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Preface 
 

The 36
th 

National Symposium on Plasma Science and Technology (PLASMA-2021)is 

jointly organized by Department of Physics, Birla Institute of Technology, Mesra, 

Jaipur Campus and Plasma Science Society of India (PSSI) during 13-15 December 

2021. Due to COVID-19 pandemic related limitations, this year the symposium is 

organized in online mode. The symposium on Plasma Science and Technology was 

started in 1990s and successfully organized in various national institutes all over the 

country. The symposium aims to promote plasma science and technology within the 

country and also to encourage & involve a large number of Indian researches to 

participate & exchange their ideas in the symposium. 

 It is well known that achieving the controlled Nuclear Fusion is prime objective of 

Plasma Physics research. Simultaneously, a lot more industrial and societal applications 

of Plasma are also explored in various sectors like healthcare, aerospace, 

semiconductor, agriculture, automobiles, displays etc. Surprisingly, many of them have 

given promising results at laboratory level. So exploring societal plasma applications 

are now another focus of plasma research, Hence we have taken the theme of this 

symposium as ―Plasma for Benefit of mankind‖. 

For this PLASMA-2021 symposium, we have received around 300 participant 

registration. As per schedule, there will be 9 Invited talks, 1 keynote address, 18 Oral 

presentations, approx. 210 poster presentations, 6 Buti Award presentations and few 

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



 

in this difficult time of COVID pandemic is really remarkable. The symposium ran for 

three-days (13-15 December) and have various technical & non-technical sessions.  

There are 6 Technical sessions, Buti Award presentations, A K Sundaram Memorial 

lecture, Sodha Award lecture, Parvez Guzdar Award lecture, M S Sodha Award lecture, 

Sholapurwala award lecture etc. The students of BIT Jaipur campus had also prepared a 

cultural program as a part of the symposium. The keynote address was delivered by 

Prof. Prabhat Ranjan, Vice Chancellor, D Y Patil International University, Pune. First 

time in this symposium, a special lecture was introduced in the memory of Prof. A K 

Sundaram, that was delivered by Prof. Gurudas Ganguli from Naval Research 

Laboratory, USA.  

On behalf of organizing committee, I would like to express our thanks to Plasma 

Science Society ofIndia (PSSI) for providing us the opportunity to organize PLASMA-

2021 at BIT Mesra, Jaipur Campus. We would also like to express our sincere thanks to 

Vice Chancellor, BIT Mesra, Ranchi and Director, BIT Jaipur Campus for all possible 

support to organize this symposium.  We are thankful to members of National Advisory 

Committee, Scientific Program Committee and Local Organizing Committee for their 

support and encouragement. We are thankful to invited speakers, all award committee 

members and session chairs. We would like to express our thanks to the sponsors of the 

symposium, Aditya High Vacuum Pvt. Ltd. and Plasma & Vacuum Technologies of 

their financial support.  We express our thanks to proceeding editors and all members 

of BIT and PSSI who are directly and indirectly involved in organizing the symposium. 

At the end we would like to announce that the NAC has initiating the selection process 

for finalizing the host institute for next PSSI symposium, PLASMA-2022, it is under 

process. We look forward to see you again at PLASMA-2022.Wishing all of you for 

attending this conference online and having very productive scientific sessions. 

 

 

Dr. Anand Kumar Srivastava 

Convener 

PLASMA-2021
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Plasma bubbles are large scale structures of depleted plasma density in our earth‘s 

ionosphere that affect communication signals propagating through atmosphere, to 

include global navigation satellite systems. Plasma bubbles have been studied for 

decades using different techniques such as incoherent backscatter radar, ionogram 

analysis, insitu satellite measurements etc. An attempt has been made through 

experiments to understand the occurrence of plasma bubbles along with its instabilities 

and its complete nonlinear structure in a filamentary discharge magnetized plasma 

system. A spherical mesh grid of 80% optical transparency was negatively biased and 

introduced into the plasma for creating a plasma bubble. Diagnostics are electrical 

Langmuir probe and a hot emissive probe were extensively used for scanning the 

plasma bubble. Plasma floating potential fluctuations were measured at three different 

positions of the plasma bubble. The instability in the pattern showed the dynamic 

transition from periodic to chaotic for increasing magnetic fields. Time scale analysis 

using continuous wavelet transform was carried out to identify the presence of non-

linearity from the contour plots. The mechanisms of the low-frequency instabilities 

along with the transition to chaos could be qualitatively explained. Non-linear 

techniques such as fast Fourier transform, phase space plot, and recurrence plot were 

used to explore the dynamics of the system appearing during plasma fluctuations. In 

order to demonstrate the observed chaotic phenomena in this study, characteristics of 

chaos such as the Lyapunov exponent were obtained from experimental time series 

data. The experimentally observed potential structure is confirmed with numerical 

analysis based on fluid hydrodynamics. 
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Inhomogeneous magnetised collisional dusty plasma is selected for study of two stream 

instability. Static magnetic field (𝐵0) is applied in z-direction and having obliqueness 

(θ) with the direction of propagation of plasma wave. Fundamental fluid equations are 

formed for equally dense electrons and ions, where ions are considered cold and singly 

charged along with stationary dust particles having unperturbed density. Normal mode 

analysis method with linear approximation is used to get perturbed densities (𝑛𝑖1, 𝑛𝑒1) 

and perturbed potential (𝜙1) to get dispersion relation.Using typical plasma parameters, 

profiles of growth rates for both the instabilities are observed with oblique angle, 

electrostatic potential, static magnetic field and dust density/charge. 
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We have constructed a full QLCA (Quasi-localized charged approximation) theory [1] 

for the strongly coupled rotating dusty plasma [2,3] and analysed their collective modes 

dispersion characteristic which are strongly depended on the strength of the Coriolis 

force acting exactly as Lorentz force. The obtained longitudinal dispersion relations 

show a finite jump of a frequency (2Ω) at k→0 which corresponds to the cyclotron 

frequency (𝑐  ) in the presence of magnetic field.  The close correspondence between 

strong coupling and weakly coupling limit of the theory have been emphasized in their 

dispersion relation at higher rotational frequency (Ω )  concludes that  rotation tend to 

reduce the coupling among the dust particles as observed in recent rotating dusty 

plasma experiments [3,4]. These results from theory predict that strong coupling effects 

compete with the strong magnetic effects in the rotating dusty plasma viz strong 

coupling effects are limited by the rotational frequency. 
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Study of runaway electrons (RE‘s) with energies in the several keV to tens of MeV is 

important considering its interaction with plasma facing components (PFC‘s) results in 

large heat loads, sputtering and melting of the vacuum chamber, especially for reactor-

scale devices such as ITER and DEMO. In order to provide methods to minimize the 

harmful effects of RE‘s on PFC‘s, a good understanding of the mechanism responsible 

for RE generation and transport is required.In ADITYA and ADITYA-U tokamak, 

extensive experimental studies related to runaway electrons, like, sawtooth induced 

runaway electron generation and transport, runaway mitigation using local vertical 

magnetic field perturbation and supersonic molecular beam injection (SMBI) fuel 

injection has been carried out [1-3]. These studies indicated the influence of magnetic 

field configuration and its various properties, like the presence of islands in rational 

flux surfaces, overlapping islands and interaction of island with plasma facing 

components, on RE confinement and transport. Moreover, amongst various RE 

mitigation schemes, magnetic field turbulence has long been realized to strongly 

influence the RE transport. The present work explains the mechanism of the 

confinement degradation for runaway electrons in presence of magnetic island and 

stochastic magnetic field configurations. To study relationship of MHD activity and RE 

deconfinement, events like, plasma disruption, impurity and fast fuel injection are 

analyzed. Based on these learnings, runaway mitigation technique via control of 

magnetic field turbulence is proposed for ADITYA-U tokamak.  
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Injection of energetic neutral beam (H
o
/D

o
) into tokamak plasma is successful method 

for plasma heating and current drive. The system which produced energetic neutral 

beam is called Neutral Beam Injection (NBI) system. Steady-state Superconducting 

Tokamak (SST-1) has a provision of Positive hydrogen ion-based Neutral Beam 

Injection (NBI) system to inject 0.5 MW neutral hydrogen power at 30 keV. The 

important component of NBI system is PINI (Positive Ion Neutral Injector) ion source 

which consists of plasma box, back plate, ion extractor system and neutralizer. The 

functions of the back plate are to provide the vacuum integrity to the plasma box, to 

accommodate magnet filament holders and to remove the heat load. In order to satisfy 

all these functions, back plate consists of (i) Oxygen Free Electronic (OFE) copper 

cooling plate of size 588 mm (L) × 318 mm (B) × 4 mm (T) machined of 35 inner and 

8 outer cooling grooves each of size 4
+0.1

mm (W) ×1.8
+0.2 

 mm(H)(ii) SS304L magnet 

positioning plate of size 667 mm (L) × 397 mm (B) × 27 mm(T) (iii) SS304L Magnet 

cover plate of size 590 mm (L) ×293mm (B) ×2mm (T). The copper cooling plate is 

vacuum brazed with magnet positioning plate using BINI-7 brazing material. Thermal 

analysis of back plate is very important in the view of thermos-structural stability. This 

paper described the 2D steady-state thermal analysis of back plate using the Finite 

Element (FE) numerical model with the help of ANSYS computer program considering 

cross-section of 31 mm (W) × 17 mm (H) for back plate. The model includes OFE 

copper cooling plate with five cooling channel each of size 4 mm (W) ×1.8mm (H), one 

magnet positioning plate with groove of 10mm (W) ×9mm (H) and magnet cover plate 

of 2 mm thickness. The heat flux boundary condition has been given to the outer top 

surface of the OFE copper cooling plate. The peak heat flux of 8 MW/m
2 

is given to the 

top surface near the magnet position whereas average heat flux of 2 MW/m
2
is given to 

the remaining top surface area of the OFE copper cooling plate. The convection heat 

transfer coefficient of 52 kW/ (m
2
K) is used as a boundary condition at the internal 

surface of a cooling channel near the magnet position while 44 kW/ (m
2
 K)at the 

internal surface of remaining cooling channels. The other surfaces of the model has 

been consider as adiabatic surface. The results of analysis shows the temperature 

distribution of OFE copper cooling plate and the maximum surface temperature is  

155 
0
C at the middle surface of OFE copper cooling plate near the magnet position. The 

maximum temperature around the magnet is observed to be 82 
0
C.  
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Institute for Plasma Research is developing an Experimental Helium Cooling Loop 

(EHCL) as a part of R&D activities in fusion blanket technologies. This helium cooling 

system is designed for testing various fusion components such as tritium breeding 

blanket and helium-cooled divertor. The cooling channels of breeding blanket and 

divertor comprise of complex channel geometry having several parallel channels 

carrying helium gas for efficient heat extraction. Several mock-ups of these systems 

need to be tested before finalizing the design and fabrication. In addition to the 

individual testing of mock-ups of breeding blanket and divertor, integrated operation of 

the loop as well as understanding the behaviour of the EHCL sub-systems [1] are very 

essential for the development of high-pressure, high-temperature (8.0 MPa, 300-500 

⁰C) Helium Cooling System for Indian Test Blanket Module [2 & 3]. This paper briefly 

discusses the process design, process & instrumentation details, and operating & design 

parameters of the EHCL system. It briefly discusses about the architecture of major 

subsystems and components of the loop. Performance of the lab scale circulator test 

loop with its associated loop are also presented in this paper. It also presents the 

progress on the ongoing installation works at IPR premises. 
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Effective absolute or near-absolute equilibria are much sought after in every plasma 

trapping device. One of the most successful device configurations where near absolute 

thermal equilibrium condition has been achieved, is a straight cylindrical trap with 

electrons/ions, called Penning-Malmberg traps. This non-neutral plasma device has 

been studied theoretically/computationally and experimentally, to explore the 

fundamental ideas (as for example: isomorphism between 2D inviscid Euler fluids, ion 

resonance instability). 

Finding a quiescent quasi-steady inhomogeneous, equilibrium state of a toroidal 

electron plasma, with excellent confinement properties of the plasma has been a long-

standing, open problem. One of the reasons is that, toroidal magnetic fields come with 

natural radial inhomogeneity, due to Maxwell's equations, which has been a deterrent in 

achieving an absolute equilibrium. In experiments a small fraction of ion population is 

inevitable, which leads to ion resonance instability resulting in destabilization of the 

electron cloud. In first part of this presentation, existence of a quiescent quasi-steady 

solution
[1]

 (QQS) is demonstrated in an axi-symmetric tight aspect ratio toroidal 

magnetic field configuration with pure electrons, using combination of a mean field 

theoretic extremum entropy solution and high fidelity 3D3V Particle-in-

Cell
[2]

simulations. Effect of controlled ion population on this state is also addressed
[3]

. 

In the second part, it is shown that this QQS solution is generalizable to 3D partial 

toroidal traps
[4]

, which due to confining end-plugs do not enjoy device axisymmetry. 

Conditions for this latter study are akin to experimental devices
[5]

. We report on several 

new findings related to the small aspect ratio toroidal electron plasma in the present 

numerical study. 
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The electrochemical performance of hausmanniteMn3O4nanoparticles (NPs) was 

enhanced by dopingwith one of the rare earth material cerium. The Ce-doped Mn3O4 

NPs was synthesizedby microplasma array discharge method. High electron density, 

continuous flow, small dimension and non-thermal plasma characteristics make 

microplasmasuitable method for nanomaterial synthesis.The precursor solution 

containing(cerium nitrate hexahydrate and potassium permanganate) was subjected to 

microplasma treatment for 30 minutes by air plasma. The cerium was successfully 

doped at various concentrations ranging from 3%, 5%, and 7% in the presence of 

radicals during microplasma discharge. After post treatment, the collected precipitates 

were subjected to different characterization techniques. XRD analysis revealed phase 

and crystallinity of the synthesized material. The Ce doped Mn3O4 NPs maintained 

tetragonal structure. Raman spectra analysis also confirmed the formation of Ce doped 

Mn3O4 NPs. FE-SEM analysis depicted that the produced NPs are in narrow range with 

spherical morphology,and mapping revealed the uniform distribution of Mn, O and Ce 

elements. The electrochemical studies involved cyclic voltammetry (CV), galvanostatic 

charge-discharge (GCD) and electrochemical impedance spectroscopy (EIS), and all 

the measured capacitive characteristics deliver the excellent capacitive performance of 

Ce doped Mn3O4 NPs at various concentrations. Hence the present work enlighten for 

the promotion of Ce doped Mn3O4 NPs as pseudocapacitive electrode material for 

supercapacitor application. 

 

Keywords: Microplasma discharge, Ce doped Mn3O4 NPs, Electrochemical 

performances 
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Atmospheric pressure plasma (APP) assisted material fabrication, as well as surface 

modification of materials, is a recently growing interdisciplinary research field in the 

interface between plasma and material science. Presence of a wide range of reactive 

species in the plasma zone which plays the role of reducing agent results in an intrinsic 

high chemical reactivity compared to ordinary chemical reaction media that offers 

several advantages in material processing. The high chemical reactivity leads this 

process to be quite rapid [1]. Despite this well-known process of plasma-assisted 

material preparation, one aspect of plasma synthesis technique that is still poorly 

understood is plasma-induced crystallization of materials. It is believed that heating of 

the particles due to collision between energetic short-lived as well as long-lived 

reactive species with the particles is responsible for the crystalline phase of the 

material[2]. 

Herein, we have developed a plasma-liquid reactor in such a way that the APP is 

produced above the liquid surface which is then transferred to the liquid medium. This 

work demonstrates rapid phase transition of amorphous to phase pure anatase TiO2 

using titanium butoxide (TTB) as the raw material. Upon hydrolysis of TTB white 

color precipitation is observed which results in amorphous TiO2. XRD spectra reveal 

that the crystallization process of TiO2 is very fast compared to the conventional 

annealing process for crystallization. 10 minutes of plasma treatment is sufficient for 

the phase transformation of TiO2. It is also observed that the crystallinity index 

decreases with the plasma treatment time. As in the conventional annealing process that 

is used for crystallization of material particles, the formation of phase pure anatase 

TiO2 is difficult to achieve, therefore, this plasma-induced crystallization can be 

regarded as an efficient alternative tool for crystallization of material. In addition, to 

investigate the plasma properties such as gas temperature and to confirm the formation 

of various reactive species in the plasma zone, OES spectra have been recorded.  
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In the dairy sector, thermal techniques such as high-temperature-short-time (HTST) are 

used to ensure milk safety and shelf life. While thermal treatments ensure milk safety, 

they can harm milk quality, such as protein denaturation, non-enzymatic browning, 

vitamin loss, and flavour alterations[1]. Dielectric Barrier Discharge (DBD) based cold 

plasma treatment [2] is an emergent and non-thermal method that can be used for milk 

decontaminationso as to ensure food safety while keeping milk quality. In this work an 

effort has been made to study the changes in the physical parameters of the milk like 

pH, conductivity, temperature, and colour after direct treatment of milk using a BDB 

based large volume surface plasma discharge system. The developed system is 

optimized for operational parameters and raw milk has been treated at different time 

intervals. The pH and colour characteristics of raw milk samples have not been affected 

by the proposed cold plasma treatment. Nevertheless, the conductivity of the milk has 

significantly increased which may help in reducing the harmful bacterial growth in the 

milk. After the continuous operation of the system even for more than 30 mins, there is 

no significant change in the raw milk temperature, which is a key success for milk 

decontamination using a cold plasma treatment in the developed DBD geometry. The 

results of these efforts will be presented.  
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In case of future generation reactors such as ITER, a controlled injection of impurities 

into the plasma, so called impurity seeding, is inevitable for radiative power dissipation 

and thus reducing the tungsten divertor plate temperatures and power load [1]. Argon is 

envisaged to be a good candidate in such scenario which can provide high radiated 

power, fine controllability and compatibility withplasma confinements. However, 

impurity injection often leads to modification of the main ion background plasma 

through fuel dilution and thereby causing confinement degradation. Consequently, for 

the operation of a future fusion reactor, it will be crucial to find an optimum seeding 

recipe which provides sufficient power dissipation and at the same time ensures a 

minimal detrimental impact on the confined plasma and the burn conditions. Hence it is 

of utmost importance to understand transport and behavior of such impurities inside the 

plasma. 

In case of Aditya-U tokamak, argon impurity transport study has been recently 

performed through high resolution spectroscopic diagnostics by measuring various line 

emissions in the visible and VUV region [1]. Using a recently upgraded high resolution 

multi-track visible spectroscopic diagnostic, spatial profile of Ar
1+ 

line emissions has 

been observed for the first time in Aditya-U plasma. The system consists of a 1.0 m 

f/8.7 Czerny – Turner spectrometer with a grating of 1800 grooves coupled with a CCD 

detector. All the observed line emissions of Ar
1+ 

ions have been identified using NIST 

database. Moreover, Ar
13+

 and Ar
14+

 line emissions at 18.796 nm and 22.115 nm 

respectively have also been observed using VUV spectrometer coupled with a CCD 

detector. From these measurements, argon transport through the estimation of the 

diffusion coefficient and convective velocity has been investigated by comparing the 

radial profile of Ar
1+

emission obtained by inverting the line-integrated Ar
1+

data, with 

those simulated using 1D impurity transport code. Together with this, line ratio Ar
13+

 

and Ar
14+

 emissions have also been used to estimate the transport parameters. Detailed 

experimental investigation of Argon transport in the edge plasma region of ADITYA-U 

tokamak will be discussed in the paper.  
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Optical emission spectroscopy (OES) based diagnostics of any plasma is a very popular 

technique due to its non-invasive nature. However, it requires a suitable population-

kinetic model to be coupled for the extraction of the plasma parameters viz. electron 

temperature and electron density. Particularly, for a low temperature plasma which 

deviates significantly from the equilibrium nature, one needs to utilize a consistent 

collisional radiative (CR) model to perform the diagnostics [1].  

In the present work, we have developed a fine-structure resolved CR model for the 

diagnostics of Ne-Ar mixture plasma which has several important industrial 

applications. We consider, the 40 fine structure resolved energy levels of neon 

corresponding 2p
5
3s, 2p

5
3p, 2p

5
3d, 2p

5
4s and 2p

5
4p along with its ground state (2p

6
) 

and ionic state (2p
5
). All the essential population and de-population channels viz. 

electron impact excitation-deexcitation, ionization, two/three-body recombination, 

radiative decay, self-absorption correction, diffusion, etc. have been considered in the 

model. The quenching of relatively higher lifetime states 2p
5
3s due to interaction with 

Ar atoms through associative and Penning ionizations is also included in the model. 

The applicability of our CR model is demonstrated by coupling it with the emission and 

absorption measurements of the Ne-Ar mixture plasma from a rf ICP discharge [2]. The 

plasma parameters viz. electron temperature, electron density and population 

distribution of levels at various mixture conditions are extracted. The obtained results 

are compared with the Langmuir probe measurements [2] and the associated emission 

model estimates [2]. The self-absorption correction (escape) factors and electron impact 

excitation rates at various Ne-Ar mixture concentrations are also presented. The details 

of the CR model along with the obtained various results will be presented in the 

conference. 
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The Tokamak plasma disruptions possess a significant threat to the device and limit the 

performance of any current or future tokamak operations. Under disruption, the vacuum 

vessel and the plasma-facing components (PFC) are subjected to a generous amount of 

heat, particles, and energy, which results in the degradation of the vessel's inner walls 

and PFC. A substantial amount of change of flux is also experienced, this introduces 

sizable electromotive force (EMF) in the vacuum vessel, PFC, and the peripheral 

subsystems. Such characterization advocates a detailed study of disruption, their 

triggering mechanism, and possible disruption mitigation strategies for any tokamak. 

Disruption characterization for the ADITYA tokamak has been studied for a range of 

plasma discharges and it has been found that different types of disruptions are taking 

place. Disruptions are seen at low and high edge safety factors which are associated 

with equilibrium and stability of the plasma. Disruptions leading to the density limit are 

also observed, where the line integrated electron density (ne) reaches up to the 

Greenwald density limit. However, it is also observed that with a higher 

Greenwald density limit the disruption is relatively slower. The current quench phase of 

disruptions are parameterized via the current quench time, quenching rates (average and 

instantaneous), current density, etc. tokamak plasma exhibits area-normalized plasma 

current quench time to be ~ 0.05 s m
-2

, and the current density at the disruption resides 

within ~1.1kAm
-2

. Disruptions are higher current densities are relatively slow. The ratio 

of the instantaneous to average current quench rate creeps up to 6, for a very few 

discharges, which indicates an extremely non-linear current pattern. The area-

normalized plasma current quench time displays an inverse proportionality with the 

edge safety factor which suggests the faster current quench with island growth and 

possible coupling.  
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Magnetic reconnection is a fundamental process observed in both astrophysical as well 

as fusion device plasmas. Although the sites of magnetic reconnection in the plasma are 

the local magnetic X-type null points, it is responsible for the change in the global 

magnetic field topology and converts a large fraction of magnetic field energy in the 

form of kinetic energy and bulk plasma heating. Hence, any change in the profile of 

plasma parameters around the reconnection site can potentially change the reconnection 

process and affects the system globally. Shear flow in the plasma is one of such 

parameters and its role in the reconnection process (see Ref. 1 and references therein) 

has been studied extensively in recent years. In the previous studies, the effect of shear 

flows on the magnetic reconnection has been explored along with tearing mode 

instability [2] and plasmoid instability [3] in the Harris-type current sheet only.  

 

In the present work, we study the role of shear flow on the magnetic island coalescence 

using Fadeev‘s equilibrium [4] using a 2D viscoresistive Reduced-MHD (2D VR-

RMHD) model [1]. We calculate the new scaling laws of various parameters like 

reconnection rate, reconnecting current sheet width, upstream magnetic field with 

respect to shear flow amplitude and shear length scale. We find the suppression of 

Kelvin-Helmholtz instability in the super-Alfvenic shear flows. Detail of this work will 

be presented. 

 

 

References: 

[1]  J. Mahapatra et. al., Phys. Plasmas 28, 072103 (2021).   

[2]  P. A. Cassak, Phys. Plasmas 18, 072106 (2011).   

[3]  M. Hosseinpour et. al., Phys. Plasmas 25, 102117 (2018).  

[4]  V. M. Fadeev et. al., Nucl. Fusion 5,202 (1965). 

 

 

 

 

  

mailto:jagannath.mahapatra@ipr.res.in/jaga.physics94@gmail.com


 

 

61 
 

Session: Space and Astrophysical Plasma ORAL-SP-2 

 

 
 

 

 

 

 

 

 

 

 

  



 

 

62 
 

Session: Space and Astrophysical Plasma ORAL-SP-3 

 

GENERATION OF KINETIC ALFVÉN WAVES BY MULTIPLE FREE 

ENERGY SOURCES 

 

Krushna Chandra Barik
1
*, Satyavir Singh

2
, and G.S. Lakhina

3
 

1,2,3 
Indian Institute of Geomagnetism, New Panvel-410218, India 

E-mail: krushna.b@iigm.res.in, satyavir.s@iigm.res.in, gslakhina@gmail.com  

 

The generation mechanism of ultra-low frequency (ULF) waves observed in different 

regions of Earth‘s magnetosphere is not understood completely, albeit various 

mechanisms, for instance, Kelvin-Helmholtz (K-H) instability, cavity modes, field line 

resonances etc. have been proposed so far. Further, the magnetospheric transition 

regions, such as, magnetopause, polar cusp, plasma sheet boundary layer (PSBL), 

magnetotail etc. are thick boundaries that support gradients in velocity, magnetic field 

and plasma density. These gradients along with ion beams which are observed in 

magnetospheric regions act as free energy sources and can excite plasma waves. A 

theoretical model is presented to investigate the generation of kinetic Alfvén waves 

(KAWs) by the combined energy sources of ion beam and velocity shear. The resonant 

instability of KAWs is discussed through a three component theoretical model 

comprising of background Maxwellian ions, non-Maxwellian kappa electrons and 

drifting Maxwellian beam ions. It is found that in velocity shear driven resonant 

instability of KAWs, the presence of parallel streaming (along the ambient magnetic 

field) beam ions has stabilizing effect, whereas, the counter streaming (opposite to 

ambient magnetic field) beam ions leads to larger growth of KAWs. On the other hand, 

in the ion beam driven resonant instability of KAWs, presence of negative velocity 

shear enhances the growth rate of KAWs, while the positive velocity shear has 

stabilizing effect. Further, it is found that presence of kappa electrons hinders the 

growth rate of KAWs. The effect of other plasma parameters, such as, temperature, 

plasma beta, propagation angle, ion beam number density etc. in the resonant instability 

of KAWs are also discussed. The generation of KAWs is attributed to explain few of 

characteristics of observed ULF waves. The model is able to excite KAWs with 

frequency up to ≈ (6.2− 93.4) mHz which falls in the range of ULF waves. 
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In India there is a specific requirement of high power pseudospark switches 

(particularly very high current ≥ 20 kA and very high voltage ≥ 20 kV) for many high 

energy research application areas of strategic and industrial needs, such as, pulse 

modulators, crowbar, shock wave generation, capacitor discharge in coil gun 

experiments, dense plasma focus, electromagnetic forming, kicker magnet, etc.[1-2] 

Such pseudospark switches (PSS) are being imported and have been subject to import 

restrictions from time to time.In this work, efforts have been made to indigenously 

develop PSS with enhanced voltage and current handling capabilities for fast pulsed 

power applications by optimizing the geometrical configurations and operating 

parameters. A coaxial multi-gap multi-channel and a radial multi-channel configuration 

of the PSS have been developed at CSIR-CEERI and analyzedwith respect to their 

underlying physics for high voltage and high current switching capabilities.   

The synergistic cascading of two gaps in coaxial multi-channel configuration has 

facilitated the development of double gap pseudospark switch (DG-PSS)for high 

voltage switching [3]. Accordingly, its breakdown behaviorhas been studied for optimal 

dependency of switching parameters on working pressure and charge transfer. The 

optimum performance of the DG-PSS has beenachieved in the pressure range of 30-45 

Pa. The time delay and voltage fall time are found minimum at the optimum gas 

pressure of 45 Pa and anode voltage 40 kV. The minimum delay time to breakdown and 

voltage fall time are recorded as ~100 ns and ~30 ns, respectively, which indicate faster 

switching. Continuous switching up to arate of 50 Hz in a burst of 50 shots has 

beendemonstrated successfully without any undesired breakdown events. The 

developed voltage divider circuit has helped in better coupling of plasma through 

thedrift region for coherent breakdown of both the gaps with lesser delay and jitter. 

During the repetitive operation, jitter of ~ 20 ns isachieved in thecurrent pulse at its 

optimum operating conditions. The switching characterization of the DG-PSS 

confirmed its suitability for high voltage,however at low to moderate current switching. 

During thehigh current switching, the axial discharge channels in coaxial PSS pinch 

due to strong Lorentz forces which limits its operation.  

