of electron and ion clouds (ii) effectasbidicity induces mode
coupling of electron and ion clouds and (iii) possibility of ion induced instabiliesme of

the numerical optimization studies will also be discussed.
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DESIGN AND DEVELOPMENT STUDY OF A CRYOCOOLER
BASED CRYOSORPTION PUMP

J. Mishra, R. Gangradey, P. Panchal, S. Mukherjee, P. Nayak and V. Gupta
Institute for Plasma Research, Bhat, Gandhinagar, Gujd6#428
E-mail: jsmishra@ipr.res.in

In magnetically confined higtemperature plasmas, cryopumping is essential for removing
the large throughput of hydrogen and helium gases [1]. For large scale application, it is
necessary to standardize the pumping charatites$ the sorbent coated cryo pumping
element. In this context, a cryocooler based cryopumping setup is designed and developed at
the Institute for plasma research (IPR) to characténegesorbent coated cryopandlesign

and development of a GM cycleyocooler based cryopump is carried out at the IPR. The
pumping element and associated cryogenic components are designed following standard heat
load calculation. The total heat load on the cryopanel without any gas throughput is estimated
to be < 3 W. Wih the application of gases it is calculated to be ~ 4 W for a maximum
throughput of 10 Pa.ffs. the minimum temperature achieved at the cryopanel surface is ~ 10
K. Activated coconut shell charcoal of higher BET surface area (~ 13@@nnand adhesive

of thermal conductivity ~ 1.0 W/m.K are used as the sorbent and the bonding agent,
respectively. The coconut shell charcoal is characterized in the adsorption test facility at IPR
[2]. The pumping performance is studied following recommended AVS procedures [3
Pumping study for various gases such as Hydrogen, Helium, Nitrogen, Argon and Xenon are
performed. The pump achieves a lowest vacuum of the order b##0in no gas load
condition. The pump has been uninterruptedly operated {igad environment) fop 25

hours without degrading its performance. The specific pumping speed of the cryopanel is ~
3.0 l/s/cnifor Ny gas. A close similarity between the theoretical calculation and experimental
results is obtained. Details of the cryopump design and expgameesults will be
presented.
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CHARACTERIZAT ION OF BLACK BODY TARGET MATERIALS
FOR CALIBRATION OF MICHELSON INTERFEROMETER
DIAGNOSTIC

Abhishek Sinha, Abdul Shabif, S.K. Pathak
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2The Assam Kaziranga University, Assam, India
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At SST-1 tokamak in IPR, Michelson interferometer diagnostic has been installed to measure
the plasma electron temperature profile and its evolution. This is done by acquiring the
spectrum of the electron cyclotron emission (ECE) & gpectral range Y600 GHz. The
diagnostic needs to be calibrated before measurements and this is done in two phases. The
first phase of the calibration process is doramusing ambient source at room temperature

and cold source at 77 K. The secondagh of the calibration is done from tokamak hall
considering the losses of all the waveguides and transmission line components [1]. A high
temperature source is required for second phase of calibration to improve the poor signal
level and reduce the averag time. The entire calibration process is done with Hot / Cold
technique and three blackbody sources at three different temperatures are required. It is
essential to characterize multiple black body target materials and identify suitable materials
for developing the required sources for calibration. Also, due to limited availability of high
temperature target materials, a new source is developed which is expected to exhibit black
body properties at high temperature. Characterization of the target nsatasabeen done by
measuring their monostatic transmission and reflection. To gain knowledge on the scattered
power by the targets, characterization by measuring the reflectivity at various specular angles
has been performed. This paper presents the sesuthe characterization of the different
blackbody target materials, development of a new high temperature source and a comparative
study has been carried out.
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MODE SPECTRA ANALYSIS OF A DC COULOMB CRYSTAL
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We report the mode spectra analysis of a Coulomb crystal in DC glow discharge plasmas.
The experiments are performed in Dusty Plasma Experimental Device (DPEX) [1], in which a
DC glow discharge Argon plasma is produce in between thel@iranode and tray shaped
grounded cathode. Morgispersive MF patrticles of diameter 10.66 pum are introduced in the
plasma to create a large sized 2D dusty plasma crystal [2]. In the plasma environment, the
dust particles get negatively charged due tdmgpbility of electrons and levitate in the
cathode sheath by the balance of gravitational and sheath electric forces. The laser
illuminated dust particle coordinates as a function of time are recorded using high speed and
high resolution CCD camera. Theardinates of each particle are then extracted over the
time using IDL based particle tracking code. Fourier spectra analysis is used to estimate the
longitudinal as well as transverse modes over the range of discharge parameters. The results
and the methadology will be discussed in the conference.
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DESIGN, FABRICATION, INSTALATION AND TESTING OF Nb  3Sn
SUPERCUNDUCTOR BASED SOLENOID COIL
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NbsSn superconducting strands are required for high magnetic field (>8 T) generation.
Optimization of heat treatment [1] is essential forghperconductivity of this strand. B#n
strands are required to be heat treated at 650°C under vacuum. The heat treatment cycle runs
continuously about 22 days. A solenoid coil has been design to produce the magnetic field
around 1 T at its center. Thisleooid is layer wound type and fabricated using®hstrands

of diameter 0.82 mm.The inner and outer diameter of solenoid coils are 32 mm
respectively. The height of this solenoid is 68 mvith total no. of turns about one thousand.
The operatig current of this solenoid is about 180 A at 4.2 K. The heat treatment was carried
out at 650°C under vacuum. The metallurgical and superconductivity tests of heat treated
NbsSn strands taken out from both ends of coils carried out. Support structuenénd
terminals connected with this solenoid to withstand thermal and electromagnetic loads and
current charging. This solenoid is integrated with-gelfl facility to test at 4.2 K. The
testing of this solenoid coil is in progress. The design, fabricatiwhtest results of this
solenoid will be elaborated in this presentation.
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CHARACTERIZATION OF A LARGE SIZE COULOMB CRYSTAL IN
DC GLOW DISCHARGE PLASMAS

Saravanan A, M G Hariprasad, Garima Arora, Pintu Bandyopadhyay, MaBtiahSen
Institute for Plasma Research, Bhat, Gandhinagar, Gujarat, In882 428
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In the present investigation, we report tharacterization of a large size DC coulomb crystal
produced in a versatile dusty plasma experimental setup. Its geometry and design principle
has been attracted a great deal by previously developed DPEX device at IPR [1]. However,
its principle purpose isolely differs from DPEX device. Studies like voids generation in DC
crystal, Phase coexistence, phase transition, fluctuation rectification, effect of spatial
inhomogeneity of dust density on its dynamics etc. where dust crystal size plays significant
role and therefore, a system for large size DC coulomb crystal is highly preferred. To perform
various experiments with large size 2D Coulomb crystal;shadped tabletop dusty plasma
experimental setup with asymmetric electrode configuration is recenilyupuat IPR. A

glow discharge plasma is produced by applying a DC voltage in between the anode and
cathode in the background of Ar gas. Various plasma parameters such as plasma density,
electron temperature, plasma and floating potentials, electron etistgiyution function etc.

along the axial and radial directions are then measured using single and double Langmuir
probes, emissive probe and spectroscopic techniques over a range of discharge conditions.
Mono-dispersive MF particles of diameter 10.66 gne introduced in the plasma to create a
dusty plasma. As soon as dust particles are exposed to plasma they get negatively charged
due to high mobility of electrons and the two counteracting gravitational and sheath electric
forces settle particles in dgme parallel to cathode and confined with suitable axial and radial
confinement. The laser illuminated dust particle coordinates as a function of time is recorded
using high speed and high resolution CCD camera. The consecutive images of dust crystal
arethen used to estimate the basic crystal parameters such as inter particles distance, dust
temperature, pair correlation function, dust density, Delaney triangulation, dust charge etc..
The results from initial experiments on the large dust crystal willdiseussed in the
conference.
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FIRST ORDER SOLID-LIQUID PHASE TRANSITION IN COMPLEX
PLASMAS
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We report the first order phase transition in a strongly couplesidimensional DC
discharge complex (dusty) plasma. Experiments are carried out in Dusty Plasma
Experimental (DPEXx) Device in which complex plasma is produced by using-mono
dispersive MF particles in the background of a DC glow discharge Argon plasman[1]
explosive full melting of the dusty plasma crystal is observed with a negligible decrease in
neutral gas pressure (0.1 Pa). The dust temperature dramatically increased to approximately
50 eV from 2 eV and the Coulomb coupling parameter changed toxapjattely 7 from 220.
Structural analysis of twdimensional crystal and liquid is carried out through a number of
analysis like pair correlation function, Voronoi diagram and Delaunay triangulation. The
melting process is accompanied by fluctuations #drat most likely due to wake effects

arising from the flow of plasma ions leading to unstable mode excitations and concomitant
heating of the crystal.
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CONCEPTUAL DESIGN OF DATA ACQUISITION AND CONTROL
SYSTEM OF LARGE SCALE CRYOGENICS PLANT SYSTEM
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To develop helium plant of 200W cooling capacity at 4.5 K, the cryogenics components test
facility is going to build at IPR, which accomplish with main components compressors, oll
removal system and cold box to produce cold helium. Gwizg plant test facility will be

used to test the cryogenics components, compressor closed loop operation, different types of
platefin heat exchangers and helium purifiers. Hence, such cryogenic test facility needs
measurement of large number of sengtasperature, pressure, flow, speed, vibration, level

et cé) for diagnostic and controls of wvalves
facility will be used for development and analysis of cryogenics process algorithm. This
paper will describe the&onceptual design, architecture and process logic of the control
system. The system is optimized with different type of PLCs, based on the cost and
functionality required for operation and control. Main control system will be developed with
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Siemens PLC foits rugged operation. Pressure and temperature sensors, which are required
for control operation of liquefier will be measured with this PLC. Temperature sensor which
are not used for control purpose and only used for diagnostics will be acquired with
temperature scanner module. Only data acquisition sensor haZ0gA output will be
acquired in the 8 channels Data acquisition boards with Modbus interface. Modular approach
is chosen to build the system. The Control system of Compressor station hae\seped

as first module of Large Scale Cryogenics Plant system with open loop control system. It
will be put in the close loop control mode after analysis of the compressor operation. Modular
approach is selected for easy step wise integration. Eaahadquisition module will be
integrated with Modbus interface to the central system. In totality around 62 nos. of Analog
inputs, 26 nos. of Analog output, 70 nos. of Digital Input and 100 nos. of Digital output
channels are estimated for plant contraitegn. Open source software is selected for software
development. Plant data will be stored in the data base for post analysis. The concept have
been developed for full plant system including controlled operation, data logging, storage,
display, process, aess for automated operation.

EXCITATION OF PINNED STRUCTURES IN FLOWING COMPLEX
PLASMA

Garima Arora*, P. Bandyopadhyay, M. G. Hariprasad and A. Sen
Institute for Plasma Research, HBNI, Bhat, Gandhina¢#82428
*garima.arora@ipr.res.in

We reportexperimental observations on the excitation of pinned solitary structures in a
fl owing compl ex pl as ma. T h e shapegp Busty Rlasma s ar
Experimental (DPEX) [1] device where a DC glow discharge Ar plasma is created in between

a disc haped anode and a long tray shaped cathode. A dusty plasma is then formed using
poly-dispersive kaoline particles. A floating copper wire mounted radially on the cathode
creates a sheath around it in the plasma environment and acts as a charged dihject for
flowing dusty plasma fluid. The flow of dust cloud is initiated by lowering the potential of

the charged object from ground potential and the flow speed is controlled precisely by
connecting the wire from grounded potential to various intermediatentdseincluding

floating potential. It is found that for particular discharge conditions and critical velocities of
the fluid flow, high amplitude nchnear standing structures get excited. The amplitude,
width and number of the excited structures andist for different flow velocities of the dust

cloud. It is noticed that with the increase in the flow velocity, the amplitude of the stationary
structures increases whereas the number increases from one, two to many. These solutions
are distinct from pngously observed nostationary precursor solitons [2] and constitute a

new class of driven nonlinear structures. The experimental observations are compared with
special solutions of a model forc&mrteweg de Vries (KdV) equation and found to be in

good qualitative agreement. The potential applications of such excitations in the context of
solar wind interaction with planets and satellite interaction with ionospheric plasmas are
discussed.
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LOW -TEMPERATURE PLASMA NITROCARBURIZING OF
AUSTENITIC STAINLESS STEELS TO IMPROVE SURFACE
HARDNESS

Jeet Sal?, Alphonsa Josepli, Ganshyandhald, Subroto Mukherje
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Low-temperature plasmas are applied largely to develop functional surface coatings and to
cause surfacenodifications that improve surface mechanical properties such as hardness,
wear resistance and fatigue resistance of austenitic stainless steels which otherwise have poor
wear properties due to low hardness. One such plasma based surface hardeningsprocess
plasma nitriding in which DC/pulsedC discharge of MH2/N2-Ar/N,-Ar-H, gasmixtures

are employed. Plasma nitriding processes were usually carried out°@-4&88C, for 5h

10h during which nitrogen diffuses from the plasma to the substrate tbeatgd forming a

hard case of nitrogeni ¢ h e x p a n d@ ghasa enghe sunfaceé and down te150

um deep from the surface-B]. Improvement of the surface hardness and the-aesth
depends upon the gasixture composition wherein Hand Ar irfluence the nitrogen
transport from the discharge to the substratearttl Ar help in breaking the passive,Gy

layer on stainless steels by sputtering allowing nitrogen to penetrate and also increase the
formation of NH and N* which are major nitrogetransporting species in the discharge.
Casedepths in austenitic stainless steels can further be improved kghoperature plasma
nitrocarburizing process in which small amounts {8%) of CH,/C;H, are added to the N
H2/N2>-Ar/N,-Ar-H, gasmixtures as dard carbosr i ch (expang layerfamsst eni t
below the hard nitrogench layer extending the hard case forming a dangéred structure.

In the present work, AISI 304 and AISI 304L austenitic stainless steels samples were plasma
nitrocarburizedat 400C and 5 mbar for 5 h with discharges gfb-C,H,, N>-Ar-C,H, and
N2-Ar-H,-CoH, keeping constant N(50%) and GH, (2%) partial pressures to compare
between the effects ofdnd Ar in nitrogen and carbon transport from the discharge and the
resulting improvements in surface hardness, corrosion resistance andeptseSurface
hardness and corrosion resistance for the samples were found to improve significantly after
the plasma nitrocarburizing treatments and greater improvements wereeobsesamples

that were treated with AH»-C;H, plasma. AlSI 304 samples showed higher improvements
than AISI 304L samples. Casepths were observed to have the dagered structure and

were found to be highest in the samples treated witAmH,-C,H, plasma and least depths

were observed in samples treated withHy-C,H, plasma.
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THE STUDY OF THE EFFECT OF COMPRESSIVE LOAD ON
CRITICAL CURRENT OF HIGH TEMPERATURE
SUPERCONDUCTING TAPES
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E-mail: anees@ipr.res.in

The high temperature superconducting tapes are of extensive interest for the generation of
high magnetic fields within limited space due to comparatively high operating temperature
and rampant rise in heliugpst. Second generation-@& high current HTS tapes of several

tens of meters are now commercially available for various practical applications. The
suitability of these tapes is required to be tested for particular operating conditions of HTS
based magrs. In this work, an attempt has been made to evaluate the electromechanical
properties of commercially available HTS tapes. Previously, these tapes have tested under the
different tensile cyclic load [1,2] at 77 K. These tapes are also subjected to ssngpleads

while used for multturn solenoid coil and twisted cable fabrication. The intended
compressive loads in the range e13 ton will be applied to study its effect on the critical
current and fvalue of these tapes at 77K operating temperataré¢his presentation, the
studies on the effect of different compressive loads on electrical properties of commercially
available HTS tapes at 77 K will be elaborated.
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SHEET MODEL OF UPPER-HYBRID OSCILLATION IN AN
INHOMOGENEOUS COLD PLASMA IN PRESENCE OF
INHOMOGENEOUS MAGNETIC FIELD

Nidhi Rathee and Sudip Sengupta
Institute for Plasma Research, Gandhinagar, India, 382428
Homi Bhabha National Institute, Training Sch@smplex, Mumbai, India, 400094
nidhi.rathee@ipr.res.in

The spacdime evolution of uppehybrid oscillations in an inhomogeneous cold plasma in
the presence of an inhomogeneous external magnetic field is studied usiti§ ® Eheet

code based on Daws@heet Model [1]. In the absence of an external magnetic field, finite
plasma inhomogeneity results in wave breaking via phase mixing [1,2,3]. Oscillations/waves
also break if the external magnetic field is inhomogeneous even if the background is
homogeneos [4]. But it is possible to avoid the breaking of uplpgorid oscillation in the
presence of inhomogeneity in both external magnetic field and background ion plasma
density [5]. These theoretical predictions are verified by performing numerical sonslati
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PRELIMINARY DESIGN AND ANALYSIS OF FLYWHEEL SYSTEM
FOR PULSED ALTERNATOR

Rambabu Sidibomma, Prasada Rao Pedada, Y S S Srinivas and E Rajendra Kumar
Institute for Plasma Research
E-mail: rambabu@ipr.res.in

Flywheel driven Pulsed alternators are used for the short pulse high energy need applications
like rail guns and centradolenoid coils of Tokamak etc. The main components of pulsed
alternator are: Flywheel, AC Servomotor with VFD, Bearings, Shaft, AlternatorD&C
Converters, Transformer and electronic Switches. Flywheel is basically a device to store
kinetic energyKinetic Energy is stored in the flywheel over long durations to the speeds of
600612, 000 RPM driven by |l ow power Servomot
compared to other systems is its capability to take and release energy in very short periods of
time, fa which flywheels have traditionally been used in compressors, press and strike
machinery. Flywheels are being made out of composite materials, resulting in a substantial
increase in energy density storage capability due to higher speeds of operatiemeftysis
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superior to that of batteries which have a slow loading and unloading cycle due to their
inherent chemical process, as well as a short life if the interchange time decreases.

The flywheel s shaft i s ¢ onuceaettecidy. Theooutput | oad
of pulsed alternator would be conditioned to meet pulse load requirements. Anticipated
application loads are Central Solenoid of Small Scale Spherical Takanm@ar Induction

Motors etcThis paper would presents Preliminangidm and analysis of flywheel system.

References:

1. JoselL.PerezAparicio and Lluis Ripoll, Exact, integrated and complete solutions for
composite flywheels, Composite Structures 93 (2011)-14045.

2. D.H. Curtiss,P.P. Mongeau, R.L. Puterbaugh, Advanced pOsite Flywheel
Structural Design for a pulsed Disk Alternator, Kaman Electromagnetics Corporation,
Hudson,MA. IEEE Transactions on magnetics, VOL.31,No.1,January,1995.

REMOTE HANDLING OF VFD USING LABVIEW AND MODBUS
PROTOCOL NON-CONVENTIONAL ANTENNA EXPERIMENTS

Priyadarsini GaddamKirti Mahajan, Vishnu Patel, T Srinivas rao, A Sarada Sree, Rajesh
Kumar
Institute for Plasma Research
E-mail: pgaddam@ipr.res.in

Experimental setup of neconventional antenna demands remote control and monitoring of
motor which is driven by the VFD (Variable Frequency Drive). The local control of this drive
needs one to remember hex codes for the parameters to be controlledswini¢honly
cumbersome but also requires extra human intervention during the experiment execution

A remote control application over serial link has been developed for control and monitoring
of motor. The VFD supports serial communication protocol Mod®dUE for varying
parameters like frequency, torque, ON/OFF etc. The NI LabVIEW based application GUI
(graphical user interface) is developed to change the various parameters of the VFD. The
LabVIEW application is developed into a run time and hence doesegaire L&VIEW
license during executiofihis paper will present details of Modbus serial communication with
the device and challenges that we overcome in development of this application.
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USE OF ACOUSTIC TRAP AS NANO POWDER COLLECTION
MECHANISM: AN INVESTIGATION

Satya Prakash Reddy KANDADA, C. Balasubramaniaiand Subrat Kumar D&$
Yinstitute for Plasma Research, BliaGandhinagar, 382428 and
’Homi Bhabha National Institutéynushaktinagar, Mumbai, 400094
satya.kandada@ipr.res.in

Nano sized powder of various materials is in great demand due to its varied potential
applications such as: Catalysts, Solid Rocket Fuel, Synthetic Bone, Conducting Paste,
Magnetic Tapes & Fluid,Targeted Drug Delivery, Metallic Paint, Sintering Aids, and
Transparent Polymers. With increasing demand in each of these fields, the necessity for an
efficient technique for Nano Powder generation is inevitable. One of the effective methods to
produce Naa Powder in large quantities is to evaporate the feed raw material by Transferred
Arc plasma process and subsequent collection of the nucleated and grown Nanopowder. The
collection zone plays a vital role in the quality (smaller particle size and nars@eerange)

of the productThe conventional collection method of such powders employs techniques such
as cyclone separators and powder sintered filters. But recent literat@les{iggests a
possible better efficient system in collecting the Nanopowdérs. work here reports on

using Ultrasonic Transducers to generate standing waves and thereby creating an Acoustic
Trap. This trap has the potential to hold Named powder without any interaction with the
surrounding structure. Collection efficiency éuity of collected Nano Powder/quantity of
Nanopowder produced) is expected to increase using this method. Detailed analyses of the
Potential Energy map and Acoustic Radiation Force across the sound domain have been
estimated and will be presented. Thsutes suggest that the condensed Nano Powder can be
effectively trapped and collected using the Ultra Sonic transducer array.
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AUTOMATION OF GRAPHITE BASED PLASMA TORCH USING
MICROCONTROLLER

B.K.Patd, Dr. Suryakant Gupta
Institute for Plasma Research, Bhat, Gandhinagar
E-mail: bkpatel@ipr.res.in

Plasma pyrolysis system is used for the safe disposal of plagic and paper waste.Plasma
Pyrolysis system consists of plagna torch which is made up of graphite electrode in
which one electrode works as anode while two electrodes works as cathode. Initially
with a predefined gap an arc is maintained betweenanode and cahode. As the arc
continues an goson of electrodes take place. In this situation to sustain arc, the gap
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between electrodes has to be maintained automatically. For this purpose a logic
circuitry has to be developed which sense the arc parameters and automatically
adjust the electrode position. Logic circuitry using 8 bit microcontroller AVR v7 is
used for automation and control of plasna torch.

DATA ACQUISITION AND CONTROL SYSTEM FOR INITIAL
TOROIDAL MAGNETIZED PLASMA EXPERIMENTS

Jignesh Patel, Imran Mansuri, Atish Sharma, Jagabandhu Kumar, C G Virani, Shefali
Sharma, Vaibhav Ranjan, Supriya , Vilas Chaudhari, Y. S. S. Srinivas, P K Sharma, Kirti
Mahajan
Institute for Plasma Research, Bhat, Gandhinagar 382428
Email: jjp@ipr.res.in

To study the effect of parallel electric field in the toroidal plasma, an experiment has been
designed and carried out in toroidal machine, having major radius of ~30cm, and minor
radius of ~10.5cm. The toroidal magnetic field is formechgistoroidal coils and is
powered by capacitor bank (0.16F, 200V). Plasma of ~8ms duration is formed using ECR
breakdown technique with 2.45 GHz, 500W magnetron. The Ohmic coil is placed in the bore
of the machine which is discharged with capacitor barngdduce loop voltage in the device.

In order to obtain plasma discharge, the capacitor banks and power supplies need to be
operated and contied in time synchronoumanner.To achieve these objectives, the data
acquisition and control system is deveddpon PXI platform using LabView. The control
system generates voltage references for power supplies and provides timing control for on/off
operation. The data acquisition and control system is used to conduct experiments, acquire
basic initial plasma diagstics data and archive it in file system. A basic data plotting and
analysis utility is also developed. Initial experiments were carried out successfully with the
developed data acquisition and control system.

PRELIMINARY DESIGN OF OHMIC SYSTEM FOR SMALL SCALE
SPHERICAL TOKAMAK

Vilas Chaudhali Ananya Kundl, Ranjith Kumat, Arvind Kumar', Chandan Danahi
Vinay Menort, Y S S Srinivas E Rajendra Kumar
Yinstitute for Plasma Research, Bhat, Gandhianaga4282 Guajarat, India
E-mail: vilas@ipr.res.in

Spherical Tokamaks (ST) are being explored worldwide for economical and practical aspects
of fusion power. They are attractive because of low aspect ratio, relatively small size,
effective utilization of magre field, high beta & high boot strap fraction [1, 2]. A small
scale ST is being designed at IPR as a first step with the available infrastructure and utilizing
technologies & expertise gaindcbm our tokamak experiment©hmic system for small

scale STis being designed to assist plasma breakdown and current ramp up. Because of the
very small space available at inboard side, it is technically challenging to develop ohmic
system for ST. This paper describes the physics, electrical, mechanical desigmiof oh
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system. The magnetic null simulation of ST using ANSYS Maxwell is reported besides the
heating and cooling analysis of the ohmic transformer.
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GENERATION OF SHEAR FLOW IN A FLOWING DUSTY PLASMA

K. Kumar, G. Arora, P. Bandyopadhyay and A. Sen
Institute for Plasma Research, HBNI, Bhat, Gandhine@gi?428
E-mail: krishan.kumar@ipr.res.in

We report the generation of shear flow in a flowing dusty plasma experiment. The
experiments are performed in Dusty Plasma Experimental (DPEx) device in which the glow
discharge plasma is produced by applying a\@Gage in between a circular anode and a
grounded tray cathode in the background of Argon gas [1]. Firstly, the laminar flow in the
dust fluid is initiated along the axis of the cathode using single gas injection technique [2]. In
this set of experimentshe dust particles are found to flow without creating any velocity
shear in the dust fluid. To generate a velocity shear in the direction perpendicular to the flow,
an obstacle is kept on the cathode tray, which partially hinders the flow of dust paftiote

dust particles, which are located far from the obstacle flow with higher velocity whereas the
particles, which are located near the obstacle flow with slower velocity resulting a strong
shear in the interface. To tune the shear velocity in the ftludt the experiments are
repeated over a range of mass flow of neutral gas over a range of discharge parameters. The
parameters associated with the flow and their profiles along the axial and the radial directions
are estimated and compared over a rarighscharge parameters using Matlab based Particle
Image Velocimetry (PIV) technique.
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DEVELOPMENT OF TEST SETUP FOR MEASUREMENT OF
PRESSURE DROP AT CRYOGENIC TEMPERATURE

D.Bhavsat, A.Tomat, M.Ghaté' 2P.Raf, H.Agravat’ U.Prasad| R.Srinivasah
! Institute for Plasma Research, Bhat Village, Gandhinag82428, Guijarat, India.
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IPR is engaged in the development of low temperature as agelhightemperature
superconducting magnet and cables. Liquid Nitrogen;coalbed Nitrogen and Cryogenic
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gaseous Helium is used as cooling media for these applications. Whenever a cryogenic fluid
is pumped through these systems, the pressure drop ivethsdong the length of encasing
media such as steel jackets or flexible hose. The calculation of pressure drop is very much
essential to determine critical parameters during operation such as the selection of pump
types, pump capacity, piping networkjnts and valves etc. An experimental test setup is
developed to measure the pressure drop across various applications such as transfer lines,
heat exchangers etc., being developed at IPR. The selection and verification of the various
components for this @ity are governed by cryogenic temperature as well as their suitability

for gaseous or liquid cooling media. The details of the manufacturing of the test setup, its
components and various instrumentation used to measure pressure drop are discussed in thi
paper. It is also demonstrated for the measurement of pressure drop of Liquid Nitrogen in the
tube type heat exchangers for subcooled Nitrogen facility.

EXPERIMENTAL STUDY OF LASER INDUCED SHEAR FLOW IN A
TWO-DIMENSIONAL YUKAWA SYSTEM

S. Singh, M.GHariprasad, Saravanan A, P. Bandyopadhyay, A. Sen
Institute for Plasma Research, HBNI, Bhat, Gandhina@fz2428
E-mail: swarnima.singh@ipr.res.in

We present the experimental study of laser indwtesdir flowin a DC glow discharge dusty
plasma. The experiments are carried out in Dusty Plasma Experimental (DPEX) device [1] in
which the glow discharge Argon plasma is produced by applying a DC voltage in between a
disc shaped anode and a grounded tray cathods. gawticles are then introduced into the
plasma, which get negatively charged by collecting more electrons than ions and form a
crystalline structure near the cathode sheath region by balancing the electrostatic and
gravitational forces [2]. Initial dustglasma parameters like pair correlation function, inter
particle distance, Coulomb coupling parameter and kinetic temperature are estimated using a
IDL based particle tracing code. Two counter propagating laser beams are used horizontally
to induce sheaflow in this Coulomb crystalThe speed of the dust flow is mapped in a
horizontal plane using the particle image velocimetry technique (PIV). The kinetic energy of
the flow and its vorticity are deduced based on the velocity vectors obtained from PIV
anadysis.
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EXPERIMENTAL STUDY O F STICKING COEFFICIENT
MEASUREMENT FOR XENO N, ARGON AND NITROGE N GASES ON
BARE COPPER SURFACEAT 20 KELVIN TEMPERA TURE FOR
VACUUM PUMP APPLICAT ION

P. Nayak. J. Mishrd, R. Gangradéey S. Mukherje& P. Panchd) and V. Gupta
! Institute for Plasma&Research, Bhat, Gandhinagar, Guja282428
E-mail: pratik@ipr.res.in

Propellant like xenon, and other heavy noble gases are used in hall plasma thruster for
spacecraft propulsion application. Hall plasma thruster test facility requires high pumping
spee for Xenon gas [1]. Institute for Plasma Research is developing cryogenic vacuum pump
for xenon gas. Sticking coefficient is an essential parameter for designing any cryogenic
vacuum pump[2]. Using GM cryoooler, the sticking coefficient for xenon, argand
nitrogen gases is experimentally studied in Vacuum pumping environment at 20 Kelvin
temperature on bare copper plate. The sticking coefficient is evaluated through an
experimental pumping speed measurement using flow meter method recommended by
American vacuum society [3]. The experimental pressure range was-0@roEar to 5.06

mbar. The simulation was performed for the test setup to evaluate transmission probability
and to predict the pressure for different sticking coefficient using MOLFLOW/awEt This

paper describes the experimental method in detail along with the simulation and experimental
results.
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DESIGN AND ANALYSIS OF RECTANGULAR VACUUM VESSEL
AND SUPPORT STRUCTURE FOR PLASMA GENERATION
SYSTEMS

Manoj KumarGupta, Snehal Jayswal, Ritesh Srivastava, Bharatkumar Doshi, Chetan
Jariwala, Rajesh Kumar, Omkar Chandrate, A. K. Sahu
Institute for plasma research, Bhat, Gandhinagar, Guja@2428
E-mail : mk@ipr.res.in

Various systems used in plasma experimergsdasigned and analyzed for their functional
requirements and structural integrity. Two systems, namely food grain plasma processing

chamber and cryogenic turbine testing systen
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The rectangular vacuum vessell be used as food grain (i.e. seeds) radio frequency plasma
processing chamber to increase its productivity and quality. The design and analysis of
rectangular vacuum vessel of dimensions 750 x 750 mm-sex$®n and 400 mm height as

per ASME code igliscussed. The stresses experienced by the rectangular vessel was very
high than circular vessel for similar thickness. Hence to reduce the thickness, the
reinforcements were designed as pe8ME code for the optimizationThis paper also
presents the angis of the support structure for the vacuum vessel of 3.2 m dia. with 3 m
height for cryogenic turbine testing. The design load of the vacuum vessel is ~8 ton (approx.
including the weight of 10 persons) and is acting as a point load on the 4 beamsdkapt a
height using 4 columns or legs These 4 legs (with ladder) has 4m gap in between, which
provide support during assembly and dismantling of chamber. This paper presents the FEM
results of structural analysis, which allow design to be safe with dlevgress limits and
deformation

UNDERSTANDING ONSET OF TURBULENCE IN RAYLEIGH -
BENARD CONVECTION IN 2 -D YUKAWA LIQUIDS

Pawandeep Kabf, Rajaraman Ganesh
Ynstitute for Plasma Research, Gandhinagar, 382428
>Homi Bhabha National Institute, Anushaktinagar, Mumbai, 400094
pawandeep.kaur@ipr.res.in

When a fluid is subjected to an external force, the motion becomes irregulgremoatic

and chaotic, i.e. , we have turbulence at sufficiently large value of external force. Many
theories have been proposed to understand the evolution gieniadic tmedependent
behaviour of the fluid: Landau proposed that the fluid goes through a large number of
bifurcations before the onset of turbulence [1], whereas, Ruelle and Takens based on the
abstract mathematical arguments, proposed that only three or formabions are sufficient

for the fluid motion to become turbulent [2].

We propose to investigate the nature of onset of turbulence in the Raghkaigind system of

2D Yukawa liquids using MD simulations. When 2D Yukawa liquid is subjected to an
externalgravity and external temperature difference between the top and bottom @fgtes (

it leads to the formation RayleigBenard convection cells in the system which beyond some
critical value of externally applied temperature differena®){ [3] is known tobecome
turbulent for increasing values aff. We investigate the mechanism of onset of turbulence
using MD simulations, the details of which will be presented.

References:

[1] L. Landau and E.M. Lifshitz, Fluid Mechanics, Chapter 3 (Pergamon, Lofdmiand,
1959).

[2] D. Ruelle and F. Takens, Commun. Math. Phys. 20, 167 (1971).

[3] Harish Charan, PhD thesis, HBNI, 2017

153



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

ON MOMENTUM SPACE DYNAMICS OF RUNAWAY ELECTRONS
IN TOKAMAK PLASMAS USING AN INTEGRATED TEST PARTICLE
MODEL

Ansh Paté|, SantostP. Pandya
School of Liberal Studies, Pandit Deendayal Petroleum University, Gandhir28@&007,
India
%Institute for Plasma Research, Bhat, Gandhinaig882 428, India.
E-mail: psantosh@ipr.res.in

Runaway electrons (REs) generated during the plasma disruption phase can lead to serious
damage to the confining structure in the tokamak if they collide with the first wall. This is
particularly severe in the large size tokamaks like ITER where a lagiofn of the plasma
current can be converted into RHrrent during the disruption phase. Therefore,
understanding the avoidance and mitigation of REs is a high priority task for modern
tokamaks along with theoretical model development. Developing aougotheoretical

model can lead to better simulations that can determine the effectiveness of various
suppression mechanisms of decreasing RE generation and also helps in designing better
plasma scenarios for the avoidance of the same. In this paper,ustgviteveloped test
particle models [13] were revisited and then they were integrated under a single model for
the first time to take into account several forces namely force due to the toroidal electric field,
plasma collisional drag force, synchrotroecdleration, pitch angle scattering due to ripple
resonance and interaction with the lower hybrid waves. Inclusion of these forces captures RE
dynamics close to reality and leads to better numerical predictions. The developed numerical
model is then testedor its consistency and benchmarked against published results.
Cumulative effects of these forces on RE dynamics is studied and reported herein.
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OHMIC POWER SUPPLY PARAMETER REGIME FOR SST -1
TOKAMAK OPERATION

C N Gupta, B V Nair, K S Shah, M N Makwana, S Gupt&anjan, B Amin, N Thakore
and SST1 Team
Institute for Plasma Research, Bhat, Gandhinagar 328428, India

Ohmic heating power supply with wave shaper circuitry is used irIS®T initial plasma
current drive. The ohmic coils store a magnetic flux frormighpower supply current and
high di/dt is generated by wave shaping circuit for the required loop voltage. Additional flux
swing is provided by negative ohmic converter with di/dt required for plasma current drive.
Operation and tuning of ohmic power syppnd associated wave shaping system for the
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desired loop voltage, plasma current drive and control, inverting mode operation and negative
converter operation for SST are described in this paper. A set of operating parameters and
data are analysed andserved a certain range of operation parameter regime is also
discussed in this paper.