In order to mitigate the critical issue of discharge pinching, a novel geometry radial 

multi-channel pseudospark switch (RM- PSS) with linear apertures has also been 
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designed and developed [4-6].The temporal and spatial evolution of the discharge 

through radial multi-channels is simulated using COMSOL software and field 

penetrationis analysed for simultaneous multichannel discharge. In this geometry of 

RM-PSS, the larger interaction distance among the discharge channels enabled itto 

commute high current without pinching. A peak current of ~135 kA atacharging 

voltage of 13 kV using a 14 μF capacitorhas been achieved successfully. A good 

correlation has been obtained between simulation and experimental results which 

further confirms that RM-PSS is appropriate for high current switching while DG-PSS 

is suitable for high voltage switching. The efforts made paves the way for indigenous 

development of high-power 40kV/5kA DG-PSS and 20kV/100 kA RM-PSS for the 

first time in the country. The results of these efforts will be presented. 
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Pulsed laser deposition (PLD) is one of the physical deposition techniques for thin film 

growth with a better stoichiometry, tunability, reproducibility and simplicity. It is a 

well adopted method of thin film deposition since decades and has proven its efficiency 

in producing industrial level films for various kind of applications. Keeping this in 

mind, a PLD system is assembled with the available instruments and a pulsed Nd:YAG 

laser. The CuO and Cu2O oxide thin films are synthesized using this system by tuning 

the ambient gas and pressure conditions. The crystallinity, surface morphology and the 

optical properties of the films were characterized by X-ray Diffraction (XRD), 

RAMAN spectroscopy, field emission scanning electron microscopy (FESEM) and 

UV-Vis spectroscopy respectively. The effect of ambient conditions on pure phase thin 

films synthesis has been demonstrated. The XRD and RAMAN spectroscopy show a 

transition of composite nanomaterial synthesis to pure phase Cu2O and CuO formation 

by tuning the ambient gas and chamber pressure. FESEM show the effect of chamber 

pressure on crystallite size. The optical absorption of the samples are studied using an 

in-house developed absorption setup using HR4000 spectrometer. From the absorption 

spectra, the bandgap energies are measured to be 1.53 eV and 2.45 eV for CuO and 

Cu2O samples respectively. A clear relationship between the band gap of the materials 

and the dye degradation efficiency was observed for both the samples. Photo induced 

dye degradation study of the samples is carried out under direct sunlight irradiation. 

Remarkable efficiency having the reaction rate constant of 0.020 min
-1

 with good 

recycling ability is shown by the samples. 
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We focus on interaction of laser with magnetized plasma in a particular configuration 

where laser is incident normally on a sharp plasma boundary and the applied magnetic 

field orientation conforms to the X-mode propagation of electromagnetic wave. This 

study has been carried out with the help of Particle-In-Cell (PIC) simulations using 

OSIRIS4.0.  The magnetic field is considered so as to magnetize the lighter electron 

species at the laser frequency. It is shown that when the laser frequency is less than but 

close to the lower hybrid (LH) frequency, (and hence is in the pass band of X-mode) it 

is able to propagate inside the plasma[1,2]. It then excites electrostatic lower hybrid 

perturbations and thus gets absorbed in the plasma, preferentially heating the ions. 

Furthermore, our simulations show the formation of magnetosonic excitations. These 

excitations essentially occur as a result of the ponderomotive pressure of laser on the 

sharp plasma boundary. Thus, arising even when the laser frequency is chosen to lie in 

the stop band of X-mode. The LH excitation and ion heating is totally absent for this 

case. Our study has relevance to laboratory as well as space plasmas where ion heating 

via lower hybrid wave occur and the formation of magnetosonic structures are 

observed.  
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AzadBinRajib (ABR) Quantum Gate is studied for data compression and loose 

compression with Quantum Shannon theory, von-Neumann theory and with Schur -

Weyl transform. The study is done for n length string or word by finding the density 

matrix as well for nth qubits state with fidelity. Application as Quantum 

communications. 

Keywords: Quantum gate, data compression,spectral density, fidelity 
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The modulation of nonlinear ion acoustic waves and stability conditions are studied in 

presence of electron-positron-ion (EPI) in warm plasmas by deriving a Nonlinear 

Schrödinger Equation (NLSE) with the help of modified reductive perturbation 

technique
1
 (MRPT). The progressive waves as well as steady state solutions are 

obtained. A duffing like equation is also obtained from NLSE and corresponding 

solution shows some different stability effect for wave number k. Depending upon the 

value of k the stability condition may be stabilized or destabilized. Analytical 

expression for the bright (drak) solitons are obtained and their effect on plasma medium 

are studied in details and presented graphically for different set of plasma parameter 

values.  (Keywords: NLSE, stability, soliton) 
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A novel nonlinear evolution equation governing the dynamics of high frequency 

electrostatic drift waves has been derived in an inhomogeneous magnetized plasma in 

the framework of a plasma fluid model. The corresponding linear dispersion relation 

arising out of the fluid equations has been studied in detail for conventional low 

frequency as well as recently observed high frequency electrostatic drift waves. The 

detailed analyses of fixed points as well as bifurcations of phase portraits have been 

performed using the qualitative theory of differential equations and bifurcation theory 

of planar dynamical systems through the first integral or equivalent Hamiltonian 

function of the system. Then some exact as well as approximate travelling wave 

solutions of the derived nonlinear evolution equation for high frequency electrostatic 

drift waves are obtained using the Hamiltonian function in case of all the fixed points. 

The possible applications of our novel results on the dynamics of high frequency 

electrostatic drift waves are discussed along with future directions for research in this 

field.  
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DRABRHtoken (ABRH) a decentralized cryptocurrency for future trading having 

application in buying different assets,tickets for flights, railways, buses, tourism such as 

holiday travels and hotels booking etc. Quantum cryptography is used to understand the 

technology behind the cryptocurrency in providing liquidity pools i.e 50-50 approach 

for assets, token sale market study, pricing and providing the knowledge on market 

capitalization using prime factorization and quantum cryptography. 
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In unmagnetized quantum plasma nonrelativistic highly dense degenerate electrons at 

low temperature and nonrelativistic nondegenerate ions are coupled with two-

dimensional electrostatic field. To investigate two stream instability in nonrelativistic 

degenerate inhomogeneous quantum plasma Normal Mode Analysis method is used. 

First order perturbation in densities and velocities of plasma species is calculated 

afterLinearization. The propagation vector of plasma wave makes an oblique angle with 

z-direction. The basic QHD equations are formulated for electrons and ions. The 

perturbed electrostatics potential is calculated using Poisson‘s equation with quasi-

neutrality condition. Using appropriate quantum plasma parameters, outlines of growth 

rates for instabilities are observed with oblique angle and electrostatic potential. 
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In the present study, we analyzed the growth rate for Modulational instability (MI) for 

both slow and fast modes in multicomponent unmagnetized plasma viz. H
+
H

-
, Ar

+
F

-
, 

and H
+
O2

- 
plasma systems at different temperatures of positive and negative ions. The 

non-Maxwellian distribution known as κ-deformed kaniadakis distribution has been 

applied to the electrons in the range of deformation parameter κ, -0.4≤κ ≤0.4. The 

Nonlinear Schrodinger equation has been derived by using the standard technique 

called Reductive Perturbation Method. It is observed that deformation parameter κ 

influences the MI criteria in both slow and fast modes. The obtained results are 

examined by deviating the different parameters such as deformation parameter κ, the 

temperature of positive and negative ions (σ1, σ2), mass ratio η, density ratio α, and 

modulational wave number KMI. The present research may be usefulinunderstanding 

the study of astronomical physics, non-linear waves of plasma. 

 

Keywords: Non-linear Schrodinger equation, κ-deformed Kaniadakis distribution, 

reductive perturbation method, modulational instability, multicomponent plasma 
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Electron Acoustic Waves (EAWs) are the low frequency branch of electrostatic plasma 

waves exist in neutralized plasmas, pure electron plasmas and pure ion plasmas.The 

present problem deals with the investigation of electron acoustic shock waves 

comprising cold electron fluid and hot electrons using modified burger‘s equation. The 

hot electrons are assumed to be featuring non-Maxwellian electron distribution which is 

modelled by a kappa distribution function followed by Schamel distribution. A shock 

wave is a strong pressure wave that propagates at a speed greater than the speed of 
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sound in that medium. In the present model, we analyzed the physical properties of 

shock waves i.e. width (δ) and amplitude () by varying the parameters kappa (κ) and 

trapping parameter (β) of dispersion and non-linear terms. 

 

Keywords: Modified Burger‘s equation, Schamel kappa distribution, Shock waves, 

Electron-acoustic waves. 
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Terahertz radiation generation has been reported in the presence and absence of 

damping mechanism when laser beat wave interact with spherical graphite 

nanoparticles (NPs). A cloud of electron and ions forms during interaction of laser beat 

wave with a spherical NPs. Strong nonlinear current at the laser beat-wave frequency 

allows emission of radiations in THz regime. Damping factor has been introduced in 

dynamics of electrons to include the electron-electron scattering. Beam decentred 

(BDC) parameter is introduced in the laser field profile that redistribute the laser 

intensity spatially. THz amplitude enhances significantly with BDC parameter when 

damping is considered in electron dynamics. Effects of damping can be controlled or 

tuned using the BDC parameter, laser intensity and with the enhancement of density 

modulation. 
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A theoretical model for THz generation by non-linear mixing of two q-Gaussian laser 

beams in a rippled density plasma is proposed. Beating of lasers of the same mode 

incident on plasma surface gives non-linear ponderomotive force which induces 

electron drift. This electron drift couples with the density ripple to produce a nonlinear 
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current. The nonlinear current drives the resonant THz radiation at the beat frequency. 

Density ripple provides the proper phase matching and enhances the THz generation 

efficiency. 
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A multi-cusp free, RF based Hˉ ion source is designed and developed at RRCAT, with 

external main RF antenna operating at 2 MHz, and a low power RF based ignitor 

system working at 13.56 MHz frequency. This source is expected to have high 

operating life and has been developed to serve as an injector for the high current 

negative hydrogen linac for long term pulsed proton accelerator program. Hydrogen 

plasma is produced through inductive coupling inside the plasma chamber using a high 

power (20-100 kW) RF source. To reliably start the plasma discharge in the plasma 

chamber, it requires sufficient background ionization inside the chamber which is 

created using 13.56 MHz ignitor [2]. To enhance the power coupling and localized RF 

heating, antenna has been covered by ferrites. In this paper, a finite element method 

(FEM) based multi-physics software COMSOL [3], has been used to simulate the 

process of inductively coupled RF plasma discharge at 2 MHz. The effect of ferrites, 

particularly an enhancement in power coupling, leading to electron plasma density 

enhancement is discussed. Electron plasma density as well as mean electron energy for 

inductively coupled plasma (ICP) are evaluated by solving the drift and diffusion 

matrix equations using COMSOL. RF magnetic field produced by antenna RF current 

is also calculated. The reaction rates averaged for important collisional reactions 

responsible for ions recombination and production [4], RF power and gas pressure are 

main input parameters for simulation. This simulation produces surface and 1-D -plots 

for plasma parameters, viz. plasma potential, temperature, resistance, density etc. in the 

plasma chamber as well as the field distribution due to RF antenna. Initial simulation 

results show an enhancement of up to 100 % in the plasma density with the ferrite 

cover in RF heating using RF peak current of 100 A. This paper will present detailed 

results with and without the ferrite cover around the 2 MHz RF Antenna. 
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The plasma physics has mainly gave all attention on systems represented by high 

temperature and low densities, for which quantummechanical effects have almost no 

force of meeting importantly has an effect on its macroscopic properties . 

quantumplasma can be made up of electrons, positrons, ions, and charged nano 

particles particle is a new coming-to-be-important and rapidly growing subfield of 

plasma physics . The high relation between mass and size, low-temperaturequantum 

Fermi plasma is importantly different from the low-density, high-heat Greek and Latin 

plasma doing as ordered Maxwell-Boltzmann distribution. 

Keywords: quantum plasma,electrons, positrons, ions, Maxwell-Boltzmann 

distribution, low temperature. 
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When driven out of equilibrium, many physical systems may spontaneously exhibit 

various different kinds of pattern formation which are much richer than traditional 
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phase transitions in equilibrium systems and may be extremely challenging to predict, 

as such is a very interesting field of research. 

 

Lane formation [1,2] is an important representative of non-equilibrium phase transition. 

We focus on a 2-D Pair ion (PI) plasma system and explore the lane formation 

dynamics using Langevin Dynamics (LD) simulation [1], specifically, both in presence 

and absence of the external magnetic field the influence of the obstacle and geometric 

aspect ratio is studied [3]. Lanes are found to form when like particles move along or 

opposite to the applied field direction. Lane order parameter, cumulative order 

parameter and the distribution of the order parameter have been evaluated to detect 

phase transition. Here, specular reflective boundary condition is implemented to mimic 

an obstacle. We demonstrate that obstacle promotes the merging of lanes for small 

aspect ratio values and the system transits into a partially mixed state for higher aspect 

ratio values. Furthermore, an appearance of void is observed on either side of the 

obstacle. The study in presence of the external magnetic field promotes acceleration of 

the phase transition process towards lane mixing phase, it also reveals the existence of 

the electric field drift in the system. This work provides a fundamental understandingof 

non-equilibrium lane formation phenomena in the naturally occurring PI plasma [1] 

systems and have important implications in technology, for example, from determining 

the uniformity of plasma surface treatments [4], particle separation in microfluidic 

devices [5] and many more. In this work, the details of the above study will be 

presented. 
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This work presents the study of second harmonic generation (SHG) in a collisionless 

plasma by an intense self-focused cosh-Gaussian laser beam. The second harmonics of 
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a cosh-Gaussian laser beam is generated by the excitation of an electron plasma wave at 

the pump frequency. The excited electron plasma wave is coupled with the pump laser 

beam and produce radiation of double frequency. This work has been done under a 

higher-order paraxial ray approximation in the presence of a combined effect of 

relativistic and ponderomotive non-linearity. Nonlinear differential equations have been 

established for the self-focusing of the cosh-Gaussian laser beam in the plasma, the 

generation of electron plasma wave at the pump frequency, and the second harmonic 

generation. Numerical simulations have been carried out to investigate the effects of 

laser and plasma parameters such as incident laser intensity (a), decentred parameter(b) 

and relative plasma density (ωp0/ω0) on the self-focusing of the laser beam and the 

electric field associated with electron plasma wave and second harmonic wave. 

Numerical analysis shows that these parameters play an important role in the process of 

second harmonic generation in laser plasma interactions.  The results show that the 

focusing of cosh-Gaussian laser beam, electric field of electron plasma wave and 

second harmonic wave increases with increasing the values of (a), (b) and (ωp0/ω0). 

The results are also compared with paraxial-ray approximation.It is observed that the 

focusing of the laser beam, electric field associated with electron plasma wave and 

second harmonic wave become enhance in the higher-order paraxial region. 
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The recent work of Sardar et al. [1] on the existence and stability of the small amplitude 

dust ion acoustic solitary waves in a collisionless unmagnetized plasma consisting of 

warm adiabatic ions, static negatively charged dust grains, isothermal positrons, and 

nonthermal electrons due to Cairns et al. [2] has been extended by considering 

nonthermal electrons having a vortex-like velocity distribution due to Schamel [3,4] 

instead of taking nonthermal electrons. This distribution takes care of both free and 

trapped electrons. A Schamel‘s modified KadomtsevPetviashvili (SKP) equation 

describes the nonlinear behaviour of dust ion acoustic waves in this plasma system. The 

nonlinear behaviour of the dust ion acoustic wave is described by the same 
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KadomtsevPetviashvili (KP) equation of Sardar et al. [1] when B = 0, where B is the 

coefficient of nonlinear term of the SKP equation. A combined SKP-KP equation more 

efficiently describes the nonlinear behaviour of dust ion acoustic waves when B → 0. 

The solitary wave solution of the SKP equation and the alternative solitary wave 

solution of the combined SKP-KP equation having profile different from both sech
4 

and 

sech
2 

are stable at the lowest order of the wave number. It is found that this alternative 

solitary wave solution of the combined SKP-KP equation and its lowest order stability 

analysis are exactly the same as those of the solitary wave solution of the KP equation 

when B→0. 
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We have analytically demonstrated a structure supporting the excitation of terahertz 

surface plasmon wave. Special properties of semiconductor leads them to support 

terahertz surface plasmon wave.. An ultrathin semiconducting film (InSb) is deposited 

on a dielectric slab made up of Glass. The dispersion relation for the structure 

consisting of a glass slab and a semiconductor is calculated assuming the Drude model 

for permittivity of semiconductor. The pot shows linear variation of frequency with 

wave vector at low frequency but as the frequency increases there is a gradual variation 

of frequency and wave vector leads to terahertz surface plasmon wave generation. This 

type of structure can be use full in THz spectroscopy, sensing and other potential 

applications.  

 

 

  



 

 

77 
 

BPT-P-16 

OBSERVATION OF E x B ELECTRON DRIFT INSTABILITY IN HALL 

THRUSTERSIMULATION 

 
Sneha Gupta1, Debraj Mandal2, Devendra Sharma1 

1Institute for Plasma Research, Gandhinagar – 382428, India 

1Université de Lorraine, Institut Jean Lamour, Nancy - 54011, France 

E-mail: sneha.gupta@ipr.res.in 

 

Hall thrusters are electrostatic ion accelerators which have application in satellite 

propulsion. Theyemploy a combination of an externally applied crossed electric and 

magnetic field in order togenerate and accelerate ions. In this configuration, E x B drift 

instability is frequently observed in allthe Hall thruster experiments as well as 

simulations. This instability has a dominant role in thegeneration of cross-field particle 

transport also known as anomalous transport.In the present study, we intend to 

characterize the E x B drift instability in the Hall-Thrusterconfiguration and also 

analyse their effect on the cross-field particle transport. For this, a 2D Particle-In-Cell 

simulations (PIC) are performed by means of an open source code XOOPIC to get an 

insightinto the physics of anomalous cross-field transport in Hall thruster devices. E x 

B drift instability isgenerated for a fully ionized Xenon plasma in the presence of an 

externally applied axial electricand radial magnetic field configuration akin to real Hall 

thrusters. Depending on the strength ofelectron current taken, different unstable modes 

of the E x B electron drift waves are generated andeventually saturated by the ion 

trapping. These modes seem to follow a linear dispersion relation of amodified ion 

acoustic instability. Finally, in the presence of different modes of the E x B drift 

waves,the cross-field electron transport also changes significantly. 
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In plasmas, where the de-Broglie wavelength of the charge carriers is comparable to the 

dimension of the plasma system, quantum mechanical effects are expected to play a 

major role in thebehavior of charged plasma particles. In recent years, quantum effects 

have proved to play a crucialrole in ultrasmall electronic devices, laser plasmas and 

dense astrophysical plasmas. The one and twostream instabilities in quantum plasma 

have been studied by various authors but all the previousstudies considered electrons as 
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a single fluid of macroscopically averaged spin-1/2 plasma. Theearlier papers did not 

show a full picture and didn‘t took spin-up and spin-down interaction force 

intoaccount. Very recently, a modified separate spin evolution (SSE) treatment of 

electrons inaccordance with Pauli equation has been developed. 

 

In the present paper, using the modified SSE-QHD model the two-stream instability for 

a circularly polarized electromagnetic wave propagating through a high-density 

magnetized quantumplasma has been presented. Spin-up and spin-down electrons have 

been taken to be separate speciesof particles and spin-spin interaction picture has been 

developed. The effects of quantum Bohmpotential, electron Fermi pressure and spin 

have also been taken into account. The dielectric constanttensor using which the 

dispersion relation of two-stream as well as the beam-plasma instability hasbeen 

obtained. The results indicate that quantum effects and thermal effects play important 

rolesalongwith the spin polarization produced by the spin interaction of spin-up and 

down species of theelectron. The critical wave number for beam-plasma instability in 

magnetized quantum plasmas hasalso been described in the paper and effect of spin 

polarization has been analyzed. 
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Nonlinear mixing (NLM) of waves generates the cascade of frequency by coherent 

nonlinear interaction between the two or more system modes. The NLM is found in 

physical systems that can sustain large amplitude waves [1]. Typically in optical 

mediums,  three and four-wave mixing are observed due to the second-order and third-

order nonlinearity in their susceptibility, respectively. In this paper, we demonstrate the 

nonlinear mixing phenomena in dusty plasmas that have fluid-like spatial-temporal 

nonlinearity. We have used the Korteweg-de Vries (KdV) model representing the 

weakly nonlinear regime of dusty plasma dynamics [2] along with periodic forcing. 

The nonlinear mixing phenomenon has been explained using a semi-analytic solution 

of the forced-KdV (fKdV) model driven with a time-dependent forcing. While for the 

travelling wave forcing form, the fKdV has been solved numerically. The coherent 

nature of modes is predominantly due to the three-wave mixing mechanism as 

confirmed via bispectralanalysis [3]. The theoretical model of wave mixing also shows 
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promising similarities with mixing results obtained in earlier conducted dusty plasma 

laboratory experiments [4]. 
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The dynamics of low temperature magnetized multi-component dusty plasma sheath 

structure is explored with finite ion temperature in the presence of an oblique magnetic 

field. Using three-fluid hydrodynamic model [1], dimensionless equations are obtained 

and solved numerically using RK4 numerical method. Impacts of magnetic field 

strength, dust and plasma number densities, velocities, and the electron temperature on 

the sheath structure are investigated. In presence of a magnetic field and charged dust 

grains, the ion bunching at the sheath edge is observed and a qualitative explanation to 

the phenomenon is presented. It is also observed that the dynamics of sheath potential 

substantially change in presence of charged dust species. In addition, we investigated 

the influence of applied magnetic field strength at different incidence angles on the 

plasma parameters inside the sheath.   

The output of our work has technological importance for many applications of low-

temperature plasma where dust particles are omnipresent. For example, plasma surface 

modification of the polymers, fusion applications, and many more. 
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A charging kinetic model has been developed to analyse the characteristics of sputtered 

metal particles in pseudospark (PS) discharge plasma at low pressure. The sputtered 

metal particles probably arise because of the heating of the cathode surface due ion 

bombardment and distributed into the discharge plasma [1-5], which is responsible for 

the stability and confinement of the generated plasma in PS discharge configuration. 

The present investigation has been carried out for the charging, heating and evaporation 

phenomenon on the surface of the sputtered particles under the influence of high 

energetic electron beam and background electron-ion plasma. This theoretical and 

analytical model has explained the time scale of critical temperature (time of 

sublimation) and evaporation time of the sputtered particles on the basis of charging 

phenomenon. The obtained evaporation time of the sputtered particles are around 10 

nano second (ns) to 10 micro second (µs), which is in correlation with the time of 

experimentally observed metal vapor density in various literatures [6-7]. It is also 

observed that bigger particles have taken longer time for evaporation than smaller one. 

The obtained value of critical temperature is 1500K, which also comes in the range of 

experimentally observed temperature of metal vapor density [7]. The obtained results 

have motivated for further investigations for better understanding of the formation of 

discharge plasma with metal vapor in pseudo spark discharge configurations, which are 

difficult to analyse experimentally. 
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Excitation of electromagnetic fluctuations in magnetized plasma in laboratory 

experiments, e.g., the Large Volume Plasma Device (LVPD), with a dominant low-

frequency component (ωci<ω<ωce) is recently observed to be accompanied with 

several characteristic features, including their dependence on beam electron energy and 

strongly oblique propagation [1]. The present study investigates the strong quasi-

longitudinal character of these excitations in the parameter range nearly of the 

laboratory experiments [1]. The findings include that the waves propagating at 

sufficiently oblique angles exclusively undergo a nonlinear steepening while their 

propagation remains regular at smaller angles irrespective of the amplitude and the time 

of evolution of the initial perturbation. It is additionally concluded that for such 

excitations, the longitudinal electrostatic waves and obliquely propagating 

electromagnetic components are not independent of each other due to the presence of a 

large longitudinal electric field parallel to the ambient magnetic field B0. These 

inferences are relevant to resolving the energy dissipation issue of the observed chorus 

in experiments and the associated spectral scaling of the electromagnetic wave 

turbulence in weakly magnetized space and laboratory plasma.  
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Wavelet transform is a powerful mathematical tool that decomposes and cuts the data 

into various coefficients giving a time-scale representation of the signal. It is, indeed 

useful for analyzing of non-stationary signals because it could capture transient events 
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and provide spectral features over time and frequency. In the present work, we 

investigate the formation of anodic Double Layers (DLs) in DC glow discharge plasma 

from two separate voltage power supplies under different conditions like change in 

voltage, pressure etc. The power supply V1 is used to initiate the discharge and 

produced plasmas, which is then is maintained stable throughout the chamber by 

keeping at constant voltage = 750V. The other power supply V2 (used in range of 0-

200V) is used to create the DLs when the current is passed through plasmas. The 

floating potential oscillations corresponding to various changes in voltage V2 are 

observed and recorded in a digital oscilloscope. While observing and analyzing the 

oscillations, it is found that the system undergoes periodic nature to chaotic nature i,e, 

turbulent flows in plasma . The current research will be highly useful in understanding 

the basic mechanism of oscillations, studying space plasma physics and its near 

environment like auroral dynamics and the complex non-linear entity of plasma. 
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A hydrodynamic matrix for a fluid is derived from fluid momentum equation 

supplemented with energy and continuity equations [1]. It relates the variations of 
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microscopic density, current and temperature with their respective initial values in 

terms of various transport coefficients such as thermal diffusivity, viscosity and 

acoustic speeds. Thus, an autocorrelation function can be obtained analytically from the 

hydrodynamic matrix in terms of these transport coefficients providing a framework to 

use in molecular dynamics (MD) simulations. In this framework, the particle 

trajectories obtained from MD simulations are used to generate density autocorrelation 

function (DAF) and best fitted through transport coefficients using nonlinear least 

square routines. The transport coefficients obtained from this method across the 

coupling regimes are compared with existing models and results. It has been observed, 

counter-intuitively,  that even when the analytic treatment involved in obtaining DAF 

assumes a simple fluid description i.e. uncharged fluid with no memory effects, yet the 

model seems to be working for strongly correlated charged systems such as dusty 

plasma with coulomb coupling parameter  > 1. To address this, we discuss a new 

approach to treat this problem using the Generalized Hydrodynamic model [3]. A 

method to obtain the hydrodynamic matrix for coupled charged liquids will be 

discussed and an attempt to address the application of this model on MD simulations of 

Dusty Plasma will be presented. 
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In non-equilibrium systems, transport in general is achieved with the help of gradients 

in the system. When system becomes small, fluctuations become dominant and 

transport becomes complex. In such noise dominated systems, asymmetric potential 

profile called Ratchet is used to have directed motion in the system. Ratchet systems[1] 

are an important class of study as it helps achieve control over the transport properties 

of the system. Protein motors is one such example which work in complex 

environments dominated by fluctuations and help achieve inter-cellular transport in a 
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controlled manner. There is another class of particles called active particles whose 

motion is self-directed for example, the motion of bacteria. 

 

Active Yukawa systems [2] or Complex plasmas with ‗Janus‘ particles act as an 

interesting testing ground to perform such studies. In our study, we show that for a 

range of parameters transport can be achieved in passive Yukawa systems [3] having 

―zero-average forces‖ with the help of asymmetric potential profile called Ratchet. We 

show that how relative strength of particle-particle interaction with respect to particle-

ratchet interaction can affect the dynamics of the system. We further investigate 

through active Yukawa particles whether activity assists or suppresses the directed 

motion in Ratchet systems. The study might prove useful for controlled drug delivery.   

 

References: 

[1]  P. Reimann, Brownian motors: noisy transport far from equilibrium, Physics 

reports 361 (2-4) (2002) 57–265. 

[2]  S. De Karmakar and R. Ganesh, Phase transition and emergence of active 

temperature in an active Brownian system in underdamped background, Phys. 

Rev. E 101, 032121 (2020). 

[3]  A. Chugh and R. Ganesh, Emergence of directed motion in a 2D system of 

Yukawa particles on 1D Ratchet, Under Review (2021). 

 

BPT-P-25 

 

ROTATIONAL KELVIN-HELMHOLTZ INSTABILITY AND ANOMALOUS 

TRANSPORT IN A 2D STRONGLY COUPLED YUKAWA LIQUID 

 
Suruj Kalita, Rajaraman Ganesh 

 Institute For Plasma Research, HBNI, Bhat, Gandhinagar, Gujarat, 382428 

E-mail: suruj.kalita@ipr.res.in 

 

Kelvin-Helmholtz (KH) instability is a well known example of instability in 

Hydrodynamics, whichmay be regarded as ―supercritical‖ in nature, meaning, KH has a 

linear stability threshold, in contrast to plane Couette flows [1] which are known to be 

``subcritical''. Planar KH instability has been studied in 2D Yukawa liquids using "first 

principles" molecular dynamics simulation [2]. In the present work, we investigatethe 

KH instability in 2D Yukawa liquid and the ensuing anomalous transport in an 

annularrotating flow. A strongly correlated Yukawa liquid is thermalized 

between annular regionsin 2D using an inner and outer wall. A vortex strip when 

appropriately initialized, is shown to get destabilized linearly when perturbed with 
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appropriate mode number. For certain ``wall conditions'', it is shown that the transport 

in the angular direction can become super-diffusive. This and related details will be 

presented. 
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Study of ion–acoustic double layers in magnetized plasma with positive and negative 

ions and nonthermal electrons. The modified Korteweg-de Vries (m-KdV) equation is 

derived using reductive perturbation method (RPM).  The effect of nonthermal 

electrons, magnetization, obliqueness angle (where obliqueness angle is the angle 

between wave vector and magnetic field) and negative ions on ion-acoustic 

compressive and rearafactive double layers are discussed in details.  For a given set of 

parameter values, increases in the magnetization (the obliqueness angle), increases 

(decreases) the width of the compressive and rarefactive double layer, however the 

amplitude of the double layers have no effect.The amplitude and width of (Ar
+
, F

-
), 

(H
+
, H

-
) and (H

+
, O2

-
) plasmas are discussed in details. 
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Helium houses many peculiar phenomena owing to its light mass and small size that 

cause the onset of quantum behaviour even at a higher temperature (T) (~ 100 K) and 

atmospheric pressure. Therefore, in these temperatures, helium shows varying transport 

and structural phenomena with decreasing temperatures. Such behavioural changes of 
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helium get reflected in the cryoplasma produced in it, in terms of drastic dynamic and 

energetic changes below T = 50 K [1]. Further, these microplasmas are generated in 

dielectric barrier discharge electrodes (DBD), and the whole system is enclosed 

suitably in a metallic vessel. These confinements further complicate the system by 

restricting the molecular motion in the direction of confinement. Thus, in this 

presentation, we aim to present the molecular dynamics study of (i) the gaseous helium 

system in the temperature range of 150 K to 30 K and atmospheric pressure, and (ii) the 

effect of confinement on neutral helium gas in the aforementioned state points. These 

exercises are expected to connect plasma physics with molecular, chemical, and low 

temperature physics. 

 

The confining effect of ideal reflective walls on the dynamics of hard sphere gaseous 

systems (argon) has been studied in depth at room temperature [2]. In order to 

incorporate the long range forces of gaseous interactions and gas – wall interactions, we 

study a helium gas system first as a bulk gas, and then in the presence of two parallel 

metallic (Fe) walls, that confine the gaseous system along X direction. The gaseous 

interactions are modelled using Lennard-Jones potential, and wall particle - gas particle 

interactions are guided by Morse potential.  

 

We observe a visible transition in the gas behaviour and its transport phenomena as the 

temperature decreases below 50 K in both the bulk and confined systems. For in depth 

assessment of the transition, we examine gaseous potential energy, velocity 

autocorrelation function (VACF), mean square displacement (MSD), and time windows 

of ballistic to diffusive transition for both systems. The directional analysis of VACF 

and MSD in confined system shows the sub-diffusive modes present in the molecular 

motion. The time window of diffusive to sub-diffusive transition shows strong 

temperature dependence. We find concluding evidence of increasing temperature from 

30 K to 150 K, causing increased confinement effect.  
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Plasma is a medium where its constituents behave collectively. When perturbation of 

any kind i.e. electrical or magnetic nature is introduced in the plasma, charge particles 

of plasma try to shield these external perturbations. During this endeavour, current and 
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charge densities are formed in the plasma. These current fluctuations further become 

the source of various fundamental modes of plasma itself. Dynamics of plasma changes 

by introduction of an external magnetic field. In the presence of a constant magnetic 

field, fundamental modes of plasma are enriched and several of them are hybrid in 

nature i.e. dynamics of electrons and ions both are involved. In this work, we are going 

to show the effect of strong magnetic fields on the plasma dynamics. This strong 

magnetic field is such that it doesn‘t give any chances to plasma species to form any 

current and charge sources. Any electromagnetic wave can propagate freely through 

such plasma without going through any dispersion. In our Particle- In- Cell (PIC) 

simulation study, we choose X-mode geometry i.e. (k⊥B0⊥El (Laser Electric field)) 

and by applying strong magnetic fields such that ωce (electron cyclotron frequency) 

>ωci (ion cyclotron frequency) >ωl (incident laser frequency), we observe near total 

transmission of an electromagnetic wave through the plasma. Further, theoretical 

analysis has shown that in the cases where ωce>ωci>ωl has been followed, the 

resonances and cut-off frequencies approach each other and effectively the stop band 

width diminishes. This study finds its relevance in various astrophysical systems where 

strong magnetic field sources are present and radiation is continuously passing through 

the plasma present in such an environment. New magneto-optical devices can be 

fabricated based on this study. 
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Among the plasma Wakefield acceleration scheme, Trojan horse scheme is a hybrid 

plasma Wakefield acceleration. In this method, laser controlled electron's release is 

directed into an e-beam driven plasma Wakefield acceleration. That paves the way for 

controllable, shapeable electron bunches with ultra-low emittance and ultra-high 

brightness. In this work, the trojan horse method and the effect of frequency-chirp 

ionization laser is analysed on electron bunch acceleration properties via two-

dimensional particle in cell simulations. It is found that the electron injection and 

trapping process can be significantly influenced by introducing frequency-chirp in 
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ionization laser. The scheme is an ideal candidate for photon such as free-electron-

lasers and those based on Thomson scattering and betatron radiation alike. 
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A negative ion plasma comprising non-degenerate positive ions, negative ions, and 

relativistically degenerate electrons is considered to study the large-amplitude ion-

acoustic solitary (IAS) waves. Sagdeev‘pseudopotential technique has been used for the 

existence of arbitrary-amplitude IASs, and the Mach number domain  21 MMM   

is determined numerically in terms of various plasma parameters. It is seen that the 

compressive and the rarefactive IAS can exist in such plasma systems. Furthermore, the 

effect of various plasma parameters such as negative to positive ions density ( f ), 

degenerate electron density ( k ), relativistic factor ( ), temperature ratio ( ), the mass 

ratio (  ) and the Mach number ( M ) on the characteristic of IAS waves are also 

discussed. Our result may be helpful to understand the essentialaspect of nonlinear 

solitary waves in an astrophysical and space plasma, where negative ions are present.  
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Diffusion of a three-dimensional dust ensemble embedded in a flowing plasma is 

investigated as a function of magnetic field (B) and normalized ion flow velocity (M) 

using Langevin dynamics simulation. Here, we have modelled our system considering a 

binary Yukawa inter-particle interaction together with particle-wake interaction. It is 

found that the asymmetric wake potential created due to streaming ions drive the dusty 

plasma from sub-diffusive to the super-diffusive regime. A novel wake dominant 

regime is identified that shows super-diffusive behaviour for suitable adjustment of the 

magnetic field. Both Cross field (D┴) and parallel (D||) diffusion coefficients are 
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sensitive to magnetic field, even when the field strength is weak. The nature of 

dependence of the perpendicular and parallel diffusion coefficients on B depends on 

several factors like state of the system, ion flow velocity and effective interaction 

potential. The dependence of cross-field diffusion coefficient on magnetic field exhibits 

three distinct behaviours characterized by (a) B
2-3

 for ultra-low magnetic field and 

strongly correlated state, (b) B
0.1

 for moderate magnetic field, and (c) classical B
-2

 for a 

relatively large magnetic field. Our analysis shows that the magnetic field is mediated 

via the streaming ions in the regime (a) and (b) of relatively low magnetic field where 

the dependence of diffusion coefficient on the magnetic field is faster than the usual 

classical regime.  
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For deep space missions, electric propulsionbased thrusters are far more efficient than 

their chemical counterparts due to their very high fuel efficiency and operational 

longevity [1,2]. Some of the electric propulsion devices are based on the concept of 

magnetic nozzle (MN), which has a similar role like the classic de-Laval nozzle used in 

chemical thrusters. In a magnetic nozzle, the convergent-divergent magnetic field lines 

guide the plasma expansion by converting the random thermal energy of electrons into 

the directed kinetic energy of ions producing a significant amount of thrust [3]. Using 

classical trajectory simulations, we model the collision-less plasma expansion in a 

paraxial magnetic nozzle which has nearly uniform axial magnetic field over the radial 

plasma beam cross-section [4]. 
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Excess energetic (superthermal) particles have been found in different types of plasma 

environments, including astrophysical plasmas like the ionosphere, auroral zones, and 

laboratory plasmas. Superthermal particles may arise due to the effect of external forces 

acting on the natural space environment plasmas or to wave particle interaction. 

Plasmas with an excess of superthermal non-Maxwellian electrons are generally 

characterized by a long tail in the high energy region. Vasyliunas introduce the 

distribution function (Kappa distribution) of these superthermal particles (Vasyliunas 

1968). Trapping of electrons has also been observed in space plasma and laboratories, 

where some plasma particles are restricted and bounce back and forth in a limited area. 

The formation of phase space holes caused by electron trapping in the wave potential 

may prevent electrons from following the Maxwellian distribution. The phase speed of 

the electron acoustic wave is much larger than the thermal speeds of cold electrons and 

ions, but is usually smaller than the thermal speed of the hot electron component in case 

of isothermal electrons. In the present investigation, electron-acoustic waves (EAWs) 

have been investigated in the plasma containing hot and cold electrons. The hot 

electrons are expected to follow non-Maxwellian-trapped electron distribution 

modelled by a kappa distribution function combined with Schamel distribution. By 

using appropriate stretched coordinates and reductive perturbation theory the Schamel-

KdV equation for small but finite amplitude EAWs has been derived. The influence of 

superthermal and non-isothermal parameters on the present plasma model is 

investigated. The presented investigation may be helpful to understand the study of 

nonlinear waves in the astrophysical plasmas. 

Keywords: Electron-acoustic waves, Schamel-kappa distribution, SchamelKdV 

equation, Reductive perturbation theory. 

 

References: 

[1]  Vasyliunas V M (1968) A survey of low-energy electrons in the evening sector 

of the magnetosphere with OGO 1 and OGO 3. J Geophys Res.73: 2839-84. 

 

 

  

mailto:gurmant-2052002@pau.edu


 

 

91 
 

BPT-P-34 

ROTATIONAL PROPERTIES OF ANNULUS DUSTY PLASMA IN A STRONG 

MAGNETIC FIELD 
 

Mangilal Choudhary, Markus H Thoma Markus 

Institute of Advanced Research Gandhinagar 

E-mail: jaiijichoudhary@gmail.com 

 

The collective dynamics of an annulus dusty plasma formed between a co-centric 

conducting (non-conducting) disk and ring configuration is studied in a strongly 

magnetized radio-frequency (rf) discharge. A superconducting electromagnet is used to 

introduce a homogeneous magnetic field to the dusty plasma medium. In absence of the 

magnetic field, the dust grains exhibit thermal motion around their equilibrium position. 

The dust grains start to rotate in an anticlockwise direction with increasing magnetic 

field (B > 0.02 T), and the constant value of the angular frequency at various strengths 

of the magnetic field confirms the rigid body rotation. The angular frequency of dust 

grains linearly increases up to a threshold magnetic field (B > 0.6 T) and after that its 

value remains nearly constant in a certain range of magnetic field. Further increase in 

magnetic field (B > 1 T) lowers the angular frequency. Low value of the angular 

frequency is expected by reducing the width of the annulus dusty plasma or the input 

power. The azimuthal ion drag force due to the magnetic field is assumed to be the 

energy source which drives the rotational motion. The resultant radial electric field in 

the presence of a magnetic field determines the direction of rotation. The variation of 

floating (plasma) potential across the annular region at a given magnetic field explains 

the rotational properties of the annulus dusty plasma in the presence of a magnetic field. 
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The study of nonlinear wave-particle interactions in plasma is a fascinating field of 

research in non-linear plasma physics. Here, we study the nonlinear dynamics of 

electrons, initially following a Maxwellian velocity distribution, in the presence of a 

nonlinear plasma wave travelling along one dimension, using an in-house developed 

test-particle simulation code. At the outset, linear analytical theory has been verified 

from the simulation results. Studies have been further extended to the non-linear regime 
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and the changes in the electron dynamics have been noted for a wide range of initial 

input parameters. We envisage to extend our research to the relativistic regime also. 
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We report the phase mixing process of lower hybrid modes in cold electron-ion plasma 

immersed in a uniform magnetic field. The nonlinear evolution of this low frequency 

mode is studied in the frequency range of Ωci≪ω≪Ωce. In this range it is justified to 

treat the ions as un-magnetized and considering the contribution of electron inertia in 

the x-component to be negligible. The quasi-neutral plasma approximation is also 

relaxed. The dispersion relation for such mode can be written as { ω2=ω2pi 

(1+ω2peΩ2ce)}**. Simple perturbation technique is used to analyze the spatio-

temporal evolution of such mode. It is shown that an initially excited lower hybrid 

mode gradually loses its coherent nature as a result of phase mixing. Eventually the 

wave breaks at an arbitrarily low amplitude. An estimate of the phase mixing time is 

provided which is found to increase as we increase the strength of the applied magnetic 

field. The results are of relevance to the field of space science and laboratory 

experiment. 

** 
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The characteristics of three-dimensional nonlinear ion-acoustic solitary waves are 

investigated in a magnetized plasma in presence of trapped electrons (two-temperature 

nonisothermal electrons). To carry out this investigation, we have derived Zakharov-

Kuznetsov (ZK) equation using reductive perturbation approach. We have solved this 
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equation using the hyperbolic tangent method (tanh method) and a solitary wave 

solution has been obtained. From this solution, influence of different factors such as 

nonisothermal parameters for cold and hot electrons on phase velocity, soliton 

amplitude and width of solitary waves have been investigated. Our study may be useful 

in analyzing astrophysical and space environments, such as the magnetosphere of 

Saturn etc. 
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The effects of neutral friction, finite electron inertia, Hall current and radiative heat-loss 

function on the thermal instability of viscous two-component plasma has been 

investigated incorporating the effects of finite electrical resistivity, permeability and 

thermal conductivity. A general dispersion relation is obtained using the normal mode 

analysis method with the help of relevant linearized perturbation equations of the 

problem and a tailored thermal condition of instability is obtained. We find that the 

thermal condition of instability is tailored due the presence of radiative heat-loss 

function, thermal conductivity, finite electron inertia and neutral particle. The Hall 

current parameter influences only the longitudinal mode of propagation and it has no 

consequence on the transverse mode of propagation. For the case of longitudinal 

propagation we find that the condition of thermal instability is independent of the finite 

electron inertia, Hall current, magnetic field strength, finite electrical resistivity, 

permeability and viscosity of two-components, but depends on the radiative heat-loss 

function, thermal conductivity and neutral particle. For transverse mode of propagation 

we find that the condition of thermal instability depends on the finite electron inertia, 

magnetic field strength, radiative heat-loss function, thermal conductivity, neutral 

particle and finite electrical resistivity, but sovereign of Hall current, permeability, and 

viscosity of two-components. From the curves we find that the temperature dependent 

heat-loss function, thermal conductivity and viscosity of two-components shows 

stabilizing effect, while density dependent heat-loss function, finite electron inertia and 

finite electrical resistivity shows destabilizing effect. The effect of neutral collision 

frequency is destabilizing in longitudinal mode, but in transverse mode it shows 

stabilizing effect. This study helps in understanding the process of star formation in HI 

regions. 
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A circular (𝜙 ∼ 1.8𝑚),large area, tungsten (W) - basedmulti-filamentary plasma source 

is designed, fabricated and installed successfully in Large Volume Plasma Device - 

Upgrade (LVPD-U) to facilitate production of cylindrically uniform, quiescent plasma 

(
𝛿𝑛𝑒

𝑛𝑒
≤ 0.5 %) for carrying out various studies on plasma waves and instabilities e.g. 

whistlers, pressure driven instabilities etc. The plasma source consists of 162 number of 

hairpin shaped tungsten filaments (L~ 0.18𝑚 and 𝜙~5 × 10
−4𝑚) respectively. The 

filaments are mounted on a pair of Molybdenum feed through ( 𝜙~ 0.008𝑚, 

Length~0.15𝑚) facilitated with a chuck-nut fixing arrangement. The Mofeedthrough‘s 

are accommodated on 2 sets of 08 number of water-cooled specially designed ETP 

copper cassettes and are powered by a DC power supply (10𝑘𝐴, 20𝑉). The water 

cooled air – vacuum power feeding system is designed in-house with 3𝐷 shape. The 

plasma is produced by electron impact ionization of neutral Argon gas by applying a 

discharge voltage of 70𝑉 between cathode and anode using a discharge power supply 

of rating (1𝑘𝐴, 150𝑉) for a pulse duration of 𝑡𝑝𝑢𝑙𝑠𝑒 ∼ 50 𝑚𝑠. 

 

The conceived plasma source has enhanced emission area∼ 4.58 × 10
−2𝑚2 targeting 

∼ 10
18𝑚−3 plasma density for high magnetic field plasma operations (≤ 150𝐺) in 

LVPD-U. The source is versatile in the domains of choice of filament diameter, 

filament arrangement configuration and low to high power operations (10 – 180 kW). 

The plasma source is being characterized for different parametric operational regimes 

and the paper will discuss primarily, design features of the plasma source, its 

mechanical assembly, salient features of its operation and some basic plasma 

characteristics.     
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Whistlers is considered as one of the most fundamental electromagnetic wave observed 

and widely studied in magnetospheric, spaceand astrophysical plasmas. The most 

common drivers for the whistler excitation in plasma are energetic electrons, beams, 

pressure gradients, temperature anisotropies, loss-cone, electron reflection from 

magnetic mirrors etc. However, in the recent past whistler waves have assumed 

significancein tokamak plasmas with their recent experimental observations in DIII-D 

[1, 2] and further for their role in scattering of runaway electrons. Runaway electron 

physics has great significance in fusion plasmas as they can cause instabilities and 

further induce damage to the first wall.  But, measurement of high frequency (𝜔𝑊ℎ ≈
0.5 𝜔𝑐𝑒 ) whistlers in tokamaks is a challenge as it would require high sampling (𝐺𝐻𝑧) 

of data and exact measurement of parallel wave numbers (𝑘∥) may not be possible and 

hence the analysis outcome will be based on several assumptions. Here, linear 

laboratory plasma devices exciting whistler waves in presence of energetic (tail) 

electrons can play a significant role of building a bridge of physics understanding 

extrapolated to tokamaks. Theoretically it has been shown [3] that the upper hybrid 

modes are rather stable in JET and ITER but whistlers in lower hybrid range may not 

be the case.  

To an analogy of tokamak physics, we have carried out whistler experiments in large 

volume plasma device (LVPD) [4] and in the limit of quasi-linear analysis it is found 

that whistler destabilization has weaker temperature dependence (𝛾𝑖𝛼 𝑇𝑒
−0.5) in 

comparison to tokamaks (𝛾𝑖𝛼 𝑇𝑒
−1.5) [5]. It is understood that the whistlers (oblique) 

can induce substantial pitch angle scattering and wave-particle resonance due to its 

highly dispersive nature. It can be understood as, higher the whistler activity more 

probability of energetic electron scattering and vice-versa.  

In this paperresults of controlled experiments carried out in LVPD will be discussed 

and the growth parameter of whistler modes will be compared to analogous parallels in 

tokamak physics.  
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Experiments in Large Volume Plasma Device
[1]

 - Upgrade (LVPD-U) is being carried 

out for understanding physical phenomenon having relevance to Magnetospheric and 

fusion plasmas. The system is large and plasma operation requires several subsystems 

to work and being monitored simultaneously e.g. vacuum pumps, power supply, water 

flow, feed-back and system temperature etc. Due to continuous operation of various 

subsystems of high heat load, it is highly essential to have continuous monitoring of 

temperature for the performance and protection of the various critical components such 

as, magnet coils (P ~180kW), multi-filamentary plasma source, multi-cusp cathode 

plate(P ≤ 200kW), filament power supply (P∼200kW), device inner wall etc. In order 

to monitor the temperature of various systems and subsystems,a low cost solution using 

data logger (Masibus Data logger 8030) with, indigenous software is developed and 

subsequently the system has been integrated to LVPD Machine Control System 

(MCS)
[2][3]

. The data logger provides 96 channel counts and is configured using manual 

as well as computerized interface along with, multiple types of temperature transducers 

inputs. The Optomuxprotocol
[4]

 based serial interface, is utilized for remote monitoring 

and data archival where manual mode provides on-field display of temperature. 

However, absence of Optomux protocol driver in LabVIEW and compliance for MCS 

integration have motivated us for the development of new driver and application 

software for local and remote monitoring. For remote monitoring, the existing web 

based software (in JavaScript/NodeJS/Angular)
[5]

, is enhanced and reconfigured to 

incorporate temperature data. The novelty of the work lies in the development of in-

house software for temperature monitoring solution which is an essential system 

requirement for many plasma experiments dealing with high power. This has been 

achieved by use of legacy communication protocol with local monitoring solution in 

LabVIEW and remote using latest web-application frameworks. This paper discusses 

the system requirements, hardware and software architecture, present monitoring status 

and future scope of the work. 
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The machine control system (MCS) for the Large Volume Plasma Device Upgrade 

(LVPD-U) is responsible for the safe, protected, controlled and automated operation of 

the device. The LVPD-U has advanced from LVPD
1
 and during the transition, has 

aimed for five-fold increase in discharge time (~50ms) and an order enhancement in 

plasma density (~10
12

/cc) by argumentation of new plasma source and power supplies. 

The LVPD-U is operated in pulsed mode for the duration of 50ms in single pulse and 

burst mode of operations (burst of 8) with repetition rate of 1 second. In order to 

operate the device in the higher parametric configurationsfor advanced plasma 

investigation, it is required to switch from conventional manual mode (in LVPD) to 

automated operation of its various subsystemforenhanced safety and efficiency of 

utilization. It has motivated fortransitiontoward design and development of the process 

automation system
2
 componentof MCS from conceptual architecture(reported earlier

2
). 

The lesson learned and experience gainedduring technology demonstrations and proof 

of concepts development for computerized operation of high current filament power 

supply
3
 (20V/10kA), probe positioning system

4
 (travel length ~1m, #12 Nos.),and web 

driven logging and configuration
5
have been utilized for the design of single 

consolebased fully automated system. The new development will cover the start, 

shutdown and pulse sequence of operation based on 5-layered information system 

architecture. In this context, necessary process artefacts have been prepared and PLC 

driven architecture for start and shutdownsequence has been selected to ensure end to 

end integrated solution. The novelty of the work lies in the systematic approach and 

integration of legacy system with newer technologies. This architecture is generic and 

has capabilities of its application to other experimental plasma devices of similar 

nature. The paper discusses the motivation, requirements, process diagrams, design 

architecture,selected tools and technologies,and obtained results. 
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The plasma physics experimental facilities around the world are subjected to 

continuous evolution across physics objective and engineering systems. The physics 

objective brings the change in operational configuration data whereas argumentation of 

new system or revision of the existing systems brings configuration changes at micro 

and macro stages of configuration management. This motivates the design and 

development of a framework for computerized configuration parameters handling. 

Towards standardization of configuration management, IEEE 
[1]

 has issued guidelines 

to handle configuration data and pathways to mitigate the issues. This model is applied 

in large scale machines such as ITER
 [2]

, WEST tokamak,and Stellarator W7-X 
[3]

, 

where the number of plant system are in large numbers and has complex parametric 

dimensions. The pulsed plasma experiment (laboratory scale) needs a simple yet 

generalized configuration management model. A configuration management software is 

thus developed for laboratory plasma machine such as LVPD
 [4]

 using relational algebra 

and set theory and integrated with existing web-based recording system 
[5] 

over open 

source and latest web frameworks (JavaScript/NodeJs/Angular). The developed 

software facilitates the experimental system configuration at user level using 

abstraction of system, subsystems, parameters, operational static and dynamic 

parametric data, parametric types, system inter-connections and process descriptions. 

The model is trained using existing configuration data of LVPD machine. The paper 

discusses the requirements, literature survey of existing tools and techniques, developed 

web-based editor software description, obtained results and lessons learnt. 

 

References: 

[1] IEEE Standard for Configuration Management in Systems and Software 

Engineering, IEEE Std-828-2012, 1-71, 2012. 

[2] S. Chiocchio, E. Martin, P. Barabhaschi et. al., System engineering and 

configuration management in ITER, Fus. Eng. Des., 82. 548-554. 

[3] G. Kühner, P. Hiemann, S. Heinzel et. al, Editor for system configuration and 

experiment program specification, Fus. Eng. and Des. 71. 225-230, 2004. 

[4] S. K. Mattoo, V. P. Anitha, L M Awasthi, et. al., Large Volume Plasma Device, 

Rev. Sci. Instrum., 72, 3864, 2001. 

[5] R. Sugandhi, V. Soumya, M. Jha, et al, Development of electronic record-

keeping software for remote participation in Large Volume Plasma Device 

upgrade using Angular 2 and NodeJS web technologies, Rev. Sci. Instrum., 

92(7):075102, 2021. 

mailto:vsoumya2295@gmail.com


 

 

99 
 

BPE-P-6 

BROADBAND UV AND TEMPERATURE SENSOR PROBE FOR PLASMA 

STERILIZATION APPLICATION 

 
*Kushagra Nigam, G. Ravi and S.K. Nema 

Institute for Plasma Research, Bhat, Gandhinagar-382428 

*E-mail: kushagra.nigam@ipr.res.in 

 

A low cost probe has been developed that can carry out local measurements of UV and 

temperature simultaneously. Low cost GUVA-S12SD photo-diode based UV and 

LM35 IC based temperature sensors have been used to design and develop the probe. 

The design of the probe is such that the sensors are not exposed to the harsh plasma 

environment. The probe has been developed primarily for characterization of a low 

temperature pulsed DC plasma used for sterilization of medical equipment and devices, 

where local point-to-point measurements are imperative; however it can be used in 

other plasma systems as well. The UV sensor has been tested against standard test 

sources of 254 nm (UV-C) and 365 nm (UV-A) wavelengths. These sources have been 

separately characterized using StellerNet EPP2000Spectrometer.Initial experiments 

carried out using the probe indicate uniformity of UV radiation intensity inside the 

plasma sterilization test chamber. Further experiments have been carried out to 

understand variation of UV radiation and temperature with gas pressure and discharge 

voltage. Detailed design of GUVA-S12SD and LM35IC based probe, calibration test 

results and experiment results will be discussed in this poster. 
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The dust particles get levitated in the sheath region of plasmas formed in the laboratory. 

The dust particles get charged negatively.  The direction of electric field should be in 

the same direction of gravity. However, the force on the negatively charged dust 

particles will be in opposite direction to direction of gravitation al field.  Large size 

(heavy) dust particles get levitated deep inside the sheath and lighter particles float at 

sheath edge.  This mechanism has been adapted in most of the laboratory experiments 

reported elsewhere. We report the experimental observation of dust particles gets 

charged in the plasma ejects out without finding a suitable strong electric field (sheath) 

for levitation.  After increasing the discharge current, above the threshold limit, dust 
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levitation is observed. We report the transition of dusty in plasma regime to dusty 

plasma regime in a glow discharge.  

 

Argon plasma was produced in a vacuum chamber which was pumped down by rotary 

pump. Hollow anode plasma source was used to produce the plasma. We have used 

Alumina dust particles with size 2 to 100 μm were used in the experiment.  These 

particles were placed in an aluminum hollow cylindrical crucible vertically below the 

hollow anode source with depth of 2 – 3mm. Initial experiments were carried out by 

placing the alumina particles on flat disc. We have observed dust particles ejected out 

from the flat disc in random direction and falling down. Later, we have used crucible 

shaped aluminum holder for dust particles. It has provided radially confining field for 

particle conferment. The levitation of dust particle is observed when the crucible is 

grounded or biased negatively. Levitation of dust particle were not observed if the 

aluminum crucible was left floating. 

  

A systematic tracking of the dust particle with increase in discharge current was carried 

out. The Plasma parameters were measured in the specific parameter regime in order to 

get an estimate of Debye length for comparison.  We have observed that the discharge 

current exhibit a hysteresis loop with discharge voltage. The dust in a plasma regime to 

dusty plasma regime is observed with a steep jump in the discharge current (200 - 250 

mA). It is also coinciding with plasma plume extending out of the anode source and 

filling the entire chamber volume. 
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In laboratory, reactive plasma media favors spontaneous growth of nanodust particles. 