OVERVIEW OF THE OPERATIONAL AND CONTROL PHILOSOPHY
OF THE EXPERIMENTAL HELIUM COOLING FACILITY OF IPR

B. K. Yadav*, A. Saraswat, Ankit Gandhi, Srikant Verma, P. @hawi, Amit Sircar
Institute for Plasma Research, Bhat, Gandhinag82428, India
Email*: byadav@ipr.res.inbrijesh9903@yahoo.com

Institute for Plasma Research (IPR) is developing a -prghesure (8.0 MPa) high
temperature (30@001C) helium gas system as a part of R&D activities in fusion blanket
technologies. Blanket Cooling Section (BCS) of the Fusion Blanket Division (FBD) is
responsible for the design, construction, and operation of the experimental facility. This
facility is designed for testing the various components of the fusion blanket that are cooled by
high-pressure helium gas. In this helium loop, primarily it is required to maintain
temperature, pressure and flow at widfined set points and these set points may vary i
different modes of operations. The operating parameters are mainly dictated by process
requirements; whereas limitations of some equipment also have an influence on defining the
operating values. In EHCL, pressure requirement in a different mode oftiopsras
achieved by the Pressure and Inventory Control System (PICS), which is designed to
accommodate or supply the helium to maintain pressure in the loop. According to the
experimental needs, it is also required to control the helium temperature@ancté across

the test moclups. The required temperature at the test section is achieved by operating an
electrical heater, flow control valves, and bypass lines. Flow control in different modes is
achieved by circulator operations and flow control vel\@ant operations are carried out as

per the modes selected by the Operator. Different modes of operations are having different
functionalities and in any chosen mode of operation some operations are permitted and some
are prohibited. The operational acdntrol scheme of the loop is developed so that it meets
the different experimental requirements and ensures the safe operation of the loop. This paper
presents the details of the operational and control system of the helium cooling facility.
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IN-VESSEL INSPECTION SYSTEM: DEVELOPMENT ACTIVITIES
OF VACUUM AND TEMPERATURE TECHNOLOGIES FOR FUSION
REMOTE HANDLING APPLICATION

Manoah Stephen W, Krishan Kumar Gotew4| Pramit Duttd, Naveen Rastodi
Ravi Ranjah, Jignesh Chauhanyuvakiran ParavastuDilip Raval, Ziauddin Khah
Ynstitute for Plasma Research (IPR), Gandhinagar, 382428 Guijarat, India
E-mail: manoah@ipr.res.in

The work presented in this paper covers the fabrication developmenvek$el Inspection
System (IVIS) and storage vacuum chamber to carry eserivice visual inspection of SST

1 like tokamak under vacuum in between the plasma shots. The designeddNil&ilator is

~2m long with 04 Degrees of Freedom (DOF), comprising of three rotary joints and one
linear motion for deployment within the tokamak. The manipulator is designed to handle a
cantilevered payload of ~1kg withpositional accuracy of <2mrA.feasibility assessment of
suitable technologies to operate the IVIS under the-58Ke conditions of vacuum and
temperature was performed. VIS components should sustain ~70°C during VV inspection
and UHV (~1x10 mbar) for its conditioning prior to égring the VV. Limits on ougassing

inside the VV impose serious constraints for the design (e.g. on material, on joints design,
actuators and cables). This assessment was carried out through close collaboration and
knowledge sharing involving Vacuum Engering Services Division. First design of
lubricant free joints is based on incorporation of MoS2 bushes instead of bearings in VIS
joints. The COTS components availability (actuators, reducers, bearings, encoders,-vacuum
feedthroughs and cable tray) tmatch the performances compatible with high temperature,
ultrachigh vacuum requirements and to overcome pollution issues of the tokamak
environment. The rotation axes are always in the horizontal plane. This configuration limits
the torque required from ¢hyaw actuator due to the absence of gravitational torques. BC off
the-shelf motors and their standard attached -peaes both hardened to the required high
temperature operation and vacuum conditions are selected. At this step it has been identified
theneed for developments of specific new technologies in particular for hybrid bearings, ball
screw, ball screw nut, guide blocks, guide rails, viewing systems, cables and electronics.
Improvements to enhance IVIS operation under temperature and vacuunoosnidit SST

1 like machine were reviewed and results are presented. Theoretical calculations, kinematic
assessments and structural integrity analyses were carried out in detail to optimize the design.

DEVELOPMENT OF LITHIUM TITANATE CERAMIC PEBBLES BY
FREEZE GRANULATION AND FREEZE DRYING METHOD

Aroh Shrivastavé, Paritosh Chaudhufj Tejas Kumar
YInstitute for Plasma Research, Gandhinagar, India
’Maharaja Sayajirao University, Vadodara, India
E-mail: aroh@ipr.res.in

Lithium titanate (L3TiO3) is considered as one of the candidate material for tritium breeding.
IPR (Institute for Plasma Research) is developind@ilO3; powder solidstate reaction method
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followed by pebble preparation.Xd0s (lithium carbonate) and Tigtitanium droxide) are
usedas a raw material for the IiiO; preparation. Li,TiO3 powder is prepared by high
energy ball milling followed by calcination at 1000°C. The reaction temperature is estimated
by the thermegravimetric study. Pebbles are developed by freeze granulatidrodnein
experimental set up is fabricated for fregganulation and freezdrying experiments.
Pebbles are prepared with different solid to liquid weight ratio of 1:2, 1:2.5 and 1:3. Effect of
the nozzle size to the pebble diameter is also studied. Bebbdesintered at different
temperature and from 104d50°C for various sintering time. Phase purity and surface
morphology of the sintered pebbles are analyzed-kgy diffraction and scanning electron
microscopy. Bulk density, porosity and pore sizstribution are analyzed by the mercury
porosimeter technique. Thermal conductivity, specific heat and crush strength of the pebbles
are also discussed in this paperthis paper, development route of lithium titanate powder
and pebbles along with its claaterization will be discussed.

THE EFFECT OF TOROIDAL ELECTRIC FIELD IN TOROIDAL
MAGNETIZED PLASMA

P K Sharma, J Kuma§ SharmaC S Singh, K M Parmar, B R Kadia, A. L. Thakur, C G
Virani, K Mahajan, | Mansuri, J Patel, A L Sharma, V Ranjaighaudhari, P P Rao, A
Jaiswal, A Kumar, S A Nair, Y. S. S. Srinivas, E. Rajendrakumar
Institute for Plasma Researchhd@ Gandhinagar382428
E-mail: pramod@ipr.res.in

The toroidal magnetized plasma when compared to linear magnetized plasma exhibits better
plasma performance in terms of its plasma parameters. Although the end field effects of
linearly magnetized plasmas are overcome in toroidal magnetized plasmas, it give rise to loss
mechanism attributed to gr&@land curvature effects. The equilibriumtofoidal magnetized
plasma can also be modified by applying toroidal electric field. This can be easily achieved
by inserting an Ohmic coil in the bore of the toroidal plasma device and which produces
toroidal electric field or loop voltage in the plasmbawv the Ohmic coil is magnetizedo

study the effect of parallel electric field in the toroidal plasma, an experiment has been
designed and carried out in toroidal machine, having major radius of ~30cm, and minor
radius of ~10.5cm. The toroidal magnetield is formed using -8oroidal coils and is
powered by capacitor bank (0.16F, 200V). It is adjusted to form plasma employing 2.45 GHz,
500W magnetron, using ECR breakdown technique for ~8ms. The Ohmic coil is placed in the
bore of the machine having diateeof ~ 13.6 cm, resistance of @nand having 112urns

giving inductance of 0.417 mH. When it is discharged with capacitor bank of 700 microfarad,
charged up to 1kV, it produces ~1volt of loop voltage in the device, which corresponds to
electric fieldof 0.53 V/m at the major radius. The parameters of the circuit are so designed
that we get oscillating electric field when the colil is discharged with capacitor bank. The data
acquisition and control system ideveloped based on PXI modul&@he plasma is
characterized using Langmuir probe. The density formed with ECR plasma i8] % [60°

cm?® and temperature of ~4eV. The results indicate that in the presence of electric field the
ion saturation current measured by Langmuir probe drastically reduces. It is likely that
toroidal electric field may give rise to toroidal current, and would givetddoss of particles

157



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

along open field lines toroidally because of geometrical reasons. The temporal evolution of
the plasma density with parallel electric field at a given radial location is obtained with
varying loop voltage. It is observed that densitgreases as loop voltage (or electric field)
tends to zero and reduces when it grows in magnitiitdes paper would present the
experimental results obtained with toroidal electric field in toroidal magnetized plasma,
followed by detailed discussions

SIMULATIONS OF OBLIQUE PROPAGATION OF
MAGNETOHYDRODYNAMIC WAVE STRUCTURES IN PLASMA

Gayatri Barsagadéand Devendra Sharha
Ynstitute for Plasma Research, Bhat Village, Gandhina§&2428, Gujarat, Indial
“Homi Bhabha National Institutéynushaktinagar, Mumbat00094, Maharashtra, India2
E-mail:gayatri.barsagade@ipr.res.in

Strong theoretical interest exist in analyzing obliquely propagating magnetohydrodynamic
(MHD) waves that are observed in strong magnetospheric turbulent actiwigliagas in
laboratory magnetized plasma experiments, for example in a recent experiments in Large
Volume Plasma device (LVPD) [1]. In this experiment, the whistler like EMHD modes were
identified to be traveling at highly oblique (qudmngitudinal) anglewith respect to the
applied magnetic field. In our numerical simulation, we have attempted to analyze the
oblique propagation of such a hydrodynamic wave-@iinensional plasma set up. The initial
electrostatic and electromagnetic simulations of wavevigcwith their extension to low
frequency regime of MHD modes in magnetized plasma will be presented.

References:
[1] Observation of reflected electrons driven qudsngitudinal (QL) whistlers in large
laboratory plasmaPhysics of Plasmé&i, 102118(2017).

VALIDATION OF PHASE MEASUREMENT USING DI GITAL IQ
TECHNIQUE ON DOWN CO NVERTED IF SIGNAL

Dipal Soni*, Kumar Rajnish, Sriprakash Verma, Manoj Patel, Akhil Jha, Raghuraj Singh,
Aparajita Mukherjee, Rajesh Trivedi
ITERIndia, Institute for Plasma Resech, Bhat, Gandhinagar 382428, India
E-mail: dipal.soni@iterindia.org

lon Cyclotron Radio Frequency (ICRF) Sources are used to generate 20MW of RF power in
the frequency range of 35 to 60 MHz for ITER Heating & Current Drive @B
applications. To meet 20 MW of RF power with ITER stringent specifications, HlRER,

IPR has to design and develop 8 RF sources and one prototype as a spare RF source [1]. Each
RF Source should be capable to generate 2.5MW/CW with VSWR 2:1 or 30WW/th

VSWR 1.5:1 for 3600 sec having 25% duty cycle. ITiBRia, IPR has completed R &D
program for finalization of final stage tube along with certain critical components. One of the
major requirements for RF source is to control amplitude [2] and phifisalifferent load
conditions of plasma within specified accuracy. To achieve this, proper measurement
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technique of amplitud& phase is utmost requiremenTER-India, IPR has explored the use

of digital 1Q technique [3] on down converted IF Signal fioeasurement of amplitude and
phase. The same has been validated at low power level (~10mW) and at moderate power
level (~5kW). The measurement technique, validation process and results along with the
critical factors which affect the measurement accunadlbe discussed in this paper.

References:

[1] AProgress in High Power Test of R&D Source for ITER ICRF syst¢p6th IAEA
Fusion Energy Conference (FEXD16), 1722 Oct 2016, Kyoto, Japan)
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APPLICATION OF RF PRODUCED PLASMA FOR SOCIETAL
BENFIT

Rajesh Kumar, Rajan Babu, Nisha, Unnati Patel and Hiral Joshi
Institute for plasma research, @ahinagar
E-mail: rkumar@ipr.res.in

Plasma produced by the application of Radio Frequency wave applied externally and coupled
to a system by means of capacitive or inductive can make a device useful for the various
applications.With the advent of semiconthr based powerful amplifiers these devices can

be made light weighted and compaidtis paper will present the characteristics of this plasma
and their application

DEVELOPMENT OF HIGH TEMPERATURE SUPERCONDUCTOR
BASED MAGNETS

Upendra Prasad and Magnet System Division
Institute for Plasma Research, Bhat, Gandhinagar, Gujarat 382428
E-mail: upendra@ipr.res.in

The high temperature superconductor (HTS) is a promising candidate foigthenagnetic

field and compact coils for electrnagnetic applications including, medical and future fusion
magnets. The magnets used for magnetic confinement of plasma in the contemporary
tokamaks and for electimagnetic applications are either made afp copper or low
temperature superconductors (LTS). The operational limitations of copper coils are due to
huge electrical power requirement due to joule heating. The LTS NbTi anr8nNb
superconductors have advantages over the copper coils in terms ef r@owirements and

for steady state operation. However, LTS has limitations in terms of operating magnetic
fields and the cryogenic requirements. High temperature superconductors could be a viable

159


mailto:upendra@ipr.res.in

34th National Symposium on Plasma Science and Technology (PLASMA 2019)

solution for the future tokamaks and fusion reactors dubdir higher operating temperature

and operational magnetic fields. These unique properties of HTS can be utilized to design,
prototype and build magnets with elevated operating temperatusé7(2) and generate
magnetic field greater than 20 T withimet limited space. This is a significant step forward
over the conventional LTS magnets, which generally operate at a temperature around 4 K and
magnetic fields usually limited up to 13 T [1]. The design and developmental initiatives are
required for the fasibility study of HTS based magnets for various applications including
magnetic fusion. The R&D components for HTS based magnets are high current conductors,
coil winding, low resistance terminal joints, quench detection and protection. The R&D
initiatives related with HTS based magnets for various applications will be discussed in this
presentation. The performances of developed HTS magnets will also be discussed.

Reference:
1. Preliminary Design of Central Solenoid of S3Bnd DemgpU. Prasad, RSrinivasan
et al., IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 26,
NO. 4, JUNE 2016

ECR SYSTEM AT 2.45 GHZ. FOR SMALL SCALE SPHERICAL
TOKAMAK

P K Sharma, J. Kumar, K K Ambulkar, P R Parmar, Y M Jain, E. Rajendrakumar, C Danani
Institute for PAsmaResearch, Baht Gandhinagi82428
E-mail: pramod@ipr.res.in

The low aspect ratio machine or small scale spherical tokamak (SSST) is being designed to
gain insight of its advantages in terms of improved plasma parameters like natural elongation,
high keta plasma, high fraction of bootstrap current, operation at low toroidal magnetic field,
etc. The designed SSST has a major/minor radius of 28cm/16cm, aspect ratio of 1.75 and
plasma current of 25kA for less than 50ms and magnetic field of 0.1T at tloe ais. It
provides an opportunity to form electron cyclotron resonance (ECR) producénhized

plasma and also to drive plasma current-matuctively, which would increase the pulse
length up to few seconds. The commercially available rf sourceoupe ECR plasma,
around the designed toroidal magnetic field for ST is 2.45GHz. Two magnetron source, each
rated for 6kW, CW rf power is chosen as high power source which would be used to pre
ionize and form electron density in the range of £*t@n>. The available power can also

drive plasma current up to few kRill box type rf window is being designed for isolating the
vessel vacuum and transmission line in air and would handle the above rf power for CW
operation. Alumina ceramic disc would be usedvwindow material and would be realized by
employing high temperature vacuum brazing technique to join dissimilar metals like SS and
copper with metalized cerami@his paper would describe the design details of the ECR
system for ST machine.

160



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

STUDY OF PLASMA TREATED COTTON FABRIC BY USING DC
GLOW DISCHARGE PLASMA

T.Anupriyankd ,G.Shanmugavelayutham
'Plasma Physics Laboratory, Department of Physics, Bharathiar University,
Coimbatore- 641046, Tamilnadu, India
E-mail: sgsvelu@buc.edu.in

Plasma surfacenodification is an alternative method in making the dye to attach on textile
fabric instead of using artificial mordants which is hazardous to the environment. In this
context northermal plasma technology plays a vital role in modifying the surfaceeof th
fabric which does not require the use of water and chemicals resulting in more economical,
ecological process, drastic reduction in pollutants and corresponding cost reduction for
effluent treatment,2]. In addition to that huge variety of chemically active functional groups
can be incorporated into the surfie The present work is to modify the surface of the
cotton fabric by oxygen plasma treatment with operating parameters the exposure time,
discharge potential and 4w pressure are kept constant as 5 mins, 400V and 9 Pascal
respectively. Then the plasma treated fabric is compared with the mordanted fabric. The
change in the chemical and morphological properties have been investigated WyTAR

SEM analyses and refied.
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INVESTIGATION OF QUIESCENT PLASMA TURBULENCE
WITH/WITHOUT POTENTIAL PERTURBATION IN MULT I-CUSP
PLASMA DEVICE (MPD)

Zubin Shaikh!: 2, Meenakshee shermat, A.D.Patel?, H.H.Josh? and N.Ramasuliamanian®
linstitute for Plasma Bsearch, Gandhinagar; 382428, Gujarat
2 Department of Physics, Sauragia University, Rajkot -360005, Gujarat
E-mail: zubinipr@gmail.com

The Argon plasmaconfined by a multi-pole line cuspmagnetic field (MMF) over alarge
cylindrica volume (1 m axial length and 40 cm diameter) [Patel et a., Rev. Sci.
Instrum. 89, 043510(2018)] has been charaderized. The central plasma region is
quiegent (Un/n < 1%) and the density fluctuationis aso controllablewith changing
pole magnetic field. This paper presents a detail investigation of plasma turbulencet the
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central quiesent plasmaregion with a changing pole magnetic field of magnets.
Moreover, it has been also investgated that the effect of the potential @rturbation on
badkgroundquiescent gdasma turbugnce

References:
[1] A newmulti-line-cusp magneic field plasma device (MPD) with variabde magnetic
field for fundanental pasma studies Patel etal., Rev. Sd. Ingrum. 89, 04%10 (2018)

COMPOUND PENDULUM BASED THRUST MEASUREMENT
DIAGNOSTICS FOR HELICON PLASMA THRUSTER

RenuBahl, Mritunjay Kumar, Narender Singh, Ramesh Kumar Buddu and Prabal Kumar
Chattopadhyay.

Institute for Plasma Researchedl Indira Bridge, Bhat, Gandhinagar, Gujard82428
renu@ipr.res.in

Plasma based thrusters are routinely used to propel satellites in space. These thrusters
produce a thrust ranging from few miNiewton (mN) to few tens of milNewton. Many

new types of thrusters are being developed in various laboratories all oveoilefov

future space propulsion missions. One of challenges during development of electric thrusters,
is to measure the thrust accurately and hence thrust measuring diagnostics is an integral part
of thruster development. IPR is developing a helicon pdamuster of thrust ranging from

few micronewton to few tens of mN. A compound pendulum based thruster diagnostics has
been developed to measure the thrust produced by helicon plasma thruster. The pendulum has
been calibrated for thrust ranging from 50icra-Newton to 20 mN. The detailed
measurement of thrust with newly developed compound pendulum based thruster diagnostics
will be reported.

GAS FUELING IN ADITYA -U TOKAMAK

Kaushlender Singtf, Suman Dolui?, Tanmay Macwal?, Harshita Raj?, Suman Agh',
Rohit Kumar, B Arambhadiya Siju Georgé Y Pravasty, D C Raval, K A Jadeja, K M
Patet, N C Patél, V K Panchal, R L Tanna, J Ghosh?*and ADITYA-U Teant
!Institute for Plasma Research, Bhat, Gandhinagar, India, 382428

2 Homi Bhabha Nationdhstitute, Mumbai, India, 41094
E-mail: kaushlender.singh@ipr.res.in

The first indigenously built ADITYA tokamak [1] has been upgraded to ADITYA
tokamak (R = 75 cm, a =25 cm), having feasibility of having shaped plasma operation with
divertor coils. h ADITYA-U tokamak plasma breakdown is generated using hydrogen gas as
a fuel and toroidal electric field produced with central solenoid Ohmic transformer coils.
Hydrogen gas is prélled, few hundred miliseconds before the application of loop voltage.
Working gas pressure is one of the most fundamental operation parameters for successful
plasma breakdown and stap of tokamak discharge [2]. In ADITYA, we prefill the
vacuum vessel with hydrogen gas using an external trigglse for the pulse operamh of a
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piezoelectric valve, which is placed at one of the bottom port of vacuum vessel. Normally,
the amplitude of the pulse is fixed, but the pulse width is varied to change the operating
pressure. Hence, there is a direct correlation between the odegrof pulse width and
reservoir pressure. For successful discharges, the relationship between reservoir pressure and
the opening pulse width of piezoelectric valve is studied theoretically and empirically. A
Python script is developed on the basis of shusly which calculates the pfid pulse time as

a function of reservoir pressure. Discharges failure has been restricted using this analysis.
Furthermore, the flow rate and gas velocity of thegad$ill and the supersonic molecular

beam injection (SMB will be compared. The detailed study and analysis will be presented

in this paper.

References :

[1] Aditya: The first Indian Tokamak Indian Journal of Pure and Applied Ph23jc&L0
742 (1989)

[2] Breakdown experiment on Aditya Tokamak Indian Journal of Phg&i¢s & 6), 48t
487 (1992)

FORECASTING OF DISRUPTION IN ADITYA -U TOKAMAK

Suman Dolui? Kaushlender SindH, Tanmay Macwai?, Harshita Rdj%, Suman Aich,
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Disruptions in tokamak, is a sudden loss of magnetic confinement of plasma. A huge amount
of plasma current abruptly terminate in a few rskicond. As a consequence, a huge amount

of induced electric field is generated, which makes the electrdmyhemergetic (Runaway
electrons) and eddy current flows through the vessel. Hence, due to disruption there is a
chance of severe damage to the system. Avoidance of disruption [1] and real time mitigation
is a very important field of work in tokamak. Thene many possible causes for disruption.
The most important reason is growth of m=2 mode of instability. Growing instability at q=2
rational surface gives the major disruption. It is observed that highalug (q=6) at the

edge gives the sharp falling plasma current. Where the fall of plasma current is slower for
lower gvalue (q=3) at the edge [2]. The amplitude of oscillation of m=2 mode also decreases
with higher gvalue at the edge and increases with lowsalge at the edge. The work is
focusedon finding a strong correlation betweesagand disruptions in ADITYAU tokamak.

Details of the study will be presented.
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EJECTION OF HIGH SPEED MOVING PARTICLE IN HOLLOW
CATHODE DUSTY PLASMA

Nidhi Patet, Dhara RavPayal Pandit and G.Prasad
Institute for Advanced Research, Koba, Gandhinagar,Guj@&2 426
nidhipatel.phd@iar.ac.in

The dust particles introduced in the laboratory glow discharge acquire negative charge and
levitate in the sheath region where theréoirse balance between gravity and sheath electric
field. The ion drag force and the neutral drag force influence the lateral motion of dust
particles. In another experiment, the dust particles were charged negatively to very high
charge numbers by introding the dust particles in the path of electron beam [1]. In these
experiments, the electron beam produced at low pressure was transported through differential
pumping to another chamber at high pressure. Rocca et al., [2] have produced glow discharge
geneated electron beams at fore pump pressure using how cathode discharges. In the earlier
past, one of us has investigated dust particle dynamics in hollow cathode discharge in detail
[3]. In the present work have attempted to levitate the dust particleliowhcathode
discharge and generated charged dust beam similar to electron/ion beam. It is observed in the
experiments that a dust particle gets ejected along with the plasma beam. We report the
experimental characterization of dust particle beam ejeitted plasma hollow cathode
dischargeExperiments were carried out in a SS304 vacuum chamber of 290 mm in diameter
and 305 mm in length. The vacuum chamber has two large top and bottom flanges of the
diameter of the chamber. It has four radial ports of®® in diameter. How cathode source

is made from SS304 tube of 124 mm length and 18 mm in outer diameter with 6 mm hole
along the length direction. It is covered in either end with alumina ceramic. A floating SS304
sleeve is placed on the outer side & kiollow cathode discharge tube. The vacuum chamber

is pumped down by rotary pump. The vacuum in the chamber is measured by convectron
gauge. Alumina and silica dust particles with particle size in the range of few microns were
used in the experiment. Gre@elium neon laser was used as diagnostic in the experiment to
visualize the particle. A CCD camera mounted on tripod is used acquire the image of dust
particles ejected out of the hollow cathode discharge. Discharge was produced in the pressure
range of0.17 0.4 mbar in argon gas. DC voltage of 20@00 Volts is applied between
hollow cathode and the grounded chamber wall. The results of experiments are presented in
this work.
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FAST IMAGING OF PLASMA DISCHARGES IN ADITYA -U
TOKAMAK
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Tanmay Macwah? Rohit Kumat, K A Jadeja K M Patet, V K Panchdl, Harshita Rdj?,
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2 Homi Bhabha National Institute, Mumbai, India, 400094
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After successful commissioning of ADITY:A tokamak, the first plasma was obtained in
December 2016. Since then experimental research in ADIUYAas been making
significant progress and over ~3000 discharges in ADIAtYAave been obtained. In @d

to visualize plasma column movement, plasma wall interaction and some obstacle within
plasma crossection in these discharges, a 2D tangential viewing fast visible imaging video
camera is installed on ADITYAJ, as followed by many tokamaks wonldde [1, 2, and 3].

It captured a wide angle panoramic view of the tokamak from the radial port in such a way
that, the entire poloidal cross sectianluding the limiter is within the field of view of the
camera. Using this camera at a frame rate of 6000 awe $uccessfully captured the video of

all the plasma discharges in this tokamak and excellent images of plasma evolution at high
spatial and temporal resolution are obtained. After rigorous study on these videos, several
significant observations are obited. For instance, the plasma evolution in ADITFYAakes

place towards the inboard limiter side and this is confirmed with plasma position
measurement as well as fast imaging video camferaumber of phenomena, starting from
plasma initiation to the moweent of the plasma column, to the effect of gas puffifgm
formation of plasma rings to the giant particle motion inside the field, to the plasma
disruption on the vessel wdll all are studied using the pgstocessed images and videos.
This work presnts many such interesting observations and their analysis, and concludes with
the future scope of works.
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DATA HANDLING APPLICATION FOR DATA ACQUSITION OF
PLASMA DIAGNOSTICS

Vismaysinh Raulji, Praveena Kumari, Hitesh Mandaliya, Rachana Rajpal
Institute forPlasma Research, Nr.Indira Bridge, Bhat, Gandhinag&2428
vismay@ipr.res.in

The purpose of this application is to acquire data for plasma diagnostics frorthnaultiels

100 KHz simultaneous sampling developed hardware. The entire application is ddvahop

Linux platform (CentOS) for reducing time of data acquisition as compared to Windows
platform. The application design facilitates all the requirements, easy maintenance and
flexibility in customization accadalragsicentray t o
server 6s rApplicationr cedm & nviitten. in C language using GCC compiler. The
code provides control and status commands to FPGA based hardware on PC/104 Bus. At
application startup, it initializes all hardware and software compenand then it prompts
hardware system to gets ready for hardware trigger. Upon receiving the trigger, firmware
starts acquiring process by enabling the ADC (Analog to Digital Converter), reading ADC
data and writing ADC data to RAM (Random Access Memarte application off loads the

data from the memory through firmware program when it receives memory full
acknowledgement. The application program establishes remote connection to data acquisition
server to retrieve plasma shot information viz., shotlmemnmit generates data files as per shot
number and transfers data to Server. Data Handling Application for Data acquisition system
is successfully integrated to the Aditya tokamak .The detailed software design, development
and testing results will be disssed in the paper.

DESIGN AND IMPLEMENTATION OF SOLAR POWERED PLASMA
POWER SUPPLY

Riya Shrivastav, Nidhi Patel and G. Prasad
Institute for Advanced Research, Koba, Gandhinagar,Guj&&2 426
nidhipatel.phd@iar.ac.in

Solar power consumption iscreasing day by day. There have been attempts to convert solar
power operating 12 volts or 24 volts into mains power of 230 volts single phase or 415 volts
three phase. Solar power plant generates power even at high voltage and couple the power to
the gid. Local application of solar power like running tube light or fan or air conditioner is
already established. Some of the application of plasmas viz., plasma sterilization at
atmospheric pressure, air plasma based discharge for generation of nitrofpetlzes,
atmospheric glow discharge based volatile organic compound(VOC) destruction etc., can
brought under solar power as their power consumption is very low (few tens of watts). In this
work, we have attempted to make a power supply with input polaer of 24 volts and
generated high voltage of 5000 volts at 100 KHz. We have coupled this power supply to
Xenon iodide lamp which generates plasma discharge and produces ultravid&bmadi
which kills the bacteriaProduction of atmospheric glow disuige is widely established and
which draws the electrical power from the mains. We have taken the input power from the
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solar panel and through a storage battery. A fly back transformer is designed to operate at 100
KHz. We have used ferrite URR59/36/17 €drom EPCOS. The transformer is designed
based on the numerical equations given in Umand and Bhat [1]. A Switch mode power
supply based the IC is designed with MOSFET STF13N60. First we have tested the circuit
with transformer rated for 230 Volts. Late have extended the voltage operation up to 5000
volts. We have operated the power supply with at operating frequency of 50 to 100 KHz.
Operating input power VS frequency is presented. Further the surface temperature of the
lamp with different frequencis also measured to investigate the dissipation of the source
with different operating frequency.
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MODERN MANUFACTURING TECHNIQUES FOR THE
DEVELOPMENT OF TOKAMAK AND STELLARATORS BAS ED
FUSION TECHNOLOGY

Bharat Doshi
Institute for Plasma Research
E-mail: doshi@ipr.res.in
Nuclear Fusion power offers the prospect of an almost inexhaustible source of energy for
future generations, however it also presents so far insurmountable emgneerd
technological challenges. The main route to produce the fusion energy is focused on tokamak
reactors and stellarators, which confine a deuetritium plasma magneticallyMetal 3D
Printing holds a unique position in modetay product developmernit allows for the direct
manufacturing of complex engse parts and facilitates tooling for conventional
manufacturing technologies. This technology is also known as Direct Metal Laser Sintering
(DMLS) andSelective Laser Melting (SLMBD printing/Addiive manufacturing has wide
applications in fusion technology developments as well as plasma technology developments.
There exists an enormous benefits of 3D printing for the fabrication of smaller size (up to
meterscale) metal components. The techniqueense particularly well adapted to
unconventionally shaped objects or those with complex interior geometry & intricate shapes.
3D printing is a versatile and proactive manufacturing method to find options that can save
time and cost. This method offers a matfficient and coseffective way to manufacture
complex components. The 3D printing/Additive Manufacturing, uses cormpiated design
(CAD) model as a starting point to directly manufacture 3D metal objects in a more efficient
and costkeffective approde that avoids the moelps and prototypes of traditional
manufacturing particularly for a technology development or product development for Nuclear
fusion/Tokamak/Stellarator. The 3D printing equipment is able to read CAD data and lay
down successive laygof liquid, melted powder to form the comporéeiat process that has
many applications in the highly complex components required for Fusion technology. It has
been found that 3D printed metal components meets the specifications for physical properties
and mechanical stress tolerancéarious complex components of various metals such as
stainless steel, INCONEL, ETP Copper, Aluminum alloy, Titanium alloy etc. are possible to
manugcture for fusion applicationsln this paper, possible components that can be
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manufactured using 3D metal printing techniques for Tokamak/Stellarator fusion machines is
discussed.

DEVELOPMENT, TESTING & COMMISSIONING OF AUTOMATIC
CHARGING OF HIGH VOLTAGE CAPACITOR BANK IN ADITYA -U
TOKAMAK

Bharat Arambhadiya, Vismaysinh Raulji, Rokumar, Tanmay Macwan, Kaushlendra
Singh, Suman Dolui, Rachana Rajpal, Rakesh Tanna, Joydeep Ghosh, Narendra Patel,
Chhaya Chavda
Institute for Plasma Research, Nr.Indira Bridge, Bhat, Gandhin&$2428
bharat@ipr.res.in

Tokamaks use different puls@dwer subsystems as a key subsystem. ADIAY fokamak
possesses a 250 kJ multistage capacitor bank. The capacitor bank energizes the ohmic
transformer of the tokamak with a major radius of 0.75 m, minor radius of 0.25 m, and a
toroidal field of 1 T at theplasma center. Different high voltage rectifiers charges these five
capacitors banks at different voltages. These capacitor banks are fired in at appropriate times,
to realize an experimental demand for initial high loop voltage followed by a lower sugtain
plasma loop voltage. The charging of these capacitor banks are carried out by individual
transbrmer and rectifier circuits.The charging of these banks has now been carried out
automatically using PLC based control system. The new control systeimstsafsWAGO

make PLC and motorized auto transformer. The Tokamak operator configures required
charging voltages for different banks. The PLC control system charges up all capacitor from
1kV to 10kV at recommended capacities from 1 uF and upwards withgeofeedback
control and motorized autotransformers. The control system monitors the charge voltage as it
builds to the preset value and then stops. The paper describes the installation, testing,
calibration and commissioning of automatic charging sysiémultistage 250 kJ capacitor

bank.

OVERTAKING OF KINETIC ALFVEN WAVES IN NONTHERMAL
PLASMA

Kuldeep Singh N. S. Sainand Rupinder Kaur
Department of Physics, Guru Nanak Dev University, Amritsar, adz005
*E-mail: singh.kdeep07@gmail.com

Over the past many yearghe variety of nonlinear structures, Alfven waves and the
magnetoacoustic waves (slow and fast) are the basic wave modes in the magneto
hydrodynamic (MHD) systems in which Alfvén waves are the low frequency waves (below
the ion cglotron frequency) which play a central role in many laboratory, cosmic as well as
fusion plasmas where the plasimé typically much smaller than the electron to ion mass
ratio. The observational data from the Freja and the FAST satellites [1] haaéerka clear
signature of solitary Alfvénic structures [2].Kinetic Alfven waves arise when the
perpendicular wavelength of ordinary Alfven wave is comparable to the ion Larmor radius.
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The propagation and interaction of muddlitons are important phemena in plasma
physics.They interact elastically and owing to this reason, the amplitudes of solitons do not
change; however each soliton gets a phase Bhifie present work, we have investigated the
propagation of ion acoustic kinetic Alfvenwavestn a | ow b pl as ma. I n tF
de Vries equation is derived and discussed using the plasma parameters that are typically
found in solar corona. The interaction of fast IAKAWs is explored by using the Hirota
bilinear formalism [3], which adnst multisoliton solutions. It is pertinent to mention here

that this solution describes two solitons travelling in the same direction and the soliton
interaction takes place when the faster solitary wave overtakes the slower solitary wave. It is
further nded that the amplitude of the respective solitary waves remain unchanged after the
interaction, however, they do experience a phase shift. This study may also be helpful in
understanding various ndimear coherent structures in space and astrophysicampla
environments.
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EXPERIMENTAL STUDY ON METAL FOIL BOLOMETER IN LAB

Devilal Kumawat, Kumudni Assudarij Praveenlal EdappdlaGopalakrishna M ¥ Sameer
Kumar', S.K Pathak
!Institute for Plasma Research, Bhat, Gandhinagar, India, 382428
E-mail: devilal. kumawat@ipr.res.in

Aditya-U and SST1 tokamaks are indigenously built medium sized air core tokamaks. These
devices are routinely operated and the plasma producedstadied using standard
diagnostics. Bolometer is one such diagnostics that is used for the measurement of the
radiation power loss from a tokamak. It is an essential diagnostics as it assists in the power
balance of the tokamak and also determines thigypof the plasma. AXUV detectors are
presently being used for radiation power loss and it is proposed to develop a similar
diagnostic based on metal foil bolometer as a supporting diagnostic. A prototype metal foil
bolometer made up of platinum, and meer resistor (56¢) has been fhssted i
works presents measurement of calibration coefficients viz. cooling time constant, and
thermal resistance of metal foil bolometer by performing various experiments where laser is
considered as an inpytower source. Response (r), heat capacity (C), and temperature
coefficient ( U) of same wi || be discussed i
graphite coated metal foil also to enhance its absorptivity; moreover, experiments in vacuum

will also ke studied to study the difference between vacuum and ambient experiments.
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COMPARISON OF TRADITIONAL MANUFACTURING
TECHNOLOGY WITH ADVANCED / ADDITIVE MANUFACTURING
TECHNOLOGY FOR NUCLEAR DOMAIN

Gautam Vadolig K P Singh, Bharat Doshi, Manoj Kumar Gupta, Vijaykumar Patel
Institute for Plasma Research, Gandhinagar, Gujaratidnd
*E-mail: gautamv@ipr.res.in

Main components of Nuclear reactor are generally large in size. Traditionally heavy forgings
are machined using heavy machining equipment such as vertical turn mill, boring machine
etc. which are categorized as subtractiaafacturing as material is removed from the solid
block/forged block. This technique is already proven and being used since long. By
considering advanced manufacturing technology such as Hot Isostatic Press (HIP) and
Electron Beam Welding (EBW), a hugevsay in the fabrication cost in nuclear components
fabrication is anticipated [1]There is potential of using Additive Manufacturing (AM)
technique for ceramic fuel fabrication and repair of components. Canadian Nuclear
Laboratory (CNL) successfullprinted ceramic fuel material and work is underway to
improve and refine this capability. Printing of metallic fuel is also being pursued at CNL [2].
In case of replacement of component, where original equipment manufacturer may require
long lead time or @y not be able to supply the material; the additive manufacturing can be
utilized for inhouse fabrication. However AM is not replacement for subtractive
manufacturing and user discretion is needed to find out part suitable and economical to
manufacturefttrough additive manufacturing. In this study; process capability of traditional
and advanced / additive methods shall be compared and ongoing research for nuclear field
shall be reviewed.
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TRANSPORT OF THERMAL YUKAWA PARTICLES IN A CHOSEN
DIRECTION - A MOLECULAR DYNAMICS STUDY

Anshika Chugh R. Ganesh
Institute for Plamsa Research (HBNI), Bhat, Gandhinagg2428
E-mail: anshika.chugh@ipr.res.jlmanshikachugh93@gmail.com

Study of particles interacting through Yukawa potential in a background asymmetric
potential called ratchet potential is investigated . Ratcheting effects or directed transport has
wide applications. Théocus of study is the effect of Yukawa interaction among particles on
the average velocity and diffusion of particles. MD simulations are performed for different
values of interaction strength ranging from strong to weak interaction. A special form of
ratchet i.e. rocking ratchet is studied and it is found that the effect on transport of particles is
subject to driving time scales in the system.
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ABRASIVE WATER JET MACHINING FOR THE PLASMA
EXPERIMENTAL SYSTEMS DEVELOPED AT INSTITUTE FOR
PLASMA RESEARCH

Jayesh GandhVijaykumar Patel, Bharat Doshi
Institute for Plasma Research
*E-mail: gauamv@ipr.res.in

The Workshop section of MESD division is equipped with modern versatile non
conventional machine calledseXis abrasive watget machine, which cuts the hard material
such as tungsten using abrasive slurry at 3800 times atmosphssarpreith high precision

of 50 micron accuracy. This is a unique machine in entire DAE family with a capacity to cut
3m x1.5m size plates of different hard materials up to 100mm thickness. This machine offers
advantage of cutting the materials almostaam temperature and does not allow to impai

the material characteristicgarious components used for plasma experimental systems have
been manufactured using Abrasive water jet machine. The programing involved for an
intricate shape components such akchl and spiral antenna fabricated will be reported.