Presence of nanodust particles in laboratory plasmas can lead to the formation of a 

highly dense nanodusty plasma that can strongly affect the discharge as well as plasma 

dynamics [1]. A highly dense nanodust cloud can enhance the Havnes parameter (ratio 

of dust density to ion density) which can have serious impact on the average dust 

charge and the dust acoustic (density) waves. 
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Here, the propagation of a self-excited dust density wave under a strong Havnes effect 

is studied experimentally. Initially, the growth kinetics of carbonaceous (a-C:H) 

nanoparticles in a capacitively coupled RF discharge (13.56 MHz) of Argon and 

Acetylene gas mixture is studied. The in situ grown particles produce a large 3D cloud 

with a dust density, measured to be of the order of 10
13

 m
-3

. The cloud is illuminated by 

a green laser sheet (532 nm, 100 mW) and self-excited dust density waves (DDWs) are 

observed to propagate throughout the nanodust cloud for large distance ~ 19 cm. The 

wave dynamics is recorded by using a high-speed camera (Phantom Miro M110@400-

1000 fps). The wave is propagating along the direction of gravity from the lower edge 

of the dust void. The detail spatiotemporal evolution of the DDW is performed using 

various techniques such as periodograms, Fast Fourier transformation and time-

resolved Hilbert transformation. A dispersion relation of the DDW is obtained which is 

compared with a theoretical model to extract average charge on nanodust particle. 

Presence of a small finite electric field throughout the nanodusty plasma is confirmed. 

This electric field is the cause of the DDW excitation. As the nanodust density is quite 

high, a strong reduction of plasma electrons is expected and in turn the Havnes 

parameter reaches a large value (P= 15 – 32). The strong Havnes effect reduced the 

average charge on each nanodust particles to a very small value of (55 – 113) electronic 

charge only. As a result, the DDW is found to be propagating with a low phase 

velocity. The experiment also shows various interesting phenomena such as wave 

breaking/merging, high-amplitude shock like structure formation etc. 
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In this work, a large volume 3D dust cloud containing in-situ grown nanometer sized 

particles is produced in a newly developed versatile table-top experimental device, 

named nDuPlEx (nano Dusty Plasma Experiments) [1]. Carbonaceous nanoparticles 

having almost uniform size throughout the dust cloud are grown using capacitively 

coupled rf discharge in Ar-C2H2 gas mixture with low precursor gas flow rate  

(~ 2 sccm) and minimal rf power (~ 1 W).  The vertical and radial extension of the dust 
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cloud is 40 cm and 5 cm, respectively. The pure Ar plasma in the setup is characterized 

by measuring the discharge parameters as well as plasma parameters under different 

discharge conditions. The temporal evolution of average particle size is determined by 

analyzing the Scanning Electron Microscope (SEM) images of the particles. The dust 

density measured by using the laser extinction method, which is found to be of the 

order of 10
16 

– 10
12

 m
-3

 for discharge duration of (2 – 10) min. A spontaneous dust 

density wave (DDW) is also observed in the dust cloud. 
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The Large Volume Plasma Device (LVPD)
1
 has been recently upgraded with 

installation of a new multi-filamentary plasma source, filament power supply, pulsed 

discharge power supply and pulsed solenoid power supply apart from upgraded PXIe 

based 40 channel data acquisition system. The up-gradation of LVPD system aimed at 

producing circular, uniform high density and quiescent plasma with enhanced plasma 

pulse duration of ∼ 50𝑚𝑠 (Discharge Power Supply) from existing 9.2𝑚𝑠. The 

experiments in LVPD are mainly focussed on plasma waves and instability studies, 

wave – plasma interaction, plasma transport across magnetic field etc. Apart from the 

high current long pulsed (50𝑚𝑠) discharge supply, LVPD required another high current 

long pulsed (55𝑚𝑠) power supply (Solenoid Power Supply) that can be employed for 

producing a strong transverse magnetic field via a varying aspect ratio solenoid called 

electron energy filter (EEF)
2
.  

 

The pulsed power supplies i.e. the discharge and solenoid power supplies are designed 

in LVPD, IPR with the functional parameters and specifications required as per the 

experimental needs. The system specifications were simulated in OrCAD‘s PSpice 

software limiting a maximum drop of output current to 5% from its peak set value 

during the pulse. Discharge power supply design topology based on a capacitor bank 

of 𝐶 ∼ 6.8𝐹, IGBT based switching and is capable of supplying an output current of 

𝐼𝑑 ∼ 1 𝑘𝐴 (𝑚𝑎𝑥)at 150𝑉.Similarly, the solenoid power supply is also based on design 

topologies with a continuously chargeable capacitor bank of 𝐶 ∼ 5.66𝐹, capable of 
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producing an output current of 𝐼𝐸𝐸𝐹 ∼ 2.5 𝑘𝐴 (𝑚𝑎𝑥) at 175𝑉.Both these power 

supplies are equipped with:(a) inbuilt capacitor bank charging power supplies, (b) 

suitable voltage and current protections for plasma and solenoid loads,(c) control knobs 

along with front panels indicators,(d) facilitation of local and remote control operations 

(e) short circuit and/or overload protection and (f) fibre optics interface for remote 

monitoring and control. 

 

The power supplies are successfully fabricated, procured, installed and integrated with 

plasma operations in LVPD-U. The paper will discuss the engineering details, salient 

features, optimised performance and various modes of operation of these power 

supplies with plasma experiments in the conference. Apart from these our experience 

during the commissioning and testing phase in laboratory will also be presented. 
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The conventional inertial electrostatic confinement fusion (IECF) operation is based on 

the application of high negative voltage to the central grid which results in the 

production of neutrons due to the fusion of lighter ions [1-3]. The neutron has 

enormous applications in diversified fields [4]. The device can also be used as an 

application based x-ray source by altering the polarity of the central grid. In this work, 

the electron dynamics during the positive polarity of the central grid have been studied 

by using an object-oriented particle-in-cell code (XOOPIC). The trapped electron 

density inside the anode is found to be of the order of 10
16

 m
-3

 during 10 kV simulation. 

The x-ray production, imaging and radiography have been investigated at different 

voltages and using different structure of the anode. The x-ray emitting zone have been 

studied via pinhole imaging technique. Lastly, the radiography of metallic as well as 
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biological samples have also been investigated. This study shows the versatile nature of 

the IECF device in terms of its applications, both in the field of neutron and x-ray. 
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The Inertial Electrostatic Confinement Fusion (IECF) device is a fusion system in 

which ions are accelerated and fused at the central part of the device due to the 

application of an electrostatic field. It is mainly used as a portable neutron/proton/x-ray 

source which has multiple near term applications.  In order to observe the modification 

in ion flow dynamics as well as change in plasma parameters, we have designed and 

installed two outer grids apart from the central cathode grid in the cylindrical IECF 

device. In this study, the ion confinement and the changes in the plasma parameters, 

such as plasma temperature, ion density, plasma potential, etc. have been investigated 

in the triple grid system in comparison to the single grid system during hot cathode 

discharge. The central cathode potential has been varied from low to high voltage to 

analyze the observed changes. In addition, the discharge phenomena during cold 

cathode discharge have also been studied and compared in both single and triple grid 

configurations of the device. This new configuration is believed to be more efficient in 

ion confinement and in increasing the ion beam energy than the conventional single 

grid system. 
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Large Volume Plasma Device- Upgrade (LVPD-U)
1
 is a large sized, double walled, 

water cooled, cylindrical device dedicated for carrying out fundamental studies relevant 

to earth‘s atmosphere and fusion plasmas. The SS304 vacuum vessel (L = 3m, Ø= 2m) 

is equipped with 94 ports to accommodate the diagnostics needed for plasma 

characterization. The need to equip the device with suitable probe drives for diagnostics 

movement has been felt since long. In the recent time, the device has been augmented 

with in-house developed, automated, linear probe positioning systems
2
 in 12 numbers 

of its ports in horizontal plane. Subsequently design for another type of probe drive 

system capable of providing the linear as well as rotational movement has been 

commenced and a scale down version of the prototype is developed as a proof of 

concept to undertake its performance in air and vacuum for measurement accuracy and 

vacuum compatibility, especially for its novel vacuum seal. Presently, the developed 

prototype has been tested in air for its linear motion for a travel distance of 

approximately 35mm in length with accuracy of <1mm and rotational motion for 0-

280
o
 in step size of 35

o
 using stepper motor, controller and software controlled, using 

LabVIEW based machine control system. The configuration parameters of the stepper 

motor has been optimized for smooth and silent movement of the linear and rotational 

drive. The system has also been tested for vacuum leak tightness of the seal in 
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standalone mode and a leak rate of ~ 10
-9

 Torr-liters/sec has been obtained.This 

prototype will be installed soon in Double Plasma Device and will be tested for its 

performance in vacuum condition. Results on its performance in air as well as in 

vacuum will be reported. This paper will discuss requirements, literature survey, 

architecture, mechanical design, vacuum seal, electrical hardware and software and 

obtained results. 
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We report experimental observations of the interaction of a precursor soliton with a 

wake structure in a flowing dusty plasma. The experiments are performed in an 

inverted pi-shaped dusty plasma experimental (DPEx) device, and the dusty plasma is 

made in a DC glow discharge Ar plasma using micron size Kaolin particles [1].  Two 

copper wires installed radially on the cathode serve as charged objects in the plasma 

environment. Precursor solitons and wakes get excited when the dust fluid flows 

supersonically over these objects [2,3]. In the frame of the fluid, the solitons propagate 

in the upstream direction, whereas the smaller amplitude wake structures propagate in 

the downstream direction.  A soliton, excited by one of the obstacles, interacts with the 

wake structure excited by the other obstacle in the region between the two charged 

objects. After the interaction, the soliton is seen to merge with the smaller amplitude 

wake structure and to propagate in the same direction. The resultant amplitude and the 

velocity of the combined structure increases after the interaction. The results are 

explained theoretically using numerical solutions of a model forced Korteweg–deVries 

equation that is driven by two source terms. 
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We report an experimental investigation of the transformation of a 2D monolayer 

crystal to a self-sustained solid-liquid phase coexistence in a dusty plasma system. The 

experiments are performed in a glow discharge Argon plasma, which is produced in an 

L-shaped Dusty Plasma Experimental (DPEx-II) device by applying a DC voltage 

between a disc-shaped anode and a grounded tray-shaped cathode. Initially, a 

monolayer crystal is formed by using mono-dispersive MF particles at a discharge 

voltage of 400 V and neutral gas pressure of 6 Pa. The monolayer gets converted to a 

two-phase coexistence state when the gas pressure is reduced beyond a threshold value. 

The central region of the coexistence state consists of a molten liquid surrounded by a 

crystalline periphery. Prior to this transition, the particles exhibit a self-excited 

horizontal oscillation with a frequency of ~30 Hz at the center. Various structural and 

thermodynamics quantities like inter particle distance, bond order parameter, dust-

temperature, and Coulomb coupling parameter are calculated over the entire range of 

neutral gas pressure. These estimated quantities differ significantly when the system 

migrates from a monolayer to a phase coexistence state. Similar behavior of phase 

coexistence state is also seen when the discharge voltage is reduced gradually from a 

threshold value for a given neutral gas pressure. The formation of ion wakes resulting 

from a non-reciprocal force triggers the Schweigert instability, which is responsible for 

the coexistence of the liquid-solid phases in our dusty plasma system. 
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The complicated nature of magnetically confined fusion devices like tokamak and 

stellarator and the simultaneous occurrence of various wave modes in them do not offer 

the opportunity to study any particular wave mode exclusively. A linear magnetized 

plasma device however, enables successful isolation and study of different wave and 
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instability modes and their non-linear behavior in magnetized plasma regime in a 

controlled manner. Several laboratories both in India and abroad are working on 

various experimental investigations in linear magnetized plasma with different 

magnetic field configurations and plasma sources depending on their experimental aim 

[1-3]. Here, the design of such a linear plasma device and its set of magnetic field coils 

for producing a continuous uniform magnetic field inside the vacuum chamber will be 

described. For the production of plasma we use a filament (tungsten) assisted DC 

plasma source which is biased negatively with respect to a positively biased stainless 

steel circular mesh placed inside the chamber. Basic plasma parameters such as 

electron density and temperature are measured using single Langmuir probes inserted 

from radial ports of the device. 
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Cold pulse propagation (CPP) phenomenon has eluded a convincing explanation for the 

past ~ 25 years. The fast increase in the core temperature observed in CPP in response 

to the edge cooling is counter-intuitive to the current understanding of the plasma 

transport, which is believed to be dominated by local turbulence. In ADITYA-U, CPP 

is induced by short bursts of hydrogen/deuterium gas puffs, each puff injecting ~ 10
17

-

10
18

 molecules. It is shown that the sharp rise in the chord averaged density with every 

injection is necessary for the rise in the core temperature. Further, the rise in the core 

temperature is shown to depend on the chord averaged plasma density before injection 

and the amount of injected gas. The increment in the core density and core temperature 

is seen to increase with the amount of injected gas molecules, while the rates of rise of 

density and temperature remain the same. The sharp density rise and hence the CPP is 
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explained by a combination of the fast reduction in the ion orbit loss due to a decrease 

in the radially outward electric field and an increase in the Ware pinch of the particles 

due to a rapid increase in the loop voltage. 
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A device STARMA (acronym for simple tight aspect ratio machine assembly) [1] is 

developed to studyelectron cyclotron resonance (ECR) produced plasma in small aspect 

ratio devices. It is a low aspect ratio (A) device, with A=1.5, having a major radius of 

10.4cm and minor radius of 6.8cm.A 2.45GHz, 6kW CW magnetron source is 

employed to produce plasma using ECR techniques. The 2.45GHz magnetron source 

requires a toroidal magnetic field of 875G for first harmonic breakdown [2] which is 

realized with sixtoroidal field coils. The magnetic field coils are charged using a 

capacitor bank power supply which gives a time varying toroidalmagnetic field. The 

helium plasma is formed for ~70-80ms having electron density ~5x10
16

m
-3

 and electron 

temperature ~11eV. The plasma parameter is studied at different parameters to 

understand the production of ECR plasma with different neutral background which 

impacts the collision frequency [3].The temporal variation of the toroidal magnetic 

field forms the ECR plasma with ECR layer moving spatially in time and this provides 

an opportunity to understand the spread in the peak density profile between the ECR 

layer (875G) and upper hybrid layer.  
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The Large Volume Plasma Device-Upgrade (LVPD-U) is a water cooled, double 

walled, cylindrical device of dimension (𝜙 = 2m, and L = 3m). It facilitates a Large 

Area Multi-filamentary Plasma Source (LAMPS), a large solenoid called as electron 

energy filter(EEF), two high current pulsed power supplies (2.5kA/100V and 

1kA/120V) for energizing  the EEF and for striking the plasma discharge, and 12 

numbers of automated linear probe drives. The LAMPS consists of hairpin shaped 

filaments (n=162, =0.5mm, L=18cm, W-make) and these are mounted in front (z 

=15 cm) of the cusped anode plate of LAMPS. The 1.8m diameter EEF, which is 

mounted at axial centre of the device produces a transverse magnetic field of ≤250G. 

The EEF divides the LVPD-U plasma into three distinct regions of 1) Source 2) EEF 

and 3) Target respectively. The purpose of transverse field here is to control transport 

of plasma from source to target plasma region. 

 

The pulsed Argon plasma (tdisch~50ms) is produced for discharge parameters (Vd~ -

70V, PAr~ 4 x10
-4

 mbar and Bz~ 6.2G). The radial confinement is provided by a set of 

10 discrete garlanded coils while axial confinement by a pair of SS304 cusped plates 

mounted at immediate back of filaments and extreme end of the device respectively. 

The plasma parameters like plasma density, ne, floating potential, Vf, and electron 

temperature, Te and their AC counterparts are estimated. The experiments are carried 

out for investigating the evolution of plasma for varying ratio of transverse (Bx) to 

ambient (Bz) magnetic fields. The plasma scenarios for EEF ON and OFF cases have 

been explored in source and target plasmas. We could see that EEF not only cools 

down electron temperature but also reduces plasma density in the target plasma. The 

obtained values of electron temperature and plasma density in the source and target 

plasmas are 4.5eV, 2eV and 4x10
17

m
-3

 and 2.5x10
17

m
-3

 respectively. The radial profiles 

of electron temperature and plasma density shows typical scale lengths of electron 

temperature and plasma density as LT ~61.5cm, and Ln~ 133cm respectively in the core 

region of target plasma for Bx/Bz~19. For this scenario, the threshold condition, 

=Ln/LT>2/3 for ETG turbulence is satisfied. Interestingly, for EEF OFF case, no 

fluctuations are excited in the core plasma region (x ≤ 50 cm)of both source and target 
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plasmas but when EEF is switched on, significant level of fluctuations are detected. A 

detailed comparison of equilibrium profiles and excited gradient scales with excited 

fluctuations will be presented in the conference. 
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The pulsed Argon plasma (tdisch~50ms) is produced for discharge parameters (Vd~ -

70V, PAr~ 4 x10
-4

 mbar and Bz~ 62.G) in LVPD-U. The plasma in LVPD-U is divided 

into three different plasma regions of source, EEF and target plasmas because of the 

presence of a finite width (z = 4cm), large electron energy filter (EEF) at its axial 

centre.  The EEF is capable of producing transverse magnetic field (≤ 250G) in the 

device whereas, the axial magnetic field is produced by a set of 10 garlanded coils over 

the length of the device. The experiments are carried out to understand the evolution of 

plasma in source and target plasmas for the varying ratio of transverse (Bx) to ambient 

(Bz) magnetic fields. 
 

While pursuing plasma evolution, we encountered an interesting phenomenon of 

density depletion in the target plasma. We observed that plasma density gets depleted 

temporally when the ratio of Bx/Bz>16.5. In order to confirm whether it has any 

correlation with the process of plasma formation itself, we compared the profiles of 

target region with that of source region and interestinglyfound them uncorrelated. On 

further expanding these investigations, we observed that the reason behind temporal 

depletion of plasma density may have some correlation with the modification in 

diffusion rate of plasma across the EEF. Validation of hypothesisand its relation with 

temporal modification of cross field diffusion requires further investigations viz., 1) 

eliminating capacitance between plasma and the insulator of EEF jacket which is a 

Teflon material, by biasing the EEF conductors to negative potential, and 2) incorporate 

a pair of biased electrodes within EEF to modify the ratio of parallel and perpendicular 

diffusion through EEF.The former case we believe may confirm the role of EEF 

boundary as a negatively charged sheet and probably may quantify its 

contributiontowards depletion of plasma density in the target region while in the latter 

case where a pair of electrodes are either biased positively or negatively, the role of 

parallel and transverse diffusion in depletion of plasma density may be explained. 

These investigations may help us in identifying the mechanism of refilling the target 

plasma column with bulk plasma electrons. Detailed results on these investigations will 

be presented in the conference. 
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We report three-dimensional dust cloud formation in an Argon gas plasma using a DC-

glow discharge experiment. In cathode-grounded configuration, a hemispherical dust 

cloud is observed around the edges of the circular cathode. The preliminary observation 

suggests the dust cloud formation of size 6-8 cm in diameter and approximately 5 cm in 

depth. The temperature and density of Argon plasma are in ranges of 2-6 eV and 10
8
 -

10
9
 cm

-3 
respectively.  The typical discharge parameters are: the discharge voltage 

ranging from 290 - 320 Volt, discharge current ranging from 20 – 50 mA and the 

typical gas pressure of 1.2 x 10
-1

 mbar. We plan to study fluid-like collective behavior 

with such a widened cloud of dust particles [1,2]. 
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Anisotropy in temperature prevails in natural environment such as space and 

astrophysical plasma, and in laboratory plasma. Temperature anisotropy being a free 

energy source not only influences the wave propagation by modifying their dispersion 

relations, but also induces various instabilities [1]. The interplay of this free energy 

source with the inhomogeneous plasma parameters [2] have revealed possible 
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explanations to heating and particle acceleration problems and is still an intriguing 

question of research. 

 

The temperature anisotropy is an intrinsic characteristic of magnetized plasmas and 

arises due to unequal charge distribution along two directions – parallel and 

perpendicular to the magnetic field. Several works have been carried out on different 

phenomena such as plasma heating, wave generation and instabilities arising from the 

anisotropy in temperature. But the problems have been mostly addressed with a 

unidirectional magnetic field, where both the perpendicular directions are dealt with 

equal probability (by equipartition theorem) [3]. But the most natural magnetic field 

configuration in space is a dipole magnetic field [4], which is not unidirectional. The 

anisotropy arising in a dipole field with reference to parallel component must be due to 

two perpendicular directions with different energy distributions, thereby different 

probability current density and transport mechanism.  

 

For accurate understanding of the anisotropy induced wave generation and particle 

acceleration, investigation on one of the fundamental properties such as electrical 

conductivity is inevitable. To address the problem, a mathematical model is formulated 

using the momentum equation, by considering the net velocity due to all possible 

particle drifts. The vivid theoretical development incorporating temperature anisotropy 

in various conductivity terms like Pedersen, Hall and longitudinal in a dipolar magnetic 

field supported by experiments at various spatial positions will be presented in detail in 

the conference. 
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The pseudosparkdischarge based devices has gain much attention in various growing 

applications in the field of high-power plasma switches, electron-beam lithography, 
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plasma processing, extreme ultraviolet sources, intense X-ray source, and microwave 

radiation source [1]-[3]. In the recent decade, the research and development of the 

pseudosparkdischarge based plasma cathode electron (PD-PCE) source is more focus 

toward the generation of high density and energetic electron beam for the application of 

the surface modification and EUV/Soft X-ray radiation emissions [4]-[5]. In fact, PS 

discharge based devices have capability of the generation of high current density  

(≥ 10
4
A/cm

2
), high power density (~10

9
 W/cm

2
) and high brightness (~10

12
 A/m

2
 rad

2
) 

with low emittance (~15mm mrad) electron beam [1]-[2]. 

 

In this research work, the simulation and experimental analysis of discharge 

characteristics of the PD-PCE source has been performed at different operating 

parameters (breakdown voltage (5-25 kV), external storage capacitance (500 pF-12 nF), 

gases and pressure (5-100 Pa)) and geometrical parameters (electrodes aperture 

diameter and sequence, gap distance and number of gaps). Simulation investigation has 

been performed using 2-D electrostatic plasma simulation OOPIC
TM

PRO which shows 

the significant dependence of the discharge initiation, electron beam generation and its 

propagation on the electrode apertures and potential distribution inside the chamber of 

PD-PCE source. In fact, electron beam generation and propagation is a complex 

discharge process which is influenced by geometrical and operating parameters [6]-[7]. 

It has been observed that the sequence of electrode aperture diameter can create the 

problem of quenching in the rise of electron beam current. This can be further avoided 

by increasing the gas pressure and varying the geometrical parameters. Furthermore, 

the experimental investigation indicates that the generation of high energetic pulsed 

electron beam in the hollow cathode phase and its current can be controlled by the 

external circuit parameters. The PD-PCE sourced energetic and high density electron 

beam has been utilized for the generation of the EUV/Soft X-ray radiations.  
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The demagnification (DM) of an electrostatic lens is a crucial parameter, which decides 

its efficiency and applicability in various areas [1, 2]. For electrostatic lens systems 

employed in charged particle optics, the DM factor is determined by the geometry and 

the voltage ratios of the lens elements. It is usually a constant for a set of fixed 

potentials applied to the electrodes. But in optics, several unconventional lenses such as 

liquid [3], metamaterial [4], and dielectric lenses [5] can have nonlinear 

demagnification due to the change in the inherent properties of the lenses such as 

mechanical and electrical properties, structure, and refractive index. However, despite 

these studies, the possibility of realizing nonlinear DM factor for electrostatic lenses by 

tuning the object beam size without modifying the inherent properties of the lens has 

not been realized earlier. 

 

Recently, we have reported that the DM factor can vary nonlinearly when the object 

beam size is reduced to below the plasma Debye length [6], although the underlying 

physics was not explained. In this work, we have investigated experimentally, the effect 

of the plasma parameters and sheath nonlinearity, which controls the profile of the ion 

emission surface, on the DM factor. More importantly, the influence of the plasma 

sheath on radial and axial variation of the electric field in the region of the micro-beam 

aperture has been determined, which plays a critical role in the DM factor. We have 

observed that in plasma-based focusing systems, for extraction aperture sizes smaller 

than the plasma Debye length, the DM factor becomes nonlinear due to the sheath 

nonlinearity and enhanced penetration of the electric fields through the sheath region, 

which is originated because of the inadequate shielding of fields. The strength of 

nonlinearity depends upon the extraction aperture size and plasma Debye length, as 

confirmed from theoretical modeling and experimental results. The realization of 

nonlinear reduction of the DM factor can help to obtain nanometer-size beams in 

Maxwell-Boltzmann systems even for higher beam current, a unique finding for 

plasma-based charged particle focusing systems. 
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Cold atmospheric pressure plasmas jets (C-APPJs) have become a subject of intense 

research interest due to their diverse applications in the area of surface treatment [1] 

and biomedicine [2]. These plasmas are non-equilibrium in nature ascribed to different 

electron (6000 K) and ion temperature (300 K) [3], and their low gas temperature 

makes them suitable for biological cells and tissues treatment. These plasmas are 

produced in an ambient environment and their direct interaction with air provides rich 

gaseous chemistry resulting in formation of reactive oxygen and nitrogen species 

(RONS) such as OH, HO2, H2O2, NO, and N2O5 [4]. Thereactive species and their 

dependence on the plume electric field play an important role in biomedical 

applications. The electric field fluctuations can distort the electric field distribution 

function (EEDF) that can change rate coefficients of chemical reactions involving 

RONS, thereby affecting the biomedical applications. Therefore, it is crucial to study 

the electric field fluctuations and asymmetry, and their impact on RONS dynamics. 
 

In this experiment, the plasma is ignited by applying a sinusoidal voltage (Vpp~ 15 kV 

and ν ~ 10 kHz) inside a glass capillary tube and the plasma comes out from the orifice 

of the capillary with the flow of gas in the form of jet [3,5]. The current study aims to 

map the electric field along the axial and poloidaldirections of the plasma jet by 

employing a two-pin probe and deducing the spatial asymmetry of the electric field 

along the plasma plume. A theoretical zero-dimension global model has also been 

developed that predicts the generation and dynamic behaviour of RONS including 

positive and negative ions. The electron and the ion density obtained from the global 

model have been used in the fluid model that contains coupled power balance equation, 

continuity equation, and Poisson equation, to determine the local plasma potential. The 

experimentally obtained electric field is corroborated with the electric field obtained 

from the solution of the Poisson equation.  We aim tofind the connection between the 

time scale of electric field fluctuations and RONS generation, and the impact of 

fluctuations on the production of active species. Hence, the current study is important 

for the optimization of C-APPJs and their implementation for applications. 
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It is well-known that carpets, building materials, furniture, office, equipment, 

detergents, paints, glues, solvents or fungicides emit a variety of volatile organic 

compounds (VoCs) and there is a surge in demand to develop innovative devices and 

systems to mitigate the issue. Packed bed discharge systems are being intensively 

researched internationally for VOCs reduction in the environment due to their 

exceptional performance in degrading VOCs into non-toxic components [1]. In this 

study, a coaxial cylindrical packed bed discharge system using glass beads as packing 

material has been researched to degrade VOCs that is powered by a bipolar pulsed 

power supply. It is a single-stage reactor in which the packing material is directly 

placed in the plasma discharge zone. The presence of packing material is expected to 

change the chemical features within the discharge zone, such as oxidation and 

destruction pathway, generation of by-products, and so on [2]. The developed system is 

optimized in terms of discharge characteristic parameters and power consumption. 

Ozone generation characteristics is also analysed. The results showed that a DBD 

packed bed reactor operated with a bipolar pulse power source produces powerful 

immediate discharge and energetic particles, which could be effectively used for VOCs 

degradation. 
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Tokamak works on a principle of transformer, the Central Solenoid (primary coil) and a 

single turn plasma column (secondary coil) [1]. A time-varying current in the central 

solenoid generates a voltage in the plasma column ring, called loop voltage (LV), 

which breaks the neutral gas into ions and electrons, drives current through the 

plasma.Time-varying current in the ADITYA-U Tokamak, central solenoid is set by the 

Ohmic Transformer Power Supply (OTPS). The rating of OTPS 20kA, 2kV 12-pulse 

dual converter-based power supply [2]. 

 

Voltage profile generated across the Central solenoid (OT) is also represented as a 

primary loop voltage (PLV). Duration of the PLV profile is ~ 400ms. Initially,by 

inserting the external resistance the value of PLV is ~12kV, which induces the peak 

loop Voltage of ~20V in plasma column ring. After that PLV is controlled by switching 

resistances and corresponding LV brought to the value of ~1.5 V. During OTPS 

operation, it is observed that, after 100ms of loop voltage profile, voltage magnitude 

droops with a constant rate. This type of loop voltage profile is not desirable for plasma 

operation. 

 

To overcome this problem, we analysedand concluded that the pre-defined reference 

and control circuitry needs to be tuned with OTPS. Hence, tweaking in the control 

circuitry so that existing hardware drives the current closely as per reference. Also the 

configuration of current reference profile for the required loop voltage was carried out 

in OTPS.We found some satisfactory results of constant Loop Voltage. The parameter 

configuration, tuning and experimental results will be concluded in this poster. 
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Michelson diagnostichas been installed on SST-1 (Steady State Superconducting 

Tokamak) at IPR (Institute for Plasma Research). The diagnosticis being used for 

measuring broadband ECE (Electron Cyclotron Emission) emissions from SST-1. This 

diagnostic system has waveguides which are laid down from diagnostic lab to SST-1 

port no. 12. The number of support structure columns to support this systemwas 

optimized. The waveguides were clamped in place by waveguide holders which were 

fabricated in-house. Channels were selected to act as a support base for waveguides. 

Efforts were made to mountthe support structure columns in a manner to avoid fouling 

with other subsystems in SST-1 hall.The support structure designwas found to be 

within the acceptable safety limits. Detailed design will be described in this paper. 
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Different experiments have been performed with an established technique for ion 

cyclotron heating of tokamak plasma [1]. In order to run various tokamak experiments 

using the ICRH DAC system, it needs to upgrade the software interlock in the existing 

control system. There is a requirement of having a different amplitude pulse to share 

ICRH RF power for various experimental conditions. It needs the facility of adjustable 

rise and decay in pulse development using software for various duty cycles and 

amplitudes which has been modified and integrated successfully. It is needed to 

implement another interlock to stop delivering power when plasma is not available in 

the tokamak which has been implemented in 1KHz time scale. This utility will facilitate 

not even suspension of digital pulse operation but multiple analog sync pulses have 

been stopped immediately.  Few modifications  have been implemented for central 

control system message communication required during operation. In this paper we 

explain the necessary modifications made in the previously developed VME based real 
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time operating and control system to cater experiment requirements which is 

successfully tested during recent tokamak testing campaigns. 
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Ion Cyclotron Resonance Heating (ICRH) [1] for high power RF experiments has been 

developed for Tokamak. Data Acquisition and Control system (DAC) for ICRH system 

has been commissioned with a new concept of low cost design in the 3 amplifier stages 

of RF amplifiers up to 200kW of RF power. PLC based DAC instrumentation is used 

which includes 32-analog input channels, 32-digital input channels, 16-digital output 

channels and 16-analog output channels for the measurement and control of the system 

parameters. Control System Studio (CSS) is used to develop the application for user 

interface that can easily glue with the EPICS variable. The implemented software has 

been modified in terms of data acquisition using NI LabVIEW to avoid synchronization 

in data triggered by PLC to NI DAQ module using software communication and 

calibration module has been upgraded for precise data storage for after shot analysis.  

 

NI DAQ card has been used for data 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. Data visualization and plotting is 

modified using LabVIEW which uses a separate 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 modification in software communication and 

data storage and calibration scheme. 
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An 82.6GHz Gyrotron is being upgraded with high power according to the need of  

SST-1 tokomak experiments.82.6GHz Gyrotron based ECRH system would be used 

various plasma experiment in SST-1 tokomak. . Electron Cyclotron Resonance Heating 

system (ECRH) is one of the important heating system for super conducting steady 

state Tokomak (SST-1).In order to analyze performance as well as for the operation of 

the system, it is essential to monitor .acquire different system parameters along with an 

interlocking systems to operate system in fail safe manner. ECRH system develops its 

own data acquisition and control system to execute the task of data acquisition from 

sub- system like different auxiliaries power supplies, cooling system, high power 

measurements and safety interlocks for Gyrotron. Signal conditioning is medium 

between the control system and auxiliaries system. Fiber based design concept is used 

for all conditioning and interlocks for ECRH system. Different types of Analog and 

digital conditioning cards are developed with optical fiber based isolation. There are 

60-70 no‘s of signals monitors and control from different auxiliaries system.Paper will 

discuss the design idea and layout of front end electronics of ECRH DAC system and 

explain its working. 
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A 42GHZ Gyrotron based ECRH system on SST -1 has been used for various 

experiments like start up and heating of plasma experiments. The 42GHz Gyrotron 

delivers 500KW power at ~42KV DC beam voltage and +22KV anode voltage. 

Electron Cyclotron Resonance Heating system (ECRH) is one of the important heating 

system for super conducting steady state Tokomak (SST-1). The Dual pulse operation 

of Gyrotron are very important Plasma experiment need in SST-1 tokomak. First pulse 

is used for pre ionization and second pulse for plasma heating. New anode power 

supply is specially developed to fulfill these requirements. Parameters of power supply 
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are +30KV /100mA. The main interfacing signals are analog control to set required 

voltage and digital for high speed switching and control the power supply. The power 

supply has been fully integrated with Gyrotron tube and operates remotely with PXI 

based data acquisition control system on SST tokomak. Dual pulse operation of 

Gyrotron on SST-1 tokomak has been demonstrated successfully.This paper will 

discuss interface of power supply with ECRH systems.  
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IPR has 132 KV, 3ph, 50Hz line coming from 220 kV substation at Ranasan through 

the single circuit overhead line. Maximum contract demand of IPR is 6 MVA. The 

Substation at IPR covers various equipment such as Power Transformers, Circuit 

Breakers, Isolators, Earth Switches, Lightning Arresters, Current Transformer, 

Potential Transformer, Control and Relay panel and Grounding System rated for 145 

kV. There are five Power Transformers of different rating installed in substation which 

convert 132 KV voltage into 11 kV and 22 kV voltage. This is feed to corresponding 11 

kV Bus (S1-S6) and 22 kV (S11-S14). The distribution system at IPR involves various 

voltage levels. All high power electrical loads are supplied from a 132 kV switchyard 

through 5 power transformer feeders with associated 11 kV and 22 kV systems. Further 

distribution in LT (415 V) supplies to various low power loads. 

  

The TR#3 and TR#4 power transformer of rating 132kV/11kV, 15 MVA was installed 

and commissioned, back in the year 2000, to cater to the continuous loads SST#1 

auxiliary systems as well as that of IPR campus.  

 

This paper presents the procedures for major overhauling, gasket replacement and 

testing of power transformer. Transformer maintenance at regular intervals is very 

important which includes the major Overhauling. Overhauling of a large transformer is 

very complex which will be explained in easy steps in this paper.  
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The objective of ion beam focusing is to minimise beam divergence. This leads to 

improvement in the beam transmission, reduces heat loadings on different components 

of the injector and duct, neutral beam injection port of tokamak e.g. SST-1. Parameters 

of ion beam focusing are determined by the dimensions of the ion extractor grids, 

beamline, injection port, and the distance of the target plasma from the ion extractor 

grid. The beamline is composed of an ion source, ion extraction system, neutralizer, 

bending magnet, ion dump, V-target, cryopump, gas feed system, cooling, and power 

supply system. The placement and dimensions of these components have been 

optimized for their individual performance and for the influence they have on each 

other as an integral component of the beamline. The beam enters the plasma at a 

tangency radius of 98 cm by inclining the beamline by 27o w.r.t major radius at the 

injection port. SST-1 entrance duct is at 5.4 m and the major radius of the plasma is at 7 

m from the earth grid. PNBI port access is 27 cm (W) × 60 cm (H). Reserving 

minimum and optimized space for mounting cooling panels, the net available access for 

transmission is ± 9.5 cm horizontally and ± 20 cm vertically. In order that duct walls 

are within tolerable heat load (10 MW/m2), beam transmission power loss is  150 kW 

per MW neutral beam power, we fix horizontal focal length (fh), lie at the entrance of 

the duct and vertical focal length (fv) at the major radius of a tokamak plasma. This 

procedure fixes fh 5.4 m and fv 7m. Focusing of beamlets of the beam to a common 

point or a line can be achieved by shaping the grids in a suitable manner. The simplest 

way is to give a requisite amount of curvature to shaped extractor grids. This method is 

suitable for low power, short duration beams. In this case, curvature remains stable. For 

large rectangular extraction area (dictated by rectangular duct at tokamak entrance), 

shaped grids are not suitable for focused, long pulse high power ion beam because 

differential heat deposited on grids lead to differential changes in the curvature of grids 

builds up of stress at the edges where grids face a fixed boundary of the mounting 

support structures. Further, it is difficult to achieve two focal length parameters, fh and 

fv with one mechanical process. This paper will describe in detail of achieving two 

focal lengths parameters. We have selected two processes: (1) offsetting the apertures 

of deceleration grid (or earth grid) w.r.t acceleration grid to obtain one focal length and 

(2) combination of both apertures offsetting and splitting the grid in two halves and 

inclining at an angle of 1.07
o
 to obtain second focal length parameter. We use offsetting 

method for fh and combination method for fv. The maximum offset in direction is  400 

µm. 
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The application of protein based blockchain technology is studied with equal amount of 

Amino acids and peptides to form paired assets coexisting to provide entanglement at 

any time which are the most essential element in our life. The blockchain of 

polypeptides and amino acids acts as bio quantum computer.The most energy efficient 

quantum computers. The study uses quantum cryptography to understand the 

entanglement process. 
 

Keywords: Quantum cryptography, biological quantum computer,blockchain 
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One of the major challenges in the realization of a fusion power reactor is the long-term 

operation of the in-vessel components under high neutron and heat flux.At present, 

there exists no fusion relevant test facility that can simulate the simultaneous heat and 

the neutron loads that a component will get exposed under the reactor-relevant 

conditions. Therefore, accurate predictive modelling is the only option to validate the 

material properties under such extreme conditions. Although there is no single recipe to 

do this, the general approach requires a set ofexperimentally validated and 

benchmarkedmodelsthat can link the atomistic features of radiation cascade and 

residual defects formed in a few pico-seconds to macroscopic material failure 

happening over several full-power years of operation. Surrogate particle-irradiation 

using ions, electrons, -rays and fission neutrons can notonlyvalidate such models but 

also provide insightsabout different mechanisms of multi-scale processes leading to 

their failure.In this context, we present the ongoing activities in tungsten plasma-facing 

material which is one of the most promising candidates for both first-wall and divertor 

of the fusion power reactors due to its high melting point, low erosion yield and low 
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affinity for hydrogen. However, the simultaneous exposure of the neutrons and -

particles create radiation damage in tungsten which can adversely affect its otherwise 

favourable properties.  Under the IAEA-CRP project (No. 18180/R0) extensive ion 

irradiation experiments and modelling were carried out involving different irradiation 

facilities across India and these results have conclusively shown that contrary to the 

popular understanding, the choice of ion mass and energy do play a critical role in the 

defect created in tungsten [2,3,4].  These studies have also brought out novel features of 

the atomistic strain-driven gas diffusion in metals which might explain the fundamental 

features of blister formation, gas permeation in advanced metal-membranes, gas-target 

formation etc [5]. These experiments have also shown for the first time a direct 

atomistic observation of the conjecture of the vacancy nucleation during the non-

conservative motion of grain boundary during recrystallization [6]. We also present the 

planned experimental efforts on the gamma and fission neutron irradiation and 

apotentialscopeof activities to create statistical failure models for fusion reactor 

materials by compiling large volume experimental and modelling data, their 

visualization and the methods of deduction using various statistical and AI-based 

techniques. 
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Spherical Tokamak (ST) is a special type of magnetic confinement configuration-based 

Tokamak which is being pursued to develop fusion energy for commercial power 

production on afast track approach. STs are smaller in size as compared to conventional 

tokamaks. STs have theleast possible bore in the center because of which the resultant 
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plasma shape is nearly spherical. Thecompactness and modular features make this 

machine very attractive. 

 

The main components of ST are Center Stack (CS) (an integrated structure consisting 

of TF innerlegs, Ohmic coil and their casing), TF outer legs, Vacuum Vessel, auxiliary 

powers sources andsupport structures. Design and fabrication of the Center Stack (CS) 

assembly is one of the mostcritical & challenging system (in magnetic and mechanical 

aspects) of Spherical Tokamak configuration. The study of small scalecenter stack with 

TF outer legs has been attempted in this project and a Prototype of Center Stack (PCS) 

has been designed. Further, it is planned to construct aPCS assembly to validate the 

indigenous design. 

 

PCS consists of two sets of coils- Toroidal Field (TF) coils and Ohmic (OH) coil. The 

OH and TFcoils are mainly designed to produce 0.025 volts.sec and 0.1 Tesla magnetic 

field (at its majorradius) respectively. The power supply for the TF coil to generate the 

required field is rated for8.5kA. The ripple is checked by simulation and is <1% with 

six TF coils connected in series. TheOH power supply is rated for 10 kA that produces 

required flux. 

 

Each TF coil consists of 3 turns which are connected electrically in series. The 

trapezoidal shaped (38 mm radial width) inner turns are considered for the design in 

order to achieve high packingfraction. The inner legs are connected to the outer legs via 

radial and flexible U connectors. Thecross-section of 50 x 10 mm2 copper conductor is 

considered for the TF outer turns. OH coil iswound in 2 layers with 143 turns in each 

layer. A square cross-section conductor of 5.6 x 5.6 mm2with a central cooling hole of 

2.5 mm diameter is considered for the OH coil winding. Anappropriate support 

structure of SS304 is also designed for the PCS coils and assembly.This poster 

describes the mechanical design of PCS coils, support structure, components 

arrangement and assembly sequence of coils. 
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A Prototype Centre Stack (PCS) is being designed and developmentat Institute for 

Plasma Research (IPR) as a part of R&D activities in Spherical Tokamak (ST) 

technologies. One of the major challenge in the Spherical Tokamaktechnologies is 
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design and development of center stack, which consists of inner legs of TF coil, the 

Central Solenoid coil and the casing as an integrated component. 

 

The PCS system consists of six number of TF coils made of ETP copper, with three 

turns per coil, all connected in series. Each TF coil is made of two parts – the inner leg 

and the outer leg, possessing three turns each. The inner leg of the TF coil isstraight, 

with trapezoidal cross section, and all the 18 inner leg turns together form a circle at the 

inner bore region. The outer leg has a D-shaped configuration and the turns 

arerectangular in cross section. The turns are sufficiently insulated from each other 

using G-10 material.  

 

The TF coil is subjected to electromagnetic forces and thermal loadsduring operation. 

During the design optimization various combinations of inner to outer leg connections 

were attempted and based on a thorough study, the orientation of TF coil as well as the 

connection between the inner and outer leg (using a U bend connection at top region) 

was finalized. The support structure of the machine is designed mainly considering the 

loads experienced by the TF coil.  

 

The coil operates at 8.5kA to produce a field of 0.1Tesla at the major radius of 0.28m. 

Considering the nominal operational requirement with a specified time duration, the 

rise in temperature of the TF coil is ~4°C per shot. However, considering eight hours of 

operation of ST for 30 back to back shots in a day, active cooling by water circulation 

has been considered for inner legs of the coil. The bulk of electromagnetic load on the 

coil is radially inward direction which is restricted by the G10 rod at the centre of the 

bore.  

 

This poster discusses the design optimization and analysis of the TF coils in PCS 

machine, including the iterations carried out in the process of design. Electromagnetic 

and thermal analysis has been performed on the coil using ANSYS Mechanical, 

Multiphysics and Maxwell software modules. In addition, the cooling requirement is 

also envisaged for the continuous operation of the coil. 
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The Center Stack (CS) assembly is one of the important systems of Spherical Tokamak 

configuration. Its compact design makes this spherical compact configuration 
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attractive. Efforts have been carried out in order to study and design a typical Prototype 

Center Stack (PCS) Assembly which consists of components such as toroidal field (TF) 

coils, ohmic (OH) coil, tension cylinder, center stack casing and support structure 

arranged in a limited volume. As a result, achievement of dimensional accuracy with 

strict control on tolerances at each stage of the manufacturing, during and after 

assembly becomes a challenge. In the PCS design, a single complete TF Coil made of 

ETP Copper is formed by connecting the three inner TF turns with the outer leg while 

the OH coil is formed by winding an insulated continuous square cross-section ETP 

Copper conductor (5.6mm x 5.6mm), having a throughout opening of 2.5mm diameter 

in the center, over an insulated tension cylinder of SS 304. 

  

Small mock-ups of TF inner turn and OH coil (both 300 mm length) were fabricated to 

assess the fabrication feasibility of the designed TF inner turn & OH coil for possible 

challenges and to improve design. The TF inner turn has a water cooling tube of 4mm 

OD along its entire length on one side which needs to be brazed. The TF inner turn 

small samples were fabricated through two routes: (a) TF inner turn made by 

machining ETP Copper bar with a slot for fitting the 4mm OD copper tube with 0.9mm 

wall thickness and brazing it on the surface along the entire length; (b) TF inner turn 

made by machining ETP Copper bar with a throughout hole of 4mm diameter for 

cooling made by wire-cut EDM and Copper tubes brazed on both ends. Both these 

mock-ups were checked for dimensional measurements and brazed joints were tested 

for leak through helium leak detection in vacuum mode. No degradation was found in 

the helium background leak rate (1.6 x 10-9 mbar.l/s) at anywhere on the brazed region. 

The OH coil mock-up was fabricated by winding a solid bare copper conductor (6mm x 

6mm) on 3.5 inch SS 304 pipe of with conductor entry exit attachment for the end 

connections. This coil was checked for dimensional measurements only. Most of the 

achieved dimensions in the three mock-ups were within 0.5mm of the specified 

dimensions while other deviations were less than 1mm.  

 

Fabrication of these small mock-ups provided needed R&D experience in validating the 

design of PCS coils from fabrication aspect. This poster highlights the challenges 

addressed in the fabrication of these mock-ups and inputs obtained related to achievable 

and permissible tolerances in these components on the shop floor to finalize design 

details for fabrication.  
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In the present world, to fulfill the fast growing energy requirements, Fusion Energy is 

the one of the best choices. Spherical Tokamak (ST) is one of its kind which is being 

pursued for commercial production of fusion energy. In ST, Center Stack (CS) is the 

major component with many challenges in design because of its limited bore area.  

 

In IPR, efforts are in progress to develop a Prototype Center Stack (PCS) with TFcoils. 

PCS consists of Toroidal Field (TF) inner legs and outer legs, Ohmic (OH) coil and 

their casing. In the present design, the targeted TF field at the major radius is 0.1T. The 

design of TF has six number of coils in which each coil consists of three turns. The 

current required to produce 0.1T at major radius is ~ 8.5kA. The ripple in the optimized 

design is less than 1% at major radius. The OH coil is wound in two layers with an 

input peak current of ~10kA. To finalize the insulation material and thickness, the 

electric field stresses are analyzed in all critical areas. Based on this analysis, the 

polyester glass fiber tape, G-10, Teflon are selected as insulating materials for these 

coils. Further, Vacuum Pressure Impregnation (VPI) process is also recommended 

during fabrication. 

  

Present poster describes the electrical insulation design for the TF and OH coils. Details 

of estimation of TF field & ripple at major radius and estimation of resistance of joints 

in the coils are also presented.  
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Electrical Power Distribution System in IPR comprises of 132 kV Substation 

suppliedby dedicated 2 GVA SCC line by the Grid Operator (UGVCL). The 132 

kVsubstation hosts four 132 kV / 11.5 kV main step down transformers of 31.5 MVA, 

37.5 MVA and 2 x 15 MVA and one 132kV/22 kV step down transformer of rating 

31.5 MVA. The total installed capacity of around 130 MVA caters to bothsteady/ 

continuous power demand (~6 MW) and pulse power demand (~50 MW) of the 
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Institute. The power demanded by the systems is supplied at 11 kV, 22kV & 415V 

voltage levels. Requirement of Automatic Power Factor Capacitor (APFC) System 

have a numerousadvantages like power factor correction, reducing reactive power & 

I2R Power loss &KVA loading of Transformers loss and high PF using full capacity of 

power systemnetwork. A high power factor eliminates penalty charges and give 

incentive amountabove required value. The APFC device calculates the reactive power 

consumed by asystem's inductive load and compensates the lagging power factor using 

capacitancefrom a capacitor bank. 

 

This paper covers Erection, Installation, testing and commissioning of 1600KVAr, 

11kV Automatic Power Factor Capacitor (APFC) System. 
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Failed in-vessel components replacements requires lifting, hauling and holding heavy 

payload plasma facing components with the help of winch system and multi-joint 

maintenance manipulator. Basically winch recounts an integrated assembly which 

consists of a drum, sheaves carrying wire ropes and actuated by some form of power 

units. Winches are hoisting, pulling and holding equipment‘s in which a tensioned wire 

rope is winded round a rotating drum. The selection of drum/ wire rope configuration, 

transmission drive and actuators depends upon the designed application. 

  

This paper presents the structural design of a winch system, which consists of rotating 

drum, pulleys, wire rope self-reversing screws and actuators with braking system. A 

dual design approach, design by formula and design by analysis in combination with 

two standards SAA and DNV are used to achieve the optimised design solution. Design 

by formula was used to arrive at preliminary design of drum, wire rope, actuators with 

brakes, spooling system, and transmission system. Further design by analysis is used to 

optimise the design of drum for different loading condition and payload capacity of 50 

kg. A combination simulation platform based on ANSYS workbench and Rigid Body 

Dynamics are used for optimisation and selection of suitable actuator components. 

Finally a structural design is arrived by demonstration of proposed approach in design 

of winch system with desired constraints. 

  

Keywords— winch system; sheaves; wire rope; remote handling.  
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SST-1 Cryogenics plant with 1.3 kW at 4.5K capacityis installed at IPR to supply liquid 

helium to magnet system of SST-1 tokomak. The plant consists of Purifier, Coldbox, 

Compressor system and Distribution system. These systems are having individual PLC 

and connected in a master slave architecture with cold box PLC which is acting as a 

master.An overall supervisory control system is setup using Citect SCADA while some 

of the PLCs are being monitored using Wonderware software from Schneider 

Electricals. 

 

Normally a SST-1 campaign lasts for around 1 month that includes magnet cool-down, 

plasma experiment and magnet warm-up period. During this period monitoring of SST-

1 cryogenics plant at anytime from anywhere in the institute is realized by 

incorporating EPICS SCADA into the system without disturbing the existing software 

setup. 

 

This paper presents challenges in integration of EPICS OPC client with Wonderware 

FS Gateway which is part of Wonderware SCADA package. This EPICS OPC client 

acts as an EPICS IOC server to make data available to any EPICS client such as CS-

Studio BOY, data-archiver, data browser etc. over channel access. 
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Beryllium, Tungsten and Carbon are typically considered as armour material for 

Plasma Facing Component (PFC) of Fusion devices. Each of these three candidate 

materials has some inherent advantages and dis-advantages. Their application as 

armour material in Tokamak depends on the specific operational requirements. Carbon 

based materials, namely; Graphite and Carbon Fiber Composites (CFC) are the 

preferred armour materials in present day Tokamaks. As Graphite being a high 
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temperature material, it is widely used as an armour material for first wall in Tokamaks. 

High thermal shock resistance and low atomic number of carbon are the most important 

properties of graphite for its application as an armour material in many Tokamaks. 

High density graphite of grade FP479 is chosen as plasma facing armour material in 

SST-1 Tokamak.  About 1,200 kg of graphite material will be used as plasma facing 

material in SST-1 tokamak in the form of shaped tiles. There are about 3800 numbers 

of graphite tiles of different sizes bolted on 132 numbers of PFC copper modules. 

Selection of graphite is based on criteria involving different thermo-physical properties. 

Some of the important requirements are: thermal conductivity, ash content, open 

porosity, flexural Strength, etc. Thermal properties of graphite plays a major role in 

graphite selection. Hence graphite thermal properties are measured experimentally. 

Thermal properties of graphite such as Thermal Conductivity, Thermal Diffusivity and 

Specific heat are measured from room temperature to high temperature using laser flash 

technique at HTTD, IPR.Commercially available high density graphite grades around 

the world were chosen to compare the thermal properties at room temperature and 

elevated temperature.  Three grades of high density graphite chosen for the study are (i) 

FP479 grade manufactured by Schunk Kohlenstofftechnik GmbH Germany, (ii) IG430 

from Toyo Tanso, Japan and (iii) DXN from Graphite India Ltd., India. This paper will 

discuss about the experimental results of thermal properties of different grades of high 

density graphite at various temperature and the variation of thermal properties with 

temperature. 

 

NFT-P-19 

DESIGN AND SIMULATION OF TWO-WAY RF COAXIAL SWITCH FOR 

ICRH EXPERIMENTS 

 
*Uttam Kumar Goswami, Nikhil Vispara, Raj Singh and P. K. Atrey 

Institute for Plasma Research (IPR), Gandhinagar, India 

E-mail: uttam.goswami@ipr.res.in 

 

The increasing need for fusion plasma research in the ICRF domain necessitates the use 

of a high-power RF switch. The high-power RF switches aren‘t indigenously available 

due to technical design constraint & fabrication complexities. An innovative RF 

switching system has been designed and simulated by electro-mechanical approach 

with high & long-term reliability. The design concept enables RF coaxial switches to be 

produced with very high operating life (million cycles), maintaining no increase in 

contact resistance and reliability over time. The paper presents the design aspects of 3-

1/8 inch coaxial RF transfer switch for applications in ICRH 50-ohm transmission 

lines, primarily to improve the system performance and when failures occur, enabling 

emergency repairs by facilitating quick checks under actual operating conditions. The 

designed switch is double-pole, double throw configuration, which enable the changing 
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of coaxial connections between RF transmitters and antenna or dummy loads with a 

minimum changeover time. The unique internal construction will make this switch a 

very cost-effective. The switch is designed to support 20 kW RF power and anticipated 

to operate in the frequency range of 10 to 100 MHz, with a reflection coefficient (S11) -

32 dB and the transmission coefficient (S21) -0.005 dB in normal operation. The CST 

EM solver has been used to investigate the RF electric field distribution in the designed 

coaxial RF transfer switch and the simulation results are validated in the fabricated 

switch.   
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In the core-edge region of a tokamak, the magnetic flux surfaces are closed on 

themselves, and charged particles move along the field lines and are confined to the 

flux surfaces. Outside of the last closed flux surface (LCFS), there are open flux 

surfaces, and they are in direct contact with material walls/limiter/divertor of the fusion 

reactor. Due to the changes of magnetic field lines from closed to open there are 

various time-scale and length-scale are involved in edge plasma transport. So the study 

of edge region of tokamak plasma is very challenging. We report the analysis of edge 

plasma parameters in ADITYA-U tokamak plasma using the UEDGE code. UEDGE, 

which is a two dimensional edge plasma fluid transport code, is applied for ADITYA-U 

limiter configuration. The simulated radial profiles of electron density and temperature 

are compared with the recent experimental measurements. The details of this 

investigation will be presented at the conference. 
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In order to detect unpredicted Arcs either due to Paschen Discharge or any other 

electrical ground faults in the superconducting (SC) current feeders system (CFS), an 

optical fibre based flash arc detection system is introduced in SST-1. From the recent 

event of flash arcs between PF3 SC feeders and cryostat ground, this system will work 

as precautionary measures to mitigate any major damages inside the Cryostat by 

identifying arcs if any phenomena happen again. To visualise the condition of flash arcs 

in a vacuum, a lab-scale cryostat is developed and the arc detection system is tested for 

low energy flash arcs. This system of arc detection is unique in its class as it is made to 

detect vacuum arcs mostly as well as it will collect direct or indirect light from very 

cold surfaces where SC magnet cable in conduit conductors (CICC) bus bars are 

connected with SC current feeders or current leads (CL). The difference between a 

normal flash arc detector and this arc detector for SST-1 is the complexity of optical 

fibres mounting in vessel-in-vessel type vacuum chambers, coupling loss reduction as 

well as detection of vacuum arcs from ultra-cold surfaces. Light is to be detected from 

inside SST-1 cryostat vessel which is already in the CFS vacuum chamber. As per 

requirement, optical fibres are mounted on vacuum compatible optical feed-throughon 

PF ducts of Cryostat inside CFS and routed in vacuum to optical window. This paper 

will describe lab-scale tests and installation of fibre optic arc detection system in CFS 

chamber. 
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The indigenous IPR helium refrigerator/liquefier (HRL) plant being developed at 

Gandhinagar, Gujarat, for tokamak application, has Vacuum-brazed Al-plate-fin heat 

exchangers. These are some of the most important components of the cold box of the 
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HRL. These Heat Exchangers will be used at cryogenic temperature and are generally 

made of aluminum alloy (Al3003/Al5052) considering high thermal conductivity, good 

machinability and good mechanical strength at low temperature. A 3-stream plate-fin 

heat exchanger (HE), to be used for HRL plant, has been designed and manufactured 

indigenously. This is a vacuum-brazed counter-flow type with serrated fins of fin 

density ~700fins/m. The performance test of this 3-stream heat exchanger has been 

done at cryogenic temperature. The piping design and layout has been done carefully to 

take care the operating pressure and thermal stresses [1,2]. The piping layout has been 

analyzed using CAESAR II software for stress analysis for both room temperature and 

80 K operational situations. The details of these will be presented in this poster.  

 

Keywords: Piping analysis, Cryogenic temperature, heat exchanger  
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Ohmic Transformer Power Supply (OTPS) consists of 11kV VCB, Converter 

Transformers, 12-pulse dual converter, Controller, sequencing and logic Panels 

operated through VME interface and DC Isolators. OTPS is rated for +/- 20kA, 2.2kV 

with wave shaping circuit consisting of DC VCB, 1200µF Capacitor bank, and 1.8Ω 

Resistor Bank, and associated Switches for commutation purposes [1].  