In this paper different components manufactured with this technology will be discussed and
complexity involved and accuracy demanded for these
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WAVE FIELD PATTERN AND MODE CHARACTERIZATION OF
MICROWAVE EXCITED IN THE VACUUM CHAMBER OF SYMPLE

Priyavandna J. Rathod, Amee A Sarvaiya, Maulikkumar A Patel and Anitha V. P.,
Institute for Plasma Research, Bhat, Gandhinag@82428

Interaction ofintense electromagnetic (e.m.) radiation with an @vern s e pkasma (¥
w h e rpgandw are angular frequencies of plasma and the frequency of the interacting e.m.
wave respectively) is a subject of great interest [1], in the context of investigdtion o
nonlinear processes in laser fusion and radhwe propagation in ionosphere. Several
interesting linear and nonlinear interactions occur between the incident e.m. wave and the
inhomogeneous plasma having density gradimtparallel to the normal (tthe surface of
wave incidence) aty), leddieg toctmeiabsorgtianl of theavave in the ¥ = ¥
plasma, provided there is a component of the wave electric figld garallel to Bn. In
laserplasma experiments aimed at investigating e.m Wwasdasma interaction, the condition
Eemabn is attained by choosing oblique idence of a Fpolarised waveSYMPLE (SYstem
for Microwave Plasma EXperiments) is an experimentalipedeveloped for investigation of
wavei plasma interaction, with high pe@r microwave (HPM) chosen as the e.m wave, thus
enabling a frequency scaled down experiments of LREEmMa interaction. The system-set
up [2] consists of a pulsed (&) HPM source (Magnetron: 3 GHz, 3 MW, output in,dE
mode) and a washer gun basedspia system [1] with parameters-n(1-10)x10°*m™3, T
~10 eV and density gradient scédmgth ~ 1620 cm. The power of microwave is high
enough, satisfying the conditionele 2/(nkTe) ~ 1 so that experimental exploration of wave
absorption throughesonant wavé plasma interactions as well as by fr@sonant processes
involving excitation of various instabilities, enhanced anomalous collisions, wave breaking
etc. is possible. Here, the choice of microwave gives a unique possibility as compared to
laserplasma interaction experiments that the conditign Hn can be satisfied, even with
normal incidence of the wave on to the plasma. This is possible by incorporating a specially
designed Tk to TMo; mode converter in the HPM coupling system tswre that the wave
incident on the Plasma is in Tfmode, having its electric field parallel the propagation
direction In order to validate the mode and electric field direction /distribution in the
chamber prior to initiation of wave plasma interantiexperiments, low power (25 dbm)
experiments have been carried out by coupling microwave to the experimental chamber
through the mode converter. The characteristics of the field pattern observed confirm
excitation of microwave in the TM mode in the clmn Detailed experimental observations
and analysis form subject of discussions in this paper.
References :
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EXPERIMENTAL MEASUREMENTS OF GAS PRESSURE DROP OF
PACKED PEBBLE BEDS

Maulik Panchdl, Abhishek SaraswitParitosh Chaudhdri
Yinstitute for Plasma Research, Bhat, Gandhinag@2428, Gujarat, India.
E-mail: maulikpanchal@ipr.res.in

The nearly spherical shaped ceramic pebble beds in the breeder blanket of the future fusion
reactor are purged by low pressure gas to channelize the generated tritium fuel into the
tritium extraction system. The required pumpirger for gas flow in pebble beds can be
estimated using the pressure drop values across the pebble beds. The aim of this work is to
experimentally measure the pressure drop across packed pebble beds as function of pebble
sizes, pebble shapes, cross sectia of pebble beds, pebble materials, packing density of
pebble beds and gas velocity. The pebble beds are packed under the two different cylindrical
shaped container having the inner diameter of 24 mm and 38 mm. The various experiments
have been perfored on stainless steel spheres (Diameter: 1 mm, 2 mm, 3 mm and 4 mm),
alumina pebbles (Mean diameter: 1 mm, 1.5 mm, 4 mm) and lithium+titeetate pebbles

(Mean diameter: 1 mm and 1.3 mm). The gas flow has been controlled and measured using a
digital massflow controller. The static differential pressure across the pebble beds has been
monitored by a differential pressure transducer. The obtained experimental results of gas
pressure drop have been compared andlsofal i dat
the experimental parameters, installed sensors, pressure drop results will be discussed in
detail in the paper.

MEASUREMENT OF THERMO -MECHANICAL PROPERTIES OF
CERAMIC BREEDER PEBBLE BED BY STEADY STATE METHOD

Chirag Sedani, Maulik Panch&aritosh Chaudhuri
Institute for Plasma Research, Inet&2428

ThermaeMechanical properties of ceramic breeder pebbles and pebble bed play a key role in
the breeder blanket design. The envisaged solution for breeding blanket foresees the use of
many oxideceramic materials from which lithium metatitanate,{liD3) is used for this

study. The thermal mechanical properties of the candidate pebble bed materials are
extensively investigated because they are critical for the feasibility and performances of the
numerous conceptual dges which use a solid breedd@ie spherical shaped pebbles (~1

mm diameter) having porosity for efficient tritium extraction. At IPR lithium ceramics are
prepared and characterised for its physical, thermal, thphysical and theno-mechanical
properties. Characterising thermuechanical properties of the ceramic breeder pebble bed is
an integral step off developing breeder blanket for fusion energy applications. Thermal
conductivity is an important parameter to identify becadgbetritium extraction from the
breeder material. In granular pebble bed materials, the thermal conductivity depends on the
solid pebble materials as well as any gas filling the interstitial void spaces. Thus, an effective
thermal conductivity (&) of the bulk is used. During the measurement of thermo
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mechanical properties, thermal diffusivity and thermal conductivity of sintergfiQgd
pellets are measured by laser flash technique. In the fusion reactor, the pebbles are stacked in
the canister as pebble bed. Effective thermal conductivity is one of the essential parameter
for the design of fusion blanket. In this study the measurement of effective thermal
conductivity is by the steady state and axial method using the experimental setup.
Experimentsare performed at different temperature and pressures with different gases like
He, Ar and air. The experimental setup is designed in such a way that it gives ~1D heat flux.
The results evaluated from the experiments are much acceptable in comparisotherith
published data. Simulation is also performed on ANSYS and the CFD analysis of the pebble
bed is done to measure the thermechanical properties. In the simulation actual geometry

is replicated and the actual conditions are given as boundary casdilibe experimental
results are validated with the literature data and simulation data.

PROTOTYPE DESIGN OF MULTI -CHANNEL DATA ACQUISITION
SYSTEM TO CALIBRATE PROBES FOR MEASURING EDDY
CURRENT IN A PLANAR SURFACE

Abhijeet Kumar, Hitesh Mandaliy®achana Rajpal, M.V. Gopala Krishna, Praveenlal
Edappala, Minsha Manibhai Shah
Institute for Plasma Research, Near Indira Bridge, Bhat Gandhinagar, Gujs382428
akumar@ipr.res.in

To measure the eddy current a calibrated magnetic probes are requdrdtese probes are
calibrated using Helmholtz coil. We need to take the signals from the planar surface which
generates the eddy current at different positions on the plate at the same time
simultaneously. So, multhannel data acquisition system (DASYequired to stores all the
probes data synchronized with respect to external trigger. The generated eddy current pulse
width is approx. 200us and bandwidth of approx. 20 KHz. Hence a prototype design of
multi-channel DAS system with external trigger ioptup to 200KSa/s hasbn designed

on Spartar6 FPGA.The system will allow the user to customize the sampling rate and
number of samples per channel. When the DAS system will get the external trigger signal
from the current transformer DAS system wii&rt acquiring the signals from all the probes
simultaneously and the data will be buffered in the FIFO inside the FPGA. Later these data
will be transferred to the hard disc of the computer through the FT2232H module for future
analysis. This paper willdescribe the hardware design, PCB layout design, component
selection, Driver implementation in VHDL for interfacing ADC and FT2232H mini module
for the board.
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STRUCTURAL AND LOCAL GEOMETRIC INVESTIGATIONS OF
HIGH TEMPERATURE PLASMA SYNTHESIZED IRON OXIDE
NANOPARTICLES

Arkaprava Dak P.B. Orpé&?and C. Balasubramaniah
Yinstitute for Plasma Research, BliaGandhinagar 382 428
’Nirma University, S5 Highway, Gota, Ahmedaba®82 481

*Homi Bhabha National Institutéynushaktinagar, Mumbai400 094
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We present high temperature arc plasma route assisted iron oxide nanopatrticle synthesized in
air and helium ambient under different arc currents of 50A, 100A and 150A along with
structural and local geonrat investigations. The Xay diffraction pattern (XRD) for air
environment synthesized nanoparticles reflects the formation of cubf, Falpha and
gamma FgO; phases with increasing dominance of alpha phase at higher arc current. The
enthalpy of the gpied plasma arc current as well as oxide concentration resulted in
multicomponent product formatiotdowever, for He ambient synthesis, it manifests a robust
presence of metallic Fe phase which becomes more predominant with increasing arc current.
Due to steeper temperature gradient at high arc current a substantial amount of metal vapor is
generated near he pl asma plume which doesnoét get
subsequent nucleation and triggering a dominance of metallic Fe phase at He environment.
The existence of aforementioned phases have been verified with XRD patterns along with
extende X-Ray absorption fine structure (EXAFS) modellivig probing FeK edge. These

results provide a firm understanding regarding different phase formation which can be
anticipated as significantly handy not only in controlling the structural properties of
nanoparticles but also for the wider use of plasma based nanopowder synthesis technology.

Key words: Plasmajron Oxide nanoparticles<-ray diffraction pattern (XRD); Extended-X
ray absoprtion fine strcuture (EXAFS)

EFFECT OF EXTERNAL ELECTRODE CONFIGUR ATION IN
PARTIALLY MAGNETIZED PLASMA TRANSPORT

Swati? Satadal Da¥, Shantanu K. Karkarf
! Institute for Plasma Research, Bhat, Gandhinagar, Gujarat 382428, India
2 Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Mumbai
40094, India
E-mail: swati.dahiya@ipr.res.in

The behavior of plasma potential and density profile in presence of different configurations
of magnetic field has always remaiha topic of interest. Magnetized plasma has prominent
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role in fusion research and in many industrial applications like materials processing,
sputtering, deposition of thin films, etc. In the present work, the radial plasma characteristics
in a hollow condcting cylinder in presence of an axial magnetic field have been studied. The
cylinder is placed coaxially inside the diffused plasma column created by hot filament
cathode and a gridded anode. In presence of axial magnetic field, it is observed tdiaithe r

pl asma density tends to follow a zeroth ord
cylinder is being floating or grounded. This result is in well accordance with the
phenomenological model for radial plasma density in cylindrical systemettwhe radial
plasma potential shows different trend for the two different configurations. When the cylinder
is kept grounded the radial plasma potential has minima at the center, which can be explained
by Simon shortircuiting effect. But when the cylder is kept floating there is an off
centered minima in potential profile, which shows violation of the shigrtiting effect.
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EXPERIMENTAL STUDY OF ZONAL FLOWS IN LOW PRESSURE
LINEAR MAGNETIZED PLASMA
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Zonal flows are secondary instabilities excited by density or temperature gradient driven drift
waves. In present work, low frequency @.3kHz, ZF)fluctuations excited in Inverse
mirror plasma experimental device (IMPED) are studied and characterized to be zonal flows
by measuringQhQhQ and amplitude of potential and density fluctuations. ZF has radially
sheared finiteQ with "QhQ D 1t and potential fluctuations dominate over density. ZF is
strongest wher® is minimum. By using control features of IMPED, location of minima

(0 ) is shifted and correspondingly strongest ZF shifted. Effect of increasing ratio of hot to

cold electrm population on ZF is also investigated. ZF becomes stronger with increase in this
ratio. Experimental results are presented and discussed.
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STUDY OF SST-1 TOKAMAK PLASMA USING FAST IMAGING
CAMERA

Devilal Kumawat, Kumudni Tahiliant, Sameer Kumar Gopalakrisna M \* S.K Pathak,
Yuvakiran Paravastu, Jasraj Dhongde, D. Raju, and1ISEdam.
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E-mail: devilal. kumawat@ipr.res.in

SST-1 is an indigenously built medium sized air core tokamak, mifor radius 1.1 m and

minor radius 0.2 m. It is routinely operated and produced plasmas are studied using various
diagnostics. Fast imaging diagnostic is one of them that enables the viewing of the plasma.
The diagnostic system consists of a Phantom fa&tlcamera coupled with an imaging fiber
bundle that views the tangential poloidal cross section of plasma column. High resolution
images (256x256) at frame rate 2000 to 300 FPS are captured in this diagnostics. The
evolution of the plasma and its movermenstudied. Plasma interaction with plasma facing
components (PFCs) is observed and studied through the enhancement in local visible
radiation. This study involves discussion on plasma wall interaction, estimation of temporal
and spatial profile of plasancolumn and location of resonance layer of ECRH plasma by
using post processed images
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DENSITY AND POTENTIAL WAKE PAST AN INSULATING
OBSTACLE IN A PARTIALLY MAGNETIZED FLOWING PLASMA
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The radial characteristics of plasma potential and densitynd an insulating disc obstacle,
placed inside a partially magnetized plasma flow created in cylindrical chamber by hot
cathode filament are presented. In the absence of obstacle, centrally sharp minima in potential
and maxima in plasma density is obssly however when a macroscopic obstacle is
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introduced in plasma flow, a clear radially-c#ntred minima in plasma potential is observed
having plasma density peaking near the edge of the obstacle. The depth of potential around
the obstacle depends on taeial magnetic field strength. This aféntred radial potential

profile in the plasma flow gives rise to focusing of ions around the obstacle edge.
Experimentally it is found that the drift velocity of focused positive ions is directly depended
on the magnetic field strength and axial positive ion flow velocity. A phenomenological
model based on shectrcuiting effect is applied to explain the plasma density and potential

in the wake region.
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Er,O; COATING DEVELOPMENT BY DIP COATING PROCESS FOR
H, PERMEATION EVALUATION

P A Rayjada, Sudhir Rai, Pragnesh Dhorajiya, Amit Sircar
Institute for Plasma Research, Gandhinagar, Gujarat, India.
E-mail: pratipal@ipr.res.in

Highly electrically insulative and chemically as well as physically stable dense ceramic
coatings necessary for a safe tritium breeding, recovery system and containment. Due to high
stability and high resistivity, E©3; was perceived as suitable coating to mitigate Magneto
Hydro Dynamic (MHD) forces in Li cooled blanket design[l]. Its excellence as tritium
permeation barrier (TPB) was revealed afterwards [2]. Researchers have been studying its
relevant properties and djation methods suitableotactual components since thddip

coating is one of the simplest yet effective coating methods, especially for surfaces which are
inside the open volume and other complicated surfaces. The component is dipped into a
liquid soluion of the EyO3; and subsequently withdrawn at a constant speed, so as to leave a
uniform wet layer on the surface. This can be repeated multiple times after drying the surface
to obtain the required thickness. Subsequently, the component is heatttvaatpdrt Metal
Organic Decomposition (MOD) into the coated layer and obtain crystalline unifoi@ Er
coating. However, the porosity of the coatings and substrate oxidatidheaigsues in this
method [3].We developed RO; coating in cubic crystalle phase on P91, SS304 steels, Si
substrates using 3 wt% erbium carboxylic acid solution in a solvent containing 50.5 wt%
turpentine, 25.5 wt% -butyl acetate, 8.4 wt% ethyl acetate, a stabilizer, and a viscosity
adjustor. A dip coating system equipped w00 C quartz tube furnace was used to prepare
these coatings. The withdrawal speed was varied from 72 mm/min to lower values based on
the literature survey and iterative analysis of the coatings. The crystallization and
morphology behavior is studied witraying of heat treatment temperature in the range of
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500700 C. It is also tired to improvise the uniform coverage and porosity of the coating by
altering the multiple dipping cycle so that to provide heat treatment after evetgysub
formation. A sigificant improvement in the porosity reduction and crystallization as viewed
from systematic microscopic studies in combination witlia}( Diffraction is observed.

When 0.125 mm thick SS304 substrate coated with abou6@0®m thick layer is subjected

to H, permeation reduction measurement, no significant permeated flux was detected even at
elevated temperatures. Subsequently, a sizeable permeation could be detected when the
coating thickness was reduced to about 200 nm. The detailed coating process and
characterization results would be presented in this paper.
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EVOLUTION OF DYNAMO USING A SELF -CONSISTENT
MAGNETOHYDRODYNAMIC MODEL

Shishir Biswa$ Rupak Mukherjee R Ganesh
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E-mail: shishir.biswas@ipr.res.in

Generation of large scale mean magnetic field from plasma flow has been an important
problem which has been investigated using a variety of models [1]. In most of these models,
while the dynamics of magnetic field generation for a given flow field is adddk the effect

of including the back reaction of magnetic field affecting the flow field and alteringsit
considered rarely [2]. This setbnsistency is a key to construct realistic dynamos in both
laboratory and astrophysical conditions. Recendlypreliminary work in this area [3]
indicated promise. In the present work, we investigate thecsefistent dynamo fakrnold-
BeltramiChildresS(ABC) flow using an irhouse developedlHD code GMHD3D which is

a GPU based solver [4] with better spectesolution. Physics and numerical aspects of this
study will be presented along with a comparative study of results using an opensource MHD
solver [5].
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STRONGLY COUPLED PLASMAS INTERACTING WITH A
QUANTUM GAS: REALIZING CRYO -PLASMAS

Swati Swagatika Mishra and Sudeep Bhattacharjee
Indian Institute of Technology, Kanpur,208016
sudeepb@iitk.ac.in, swatis@iitk.ac.in

Plasmas at extremely low temperatures, offer a platform to study strongly coupled plasmas
and their properties. The dynamics of these plasmas are greatly controttesl ibteraction

with the ambient neutral gas [1], and find applications in electronics, medicine and material
processing. To generate crptasmas, there are a few requirements: (i) to create a cryogenic
experimental ambient and (ii) to confine the disgkain a manner that ensures adequate
interaction with the surrounding gas. Moreover, to restrict the increase in plasma gas
temperature, the discharge geometries should be confined to the characteristic dimensions of
a few micron to few hundreds of microf®. In recent years, dielectric barrier discharges
(DBD) have been found to be efficient plasma sources ftion of cryeplasmas [1,2].

The idea of creating a cryglasma and utilizing it in any application, is still in a nascent
state. Hence, we wato present the gradual development of the idea, which starts with the
design of a suitable multayered experimental chamber, comprising of a reactor which is to
be cooled to liquid nitrogen or liquid helium temperature. However, designing such a
chamler, which can offer proper platform to create, confine and diagnose thelasya, is
norttrivial, as it involves therinciplesof vacuum technologies, cryogenics and high voltage
electricals. Hence, the fulledged model of the chamber, lays the foathwh stone of the
cryo-plasmas. The plasma reactor of the system will be a DBD of either paratkekype or

jet type. Thus, prior to starting the experiments in the cryogenic temperatures, a thorough
knowledge of the DBD behavior in room temperatueenss beneficial. Hence, the
experimental results including, the measurement of plasma parameters of a parallel plate
DBD, operating in atmospheric air and at room temperature will be presented. Parallelly, to
investigate the creation and sustenance ohgtyocoupled plasmas, an elaborated theoretical
and numerical study of the coupling parameter, (ratio of electric interaction energy to particle
kinetic energy) at different experimental conditions will be presented. Also, owing to the
reported connectiorbetween the behavior of coupling parameter and the second virial
coefficient of the virial equation of state [1], with the change of plasma neutral gas
temperature, the second virial coefficient will be evaluated numerically for various gas
temperatures ahinteraction potentials
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PULSED PLASMA OPERATION OF ADITYA -U TOKAMAK
EMPLOYING ELECTRON CYCLOTRON RESONANCE PRE -
IONIZATION

K.M. Patet, K.A. Jadeja®, Uttam Goswanii Raj Singh, Rakesh TanraJ. Ghosh Rohit
Kumar', Tanmay Macwal?, Suman Aich? Kaushlender Sindtf, SumarDolui*?, Kiran
Patel?, R.Manchanda M. B. Chowdhur, J. V. Rava, U C. Nagor&? P. K. Atrey, S. K.
Pathak, B. G. Arambhadiya K. S. Shah M. N. Makwand, C. N. Gupta and Aditya Team
Ynstitute for Plasma Research, Nr. Indira Bridge, B¥dlage, Gandhinaga382428
2 Homi Bhabha National Institute, Mumbai, India, 400094
3 Department of Physics, Saurastra University, Rajkot, Gujarat, India
E-mail: kaushal@ipr.res.in

Electro Cyclotron Resonance (ECR) discharge cleaning is employed regoldokamak
worldwide to reduce background impurity level in vacuum vessel. At present, ECR+PDC
assisted wall conditioning is regularly performed on ADITYAtokamak using 850w ECR
magnetron [1]. Recently, a 2450 MHz ECR power source with water cooled tmaghead

is installed on radial port of ADITYAJ with intension to utilize ECR power source for pre
ionization assisted plasma start up in two different power supplies i.e. capacitor Bank and
APPS for plasma operations. ECR forward (input) power andcteflgpower output will be

also measured to an optimum operation regime for discharge cleaning operation of ADITYA
U. ECR Power supply operation is planned remotely using dedicated software for its precise
control. We intent to perform ECR DC (Discharge @lmg) operation in pulsed mode in
between two shots of plasma operation. Hence it enables to remove impurity as well as
reduction in pumping time during plasma operation. Initial observation with operation
experience and its effect on plasma operatiohbeildiscussed in this paper.
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STUDIES ON THE EXISTENCE OF SOLITARY WAVES WITH AN
EXACT ANALYTICAL EXPRESSION IN A DUSTY PLASMA

Runmoni Gogoi
Terna Engineering College, Nerul, Navi Mumbai 400094
E-mail: runmoni@gmail.com

The major part of the matter in our universe is in plasma state, which is a fact behind the
coexistence of plasma with dust. Being motivated by this fact we have studiegrdiffe
nonlinear behaviours in dusty plasmas for different plasma models. With electrons following

the kappaK) velocity distribution [13], an unmagnetized dusty plasma model is considered.
Sagdeevbds [4] pseudo pot entnalgtical expressiomtdfind s us e
a range of various parameters for the existence of solitary waves and other nonlinear
structures as well.

181



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

References:

[1] Summers D & Thorne R MRhys. Fluid€B3 (1991) 1835.

[2] Baluku T K & Hellberg M A,Phys. Plasma&5 (2008) 123705.

[3] R Gogoi and M khan; Physics of plasmas, 17 11237),(2010.

[4] Sagdeev R ZReviews of Plasma Physi@onsultants Bureau, New York) 4 (1966).

ION ACOUSTIC SOLITARY STRUCTURES IN A MAGNETIZED
NONTHERMAL DUSTY PLASMA

Debdatta DebnatiAnup Bandyopadhyay, and K. P. Das
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The Sagdeev potential technighas been used to investigate the arbitrary amplitude ion
acoustic solitary structures in a collisionless magnetized dusty plasmsticgn®f
negatively chargedatic dust grains, adiabatic warm ions and nonthermal electrons. The
present systeraupports both positive and negative potential solitary waves, the coexistence
of solitary waves of both polarities, and negative potential double layers. The system does not
support any positive potential double layer. Although the system supports eguatwntial

double layers, these double layer solutions cannot restrict the occurrence of all solitary
structures of same polarity. In fact, there exists a parameter regime for which the negative
potential double layer is unable to restrict theunence of negative potential solitary waves,

and in this region of the parameter space, there exist negative potential solitary waves after
the formation of a negative potential double layer. Consequently, negative potential
supersolitons [1] have beensdrved and the Mach number M corresponding to a negative
potential supersoliton is restricted by the inequalityppM< M < My, but this
supersoliton structure reduces to a convent.i
whereMypp. is the Mach number corresponding to a negative potential double layer.and M

is a critical value of M. Thus, we have seen a transition process of negative potential solitary
structures, viz., soliton double layer supersoliton soliton. Different solitary
structures have been investigated with the help of compositional parameter spaces and
the phase portraits of the dynamical system describing the nonlinear behaviour of ion
acoustic waves. The mechanism todnsition of a negative potential supersoliton to a
conventional soliton after the formation of a double layer of same polarity has been discussed
with the help of phase portraits.
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ATTENUATION BEHAVIOUR OF SMOOTH WALLED
TRANSMISSION LINES FOR ITER ECE DIAGNOSTIC
SYSTEM

Ravinder Kumal, S. Danarli Hitesh B. Pandya® P.Vaghashiya Vinay Kumar 2
YTERIndia, Institute for Plasma Research, Bhat, Gandhinaf2428 India
“Homi Bhabha National InstitutgiBNI) Anushaktinagar, Mumb#i400094 India
ravinder.kumar@itetindia.org

The ITER electron cyclotron emission (ECE) diagnostic will be used to determine the plasma
electron temperature by measuring the intensity of ECE in the frequency range 70
1000@Hz. The typical ECE system consists df@nt endoptics including irsitu calibration
sources, a set of transmission lines (TLs), and ECE instruments like radiometers and
Michelson interferometers. However, achieving low attenuation in the long transmission line
(~43m length) for broad frequency rangeane of the challenging requirements for ITER
ECE Diagnostic. This is particularly challenging because of the low power (-nWéw
thermal radiation emitted from the-gitu calibration sources which needs to be measured by
the ECE detection system &iednearly~ 43 m away in the diagnostic building. This plays

a vital role in determining the accuracy mkasurements performedin order to meet the
transmission requirements of ITER ECE Diagnostic system, it is proposed to use oversized
smooth walledtransmission lines. Prototype transmission line system ~10m consisting of
waveguides, joints and mitre bends, is designed and fabricated indigenously. Attehastion
been measured in the frequency rangd 200 GHz using a black body source (Hot/cold
sources) and FouridgransformbasedMichelson interferometer. In addition to that, Mode
conversion losses due to misalignments (offsets, tilts) in the transmission line have been
studied. Also, there is absorption of transmission in the mm wave due to wagigurs,
Therefore TLs are evacuated and effect of water vapour absorption on transmission is
studied. It has been observed that theresgyaificantreduction in transmission attenuation

in the evacuated TL and also continuum water vapour or atmesgfaer absorption of
millimeter wave radiation above 550GHz. The details of the experimsetalpand the
resultsof the attenuation will be presented.

PARAMETRIC STUDY OF LINEAR INDUCTION MOTOR (LIM)
USING COMSOL

Prasada Rao P, Ananya Kundu, Advikumar, Ankur Jaiswal, Vilas C. Chaudhari, Y.S.S.
Srinivas, E.Rajendra Kumar
Institute for Plasma Research, Bhat, Gandhinagar, Gujarat, India 382428
E-mail: prasad.rao@ipr.res.in

Linear Induction motors are coming into lirshght due to applications involving generation

of traction force without physical contafdi]. Linear Induction Motor (LIMs) can produce
high forces and can accelerate metallic objects to very high velocitiesh ywakes them
suitable for various projectile launch applications. LIMs may also be used in particle injector
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for fast time response disruption mitigation in tokamaks. In our organization, linear induction
motors (LIMs) are being used as roontact typeelectromagnetic stirrer for liquid Fb
applications. The stator part of the LIM, when energized with three phase input, produces
magnetic field moving linearly above LIM. It consequently produces eddy currents that
induce motion in the liquid metal. #n aluminum sheet is placed on LIM, a thrust force is
generated and the sheet is accelerated along LIM surface lif@aiMhus LIM forms a key
element for electromagnetic launching applications. In this paper the effect on thrust of the
LIM is being stulied using COMSOL software for different input parameters (input current,
mechanical aigap,width of core, frequency, etf3].
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2D PIC SIMULATIONS OF PLASMA FLOW EQUILIBRIA IN
CYLINDRICALLY SYMMETRIC EXPANDING MAGNETIC FIELD

Sneha Gupta, Devendra Sharma
Institute for Plasma Research, Gandhinagar 382 428
Homi Bhabha National Institute, Anushakti Nagar, Mumbai 400 085
E-mail : sneha.gupta@ipr.res.in

The setups with a magnetized plasmaiegita source region along a spatially weakening
magnetic field (diverging field lines) are of interest because of acceleration of steadily
outflowing ions often achieved via a gridless mechanism as required in applications like
space propulsion thrusters$n this work the steadgtate flow equilibria of such magnetized
plasma exiting through an expanding magnetic field are investigated by means of 2D Particle
in Cell (PIC) numerical simulations using the 2D PIC code OOPIC(Object Oriented Particle
In Cell). To start with, a plasma source model is presented to describe a source which is
localized in a finite volume with specified plasma parameters such as density and source
strength, for estimating temperature and corresponding outflow velocity at sourte leit

used in the simulations. In experimental expanding plasma setups, the plasma is usually
produced by RF sources (for e.g Helicon or ECR based plasma sources). The plasma thus
generated is often localized and may not uniformly cover the entire physloane of the
bounded source chamber. In order to explore the effects of change in the localized plasma
source region dimension, and an associated plasma transit length in the upstream uniform
magnetic field region, various cases with different axialglhs of the dielectric plasma
source region, distinct from the location of physical expansion, are simulated. The axial
potential profiles presented at various radial locations show development ofvei stegxial
potential drop, producing plasma (ion)ccaleration in the corresponding regions.
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Considering the relevance of the studied flow equilibria to the thrust generation schemes for
space propulsion, a formal estimate of thrust values associated with plasma outflow is also
done for the cases simuldte
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EFFECT OF NEGATIVE ION CONCENTRATION AND MAGNETIC
FIELD ON ELECTRONEGATIV PLASMA SHEATH

Bhujendra Nepalj Bijaya ShersthaRaju Khandl
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2 Central Department of Physics, Tribhuvan UniversKyitipur, Kathmandu, Nepal
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Sheath plays vital role in all practical applications where plasma is closed in a bounded
region. It creates a barrier between surface of wall and glama. Generally, the positive
barrier is formed at the surface but it is also possible to produce negative charge barrier there
by creating an electronegative plasma. The characteristics of electronegative plasma sheath
has been studied using the kindtajectory simulation (KTS) method. The effect of negative

ion and the magnetic field in the electronegative plasma sheath having cold positive and
negative ions and hot electrons are studied. It has been observed that for the increment of the
concentrabn of negative ions, the density of positive ions and electrons decrease, the
potential also decreases and the magnetic presheath and electrostatic Debye sheath edge are
distinctly visible. The results are compared with previous published similar woltg/ifug

different models and our model provides a satisfactory basis for the study of electronegative
plasma sheath. This work has useful applications in industymbdical, sputtering, surface
modification, textile industry, etc.
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PARTICLE -IN-CELL SIMULATION STUDIES OF MAGNETOSONIC
PRECURSOR SOLITONS EXCITED BY CHARGED OBJECTS
MOVING IN PLASMA

Atul Kumar, and Abhijit Seh
Ynstitute for Plasma Research, Gandhinaga3428
E-mail: atul.j1211@gmail.conor senabhijit@gmail.com

The nature of forewake excitations created by a charged object moving in a magnetized
plasma is investigated using partiahecell simulations. Our studies establish for the first
time the existence of precursor magrgtmic solitons [1] traveling ahead afcharged object

that is moving plasma. The nature of these excitations and the conditions governing their
existence are delineated. We also confirm earlier molecular dynamic and fluid simulation
results related to electrostatic precursor solitons [2p8&ined in the absence of a magnetic
field and discuss the effect of a magnetic field on such structures. The electromagnetic
precursors could have interesting practical applications such as in the interpretation of
observed nonlinear structures during thieraction of the solar wind with the earth and the
moon and may also serve as useful tracking signatures of charged space debris traveling in
the ionosphere.
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DESIGN AND ELECTROMAGNETIC SIMULATION OF A CENTER-
FEDICRF ANTENNA FOR ADITYA-U TOKA MAK

KishoreMishrat, ICRH Divisionand ADITY A-U Division
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E-mail: kmshra@ipr.res.in

A new center-fed ICRF antenna isdesigned to excite Fast Waves at plasma edge to
propayete in to high density plasmaand finally absorled at various resorances that present
inside the bulk. For an efficient antennaplasmacoupling, a foremost requirementis to
maximize antennaloading. This in turn dictates the maximum instantaneous RF voltage
appeaing on the antennastructure. Pat of the loading goes in to the plasmadensity and
thickness of evanescent layer in front of the antenra, whereas the other prominenpart is
the design of antema structure. In the present design, the later part is investgated to
optimize various structural components of the antennaso as to maximize the loading,
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minimize the surface current density, structure of electric field etc. In the present design,
poloidal symmetry of wave electric field across the ploidal flux is taken into consiceration.
On Aditya-U the antema is designed to cover close to half of the polada circumference
and the RF volage if fed at the center, creaing a symmetric wave field acrossthe mid-
plare. The faraday screen is optimized for maximum transparency and to minimize the
sheah induced rectificaion. Rods are aligned with the resultant locd magnetic field to
reduce the impurity generation. The electromagnetic simulationis donein CST-MWS and
Ansys HFSS. The meshdimensions are grealy optimized to make balance between
acaracy and smulation time. Antenna plasmaloading is gsnulated by simulatingthe
plasma though a dieledric medium with varying thickness and distame followed by a
perfectly mathed layer before placing metl boundary as in case of a reassorebly adual
tokamek plasmascenario. Various lessondearnt, optimization techniquesadoptedand few
preliminary results would bepresented.

DESIGN OF A COMPACT COAXIAL WIDEBAND DC BREAK FOR
USE IN HIGH POWER ICRF SYSTEM..

Kishore Mishrd, Harsh Patel antCRH Division
YInstitue for Plasma Research, Bhat, Gandhinag82428, Gujarat, India
E-mail: kmishra@ipr.res.in

High power coaxial DC break is imperative in ICRF system in tokamaks, stellarators, linear
accelerators and other Radio Frequency devices, where the radiating antenna needs to be
isolated electrically at extremely low frequencies from the RF source diividgcoaxial
transmission line having both inner and outer conductors need to be isolated simultaneously
from the electrical ground of the machine vessel to reduce the vessel wall and antenna box
mutual coupling and reduce parasitic excitation and péegst: The DC break should allow

RF power to flow unhindered across up to antenna without significant power loss and
reflection. Traditionally developed such components are tend to become bigger in dimension
due to long wavelength of operation making thaiifficult to use in practical application.