 

Plasma Loop Voltage (VL) is controlled through appropriate resistance connections for 

R1, R2 & R3 as per plasma experiment requirement. For Aditya-U Operation R1 is 

connected at 0.84/ 0.72Ω tapping, R2 is connected at 0.48/ 0.36Ω tapping and R3 is 

connected at 0.06Ω tapping which gives peak VL of ~ 20-25V. According to 

experimental requirement,the VL profile for gas breakdown and subsequent plasma 

ramp-up phase is set by inserting resistances (R1, R2, R3) in the waveshaping circuit 

through ignitrons at appropriate timing intervals(T1, T2, T3) respectively[2]. During 

the plasma flat-top phase, a certain minimum VL is required which is obtained using 
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negative converter operation. A negative Converter is used to maintain a constant di/dt 

thereby affecting a certain minimum VL. Signal IOT reference is configured at VME 

GUI to effect required IOT profile as required for necessary di/dt to maintain VL.VME 

system output is connected to respective controllers through optocouplers. 

  
R1, R2, R3 resistances tapping alongwith their switching instants T1, T2, T3 

configuration and IOT reference parameter settings at VME GUI as required for 

different Plasma Loop Voltage (VL) are depicted and described in this Poster. 
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The lithium-based ceramic materials in the form of nearly spherical-shaped particles 

have been selected as a tritium breeder in the solid breeder blankets of the future fusion 

reactor. The pebbles are packed in a canister in the state of random close packing. The 

uniaxial compression test is one of the well-known techniques for the mechanical 

characterization of granular material such as pebble beds. In this work, the uniaxial 

compression tests have been simulated using the Discrete Element Method (DEM) to 

generate the stress-strain response of different pebble beds. The mono-sized, binary-

sized and poly-dispersed assemblies of pebble beds have been considered for 

simulation studies. The effect of size ratio and size variation on the stress-strain 

response of the pebble bed has been examined. During the cyclic loadings of the pebble 

bed assemblies, the effect of external load on the micro-information like contact force, 

coordination number, etc. has been investigated. The predicted values of the effective 

modulus of elasticity of pebble beds by DEM simulation have been compared with the 

experimentally obtained values from the literature. 
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Closed circuit television (CCTV) has been around for nearly two decades and hasgrown 

multifoldwith the advancement of IP enabled cameras, larger bandwidths andfaster 

INTERNET speeds. Security camera surveillance is a valuable asset forlaboratories and 

keeps experiments, equipment, intellectual property and researcherssafe. SST 

1Tokamak building being one of the most important experimental placesat IPR campus, 

needs continuous monitoring and surveillance. So, we have come upwith a 

Convolutional Neural Network (CNN) based software solution which takesinput from 

CCTV cameras and raises an alarm when any intruder or object of interestis detected 

for an undefined hour. The software solution also ensures the security andsafety of 

researchers and equipment during ongoing experiments by detectingabnormal events 

like fire etc. The software accuracy is more than 97%, with a veryhigh sensitivity/ 

specificity value of 94.9% and 98.6%. 
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Electron Cyclotron Resonance Heating (ECRH) can be used for various experiments on 

the tokamak. It is primarily used for pre-ionization, heating, current drive and Neo-

classical tearing Mode (NTM) suppression. Suppression of NTMs can be achieved by 

controlling the localized EC power deposition in the plasma at the island locations. This 

can be accomplished by real time steering of EC beam in the poloidal plane. A new 

prototype ECRH launcher is developed which will enable the beam steering in poloidal 

and toroidal directions. The launcher system consists of plane mirror, profiled mirror, 

steering mechanisms, bellow, servo motors and rotary encoders. High speed accurate 

mirror movement under UHV is a major technical challenge for development of 

steerable launcher. The UHV compatibility of the launcher has been tested in a 
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specially designed vacuum chamber. The ultimate vacuum level of 4 × 10
-9 

mbar has 

been achieved after baking the whole assembly at 150 °C for approximately 48 hrs. The 

temperature of was continuously monitored by temperature sensors during the baking 

cycle. The mirror movements of the movable (flat) mirror along poloidal and toroidal 

axis was also checked under UHV. Accuracy of ~0.03° and repeatability of ~0.01° 

were achieved for both the axis.The poster describes the design of the launcher, testing 

procedureand various tests carried out under UHV in a specially designed vacuum 

vessel.  
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ECRH is one of the main heating systems of tokamaks. ECRH system comprises of 

high power microwave source (Gyrotron), matching optics unit (MOU), transmission 

line, polarisers, mitre bends, RF switches and launcher.The high power microwave 

beam generated by Gyrotron is launched into the plasma. The power measurement of 

microwave beam is important for carrying out controlled plasma experiments. The 

pulsed power of the Gyrotron can be measured by calorimetric method. In this method, 

the high power generated by Gyrotron is launched into the dummy load and the energy 

is absorbed by the flowing water. The inlet and outlet temperature of the flowing water 

is continuously measured and the output power of the Gyrotron is estimated by 

measuring the area of the temperature difference signals. Calibration with known 

energy is required to obtain the calibration factor. 

 

The calibration unit with the arrangement of the heater is developed which can provide 

10kJ of thermal energy. Design and fabrication of probe assembly significantly effects 

the temperature response and measurement accuracy. The effect of probe material and 

wall thickness on the thermal response of the probe is studied through finite element 

simulations. The calibration unit is tested at different (10LPM and 21 LPM) flow rates 

and different power levels for checking the consistency of the measured area 

values.The poster describes the Gyrotron‘s power measurement procedure, the design 

of calibration setup, critical aspects of the system and initial experimental results. 
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The magnetically confined plasmas display distinct transport characteristics in the open 

field line zone of the Scrape-off layer of the modern magnetic confinement fusion 

devices as compared to transport in the core region of closed magnetic surfaces. The 

magnetic configuration of Aditya-Upgrade is implemented for SOL transport studies by 

means of 3D coupled plasma-neutral simulation code combination EMC3-EIRENE [1]. 

This fresh implementation of Aditya-Upgrade additionally considers plasma limited by 

the inboard located belt limiter where poloidally local plasma surface interaction 

characteristics can be simulated for investigating issues of diffusion-driven radial 

transport [2, 3] or a partial detachment like the behaviour of plasma flow approaching 

the belt limiter. The present implementation has covered defining the configuration in 

magnetic flux surface aligned coordinate system to compute plasma transport with the 

effect of boundary for plasma, and neutrals, generated by the inboard located limiter 

target as well as the device first wall. The distribution of geometrical and physical 

parameters of the plasma configuration, transformed from the magnetic flux 

coordinates to the physical coordinates, and their localized behaviour about the inboard 

limiter generated plasma boundary will be presented and discussed.  
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Hydrogen is being considered as a potential candidate for alternative fuel due to its high 

energy density per weight and no emission of pollutants. Storing and transportation of 

hydrogen efficiently and effectively is a challenge for its safe and economical 

applications. Among the storage technologies, solid-state hydrogen storage methods 

using Metal Hydrides (MH) have attracted considerable attention owing to their 

relatively higher volumetric storage density, safety and lower cost.One key issue for 

MH hydrogen storage systems is to achieve rapid hydrogen charging/discharging rates 

under the appropriate operating conditions.Often, the heat transfer rate is thecontrolling 

variable for absorption and desorption due to limited heat transfer within hydride bed. 

 

A multi-dimensional, unsteady, non-isothermal mathematical model rigorously 

accounting for the reaction kinetics and heat & mass transfer mechanisms during the 

hydrogen absorption and desorption processes in MH storage system has been used to 

analyse metal hydride storage system equipped with spiral heat exchanger.The 

performance study has been carried out to minimize total storage time.Hydrogen 

absorption time mainly depends onthe successful heat removal from the bed.Analysis 

of temperature evolution inside bed with different supplied pressure has been carried 

out. The spiral heatexchanger is tested for its performance at various supply pressures, 

pitch, and cooling/heating fluid temperature. Thisperformance analysis helped in 

optimizing operation parameters forsignificant improvements of the time of storage and 

discharging of hydrogen. 
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A Small Scale Spherical Tokamak (SS-ST) is being designed at IPR with the objective 

to produce low aspect ratio plasma and perform various basic plasma experiments to 

generate database in support of compact fusion. DC glow discharge cleaning (GDC) 
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technique
1
, using hydrogen has been planned for wall conditioning of the SS-ST 

Tokamak to reduce low z impurities residing on the walls of vacuum vessel
2
.  

 

SS-ST will include two movable anodes at the two locations 180° apart from two top 

ports of the machine. During glow discharge cleaning (GDC), the anodes will be 

inserted in to the machine from the top port up to 10 cm below the axis of the machine. 

The length of the exposed anode will be 20 cm. A dedicated DC power supply with all 

safety control system will be connected to the anode. In this paper, we presented the 

conceptual design of glow discharge cleaning system for Small Scale Spherical 

Tokamak (SS-ST). 
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A helium refrigerator/liquefier plant of cooling power 200 W at 4.5 K for Tokamak is 

being developed at IPR. Critical peripheral equipment and systems like bearing gas 

supply, cooling water circulation, liquid nitrogen supply, vacuum pumping systems and 

instrumentation air line for helium plant has been designed, fabricated and tested at 

IPR. Addition to this high pressure line and low pressure line for connection of helium 

compressor with cold box, are also designed, fabricated and tested for the IPR‘s 

indigenous helium plant. These systems include many instrumentations for 

measurement of pressure drops, temperatures, flow rates and pressures which are linked 

to the control system of helium plant operation. Requirements of these instrumentations 

have been generated considering different critical operations of the plant. Pressure test 

for above all lines are done as per ASME requirements and then thorough leak tests 

have been done.  Some pipe lines have been insulated to reduce ambient heat transfer. 

This paper will give details of these. 
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ITER-India, IPR has developed a dedicated test facility for testing 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 including mis-match 

lines comprising of stub and phase shifter, data acquisition & control system, auxiliary 

power supplies, high voltage power supply (HVPS), AC power distribution network, 

active water-cooling and air-cooling system etc. The same facility will be used in future 

for testing of RF sources related to ITER deliverables.  

  

Prototype RF source consists of two identical amplifier chains and one combiner. Each 

chain is having one solid state amplifier and two tube based amplifiers. The tube-based 

amplifiers require DC biasing for the electrodes with specific protection and response 

for operational need. There are four types of biasing power supplies required for RF 

tube which are, Anode, Screen grid, Control grid and Filament. Among the mentioned 

power supplies, Screen grid, Control grid and Filament power supplies are considered 

as auxiliary power supplies. To meet the above requirement, one set of each, Screen 

grid power supply (HPA2 – 1500V/3.3A, HPA3-2000V/10A) and Control grid power 

supplies (HPA2&HPA3 – 500V/12A) are procured and tested successfully. 

  

The detailed test plan, test setup and test results (i.e., ripple in output, rise time & fall 

time slew rate measurement, protection validation, remote operation and signal 

response time) will be presented. 
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The Ion Cyclotron Heating and Current Drive (ICH &CD) system for ITER application 

is being designed, fabricated and commissioned to couple 20 MW Radio Frequency 

(RF) power into ITER plasma for heating and driving plasma current in the frequency 

range of 35-65MHz [1]. There will be 8 RF sources to generate total 20 MW of RF 

power. There is also one prototype RF source which will be used as spare. Each RF 

source will be capable to deliver 2.5MW output power at Voltage Standing Wave Ratio 

(VSWR)2:1 having bandwidth of 2MHz as per ITER requirement. Each RF source 

consists of two parallel amplifier chains of 1.5MW RF power level and a combiner at 

the output side to generate 2.5MW power. 

 

Development activities related to prototype RF source is initiated. To provide 2.5MW 

constant RF output power to ITER is utmost requirement of RF source. To maintain 

amplitude and phase as per experimental requirement, different control loops like 

amplitude control loop and phase control loop are under development. At present low 

power control element like, voltage variable attenuator and voltage variable phase 

shifter are used to control requested amplitude and phase for the individual RF chain. I-

Q modulator may be a better option instead of using voltage-controlled attenuator and 

phase shifter as low power control element to control the amplitude and phase of the 

RF chain. This paper describes the basic experimental test resultsof analog I-Q 

modulator. 
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ITER-India is developing 2.5 MW Radio Frequency (RF) source having 1dB 

bandwidth of ±1MHz in the frequency range 35-65 MHz for ITER application. It has to 

provide constant output power of 2.5MW at any frequency within the specified range 

on match and mismatched load having voltage standing wave ratio (VSWR) 2:1 at any 

phase of reflection coefficient [1]. Eight such RF sources will be used to meet total 

20MW of RF power requirement for plasma heating and current drive experiment. 

Each 2.5MW RF source consists two chains of RF amplifiers capable to deliver 1.5MW 

and a 3dB hybrid combiner. A Research & Development (R&D) chain of 1.5MW RF 

power based on Diacrode technology is tested on matched and mismatched load 

(VSWR 2:1) after setting the 1dB bandwidth of ±1MHz [2] [3].  

 

During testing of R&D chain of amplifiers, it was observed that to achieve 1dB 

bandwidth of ±1MHz at 65MHz is not possible due to higher level of harmonics while 

moving from 65 to 66MHz. Therefore, it was decided to check the bandwidth at 

60MHz because the requirement for ITER experimental frequency lies in between 40-

55MHz.  Hence, rigorous testing of Diacrode based R&D amplifiers chain was 

completed successfully, with 1dB bandwidth at ±1MHz for more than 1.5MW/2000s 

on matched load. The detailed test results will be presented in this paper. 
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ITER-India has developed a dedicated test facility for testing of 1.5 MW R&D RF 

source. The RF source is 3-stages cascaded amplifiers; pre-driver, driver and final 

stage, based on solid state technology and vacuum tubes (Diacrode / Tetrode). The test 

facility includes high power RF Dummy load, transmission line system including mis-

match lines comprising of stub and phase shifter, AC power distribution network, 

Control Unit, Auxiliary power supplies (Control Grid power supply, Screen Grid power 

supply, Filament power supply), High Voltage power supply etc. The same facility will 

be used in future for testing of RF sources at 3MW level related to ITER deliverables. 

Prototype RF source consists of two identical amplifier chains and one combiner at the 

output side. Each amplifier chain is comprising of one solid state amplifier (HPA1) 

followed by two tube-based amplifiers (HPA2 & HPA3). Auxiliary power supplies 

consisting of 6 nos. of DC power supplies are required for HPA2 and HPA3. Out of 

which 4 nos. of power supplies need bleeder circuit with total power rating of ~8kW. 

For such high-power heat dissipation, active water cooling is required for thermal 

management. A dedicated water-cooled heat sink has been designed, developed and 

tested successfully.  

 

The detailed design, simulation and test data will be presented. 
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Upper port plug 09 is serving to host diagnostic and service systems, to provide neutron 

shielding and to perform plugging function. It has two tenants namely XRCS-Edge and 

High Field Side Reflectometry (HFS-R).  UP09 system provides supporting structure 

for tenants as well as to do the port integration throughout three distant port areas in the 

upper port: the port plug, interspace support structure and port cell. Upper port 09 

shouldbe highly reliable, efficient and safe device built to producea quantitative and 

qualitative predefined output. It has to be available for experiments whenever needed 

with low operation and maintenance cost. Thus, a RAMI (Reliability, Availability, 

Maintainability and Inspectibility) analysisis a part of design and manufacturing review 

process during ITER component product lifecycle [1]. This aims to provide designers 

and engineers for the optimum design, appropriateoperation, testing and maintenance 

programmes.In this poster asa part of RAMI analysis functional breakdown analysis is 

done to understand thebasic function and associated components [2].To define risks of 

failures of the system, the most probable risks of component failures were identified in 

parallel with RBD (Reliability Block Diagramme)-analysisusing Blocksim software. 

This Software provides a comprehensive platform for system reliability, availability, 

maintainability and related analyses that allows you to model the most complex 

systems and processes using discrete event simulation and computation for repairable 

and nonrepairable systems. This is used to find out the initial and expected availability 

and reliability of UP09. Failure mode effect and criticality charts were prepared, major 

riskswere identified and risk mitigation measures were proposed. Thus, expected 

criticality matrix was plotted based on severityandoccurrence.These results and 

integrative concepts can help in better control of technical risk which makes it possible 

tohave better guarantee that this device meets project requirements with respect to 

reliability (continuity of correct operation), availability (readiness for correct 

operation), maintainability (ability to undergo repairs and modification) and 

Inspectibility (ability to undergo visits and controls). 

 

Keywords: RAMI analysis, FMECA analysis, Fusion, Upper Port. 
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The harsh radiation of nuclear reactors may alter the structural properties of insulating 

materials, used in high voltage systems of the reactors [1,2]. Therefore, it is essential to 

ensure the performance of the insulators for high doses of radiation over a long period 

of time. However, it is not possible to perform this study by replicating the exact 

radiation environment of the reactors, we have used the surrogate technique of swift 

heavy ion (SHI) beam irradiation to simulate the radiation condition [3].  
 

We have chosen alumina (Al2O3) for our study as it is widely used in the high voltage 

applications of fusion reactors. In this work, 100 MeV Au ion, with fluences of 1×1011 

to 1×1014 ions/cm2 has been used to study the irradiation impact on the structural 

properties of alumina. The range of the ion beam in alumina is estimated to be 8.3 μm 

using SRIM code. Estimated electronic and nuclear energy losses are 22.59 keV/nm 

and 0.4 keV/nm, respectively. The radiation damage in terms of displacement per atom 

(DPA) is calculated for fluences1×1011 to 1×1014 ions/cm2, which are in the range of 

9.28×10-5 to 9.28×10-2, respectively for selected insulator and ion [4]. Structural 

modification after the SHI irradiation is investigated by Grazing Incident X-Ray 

Diffraction (GIXRD) and Photoluminescence Spectroscopy (PL). The XRD 

measurement is performed at a grazing angle of 1 degree (X-ray attenuation length ~1.0 

μm in Al2O3) within the projected range of 100 MeV Au ion in Al2O3. XRD patterns 

show a gradual decrease of peak intensity with the increase in ion fluences attributed to 

the atomic disorder in the material resulting from the SHI irradiation. PL spectra of 

pristine and irradiated samples show two distinct emission bands at ~ 679 nm and ~ 695 

nm with an excitation wavelength of 442 nm using He-Cd laser system. The intensity 

of these bands decreases with an increase in ion fluences, is corroborating the GIXRD 

results. The obtained results will be presented and discussed in detail.  
 

References:  

[1]  Sejal Shah, D. Sharma, D. Parmar, H. Tyagi, K. Joshi, M. Bandyopadhyay, C. 

Rotti, A. Chakraborty, Fusion Eng. & Design 113, p 6-15, (2016).  

[2]  Sejal Shah, H. Tyagi, D. Sharma, D. Parmar, K. Joshi, K. Patel, A. Yadav, R. 

Patel, M. Bandyopadhyay, C. Rotti, AIP Conference Proceedings, AIP 

Publishing 1869, p 060004, (2017).  

[3]  S. Kumar, Sejal Shah, I. Sulania, F. Singh, A. Chakraborty, Ceramics 

International 45, p 20346, (2019).  

[4]  Paramita Patra, Sejal Shah, M. Toulemonde, I. Sulania, F. Singh, manuscript 

under review (August 2021).  



 

 

148 
 

NFT-P-38 

DEVELOPMENT OF 16 CHANNEL CURRENT MEASUREMENT MODULE 

FOR SSPA 

 
Manojkumar Patel, HrushikeshDalicha, Gajendra Suthar, Akhil Jha, Kumar Rajnish, Raghuraj 

Singh,R.G. Trivedi and Aparajita Mukherjee 

ITER-India, Institute for Plasma Research, Block-A, SangathSkyz, Bhat-Motera Road, 

Koteshwar,Ahmedabad – 380005, Gujarat 

E.mail: manoj.patel@iter-india.org 

 

The Ion Cyclotron Heating and Current Drive (ICH &CD) system for ITER application 

is being designed, fabricated and commissionedto couple 20 MW Radio Frequency 

(RF) power into ITER plasma for heating and driving plasma current in the frequency 

range of 35-65MHz [1].Each RF source will be capable to deliver 2.5MW output power 

at Voltage Standing Wave Ratio (VSWR) of 2.0 having bandwidth of ±1 MHz as per 

ITER requirement. Each RF source consists two parallel amplifier chains of 1.5MW 

and combine to generate 2.5MW power using 3 dB hybrid combiner.In the present 

configuration, two tube based tuned amplifiers, i.e. driver (150 kW) and final (1.5 MW) 

stage amplifiers are driven by a wideband Solid State Power Amplifier (SSPA) having 

power handling capability of around 8 kW.  

 

In the present design, 16 RF amplifier modules are required to combine for achieving 8 

kW of RF power. Each module should be protected by over current protection to 

prevent any failure in amplifier module. Current measurement cards are designed and 

developed to fulfill such requirement. Closed loop current transducer sensors are used 

for DC current to DC voltage conversion and interlock cards are integrated to generate 

fault signal in case of SSPA module current crosses the threshold value. 

  

This paper describes the design & test results of current measurement cards.  
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A PLC based control system is developed and integrated with the 200kV HVPS for the 

remote operation and monitoring. Digital and analog signals are integrated with the 

PLC system and output command signal are communicated with the control card using 

relay based system. The work involves configurations and principles of the control 

system which is based on PLC and HMI. The control system includes inbuilt processor-

supporting both analog and digital inputs, motion system (gear assembly, servo 

motors), IO modules & visualization (HMI). In this work PLC is programmed using 

ladder diagram and HMI is designed with hotspots, buttons and active points to control 

operations. This PLC - HMI based control system can operate the HVPS manual 

intervention this system is convenient to install and maintain, stable to work, reliable to 

operate and precise to control.  
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ITER Secondary Cooling Water System (SCWS) designed and supplied by ITER-India, 

consisting of Component Cooling Water System, Chilled Water System and Heat 

Rejection System, is one of the major consumers of electrical power at ITER site, with 

the total installed power during the first plasma operation phase estimatedat 38MWe 

andthe large capacityelectrical motors (upto1.4 MWe/ 6.6 kV capacity) are the 

dominant consumers among all. 

 

The major technical challengesencountered during the design werethe optimization and 

the integration of SCWS electrical network with ITER steady state electrical network 

load centres to achieve both physical and functional controls remotely, apart from 

ensuringsafe operations of SCWS asynchronous motors. The control philosophies were 

developed to control the electrical machines through intelligent electronic devices, 

plant control system, hardwired logicsetc. The starting methods either through direct 

online starters, soft starter and variable frequency drives were established for electrical 

motors considering reliability aspects along with process requirements. Effective and 

efficient monitoring provisions were made through switchgear and/or plant control 

system to have continuous monitoring of healthiness of equipment,along with 

monitoring critical parameters during operation. The operation and controlofmedium 

voltage and low voltage electrical machines during various scenarios and modes of 

operations through independent local control panelslocated in the close vicinity of their 

respective machines were also considered in the design. 

 

This paper highlightsthe architecture developed and the interfaces established during 

design toensure optimized, occupationally safe, effective, and reliable operation of the 

SCWS electrical machines, complying with IEC standards, ITER electrical guidelines, 

European directives, legal requirementsand safety regulations applicable to ITER site. 
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ITER-India is developing an ICRF source with a power level of 2.5 MW in the 

frequency range of 35-61 MHz for ITER application. It has to provide a constant output 

power of 2.5MW at any frequency within the specified range on a match and 

mismatched load having voltage standing wave ratio (VSWR) 2:1 at any phase of 

reflection coefficient [1]. Eight such RF sources will be used to meet a total 20MW of 

RF power requirement for plasma heating and current drive experiment. Each 2.5MW 

RF source consists of two chains of RF amplifiers capable to deliver 1.5MW and a 3dB 

hybrid combiner. During the R&D phase the single-chain amplifier was tested for the 

power level of 1.5 MW at VSWR 2:1 in continuous wave (CW) mode with the 

indigenously developed 12inch transmission line components containing directional 

couplers, gas barriers, straight sections, 90 elbows, shorted variable stub, variable 

phase shifter, etc. All these 12inch transmission line components were tested at the 

power level of 1.5 MW with VSWR 2:1 in CW mode [2] [3].  

  

In the next phase, to test the RF source at the power level of 2.5 MW with VSWR 2:1, 

the design of these transmission line components has been upgraded for the given 

power level and load condition. A detailed analysis is performed to check the RF 

performance of these transmission line components at the given power level and load 

condition. It is required to keep the magnitude of E-field level inside the transmission 

lines below 2 kV/mm to have sufficient margin with the breakdown strength of dry air 

i.e. 3kV/mm. Therefore, several modifications have been performed in the design of 

existing transmission line components. 

 

This paper discusses the detailed simulations results of the 12inch transmission line 

components performed using commercial software CST MWS.     
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Negative Ion based inductive coupled plasma sources operate under high RF power and 

HV for plasma productionand beam transport. ROBIN [1] ion source is currently in 

operation at IPR, Gandhinagar with an aim to achievestable negative ion production 

and beam extraction. In order to obtain high extracted current densities, it isnecessary 

to lower the work function of the surface of the Plasma grid. This is accomplished by 

coating thesurfaces with Caesium. A specific diagnostic is needed which can quantify 

Caesium within the experimentalsystem. Laser Absorption Spectroscopy (LAS) 

diagnostic uses a tuneable laser diode (LD852-SE600) to obtain the high-resolution 

absorption spectrum of the Caesium 852 nm line along a line of sight to measure Cs 

densityat the ground state. The laser absorption technique is optimised for the 

diagnostics of neutral caesium densitiesclose to the extraction surface at which negative 

ions are generated. 

 

To study the systematic density variation of Cs, the temperature and current through the 

laser diode need to becontrolled precisely as this affects the laser diodes optical power. 

The Photodiode receives the optical signalthereby giving an estimation of Cs density in 

the plasma source. In order to perform the seamless remote operationof LAS, a 

dedicated Data acquisition system is needed which can be triggered from central DACS 

duringoperations. For this purpose, a discrete controller is developed based on USB 

based interface with the LabVIEWplatform. This avoids the usage of any industrial 

vendor-provided controller for the laser diode thereby providing a cost-effective 

solution. The operation of LAS along with data acquisition has been performed using 

thedeveloped Data Acquisition system. 

 

The LabVIEW based controller has been developed and tested with the LAS in 

ROBIN. The developed controlleris able to interface multiple components and provide 

an integrated HMI to the experimentalists. Precise controlof the current and 

temperature of a laser diode with an accuracy of less than ±0.01% has been achieved. 

Similarly,data from the photodiode is acquired with a minimum resolution of 10ms on 

the same platform. The entire setuphas been integrated with ROBIN DAC [2] system 
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for synchronized operations. Data is logged in Shot wise and day wise modes for 

proper post-analysis. 

 

This paper presents the details of the work done in developing the system with test 

results and experiences. 
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Operations on Twin Source (TS) [1] experimental setup have been initiated recently 

with an aim to understand the methodology to establish matching and inductively 

couple RF power from one generator to two source drivers, a configuration similar to 

be that adopted for multi driver ion sources with large extraction areas. For operations 

this set up uses a combination of two rotary and two turbo molecular pumps of 2500 l/s 

pumping speed each not only to achieve the desired vacuum of 10-6 mbar prior to 

operation but also to pump out the gas actively fed into the source prior to operations. 

The pumps are isolated from the vessel using ISO 500 gate valves. The entire sequence 

of operation of the pumps and the desired interlocks for protection are controlled 

through an indigenously developed data acquisition and control system. 

  

This paper/poster discusses the design and development of such a system with inbuilt 

features related to protection and interlock for reliable and safe operations. 
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TWIN source [1, 2, 3, and 4] is an indigenously built two driver based  

RF negative ion source with the purpose of gaining experience in operation, 

optimisation, extraction and acceleration of H
-
 beams from a scaled up version of the 

present single driver ROBIN test bed. The inductively coupling of RF power to produce 

plasma in the source uses a scheme of two drivers in series fed power from a single RF 

generator with a suitable matching network. This scheme is relevant towards operation 

of the next version of the source which is an 8 driver RF source with 8 drivers fed 

power simultaneously using 4 RF generators in the INTF test stand. The experience 

gained on TWIN is of immense relevance to shorten the operational and optimisation 

time on INTF. It also severs as a test bed towards configurational optimisation of 

indigenously built 1 MHz 200 kW RF generators. Experiments have been initiated on 

the TWIN in the configuration mentioned above by coupling the source to the first 

generation of indigenously built solid state 40 kW RF generator[5]. The present paper 

will report on the operational and optimisation experiences of an experimental 

campaign where 40 kW RF power coupled to the two drivers to produce plasma 

densities of the order of 10
16

/m
3
on the TWIN source. The source filling pressures were 

in the range of 0.4 -1 Pa and the plasma densities were measured using Langmuir 

probes. The next step is to couple the source to a 180 kW RF generator to reach the 

desired powers of 80 kW per driver followed by coupling the source to a 3 grid 

extractor and accelerator system to produce 35 mA/cm
2
 H

-
 beams on the calorimeter. 
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Impedance tuning over a limited dynamic range is essential to establish the most 

optimal coupling of RF power in ion source. In TWIN Source (TS) [1], the RF power 

from the generator is interfaced to the ion source Antenna with a matching network in 

between. The matching network is a combination of impedances of capacitors and 

transformer. While the impedance of the transformer is fixed, the impedance tuning can 

only be done using capacitors with a combination of fixed and variable capacitors when 

the parameters like RF power, gas pressure, RF frequency etc. are varied. However, due 

to the limited range of the variability of the capacitance, it is important to have a 

precise control and backlash free mechanism, to arrive at the appropriate impedance 

with a tolerance on the capacitance value within +/- 10%. Also, the matching network 

is enclosed with RF shielding to reduce the effect of RF radiation and the output of the 

matching network is connected to the RF coil at HV (~30kV) potential. 

 

Realization of such a mechanism has been implemented in the operation of the Twin 

Source (TS)[1], where RF power from a single, 0 - 180 kW RF Generator, operational 

in the frequency range of 0.9-1.1 MHzcouples to two ion source antennas, connected in 

series/ parallel configuration. The mechanism consists of Stepper motors which are 

coupled to variable capacitors using RF & HV compatible insulators, HMI in which 
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GUI has been prepared to provide required input to tune the capacitors and PLC system 

to control the stepper motors. RF shielding of stepper motors, PLC system and the 

cables has been incorporated to avoid any RF disturbances. 

 

The paper will discuss in detail about the system design, programming logic, 

integration and commissioning in TS RF matching network. 
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The diagnostic neutral beamline (DNB) is expected to deliver 100 keV, 18–20A beam 

of hydrogen neutrals to the ITER plasma to diagnose the He ash content in the ITER 

Machine. DNB system consists of several Beam Line Components (BLCs) installed in 

Neutral Beam Vessel. BLCs mainly includes, Neutralizer (to neutralize the negative 

ions produced by Ion Source), Residual Ion Dump (to remove the residual ions from 

the mixed beam of ions and neutrals existing from the Neutralizer) and Calorimeter (for 

beam diagnosis).  

  

BLCs are designed w.r.t ITER Structural Design Criteria for In Vessel Components 

(SDC-IC) and manufactured to meet EN/ISO standards, ITER Vacuum Handbook and 

ASME codes requirements. Several non-conventional manufacturing technologies in 

the areas of materials, machining, welding have been developed during the course of 

the manufacturing of these components. These BLCs are in advance stage of 

manufacturing. Some of the crucial technologies developed as prototype and applied to 

the production of the actual components includes; 1) Production of CuCrZr alloy with 

strict control over chemical composition and specific mechanical properties in aged 

condition, ii) deep hole drilling of Neutralizer Panels with specific drift control < 500 

microns over a length of 1.5 m 3) Electron Beam welding (EBW) of 25 mm thick 

CuCrZr panels for RID 4) realization of Heat Transfer elements for Calorimeter etc. 
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During the course several modifications had to be undertaken to ensure the desired 

requirements without compromising on the stringent testing and quality requirements 

and have resulted in an extensive database which will be of use for similar technologies 

applied to various components of fusion machines. 

  

The paper shall present the overall experience of the manufacturing and technology 

development / prototyping, supplemented by the handling of the QA/QC activities from 

the ITER perspective. A specific emphasis will be placed on handling of the non-

conformances and the deviations that are inherent part of any technology intensive 

projects.  
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DNB Vessel is a 9 m long, 5 m height and 5 m of width rectangular vacuum enclosure 

to houses the beam line components of the neutral beam system. The integrated 

assembly of DNB vessel consist of (1) main shell (size 9m × 5m × 5m) with 

appropriately sized and located stiffeners along with end flange (9 m × 5m with a 

thickness of 200 mm) welded along it periphery, (2) a detachable top lid (9 m × 5m 

with a thickness of 115 mm). Such a configuration with a detachable top lid allows for 

easy insertion as well as removal of internal components during installation and 

maintenance phases. DNB vessel has the suitable openings in terms of large and 

medium size ports to enable mounting of the high voltage bushing, front end 

components, hydraulic connections, cryolines, gas feed lines, actuator feedthroughs and 

diagnostics. 

 

Being a safety important component and first confinement barrier for ITER 

environment, RCC-MR code has been used for the design and analysis of the DNB 

vessel. One of the major design challenges was to limit the deflection requirements 

(less than 1mm near beam-source support location and less than 5mm to the overall 

vessel), while adhering to the metallic seal compression requirements, design 

verification as per the load combinations, and interface management. 

  

Apart from the engineering design, manufacturing feasibility is also important from the 

fact that based on the RCC-MR requirements, full penetration welding is incorporated 

into the design (total weld length > 130m) for all the vacuum boundary welds and fillet 

welds (total weld length >250m) for stiffeners welding. Due to the large number of 
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welds and therefore huge weld deposition and the heat input, especially on the stainless 

steel structure, the challenges related to distortion control amplify by several factors. To 

mitigate the risks related to welding distortions thereby ensuring a reduction in the 

post-fabrication machining activities and hence the costs, a computational assessment 

for predicting the welding distortion for different welding sequences has been made and 

has resulted in optimization of the manufacturing strategy of this vessel. 

 

The objective of this paper is to present the analysis, design optimization and 

manufacturing feasibility assessement of the DNB vacuum vessel in line with the ITER 

functional and operational requirements.  
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In neutral beam system negative ion extraction and acceleration plays very important 

role.This makes the HVDC transmission line for extraction and acceleration system 

very crucial component in neutral beam system. Hence it is very important to compare 

different topologies of HVDC transmission lines in neutral beam systems. By 

comparison we can get rough estimate of transmission line parameters, cost, 

complexity and other un envisaged points in its implementation.TWIN source is a two 

driver based negative ion source currently operational at IPR [1]. The two driver RF 

negative ion source test bed aimsto extract and accelerate H- ion beams up to 50 keV. 

In such negative ion sources, grid breakdown is a routine phenomenon during system 

conditioning and operation phases. During the grid breakdown event, there are chances 

that electrostatic energy stored in the transmission line is dumped in the grids, which 

may possibly damage them. In case of NNBI system with long high voltage 

transmission line, contribution for the stored energy emanates from their inter-

conductor capacitance, an important transmission line lumped parameter. 

 

Estimation of inter conductor capacitance for vertical topology and its benchmarking 

with experimental measurements was done earlier[2]. Also the experimental estimation 

of stored energy for 1m prototype and estimation of stored energy for whole length of 

transmission line was done for vertical topology.  In this paper/poster we explore the 

comparison of vertical and equilateraltriangle topology in terms of transmission line 
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parameter.Also modelling of vertical topology is attempted.Theanalytically estimated 

inter-conductor capacitance for equilateral triangle topology is benchmarked with a 

simulation in COMSOL. 

 

Keywords: Twin source, negative ion source, RF, stored energy, breakdown, 

transmission line. 
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The sawtooth instability [1] in tokamak plasma results in periodic relaxations of the 

core  plasma density and temperature. Observation of sawtooth oscillation in soft-X ray 

signals coming from plasma core is very common in Aditya-U tokamak. A typical 

sawtooth cycle consists of three phases: A ramp phase, precursor phase with growth of 

internal kink mode and fast collapse phase. Enhancement of sawtooth ramp phase has 

been observed in Aditya-U tokamak After injection of short gas pulse (~1ms), which 

contain (0.2-1.2)*10^18 hydrogen or deuterium molecules. It is observed that increase 

in chord-averaged density is followed by the enhancement of sawtooth ramp phase with 

each gas pulse. The fast collapse phase of the sawtooth cycle is well explained by the 

partial re-connection model [2]. And no change in fast collapse phase is observed with 

gas pulse unlike the ramp phase. The physics of this phenomenon is not fully 

understood till now. This study will explain how the fast propagation of cold pulse [3] 
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with gas injection, changes the local gradients of temperature and current density near 

the q=1 surface [4] and as a consequence enhance the sawtooth ramp phase [4].  
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Ion temperature plays a significant role in tokamaks, e.g., the phenomenon of plasma 

rotation, plasma detachment and turbulence transport [1, 2] are found to be correlated 

with ion temperature. However, the underlying correlation behind the dependence of 

these phenomenon on the ion temperature is not fully understood yet [1, 3]. 

Measurement of ion temperature is not very straightforward as compared to electron 

temperature, which can be measured with Langmuir probes. In this paper, development 

of a ―Ball pen probe‖ for ADITYA-U tokamak is presented, which measures the 

temperature of the main ion species present in the plasma [4, 5]. This probe also 

measures the plasma potential directly [6]. In this paper, we will present the design of 

the Ball pen probe and the technique used to measure edge ion temperature through it.  

The ball pen probe for ADITYA-U tokamak is fabricated using a hollow cylindrical of 

MACOR ceramic (alumina). This ceramic tube can accommodate up to 3 probes 

simultaneously, at a time. The probe-tip material is Molybdenum having a melting 

point of 2896K. The probe-tip is cylindrical in shape having a diameter of 2.9 mm. Due 

to the unique shape, ball pen probe collects only the ions from the plasma [5,6]. A ramp 

voltage having a frequency of 4KHz, when biased with the probe, gives the I-V 

characteristic curve. The ion temperature of the plasma at a particular radial position, 

can be obtained from the I-V curve [4-6]. Repeating the temperature measurement at 



 

 

161 
 

different radial position will provide the edge temperature profile of the main ion 

present in the plasma.  
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Langmuir Probe is one of the fundamental and well-established diagnostics used for 

measuring plasma parameters like electron temperature, density, and potential [1]. To 

remove various complications in sweep generation and data analysis of single and 

double Langmuir probe and for instantaneous measurement of electron temperature and 

density, Triple Langmuir probe (TLP) was invented. This method does not require any 

kind of voltage sweep, frequency, or switching and provisions can be easily made to 

have a direct display of density and temperature [2]. A TLP systemis specially designed 

and installed in ADITYA-U tokamak to explore the plasma properties of edgeregion 

(region near the last closed flux surface, LCFS). The probe tips can be moved radially 

insidethe LCFS up to 3 cm. The dimension of the probes are chosen based on the 

existing edge plasmaparameters of ADITYA-U. Plasma density ne~ (0.1-0.2)*1019 m-

3, and electron temperature Te ~10-20 eV are measured in the typical discharges of 

ADITYA-U at the LCFS. Apart from using thesystem as TLP, the individual probes are 

also used as single Langmuir probes (SLPs) to obtain, density, temperature and the 
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poloidal electric field and its fluctuations. Comparative studies ofmeasurement of 

plasma parameters using the TLP and SLP have been carried out. Furthermore,using 

the TLP system, a reduction in the poloidal electric field is observed during the fuel 

gas-puff inthe plasma discharge. The detailed probe construction process and analysis 

of various events duringthe gas-puff in the edge plasmas of ADITYA-U tokamak will 

be presented in this paper. 
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In tokamak, due to several transport phenomenon, energy and particle flux coming 

from core of theplasma interacts with the first wall i.e. limiter and other plasma facing 

components [1]. This interaction leads to several complications such as erosion, 

impurities production, fuel retention andco-deposition etc. [1, 2]. Impurities generated 

due to these plasma wall interactions (PWI‘s) maycause unanticipated variation of 

discharge parameters and cause hurdles in the day-to-day tokamakoperations [3]. 

Impurities on the surface of vessel can be studied using passive spectroscopytechnique 

using a laser of appropriate power, after each plasma discharge. The laser 

excites/ionizesthe impurities and forms a localized plasma near the surface. Light 

emissions from this plasma ischaracteristic of composition of plasma and hence the 

impurities. This is known as Laser InducedBreakdown Spectroscopy (LIBS) technique 

[4, 5]. 

 

In this paper, we aim to design the LIBS experimental setup by determining 

specifications of the laser, spectrometers and required mechanical components for in-

situ monitoring of wall conditioningof ADITYA-U tokamak. 
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In tokamaks, plasma disruption is a calamitous event which could be a major reason to 

disturb the plasma confinement. Therefore, to understand the plasma disruptions and 

diagnose it in tokamaks is an essential task. In this project, we will study the variation 

in radiation power in toroidal direction during the plasma shots in ADITYA-U tokamak 

and visualize either this incident radiation power distribution is symmetric or 

asymmetric.  

 

During disruption, plasma disappears in a few milliseconds. Hence in a few time a large 

energy is fallen on the internal components (like limiters diverters, inner wall) and can 

damage them. So, to mitigate disruptions massive gas particles/ solid pallets are 

inserted [1], so that energetic charged particles lose their energies during collisions in 

form of radiation due to deceleration. So, after disruption mitigation, we will also find 

symmetry in radiation distribution[2] in toroidal direction. For this we will identify a 

suitable bolometer with justification and preliminary design (detectors, electronics, 

placement on the machine etc.)[3] to study the toroidal radiation distribution symmetry 

and other possible studies.  
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Electron Cyclotron Resonance (ECR) system [1] produces pre-ionized plasma and also 

used to drive plasma current non-inductively, which would increase the pulse length of 

plasma current up to few seconds. The magnetron based RF source at 2.45GHz is used 

to produce the ECR plasma. 

 

To isolate the Ultra High Vacuum (UHV) environment of the tokamak and the 

transmission line at the atmospheric pressure, it is must to have the vacuum barrier 

between the tokamak and the transmission line. The RF vacuum window with a high 

return loss and low insertion loss for microwave at frequency 2.45GHz is designed, 

analyzedand presented earlier [2].The development of the UHV compatible RF window 

is the multidisciplinary problem wherein various aspects such as RF, Mechanical and 

Thermal have to be considered. The alumina metallized ceramic having alumina 

content of 99.7% is brazed with a copper metal cylinder in the vacuum furnace which 

acts as a vacuum barrier. The assembly and relevant testing details are reported. The 

low power rf measurement using Vector Network Analyzer is discussed along with the 

high power test. 

 

This paper presents and discusses the development and measurement of 2.45GHz, 

UHV compatible RF window for ECR system. 
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Compact volume neutron sources have number of applications ranging from medical 

isotope production to fuel breeding. A high yield of neutron flux can be achieved from 

small size tokamak devices wherein fast neutrons are produced from fusion of 

hydrogen nuclei. 

  

The paper presents a novel modular design of Small Aspect-ratio Nuclear Tokamak as 

Fusion Fission Hybrid (SANT-FFH) capable of producing large flux of high energy 

neutrons to fulfill the limited availability of nuclear fuels simultaneously in hybrid 

model.  

 

To demonstrate the proof of the concept project Sanalayan aims to deliver SANT-FFH. 

The design parameters of SANT-FFH based on the operational limits of magnetic 

confinement based compact fusion devices will be discussed in the presentation. 
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Real-time plasma position control [1] in ADITYA-U is based on the technique of using 

light intensity signals provided by pair of photodiodes.  Correction in the plasma 

position is governed by the operation of Fast Feedback (FFB) coils in real-time using 

plasma position signal.The drawback of this method is that the position measurement 

results is affected by perturbations of the plasma edge by gas-puffs. Alternatively, 

Mirnov probes serve as sensors for the estimation of plasmaposition for the cross 

examination of plasma discharge parameters. 

 

In the ADITYA-U tokamak, the magnetic diagnostic are significantly affected by the 

vessel eddy current due to different time varying magnetic fields. The plasma position 

measurement using Mirnov probe is reliable upto some extent as the signals are 
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affected by the eddy currents induced by the variations of FFB currents. To 

eliminatethe deviation of plasma position caused by the FFB coils, the responses of the 

magnetic probes to theFFB coils at different frequencies are studied with a view to 

compensate for the pick-up fluxes. 

  

In this work, the response function [2] is developed which provides a means to examine 

the effect of FFB coil field to calculate the absolute sensitivity of each Mirnov probe in 

the presence induced vessel eddy currents. The information derived in the calibration 

process can be used in equilibrium reconstructions to separate signals due to externally 

produced eddy currents at Mirnov probes, without determining the eddy current profile. 
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The present work describes a method of making electrical contact on carbon material 

especially graphite and CFC material. The direct joining of copper with carbon is not 

possible as there is no wetting between these two materials. Another problem is having 

a large thermal mismatch (CTE of carbon to copper is 1:16) between these two 

materials. Hence, an intermediate material is required to first metallize the graphite 

surface. Titanium as being an active metal that is commonly used for surface activation 

on graphite material. Titanium material has been coated by magnetron sputtering 

technique prior to copper coating on the carbon material. The metallized titanium 

surface has been further uniformly coated by OFHC copper material to have proper 

thermal and electrical contact. Proper masking is made to avoid coating on the 

unwanted region. Electrical contact has been made by soldering on the metallized 

coated area. The multi-layered coating surface has been characterized by optical 

microscopy and electrical resistivity by four probe resistivity measurement technique. 

Electrical resistivity is simulated by using COMSOL Multiphysics. The details of 

experimental works are presented in the paper.  
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Irradiating surfaces with low energy ions produced by plasma source results in the 

formation of large variety of nanoscale features which has attracted much interest 

innanopatterning [1,2]. In the last decade, many investigations have focused on Silicon 

because of its technical applications. It has been found that, at low ion incident angles, 

the surface remains flat up to a certain critical angle after which the nanoripple 

formation starts. Along with that, triangular features are also observed which have not 

been investigated so far. These triangular features depend on ion beam irradiation 

parameters such as ion species, ion energy, angle of incidence and fluence etc.In this 

work, we report the investigation on the ion-beam induced triangular features using 

plasma source on silicon surfaces by varying different ion beam parameters. These 

triangular features start evolving after 200 eV energy leading to well enhanced features 

at 300eV and with increase in energy the base length of these features increases from 

160 nm at 300 eV to 450 nm at 500 eV, after which these features don‘t appear. They 

are found in two categories: elevations and depressions. It is found that there is more 

number of elevations than depressions when angle of incidence was varied and this 

number increases up to 67
o
 and decreases afterwards [3]. 

 

Dispersion is found to be the responsible mechanism for the formation of these 

triangular features on ripple patterns [4].This is confirmed in our experiments by 

varying the ion fluence. With increase in the ion fluence, the lateral length of the 

triangular features increases whereas the base angle inside them remains constant. This 

trend isobserved for all the ion energies studied here.The evolution of these triangular 

features can be described by modified AKS equation. Numerical simulations are 

performed using this modified equation and results are consistent with our experiments. 

The performed simulations indicate that, curvature dependent sputtering and dispersion 

mechanisms seem to be the leading process in formation of the triangular features. Also 

these features show stronger lateral dependency on the angle of incidence [3]. 
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Recently, the emergence of multidrug-resistant bacteria has led to rise in morbidityand 

mortality rate. The conventional antimicrobial techniques have trailed in combatting 

andpreventing the growth of these multidrug-resistant species. One of the possible 

solutions tothe ongoing situation is cold atmospheric plasma (CAP) technology. To 

understand theefficacy of CAP on multidrug-resistant bacteria, a cold atmospheric 

plasma jet (CAPJ) withan AC source (0-7.5 kV at 25 kHz) was indigenously 

developed. The bacteria E. coli(resistant to drugs ceftazidime, ciprofloxacin, 

cefoperazone sulbactam, and piperacillintazobactam) and S. aureus (resistant to 

cefoxitin, cotrimoxazole, ciprofloxacin, erythromycin,and penicillin) isolated from 

human blood following the standard operating procedure weretreated by argon CAPJ 

operating at 6.5 kV with variation in treatment distance (1 and 2 cm)and time (30 to 

300 s). For E. coli, with an increase in CAP treatment time from 30 to 300 s,an increase 

in inactivation area from 1.413 to 7.848 cm2 and 0.714 to 7.033 cm2 at 

treatmentdistance 1 cm and 2 cm, respectively, was observed. Whereas, for S. aureus, 

with an increasein CAP treatment time from 30 to 300 s, an increase in inactivation 

area from 0.521 to 5.9045cm2 and 0.458 to 4.193 cm2 at treatment distance 1 cm and 2 

cm, respectively was observed.The higher inactivation at a higher treatment time might 

be due to longer interaction of CAPreactive species (Ar*, OH, O1) with the bacteria 

cell wall and cellular components. Also, thehigher inactivation at less treatment 

distance might be attributed to the decrease in intensityof reactive species along the 

length of the CAP plume. Moreover, a higher inactivation wasobserved in E. coli than 
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S. aureus due to the difference in the cell wall structure. Theexperimental outcomes 

with indigenously developed CAPJ show high efficacy in theinactivation of multidrug-

resistant bacteria and thus fortify the utilization of CAP as analternate antimicrobial 

technique. 
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Objective: The present study was carried out to evaluate the disinfecting effects of 

Helium generated cold atmospheric plasma (He-CAP).The study further explored the 

biosafety profile of He-CAP on animal models and human volunteers. 

 

Methodology: Disinfecting effects of He-CAP was evaluated on two bacterial strains 

namely: gram positive Staphylococcus aureus and gram negative Pseudomonas 

aeruginosa. Optimization of working parameters was done by testing the bactericidal 

efficiency against different combination of working parameters (exposure time, plasma 

flow rate and applied voltage). Cell membrane integrity was evaluated by the amount of 

protein leakage and scanning electron microscopy. For biosafety evaluation, MTT 

assay was performed to assess any cytotoxicity caused by the He-CAP exposure in 

human cell line. In vivo biosafety evaluation was performed on mice. Sensitivity and 

irritation (erythema and edema) caused by plasma on ear lobes (site of application) was 

measured.Histopathological analysis of the exposed ear lobes was performed. Further, 

Draize test was performed on albino rabbits for the assessment of dermal toxicity. 

Finally, plasma exposure (at the optimized combination of parameters) was given to 

human volunteers and grading of erythema and edema was done. 

 

Results and conclusion: Isolated strains of bacteria were identified and verified. 

Optimization of working parameters showed that He-CAP highest bactericidal efficacy 

at flow rate 5 LPM, 5 minutes exposure and applied voltage at 2.50kV, when the 

distance between the plasma plume and bacterial culture was maintained at 10 mm. He-

CAP resulted in significant membrane rupture, evident from protein leakage and SEM 

images. Biosafety evaluation of He-CAP showed no significant cytotoxicity in MTT 

assay. No signs of skin irritation and sensitivity on experimental animals. 

Histopathological analysis showed no signs of inflammation or tissue injury. Also, no 

signs of sensitivity or irritation were observed in human volunteers. In conclusion, He-

CAP can be further explored for their bactericidal effects and can be used as an 

effective alternative to conventionally available disinfecting agents. 
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In this study Inconel 601 alloy was plasma nitrided at different process temperatures to 

modify the surface properties.  Inconel alloys are widely used material for various 

applications such as; chemical processing plants, gas turbine, heat exchanger and 

nuclear industries due to its excellent corrosion resistance and resistance to heat 

properties [1]. It‘s having such excellent properties but shows poor wear resistance and 

lower surface hardness [2]. After plasma ion nitriding, surface properties were 

investigated by various characterization techniques such as; scanning electron 

microscope (SEM), micro-hardness measurement, X-ray diffraction (XRD) and wear 

resistance properties by pin on disk method. A thin nitrided layer ~2-4 µm was 

observed under surface morphological images. It was observed that, surface micro-

hardness increases after PIN process. The volume loss and wear rate were found to 

decreases after plasma nitriding process. The minimum wear rate ~1.06 x 10
-4

 mm
3
/Nm 

was found in the samples of Inconel 601 alloys, which samples were nitrided at 350 
0
C. 

The SEM images agreed with the trends of our calculated values of wear rate with 

some anomaly. 
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Cu2ZnSnS4 (CZTS) is a well-known absorber layer which has proven its potential in 

thin film solar cell with a record efficiency of 11%[1]. The unique features of CZTS 

lies in its‘ high absorption coefficient of 10
4
 cm

-1
, an optimum band gap of 1.4-1.5 eV,   
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natural abundance and its non-toxic constituents [2][3]. Despite these attractive 

properties of CZTS for light harvesting, performance of CZTS layer as an absorber 

depend on many factors like, defects, grain size, grain boundaries, energy states, optical 

and structural properties, etc. Properties of CZTS layer depends on its process 

parameters, like elemental ratio of precursor, annealing rate, temperature, annealing 

time, annealing environment, etc.  

 

In this work CZTS layer of up to one micron thickness was preparedby sulfurization 

(annealing in sulfur vapor + gas environment) of a precursor prepared using magnetron 

co-sputtering of Cu, Zn and Sn on soda lime glass. Annealing environment was 

changed by varying the gas (Argon / Nitrogen) during the sulfurization process to study 

the effect of gas environment on CZTS cell performance. Cells prepared using nitrogen 

gas sulfurization is found to be more efficient as compared to argon gas sulfurization. 

This could be because of the higher thermal conductivity of nitrogen gas which lead to 

the larger grain size and so higher short circuit current. A highest efficiency of ~5% has 

been achieved using nitrogen as annealing environment. These results will be presented 

and discussed in detail. 
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Carburizing, nitrocarburizing, or gas nitriding are traditional techniques used for the 

surface hardening processes. But those seeking precise control of diffusion layer 

formation, case depth, and preserving component dimensions are increasingly turning 
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to advanced Plasma Nitriding process. Plasma Nitriding can significantly enhance wear 

and fatigue resistance that results into improved reliability and durability of the 

stainless steel. Pulsed DC power supply offer precise control of plasma nitriding 

parameters than conventional DC power supply. Using Pulsed DC power supply, the 

process parameters can be changed in a wide range by independently varying duty 

cycle and frequency or both. In addition, the reduction of current limiting resistance in 

Pulse DC Power Supply also help to save energy. 

 

It is well known that during the plasma nitriding process, arcing is observed initially on 

the components due to the dust particles/oil/grease present on it. The arcing has to be 

suppressed because if the plasma goes to the arc mode, it may damage the components 

surface. Hence, active arc suppression is necessary during plasma nitriding process. 

This poster describes the design, development and implementation of an active arc 

sensing and control circuitry for the Pulsed DC Power Supply. An electronic circuit has 

been designed indigenously and integrated with the IGBT based Pulsed DC power 

supply for the Plasma Nitriding application. Furthermore, the circuit also does the 

measurement and monitoring of the peak current flowing in the load circuit during the 

plasma nitriding process. The objective of the proposed circuit is to prevent over 

currents caused by the arc discharge and thus leading to a significant improvement of 

performance of the Plasma Nitriding system. 
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Low energy multi cusp ion sources have applications in various area like electric 

propulsion and material studies [1]. A line cusp ion source, developed at IPR, has 

shown excellent performance in extracting argon ion beam of current up to 240 mA at 

beam energy of 1650 eV and discharge loss ≥ 1500 W/A . In thruster applications, the 

discharge loss (inverse of discharge efficiency) is one of the important criteria for the 

ion source due to the limitation of available power in space. Ring cusp ion sources have 

been considered most suitable for thruster applications due to their low discharge losses 

[2]. Studies have indicated that the number of magnetic field lines connecting cathode 

to the extraction grids play an important role in reducing the discharge loss. The line 
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cusp configuration does not provide such magnetic field lines in the axial direction. The 

Line cusp ion source is not very suitable in thruster applications due to their high 

discharge loss. The existing line cusp ion source is planned to upgrade with a ring cusp 

configuration. In this work, we shall present the initial experimental studies on the role 

of axial magnetic field and simulation studies on the confinement of primary electrons 

under line cusp and  ring cusp configurations using CST studio [3]. 

 

References: 

[1] J. S. Sovey, ―Improved ion containment using a ring cusp ion thruster.,‖ NASA 

Tech. Memo., 1982, doi: 10.2514/6.1982-1928. 

[2] D. M. Goebel, R. E. Wirz, and I. Katz, ―Analytical ion thruster discharge 

performance model,‖ J. Propuls. Power, 2007, doi: 10.2514/1.26404. 

[3] D. Systems, ―CST studio suite.‖ 10, rue Marcel Dassault CS 40501 78946 

Vélizy-Villacoublay Cedex, France, 2019, [Online]. Available: https://www. 

3ds.com/products-services/simulia/products/cst-studio-suite/. 

 

IPS-P-8 

LOW TEMPERATURE PLASMA CARBURIZING OF AUSTENITIC 

STAINLESS STEEL 316L 

 
Ghanshyam Jhala, Vijay Chauhan, Pravin Dwivedi and Alphonsa Joseph 

Institute for Plasma Research, Bhat, Gandhinagar-382 428, Gujarat, India 

Email: grzala@ipr.res.in 

 

Austenitic stainless steels are the most widely used corrosion-resistant materials in 

various sectors of industries, due to their excellent chemical and metallurgical 

properties. The food, pharmaceutical, chemical, pulp and paper, and petrochemical 

industries depend heavily on austenitic stainless steels because of their corrosion 

resistance yields low maintenance, lack of product contamination, high cleanability, 

and long life.  