The present work is an effort to make the component less bulky and having a wide range of
frequency response. A coaxial DC break which separates both inner and outer conductors is
designed for different standariid transmission line sections ViZi®d Y06 , Jand. 9
The design is optimized using Ansys High Frequency Structure Simulator. The designed DC
break is having excellent insertion loss 0f0<l dB and return loss-85 dB for a wide range

of frequency 1660 MHz. The DC break is compact in diameter i.e. same as the rest of the
transmission line and having a length of less th#0. The design details, optimization
procedure, and results would be discussed.
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DESIGN, TESTS AND FIRST RESULTS G- FAST ACTUATING SOL
PROBE (FASP) FOR ICRH ANTENNA ON ADITYA -U

Kishore Mishrd, A. Varid', H. M. Jadha¥; S. Kumat, ICRH Division, and Aditya Team
Ynstitue for Plasma Research, Bhat, Gandhinag@2428, Gujarat, India
E-mail: kmishra@ipr.res.in

A triple Langmuir probe housed on a modified pneumatic actuator primarily used for sample
transfer job is designed, tested in lab conditions and integrated on Adityachine. Plasma
density and temperature profiles near ICRH antenna determines not oehnarbad
impedance, but also affects the way the correct choice of wave couples to the plasma. ICRF
power also modifies these SOL profiles and measurements of these parameters can be useful
to study transport, flow drive among others. Rectified RF fi¢dd éends to modify edge
electric field profile and may have an impact on turbulence suppression and rotation induced
suppression of island growth. Measurement of SOL profiles traditionally being done in shot
to shot basis is cumbersome and introduce largers due to varied plasma conditions. To
alleviate these concerns, a simple pneumatic actuation based diagnostics is developed by
modifying a sample transfer feedthrough to actuate a set of miniature Langmuir probes to
scan the SOL during plasma currdfy) flattop. The light weight probe system actuates
100mm with a speed of 1.5m/s scanning the last 10mm of scape off layer region in less than 7
ms. The probe measures absolute and gradient of electron density, electron temperature and
radial electric field in SOL regih of AdityaU tokamak.The actuator movement is controlled

by a pneumatic cyclinder and air pressure is timed by a fast response solenoid valve (35ms
response time to open wiftims repeatability). Two limit switches detect timings of actual
movement oftte actuator, which has a fixed stroke of 10cm. An inhouse designed SSR based
simple control electronics module is used to control and monitor the probe movement so that
the probe tip reaches the SOL during flattodgofThe USP of this diagnostics is silago
construct, cheap (<80K) compared to the complex and expensive reciprocating probe and is
easy to operate, however, presently capable of scanning only SOL region. This diagnostic can
be used to measure plasma spatial variation within a short titakamak as well as in basic
plasma devices.

MECHANICAL DESIGN AND SIMULATION OF A PRESSURIZED
PHASE SHIFTER FOR HIGH POWER ICRF SYSTEM IN TOKAMAKS

Aditya Verma, Kishore Mishra, and ICRH Division
Ynstitue for Plasma Research, Bhat, Gandhinag82428 Gujarat, India
E-mail: kmishra@ipr.res.in

High power radio frequency waves in the megahertz frequency range have a wide range of
application like tokamak fusion reactor, accelerators, aerospace and defense sector. The RF
waves can be transmitted via rigid coaxial transmission lines (TL) at higarpb order to

radiate the desired wave spectrum from an antenna, it is imperative to use line stretcher to
change the phase of the travelling wave inside the TL. This is achieved by altering the
electrical length of the TL. Since they change the phésheowave that reaches at the
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antenna, they are called as Phase Shifter. For high power application and especially where
high RF voltage presents in the high VSWR regions in unmatched line section, pressurization
with air, dry nitrogen or SF6 is highly @aintageous to increase the power handling capacity.
The pressurized phase shifter (PPS) should have the provision of changing the phase without
depressurizing it. This condition led to a requirement of housing the entire mechanism in a
pressure vessdh this work, the mechanical design consideration for the pressure vessel that
can hold up to 3 bar differential pressure is discussed. The vessel thicknesses have been
iterated and optimized to verify the structural integrity at its operating conditionsyRi®m
in-vessel components, e.g. pipe in pipe assembly, lead screw assembly are also checked for
its design criteria (buckling and critical frequency at maximum loading). The vessel-and in
vessel components design are carried out with the help of ANBYSdetailed design and
analysis are presented in this paper.

DEVELOPMENT OF DIEL ECTRIC BARRIER DISCHARGE PLASMA
JET FOR THE APPLI CATION OF PLASMA ACTIVATED WATER

Adam Sanghariyat, Visha Jain, VikasRathor, S.K.Nema
Institute for Plasma Research, Bhat, Gandhinagar
E-mail: adams@ipr.resin

Agriculture is one of the most important industry which consumes large amounts of water
in various stages. When the ordinary water is exposed to plasma to change its chemical
nature for the better, it is called plasma activated water (PAW). PAW finds various
gpplications in agriculture like promating seed germination, plant growth, fungal
removal and surface cleaning. The dielectric barrier discharge (DBD) plagna is a type
of cold plasma and has been used for producing PAW. In the present work it is
explained on the devdopment of a DBD plasma source in the form of a jet, which has
been successfully used for producing PAW. The jet usesa co-axial electrode arrangement
with the use of a quartz tube as the necessary dielecric material. Ambient air is
used as the plasmagen gas. A high voltage 1 high frequency (HVHF) power source has
beendeveloped and used for generating the DBD plasma jet. The design of this torch will
be explained in detail.

HYDRAULIC ANALYSIS OF ITER COMPONENT COOLING WATER
SYSTEM LOOP 2A

R. Ranjant, A. P.Singh, M. Jadhav, L. Sharma, N. Patel, G.Gohil, J. Dangi, H. Patel M.
Kumar, D.K. Gupta,A. G.Ajith Kumar

1 ITER-India, Insitute for PlasmaResearch, BhatGandhinagr-382428India
E-mail: rakesh.ranjan@ter-india.org

ITER Cooling Water Systemis madeof loops namdy Tokamak Cooling Water System
(TCWS), Componentooling Water System (CCWS), Chilled Water System(CHWS) and
Hea Regection System (HRS). The CCWS is further divided into CCWS-1, CCWS-2A,
CCWS-2B, CCWS-2C and CONS-2D loops to met the uniquerequirements in tems of
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water chemistry. Among te CCWS loops, CCWS-2A is responsble to remove the hea
load generated by SN & FDU componentsELM Coil power supplies& bushars, Gyrotron
with vertical transmisson line, power supplies, RFsouces, etc.As part of the engineering
design, in order to ensure theuniform flow and pressurewith the available pressuredrop
during the operation under steady and transient conditions, it is mandtory to cary out
steady stae and transienthydraulic analysis of water distribution networks. The CCWS-2B
hydraulic analysis modelwas developedusingthe AFT Fathom codeto condict the steady
statehydraulic analysis of the systemand the tiansientanalysis was carried outusing AFT
Impusecode. In this stedy statehydraulic analysis model,the critical path with the largest
pressurelosswas used to determinethe pumphead, while the pressurelosses on the control
valves were ugd to establsh the equired flow balance at ead piping conredion. The
possble operational and occasional transient conditions were simulated in the transient
anaysis to make sure the piping retwork withstands such surgs without loss of
performance. This paper presents the results of the steady state and transient hydraulic
anayses including the required pump head of the CCWS-2A loop and the main
themd-hydraulic parameers for each client (i.e. flow rate, pessuredrops and outet
temperatures).

DESIGN OF HELMHOLTZ COILS AND BENCHMARKING USING
COMSOL

Y.S.S. Srinivas, Vilas C. Chaudhari, Ankur Jaiswal, Pedada Prasada Rao,
Arvind Kumar, VaibhawRanjan, Ananya Kundu, Daniel Raju, E.Rajendra Kumar
Institute for Plasma Research, Bhat, Gandhinagar, Gujarat, India 382428
E-mail : srinivas@ipr.res.in

Helmholtz coils are one of the simplest ways to produce uniform magnetic fields required in
laboratories for research purposes. Their design and size varies with the magnitude of
required field, volume of interest and allowable tolerance. Magnetics and Dynamics Section,
IPR designed and developed such Helmholtz coils for custom requirementsiafsva
groups. Considering their repetitive requirement, a generalized COMSOL program is
developed, which provides estimated filed desfiin the regions of interesthis paper
describes details of 2D axisymmetric model, presents the details of inpput parameters

to COMSOL program. The results of one Helmholtz coil, designed and fabricated for hall
probe calibration are also included.

References :
[1] Magnetic field of a Helmholtz coilhttps://www.comsol.co.in/model/magnefield-of-a-
helmholtzcoil-15
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DESIGN AND DEVELOPMENT OF AN EXPERIMENTAL TEST
FACILITY BASED ON TRANSIENT HOT WIRE TECHNIQUES FOR
EFFECTIVE THERMAL CONDUCTIVITY MEASUREMENT OF

CERAMIC PEBBLE BEDS

*Harsh Patel, Maulik Panchal, Abhishek Saraswat, Paritosh Chaudhuri
Institute for Plasma Research, Bhat, Gandhinag82428, Gujarat, India.
*E-mail: blp.8422@gmail.com

Lithium basecdceramics in the form of pebble beds have been considered as a tritium breeder
material in the breeder blanket in the fusion react®ehble beds are proposed because of
their properties such as high surface area, uniform pore network, ability to getidille
complex shapes, resistance to thermal expansion and fatigue stigtigtim metatitanate
(Li,TiO3) pebbles of ~1 mm diameter in the form of packed pebble bed will be kept in
breeder blanket. In the fusion environment, pebble beds will be subjededere conditions

such as neutron irradiation, cyclic mechanical compression and high thermal flux. The
effective thermal conductivity of a packed bed is one of the important parameter for the
design of the breeder blanket modules of a future fusianaea

Several experimental investigations have been performed to study the effective thermal
conductivity of the ceramic breeder pebble bed using stetady and transient methods. Test
facility based on transient method is developed in present work.trehsient hot wire
technique was used to measure effective thermal conductivity of Indian mad@slpebble

bed. Finite element simulation was performed to optimize dimensions (length, diameter and
thickness) of pebble bed container. Pebble beds,0i@4 pebbles (1 + 0.15 mm diameter)
packed with approximately 63 % packing fraction. The effective thermal conductivity was
measured as a function of temperature from room temperature to 650°C. A clear dependence
of the effective thermal conductivity on themperature of the pebble bed was observed.
Results are compared with previous experimental studies with nearly same diameter, packing
fraction and same material. Experiments were performed in helium, argon and air
atmospheres in the pressure rangingnfr@.05 bar to 3 bar gauge pressure. The empirical
correlations for effective thermal conductivity of pebble bed as a function of temperature and
gas pressure have been proposed.
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LITHIUM WALL CONDITIONING USING NEWLY DEVELOPED
LITHIUM EVAPORATOR FOR ADITYA -U TOKAMAK

K.A. Jadeja" 2 K. M. Patet, R.L Tannd, Kiran Patel* B. G. Arambhadiya Tanmay
Macwart*, Minsha Shah R. Manchandia M. B. Chowdhur, Nandini Yadava Sharvil
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Gopalakrishna M V, Devilal Kumawat, M.N. Makwand, K.S. Shah Shivam Gupta C.
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2Department of Physics, Saurashtra University, Rajkot, India
% Department of Nano Science and Advanced Materials, Saurashtra University, Rajkot, India
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>The National Institute of Engineering, Mysuru 570008, India
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E-mail: kumarpal@ipr.res.in

In fusion devices, different types of wall coating is performed using-Zomaterials like
lithium, boron, carbon, silicon to get better plasma parameters such as density, temperature
and confinement time. lithium coating is widely used due to its low atomic magsaoe to

other lowz substances. lithium coating on Plasma Facing Components (PFC) and vessel wall
is a proven technique for wall conditioning in various tokamak devices. Aeselblished
technique in ADITYA [1] and ADITYAU, the lithium coating has beeararried out using
lithium rods insertion in glow discharge wall conditioning (GDC). Recently, a new technique
of lithiumization has been introduced in ADITYW using a lithium evaporator system. The
lithium evaporator system for ADITYAJ has been indigensly designed and developed.

The systematic experimental study of the lithium evaporator system has been carried out in
UHV testsetup and ADITYAU tokamak. Design, development and performance testing,
along with the preliminary effect of lithiumization lire evaporator during ADITYAJ

plasma discharge operation will be presented in this paper.

References:
[1] S.B. Bhatt, Ajai Kumar, B. K. Das et al., IEEE Transaction in Plasma Sciencép\Vol.
No.6, June 2012
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STUDY OF ELONGATED ANODE GLOW GENERATED AFTER
TRANSVERSE INJECTION OF GUN PLASMA/NEUTRALS INTO THE
PARALLEL PLATE PLASMA SYSTEM

P Das, R Paikara}; B K Sethy, S SamantardyA K Sanyas}, J Ghosf
1Defartment of Physics, Ravenshaw University, Cutfadisha, 753003
Department of Physics, Christ College, Cuttack, Odisha, 753008
3Institute for Plasma Research, Bhat, Gandhinagar, Guj@32428
E-mail: psdas.c2@gmail.com

Experiment is being performed in a Compact Plasma System (CPS) [1] to study the
interaction of plasma blobs and background plasma. For this purpose the washer plasma gun
[2] as a source of pulsed plasma and a parallel plate type static plasma system (background
plasma) [3] are designed, fabricated and successfully installed in theARRRE. with this
experiment a new phenomenon such that elongated anode glow in the shape of a spherical
ball (fire ball) is observed on the anode surface #&f@sverse injection of gun
plasma/neutrals from the washer plasma gun intosttte backgroush plasmawith
minimum fill pressure of 30 psi in the washer gun at base pressure 0.6 mbar in CPS. Argon
gas is used as working gas to produce plasmadibr the gun plasma and background
plasmaPotential fluctuations of this elongated anode glow arerdecbby an array of
Langmuir probes consisting of 4 probes separated by 1cm near cathode glow region. Primary
power spectral analysis shows a coherent peak in the low frequency regime and fluctuation
crosscorrelation seems to be showing a delay. Furthedyais is being done to probe
possibility of wave and instability in anode sheath region. Analysed data and the fire ball
evolution and structure will be presented in the conference.

References:

[1] G Sahoo, et al., A compact plasma system (CPS) for experimental stpdied
Mechanics and Materigl278 280, p 90 100, (2013)

[2] K. K. Jain, P.l. John, A. M. Punithavelu, P. P. R&as injected washer plasma gun. J.
Phys. E: Sci. Instrum1,3, p 928930,(1980)

[3] S. Samantaray, et al., Characterization of the Background Plasma in a Compact Plasma
System, Research Journal of Physical Scien&6),p 1015, (2015)

193



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

PROPAGATION OF ION ACOUSTIC WAVES IN A PLASMA

CONTAINING TWO SPECIES OF ELECTRON TEMPERATURE
K. Dekd, S. Adhikart, R. Moulick, S. S. Kausik and B. K. Saikia

Centre of Plasma Physics, Institute for Plasma Research, Soii8ad02, Kamrup(M),
Assam, India
%L ovely Professional University, Phagwara, Punjab 144411, India
E-mail: kishor.deka@cppipr.res.in

An experimental study of the propagation of the-amoustic waves (IAW) has been carried

out in a plasma having two distinct electron temperatures. In this work, an attempt has been
made to investigate the effect of two temperature electrons on the propagation of the IAW in
the presence and absence of dust grains. In order to produce plasma having two temperature
electrons, lowpressure hot cathode discharge method is opted byimgpsdwto magnetic

cages with cusp magnetic field of different strengths in the same chamber. The dust grains are
introduced into the plasma with the help of a dust dropper, which gains negative charge by
interacting with the plasma. The IAW is excited witlte help of a grid inserted into the
plasma. The grid is negatively biased and a tone bursts sinusoidal voltage signal is applied to
it. This results in a density perturbation near the grid which then propagates through the
plasma as an IAW. A planar Langim probe has been used to detect the IAW. Phase and
amplitude measurements are done by moving the Langmuir probe along the axis of the
plasma column. The phase velocities of IAW are measured from thetiffight technique

[1]. It is observed that thelextron group with lower temperature has a dominant effect on
IAW than the group with a higher temperature in the absence of dust grains [2]. In the
presence of dust grains, the lb@mperature electron species are mostly observed to
participate in the chiging of dust grains. It causes a decrease in the density of cold electron
species. Therefore, in the presence of dust grains, it is believed that the hot electron species
may have an effect on IAW. The results of the study may help to understand the IAW
stabilization mechanism [3].

References:
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EFFECT OF DUST ON TWO-TEMPERATURE ELECTRON PLASMA

R. Paut, S. Adhikart, R. Moulick, S. S. Kausikand B. K. Saikia
Centre of Plasma Physics, Institute for Plasma Research, Nazirakhat, Satgga02,
Kamrup(M), Assam, India
2Lovely Professional University, Jalandhar DelBil' Road, Phagwara, Punjaii4411,
India
E-mail: rupali.paul@cppipr.res.in

The interest in the field of dusty plasmas is due to its ability to explain the different
astrophysical phemmena and its relevance in industrial plasma research. The focus in the last
few decades has been on the presence of dust in the fusion devices. However, the dust
charging phenomena in laboratory plasmas have always been a keen interest for researchers.
In the present work, the effect of dust on electron energy distribution function (EEDF) is
investigated for different working pressures in a-temperature electron plasma. A two
temperature hydrogen plasma is produced in a pyessure hot cathode discha in a dusty

plasma experimental device. Multi cusps magnetic cages of different field strengths are used
for confining the plasma elements. The plasma thus produced is allowed to diffuse at the
junction of the magnetic cages, and as a result, two distlectron groups having different
temperatures are being observed. Moreover, with the introduction of rsizexh dust
particles, the lower energetic electrons are attached to the dust surface and acquire a negative
charge. This attachment process leidan increase of the effective electron temperature. It

is indicated by a shift in the root mean square peak in the distribution curve. Suitable
diagnostics are employed to determine the different plasma parameters and evaluate the
EEDF for different woking pressures. A detailed discussion of the work done would be
made during the presentation.
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STUDY OF TWO ELECTRON TEMPERATURE PLASMA WITH
COLD POSITIVE IONS

G. Sharm§ J. Barmah S. Adhikart, R. Moulick, S. S. Kausik and B. K. Saikia
Centre of Plasma Physics, Institute for Plasma Research, Nazirakhat, Satgga02,
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The physics of Larai damping of waves in plasmas has been a classic problem for
researchers for several decades. In the present work, the effect of two electron temperature
on the Landau damping of lon Acoustic Waves has been studied. Twtergverature
plasmas are prodad separately by low pressure filament discharge method in a dusty
plasma device by inserting two magnetic cages with cusp magnetic field of different
strengths. Both the plasmas are allowed to diffuse in the central region of the chamber. Since
magnetic ages have different field strengths and different discharge currents are maintained,
it is expected to have plasma with electrons having two distinct temperatures [1, 2]. Langmuir
probe is used as a diagnostic tool for determination of plasma parameteasialysis of
electron energy distribution function (EEDF) has been carried out in order to find out the
influence of the confinement system on the plasma. The results of the experimental study
have been compared with the results of a kinetic simulatidgheoéxperimental model. The
present work is an extension of our previous theoretical study of plasma sheath in presence of
two temperature electrons [3]. The study is supposed to help in understanding the role of two
temperatures of electrons in the prgaton of waves and instabilities in plasma.
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MISMATCH IN FLOATING POTENTIAL AND HOT ELECTRON
TEMPERATURE MEASURED BY DIFFERENT DIMENSION
LANGMUIR PROBE HEADS IN FILAMENT PRODUCED PLASMA

Pradeep Bairayf, Joydeep Ghodfs
Yinstitute for Plasma Research, Bhat, Gandhinagar 382428, Gujarat, India
2HBNI, Training School complex, Anushakti Nagar, Mumbai 400085, India
E-mail: pradeep.bairagi@ipr.res.in

Langmuir probes are widely used tharacterize plasma properties like floating potential,
plasma potential, electron temperature and density. These measured plasma properties play a
crucial role to relate experimental results with appropriate theories. We have measured and
analyzet™ the currentvoltage (FV) characteristic for different size probe heads (diameter
0.75mm, 2mm, 3mm, 8mm) in filament produced plasma. However, the comparison of the
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floating potential measured by different size probe heads in both radial and axiabalicécti

the device in same discharge condition shows significant mismatch. Further comparison for
hot and cold electron temperature reveals mismatching in hot electron temperature measured
by different probe heads in same discharge conditions. Accordimgtie theoried ™ probe
dimension should be bigger than the Debye length. All probes diameter are bigger than the
Debye length for cold electron component; however, only 8mm diameter probe is bigger than
the Debye length for hot electron component, thaildeof which will be presented.
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EQUILIBRIUM RECONSTRUCTION OF SST1 TOKAMAK

Deepti Sharmia Amit Singh, R Srinivasan, D. Raju and SST1 Team
YInstitute for Plama Research, Bhat, Gandhinagar, 382428
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External magnetic measurements with flux loops and magpetieup coils in tokamaks
haveprovided vital information on the shape of the plasma colanthalso global current
profile parameters, such as the sum of the poloidal lefpand the internal inductanca ){
[1]. Such areconstruction needs to be fast and sufficiently accurate such taa be used
routinely as acomplementary input with other experimentally measured petersidr any
sort of physics analysisf the plama discharged.oroidal continuity of the vacuum vessel,
passive stabilizer and theyostat leads to the generatioh large eddy currents in these
passive structures during tkkdmic phase of the steadtate superconducting tokamak SST
1. This reduces the magnitude of do®p voltage seen by the plasma as also delays its
buildup. During the ramping down of the Olotransformer current (OT), thhesultant eddy
currents flowing in the passive conductqiy a crucal role in governing the plasma
equilibrium. For the accurate reconstruction of plasma equilibrigmettect of eddy current
in the toroidally continuous conducting structures like the vacuunseleand the cryostat
with super conducting poladal field (PF) coil to be included in the calcutats of
equilibrium codeHere we present a method which can be used to proficiEubynstruct the
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current profileparameters, the plasma shapes, and a current density aifgéying the
MHD equilibrium constraint, reasonably conserving the external magneticunezasnts. A
GradShafranov (GSkquation solver, named as IPREQ [1], has been developEtRi to
reconstruct the plasmequilibrium through searching for the béstcurrent density priile.
Ohmic transformer currenfOT), vertical field coil current (BV), currents in the passive
filaments along with the plasnpaiessure (p) and current (Ip) profiles are used as inputg to th
IPREQ code to reconstruct tlequilibrium consistently with the fluloop measurements and
the poloidal flux, plasma shp e ,andfihp safety factor (q). In SST1 there are 12 magnetic
pick-up coilsaligned to measure the poloidakgnetic field Bp) during a plasma discharge.
Vacuum shots wit OT and BV and no fill gas anmgsed to calibrate these coils and loops.
Measurement from theseoits and flux loops are used taeconstruct the equilibrium
consistently with the peak detysand temperature measuremdgis
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EQUILIBRIUM STRUCTURE FORMATION OF STRONGLY
COUPLED DUSTY PLASMAS: A MOLECULAR DYNAMICS STUDY

Srimanta Maity and Amita Das
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srimantamaity96 @gmail.com

Dusty plasma medium is an ideal test bed to stadgroscopic phenomena emerging from
microscopic dynamics at individual particle level that can be tracked. Dusty plasma is
essentially a multicomponent complex system consisting of electrons, ions, neutrals and
nano/micrometer sized dust grains which gearged by the plasma electrons and ions
sticking on its surface. Very low value of charge to mass ratio makes the response time scales
associated with the dust dynamics very slow so that they can be observed even by unaided
eyes. The high charge on dustthe plasma environment often renders the average inter
grain potential energy to exceed the value of average thermal energy of the dust particles.
This renders the dust species to behave like a strongly coupled medium. In the strong
coupling regime, the ubty plasma medium has traits often similar to soft matter, ivisco
elastic and crystalline systerklolecular dynamics studies have been carried out for the dusty
plasma medium to investigate a variety of interesting phenomena. The lighter electron and
ion gecies in the plasma are treated by the inertialess Boltzmann response contributing to the
shielding of the dust charge leading to an effective Yukawa interaction amidst the dust
particles. The equilibrium structure formation of the dust particles irdimensions (2D)

and threadimensions (D) have been studied in detail. The conditions for the formation of
layered structure in-B in the presence of both gravitational force and force associated with
the sheath electric field (typically present in expents) have been identified. The form of

the crystalline patterns (e.g. triangular and square patterns) are recognized with various
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diagnostic tools. The possibility of structural phase transition and the presenceesftaang
phase has been identiie
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STRAIN PROPAGATION DYNAMICS IN GAP (111) CRYSTAL AT
PICO-SECOND TIME SCALE
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Strain propagation dynamics in GaP (111) single crystal is studied by time resealsgd x
diffraction (TXRD) technique. In this method, first the sample is excited by anshitnd
(pump) laser pulse artien the change in the crystal lattice is probed by an-sitioat xray

(probe) pulse. Xay pulse is generated by the interaction of dtiart laser pulse with
copper wire target. The-pay pulses generated by this method have duration similar to the
laser pulse duration. The semiconductor sample can be efficiently excited by ultrashort laser
in single photon absorption. This is possible only when the photon energy of the excitation
laser is more than the effective barap@f the semiconductor sampkel kHz Ti:Sapphire

laser operating at 800 nm, generating laser pulses of 6.5 mJ energy and 45 fs pulse duration
was used in this experiment. Since the band gap of the GaP crystal is ~2.25 eV which is
considerably higher than the photon energy of theapphire laser (~1.54 eV). We have first
converted a part of the laser into second harmonic (photon energy ~3.08 eV) and then used it
as pump pulse. The sample was pumped at laser fluence of ~10°nwidah is below the
damage threshold fluence of the sden Laser excitation of the sample launches a thermal
strain in the crystal which resulted in the expansion of the crystal. This strain (change in the
spacing of crystal) is manifested in terms of change in the angle of the diffradgd e

strain pppagation is probed by changing the delay between the pump and the probe pulses.
The 2 ps time step is the resolution of our setup (limited by its geometry). The maximum
strain of ~2x10 generated initially which decreases gradually at larger delayselay ¢14

ns after crystal excitation, the strain become ~ZxIDhe study of strain propagation
dynamics will be helpful in understanding the sample behaviour under intense photo
excitation by ultrashort intense pulses and will be helpful in designinigsheemiconductor
devices.
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PLASMA PARAMETERS ENHANCEMENT IN ADITYA -U TOKAMAK

R.L. Tanng, J. Ghosh? Rohit Kumat, Tanmay Macwal?, Harshita Rdj>, Suman Aich?,
K.A. Jadejd, K.M. Patel, Kaushlender SindHf, Suman Dolui? B.K. Shukld, M.N.
Makwana, K.S. Shah Shivam Gupty V. Balakrishnah C.N. Guptd, V.K. Panchd,
PraveenlaEdappala B. Arambhadiys Minsha shah Pramila Gautam V. Rauljit, Nandini
Yadavd, Sharvil Paté| M.B, Chowdhur, Ritu Dey, G. Shukld, Kajal Shafi, R.
Manchandj J.V. Raval, Umesh Nagorz, S.K. Pathak?, P.K. Atrey, S.K. Jha, Devilal
Kumawat, K. Tahilian", D. Rajui? P.K. Chattopadhyay, A. Sert?and the ADITYA -U

Tea
Ynstitute for Plasma Research, Bhat, Gandhinagar, India, 382428
“Homi Bhabha National Institute, Mumbai, India, 400094
3pandit Deendayal Petroleutdniversity,Raisan, Gandhinagar, Guijarat, India, 382007
“The National Institute of Engineering, Mysuru 570 008, Karnataka, India
E-mail: rakesh@ipr.res.in

Since the lastlAEA Fusion Energy Conference in 2018 [1], the ADITYA Upgrade
(ADITYA-U) (Ro = 75 cm, a = 25 cm) experiments have been focused on attaining the
plasma parameters close to the design parameters in circular limiter plasmas operations.
Recently, 42 GHz ECR JZ2assisted low loop voltage (~ 10 V) stapi experiments along

with negative convertor operation has been performed on ADYOYtA enhance the plasma
parameters. The maximum toroidal magnetic field operated during this experiment was ~1.4
T (~93% of the dsign parameter). Consistent plasma discharges of plasma currents of the
order of ~170 kA177 kA, plasma duration of ~300 n835 ms were obtained. Successful
recovery of volisec along with reaime horizontal plasma position control leads to the
achievenent of longer discharge duration. In addition to that repeated cycles of baking of
ADITYA -U vacuum vessel up to 135 followed by extensive wall conditioning resulted in
substantial reduction in partial pressures of various mass spices and achievameimoin

base pressure of the order of ~ 9 x 1@6rr. The chorehveraged electron density of the
order of ~3.04.0 x 10719 m‘3 was obtained using multiple hydrogen gas puffs and an
electron temperature of the order of maximum ~400 eV, has been reggtet from this

the operational parameters regimes for generation of runaway beam and its avoidance also
studied in ADITYAU. Experimental results and operational aspects for plasma discharge
parameters enhancement will be discuss in this paper.

Referenes:
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LOW FREQUENCY MAGNETOSONIC ROGONS IN PAIR ION
PLASMA

Papihra Setthiand N.S.Saii
'Guru Nanak Dev University, Amritsar
E-mail: papihra.sethi@gmail.com

The study of the propagation properties of magnetosonic waves are of great interest because
of their important roles in plasma heating and acceleration of charged particles. They are
often observed in eartho6és mesos ndelasmas. |l ab
Magnetosonic wave is a kind of fundamental mode in magnetized plasma which propagates
in the perpendicular direction of external magnetic field. The terntigraiis generally
referred to a plasma containing oppositely charged ions withyrtbarsame mass. Electron
positron plasma is an example of pair plasma and such pair ion plasma exists in pulsar
magnetosphere, neutron stars and active galactic nuclei. Rogons also known as rogue waves
are highly energetic waves with large amplituded have a small possibility of appearing
instantly. Rogue waves are studied from the rational solutions of nonlinear Schrodinger
equation (NLSE). Keeping in view the importance of rogue waves, magnetosonic rogue
waves in paiion plasma are investigateds per our knowledge, no investigation for
magnetosonic rogue waves in pure pair plasma has been reported so far. Thus, it seems
interesting to investigate the nonlinear magnetosonic rogue waves in such type of Yasma.
have considered two dimensidnaonlinear magnetosonic rogue waves propagating
perpendicular to the applied magnetic field in pair ion plasma. KadoRstsiashvili (KP)
eguation is obtained using reductive perturbation technique and on modulating KP equation,
NLSE is derived. Vaous parameters such as strength of magnetic field, electron
temperature etc, significantly modify the characteristics of rogue wave profile. Both first
and secondorder magnetosonic rogue wave profiles are studied. This study may also be of
great impotance to study freak waves in laboratory experiments with dust impurities and
space environments
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A PRE-PULSE DELAY LINE SET UP AT 150 TW 25 fs Ti: SAPPHIRE
LASER SYSTEM FOR CONTROLLED PRE -PLASMA GENERATION

R. A. Kharl, T. Mandat?, V. Arord, A. Moorti*?and J. A. Chaket&
L aser Plasma Division, Raja Ramanna Centre for Advanced Technology, Indore, 452 013
’Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Mumbai,
400094
E-mail : riyaz@rrcat.gov.in

Interaction of relativistic intensity ultrghort laser pulses with thin foil targets for the
generation of fast electrons (few MeV energy) is a subject of current experimental
investigations. The presence of preplasma has a significant effect on titkse. $benerally,

the preplasma is produced due to prepulses which are generated mainly by amplified
spontaneous emission (ASE) from high energy amplifiers and leakage oflockdd pulses
through the Pockel cell in the regenerative amplifier in chirpddepamplification based
ultrashort laser systems. These-puises are difficult to control. In our recent study, we have
observed effect of prplasma on laser absorption and subsequent fast electron generation.
The preplasma scale length was changedviayying the duration of ASE prepulse over a
limited intensity contrast. Moreover, the ASE ym@se has larger divergence and therefore
focuses to a larger size which further limits the range for studying the role of preplasma on
the laser plasma interasti mechanism. It is therefore necessary to set up a separate pre
pulse delay line with controlled delay and intensity prior to the main laser pulse to generate
controlled preplasma. A paulse delay line of uncompressed laser beam consisting of beam
splitters and mirrors has been setup at 150 TW laser system. The output from main laser
amplifier was split using an AR coated fused silica wafer in a 1:6 ratio with 86% of the beam
(main pulse) fed to the pulse compressor whereas the remaining 14% as decopiteplulse

on the target with a delay line of 1.5 meter travel range (delay range ~5 ns). The maximum
energy of prepulse was measured to be ~300 mJ which can be attenuated with the neutral
density filter. The uncompressed prepulse duration (~ 530 psyielag between the two
pulses was measured by collecting the scatter light from target surface with fast photodiode
(rise time ~100 ps) coupled to 5 GHz oscilloscope. The time delay between the two pulses
can be controlled fron8 ns (prepulse arrived betomain pulse) to + 2 ns (arrived after main
pulse) with provision to increase the negative delay up to 8.5 ns. The prepulse of ~33 mm
diameter was focused with a lens of 10 cm focal length to a size of 6.2 + 0.5 uym x 77 £ 1
(FWHM) containing 30% eneyg The focal spot size was measured by imaging the focal
region with the 40 X microscopic objective on to 14 bit CCD camera. The peak intensity of
the prepulse was estimated to be ~3.9 ¥ W/cn?. Investigation on role of pre plasma
spatial extent in MeVast electron generation using 150 TW laser system with variable delay
(hence controlled preplasma extent) would be carried out.
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INSULATION OF SUPERCONDUCTING PF#3 COILS CURRENT
LEADS OF SST-1

Nitish Kumar, Swati Roy, Deven kanabar, Mahesh Ghdpendra Prasad and R. Srinivasan
Ynstitute for Plasma Research
E-mail: nitish@ipr.res.in

The conventional copper current leads are a vital component for superconducting magnet
system of SST1 tokamak. These leads are located in vacuum chamber knortasr r e n't
feeder systemd (CFS) of superconducting magn
300-4.2 K) these leads carry 10 kA of currents from power supply to the magnet terminals. In
past SST1L campaign, during OT discharge, severe arcing incielavas observed in CFS
chamber between high potential surface of these leads and ground [1]. Similar incidences
have also been observed in other tokamaks like KSTAR, EAST anX \Btéllarator. To

avoid such incidence, a composite insulation has beernedppthi the outer surface of these
current leads. This insulation system consist of two half overlap layer of polyimide film on
the outer surface of leads and then four layer of glass fiber with epoxy resin. The main body
of these leads has a cylindrical phabut its heat exchanger, cooling inlet outlet lines,
transition section, flange section have complex irregular surfaces. So insulation wrapping and
curing techniques for these locations have to be optimized for the uniform electrical and
mechanical perfanances of insulation at cold temperature. In this presentation, the latest
insulation progress for PF#3 current leads, high voltage electrical and Paschen test results of
cured insulation will be presented.
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DESIGN AND MULTIPHYSICS ANALYSIS OF A 2.45 GHZ, 25 KW CW
RF WINDOW FOR SMALL SCALE SPHERICAL TOKAMAK (SSST)

2Yogesh M. Jaih? K. K. Ambulkar, Jagabandhu KumaP. K. Sharmh?
YInstitute for Plasma Research, Bhat, Gandhinagar 382428, India
“Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Mumbai
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The low aspect ratio machine or Small Scale Spherical Tokamak (SSST) is being designed to
gain insight of its advantages in terms of improved plasma parameters like natural elongation,
high beta plasma, high fraction of bootstrap current, operation ablawdal magnetic field,

etc. The designed SSST has a major/minor radius of 28 cm/16 cm, aspect ratio of 1.75 and
plasma current of 25 kA for less than 50 ms and magnetic field of 0.1T at the minor axis. It
provides an opportunity to form Electron CyclatrBResonance (ECR) produced jweized

plasma and also to drive plasma current-matuctively, which would increase the pulse
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length up to few seconds. The commercially available RF source to produce ECR plasma,
around the designed toroidal magnetic fi®ldSSST is 2.45 GHEL]. To isolate the vacuum
vessel and the launching structure in atmosphere, the RF vacuum window with a high return
loss for microwaves is designg2l[3][4]. The ceramiaised for this isolation is 99.7% pure
alumina having a loss tangent of 3%1@ith rectangular waveguides on either side. The RF
and Multiphysics simulations are performed in COMSOL Multiphysics. The simulation
yields a return loss of more than 40 dB amdinsertion loss of less than 0.1 dB. The thermal
and stress analysis confirms the requirement of cooling channels for CW operations around
the ceramic periphery and along the rectangular waveguides. Post cooling arrangements, the
window achieved an acptable steady state temperature. The fabrication of the window is in
progres based on the above analysifis poster presents and discusses the RF design
constraints and Multiphysics simulation results of the RF window.
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PROFILE MEASUREMENT OF THE PASSIVE ACTIVE
MULTIJUNCTION (PAM) LAUNCHER FOR LHCD SYSTEM OF
ADITYA TUPGRADE TOKAMAK

%Yogesh M.Jaint 2 P. K. Sharma? K. K. Ambulkar
Yinstitute for Plasma Research, Bhat, Gandhinagar 382428, India
“Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Mumbai
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E-mail: yogesh.jain@ipr.res.in

The Passive Active Multijunction (PAM) Launcher has been desiftig?] and developed

[3] for the Lower Hybrid Current Drive (LHCD) system of the ADITYAJpgrade tokamak.

The launcher has been tested for its mechanical properties and the RF characterization of the
launcher has been observed. A novel technique has been edhfdayeasure the fbrofile

and the 2D face plot of the waves launched by the launcher experimentally. This technique
uses the Vector Network Analyzer (VNA) to measure tHeeld of the waves launched and
further obtains the Nprofile by MATLAB post pocessing. The profiles obtained peaked at

Nj of 2.25 as desired and are in good agreement with those obtained from the Advanced
Lower Hybrid Antenna (ALOHA) simulation codpl]. The measured profile is further
verified using C¥ Microwave studioThis poster discusses the measurement technique and
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compares the measured profile with the results obtained through simulation code in 2D and
commercial software (CST studio) in 3D.
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CO, CONVERSION TO METHANOL OVER NI -CU-FE CATALYST
USING HYBRID NON THERMAL PLASMA REACTOR

Nitesh Joshi, L. Sivachandiran
Laboratory of plasma chemistry and physics (LPCP), Department of
Chemistry, SRM Institute of Science and Technokgankulathur, Chennab02203,
India.
E-mail : nickjoshi275@gmail.com

Rising CQ levels in atmosphere is serious threaten the mere existence of human life.
Several combat methodologies are available but they lack important aspects that makes
them undesirable [1]. Non Thermal Plasma (NTP) is an emerging technique that can be
employed ér CQO, conversion which is effective to overcome thermodynamic barriers [2].

In current work we showcase GEpnversion to methanol over &ie and NiFe composite.

The present study combines thermal and plasma catalysis (PTC) and exploits the synergism
of NTP/catalyst hybrid setup. In the study materials are synthesised using sol gel technique
and loaded on quartz wool using dip coating method. Series of catalyst i.e. CuO, NiO,
Fe0s, NiO-Fe,03, CuOFe0; are tested for Coconversion and methanol productidt is
observed that 5%.wt CuO/k®;, at 200 °C and 2.0 W input power, showed about 17% CO
conversion and about 40% methanol selectivity. Interestingly, without plasma discharge less
than 1.5% CQ@ conversion is obtained with about 46% methanol selégtivit is
demonstrated that the methanol yield significantly increased from 7 mrhgtht" (for

thermal alone) to 12.6 mmol:hgcat' when plasma discharge is combined. Indeed, it is
also evidenced that the increase in temperature and plasma ioywet pave shown
negative effect on C¥DH yield. This study successively has shown that plasma discharge
could be used as an efficient tool to overcome high reactivity barriers
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A VERSATILE HYPER -REDUNDANT MANIPULATOR FOR
TOKAMAK INSPECTION APPLICATIONS

Pramit Duttd  Ravi Ranjan Kumar Jignesh ChauharKrishan Kumar Gotewdl Naveen
Rastogt, ManoahStephen Manueltaj
Ynstitute for Plasma Research (IPR), Gandhinagar, 382428 Gujarat, India
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Remote Handling (RH) activities form a major part of the tokamak maintenance by
continuously monitoring the health of theviassel components. Activisesuch as routine
visual and NDT inspections, replacement ov@ssel components and periodic component
upgrades are essential ensure a low downtime of the tokamak. Such RH activities are
conducted using various robotic equipment that are developed thesgbnstraints levied by

the tokamak. The choice and thereafter the design of robotic equipment is largely governed
by the cruciality of the operation involved as well as the geometaod temporal
constraintsHyperredundant manipulators are an aitdive to serial manipulators that can

be used for inspection and maintenance in constrained location. They are highly suitable for
inspections in tokamak environment, where the robotic systems need to have multiple
degrees of freedom, light weight, fadeployment and retrieval mechanism with high
dexterity. This paper presents the design and developmerD@FBhypefredundant robot

for narrow space insptdons in tokamak environmenthe robot consist of 4 links that are
joined using universal jointotprovide a spherical workspace. Two pairs of linear motors
with steel tendons are used to control the spatial movement of each link thus providing 2
DOF to each joint. An Etharet based mukmotor control architecture is developed to
simultaneously conbl the movement of the four links using forward and inverse kinematics.
The control architecture is linked to a master controller with Python interface to solve the
required joint angles and thereby the movement of the individual motors. A virtual reality
interface provides the exact configuration of the system during operation. The robot has been
tested to show a high reliability with tool epdint accuracy of <lmm. This paper outlines

the mechanical design guidelines, choice of the robot kinematicsshape control
simulations, details of the control algorithm, controller development and test results for the
developed hyperedundant robot.
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LASER WAKEFIELD ACCELERATION OF ELECTRONS BY
DOUBLE LASER PULSE IN PLASMAS

Arohi JainandD. N. Gupta
Department of Physics and Astrophysics, University of Delhi, 8416007, India
E-mail: 9.arohi@gmail.com

Laserdriven plasma accelerators are of great interest because of their ability to sustain large
acceleration gradient (~100 GV/m), which is almibeee orders of magnitude higher than

the conventional accelerators (~100 MV/m) [1]. There are various methods by which plasma
wave can be excited. In laser wakefield acceleration (LWFA), a short intense laser pulse
drives the plasma wave to accelerate plesma electrons to GeV energy [2,3] We here
propose to study the laser wakefield acceleration of electrons in dauiske regime using
particlein-cell simulations. The open source code FotBiessel particlen-cell (FBPIC) is

used for these simulats [4]. A Gaussian laser pulse of moderate intensity excites the
wakefield to accelerate the electrons to an appropriate energy level. The second laser pulse
launched after a delay assists to amplify the primary wakefield. Thus, the electrons are
acceleraged to even higher energy by this amplified wakefield. The injection of electrons are
significantly enhanced by preheating of electrons in double laser pulse case. The electron
charge is significantly enhanced in the first bucket travelling behind ther dridse in
plasma. The obtained electron beam with high charge, low emittance and narrow energy
spread can be used efficiently for many applications. These results immediately find
applications in driving very compact-pay sources and with widespread itytilin ultrafast
science, technology, and medicine.
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MICROWAVE PLASMA DIAGNOSTICS FOR FUSION RESEARCH
MACHINES

Hitesh Kumar B. Pandyz’
YTERIndia, Institute for Plasma Research, Bhat, Gandhinagar
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E-mail: hitesh@ipr.res.in

Diagnostics are very important to characterize the fusion plasma by measuring plasma
parameters such as ' density, distribution function over energy, temperature, their spatial
profiles and dynamicsThere are mainly two categories of the plasma diagnostics namely; (i)
passive methods in which electromagnetic (EM) radiation from microwaver&y,emitted

by the fusion plasma are monitored to derive the plasma parameters, (ii) active methods EM
radiations produced by external sources are used to interact with the fusion plasma to
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determine the plasma parameteBsief description about basic principles and characteristics

of various diagnostics techniques will be covered in the talk. Among all, thageus
microwave and millimeter wave fusion plasma diagnostics will be discussed. Further, in case
of fusion research machine, there are neutron radiation, high magnetic field and high power
RF stray radiation. Difficulties faced in setting up the miawe diagnostic system on the

fusion research machine and to determine accurate and reliable measurements of the plasma
parameters will also be addressed. The description about techniques to accomplish the plasma
parameters measurements in such environmgirdlso discussed.

DEVELOPMENT OF ROGOWSKI COIL FOR THE MEASUREMENT
OF CURRENT OF THE DISCHARGE DRIVEN BY AC OHMIC
VOLT AGE

Sameer Kumar, Kumudni Tahiliani, Surya Kumar Pathak, PraveenlalEdappala,Vijay N
Patel, M. V Gopalkrishna,DeviLal Kumavat, Jagbandhu KumarandP.K Sharma
Institute for Plasma research, Bhat, Gandhnagar, Gujarat - 382428

A Rogowski coil has been designed and fabricated to measure a plasma current of
anmplitude 10-50 A with 0.5 ms rise time. A wire was wound uniformly over toroida
core (ID=163mm and OD =190mm) with rectangular crosssection (25 mm x 27mm). A
return path was provided to make it immune to stray field. For protecting from heat flux
of plasma and electrostatic pickup, it will be placed indde a SS enclosure. For turn area,

na= 0.81 m2, output voltage of Rogowski coil will be 20i 100mV. Response time (L/R=
1.2 ps) is sufficient for the current to be measured. The output voltage which is
proportional to time rate of current, will be integrated electronically to obtain
current. The detailed design and the initia results will be presented in the paper.

IDENTIFICATION AND QUANTIFICATION OF CONTAMINANTS IN
RF PLASMA

Manas Ranjan Bhuyah*Mainak Bandyopadhyay, Kaushal Pandya Mahendrajit
Singh', Ratnakar K.Yaday Himanshu TyadiAgrajit Gahlaut, Mahesh Vupugalfa Kartik
Patef, Jignesh BhagotaHiren Mistrf,Bhavesh Prajapatiand Arun.K.Chakraborty
Y ITER India, Institute for Plasma Research, Gandhinag&2021, Gujarat, India
% Institute for Plasma Research, Gandhinag®82428, Guijarat, India
%:Homi Bhabha National Institute (HBNI), Anushakti Nagar Mumbai, India

E-mail: * manas.bhuyan@itendia.org

ROBIN [1, 2], an inductively coupled negative hydrogen source is being operated presently
with total beam extraction area of ~ 73.38%dtiM6 apertures of 8mm diameter). The three
grid electrostatic accelerator system of ROBIN is fed by high voltage DC power supplies
(Extraction power supply: 11kV, 35A and Acceleration power supply 35kV, .15Ag
plasma is monitored nenvasively by EMICON MCi 4channel, 200 1100nm spectral
range with 1.5nm spectral resolution, and is used tfos impurity study. Source
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contamination has a vital role in performance of source in surface mode when Csisapour
injected into the source to create low work function surface. However, if impurities are
present in the ion source volume, it react with Cs and prevented to get low work function
surface and so negative ion yield is impacted. With control of contatbeiter source
performance can be achieved. Monitoring of contaminant is essential for optimum operation
of the ion source. Present study is focused on identification of contaminant from the plasma
emission spectrum. This is done by using library specfr@&xpected elements from a
standard source [3]. By comparing intensities of obtained spectra and standard spectra,
unknown element can be predicted and their probability of prediction is dependent on other
intense peaks of the same element. Quantitateasorement of the species can be done by
using suitable weight factor for individual species. Moisture is the main contaminant in the
present experimental campaign which is also supported by residual gas analyzer (RGA)
spectrum.
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PILOT TESTING OF LaBr;(Ce) SCINTILLATOR BASED HARD X -
RAY SPECTROMETER IN TIME STAMPED LIST MODE

Jayesh Raval Imran Mansufi Manisha BhandarkaKirti Mahajar', Pravina Kumatj
Manoj Kumat, Y.Sankar joish,ADITYA_U team and SSTL team
Ynstitute for Plasma&Research, Bhat, Gandhinagar 382428.
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Scintillator based Hard -Ray diagnostics is routinely operated in various tokamak to study
the runaway electron energy distribution in plasma discharges and its temporal evolution. In
general Pulse height analysis is used for providing the histogram of HaRhy<photon
energy vs no. of counts for different time slots by triggering the diagnostics at specific time
interval. Here temporal information of individual count is missing. But wite t
advancement of Digital Signal Processing, it is now possible to time stamped individual
count with its energy information. Here, we have developed a data acquisition software using
the software development kit (SDK) provided with LaBR3 (Ce) scintillatged Hard X

Ray spectrometer, in python, for the operation of hartayX spectrometer in the time
stamped list mode. This software has the ability to acquire the data for the varied time lengths
of the discharge and then distribute it in time buncheangfrequired time scales like 5ms,
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10 ms etc. This provides an advantage of having the full data and viewing it in different
forms or time scales. This report describes the basic functionality of the diagnostics in Time
Stamped list mode as tested in tladdratory and its preliminary results obtained while
operation on the SST and Aditya_U tokamak.

THE EFFECT OF FRINGING FIELDS AND ELECTRIC FIELD NON -
UNIFORMITY ON THE PERFORMANCE OF PARALLEL PLATE
ELECTROSTATIC ANALYSER

Snehlata Aggarwal* andumar Ajay
Institute for Plasma Research, Bhat Village, Gandhine@fi2428(INDIA)
*E-mail: snehlata@ipr.res.in

One of the methods to estimate the energy of charged particles in a beam is to pass the beam
through anelectric, magnetic, or electromagnetic fiétectrostatic analyzers are more
commonly used than the magnetic ones, because static electric fields are normally easier to
produce. Various types of energy analyser design exist; however in all types of electrostatic
analyzers a charged particle is seped according to its E/q rather than its absolute
velocity.A parallel plate electrostatic analyzer uses a pair of plane parallel platesas bias plates
to create a uniform electric field. Though the idea of a parallel plate electrostatic analyzer is
very sinple, there are design challenges to be considered. The entrance and exit apertures in
the entrance plate act as lenses due to the electric fields, producing undesired aberrations. The
fringing fields in between the plates and the-noiformity of electricfields due to finite size

of aperturescan pose problems in measurement or affect the charge particle trajectories.Also,
stray fields due to external sources can af
shielding is required. This paper will compahe energy resolution and focusing properties

of different analyzer designs and also explain the effect of fringing fields and electric field
nortuniformity on the performance of parallel plate electrostatic analyser.

RECENT ADVANCES IN PULSED LASER DEPOSITION TECHNIQUE

Snehlata Aggarwal and Kumar Ajay
Institute for plasma research, Bhat Village, Gandhinag&g428, India
E-mail: snehlata@ipr.res.in

Pulsed laser deposition (PLD) is one of the most versatile and promising growth techniques

to realize higkquality thin films of a variety of mukelement compounds. The advent of
interest in this technique took place when the stoichiometric deposititive dfighquality

thin film of YBa2Cu3O717TU superconductor has
For the last two decades, PLD has contributed remarkably in revolutionizing the research on
advanced functional oxides. The paper gives an overvidieofecent advances in the PLD
technique, for example, largeea deposition, monitoring growth and study growth kinetics

using reflection higkenergy electron diffraction [1]. The paper concludes by briefing some
important issues that still have to bealged to evolve it as a technique for industrial use.
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PHASE NOISE AND ITS EFFECTS ON LINEARISATION OF VCO
FOR THE KA BAND O -MODE REFLECTOMETRY AT IPR

JJU Buch? SK Pathak®
Ynstitute For plasma research, Bhat Gandhinagar
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Reflectometry uses an ultra wide band Voltage Controlled Oscillator (VCO) gusitinary
frequency source and hence its phase noise is critical in determining the overall frequency
linearity of the microwave system. Repeated attemps to linearize the VCO using the static
method i.e. by measuring voltage required for a unit step chanigequency output failed

and the change in beat frequency was seen to be in hundereds of kHz upto about 1MHz.
Extensive testing suggested that the phase noise of the source currently employed had
deteriorated from the specified values. To confirm thatlmaarity is due to phase noise of

the VCO we replaced the source by a highly stable Signal Generator which has excellent
phase noise by more than 25dB. The results obtained clearly show that variation in beat
frequency has reduced drastically and thet Ieguency variation is now less than 10kHz
only.

STIMULATED RAMAN SCATTERING OF X -MODE LASER IN A
PLASMA CHANNEL

Asheel Kumar
Plasma Physics Research Group, Department of Phisinersity of Allahabad Prayagraj
211002
E-mail: asheel2002@yahoo.co.in

Stimulated Raman forward scattering (SRFS) of an intensendde laser pump in a
preformed parabolic plasma density profile, is investigated. The laser pump excites a plasma
wave and two electromagnetic sideband waves. Laser and the sidebands exert a
pondeomotive force on electrons driving the plasma wave. The nonlinear currents happen to
be at sideband frequencies. The density perturbation due to plasma wave beats with the
oscillatory velocity due to pump to drive the sidebands.
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THE NON LOCAL THEORY OF WEIBEL INSTABILITY DRIVEN BY
RELATIVISTIC ELECTRON BEAM IN LOW DENSITY PLASMA

Ram Jeét Sanjay BabtiAsheel Kumat
Plasma Physics Research Group, Department of Phigingersity of Allahabad Prayagraj
211002
E-mail: rjpatel896@gmail.com

Weibel instability in fully and partially electron evacuated plasma channel, of a relativistic
electron beam, is developed in the slab geometry. For beam density greater than the plasma
density (ny, 2 n,), the beam of finite spot size pushes the plasma electrons radially outward

and forming a channel and imparts return velocity to plasma electrons in the outer region.
The relative drift between the inner region beam electrons and outer region plasnoa®lect
drives the electromagnetic perturbation with transverse scale length comparable to the spot
size of the beam. The growth rate increases with the parallel wave number and tends to
saturate.
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NON LOCAL THEORY OF EXCITATION OF ELECTRON
BERNSTEIN WAVE IN MAGNETIZED BEAM PLASMA SYSTEM

Ashish Varma, Arvind Kumar and Asheel Kumér
Plasma Physics Research Group, Physics Department, University of Allahabad, Prayagraj
211002
E-mail: "varmaashish331@gmail.com

We have developed a nonlocal theory of excitation of electron Bernstein wavas
magnetized plasma slab by a relativistic electron beam. Here, we use the kinetic theory for
solving the equation of motion and to obtain the beam response to the field of the Bernstein
wave™. For describing the plasma background, we have takenatiadgic density profile

and electron beam of uniform density and finite width is assdnféa growth rate have

been calculated for the Cerenkov and slow cyclotron interactions of beam plasma system in
infinite medium which is proportional to T and1 respectively. The excitation of
Bernstein wave is determined by lar§eand since here we assumédl QhhenceQ

does not play any significant roll on this system.
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EFFECT OF TRAPPED ELECTRON ON DUST-ION ACOUSTIC
WAVES IN DUSTY PLASMA WITH CHARGE VARIATION

Rumi ChahariaandJnanjyoti Sarma
! Department of Mathematics, Brahmaputra College, GuwaFft003, Assam, India
? Department of Mathematics, R.G.Baruah Collégewahati781025, Assam, India
E-mail : rumi.chaharia@gmail.com

Sagdeevds Potenti al E q u a-tPertorbativer iechmiue used tad e r i v
study the effect of non isothermal (trapped) electrons onidstcoustic waves in dusty

plasma. Herewe have considered ions and dust are in fluid description and electrons are
considered as Maxwellian with dust charge variation. Solution is obtained in the f&®ctof

equation. With the different parameters like wave Mach number, density ratio, temperat

ratio ad mass ratio; variation of amplitude and width of solitary waves can be seen.

Keywords: dusty plasma, nethermal electronsNon- Per t ur bati ve Techni q
Potential Equation

ENERGETIC PARTICLE DRIVEN RADIO FREQUENCY EMISSIONS
FROM KSTAR TOKAMAK PLASMAS

Shekar G. Thatipamuig M.H. Kim'? J. Kinf, and G.S. Yuh
'Pohang University of Science and Technology, Pohang, Gyeongbuk 37673, Korea
2 National Fusion Research Institute, Daejeon 34133, Korea
E-mail: shekaruh@postech.ac.kr

Interactions of energetic particles with turbulence and macroscopic fluid modes are critical
research issues for magnetically confined fusion plasma. A range of Alfven waves driven by
fusionborn energetic ions or neutral beam deposited fast ions in abdfinement fusion
devices is a welknown consequence of such interaction. Recently, electromagnetic burst
emissions from plasmas in relatively high frequency range (0.1~1 GHz) have been detected
by antennas outside the viewports of KSTAR tokamak. rélde frequency (RF) emission
spectrum evolves in multiple steps prior to and through the collapse of the edge confinement
barrier (called pedestal) [1]. Several robust features in the RF emission include (1)
narrowband emission corresponding to the lowgbrid frequency at the edge and high
harmonics of ion cyclotron emission (ICE) prior to the crash, and (2) intensification of the
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ICEs with the appearance of a amodal filamentary perturbation [2]. (Note that the burst
onset of the filament initiates ahcollapse of the pedestal.) These observations indicate high
frequency waves produced by energetic ion interaction with macroscopic plasma profiles and
fluid modes. In more recent observations, the neutral beam injection in KSTAR low
confinement mode plasas is also found leading to RF emission with diverse spectral
features and evolution. In summary, the RF emission from tokamak plasmas provide crucial
information on ion dynamics and potentially a novel diagnosing scheme for ELM crashes and
other transiehevents.
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EVOLUTION OF DUST ION ACOUSTIC SOLITARY WAVE IN
MAGNETIZED NON -THERMAL DUSTY PLASMA

B. Bord', A. N. DeV, B. K. Saikid, and N. C. Adhikary
! Centre of Plasma Physidsstitute for Plasma Resear¢BPP-IPR), Nazirakhat, Tepesia,
Sonapur, Guwahafr82402, Assam, India.
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Path, Paschim Boragaon, Garchuk, Guwah@81035, Assam, India.
E-mail: birbaishri.phy@gmail.com

A theoretical investigation of the characteristics of dust ion acoustic (DIA) wave in a
magnetized multicomponent dusty plasma consisting of positive ions, negative ions,
nonthermal distribution of electrons and positrons is presented. Three dimensional Zakarov
Kuznetsov (Z-K) equation is derived here for studying the primary features of small
amplitudeDIA solitary wave evolution in plasma by using reductive perturbation method.

The mass ratios of di fferent il on groups whi
region) are discussed here [1]. It is observed that for certain critical concentrations of
negative ions as well as due to the effect of nonthermal electron parameter in plasma, the
evolution of both compressive and rarefactive solitary waves exist in the plasma system.
However, it is also noticed that the temperature ratio of electron torgogtays an

important role for determining whether plasma supports evolution of only compressive
solitary wave or both compressive and rarefactive solitary waves in the system. This work
provides supplement to the field of DIA solitary wave propagatiamutticomponent space

pl asma environments such as D, E, F region
photosphere and Titands ionosphere [ 2].
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DEVELOPMENT OF SUPERHYDROPHOBIC POLY ETHYLENE
TEREPHTHALATE SURFACE BY IMPREGNATION OF CARBON
NANO PARTICLES FOR BLOOD CONTACT DEVICE
APPLICATIONS

S. Yuvaraf, PMykelraj®, N.Muthukumarasanfy Dhayalan Velauthapill§i C.PYoganand®,
- Department of Physics, Coimbatore Institute of Technology, Coimba#d@14. India.
® Department of Science and Humanities, Suguna College of Engineering, Coimbatore
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The PolyethyleneTerephthalate (PET) surface was impregnated by nanosized Carbon for
which acetylene plasma was used for the purpose. Ultrasonic cleaned PET samples were cut
into 5x5 cm and was admitted for different plasma processing period of 10, 20 and 30
minutes with ©:60 sccm of acetylengrgon gas mixture respectively. The plasma processed
samples were analysed with respect to structural, optical properties, hydrophobic surface
properties. The contact angle measurement was done for the plasma processed samples which
was found about to be 153° which is pertained to be superhydrophobic in nature. Further, the
processed samples were subjected to hemocompatibility analysis for determining its possible
usage in blood compatible device applications. stretching and caib&ylds with carbon

which presented the effect of plasma process was found by Raman spectroscopy and the
presence of functional groups with respect to the stretching and bending modes found by
using FTIR spectroscopy. The presence of UV absorption andiemisands were observed

via UV-visible spectroscopy and Photoluminescence spectroscopy respectively. Moreover,
the plasma processed PET samples showed improved superhydrophobic activity with respect
to the increase in density of carbon over the sampiéseiuimproving the Hemaompatible

activity which is used in blood storage containers and flow tubes in the medical field.

215



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

MESH REFINEMENT BASED FLUID SIMULATIONS OF PLASMA
DYNAMICS DURING HIGH POWER MICROWAVE BREAKDOWN

Pratik Ghosh, Vishruletly, Bhargav Jethwa, Bhaskar Chaudhury
Group in Computational Science and HPC, DAIICT, Gandhinagar 382007
E-mail : 201721010@daiict.ac.imhaskar_chaudhury@daiict.ac.in

There is a renewed interest in accurate investigation of High Power Microwave (HPM)
breakdown at high pressures involving complex plasma dynamics because of iscalale
applications in aerodynamic flow control, plasma propulsions, combustion ignitorle

2]. This phenomenon is highly ndimear and requires a mulicale modeling due to the
presence of multiple time and space scales to accommodate the three critical stages: the
interaction of the EM wave with plasma, spatial and temporal plasniatieno and finally,

gas heating. To investigate the first two stages, fhaisled simulations of this phenomenon
are carried out using a computational mo d el
plasma continuity equation [1, 3]. The numericalluson of these equations is
computationally costly due to the stringent requirements on grid spacing and time steps due
to the presence of sharp gradients in electric field and plasma density. There lieo# trade

terms of grid spacing and the acayaf the model. Efficient parallelization techniques have
been proposed in [3], wherein a homogeneous mesh has been used to solve both the
Maxwell 6s as wel | as the plasma continuity &€
of 2D simulations fromaround a month to few hours on an HPC cluster. However, we require
more sophisticated mesh refinement based algorithms to achieve accuracy with less
computational/ memory requirements and also for more realistic 3D simulations.

In this work, mesh refinenm¢ based fluid simulations have been performed by hierarchically
reducing the grid size in a selective region with sharp gradients in Electric field and plasma
density. The parallel algorithm with a single homogeneous mesh throughout the problem
domain regires more computational resources than the mesh refinement based technique.
Thus, mesh refinement based method has an advantage of less overall computation with
higher accuracy [4]. We present the details of our implementation and comparison of the
resuls of the mesh refinement based model with the available results from uniform mesh for
different input physical parameters (E field, pressure), and finally, the speedup obtained with
the mesh refinement based strategy.
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DEVELOPMENT OF A CALIBRATION SET UP OF MAGNETIC
PROBES FOR CHARACTERISING EDDY CURRENT GENERATED
ON A PLANAR SURFACE

M.V. Gopala Krishna, Sunil Rawat, Praveerttalappala Abhijit Kumar,
Vijay Patel, Sameer Kumar, Kumudni Tahiliamd S.K. Pathak.
Institute for Plasma Research, Bhat, Gandhinagar.

Characterising the eddy current formed on structures and surfaces due to the pulsating fields
is an important aspect, especially for experiments involving high current pulsing or drastic
variations in currents like ia tokamak. The generated edtyrent sometimes interfere in

the experiments as it may generate magnetic fields. Hence quantifying the eddy current is an
important aspect for such kind of experiments. The quantification of eddy currents can be
performed using magnetic probes. Howeube precise calibration of magnetics probe is
essential to characterise the generation of eddy currents. In this work a detailed description
about the calibration setup is presentetijch includes the design and development of a
Helmholtz coil for charaetrising the magnetic probes developed for the purpose of
measuring the eddy current.
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ABATEMENT OF MICROORGANISMS USING OXYGEN PLASMA

Gauree Arolkar 2, Salgo Merin Ricki Elenjiléamaﬁl R. R. Deshmukh VarshaKelkar-
Man
!Departement of Physics, Institute of Chemical Technology, Matunga, Mumbai, 400019,
India
Terna Engineering College, Nerul, New Mumbai, 400706, India (currently working here)
3 Department of Biotechnology,University of Mumbai, VidyanagaringaSantacruz,
Mumbai, 400098, India
E-mail: gaureearolkar@ternaengg.ac.in

The safeguarding and restoration of archival documents is a concern for modern day
archivists Deterioration of archival documents is attributed to several environmental causes,
such as microbial contamination, oxidation, acidification, and other®fd$ma treatment is

a novel but less implemented technology in the field of conservation and protection of
archival documents which has shown promising resultsTf&. mainobjective of this study

was to eradicate microbial contamination from papers using oxygen plasma tredwweent
types of papers were used in this study. They were sprayed with specific fungal and bacterial
samples that could mimic the natural process dérdeation. These papers after being
treated with oxygen plasma treatment, were observed for reduction in microbial load. Plasma
treatments were optimized as a function of power and time based on its effectiveness to
eradicate maximal number of microorgans. The study thus successfully recommends use

of oxygen plasma at 60W for 5 min for complete abatement of roiganisms from initial
seeding load of fOCFUs from the paper surface without affecting the paper in any ways.

References:

[1]F. Cappitelli and C. Sorlini, AFrom papyr u:
of document Grit. Rev Mierabiolt valg3&,dq. 1919, ppi10, (2005).

[2] L . Laguardi a, E. Vassall o, F. Caagfferts bfe | | i
pl asma treatments on biodet eriills6 608)d anci e

DRESSED SOLITON IN DENSE DUSTY PLASMA HAVING
ULTRA -RELATIVISTIC DEGENERATE TWO TEMPERATURE
ELECTRONS

Indrani Paui, A.Chatterje& and S.N.Padf
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Considering higher order nonlinear and dispve effects the dressed tanoustic solitary
waves in dense dusty plasma consisting of cold inertial ions and ultrarelativistic degenerate
two temperature electrons have been theoretically studied using the Bogoliubov
Mitropolosky method. The expsion of pseudgpotential is derived and from the nonlinear
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equation the solution of dressed ion acoustic solitary wave upto second order
approximation are obtained. The profiles of dressed solitary waves are drawn for different
values of the ultraelativistic degenerate electrons. It is seen that degenerate two temperature
electrons has important role on the shape of dressed solitary waves in degenerate plasma.
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EFFECTS OF BEAM IONS AND KAPPA- DISTRIBUTED
ELECTRONS ON ION ACOUSTIC SOLITONS AND DOUBLE
LAYERS IN WARM ION PLASMA
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Arbitrary amplitude ioracoustic solitary waves and double layers have been theoretically
studied in a noollisional plasma consisting of warm positive ions and beam ions, and
kappa distributed electrons using psepdtental (effective potential) method. The solutions

of the arbitrary amplitude solitary waves and double layers are obtained and the profiles
of solitary waves and double layers are drawn taking different values of the plasma
parameters. It has beerbserved that both compressive and rarefactive solitary waves and
double layers would be excited in presence of beam ions and kappa distributed electron in

the plasma. The variation of width of solitons and double layers are also  shown
graphically ad discussed.
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ENVELOPE SOLITONS IN ELECTR ON-ION-POSITRON PLASMA
HAVING WARM [ONS AND TSALLIS DISTRIBUTED ELECTRONS
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Envelope soliton of ion acoustic wave is studied using Fried and Ichikawa method in an
electronion-positron plasma having warm ions are warsothermal positrons and Tsallis
distributed electrons. The nonlinear Schrodinger equation is derived and the solution of
envelope soliton is obtained. It is found that both -dsokton and brightsoliton may be
excited in the plasma. The stahjlitriteria are established and studied graphically by
varying the positron density, positron temperature , ion temperature and Tsallis distributed
electrons. The profiles of bright envelope soliton and dark emvelope solitons are drawn for
different valuesof plasma parameters.lt is found that Tsallis distributed electrons has
considerable effect on the excitatation of Tsallis distributed electrons in the plasma
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EFFECT OF POLARIZATION FORCE ON THE ROGUE WAVES IN
DUSTY PLASMA
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Rogue wave has been theretically studied in dusty plasma having nonthermal ions,
Maxwelian electrons and negatively charged mobile dust under the infloermpmgarization

force acting on micron size dust particles in plasmanlidear Scrodinger equah is
derived using Fried and Ichikawa method and from the nonlinear equation the solution of
rogue waves in the dusty plasma is obtained. The profiles of rogue waves are drawn and
discussed for different values the plasma parameters. It is founddhtitermal ions and
polarization force has considerable impact on the rogue waves in the dusty plasma.
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MODULATIONAL INSTABILITY OF ION ACOUSTIC WAVES IN
FULLY RELATIVISTIC PLASMA HAVING SUPERTHERMAL
ELECTRONS
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In this paper, modulation instability of ion acoustic wave has been theoretically studied
in a cdd unmagnetized fully relativistic plasma consisting of cold positive ions and
supertheral (kappa distributed) electrons using the method of Fried and Ichikawa. The
expression of nonlinear Schrodinger equation in fully relativistic plasma has been
derived and the condition for the existence of modulational instability of wave are
obtained. The growth rate of modulationally unstable wave are graphically diascussed for
different values of plasma parameters. From the nonlinear Schrodinger egtineisolution

for envelope solitons in the fully relativistic plasma are also obtained. The profiles of
envelope solitons are drawn and discussed taking different values of ion stream velocity and
density of superthermal electrons. The results apelicable for the study of ion acoustic
envelope solitons both in  weand ultra relativistic plasma.
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MAGNETI C MOMENT FIELD DUE TO RESONANT INTERACTION
OF WAVES IN LASER INDUCED RELATIVISTIC PLASMA
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In laser produced plasmas sg#nerated magnetic fields have been of much interest because
of their role in the design of inertiabnfinement fusion (ICF) targets. This magnetic field can
affect strongly several transport mechanisms which influence the performance of ICF target.
In this paper,tieory of the generation of magnetic moment field from resonant interaction of
four high fequency electromagnetic waves in magnetized dense electron plasma is
developed considering the relativistic change of electron mass. It is shown that the inclusion
of relativistic effect enhances the magnetic moment field. For high intensity laser theams
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moment field may be of the order of a few mega gauss. Such a high magnetic field can
considerably affect the transport of electrons in fusion plasma.
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ELECTROSTATIC WAVES IN FULLY NONLINEAR DEGENERATE
ELECTRON -ION-POSITRON PLASMA

S. N. Paut? S. Basak, B.Pauf and A. Roy Choudhury*
'Department of Physics, Jadavpur Universiplkata- 700032, India
?%East Kolkata Centre for Science Education and Research
E-mail: drsnpaul@gmail.com

Electrostatic solitary waves and doutdgers in a fully nonlinear relativistically degenerate
electronion-positron unmagnetized plasma are stddiesing pseudo potential approach.
Expression of Sagdeev potential is derived dmdritical value of Mach number for the
excitation of ioracoustic solitary wave is obtainedlhe solutions of solitary waves and
double layers are obtained and thé&instures are graphically shown for different parameters

of the plasmalt has been observed that both compressive and rarefactive solitary waves and
double layers would be excited in presence of positrons in the degenerate plasma.
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CONTROL OF CHAOTICITY IN MAGNETIZED FILAMENTARY
DISCHARGE PLASMA DUE TO THE PRESENCE OF CYLINDRICAL
MESH GRID

Mariammal Megalingam, Shatakshi Sinha, Nikhita Pandd@amndlali Sarma
Vellore Institute of technology, Chennai Campus, Chennai, Tamilnadu, India
E-mail: bornali.sarma@vit.ac.in

This study is highlighting the experimental evidence of controlling chaos and its nonlinear
behavior of fluctuations in the filamentary discharge magnetized plasma system. The
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cylindrical mesh grid of 80% optical transparency has been introduced in sineaplargon
plasma is produced in the cylindrical chamber of dimension 350 mm in length anth#00

in diameter. The cylindrical mesh grid of 90 mm in height and 120 mm in diameter placed
in the bulk plasma. The chamber is evacuated down to 12mbar usig both diffusion

and rotary pump. Argon gas is injected by a needle valve into the chamber at working
pressure of 2xIH mbar. The electrical Langmuir probe has been extensively used for
collecting the plasma fluctuations at various positions in and drtlum mesh grid. The
oscillation pattern shows that at the farther most position from the grid, onset of chaos
occurs at a lower value of magnetic field compared to the position which is at the center of
the cylindrical grid. The dynamical transition haseh explained using several Aamear
techniques such as Fast Fourier Transform, Phase Space Plot, Recurrence plot, Empirical
mode decomposition etc. Therefore, it can be speculated that grid is playing a major role in
controlling the chaotic behavior tfe plasma oscillations.

NITROGEN PLASMA TREATED COTTON FABRICS COATED
WITH SIO , FOLLOWED BY RGO DEPOSITION FOR WATER
PURIFICATION PROCESS

Pubali ChaudhunS Padmashre&,.Vinisha Rani, and Bornaarma
Division of Physics, School of Advanced Scie88sS), VIT, VandaluKelambakkam Road,
Chennail27, Tamil Nadu, India.
E-mail: bornali.sarma@vit.ac.in

Experimental investigations have been carried out to modify the surface properties of using
using low temperature DC glow discharge nitrogen plasmasnid treatment is an eco
friendly, dry and clean process over wet chemical method and does not suffer from any
environmental and health concerns [1]. The important plasma parameters such as power and
working pressure are kept constant with various treatitirees (5, 15, 30, and 60 mins). The
plasmatreatedcotton fabrics are optimized by XRD, FTIR, and SEM. A comparatives study
has been done for the untreated and different treated fibers. Pure SiO2 is coated on untreated
and nitrogen plasma treated cotfabrics by sputtering method. The samples are coated for
different sputtering times (10, 30 min and 60 min). Finally RGO is coated on the plasma
treated Sio2 fabrics. RGO is prepared by modified hummers methods [2]. Our results provide
a way to develop flter for water purification.
References :
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EXPERIMENTAL OBSERVATION OF INTERMITTENT ROUTE TO
CHAOS IN MAGNETIZED FILAMENTARY DISCHARGE PLASMA
DUE TO THE CYLINDRICAL PLASMA BUBBLE

Mariammal Megalingam, Anurag Sangem &uwnali Sarma
Vellore Institute of technology, Chennai Campus, Chennai, Tamilnadu, India
E-mail: bornali.sarma@vit.ac.in

We report an experimental observatmfithe effect of magnetic field along with mesh grid
biasing in presence of cylindrical plasma bubble in a filamentary discharge magnetized
plasma system. Cylindrical mesh grid of 80% optical transparency has been negatively
biased and introduced in theapma for creating plasma bubble. Plasma floating potential
fluctuations have been taken outside (LP1) and inside (LP2) of the plasma bubble. It has
been observed that the oscillation pattern shows intermittent route to chaos as the system
evolved from reglar type of relaxation oscillations (of larger amplitude) to an irregular type

of oscillations (of smaller amplitude) as the external magnetic field is increased. We have
used recurrence quantification analysis (RQA) to the observed intermittency torctia®s
plasma. The main measures of RQA are Laminarity (LAM) and Determinism (DET). The
laminarity measure can be associated with the average time between the chaotic burst in the
intermittency. It has also been observed that the DET depends on the pardrokter and
decreases exponentially. Other features like a dip in skewness and a hump in the kurtosis
with the variation of control parameter have been noticed, which are the strong evidence of
intermittent behaviour of the system. Further, a numenuadlel has been developed to
satisfy the observed experimental analysis of intermittent route to chaos.

RECONFIGURABLE NON CONVENTIONAL ANTENNA

A.Sarada Sree and Rajesh Kumar
Institute for Plasma Research, Bhat, Gandhina@&2428.
E-mail : sarada@ipr.res.in

In IPR, we have developed a noonventional antenna which is reconfigurable in the
frequency range (100 300) MHZ. This antenna can be switched on when required and
switched off when not in use. Conventional antennae, for ex: metaitennae can be
detected by RADAR. This antenna has a very low RADAR cross section, hence cannot easily
be detected. This type of antenna can be used for some specialized applications where
detectability is an issue. This antenna does not need much sphsepporting structuress
conventional antennae nedd.this, a conducting liquid is used to perform the function of an
antenna. We have transmitted and received the signals using this antenna. Varying the
parameters, such as diameter and height ofahenn/jet, we can vary the central frequency

and bandwidth of the signals being received / transmitted.
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DEVELOPMENT OF ELECTRICAL ISOLATOR BOXES FOR NBI
CRYOGENIC LINES

BVVSNNP Sridhar, Bhargav Choksi, Bhargav Pandya, Ch. Chakrapani and V. Prahlad
Institute for Plasma Research, BHAT, Gandhinagar, 382 428, India.
E-mail: sridhar@ipr.res.in

The Neutral Beam Injector (NBI) system is required for the purpose of heating the plasma of
SST-1 tokomak. NBI system generates a beam of energetic hydrogen atoimgdtion into

the SST1. During the operation of NBI, the necessary vacuum of@ @rr is maintained by
means of cryopumps. Cryopumps require supply of liquid nitrogen (LN2) and liquid helium
(LHe) during their operation. The vacuum vessel whichshsuhese cryopumps and the
plant system which supplies liquid Helium supply are at different electric potentials during
operation of NBI. The electrical isolator boxes act as interface between the vacuum vessel
and the helium plant system thereby avoidang possible damages to the instruméoradf

the liquid helium plantThis paper describes the design and development of isolator boxes for
two process pipe cryogenic lines using ceramic isolaMasious design aspects of fault
identification duringfailure e.g. vacuum degradation are presented. Design considerations
made on the basis of space availability, easy replacement of isolators during failure, and no
direct interface with the main vessel vacuum are described.

TURBULENT STATES IN MULTIPLE ANO DIC DOUBLE LAYERS IN
GLOW DISCHARGE PLASMA

Sneha Latha KommugdriJaya Prakash®Perumal M, TH Rishikanta Singh Suraj
Kumar Sinha
Departmenbf Physics, Pondicherry University, Kalapet, Pondichesf85014
E-mail: kommugurisnehalatha@gmail.com

The Complexities in the Turbulence is attracting many scientists since three hundred years
ago. Turbulence can be found in Gases, liquids etc. Turbulent fluid flow is a complex,
nonlinear multiscale phenomenon. It has Practical importance in making prediiions
example, heat transfer in nuclear reactors, drag in oil pipelines, the weather, the circulation of
atmosphere and the oceans [1]. Double Layers in plasma isr@entmal region consisting of

two adjacent layers of opposite charge with a potentig) es> 0 "Y] ‘Qacross the layers.

After increasing certain voltage, the critical stage occuiduttiple Anodic Double Layers

and collapses, followed by supercritical stage which leads to the rise of turbulence in the
system [2]. This turbulence can happen because of the instabilities in plasma, where the
electron drift velocity relative to the ionsxceeds the electron thermal velocity. These
conditions produce a strong and unstable electrostatic wave that grows until it traps most of
the electrons.
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STUDY OF FAST ELECTRON TRANSPORT IN ULTRAHIGH
INTENSITY LASER MATTER INTERACTION BY 2D IMAGING OF
CU K FRAXS

T. Mandal*?, V. Aror&, A. Moorti*?> and JA Chakera?
L HBNI, Training School Complex, Anushaktinagar, Mumbai 400 094
2| aser Plasma Division, RRCAT, Indore 452013
E-mail: tirtham@rrcat.gov.in

Understanding and controlling fast electron transport inside solid material is important for the
success of fast ignition concept to inertial confinement fusion. The MeV fast electrons
generate xays (both line radiation and bremsstrahlung) during its propagation. The
measurement of-kay source size at the front and rear of the target is a widetltashnique

to obtain direct insight about electron transport process manifested through the divergence of
the electron beam. The experiment was carried out with Ti:Sa laser focused to an intensity
~7x10°W/cn? on a Cu foil of thickness 7um at an incidenangle of 30°. We have
performed 2D imaging of Cu KU (8.048 KeV) st
spherically bent quartz crystal spectrograph. The spectrograph uses a spherically bent quartz
crystal (lattice spacing 1.542 A, ROC: 250mm)irtage the source. Front side source size
was ~38 £ 2 um. The rear side source size was estimated to be ~47 £ 2 ym and 58+4 pm for
Cu 7 um and Cu 25 um foil respectively. A fast electron half divergence angle of ~17° inside
target material was calculatedofm the measured source sizes. Such small divergence
indicates the collimation of the beam by sg#inerated magnetic fields at the relativistic laser
intensity. Angular distribution of hard-pay bremsstrahlung radiation was carried out in the
incidence fane using array of direct reading dosimeters (DRD). Tnayxdistribution was

highly anisotropic and was similar to the electron angular distribution i.e. along target surface
and laser propagation direction. Theays enhanced nearly two fold in cagehigher ASE
prepulse for 70° incidence angle. Moreover, thex signals were higher for 50 um foll
compared to 7um foil. In this paper details of experimental setup and our current
understanding on the results will be presented.

FAST ELECTRON ANGULAR D ISTRIBUTION FROM THIN FOIL
TARGETS AT LASER INTENSITY 7X10 *w/CM?

T. Mandal* 2, V. Arord, A. Moorti*?> and J. A Chakerg
1 HBNI, Training School Complex, Anushaktinagar, Mumbai 400 094
?Laser Plasma Division, RRCAT, Indore 452013
E-mail: tirtham@rrcat.gov.in

Intense laser produced MeV fast electrons are instrumental for the success of fast ignition
concept to inertial confinement fusion along with other applications including development
of high energy proton/ion beam and ultrashort daratv-rays. We have performed an
angular distribution study of these fast electrons to understand their emission characteristics
to be useful for various applications. The experiment was carried out on 150 TW laser facility
with 25 fs, 2.2 J Ti:Sa laser bwaafocused by an offixis parabolic mirror to an intensity ~
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7x10"W/cn? on a Cu foil of thickness 7um at an incidence angle of 40°. The electron beams
were observed along laser propagation direction through the target rear surface indicating the
JXB heatig mechanism for fast electron acceleration. Further, highly collimated (divergence
angle <10°) electron beams were also observed along the target surface direction at the rear
side suggesting the role of surface generated quasistatic fields in collimatirguiding the
electrons along the target surface. The electron flux reduced by ~ 2.8X on reducing the laser
intensity by a factor of ~2.5. Further, the electron flux reduced by ~2.4X on changing the
laser polarization from p to s. The energy of elecbeam extends up to ~7 MeV with a
derived electron temperature of ~2.1 MeV from the electron spectrum. The fast electron
emission angle changes from nearly laser propagation direction to target surface direction in
the specular side with a higher beam ckapg increasing the incidence angle form 40° to
70°. Further, we have observed increase in charge for s polarization compared to p. In this
paper details of experimental setup and our current understanding on the results will be
presented.

STUDY OF HIGH-VELOCITY PLASMA STREAM IN THE PRESENCE
OF TRANSVERSE EXTERNAL MAGNETIC FIELD

S. Singh A. Ahmed, S. Borthakut, N. K. Neod, T. K. Borthakut
Centre of Plasma Physiésinstitute for Plasma Resear¢68PP-IPR), Sonapur, Kamrup,
Assam
E-mail: nirod@cppipr.res.in

A pulsed plasma accelerator system has been developed dPRRRat produces a high
density (~1021/m3) and a high velocity (~ 20 km/s) plasma stream [1,2]. A 200 kJ pulsed
power system powers the accelerator. The device utilizeseliigenerated Lorentz force

that accelerates the plasma and ejects it out of the electrode channel. The plasma thus
produced is suitable to study plasma matter interaction relevant to the tokamak device as well
as to study different plasma phenomenathis experiment, the effect of the interaction
between the plasma stream with a background transverse magnetic field is being studied
[3,4]. The introduction of an external transverse magnetic field is expected to modify the
density and confinement timeofFthis purpose, an electromagnet of field strength ~0.4 T is
being designed, fabricated, and installed between the source and target chamber of the plasma
accelerator. The magnetic field is simulated using PoiSagurerfish code and finite element
magnetts method. A study is being thereafter conducted to characterize the plasma in the
presence and absence of the transverse magnetic field by using different diagnostics. The
results will be presented during the conference.
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MODELLING OF PLASMA FLOATING POTENTIAL OSCILLATIONS
UNDER MADL CONDITIONS USING FORCED ANHARMONIC
OSCILLATOR

Jayaprakash ¥and Suraj Kumar Sinfia
'Department of Physics, School of Physical, Chemical and Applied Sciences, Pondicherry
University, Kalapet, 605014.
E-mail: jprakashppl@rediffmail.com

Predicting the evolution of various ndinear oscillations and instabilities is of great
importance in various plasaimsed applications. Modeling those oscillations vitrced
driven Anharmonic Oscillator (FAO) is helpful tanderstand the dynamics of plasma
speciesin the present investigation, we have reportedribdelling of nonlinear oscillations
and its frequency responses under typical multiple anodic ddayée (MADL) plasma
condition Under, MADL condition, we comder, the sources of forcing to tlescillator is
from two different independent source of power supply which are used exgesiment.
The equation solved using the method of msdtle and its bifurcation sequencetioé
harmonic, sukharmonic oscillatory state performed by numericallhe results of the
anharmonicoscillator model with two forcing shows excellent agreement with obtained
floating oscillation undeMADL condition. Thus, the present analysis illustrétat two
forcing anharmonic oscillator model would be an ideal candidate to study thknean
dynamics oMADL in a glow discharge.
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Optical Emission Spectroscopic study of Capacitively Coupled discharge

Y. Patil', Pawandeep Sindif, A.K. Pandey % S.K. Karkart'
Ynstitute forPlasma Research, Bhat, Gandhinag®2428
“Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Muriban94

E-mail: ypatil@ipr.res.in

Abstract

Low-temperature plasmas are also called asloca thermodynamic equilibrium plasma. In

such plasmas, each species of the plasma is having different temperatures, energy modes. In
comparison with other species, electrons are having higher kinetic emetdyecause of that

the whole plasma kinetics and parameters are controlled by electrons. Therefore, electron
density and temperature are the crucial parameters of théctoperature plasmas. Lew
temperature RF discharges are widely used in material gsioce industries [1].
Radiofrequency waves used to create the RF discharge interfere in the measurements of the
electric probe and scale up the measurement errors. To overcome such hurdles and make
measurement simpler Optical Emission Spectroscopy (CE®)dely used as a diagnostic

tool for RF Plasmas [2]. In this work, capacitively coupled plasma discharge created using
parallel plate electrodes with 13.56 MHz radiofrequency for RF power 20W, 30W, 40W,
50W and corresponding optical spectra recordedgus$ia spectrometer is reported. As per

raw OES data the intensity of spectral line having the waveldngth750.39 nm is the
highest value among the other spectral lines as well as with increasing the RF power the
intensity of the spectral lines increasd’he electron density of the capacitive discharge
calculated by using OES for the RF power values 20 to 50 W varies from 2El6om
3.3E16 m3 respectively.
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Time dependent analyses of linear motion of various rotor materials of
linear induction motor (LIM)

Ananya Kundd, Pedada Prasada R¥0S.S. Srinivas, Arvind Kumar, Ankur Jaisawal, Vilas
C. Chaudhari, Anita Patel, E.Rajendra Kumar
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Abstract

Now a days linear induction motors (LIM) are being used in widespread applications.
Among them, use of LIM in high speed applications like UAV launcher and aircraft
launchers is well established. LIM has been used at IPR, for preliminary experiments as an
electromgnetic launcher in Magnetics and Dynamics section. The LIM was earlier being
used as nowontact type liquid P stirrer in TBM division. The stator part of the LIM is
made up of laminated sheets of magnetic material which has slotted configuratiba. In t
slots, the insulated conductors are wound as per the three phase double layer winding in
diamond configuration. In the present work, similar geometry of the stator part of the LIM is
modelled in FEM software [1,2] and the thrust force experienced farefit rotor materials

like copper, aluminium and SS with different thickness are estimated. The enhancement of
the thrust force in the rotor material with the addition of CRGO sheet is also studied in
simulation. This paper presents the transient magfietet profile, induced current density

and the Lorentz force acting on different rotor materials of different thickness. This work will
be used as initial reference analyses for indigenous development of LIM of higher thrust
force and optimization of itotor material.
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PIC SIMULATION OF ION DYNAMICS IN AN INERTIAL
ELECTROSTATIC CONFINEMEN T FUSION DEVICE
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E-mail: darpan.bhattacharjee@cppipr.res.in

Abstract

Kinetic simulations are performed using PIC (PartiokCell) method to study the ion
behavior inside a table top neutron source known as Inertial Electrostatic Confinement Fusion
(IECF) device. In this device, lighter ions are accelerated by using an electrostatic field.
These ions are capable of producing fusion at the core region inside the cathode [1, 2]. An
open source PIC code, XOOPIC [3] is used to simulate the ion dynammiaifferent
experimental conditions. The potential structure from the simulation indicates the formation
of multiple potential well inside the cathode depending upon the applied cathode voltage
(ranging from-1kV to -5kV). The ion density at the core regiof this device has been
observed of the order of ¥om™, which closely resembles the exact experimental condition.
The ion energy distribution function (IEDF) has been measured from the phase space at
different location to identify the pattern of ioryrthmics for different grid assembly and
experimental conditions. Finally, these simulated results are compared with the available
experimental profiles measured using different Langmuir probes and Retarding Field
Analyzers (RFA).
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Highlights of Version 2.0 of Three Dimensional Fully Electromagnetic
Relativistic Particle-in-Cell Code PASUPAT

Raghwendra KumarGaurav Singh Debabrata BiswasVibhuti Duggaf, and Kislay Bhaft

! Applied Mathematics & Theoretal Physics Section, Bhabha Atomic Reasearch Centre,
Trombay, Mumbai, 400085, India.

“ComputeDivision, Bhabha Atomic Reasearch Centre, Trombay, Mumbai, 400085 India.
E-mail : raghav@barc.gov.in
Abstract

In PLASMA 2017, we presented version 1.0 of thnee dimensional fully electromagnetic
relativistic Particleln-Cell (PIC) code named 'PArallel Simulation Utility using PArtitie

cell Technique (PASUPAT)'. Subsequently the code was released for users at Bhabha Atomic
Research Centre, Mumbai in Apr018. Since then several new modules/capabilities have
been added to the code. Notable among them are: (a) Space Charge Limited Emission and
Advanced Field Emission Model from staircase as well as triangulated curved emitting
surfaces (b) Multigrid Eleobstatic Solver (c) MPI Parallelization for simple domain
decomposition (d) Advanced Domain Decomposition scheme which increased the efficiency
of OpenMP parallelization (this scheme will also help in dynamic load balancing in
distributed memory based MRiarallelization). Apart from these, the Graphical User
Interface (GUI) of the code has also been upgraded. We shall present these features and their
validations.
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A Novel Plasma Source for Treatment of Ragi Flour to Modify the Physico
Chemical, Structural and Thermal Properties

Perumal Mand Suraj Kumar Sinfia
'Department of Physics, Pondicherry University, Pondicherry, India
E-mail: perumalphy@gmail.com
Abstract

Recently plasma based technology has its high demands in modification of pthysmizal,
structural and thermal properties of ragi flour by the impact of energetic N2 extracted from
nitrogen glow discharge plasma to inactevanfectious micreorganisms. Plasma technology

find applications in food, agricultural and biological sciences. In typical glow discharge
plasma conditions large number of energetic neutrals are generated. In this present
investigation, we modified thehgsicochemical and thermal properties of ragi flour by the
impact of energetic N2 extracted from nitrogen glow discharge plasma. In the present
experiment, plasma treatment of ragi flour is carried ot@@Q V cathode bias for a duration

of 90 minutesPlasma treatment of ragi flour significantly increases its surface roughness and
thermal degradation profiles. When observed witlia)( diffraction (XRD) and Fourier
transform infrared (FTIR) spectra, it has been confirmed that there is an increasade surf
oxygen content and appearance of new oxygenated chemical groups on the ragi flour.
Scanning electron microscope (SEM) micrographs of samples showed a substantial
difference in surface morphology on the starch granular surface by the effect of energetic
neutral nitrogen atoms. In room temperature, the thermal properties of the different Plasma
treated ragi flour samples are measured by using differential scanning calorimetry (DSC) and
confirm if the plasma treated starches have lower gelatinization tatapeas compared to
native flour. These results prove the novel physieemical modification technique, may be
used in the food processing industry.
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Energetic Neutrals for FoodProcessing
Perumal Mand Suraj Kumar Sinfia
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E-mail: perumalphy@gmail.com

Abstract

Dc glow discharge plasma based methods are rapidly emerging and serve as an alternative
means for selfife extension and decontamination in food processing technology. In this
work, a theoretical model has been developed and reported for charge exc@aige (
collisions inside the collision ieaheath. In a dc glow discharge plasma, there is generation
of a significant number of energetic neutrals. We demonstrate by the experiments that
treatment with energetic neutrals extracted from dc glow dischargenglassults in
modification of physicechemical, rheological and thermal properties of the sample. The
theoretical and experimental condition is compared with the neutral velocity distribution
estimated by integrating the ion velocity distribution and tbxe dollision over the entire
sheath thickness. For a nitrogen dc glow dischargeo §9% of total discharge power is
carried by these energetic neutrals generated by charge CX collisions. The present
investigation of the neutrals contributes a large figamt modification of the sample and

may be highly useful for food processing industry.
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Abstract

Nonthermal plasma assisted degradation of organic pollutant is an efficient method of all
other available degradation techmés [1]. In this technique, plasma forming gas is an
important factor governing the degradation [2]. In the present workth®mal plasma
assisted degradation is applied to treat the 4NRit(pphenol) present in the aqueous
solution. In order to studyhe effect of various plasma forming gases like Air, Nitrogen,
Oxygen and Argon, over the degradation of 4NP, experiments were carried out using the in
house reactor setup. The degradation kinetics of various plasma forming gases were studied,
which revedfirst order kinetic for all the cases and the nitrogen gas medium showed the
highest rate constant of all other gases. Furthermore, the hydrogen peroxide production was
analyzed in both plasma treated water and 4NP aqueous solution. The energy yield was
calculated for different gas medium and the findings reveal high energy yield in nitrogen gas
followed by oxygen, argon and air. The degradation mechanism of 4NP is proposed based on
LCMS analysis.
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Abstract

Anodic doublelayers are adjacent regions of opposite space charge formed due to Buneman
instability [1, 3]. The various experimental parameters like pressure, cathode, anode voltages
etc. are varied to obtain a stable anodic double layer in this modified glow disskeange

and the corresponding floating potential fluctuations are observed, noted and stored in a
digital oscilloscope. These floating potential fluctuations are studied and analyzed by using
Fast Fourier Transform (FFT) and Wavelet Transform (WT) revgatertain interesting
aspects and featuréssuch as in ascertaining about the formation of time domain structures
and spectral features evolve over time [2].

In this setup experiment, a stable double layer (DL) is first produced. The pressure varies in

the ranges from ¢0.01mbar), the cathode voltage ¥500V) is kept constant between the

vacuum chamber and the ground and the anode voltage iMcreased in few steps (from

+30V to +50V). With respect to these certain conditions, the floating poténtalations is

observed, noted and recorded in a DSO Lecroy 500 MHzwavejet oscilloscope that provides a
sample rate of 2 GS/ s coupled wusing high i1
attenuation of 10 x +2% . The generated DL is kept maintainecestatolughout the whole
experiment.

Upon analysis the power spectrum, FFT provides the frequency representation of the sampled
time domain data and WT gives the thsmale representation of the signal and is useful for
analysis nosstationary signals sindeis localized in both time and frequency domain. An
interesting feature is that the waveletafficient obtained possess some striking similarity
with the bipolar time domain structures obtained by FAST satellite.
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Abstract

Hydrogenperoxide (HO) is a biologically important component in all living systems while

its deficiency leads to many disorders hence its accurate detection has a significant role. The
short life time, high cost and the influence of temperature, toxic chemitdlpta are the

important factors which affect enzymatic sensors. So it is necessary to develop a non
enzymatic sensor with low cost, high stability and ecofriendly for the accurate detection of
H,O,. The metal oxide sensors will give above mentioned sdkatres, hence are widely

used in sensor fields. The Mp@he t a | oxide nanoparticles, part
forH,O,sensors [ 1]. H e -MeQ, manopaeicles gyrmiciomasmaadiectarge)

method which is a rapid, single step andremnically feasible method to environment. To

date it is a suitable method for the nanomaterial synthesis due to its interesting properties like
high electron density, continuous flow, small dimension and-thermal plasma
characteristics. Microplasma gmated from air was exposed over 50 ml of potassium
permanganate solution (precursor) for 30 minutes. This lead to the formation of black
coloured precipitates (about 20 mg) in the solution within 30 minutes of treatment time.
These precipitates were calted by centrifugation and annealing process and were subjected

to characterization techniqgques. TMN®,. THRERD st u
surface morphology was examineih FE-SEM analysis indicating that the Ma@articles

have nanoflaketsr uct ur e and EDX confirms the chemice
MnO; nanoflakes on kD, sensor with high stability and detection range are explained in

detail.
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Abstract- For an understanding of the propestof plasmas confined in a dipole magnetic
field, keeping in view easier plasma accessibility and stetatg operation, a compact table

top experiment employing microwaves of 2.45 GHz has been developed [1], by using a single
watercooled cylindrical prmanent magnet (NdFeB). The plasma is generated by electron
cyclotron resonance (ECR) heatingsual observationgin terms of digital images)f the
plasma shows alternabgight and relatively less bright regions with resemblance to trapped
charged pdri cl es i n t he earthos radiati on bel t
measurements of plasma parameters such as electron tempérgtuom (\;) and electron
density ), space potential\g), ion saturation currentlif) including plasma betaf].
Assuming azimuthal symmetry a mathematical model for particle diffusion has been
developed. A numerical solution of the radial and angular components of the diffusion
equation, yields the plasma density profiles, which are compared with those obtained
experimentally and found to agree reasonably well.

l. Introduction

There has been a long quest to understand charged particle behavior and underlying
complex processes of a plasma confined in a dipole magnetic 8atth plasmas have
unique properties in terms of confinement [2], transportr{§ability [2, 4] and fluctuations
[3,5], that governvariety of interesting wave and radiation phenomeBacause of its
relevance to magnetospheric plasnti@st occur in nature in planetaryvetonments [6, 7]
makes the study more exciting, and has been a subject of research for a long time both in
laboratory and space plasma environments.

Recently a compact table top dipole plasma source has been designed to investigate the
plasma confined by a single dipole permanent magneT fi§.deviceemploys water cooling
of the magnet whicimakes it unique in terms of design, low cost with simpéfrielogy,
and an additional benefit that continuous wave mode operation is made possible, which was
challenging in the earlier larger devices [2, 3Thereafter, some basic properties of the
generated plasma are investigated.
Further, to understand the echanism of particle diffusion in the dipole plasma, a
mathematical formulation has been constructed by considégrefuid equation of motion
[ 8], continuity equation [ 8], Fickds | aw [ 8
the plasma poteial. The equations are written in spherical polar coordinatesgnhd), to
address the dipole variation of the magnetic fidlde resulting diffusion equation is solved
using the Rung&utta (RK4) method with appropriate boundary conditions [8] t@iobthe
plasma density profiles.
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The paper has been arranged as follows. In section I, the experimental setup and the
methodology including the magnetic field measurement is described. Section IIl is devoted to
theoretical modelling for particle diffusionn section IV the results are presented and
discussed. Finally, in section V the main results are summarized, and conclusions are drawn.

Il. Experimental setup and methodology

A. Plasma experimental setup

A schematic of the experimental setup is shownigaré 1. The setip consists of a
microwave system of 2.45 GHz connected to a spherical stastkss(SS, grade: 304)
vacuum chamber (VC) having outer and inner diameters of 50 cm and 49 cm respectively
(earlier a cylindrical plasma system of lengtha®® and diameter 20 cm was employed) with
numerous ports for pumping, gas inlet, vacuum gauges and plasma diagnostics. A strong
cylindrical permanent magnet (NdFeB) having length 41 mm and diameter 23 mm is
suspended from a top flange to the center of Vi) the help of a magnet holder made of
SS, which is further connected to a water chiller (Equitron 4.0 L) for water inlet and outlet.
Chilled water maintained at 16 from a water chiller is circulated through the magnet holder
to absorb the heat due ¢generation of plasma and the microwaves and to keep the magnet
cool. Moreover, the design ensures complete water and vatigioimconditions during
steadystate plasma operation. Most of the experimental details appear in reference [1].

WATER ™ I‘ WATEROUY

Figure 1. (a) Schematic of the experimental setup. VC: Vacuum Chamber, QW: Quartz Window,
SSC: Straight Section, TST: Triple Stub Tuner, DC: Directional Coupler, I1ISO: Isolator, MWG:
Microwave Generator, PSU and CU: Power Supply Unit and Control Unit for the MWG, AP:
Axial Port, DM: Dipole Magnet, LP: Langmuir Probe, MH: Magnet Holder, GI: Gas Inlet

During the experiments, the chamber is evacuated to a base pressure ®fTaw10
Thereafter, VC is filled with the test gas Argon in the range ofi0Z2mTorr. A planar
Langmuir probe (LP) and emissive probe are employed to measure the plasma parameters.
The method for calculating the density from a Langmuir probe may be found in reference [1,
9, 10].
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B. Measurement of dipole magnetic field of magnet
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Figure 2. (a) Schematic of the dipole magnet (b) Measurement of the radial magnetic field profile
for d= 45, 9C°, 135.
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Detailed mapping of the magnetic field of the dipole magnet is carried out. The magnetic

field at any point in space is given byi 6 6 O .Experimental measurement

of radial profile of each component of magnetic field is carried out using a gauss meter
(lakeshore 421) by varying radial distancg glong polar angled ¥5°, 9¢ and 138 as
shown in the schematic of the dipole magimetigure 2(a). For waves of 2.45 GHz, the
magnetic field corresponding to ECR condition given by ‘Q®& , comes out to be 875

G where, is the angular microwave frequeneyis the electronic charg8,is the magnetic

field of magnet anadne is the mass of an electron. From measurements of the magnetic field
(Fig. 2(b)), it is seen that the ECR condition is satisfied at a distance of 2.1 cm from the
center of the magnet faf =90° while it is 2.7 cm ford = 45’ and 135 and indicated in the

figure. The measured magnetic field fit well with the formala 6 lowé +— piji ,

representlng a dipole magnetic field [11] whdieis a lumped constant analogous to
0 ‘a , With* anda being the permeability of free space and magnetimena.

lll. Theoretical analysis for diffusion

To understand the mechanism of particle diffusion in plasma confined in a dipole
magnetic field, a mathematical formulation has been constructed by consittexirfigid
equation of motonThe Governing equations are the <co
given by Egn. (1) and (2) respectively.

— B 0 1)

® 00 $ X (2)
where,0 , ® * hE, D and’ areelectron densityelectronflux, electron mobility, electric
field, diffusion coefficient and ionization frequency respectively. On solving in spherical

polar coordinates and assuming azimuthal symmetry, the resulting diffusion equation is
obtained as,
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V. Results and discussion
A. General plasma properties
1. Visual observation

Figure 3. Digital picture of Argon plasma in the dipole magnetic field, at a neutral pressure of
0.2 mTorr and microwave power of 300 Watt.

Figure 3 shows thdigital picture of the dipole plasma created at a neutral pressure of 0.2
mTorr and power of 300 W. One can clearly see the bright and relatively less bright regions
of the plasma. This is similar to the radiation belts of our earth magnetospheré].[Zh&
brightest region alongside the magnet is the ECR region. Towards the wall of the VC, weaker
magnetic field results in a diffused plasma. The plasma density and temperature are expected
to be different in these regions.

2. Measurement of plasma parametes

Figure 4(a) shows the radial variation Bf at different neutral pressures. The results
show thafT. is higher near the surface of the magnet and decreases as we go away from the
magnet. The highéf.near the surface of the magnet is due to intense ECR heating occurring
in that region, as explained in Sec. II.B. We also found a local peak areuéd 7 cm from
the center of the magnet, this indicates that there are some hot electrons trapped in this
region, which could arise because of inward diffusion but needs to be verified in the future in
this experiment.
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Figure 4. Radial variation of (a) electron temperatulig) (b) plasma (ion) density\() (c)

space potential\fy) (left y-axis) and ion saration currentl{) (right y-axis and (d) plasma
beta p )(in percentage) with pressure. The wave power is kept fixed at 216 W for these
measurements. The dashed vertical line represents the surface of the magnet holder.

N is less near the magnand is maximum at a region around 471 7 cm from the
center of the magnet and then agd@treases for large towards the wall of VC as shown by
figure 4(b). This could be possibly due to the combined effect of radial transport from ECR
zone to the outeplane and inner diffusion process reported in earlier dipole plasma
experiments [2, 3].

Figure 4(c) shows the radial variation \&f andl;s. It is observed tha¥s is more or
less uniform in the central region, depending upon the pressure, and theasdscather
sharply as we move toward the edge of VC. A sharp drof, imwould mean that electrons
from the outer region of the plasma would be accelerated inward by the higher value of
The radial variation ofs is shown in the lefy-axis, whichindicates that;s at first increases
with r, dips in the middle and then increases again, before finally decreasing bey6rti
7 cm. The hills and valley ihs is expected to be a result of the combined effects of diffusion
and ionization. The sharfall in Vs andls afterr ~ 6.5-7 cm implies that the particles are
trapped in this range and will find it relatively difficult to escape outward due to the potential
barrier which also indicates that the plasma has better confinement in this region.

The b which tells us about the ratio of the average kinetic forces to the magnetic
forces on the patrticles is investigated next. The radial variatibrisohown by figure 4(d).

The results show that the plasma has radially incredsfrmgm the surface fathe magnet to
toward the edge of the chamber. A maximimof ~ 2% is realized in the present

experimental system. The above measured parameters are seen to decrease with increase in

neutral gas pressure. This could be because of the ECR action becaomnengffactive at a
lower pressure and leading to enhanced ionization and more number of electron neutral
collisions taking place at a higher pressure and reduction in average electron energy.
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B. Particle diffusion

Figure 5(a) and 5(b) shows the radial amgjular numerical solutioobtained from Eqn.
(3). Theradial solution is shown faf = 45°, 9¢° and 138 at a neutral pressure of 0.4 mTorr
and microwave power of 300 W. The results show thats less near the magnand
maximum in the middle region amdr ~ 47 8 cm from the center of the magnet tbr 90°
while it peaks around~ 27 4 cm ford = 45’ and 135 and then decreases agagwe move
further away from the magnet. The reason for maximum density is same as mentioned above
in section IV 2.1t may be noted that the result fo in figure 5(a)is amplified by an
amplification factor mentioned alongside corresponding data as shown in the figure for a
better display of the plots. Figure 5(b) shaMsas function ofd at a fixed distance = 9.6
cm from the center of the magnet at different pressufidse result shows the maximum
density generation af = 9C¢° and is also observed in radial measuremente resulting
numerical solution for density profile is compared with the experimentally obtained data
(open dots). The numerical resulise in good agreement with the results obtained from
experiments
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Figure 5. The numerical solution and comparissith the experimental result for the dipole

plasma of (a) radial part of the diffusion equation at a neutral pressure of 0.4 mTorr (b) Angular

part of the diffusion equatiohe wave power is kept fixed at 300 W for experimental

measurements.

V. Summary and Conclusion

In summary, the characteristics of a plasma confined in a dipolar magnetic field including
solution of the diffusion equation for determining the plasma density profiles, are
investigated. The plasma is heated by ECR using microwaves of 2.45 ThHzdipole
plasma shows alternate bright and dark regidass found to lie in the range of A3 eV
while the peak values of the plasma demnisityis of the order of 1 m. It is found that
the density peak occurs away from the magnet. This is possibly due the combined effect of
inner diffusion of particles from outer region and the particle diffusing away from the ECR
region and longitudinal particle transport from theablb#CR zone to the outer mplane
region along the field lines, with their confinement in the dipole mirror fiéldand I;s is
more or less uniform in the central region. A maximfufor the present experimental system
is ~ 2%. Thenumerical solution ofthe diffusion equation employs the experimentally
obtained plasma space potential and electron temperature as input. The results of the plasma
density obtained numerically and those directly from the Langmuir probe measurements are
compared and are found bein good agreement with each other.

246




34th National Symposium on Plasma Science and Technology (PLASMA 2019)

References

[1] A. R. Baitha,A. Kumar and S. BhattacharjeRev. Sci. Instrum89, p 0235036 (2018).

[2] A. C. Boxer Nature Physg, p 2071 212, (2010).

[3] H. P. Warren and M. E. Mauel, Phys. Plasni2ap418594 (1995).

[4] G.G. HowesPhys. Plasmag5, p 05550127(2018).

[5] D. N. Bakeret. al Nature Lett.432 p 878 881 (2004).

[6] Y. Chen, G. D Reeves and R. H. W Friedel, Nat. Pl3y,61417 (2007).

[7] 3.G Lyon, Science288 p 1987 91 (2000).

[8] F.FChen, Introduction to Plasma Physics and Controlled Fusion, second édiiord (Springer,
Berlin) (1983)

[9] S. Bhattacharjee and H. Amemiya Rev. Sci. Instrit,.p333237 (1999).

[10] S. Bhattacharjee, IDey, K.CRoy, D. Sahu, S. Pandey and S. Chattefpdg/s. Plasmagl, p
0121117 (2014).

[11] D. J.Griffiths, Introduction to Electrodynamics, fourth edition Ch. 5 (Pearson Education) (1991).

247



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

CREATION AND STUDIES OF MICRO -ION BEAMS FROM INTENSE
ELECTROMAGNETIC WAVE GENERATED PLASMAS

Sanjeev Kumar Maurya and Sudeep Bhattacharjee,
Department of Physics, Indian Institute of Technoloiggnpur, Kanpur 208016, India
E-mail : msanjeev@iitk.ac.irgudeepb@iitk.ac.in

Abstract

A compact microwave plasma has been employed as an ion source for focused ion beam
applications which can provide ntooxic and rapid processing of materials without
introducing any metallic contamination. A variety rafcrostructures with high aspect ratio
(~1001000) are created using 26 keV Ar, Kr and Ne ion beams. A mathematical formulation

is developed to calculate the impact of the beam to the target sample by defining a new
parameter <called dicwrwkingh niog mabi akedmbdbment ul
time and normalized with the beam current. Capillary guiding of the plasma ion beams has
demonstrated the self focusing of the beam which can be employed to reduce the source size
(plasma electrode aperturi®y the reduction of beam size for a constant demagnification of

the electrostatic lens. A particle in cell (PIC) simulation is performed to interpret the
experimental results of self focusing. Hysteresis in beam current with ion energy is observed
and hyteresis area is used to calculate the dissipated charge from the beam while beam
transmission. The effect of plasma and beam parameters on focal dimensions has been
investigated, and a unique feature of enhanced nonlinear demagnification is observed when
the plasma electrode aperture is reduced to below the Debye length.

[. Introduction

l on beams have become an i mportant t ool
applications such as patterning, modification of surface properties, milling, implantation, high
resolution imaging, including studies of optical and field emission properties of created nano
structures 1,2]. Conventionally Ga based FIBs are employed which has some limitations
such as (i) primarily Ga ions are available (ii) Ga introduces metahtamination to the
substrate 3] (iii) small beam current, therefore it takes long milling time to process the
sample. To overcome these limitations, plasma based focused ion beam are being developed
worldwide which has emerging research applications G provide noftoxic and rapid
processing of the materiald][ Plasma ion beam processing of biomaterials are important for
applications in artificial heart valves and orthopedic prosthesesA[ microwave plasma
based multelement focused ion beam (MEFIB) system has been develdpead pur
laboratory, which has significant advantages over conventional FIB systems and can provide
variable projectile masses by employing different gaseous plasns and higher beam
currents.
For further reduction of beam size, source size (plasma electrode aperture) can be reduced for
a constant demagnification of the lens. Miglass capillary can be employed to reduce the
source size which guides the ion freaithout significantly loss of the beam current. It is
found that while beam transmission, incoming ions get deposited on the inner wall of the
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capillary which further guides the ions towards the capillary axis due to repulsion force and
maintain the inial charge state of ion§48].

Knowledge of focal point (FP) is important for fabrication of samples because beam current
density is maximum at FP and beam size is minimum. Therefore sample needs to be kept at
the FP for rapid fabrication of the samplettwhighest resolution. In optics, FP can be
determined from the information of the lens geometry and properties of the material.
However, in plasma based FIBs, FP determination is difficult and depends on plasma
parameters such as space potential, inkilatic energy related to the Bohm velocity, ion
current density, electron and ion temperature, ion mass, and beam parameters such as beam
energy, geometry of the lenses, plasma electrode and beam limiter aperture size, potential
applied to the lense9j

The present article reports high aspect ratio microstructuring using MEFIB system. Further,
guiding capability of the micrglass capillary has been demonstrated which can be employed

to reduce the source size for reduction of beam size. Variation of Is&smand
demagnification factor with plasma electrode (PLE) aperture size is presented where
enhanced nonlinear demagnification is observed when PLE aperture size is reduced to below
the Debye length.

Experimental Setup

The experimental sfem has mainly four parts which are plasma column, beam column,
experimental chamber and stage manipulator as shown irL(@p[4]. In plasma column,
microwaves of frequency 2.45 GHz is launched into a vacuum chambef Tetf) and a
high density (~18 cm®) plasma is formed which is confined using an octupole magnetic
multicusp. The working pressure of the neutral gas is maintained ~0.25 mTorr, ion and
electron temperatures are ~0.2 eV and 10 eV respectively, and plasma frequency is calculated
to be~2.83 GHz 9]. Wave propagation through a bounded overdense plasma has been earlier
demonstrated1f0]. Beam column has many electrodes which are used to extract and focus
the beam. The first electrode which faces the plasma, is called plasma electiegar(@at
PLE, plasma sheath (a layer of negative charges) is formed which further helps to extract the
ions. The sheath accelerates the surrounding ions toward the PLE wall and ions come out
through the aperture. Then deegkel type Einzel lens Elis used to accelerate the ions
towards the lens axis, beam limiter trims the beam and finallypEivides required focusing
and energy to the beam. In experimental chamber, experiments are performed such as beam
current measurement, beam writing, etc. Mianagures are created by moving the sample in
XandY directions, and sample is positioned along beam directiahidis usingX Y Zsthge
manipulator.
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Figure 1. Schematic diagram of (a) MEFIB experimental setup, PLE: plasma electrode, MC:
muticusp, TMP: turbo molecular pump, Eand EL: Einzel lenses, BL: beam limiter, SH: sample
holder, GV: gate valvey,, Vs andV,: high negative voltages applied to the len@gb) capillary
guiding experimental setup, PE: puller electrode, C: collector, TC: tapered capillary (c) straight (SC)
and tapered capillaries (TCJ][

For capillary guiding experiment, beam column is replaced with the capillary experimental
setup ashown in Fig.1(b)[7]. A straight capillary (SC) or tapered capillary (TC) is attached

to the PLE with the help of Perspex holder and ion beam is extracted by negative high
voltages applied to PE. Beam current is measured at the collector, which is floated at the
similar voltage as PE, using collector current measurement unit (lonics Ltd., India). Figure
1(c) shows different capillaries of inlet inner diameter (ID) 860 um and outlet ID 500 pm,
300 pm, 200 pm, 110 pm, 45 um, and 20 pm.

Results and Discussions

Beam curent is measured for Ar, Kr and Ne ion beams and focal point (FP) is determined
for each ion beam by considering minimum irradiation tidje Then sample is kept at FP
and beam writing is performed for 40 um PLE aperture. Lines are created on Cunthior fil
different writing speed i.e. dwell time using 26 keV Ar, Kr and Ne ion beams. Aspec#ratio
(line width/depth) is calculated and a variable high aspect ratio in the rangel6Q00s
obtained as shown in Fi@(a) [4]. For Ar ion beams, clear liseare obtained at higher
writing speed because Ar has balanced beam current and ion mass (neither it has low beam
current like Kr nor does it have low ion mass like Ne). Aspect ratio is found to be higher for
Ne ion beams because Ne has higher beam cyr2tnA) and therefore higher line width
due to seHcoulomb repulsion and smaller line depth because of low ion mass. Grating like

250



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

microstructures are created on 50 nm Cu thin film employing 26 keV Ar, Kr and Ne ion
beams for 40 um PLE as shown in F2§b)-(d). To calculate the impact of the beam on the
target sampl e, a parameter called fAcurrent
transferred per unit time and normalized with the beam current, which is givéln as [

r - ’ (1)
where,N, 0 , 0 are number of ions, ion mass and axial velocity of ion respectively, and
— is the maximum beam angle at RPand| are the beam irradiation time and beam
current respectively.

To reduce the beam size further, source size (PLE aperture size) can be reduced for a constant
demagnification. Micreglass capillary can be employed to reduce the source size. Guiding
cambility of the capillary has demonstrated. Current density is measured at the capillary

outlet for different capillaries and a high current density ~600?Asnobserved 7]. Beam
guiding is demonstrated while tilting the capillary froBY to +5° relative to the incident

beam axis.

20 pim 20 pm

—
1000 %= Argon
-+ Krypton

&~ Neon ’lx*
8004 T .
4004 f{ 4
w004 4 ?‘?ﬂ 1
(b) @ (¢)

20 pm

2
e

Aspect ratio

" L] L] L L] L] L L] L]
aY® 2 4 6 8 10 12 14 16 I8
(a) Writing speed (pm/s)

Figure 2. (a) Variation of aspect ratio with writing speed for Ar, Kr and Ne ion bea#hgb]-(d)
Optical microscopy images of grating like microstructures created using 26 keV Ar, Kr and Ne
plasma ion beam=spectively 4].
Hysteresis in beam current with ion energy is observed as shown iB(&@nd reason of
hysteresis is explained below. While increasing the extraction voltagdarges start to
accumulate on the inner wall of the capillary and ardatg potential barrier develops and
therefore beam current is negligible up to 8 kV. When ion energy is greater than the retarding
potential barrier, most of the deposited charges diffuse to the electrode and sudden increase in
beam current is observedn@d t hi s particul ar extraction Vv
vol tageo. WN,ibéam cudrentigobtaired up p 2 kV because retarding potential
has decreased due to diffusion of deposited charges and therefore hysteresis is observed due
to dssipation of charges7]. The sharp decrease in current occurs at a particular voltage
called fAl ower threshold voltageo. Di ssi patec
dividing the areaintmv er t i c al s tVand esghtd) fandWw i veherdly gaopd [ 2
denote beam current while increasing andudecreéuls’im_:]kth strip, and is found to bé7],

0 0, )
wherte,s dhe time taken t o IVPgistheadsspatedpewere x t r a
which is hysteresis area. Variation of dissipated ch@ugath capillary outlet ID is shown in
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Fig. 3(b) and it is observed that dissipated charge is maximum for 30@yemto higher
hysteresis area which is effect of higher beam current and large difference in upper and lower
threshold voltage.

1
= X10
"q- Al L " L L i u Al T T
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0.84 —a— Decreasi T 3 4 =
2 @ Decreasing ol _} S ]
5 0.74 - T 4 & °
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Extraction voltage (-kV) (b) Capillary outlet inner diameter (um)

Figure 3. (a) Variation of beam current with extraction voltage. (b) Dissipated charge for capillaries
of differentoutlet IDs [7].

Further, beam spots are created for different capillary outlet ID and it is found that spot size is
smaller than the capillary outlet ID i.e. sécusing of the beam is observed.[A self-
focusing factor is defined as the ratio of dlapy outlet ID to the beam size and is calculated

for each capillary. A particle in cell (PIC) simulation is carried which clearly shows the self
focusing of the beam which decreases for smaller capillary as shown [Hg.

>
o

o
)

Radial position (mm)

o
~
N
@

Axial position (mm)

Figure 4. (a)(b) beam transmission, () ion beam trajectory, for TC of outlet ID 500 pm and 110

pm respectively, indicating selbcusing of the bean¥].

Further, effect of plasma parameters and beam parameters on focal dimensions are
investigated 9]. Figure5 shows that for plasma based MEFIB, sudden decrease in beam size
is observed below the Debye length (~100 um) and enhanced nonlinear demagnification
(beam size/PLE aperture) is obtained because penetration of electric field into the plasma
becomes weakédbow the Debye length and beam extraction reduces and therefore beam size
due to reduction in space charge effefis [
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Figure 5. Variation of beam size and demagnification factor with PLE apertureQize [

IV. Conclusions
High aspect ratio microstruces (~1001000) are created employing plasma based
MEFIB system. A mathematical formulation is developed to calculate the total momentum
transferred from the beam to the target S a
nor mal i zed f or c efplasm& iarpbedmb ladenyonstyated skefbauging of
the beam which can be employed to reduce the plasma electrode aperture size for reduction
of beam size. Effect of plasma and beam parameters on focal dimensions is investigated and
an enhanced nonlinear demagnification is ot below the plasma Debye length.
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Abstract

We report experimental observations on the excitation of stationary solitary structures in a
flowing complex plasma. The experiments are performed in a - shaped Dusty Plasma Experimental
(DPEx) device where a DC glow discharge Ar plasma is created in between a disc shaped anode and
a long tray shaped cathode. A dusty plasma is then formed using poly-dispersive kaoline particles. A
floating copper wire mounted radially on the cathode creates a sheath around it in the plasma
environment and acts as a charged object for the flowing dusty plasma fluid. The flow of dust cloud
is initiated by lowering the potential of the charged object from ground potential and the flow speed
is controlled precisely by connecting the wire from grounded potential to various intermediate
potentials including floating potential. It is found that for particular discharge conditions and critical
velocities of the fluid flow, high amplitude non-linear standing structures get excited. The amplitude,
width and number of the excited structures are studied for different flow velocities of the dust cloud.
It is noticed that with the increase in the flow velocity, the amplitude of the stationary structures
increases whereas the number increases from one, two and many. These solutions are distinct from
previously observed non-stationary precursor solitons and constitute a new class of driven nonlinear
structures. The experimental observations are compared with special solutions of a model forced-
Korteweg de Vries (f-KdV) equation and found to be in good qualitative agreement. The potential
applications of such excitations in the context of solar wind interaction with planets and satellite
interaction with ionosphere plasmas are discussed.

I.  Introduction:

Solitons are stable localized nonlinear structures found in variety of natural and laboratory events
including oceanography [1]. optical fibers [2, 3], semiconductors [4, 5], plasma [6-8], laser plasma
interaction [9-11], etc. The Korteweg-de Vries (KDV) equation [12-15] has been served as a
successful mathematical model for the study of weakly dispersive non-linear waves for a long time.
There are also another class of the solitons which are generated by the driven force and widely
studied in hydrodynamic literature. These driven solitons are found to be generated ahead of the boat
(called precursors) [16-19] on the water surface when the boat velocity exceeds the phase velocity of
the linear surface waves. This fascinating phenomenon of precursor solitons has received much
attention in the hydrodynamic region and has been explained well by forced version of KdV equation
£-KdV [20-24].

Dusty plasma [25-29] has proved an appropriate medium to study these neutral fluid problems in the
plasmas. Such a medium, consist of highly charged (mostly negative) heavy micron particles
immersed in a normal plasma having electrons, ions and neutrals. Inclusions of these heavy micron
sized dust particles makes the plasma to show a rich variety of collective phenomenon occurred at a
longer time scale giving the opportunity to see the dynamics by naked eyes or fast CCD camera.
There have been various experimental studies shows the existence of linear waves like Dust Acoustic
Wave (DAW) [30.31], Dust Ion Acoustic Wave (DIW) [32]. Dust Lattice Wave (DLW) [33] and non
linear waves like Dust Acoustic Solitary Waves (DASw) [34.35], shock waves [36-38], voids [39—
41], vortices [42,43]. precursor solitons [24]. wakes [23] etc. More recently, Jaiswal er al. [24]
showed the excitation of precursor solitons (against the flow) and wakes (in the direction of flow) in
the dusty plasma by flowing the dust fluid over a charged object. The observations are successfully
modeled with f-KdV equation and compared qualitatively with the solutions of numerically obtained
results. The detailed investigation of these propagation characteristics on the shape and size of the
charged object on the precursor solitons for the supersonic flow regime are discussed in Ref. [24].
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Recently, Sanat er al. [22. 25] showed another class of solitons which is also the part of driven
systems called pinned solitons by putting forcing term in the fluid equations and solving numerically
the stationary solutions of the systems. These solitons move at the same speed with the source called
pinned solitons and are stationary with respect to the laboratory frame. Surprisingly, no one has
reported experimentally the existence of pinned solitons in a flowing plasma or dusty plasmas. Here.
in this paper. we report the first ever experimental observation of the excitation of pinned solitons
along with the wakes structures in a flowing dusty plasma.

II. EXPERIMENTAL SET-UP AND PROCEDURE:

Fig. 1. A schematic diagram of Dusty Plasma Experimental (DPEXx) device.

Figure.l shows the schematic diagram of Dusty Plasma Experimental (DPEx) device where the
experiments are executed. The detailed description of size and the dimensions of DPEx device have
been discussed in detail in [44]. It is an inverted IT shaped experimental device which has one main
cylindrical glass chamber and two secondary chamber radially attached to the main chamber. There
are several radial and axial ports connected with main as well secondary chamber served for
different purposes. One of the radial ports of the main chamber is used for gas feeding called Gas
Port and the chamber is evacuated with the rotary pump connected radially to the left secondary
chamber called pumping port. A disc shaped anode hung axially to the left secondary cylindrical
glass chamber and tray type configuration grounded cathode lying on the main chamber served as
an electrode for plasma generation. Two confining potential strips are also placed to both the ends
of the cathode for axial confinement of dusty plasma and the angled ends of the cathode are used
for radially confinement. A copper wire of diameter 1 mm and length 50 mm is mounted radially to
the cathode which acts as a charged object for the excitation of pinned structures. The wire can be
kept at various potential ranging from grounded to intermediate as well as floating potential by
using a variable resistor ranging from 10 KQ-10 MQ through a switch. A Direct Current (DC) (2K.
500mA) power supply is used to power the electrode for Argon plasma generation. Micron
particles of diameter ranging 2-5 um sprinkled on the cathode in between the wire and the right
strip before closing the chamber for the production of dusty plasma. These particles get negatively
charged in the presence of plasma as the thermal speed of electrons are higher than the ions and
levitate in the cathode sheath by the balance of gravitational force in downward direction and
sheath electric field force in the upward direction. The averaged mass of these suspended dust
particles is 8.6 X 107" kg. These micro particles can be seen by shining the green laser light and
their dynamics are captured by fast CCD camera looking in x-z plane.

First, the chamber is pumped down to base pressure 0.1 Pa by fully opening the gate valve attached
at the mouth of the pump used for controlling the pumping speed. A working pressure is set to 9-
15 Pa by closing the gate valve to 20 % opening the flow meter attached to the gas port to 5-10 %.
An equilibrium pressure is maintained by the balancing the pumping speed and gas injection speed.
A plasma is formed by applying a voltage range 290-360 V using a DC glow discharge power
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supply. Langmuir probe and emissive probe are used for the range of discharge parameters before
the dusty plasma creation. The plasma density for this range is ni ~ 0.5-1.5 X 10"° /m* and plasma
temperature Te is 5 -2 eV. The plasma parameters profiles in the radial and axial directions over a
wide range of discharge parameters are presented in Ref. [44].

To create dusty plasma, first the equilibrium pressure P = 10 Pa is set and then the voltage is
increased to 400 V so that a high electric field is created and particles on the cathode base before
gets charged. The voltage is reduced to 300 V so that a high sheet dense cloud is seen to be floating
in between the wire and the right confining strip. At present the wire is kept at grounded potential
and these particles are confined in between the wire and the right strip. The discharge parameters
are chosen to be very low as compared to the past experiments by Jaiswal er al. [24] to make these
dust micro particles levitate at a height much above the wire for the excitation of pinned structures.
The plasma parameters are m; ~ 0.5% 10'* /m?, Tc ~5 ¢V measured from single Langmuir probe and
the dust density na ~10'" /m® are measured from the intensity calibrated for single particle to get the
density of the equilibrium dust cloud. The charge Q4 ~10% is estimated from Collision Enhanced
Plasma Collection [45, 46] (CEC) Model for the present set of discharge conditions. As these dust
particles are in liquid state, it is very difficult to visualize each and every particle and hence to
estimate the dust temperature, the tail part of the cloud (the dust density is low there) is focused
with greater resolution and dust temperature is measured using super Particle Identification
Tracking (sPIT) [47] code which comes out to be Td ~ 0.6-1.2 eV. These experiments are
associated with the flowing dusty plasma and hence dust acoustic speed is calculated theoretically
from the above parameters Cda~22-25 mm/sec which is quite similar to the experimental measured
value [48]. The experiments are related to flowing dusty plasma and hence various types of flow of
the dust cloud ranging M=1.5 to 3 is initiated for a particular discharge condition. The flow in the
dust cloud is generated by switching the wire from grounded potential to an intermediate potential.

(a)

Cathode sheath
thickness

Grounded

(b)

1 Floating

Fig. 2. (a) Equilibrium configuration of dust cloud before generating the flow. (b) Flow in the dust fluid after the
flow. The yellow circle represents the location of the charged object.

Figure 2 (a) shows the y-z plane view of the dust particles confined in between the grounded wire
and the right strip. As the grounded potential is negative with respect to the dust. they cannot
escape above the wire and levitating quietly with no translation motion except thermal motion. The
height of the hill is suddenly reduced from grounded potential to some potential which is less
negative with respect to the particles. generates the flow of the dust cloud and the whole dust fluid
moves from right to left. During their flow these micro particles attain constant velocity [49] due to
neutral drag force [44, 48] and excite some nonlinear structures depending on the M number. The
flow velocity for each type of flows ranging from subsonic to supersonic can be estimated using
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Particle Image Velocimetry (PIV) technique [50]. In this case, the flow is highly supersonic
ranging M = 1.5-3. This can be achieved by adjusting the discharge parameters and focusing the
topmost layer of the dust fluid. The discharge pressure and voltage are chosen in such a way so that
the particles levitate at a height far above the wire and the cathode sheath but still confined within
the sheath above the wire thus making the flow velocity to be highly supersonic and exciting some
nonlinear structures in the laboratory frame. Here. p=10 Pa and V= 300 V is set so that the sheath
thickness around the grounded cathode as well as the wire increases so that the whole. cloud shifted
to a height greater than the previous experiments performed.

ITI. RESULTS AND DISCUSSION

Wakes Dust Flow -
- 2z

A 'Bt(D’E,F)

10 mm Pinned Soliton

Pixel Position

0 100 200 300 400 500 600 700 800 900 1000|
Pixel Position

Fig. 3. (a) Typical images of multiple pinned structures. (b) Intensity profile of high amplitude sharp structures.

The flow technique discussed in Sec. II generates the flow of dust cloud ranging from M~1.6- 3.
Figure.3 (a) shows the experimental image of high amplitude structures excited in the dust cloud
when the flow velocity is maximum i.e. M~3. Here, in this configuration the height of the hill
created by the charged object changed from grounded potential to floating potential and dust fluid
flows moves from right to left. The figure shows that six nonlinear structures are excited around the
wire. The low amplitude are wakes and seen to propagate in the direction of flow. Figure 3(b) shows
the intensity profile of these excited structures extracted from Figure 3(a). One can see that these
structures have sharp peaks and high compression factor which indicates the presence of non-
linearity in these excited structures. The amplitude (A). full width (L) at half maxima and soliton
parameter (AL?) are measured for these structures named A to F for number of frames. It is seen that
the high amplitude structures have lower width than the lower amplitude structure and they are
maintaining constant AL” relationship which clearly suggests that they are indeed KdV type solitons.

The time evolution of these high amplitude solitary structures along with the small amplitude wakes
is plotted in Figure 4. The straight line joining the high amplitude structures shows that the solitons
are not propagating and stationary in their respective position with respect to the laboratory frame. In
the frame of fluid, the object is moving left to right and these solitons are moving with the same
velocity as that of the object and pinned to the object called pinned solitons. The amplitude and
width are not showing any sufficient change in time and they are standing still t = 55 msec till the
whole dust fluid flow over the wire.

In order to get the more insights on the excitation of pinned solitons, flow velocity is varied by
keeping the discharge parameters same. Interestingly it is noticed that the number of pinned solitons
gets excited depending upon the flow velocity of the dust fluid. Two pinned structures get excited for
M-~2.2, whereas only a stationary structure gets excited when the fluid velocity is decreased to
M-~1.7. Hence, it can be concluded that with the increase in flow velocity of dust fluid number of
excited pinned solitons increases.
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Fig. 4. Intensity profile of multiple pinned structures over the time. The straight line shows the peaks are not moving with
time.

To carry out the quantitative investigation of amplitude of these excited pinned stationary structures
with different flow velocity or Mach number M, same experiments are carried out for various flow
velocities and are shown in Figure 5. It can be seen that with the increase in M or the flow velocity
mean amplitude of the excited stationary structures increases parabolically. It can be understood as
follows with the increase in flow velocity which means increase in the velocity of charged object
means more accumulation of density in front of it creating highly non-linearity and breaking into
more compressed structures in the frame of fluid hence increasing the amplitude of nonlinear
structures.
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Fig. 5. Variation of n4/nas with vevps

To compare our experimental findings qualitatively, we have solved numerically forced
KortewegdeVries (f-KdV) model equation in which the source term is present in normal KdV
equation represented by S2 which is playing the role of charged object (here wire) in the following
Equation Eq.1
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ng: is the perturbed density normalized to equilibrium density ng. and & = (z — upnt) is the coordinate
in the wave frame moving at phase velocity upn normalized to the dust acoustic speed. The
coefficient where & and o are the ratio of ion to electron density and temperature. respectively. It is
to be noted that the parameters of Source function S: are chosen to replicate our experimental
discharge parameters and vg value is chosen to be high for the generation of pinned structures in
comparison to our previous experiments.

® o =2

Fig. 6. Time evolution of pinned structures as well as source function obtained from the numerical solution of forced
KdV equation.

The time evolution of S> and numerically obtained na is shown in Figure 6(b) to (¢) fort =6, 12, 18,
[24]. The red line shows the source function peaking at £ = 75 which is shown in 6(a). We have taken
the profile of the source function to be Gaussian from the past experiments discussed in [S1]. It can
be seen that some solitons are generated with time and moving with the source velocity i.e. with in
the envelope of source function. Here, in this case four solitons are generated at t = 24 and their
peaks are also following somewhat Gaussian trend like in our experiments shown in Figure 3. These
structures are called pinned structures and matching with our experimental obtained results. We have
solved Eq.l again to show that with the decrease in v4 the number of excited pinned stationary
structures decreases and their amplitude decreases.

IV. SUMMARY AND CONCLUSION

To conclude. excitation of new class of solitons called pinned solitons are reported in the flowing
complex plasma. These experiments were performed in a IT shaped Dusty Plasma Experimental
Device in which a large dust cloud is created in DC glow discharge Argon plasma. The flow of the
dust cloud is generated by changing the height of the hill used for the axial confinement. A highly
supersonic flow is generated by tuning the discharge parameters and focused the top most layer of
dust cloud from the base of the cathode. The flow is controlled by changing the potential of the
charged object from maximum negative potential (grounded) potential to minimum (intermediate)
potential to least minimum (floating) potential. This can be achieved by connecting various
resistances in parallel to the wire and grounded potential. Maximum number of pinned solitons with
higher amplitude and lower width are excited when the flow of the dust cloud is maximum. These
solitons are stationary in laboratory frame and called pinned solitons. The amplitude shows parabolic
increase with the increase in flow velocity whereas the number also increases with the increase in
dust flow velocity. The results are compared with the numerical solution of f~KdV equation by taking
Gaussian profile of Source function moving with higher velocity. All the numerical results are
qualitatively matching with the experimental findings as well as the stationary solutions of fluid
equations from the theoretical paper by Sanat. er al.. Our results thus proved experimentally the
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existence of pinned solitons in the laboratory and thus can prove useful for understanding such type
of observations in the natural phenomenon such as interaction of space plasma with charge debris
objects as well as the laboratory plasmas where the supersonic flows are involved.

References

1 A. New and R. Pingree, “Large-amplitude internal soliton pack- ets in the central bay of biscay.”
Deep Sea Research Part A. Oceanographic Research Papers 37, 513-524 (1990).

2 M. Gedalin, T. Scott, and Y. Band, “Optical solitary waves in the higher order nonlinear
schriodinger equation,” Physical review letters 78, 448 (1997).

3 H. A. Haus and W. S. Wong, “Solitons in optical communications.” Reviews of modern physics
08, 423 (1990).

4 S. Barland. J. R. Tredicce, M. Brambilla, L. A. Lugiato, S. Balle, M. Giudici, T. Maggipinto, L.
Spinelli. G. Tissoni. T. Knoedl, et al., “Cavity solitons as pixels in semiconductor microcavities.”
Nature 419, 699 (2002).

5 B. Stephane. J. R. Tredicce, B. Massimo, L. A. Lugiato, B. Salvador. G. Massimo, M.
Tommaso, L. Spinelli, T. Giovanna. K. Thomas, et al., “Cavity solitons as pixels in
semiconductor microcavities,” Nature 419, 699-702 (2002).

6 N. J. Zabusky and M. D. Kruskal, “Interaction of” solitons™ in a collisionless plasma and the
recurrence of initial states.” Physical review letters 15, 240 (1965).

7 P. Shukla and B. Eliasson, “Nonlinear dynamics of large amplitude dust acoustic shocks and
solitary pulses in dusty plas- mas.” Physical Review E 86, 046402 (2012).

8 S. Kumar, S. K. Tiwari, and A. Das. “Observation of the korteweg-de vries soliton in
molecular dynamics simulations of a dusty plasma medium.” Physics of Plasmas 24, 033711
(2017).

9 P. Kaw, A. Sen, and T. Katsouleas, “Nonlinear 1d laser pulse solitons in a plasma,” Physical
review letters 68, 3172 (1992).

10 S. Sundar, A. Das. V. Saxena, P. Kaw, and A. Sen, “Relativistic electromagnetic flat top
solitons and their stability,” Physics of Plasmas 18, 112112 (2011).

11 A. Kumar, C. Shukla, D. Verma, A. Das. and P. Kaw, “Excitation of kdv magnetosonic solitons
in plasma in the presence of an external magnetic field.” Plasma Physics and Controlled Fusion
61, 065009 (2019).

12 D. J. Korteweg and G. De Vries, Xli. **On the change of form of long waves advancing in a
rectangular canal, and on a new type of long stationary waves.,” The London. Edinburgh. and
Dublin Philosophical Magazine and Journal of Science 39, 422— 443 (1895).

13 R. M. Miura, “The korteweg—devries equation: A survey of results,” SIAM review 18, 412—
459 (1976).

14 H. Ikezi. “Experiments on ion-acoustic solitary waves,” The Physics of Fluids 16, 1668—-1675
(1973).

15 J. N. Dinkel, C. Setzer, S. Rawal, and K. E. Lonngren, “Soliton propagation and interaction
on a two-dimensional nonlinear transmission line,” Chaos. Solitons & Fractals 12. 91-96 (2001).
16 T. Y.-T. Wu, “Generation of upstream advancing solitons by moving disturbances,” Journal of
fluid mechanics 184, 75-99 (1987).

17 S.-J. Lee, G. T. Yates, and T. Y. Wu, “Experiments and anal- yses of upstream-advancing
solitary waves generated by moving disturbances,” Journal of Fluid Mechanics 199, 569-593
(1989).

18 M. Sun, “The evolution of waves created by a ship in a shallow canal.” The 60th Anniversary
Volume Mechanics Essays, 17-25 (1985).

19 B. J. Binder, M. G. Blyth, and S. Balasuriya. “Non-uniqueness of steady free-surface flow at
critical froude number.”EPL (Eu- rophysics Letters) 105, 44003 (2014).

20 N. F. Smyth. “Formation of one-dimensional waves for resonantflow in a channel.”pure and
applied geophysics 133, 619-633 (1990).

21 A. Sen. S. Tiwari. S. Mishra, and P. Kaw, “Nonlinear wave cxcitations by orbiting charged
space debris objects.” Advances in Space Research 56, 429 — 435 (2015). advances in Asteroid and
Space Debris Science and Technology - Part 1.

260




34th National Symposium on Plasma Science and Technology (PLASMA 2019)

22 S. Kumar Tiwari and A. Sen, “Wakes and precursor soliton excitations by a moving charged
object in a plasma.,” Physics of Plasmas 23, 022301 (2016), https://doi.org/10.1063/1.4941092.

23 S. K. Tiwari and A. Sen, “Fore-wake excitations from moving charged objects in a complex
plasma,”Physics of Plasmas 23. 100705 (2016), https://doi.org/10.1063/1.4964908.

24 S. Jaiswal, P. Bandyopadhyay, and A. Sen. “Experimental observation of precursor solitons in a
flowing complex plasma.”Phys. Rev. E 93, 041201 (2016).

25 C. Tsang, B. A. Malomed. C. Lam, and K. Chow, “Solitons pinned to hot spots.” The European
Physical Journal D 59. 81— 89 (2010).

26 P. Shukla, *Aa mamun introduction to dusty plasma physics iop publishing Itd.” (2002).

27 V. E. Fortov and G. E. Morfill, Complex and dusty plasmas: from laboratory to space (CRC
Press, 2009).

28 G. E. Morfill and A. V. Ivlev, “Complex plasmas: An interdisciplinary research field.”Rev.
Mod. Phys. 81, 13531404 (2009).

29 M. Bonitz, C. Henning, and D. Block, “Complex plasmas: a lab- oratory for strong
correlations,” Reports on Progress in Physics 73, 066501 (2010).

30 N. Rao, P. Shukla, and M. Yu, “Dust-acoustic waves in dusty plasmas™, Planetary and Space
Science 38, 543 — 546 (1990).

31 A. Barkan. R. L. Merlino. and N. DAngelo, “Laboratory obser- vation of the dustacoustic wave
mode, Physics of Plasmas 2, 35633565 (1995), https://doi.org/10.1063/1.871121.

32 P. K. Shukla and V. P. Silin, “*Dust ion-acoustic wave, "Physica Scripta 45, 508 (1992).

33 F. Melandso/, “Lattice waves in dust plasma crystals.”Physics of Plasmas 3, 3890-3901
(1996), https://doi.org/10.1063/1.871577.

34 P. Bandyopadhyay, G. Prasad. A. Sen. and P. K. Kaw, “Experi- mental study of nonlinear dust
acoustic solitary waves in a dusty plasma.” Phys. Rev. Lett. 101, 0650006 (2008).

35 D. Samsonov. A. V. Ivlev, R. A. Quinn, G. Morfill, and S. Zh- danov. “Dissipative longitudinal
solitons in a two-dimensional strongly coupled complex (dusty) plasma,”Phys. Rev. Lett. 88,
095004 (2002).

36 J. Heinrich., S.-H. Kim. and R. L. Merlino, “Laboratory observations of self-excited dust
acoustic shocks,”Phys. Rev. Lett. 103, 115002 (2009).

37 Y. Saitou, Y. Nakamura, T. Kamimura, and O. Ishihara, “Bowshock formation in a complex
plasma.”Phys. Rev. Lett. 108, 065004 (2012).

38 A. Usachev, A. Zobnin, O. Petrov, V. Fortov, M. H. Thoma, H. Hfner, M. Fink, A. Ivlev, and G.
Morfill. “Externally excited planar dust acoustic shock waves in a strongly coupled dusty plasma
under microgravity conditions,”New Journal of Physics16, 053028 (2014).

39 E. Thomas, K. Avinash, and R. L. Merlino, “Probe induced voids in a dusty plasma.”Physics of
Plasmas 11, 17701774 (2004).

40 J. Goree, G. E. Morfill. V. N. Tsytovich, and S. V. Vladimirov, “Theory of dust voids in
plasmas,” Phys. Rev. E 59, 7055-70067 (1999).

41 A. M. Lipaev, S. A. Khrapak, V. I. Molotkov, G. E. Morfill,

V. E. Fortov, A. V. Ivlev, H. M. Thomas, A. G. Khrapak, V. N. Naumkin, A. I. Ivanov, S. E.
Tretschev, and G. 1. Padalka. “Void closure in complex plasmas under microgravity conditions,”
Phys. Rev. Lett. 98, 265006 (2007).

42 M. Kaur. S. Bose, P. K. Chattopadhyay, D. Sharma, J. Ghosh. and Y. C. Saxena, “Observation
of dust torus with poloidal rota- tion in direct current glow discharge plasma.”Physics of Plasmas
22.033703 (2015).

43 M. Choudhary, S. Mukherjee, and P. Bandyopadhyay, “Experimental observation of self-
excited co-rotating multiple vortices in a dusty plasma with inhomogeneous plasma background,”
Physics of Plasmas 24. 033703 (2017).

44 S. Jaiswal. P. Bandyopadhyay. and A. Sen, “Dusty plasma experimental (dpex) device for
complex plasma experiments with flow,”Review of Scientific Instruments 86, 113503 (2015),
https://aip.scitation.org/doi/pdf/10.1063/1.4935608.

45 S. A. Khrapak, S. V. Ratynskaia, A. V. Zobnin, A. D. Usachev, V. V. Yaroshenko, M. H.
Thoma, M. Kretschmer, H. H ofner, G. E. Morfill. O. F. Petrov, and V. E. Fortov, “Particle
charge in the bulk of gas discharges.”Phys. Rev. E 72, 016406 (2005).

46 S. A. Khrapak and G. E. Morfill, “Grain surface temperature in noble gas discharges: Refined

261



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

analytical model.”Physics of Plasmas 13, 104506 (2000). https://doi.org/10.1063/1.2359282.

47 Y. Feng. J. Goree, and B. Liu, “Accurate particle position measurement from
images.”Review of Scientific Instruments 78, 053704 (2007), https://doi.org/10.1063/1.2735920.
48 S. Jaiswal, P. Bandyopadhyay. and A. Sen, “Flowing dusty plasma experiments: generation of
flow and measurement tech- niques,”Plasma Sources Science and Technology 25, 065021 (2016).
49 G. Arora, P. Bandyopadhyay, M. G. Hariprasad, and A. Sen, “Micro-dynamics of
neutral flow induced dusty plasma flow,"Physics of Plasmas 26, 023701 (2019).
https://doi.org/10.1063/1.5078866.

50 W. Thielicke and E. Stamhuis, “Pivlab-time-resolved digital particle image velocimetry tool for
matlab (version: 1.35),” J. Open Res. Software 2, €30 (2014).

51 G. Arora, P. Bandyopadhyay, M. G. Hariprasad, and A. Sen, “A dust particle based technique to
measure potential profiles in a plasma, Physics of Plasmas 25, 083711 (2018)

262



34th National Symposium on Plasma Science and Technology (PLASMA 2019)

F.xploring Thruster Potential of Ci;mpa;t*ECvR—Pl-asmaSourEe
Anshu Verma. A. Ganguli, R. Narayanan, R. D. Tarey and D. Sahu
Centre for Energy Studies Indian Institute of Technology Delhi, Hauz Khas 110016

E-mail: anshu.vrm1 1 @gmail.com

Abstract

The performance of a plasma thruster is assessed for efficient propulsion by analysing the unique
characteristics ol plasma produced by a Compact ECR Plasma Source (CEPS). For this purpose
CEPS [1] was attached coaxially to two different sizes of expansion chamber, namely Small Volume
Plasma System (SVPS, ID = 15 em. Length = 37 ¢m) and Medium Volume Plasma System (MVPS.
ID ~ 48.2 em. Length = 75 em). Argon plasma produced by CEPS at 2.45 GHz, cw, microwave
frequencies was characterized using a cylindrical Langmuir Probe (LP) along the axis over a wide
range of pressure. In the first study where the CEPS was attached to the SVPS. only the downstream
plasma in the SVPS could be evaluated for its thruster properties since no measuremenis could be
performed within the harsh plasma environment of the CEPS and so that plasma properties within
the CEPS were unknown at the time. Within the SVPS, typical bulk and warm electron density. n =
10" em™ and ny ~10* em™ respectively were measured at 0.5 mTorr and 500 W of microwave
power. A4 unique feature was the w/'B = const, scaling observed along the axis over a wide range of
argon pressure. Bulk and warm electron temperatures (7. = 2.5 eV and 7', = 50-60 eV) were uniform
along the axis with the plasma potential dropping gently from /;, = 27 V to 18 V along the axis.
Steady state equation of motion for ion was solved to calculate the ion flow velocity to evaluate the
thrust produced by the system. Estimates yield peak thrusts of ~2.5 mN (at 0.5 mTorr) and 7.5 mN
(at 0.05 mTorr). for moderately low microwave powers of ~500 W [2]. The MVPS experiments
were conducted to accommodate low-pressure operation for reducing friction. Apart from other
differences with the SVPS, a major difference is that the MVPS plasma does not obey the n/'B -
const. scaling seen in the SVPS. A completely new LP was designed and fabricated to withstand the
plasma within CEPS. for assessing if the CEPS can provide significant thrust on its own. Inside the
CEPS. at = 0.5 mTorr and 600W, high plasma densities (= 10" e¢m™) and high bulk electron
temperatures (15-20 eV) were observed. Apart from this, the most unique feature of the CEPS
plasma is the presence of very high plasma potentials that are dropped sharply within a short
distance by about = 65 V, inside the CEPS itself |3]. The latter drop can accelerate ions efficiently
and the computed thrust dwe fo the CEPS alone was found to be = 38 mN., The latter values are very
high in comparison to existing thrusters like the helicon thrusters (= few mN). This suggests that it
might be possible to develop the CEPS into an efficient standalone thruster.
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Exploring Thruster Potential of Compact ECR Plasma Source

1. Introduction

Electric propulsion systems are the best candidate for long duration spacecraft control in deep
space and interplanctary flights since they can produce high specific impulse at very small
propellent mass flow rates [1]. Hall thrusters and gridded ion thrusters are among the most
matured electric propulsion technologies employing electrostatic grids for ion acceleration [1.
2]. However, continuous need for neutralizers (external cathode) to neutralize the ion flux
limits the thruster life since cathodes are prone to erosion. Helicon Plasma Thrusters (thrusts
reported ~ few mN) and Variable Specific Impulse Magnetoplasma Rocket (VASIMR) (with
additional ion heating to boost the thrust level up to ~ few N using kW of microwave power)
[1, 2] are plasma based propulsion systems where the requirement of necutralizer is
circumvented. Propellent in the form of plasma expands and accelerates through magnetic
nozzles via internally generated ambipolar potential or double layer type of structures.
However the need for bulky electromagnets and their power supplies increases the payload and
remains a point of concern. Permanent magnet based plasma sources are therefore preferable
to reduce the payloads. ECR plasma thrusters also utilize a combination of an ECR plasma
source with a magnetic nozzle [3]. In this context, the development of ECR plasma thrusters
has remained in a relatively nascent stage as these have not been explored very thoroughly,
even though they have the advantages of electrodeless operation, negligible wall sputtering,
high plasma densities and ability to operate at low pressures (10°-10~ Torr).

Ganguli et. al. designed and built a permanent magnet based Compact ECR Plasma Source
(CEPS) [4] and demonstrated its efficacy towards plasma production in various configurations
and for different gases[5-7]. In the present work, CEPS was evaluated for thruster application.
The initial experiments were performed in a small size expansion chamber: following these the
expansion chamber was greatly increased in size to accommodate longer mean ion free paths
for low pressure operation so that friction to ion flow may be minimized. fon energy is the most
important plasma parameter for thrusters and the novelty of this work lies in harnessing the
ECR mechanism for ion acceleration. It is expected that efficient energy transfer via ECR
mechanism can heat the electrons up to very high energies leading to high plasma potentials.
The ion energies are commensurate with the generated ambipolar plasma potential and
therefore appropriate for thrusters. The current studies were undertaken with this viewpoint. to
understand the nature of plasma produced by CEPS and explore its thruster potential.

2. Experimental setup:

2.1 The CEPS: The CEPS are permanent magnet based. highly portable, high density plasma
sources that afford great flexibility in the manner in which they may be used. The schematic of
CEPS is shown in Figl(a). The Plasma Source Section (PSS) comprises a stainless steel tube
(ID 9.1 cm x Length 11.6 cm) in which plasma is produced by 2.45 GHz, cw, at different
microwave power and gas pressure. The microwave is coupled to the plasma through a quartz
window located at the back of CEPS. The PSS acts as a plasma loaded waveguide for the
microwaves, where it is absorbed by the ECR process. The magnetic field is produced by a set
of suitably designed NdFeB ring magnets placed around the PSS. By changing the position of
magnet relative to the PSS, one can control the location of ECR layer. In the current studies,
the latter lies near the centre, at z = -5.3 cm. =z = 0 corresponds to the exit plane of the CEPS.
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2.2 Expansion Chamber: Two different sizes of
expansion chambers were used: (i) a Small Volume
Plasma System (SVPS, ID 15 cm x Length 37 cm)
and (i1) Medium Volume Plasma System (MVPS,
ID 48.2 cm x Length 75 cm). The CEPS was
attached coaxially to the respective expansion
chamber as shown in Fig. 1(b). The diverging
magnetic field of the source magnet penetrates into
the expansion chamber and falls exponentially
along the axis [B = Bo exp(-z/Am). Am = 9.2 cm] as
shown in Fig 1(c). Experiments were performed at
different pressures < 10 mTorr of argon gas and
microwave power 500 W.

3. Results and Discussion:

3.1 SVPS: A cylindrical Langmuir probe (0.25 mm
dia x 4 mm long Tungsten wire) was used to
measure  the on-axis plasma  parameters
downstream starting from z = 4.25 cm in SVPS.
Plasma production results in SVPS at 0.5 mTorr
argon pressure and 500 W microwave power are
shown in Fig. 2. Profiles for bulk electron density,
n and warm electron density, nw are decaying
exponentially along the axis with maxima =
1.1x10" em™ and 1.2x10* cm™ respectively at = =
4.25 cm as shown in Fig. 2(a). The average 7. = 2.5
eV and 7w = 55 eV with their profiles uniformly
constant along the axis as depicted in Fig. 2(b).
Warm electrons are detected everywhere along
axis and their significance lies in the fact that they
have higher ionization cross sections that help to
maintain the high plasma density. Fig. 2(c)
illustrates the profile of plasma potential. ¥}
decreasing linearly very gently from 26.6 V to I8
V which in turn creates an ambipolar field to trap
the bulk electrons and prevent wall losses.
Electrons being highly magnetized are bound to
the field lines and flow downward due to their
thermal pressure. The ambipolar field pulls the
ions along with the electrons so that a quasineutral
plasma is maintained in the chamber.

Experiments were also carried out to ascertain
the plasma characteristics with pressure. Fig. 3
compares axial profiles of » at = 0.5, = 5 and = 10
mTorr pressure normalized with respect to their
maximum values at z = 4.25 cm. Normalized
magnetic field intensity is also shown for
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Figure 1. Schematic of: (a) the CEPS showing its
various component: (b) thruster configuration
showing schematic of CEPS attached with SVPS
and LP placement. On-axis Magnetic field
strength decaying exponentially after = = 2.5 cm.
Please note that expansion chamber starts at = =0
cm: (c) magnetic field lines in SVPS.
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Figure 2 Axial profiles of plasma parameters at
argon pressure = 0.5 mTorr and microwave power
= 500 W in SVPS. (a) Bulk and warm electron
density. # and n.: (b) bulk and warm electron
temperature. 7. and 7., (¢) plasma potential. V..

reference. As expected, n increases with pressure on account of decreasing ionization mean
free paths, while 7. and ¥}, decrease with pressure because of reduced electron energy (due to
higher collisions) and reduced clectron loss resulting in smaller ambipolar fields. Irrespective
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of pressure. warm electrons were observed along the ————t ey

» 2 5 - % N - Axial magnetic ™ )
axis with even density scaling »/n, = 107, Fig. 3 also | —e—0SmTom(n,_ = 14x30"cmy |
reveals the unique characteristic feature of SVPS | a8 mTom (a, . = 1x10"cm") |

- @ 1omTorrin = taxto"em”)

where axial plasma density profile follows the axial
magnetic field profile very accurately so that n/B =
constant along the axis over a wide range of pressure.
This unique feature results from the absence of
transverse diffusion inside SVPS. Since most of the 2
field lines inside SVPS are originated from inside of ‘ :
CEPS as seen from Fig 1 (c). These lines are preloaded ° s L
with plasma. There are very few lines that enter the e
SVPS from outside CEPS and hence are not pre- d"‘]ﬁ}’ o 3 Nexmglized dxinl profiles of » (ot
: ifferent argon pressures) and B, normalized

loaded with plasma. Because of low cross-field with respect to their corresponding values at =
diffusion of plasma. such lines remain unloaded. =4.25cm. Peak value of Batz=2.5 cmisalso
aiding the »n/B scaling. For simplicity. one can restricts shown for reference.
oneself to a thin tube (not a flux tube) centred near the
axis for further evaluation of CEPS: this also allows one to treat all quantities as functions of =
only (»=0).

The plasma properties presented above can be regarded as a consequence of the double
adiabatic equation of state

2
(p*n%= const (1)

where p, (p;) are electron thermal pressure perpendicular (parallel) to the magnetic field.
Using the definitions of thermal pressure p,(p;) = nT.(T,) along with the experimental
observation n/B = const and condition of constant magnetic moment yield

(T )%T (T, )2T,
—*-n.—z-“- = const — —*;—2-—" = const — T, = const 2)

Since 7¢ is also constant in the present scenario, it helps the bulk electrons attain thermal
equilibrium parallel to the magnetic ficld separately.

3.2 Thruster analysis: To evaluate thruster performance and determine its operation limits
based on the measured on-axis data (Fig. 2 and Fig.
3). a simple ion flow model was developed for st i
computing the steady state ion fluid velocity along . 2| —o.05 ...;'n/_..————"""—"
the system [8]. The model includes the ambipolar : ]
ficld and friction (collision) inside the plasma.

nMu‘;—: = neE — nMuv; — nMuv, —n,Muv,,

5 g s : S (3)
Here, « is the ion fluid velocity, £ is the ambipolar
electric field. Af is the ion mass. v is the effective ion-

~-~_~ -~
b) T i e g e -

———]F, dz =45 u)

neutral collision frequency (including eclastic and = * — =1, =059 m
charge-exchange collisions), w and . are the 'E';E 5 s o bt
respective ionization frequencies due to impact of the  “ [? /77 " =—en | T

bulk and warm electrons, on neutral atoms. Since no % 5 10 15 25 30 35

LP measurement could be possible inside the CEPS : . .
and only downstream plasma was characterized, the Figure 4 Simulated plots of (a) normalized

: ion velocities. w/c,: (b) ion current densities, j
CEPS coupled with SVPS, was treated as the thruster. [a/m?]: (c) thrust £, [mN] for three different
It was assumed that ions exit the source with their pressures S mTorr. 0.5 mTorr and 0.05 mTorr
thermal energy (= 0.025 eV), which was used as the inSVPS.
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initial ion energy to solve equation (3). Using the profiles of the ion velocity and the plasma
parameters one may determine the thrust profile (/= nMiu’A4) along the system, where 4
denotes the areas of the constant = planes. The energy (=Ej;,, ) imparted to the system in a single
pass of the plasma can be computed from Ey;, = f: Fndz, where L is the system length. In
general, Fu is not constant along the expansion chamber and so. Ej;, may be used to compute
the average thrust Fy o (FEg;/L). The estimated axial profiles for current density, j and F are
shown in Figs. 4((b) and (c)) respectively for different pressures. The average thrust values
obtained for the system are = 1.6 mN and 4.6 mN at 0.5 mTorr and 0.05 mTorr respectively:
the corresponding peak values are 2.5 mN and 7.5 mN.

In this work, it was the combination of the CEPS and the test chamber that was regarded as
the complete thruster and the estimated thrust values are quite encouraging. However, if
remains to be checked if it would be possible to regard the CEPS as a standalone thruster in
its own right. Therefore new experiments were planned in MVPS to enable low-pressure
operation at = 0.05 mTorr or so since ion mean free

path are very large (= 60 cm at 0.05 mTorr) and . —_— 1=
friction can be reduced. 4 special LP was designed p—— =5
and fabricated to probe the plasma inside the CEPS. w ammir _Hs ‘
This would enable us to assess if the CEPS can Lm ]
provide significant thrust on its own. Piasma

3.3 MVPS: The mounting of the MVPS and the LP
placement are shown in Fig. 5(a). As shown in Fig
5(b) the LP was covered with a ceramic cap to avoid
head-on bombardment by the plasma. This design
arrived after many failures, allowed axial profiles of
plasma parameters inside the CEPS. Data recorded pioure 5 (a) MVPS with Langmuir probe
starting from =z = -3.5 cm (closest one could approach jignment and (b) Enlarged view of LP

ECR layer at = -5.3 cm) are shown in Fig. 6 for argon
pressure = 0.5 mTorr and microwave power = 600 W. ——n

. T 2 — = Fimledne - 1
The figure also shows the best analytic fits to the § . %
- . . 2 £
experimental data. The different parameters are 3 & - L
found to be: » = 10'2 cm™, bulk electron temperature, = =

. o,
il il T T Ty °

po——

== 20 ¢V and plasma potential, ¥, = 104 Vat =z = - 2: ——n ——7T, 3 o
3.5 cm. A small component of the warm electron < = g T ::"-'1'-";.‘,~ okl 1 >
population is also observed beyond z = -1 cm with ny, =10 i = E
= 8x10% cm™, 7w = 54 eV at =z = -1 cm. However, by »

z =0, bulk density rises to, n = 2.25x10'> cm™ with “: o 1 °

a concomitant decrease in Te (= 5 eV). Following s
these initial variations, # decreases very rapidly from >
z =0 to z = 7.5 cm and more slowly after that to =
3x10'" em™ by z = 45 cm. Also, after the initial sharp ° W s 4 w0
fall in temperature within the CEPS from = 20 eV to i

= 5 eV, 7. decreases slowly with = (to = 2.4 eV upto Figure 6 Axial profile of Argon plasma
z= 20 cm), settling finally at =2 eV at z= 45 cm. It parameters at 0.5 mTorr and 600 W. Blue
is observed that plasma potential, ¥;, drops by about 9ashed line represent the analytical fit to the
=05V (from=104Vatz=-3.5cmto=39Vatz= TEIpRCtve parameters.

0) for = 0.5 mTorr. Beyond = = 0. ¥, drops gradually (ignoring the kinks), decreasing to about
=20 V by == 45 cm. The sharp drop in ¥}, of about = 65 V (within a span of 3.5 cm) inside the
CEPS indicates that ions can be accelerated very efficiently as they exit the CEPS. Following
this, 7}, decreases more gradually. providing an ambipolar field that can help in overcoming
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friction due to collisions of ions with neutral atoms and maintaining the ion energy. Thus CEPS
can be looked upon as an efficient thruster.

To see the effect of the geometric and magnetic field expansion, profiles of on-axis magnetic
field and plasma density » (normalized with respect to their values at z = 0), have been plotted
for pressures, = 0.3, = 0.5 and = | mTorr in Fig. 7. o =y

¥ . = 1.0 mTorr (m, = 2.5x10" em ™)
Irrespective of pressures, it is seen that densities fall —e—0.5mToer (m,__, = 1.8x10" cm™)
Jfaster than B in an initial region fromz=0up toz = - & 03mTorr (s, =1.4x10" cm)
5 — 7.5 cm following a short transition region, = = 10 . e s Y
— 15 cm beyond which densities fall slower than B
up to about. = = 55 cm. At this time, considerbale
deviations from »/B scaling can be seen evidently.

The average thrust computed for the CEPS only
using equation (3) (thus relieving the expansion
chamber) was found Fih.= 38 mN at 0.5 mTorr and
,: 30 mN at 1 mTorr respcctlv_cly. The SpCClﬁC Figure 7 Axial n profiles at different pressures
impulse, 7 (= Fiha/ Mg, where m is the mass flow in MVPS normalized with respect to their
rate and g is the acceleration due to gravity) may be corresponding value at == 0 cm. Axial profile
estimated thus and yields 7y ~ 5265 s. also the ©f8 "0“"31_}2“1 with respect to its maximum
effective exhanst velocity. u (=Finav/ m) ~ 5.16x10% value at == 2.5 cm is also shown for reference.
m/s at 0.5 mTorr. The values of Fihav and 7y i ) O Spechic impive oo

e
o

Normalized values

A X LA PR wor. .
o 5§ 10 15 20 25 30 35 40 45 S0 S5
Axial, z{cm)

computed here are high as seen from Fig. 8 and el § . _
considerably larger than those achieved in typical 2 *; 5
helicon thrusters (maximum ~15 mN) till date. £ »t = e d
W st £
4. Conclusion E 20k £
4 '5; o 4&003
In summary, argon plasma characterization results 8 .l . §
produced by CEPS attached to a small volume plasma G
system (SVPS) and medium volume plasma system ol ® . o P
(MVPS) are presented and analyzed to seck the e

cfficacy of CEPS as a plasma thruster. Development Figure 8 Calculated average thrust and
and measurement of large plasma potentials inside specific impulse of CEPS.

CEPS was the main challenge and achieved with MVPS. As a result, large ion acceleration is
predictable. A simple model, calculating the ion velocity exiting CEPS, yield fairly attractive
values of Finav and /s, for the CEPS at moderate microwave power.

In addition. a global model including plasma expansion was also developed that succesfully
reproduced the plasma parameters inside CEPS and estimated the thrust of CEPS in space like
conditions. These results are not shown here but the thrust produced by this method also report
the similar kind of outcomes encouraging us to see the CEPS as an efficient plasma thruster.
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1. Introduction

The ‘standard flare model’; also known as CSHKP
model [1] recognizes the preexistence of a magnetic
flux rope (MFR) in the AR prior to eruptive flares.
MFRs are defined as a set of magnetic field lines
which are twisted around its central axis more than
once. These complex structures are believed to be
formed as a result of flux cancellation over the PIL
through photospheric shearing and converging
motions: however, the exact mechanism for flux
rope formation is still unclear and debatable.
Successful eruption of an MFR results in to a CME.
To explain the triggering of eruption, two different
classes of models have been proposed: ideal
instability and resistive instability. The resistive
instabilities rely on initial reconnection on a current
sheet in order to trigger the eruption of an MFR.
Two models for reconnection based triggering-
tether cutting [2] and breakout model [3] include
pre-flare reconnection in active regions with
different magnetic configurations. The tether cutting
model involves highly sheared magnetic arcades in
a bipolar active region where the initial
reconnection takes place deep inside the sheared
core field. According to this model, the triggering
occurs below the MFR and the energy released
during the small-scale pre-flare reconnection pushes
the MFR upwards. On the contrary. the breakout
model involves much complex active regions with
at least four distinct sets of strong magnetic flux
systems and a magnetic null well above the core
flux where a breakout current sheet is formed.
Triggering occurs in the form of initial reconnection
at the breakout current sheet which removes the
downward magnetic tension allowing the core field
to erupt. Once the MFR attains eruptive motion.
standard flare reconnection sets in beneath the
erupting MFR between the inflow magnetic fields
and the multi-wavelength signatures of standard
flares (i.e., footpoint and looptop hard X-ray (HXR)
sources, chromospheric flare ribbons, post-flare
arcades, cusp structures following the passage of the
MEFR etc.) are observed thereafter.
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The temporal evolution of a typical eruptive flare
can be summarized in three phases: pre-flare/
precursor phase, impulsive phase, and gradual
phase. While the processes occurring during the
impulsive and gradual phases are well explained by
the CSHKP model. the pre-flare phase remains
unexplained. Pre-flare activities prior to a flare. are
considered to be important in order to understand
the physical conditions that lead to flares and
associated eruptions [4]-[7]. Statistical study
conducted based on Yokoh/SXT observations
suggested that pre-flare activities can be classified
into three categories: co-spatial, adjacent (or
overlapping). and distant: depending on the spatial
separation between the pre-flare and flare activity
sites in the same field of view. While the abundance
of co-spatial and adjacent pre-flare activities and
their physical connection with the main flare have
been reported before by many case studies: distant
pre-flare activities and their involvement in
triggering the main flare have been reported rarely.
In this article we are reporting multiwavelength
analysis of a unique dual-peak M-class flare
associated with a distant pre-flare activity on 2015
June 21 from the famous active region NOAA
12371. Our analysis successfully explains the
occurrence of the pre-flare energy release and by
employing non-linear force free field (NLFFF) [8]:
we have investigated the role of the pre-flare
activity toward triggering the main flare.

2. Observational Data and methods
For observing the Sun in (E)UV wavelengths, we
use high resolution (0.76 pixel™), 4096x4096 pixel
full disk observations from the Atmospheric
Imaging Assembly (AIA) on board the Solar
Dynamics Observatory (SDO) [9]. For photospheric
observation, we use 45 s cadence line of sight
(LOS) magnetograms and intensity images
observed by Helioseismic and Magnetic Imager
(HMI) on board SDO, which takes continuous full
disk observation of the solar photosphere with
spatial resolution of 0."5 pixel™ Coronal magnetic
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field extrapolation was done by employing the
optimization based non-linear force free field
(NLFFF) extrapolation method developed by [8].
The Reuven Ramaty High Energy Solar
Spectroscopic Imager (RHESSI) [10] provided
uninterrupted X-ray observations of the Sun during
most of the flaring activity

3. Pre-flare magnetic field variations

In Figure 1, we plot the evolution of the LOS
magnetic flux through the whole AR12371 as well
as only from the trailing sunspot region from 2015
June 20 12:00 UT to 2015 June 21 05:00 UT. The
trailing sunspot group has been shown within the
box in Figure 1(a). Notably, the eruptive flare under
investigation triggered from this region. The north-
western part of the trailing sunspot group was
associated with striking moving features. From
Figure 1(b)-(c)., we readily find that both the
positive and negative flux from AR 12371 increased
during =13:30 UT- =23:00 UT (Phase 1) and
thereafter decreased till the onset of the flare at
01:05 UT on 2015 June 21 (Phase 2) from the
whole active region, as well as the flaring region.
To have an understanding of flaring activity in the
active region, we have plotted the variation of
GOES SXR flux along with AIA 94 intensity during
2015 June 20 12:00 UT to 2015 June 21 05:00 UT
in Figure I(d). We find that during this interval,
there was no appreciable enhancement of SXR and
EUV fluxes prior to the onset of the M-class flare
on 2015 June 21 =01:05 UT.

4. Coronal magnetic field modeling and flux
rope manifestation
In order to understand the coronal connectivities
between the different photospheric regions, we
performed non-linear force free field (NLFFF)
extrapolation of the active region prior to the onset
of the impulsive phase of the M-class flare. In
Figures 2(a) and (b). we display different sets of
NLFFF field lines associated with the trailing
sunspot group. from top and side views.
respectively. The NLFFF results readily suggest the
presence of an extended flux rope over the PIL
which was enveloped by a set of low coronal closed
loop connecting the opposite polarity regions of the
trailing sunspot group. The region associated with
multiple moving magnetic features along with
several flux appearance and decay of both polarities
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Figure 1. Panel a: HMI LOS magnetogram of AR 12371,
We outline the flaring region in the AR by the black box.
Panel b: Evolution of magnetic flux in the whole active
region from 2015 June 20 12:00 UT to 2015 June 21
05:00 UT. Panel c: Evolution of magnetic flux in the
flaring region (within the box in panel a) in the same
interval as in panel b. In panel d, we plot GOES SXR light
curves in both the channels as well as the AIA 94 A
intensity variation during the same interval as in panels d
and e. In panels b-d, the interval marked as "Phase 1
depicts flux emergence of both polarities in the active
region as well as flaring region. "Phase 1" was followed by
a period of flux cancellation of both polarities (‘Phase 2
the shaded region) up to the initiation of the M-class are
on 2015 June 21.

(the region within the circle in Figure I(a).
displayed a complex configuration where closed
magnetic loops are distributed in a chaotic manner
which is suitable for initiating magnetic
reconnection. In Figure 2, we display extrapolated
loops of this region by the pink lines. Also notably,
this region was connected with the trailing sunspot
region by the orange loops. Further. we identified a
set of closed field lines (shown by the yellow
colored lines) connecting the opposite polarity
sunspots in the trailing sunspot region., a part of
with were situated at a very close proximity of the
pink lines. A different set of field lines (shown by
the sky colored lines in Figure 2(b)) were generated
at the moving positive magnetic patches and
terminated at the negative sunspot in the trailing
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Figure 2. Non-linear force free field extrapolation results during the pre-flare phase indicating the presence of a flux rope
over the main polarity inversion line of the trailing sunspot (red lines), a set of low coronal overlying
field lines enveloping the flux rope (blue lines). a set of large high coronal field lines (shown by the green color). Notably,
the region associated with few randomly oriented field lines (shown by pink lines) displayed striking photospheric changes
including moving and rotational motion. A set of field lines originated at the negative sunspot (the yellow lines) connected
the northern part of the positive sunspot, a part of which was at a very close proximity to the pink lines. We identified
another set of field lines (sky lines) in between the yellow lines and pink lines. which constructed a quasi-separatrix layer
(QSL). In panels (a) and (b), we focus on the coronal magnetic field configuration associated with the flaring region from
two different angles. In panels (¢) and (d). we show the coronal configuration in the whole active region from different
angles. For directional reference, we have plotted compass in panels (a)-(c). The background white region in panel (d), direct
to the northern side.

sunspot group, separating the yellow lines from the 5. EUV observation and results

pink lines. Notably, few of the yellow lines and the
sky colored lines displayed drastic change in the
field-line linkage (indicated by black and green
arrows in 2(b)) which are known as “quasi-
separatrix layers™ (QSLs) [27]. In Figure 2(c) and
(d). we display the coronal connectivities in the
whole active region from top and side views,
respectively. Apart from the complex distribution of
magnetic loops in the trailing sunspot group, we
find large coronal loops connecting positive regions
of the trailing sunspot group to the leading sunspot
groups (shown by green lines in Figure 2(c)-(d)).
Notably, a part of the green lines originating at the
positive polarity region was connected with the
adjacent negative polarity region. Interestingly.
these two sets of green lines also constituted a QSL
which we indicate by black arrows in Figure 2(d)
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In Figure 3. we plot a series of AIA 94 A images
displaying the active region NOAA 12371 during.
different phases of the M-class flare. We readily
observe the presence of a prominent hot channel at
the core of the active region during the pre-flare
phase (marked by the yellow arrow in Figure 3(b)).
Comparison of the location of the hot channel with
the HMI LOS magnetogram contours in Figure 3(a)
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Figure 3. Series of AIA 94 A images showing the
evolution of the M-class flare on 2015 June 21 from the
active region NOAA 12371. A distinct hot channel was
observed during the pre-flare phase over the polarity
inversion line in the active region which is marked by the
yellow arrow in panel (b). A remote brightening observed
prior to the onset of the flare is indicated by the red arrow
in panel (b). The red arrows in panels (c) and (d) indicate
a slipping reconnection region connecting the remote
region and the northern leg of the hot channel. The blue
arrows in panel (d) indicate the direction of erupting
plasma during the impulsive phase of the flare. The red
dashed circle in panel (f). indicate a QSL structure which
possibly involved the yellow and sky colored lines of
Figure 2. Co-temporal HMI LOS magnetogram contours
are overplotted in panels (a) and (i) at £(500; 800: 1500;
2000) G. Red and yellow contours refer to negative and
positive polarity, respectively. Co-temporal RHESSI
contours in the energy bands 6-12 keV (red) and 12-25
keV (blue) are overplotted in selective panels. Contour
levels are 60%. 80% and 95% of the corresponding peak
flux. All the images are derotated to 21-Jun-2015 00:30
UT.
confirms that the hot channel was lying over the
PIL in the trailing sunspot of the active region.
After =00:52 UT, we observed a localized yet
prominent brightening from a location near to the

hot channel (marked by the red arrow in Figure
3(b)). Brightness of this localized region initially
increased up to =01:05 UT and then decreased till
=01:10 UT before increasing again. Notably, the
pre-flare episodic brightness observed in AIA 94 A
images are exactly co-temporal with the GOES
SXR precursors observed at =01:05 UT and =01:14
UT. A very interesting phenomenon was observed
at =01:28 UT in the form of slipping reconnection
from this region to the northern leg of the hot
channel through a closed coronal loop. In Figure
3(c)., we indicate slipping brightness by the red
arrow. Comparing the brightness of the loop at
01:28 UT and 01:08 UT (Figure 3(c) and (b),
respectively). one can find clear impressions of the
enhanced brightness caused by the slipping
reconnection. Notably. the flare had already entered
in the impulsive rise phase by that time since the hot
channel got activated. During this time, we noted
HXR emission of energies up to =25 keV
predominantly from the northern part of the hot
channel. The slippage of brightness from the
adjacent brightening to the northern end of the hot
channel was immediately followed by eruption of
the hot channel. In Figure 3(d). we indicate the
direction of the hot channel eruption by the blue
arrows. The eruption phase was followed by
formation of post flare arcade in the trailing sunspot
(Figure 3(e)) which are associated with HXR
emission of energies up to =25 keV. A second phase
of the eruption was observed between =01:53 UT
and =02:05 UT followed by further restructuring of
the active region loops at even larger scales, as
inferred from the formation of large post flare
arcade connecting the trailing sunspot with the
leading sunspot. Interestingly. during this time, we
could observe the QSL structure formed by the sky
and yellow field lines (see Figure 2. Section 3) even
in the direct observations (indicated by the dotted
circle in Figure 3(f)). The large post flare arcade
was associated with strong diffused emission till
=02:40 UT (Figure 3(g)) when the flare reached its
second peak. The active region did not show any
morphological change afterwards till the end of our
studied period except the brightness of the large
post flare arcade slowly reduced as the flare had
moved into the gradual phase (Figures 3(h) and (i)).
The above observations led [11] to conclude that
two distinct phases of magnetic reconnection
occurred in the wake of single, large hot channel
eruption.
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Figure 4. Panel (a): GOES SXR lightcurves showing the
evolution of the M-class flare on 2015 June 21. We select
six instances during the evolution of the flare (marked by
the vertical lines). In panels (b)-(g). we plot the
distribution of vertical component of photospheric current
in the triggering at those instances. Notably. few regions
of strong current of opposite polarity constitute a structure
similar to the English letter A’ which is outlined by the
black-pink dashed lines in panel (b). We highlight few
major changes in the distribution of current by the arrow,
oval and box in panels (c)-(g). For better visualization,
values of I, are saturated at 20.5%10'"" A. Maximum and
minimum values of I, with order of 10'° A within the
selected fov are indicated in each of these panels.
6. Pre-flare activity
From AIA EUV images (Figures 3) it is clearly
understood that the earliest flare brightening
occurred west of the pre-existing hot channel (i.e.,
MFR) which evolved with time but within a
localized region. For further investigation of the
triggering region, we computed photospheric
current density from the triggering region. The
vertical component of current density (j,) on the
photosphere can be calculated from horizontal
components of magnetic field (B, and B,) using the
Ampere's law [12]:

A (dEy dE
b= (G- )0

From current density (j,). we derive current (I,) by
multiplying j, with the area of one pixel ie.,
=13.14%10" m>. From the spatial distribution of 1,
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prior to the hot channel activation, we find that the
PIL region in the trailing sunspot had a large
concentration of negative current with the
maximum and minimum values of I, in the active
region being 2.09x10"" A and -2.24x10'" A,
respectively. It is noteworthy that the region
displaying precursor brightenings in the corona and
underlying moving magnetic features in the
photosphere exhibited a complex distribution of I,.
We have indicated this region by the circle in
Figure I(a) and identify this as the triggering
region. In Figure 4, we show the evolution of the
spatial distribution of I, in the triggering. For
convenience, we have plotted GOES SXR
lightcurves are plotted in Figure 4(a) where the
timings of the Figures 4(b)-(g) are indicated by the
vertical lines. We find that, in the triggering region,
small-scale regions of both positive and negative I,
were mostly distributed randomly. However, an
interesting structure of the shape *A” formed by I,
was very clear in the region during the pre-flare
phase. In the “A” shaped distribution, the left arm
was completely made of negative I, while the right
arm was consisted by the positive I, in the northern
part and negative I, in the southern part. The
connecting part of the arms in the *A’ was consisted
of positive I,. During the SXR pre-flare
enhancement, in the northern tip of the structure
(outlined by the oval shape in Figures 4(b)-(g)). L,
of opposite polarities became very close to each
other (Figures 4(b) and (c)) which may be ideal for
dissipation of current in the form of magnetic
reconnection. As Figures 4(d)-(g) suggests, with the
evolution of the flare. strength of I, at the tip of the
‘A’ was significantly decreased and the left arm of
the ‘A’ became fragmented (indicated within the
box in Figures 4(b)-(g)). We spotted another
interesting feature from Figures 4(b)-(g) in the form
of appearance and decay of a positive current region
which we indicate by the black arrows.

7. Summary and conclusions
In summary, the active region NOAA 12371 went
through an elaborate phase of flux enhancement
followed by a phase of significant flux cancellation
which led to build up and activation of a flux rope
along the PIL in the trailing sunspot group. The
active region was associated with highly dynamical
features including photospheric motion and rotation
which led to formation of localized regions of high
photospheric current densities. The remote pre-flare
location of associated of such strong current regions
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of opposite polarities in very close proximity which
possibly initiated the early pre-flare reconnection.
Once the initiation of pre-flare reconnection, it
quickly induced a series of activities similar to
domino effect that includes enhanced thermal and
non-thermal emission from the remote region.
triggering of slipping reconnection between the
remote region and the northern end of the flux rope.
triggering of the already metastable flux rope
toward eruption.
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Multiphysics Simulation

Combine Physical Phenomena For Fast, Accurate Results

Altair provides an industry-leading portfolio of Multiphysics-enabled software to simulate a wide range
of interacting physical models, leading to higher accuracy while saving time and cost. Paired with Altair's
multidisciplinary optimization, a wide range of opportunities open up to gain that competitive advantage.
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About Tata Consulting Engineers Limited

Engineering a better tomorrow

Tata Consulting Engineers Limited (TCE) is a Global Integrated Engineering Consultant
providing concept to commissioning services in the following sectors:

1. Power (Thermal, Hydro, Nuclear, Renewable, Transmission and Distribution)

2. Infrastructure (Water, Environment, Urban Development, Buildings, Manufacturing
Facilities, Ports and Harbours, Transportation)

3. Resources - Hydrocarbons and Chemicals (Oil, Gas and Refineries, Chemicals,
Petrochemicals, Fertilizers, Speciality Chemicals, Pulp and Paper, Cement, Food,
Pharmaceuticals and Beverages, Tyre, Glass)

4. Resources - Mining and Metallurgy (Mining, Geology, Beneficiation, Steel, Non-ferrous)
Established in 1962, TCE has completed about 7,500 projects in over 55 countries. A strong
knowledge base and technical expertise have helped, TCE in delivering several one-of-a-kind
projects. The Company has multi-disciplinary engineering talent with capabilities to manage
complex projects worldwide. TCE is among the few companies geared for the Industry 4.0 era,
providing engineering solutions for the Industrial Internet of Things (lloT).

With expertise and technological capabilities, TCE has a dedicated talent pool with core
engineering skills, thus serving as an integrated service model for its clients.

The Co mp aihity o snanade complex projects, and experience in building cost-effective

and environmentally-friendly solutions, make it one of the most desirable engineering

solutions partner across the gl ob-BDdeliv&\Endoslelsdi gi t al eng
enable the Company to provide niche services tailored to client needs.

A part of TataGroup-I ndi aés most respected group, TCE is a 100
Limited.

Fast Facts:
57+ years as the largest Indian private sector engineering and project consultancy

An emerging global leader in integrated engineering solutions with a presence in over 55+
countries and 35% international revenue

7500+ completed projects
Last 12 years CAGR ~16%

A profitable company with cumulative dividends of ~160 Cr in the previous 19 years

Do Do Do Do

2300+ engineers on company rolls across domains
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