 

However, despite of many advantages the application of austenitic stainless steel is 

limited due to its low mechanical properties like hardness and wear resistance. In 

industries there are few technologies like carburizing and nitriding which improve the 

surface hardness and wear resistance of austenitic stainless steel.  

 

In this study, efforts have been made to improve the surface hardness and wear resistant 

of austenitic stainless steel 316L by low temperature plasma carburizing process. The 

carbon expanded austenite produced on the surface of the steel sample by diffusing the 

carbon atom in to the surface with the help of plasma. To maintain the corrosion 

resistance of the steel after carburizing process low temperature for the process was 
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selected (425, 450 and 475oC) at which chromium remains in the solid solution form 

thus it retains the corrosion resistance of the steel. Process was carried for 15 hours. 

The carburized sample was characterized for surface hardness, layer thickness, surface 

roughness and the phases formed during the processes.  

 

It was found that there is an increase in surface hardness after this treatment. 

Carburized layer thickness increases with increasing temperature. Expanded austenite 

was confirmed through X-ray diffraction. There was increase in corrosion resistance 

when treated at 450oC. 
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Thermal plasma method is most interesting and effective technology for metal 

recovery, recycling process from bearing ores and metal waste scraps. Titanium 

nitridenanoparticles (TiN NPs) is an interestingceramic materialas it displays many 

other attractive features such as high hardness, good electrical conductivity, relatively 

high chemical inertness, very high melting point and favorable optical properties. TiN 

NPs, which combine large surface areas with good electrical conductivity is ideal for 

use in super-capacitors. The present work is to synthesis pure TiN NPs from waste 

titanium scraps by thermal plasma arc discharge method.Phase, elemental composition 

and morphology of the synthesized sample were characterized by XRD, EDS and TEM 

analysis. In addition to the above, the magnetic properties of the samples were 

investigated by vibrating sample magnetometer (VSM). From this study, the results 

indicate that the processed NPs are in pure phase whichexhibitscubic and spherical 

morphology. The magnetic properties, such as, saturation magnetization (MS) and 

coercivity (HC) were estimated and reported. The M–H loopsof TiN NPsrevealed soft 

ferromagnetic nature and comparatively very high MS and HC values. 
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Low Density Polyethylene (LDPE) is widely used material for food packaging 

applications. Shelf life of the packed food depends on many factors such as exposure to 

light, oxidative environment, microbes and temperature [1-2]. Both gas diffusion 

barrier property and antifouling properties are important for ensuring better food 

quality inside the packaging for a long time. Plasma treatment is an eco-friendly 

process used for modifying surface of polymeric materials at room temperature. In the 

present work LDPE surface is treated with Oxygen + HMDSO (Hexamythyl 

Disiloxane) plasma using capacitively coupled radio frequency (13.56 MHz) 

configuration. Prior to deposition, LDPE surface is activated using oxygen plasma. 

Surface energy calculated using OWRK model is found increased by two times after 

plasma treatment. Properties of SiOxCyHz film deposited by PECVD method is studied 

as a function of RF power. LDPE surface is characterized using video contact angle 

goniometer, Fourier Transform Infrared Spectroscopy (FTIR), Atomic Force 

Microscopy (AFM), Scanning Electron Microscopy (SEM) for wettability, surface 

chemistry and surface morphology respectively. Oxygen Transmission Rate is 

determined by pressure difference method and antifouling property is evaluated by 

plate counting method. Nine fold reduction in oxygen transmission rate is observed in 

SiOxCyHz coated LDPE packaging film. Results of antifouling properties of plasma 

treated LDPE surface are underway.  
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Plasma antenna has been modeled for VHF range in CST with varying the length, 

radius and pressure of the plasma antenna tube. The plasma antenna characteristics 

have been studied in terms of S11, VSWR and radiation pattern. A plasma antenna 

consists of Argon gas filled in a borosilicate tube of a particular length and radius at a 

particular pressure. The plasma properties depend upon the discharge condition like gas 

nature, pressure. In CST, the plasma characteristics are calculated using Drude model.  
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The absence of controlled nanoparticle production methods with bulk production rates 

has often hindered actual utilization of nanomaterials in many prospective fields, 

especially in large-scale applications like water treatment and environmental 

engineering.  Synthesis is also critical for hydrogen evolution reactions (HER), cancer 

treatment by photo-thermal therapies (PTT), or other plasmonic applications. 

Therefore, the search for alternative materials synthesized through fast and relatively 

simple techniques to replace expensive and scarce noble metals is still on high demand. 

In a novel plasma-chemical reactor configuration developed by us, the argon/oxygen 

plasma streamlines engulf a large metal plate to quickly oxidize the top surface and 
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sublimate, from which metal-oxide (WO3 and MoO3) nanomaterials are synthesized 

maximum upto 750 g/h. Blue-black coloured plasmonic nanosheets of sub-

stoichiometric molybdenum oxide (MoO3-x) were synthesized simply by injecting 

additional hydrogen gas into the plasma chamber. This step successfully introduced 

controlled surface oxygen vacancies through intercalation of low energy hydrogen 

atoms into the material crystal, all accomplished during a unique one-step process. Both 

metal oxides demonstrated efficient photo-catalytic, antibacterial, and absorption 

properties, which may lead to highly desirable multi-functionality during wastewater 

treatment. The defect-rich metal-oxide materials were perfectly dispersible in an 

aqueous solution. They had a strong absorption in the NIR (near-infrared region) 

regime. Therefore, we have observed the plasmonic structures in killing the skin cancer 

cells in-vitro when exposed to a NIR light source (808 nm) through photo-thermal 

mediated ablation. Moreover, the materials were observed to be magnetic at room 

temperature conditions. Considering the ferromagnetic properties, they may be 

controlled with a suitable magnetic field for targeted delivery during the PTT, thereby 

aiding as an in-situ NIR light responsive nano-probes that have a profound value in 

biomedical applications, especially in cancer treatment. 
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Thermal plasma technology is the one of the prominent methods used in material 

processingdue to its high temperature and high energy density [1].Compared to the 

conventional plasma forming gases, the enthalpy and thermal conductivity of the 

methane (CH4)-carbon dioxide (CO2) mixture is higher than at the same temperature 

[2]. The thermophysical properties of CH4 -CO2 mixture at high temperature is a good 

option for material processing.In this attempt, a low power DC non-transferred arc 

plasma torch was designed to produce a stable CH4 -CO2 plasma jet for the 

spheroidization of metal powders. The reaction chemistry of the plasma jet has been 

controlled by the selection of CH4 and CO2 gas composition in order to process the 

metal powders without oxidation. The plasma torch was operated at different power 

levels with optimum gas flow rates. The electro-thermal efficiency of the plasma torch 

was in the range of 30-70%. Presence of active species and the temperature profile of 

the plasma jet along the axial direction has been studied through emission 
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spectroscopy. Effect of plasma power and the plasma gas composition on 

spheroidization of metal powders will be presented in detail. 
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Cold plasma food processing (CPFP) is an emerging chemical-free technique that uses 

energetic ions, radicals, and UV radiations for physicochemical modification and 

microbial inactivation of various food products. Due to a lack of knowledge of active 

species generation mechanisms for a specific application, many CPFP devices are being 

investigated, adding complexity. In addition to this, low energy efficiency and high 

processing cost are preventing its industrial application. The present numerical 

investigation demonstrates that, by utilizing charge exchange collisions between N2 and 

N2
+
inside the cathode sheath, a desired active species with specific energy can be 

selectively generated and extracted for the treatment. This concept was applied to a 

starch sample for physicochemical modification under typical glow discharge plasma 

using air as the feed gas. The use of air as feed gas reduces operating costs drastically, 

and energetic N2 as active species improved the process energy efficiency to 40%. 

Thus, the present research may lead to a versatile CPFP device with high energy 

efficiency and low operating cost. 
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In the nitrogen fixation process, the atmospheric nitrogen is converted to more reactive 

nitrogen compounds like ammonia, nitrates and nitrites. There is a huge demand of 

such nitrous compounds in medicine, fertilizers and chemical industries. Plasma 

assisted nitrogen fixation is done in two ways: one is the nitrogen reduction for 

ammonia synthesis and the other is oxidation to produce NOX. Among different 

plasmas, thermal plasma uses oxidation process. In spite of the advantages like use of 

air as feedstock and being environmentally friendly, thermal plasma suffers a setback 

due to its high energy consumption and low production rate. Submerged thermal 

plasma is emerging as a new energy efficient green technology that has found many 

applications. In addition of having the above benefits of thermal plasma, its localized 

high enthalpy produces highly reactive species such as atomic oxygen and vibrationally 

excited nitrogen molecules which highly contributes on the production of NOX in water 

phase. In addition to that the overall cold reactor provides high quenching rates that 

favors the NOX formation. Keeping these advantages in view, a low power hollow 

cathode plasma torch (power range 10kW) is developed that can able to work in 

submerged conditions for the production of NOX. Electrothermal efficiency and 

enthalpy of the plasma torch was characterized for Ar+N2 and Ar+Air gas 

compositions. Reactive species, electron density and the temperature of plasma jet was 

determined by optical emission spectroscopy method. Generation of reactive species 

such OH, H2O2 and O3 during the submerged plasma treatment was quantified by 

trapping reagent method, colorimetric method and indigo trisulfonate assay method, 

respectively. Concentration of nitrites and nitrates are analyzed by Ion chromatography 

method. Experimental results revealed that the formation of NOx was relatively higher 

in Ar+Air gas composition as compared to Ar+N2 gas mixture. The maximum 

production rate of 9.42 g/hr achieved at Ar+Air plasma at 4.4 kW power.  
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The space environment has long been a subject of interest to the scientific community 

because of its direct or indirect impact on our earth atmosphere or in missions related to 

earth exploration. The spacecrafts, satellites, and solar orbiter have been deployed in 

space to gather information about the solar activity or to study the solar environment in 

order to achieve deeper understanding about its impact on earth atmosphere [1]. These 

space investigating tools encounter the solar wind particles (mainly high energy protons 

and alpha particles) and cosmic rays (protons, electrons and heavy ions) coming from 

the distant stars and galaxies. The performance of optical components used in space 

vehicles is therefore subjected to degradation in harsh space environment [2]. Hence, 

prior knowledge of irradiation effect of proton and helium ions on Al and Ag could be 

useful for their possibility of being used in the space environment and for making 

sustainable metallic mirrors.  

 

In this regard, following study has been carried out according to the European space 

agency program, which was planned to explore the solar activity by sending a sun 

orbiting satellite i.e., solar orbiter (SOLO) to its closest distance (0.28 AU at 

perihelion) [3]. The effect of bombardment of helium ions on reflectivity of Ag and Al 

MTFs has been investigated using Lambda 950 UV-VIS-NIR spectrophotometer in the 

wide range covering from ultraviolet to near infrared (200-2500 nm) region of the 

electromagnetic spectrum, by varying ion energy (0.5 - 3 keV) and dose {(1.1-1.56)  

10
16

 cm
-2

}. The fluence of helium ions was chosen according to the four (1.1  10
16

 cm
-

2
) and six (1.56  10

16
 cm

-2
) years journey of solar orbiter. It has been observed that the 

reflectivity of both the MTFs does not show the significant impact of implantation in 

the whole range of investigation and opens the channel of utilization of these MTFs to 

provide more stable MTFs for the mission.     

 

In the conference, the effect of low energy hydrogen and helium ion irradiation on 

reflectivity of Al and Ag MTFs will be presented. 
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Non-thermal plasma technology is environmentally friendly processing method that has 

a wide range of applications and meets the need of the food and agriculture industry 

[1]. Several non-thermal technologies have been tested in the food industries to prevent 

the food waste and to improve food production. Nonthermal surface decontamination 

procedures are ideal for a range of applications, including those in which it is critical to 

maintain the quality and nutritional properties of food products, which are frequently 

compromised by excessive heating. Furthermore, cold atmospheric pressure plasma 

(CAP) is an excellent method for increasing seed germination and seedling growth in 

agriculture [2]. The plasma-activated water (PAW) is a promising alternative to 

traditional food sanitizers and fertilizers. The PAW serves as a medium for transporting 

the plasma-generated species to the food and seeds [3].  

 

The present work focuses on the design and characterization of CAP sources (excited 

by the short pulse electrical power and microwave power) suitable for food processing, 

seed germination enhancement, plant growth enhancement, food packaging, and 

sterilization. Different types of cold atmospheric pressure plasma jets (C-APPJ) have 

been designed, developed and characterized [4]. The developed C-APPJ have been 

used to investigate the seed germination and seedling growth parameters. Different 

types of the seed have been treated with the C-APPJ sources and comparative study 

have been carried out for the germination rate, root/shoot length and root/shoot weight 

of the seedlings, water-holding and moisture content, etc. Investigations have also been 

carried out for the measurement of different properties of PAW, like conductivity, pH, 

Turbidity, ORP, TDS, Nitrite, Nitrate, and Ammonia contents, and compared with the 

normal untreated water. It has been observed that after receiving cold plasma treatment, 

seedling development and health appear to improve. The seed's ability to absorb water 

has improved, and its root, shoot weight has increased compared to the control seed. 

Further characterization studies are underway to optimize the portable CAP sources for 

its potential applications in food and agriculture sectors.  
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Cold atmospheric pressure plasma (CAP) sources have gained much interest among the 

researchersfor their potential applications in the area of biomedical, food, agriculture, 

etc. [1]. The key components of the CAP sources are ultraviolet radiation, neutral and 

charged particles, electromagnetic fields, reactive species, etc., which unlock the door 

for the applications in the field of plasma medicine [2,3]. Cold atmospheric pressure 

plasma jet (C-APPJ) is one of the CAP sources which gains enormous attentiondue to 

remarkable characteristics for the delivery of reactive oxygen and nitrogen species 

(RONS) in the small and confined regions [4]. In the recent past, research works have 

been carried out for utilizing the C-APPJ in wound healing, cancer treatment, drug 

delivery, etc.  [6-7, 5, 2]. 

 

In the present work,efforts have been made for the indigenous design, development and 

characterization of dielectric barrier discharge(DBD) based C-APPJs at CSIR-

CEERI.The generation and the propagation mechanism of the C-APPJs in the different 

geometrical configurations (tapered structure geometry of dielectric tube, straight 

cylindrical geometry, etc.) and operating conditions have been investigated. A detailed 

plasma simulation and experimental comparativeanalysis for the discharge formation 

and generation of plasma plumes in different C-APPJs have been carried out.The 

tapered structure of nozzle facilitates the high speed of gas as compare to inlet, which 

would be more focused to propagate toward the nozzle exit and results the fine and 

stable plasma plume, while the strait cylindrical nozzle producesthe wide plasma 

plume.  The plume interacts with the air molecules and produces the reactive oxygen 
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and nitrogen species (RONS). The presence of different species in the C-APPJ have 

been diagnosed using the optical emission spectroscopy (OES). The electrical and 

optical diagnostics have confirmed the formation of cold plasma plume and the 

generationof the metastable, hydroxyl (OH), NO, RONS, electromagnetic fields, UV 

radiation, etc. Further, efforts are underway for utilizing the developed C-APPJ in 

biomedical application.  
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There are resurgent requirement of mercury free Vacuum ultraviolet (VUV), Far 

Ultraviolet-C (UV-C) and Ultraviolet (UV) radiation sources in different industrial and 

societal applications such as surface modification, semiconductor treatment, surface 

disinfection, microbial inactivation,water purification, food packaging, etc.[1,2].In the 

past two decades, excimer sources established as a most promising incoherent sources 

for the efficient generation of VUV/Far-UV-C/UV radiations [3-5]. The intense 

emission characteristics of the different excimer/ exciplex molecules uplifted the 

development of such sources.Different excitation mechanism has been used for the 

operation of excilamps. Among these, dielectric barrier discharge (DBD) and micro-

hollow cathode discharge based excilamps are efficient and therefore have gained much 

attention among the researchers [4-5]. Recent investigations show that the far UV-C 
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radiation (207-222 nm) are very effective for inactivation of pathogens including 

Corona viruses, and also very much safe for the human [2]. 

 

In the present work, efforts have been made for the design and development of 

dielectric barrier discharge (DBD) based efficient Vacuum ultraviolet (VUV), Far 

Ultraviolet-C (UV-C) and Ultraviolet (UV) radiation sources and their potential societal 

and industrial applications. Plasma simulations have been carried out for the 

investigation of the discharge characteristics and the effect of the operating 

parametersfor efficient generation of VUV/ Far-UV and UV radiationsin the co-axial 

and flat geometrical configurations. The analysis has been carried out using the 

different noble gases and their mixture with halogen gases. 
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High voltage and high frequency pulse power supplies are the essential need of the 

plasma based devices for various applications. This paper included the design and 

experimental validation of the forward topology based high voltage and high frequency 

pulse power supply. The pulsar has voltage variation up to 5 kV with frequency 

variation up to 25 kHz. The pulse width of produced pulses is less than a microsecond. 

The pulsar has capability to produce both positive and negative pulses just by reversing 

the secondary winding of the pulse transformer. The experimental validation is done 

with the DBD load. 

 

Keywords: Plasma Devices, DBD, Pulse Power Supply, Forward Topology 
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Non-thermal plasma has found its applications in many biomedical fields. These fields 

include wound healing, blood coagulation, cancer treatment, skin treatment, root canal 

treatment, etc. The study on cancer using non-thermal plasma has started about a 

decade ago and is gaining prominence. One of the non-thermal plasma sources is the 

Atmospheric Pressure Plasma Jet (APPJ) developed by PSED, IPR. In this work, we 

have accessed the in-vitro efficacy in gingivobuccal squamous cell carcinoma (GB-

SCC). We have found that plasma jet shows a pronounced inhibitory effect on GB-SCC 

at the treatment time of 4 to 5 minutes. We have also measured the concentration of 

ROS/RNOS in the medium in which the cells are grown and found that their 

concentration increases with an increase in treatment time. Results will be discussed in 

detail during the presentation. 
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Plasma treatment of seeds has the potential to improve germination yields and kill 

fungal spores present on seed coats. The dielectric barrier discharge (DBD) based 

atmospheric pressure plasma system has been developed at PSED, IPR. The system 

consists of a plasma treatment area of 75 x 25 cm. The seeds to be plasma treated are 

spread uniformly on the electrodes. The tomato and capsicum seeds were treated at 

different plasma exposure times using air plasma. The surface morphology of plasma-

treated seeds is studied by Scanning Electron Microscopy (SEM) while hydrophilicity 

of the surface is studied by water contact angle measurement. The plasma-treated 

capsicum and tomato seeds showed around 30-40 % improvement in germination 
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percentage. The plasma-treated surface of the seed becomes more hydrophilic which 

helps in improving germination percentage and speed of the germination. 
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Plasma ―The fourth state of matter‖ is an ionized gas and comprising of constituents 

like electrons, ions, neutral particles, radicals, UV radiation, chemical species, EM 

fields etc. The plasma research is an important part for harvesting energy like sun 

through nuclear fusion reactor. The fusion energy is enormous and will certainly fulfill 

the energy requirements of mankind. Further with several advancements, laboratory 

plasma sources have been explored for various industrial applications for benefit of 

society. The cold plasma produced at atmospheric-pressure are playing a crucial role 

societal plasma application. They are extensively proposed for various daily-life 

applications such as water/air purification, pollution-control, plasma-television, 

lightening, plasma-medicine, material treatment, food sterilization, agriculture, 

aerodynamics etc. Dielectric barrier discharge (DBD) plasma-sources are the potential 

candidates among various atmospheric pressure plasmas due to their flexible design, 

uniformity, and scalability. Different DBD geometries have been designed and 

characterized suitable to particular application. We have also performed E-field 

simulations to support experimental observations. It is observed that the optimization of 

DBD parameters is required to achieve improved source efficiency. The paper presents 

various prospects of DBD plasma sources relevant to its exploration for benefit of 

mankind or society. 
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High activation energy of blanket ceramics material for breeding of tritium has been a 

problem in tritium production.  Li
6 

 available in Li 2 Ti O 3 (Lithium Titanate Ceramics) 

is capable in producing tritium by the high energy bombardment of neuron.  Activation 

Energy for the lithium Titanate prepared by solid state method has been reported in the 

range of 0.14 to 0.18 eV. Achieving such as high input energy in getting the Tritium 

require very high temperature of Breeder blanket and this high requirement of initial 

input energy raise a big question of feasibility of breeder blanket reaction. 

 

To reduce the required activation energy, in present work the material fabrication is 

carried out by adopting sol. gel. method of fabrication of nano ceramics. Since 

activation energy of a ceramics is linked with the materials electrical conductivity and 

permittivity. It has been reported by many workers [1-3] that activation energy depends 

of the dopants as the dopants have capability to influence the conductivity as well as 

dielectric constatnt. A proper selection of dopant makes the total charge in the material 

to contribute positively.   

 

Samarium being lanthanide series of material having a few favourable feature to 

contribute in reduction of activation energy of Li 2 Ti O 3 . Sm
+2   

being helpful in 

increasing the electrical conductivity of the material and as a result it reduces the 

activation energy of lithium titanate.Sm 
+2  

doped Li 2 Ti O 3  ceramics pebbles were 

prepared by sol gel technique followed by urea – acetone spherodization method. 

Activation energy was calculated by taking help of impedance analyser and a computer 

program. The activation energy was found to decrease by 20% after incorporation of 

Samarium in lithium titanate. 
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Purpose: Cold atmospheric plasma (CAP) is a promising adjunctive therapy for the 

treatment of gliomas as it specifically targets cancer cells through generation of reactive 

oxygen and nitrogen species (RONS). A significant number of patients with glioma 

experience seizures even after surgery, primarily due to incomplete resection of the 

tumor. Treatment of tumor bed with CAP post resection provides an opportunity to 

reduce recurrence in patients with glioma. The effectiveness of CAP in deeper layers of 

human tissue remains a challenge and very few studies have investigated CAP tissue 

penetration in resected brain tissues. This study was designed to study the efficacy of 

CAP to penetrate resected tissues obtained from glioma patients by measuring the 

levels of RONS in tumor tissues of different thickness. 

 

Method: Helium CAP jet with Voltage set at 4 kV and Gas flow rate (GFR) at 3 LPM 

was used in this study. Surgically resected tumor tissue specimens from ten glioma 

patients were obtained. Tumor tissue (~10 mm thickness) or 600 µm-thick slices, 

prepared using vibratome, were treated with plasma jet for 5 min and intracellular 

RONS levels were measured. 

 

Result: Increase in intracellular RONS was observed in both glioma tissues (0.1064 ± 

0.0436 nmoles/mg) and slices (0.175 ± 0.075 nmoles/mg) on plasma jet treatment as 

compared to untreated tissues (0.0584±0.0127 nmoles/mg) and slices (0.072 ± 0.015 

nmoles/mg) respectively. However, glioma slices with lesser thickness showed higher 

percentage increase in RONS (133.31 ± 54.85 %) compared to glioma tissues with 

higher thickness (81.35 ± 53.57 %). 

 

Conclusions: The magnitude of effect of plasma jet is higher in thinner tumor samples 

as compared to the thicker samples. Thus, penetration depth of CAP is a critical factor 

that needs to be considered for the treatment of tumor bed in patients with glioma. CAP 

could be used as a potential adjunct therapy post-resection for a seizure-free surgical 

outcome in patients with glioma. 
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Development of various types of H-/H+ ion sources like filament heated arc based ion 

source, RF based ion source and electron cyclotron resonance (ECR) ion source is 

being pursued at Raja Ramanna Centre for Advanced Technology, Indore as a front end 

source for the pulsed proton accelerators. The ion sources are tested and characterized 

for its plasma parameters with operating conditions at various stages. The most 

preferred device used for plasma parameters characterization is Langmuir probe [1, 2, 

3, 4]. In ECR ion source, plasma is produced using hydrogen / argon / nitrogen as 

feeding gas. The produced plasma is characterized at different input power by varying 

inlet gas pressure, using Langmuir probe, under tunable magnetic field, produced by an 

electromagnet, for flat as well as mirror configuration. The probe is placed 20 mm 

inside to the plasma chamber i.e. away from the ECR surface where electrons are 

heated. Due to this, the effect of the mirror magnetic field is not seen much on plasma 

parameters. It has been observed that at a constant input gas pressure, with increasing 

microwave power, the rate of ionization does not increase significantly. However, at 

given constant input microwave power, with increasing input gas pressure, the rate of 

ionization increases. This paper discusses the details of recorded results of ECR plasma 

source by using Langmuir probe for acquiring data in the form of current-voltage curve 

at various operating parameters like input microwave power, different filling gas 

pressures etc. for hydrogen / argon / nitrogen feed gas. 

 

References: 

[1]  F. F. Chen, R. H. Huddlestone, and S. L. Leonard, ―Plasma Diagnostics 

Techniques‖ (Academic Press, New York, 1965). 

[2]  J. D. Swift, and M. J. Schwar, ―Electrical Probes for Plasma Diagnostics‖ 

(Elsevier, New York 1969). 

[3]  I. M. Hutchinson, ―Principles of Plasma Diagnostics‖ (Cambridge University 

Press, New York, 1987). 

[4]  N. Hershkowitz, ―Plasma Diagnostics‖ (Academic Press, New York, 1989). 

mailto:skjain@cat.ernet.in


 

 

190 
 

PDG-P-2 

ELIMINATING FLUX CONTRIBUTED BY EXTERNAL CURRENTS AND 

EDDY CURRENT  FROM MAGNETIC PROBE MEASUREMENT IN SST-1 

DISCHARGES 

 
Sameer Kumar, Kumudni Tahiliani, Surya Kumar Pathak, Daniel Raju, Praveena Kumari, Vismaysinh D 

Raulji , Praveenlal Edappala, Ashish Ranjan, Jasraj Dongde and SST -1 Team 

Institute for plasma research, Bhat, Gandhinagar 

Email: skjha@ipr.res.in 

 

Poloidal field of plasma current is useful quantity for estimating plasma parameters like 

plasma position and shape. It is measured by discrete magnetic probes along 

apoloidalboundary of plasma current. The voltage signal in magnetic probes is 

contributed not only by plasma current but also by the current in external circuits (VF 

coils, ohmic coils and RCC coils) and eddy current on SST-1 vessel. The contribution 

of these external currents needs to be eliminated from the probe signal to achieve an 

accurate measurement of poloidal field. 

 

An integrator is connected to magnetic probes to convert voltage signal intopoloidal 

field or flux. The integrated output of the probe is represented as weighted sum of  

current of external circuits and a convolution integral of current and  anexponential 

function e
(-ατ) 

[1-2]. Their weights are determined in non-plasma shots in which all 

external currents are present except plasma current. The contribution of external current 

are estimated from the obtained weights and measured external currentsand then 

eliminated from the probe measurements for every plasma shot.       
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Visible image acquisition is one of the activities during Plasma experiments todiagnose 

Tokamak Plasma. It plays an important role in diagnostics for Plasma basedstudies to 
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measure plasma movement, plasma size etc. Due to the presence of strongmagnetic 

fields in and around Tokamak, the camera cannot be directly kept inside theTokamak. 

To solve this problem wound optical fiber bundle is used, which transportsthe Plasma 

images from inside of the machine to the camera outside. But optical fiberbundle has a 

problem of inheriting spatial noise into the image. Due to the orientationand edges of 

fibers, a honeycomb like structure is induced on image. Denoising refers to removal of 

unwanted noise from image to improve its PSNR (Peak signaltonoiseratio). Noisy 

image needs to be denoised first for further studyof plasma. It is also one of the major 

preprocessingsteps. Different denoisingalgorithms and spatial filters has been used to 

produce different results. The resultsare then compared to find the best algorithm to 

denoise the image. 
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There are several diagnostics installed in SST-1 tokamak to study the plasma 

movement, behavior and characteristics of the plasma. For plasma movement and 

plasma wall interactions imaging diagnostics is used in SST-1. This diagnostics 

consists of imaging lenses, wound imaging fiber bundle, relay lens and GigE based 

mirror-less camera. The assembly is installed at port no. 08 (which is tangential) of the 

machine. Data acquisition is done in industrial PC with the help of Lab-View based 

software. The software is synchronized with SST-1 central server. Camera is triggered 

by the pulse of the central server which is routed through function generator. The 

camera records the frame at the timed interval of 30 mili-seconds. Data is saved on PC 

after the completion of the plasma shot. 
 

Various narrow band filters can be used to monitor the specific impurity or elemental 

distribution during the plasma discharge and evolution. Carbon filter can acquire C II 

(singly ionized carbon) images, oxygen filter can acquire oxygen impurities, in the 

torus during the shot. H-alpha filter can be sued to capture the plasma column 

movement and interaction with the plasma facing components. 
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A thin metal foil is used as a broadband radiation absorber from the ultraviolet to soft 

x-ray radiation in a metal foil bolometer, which is used for the measurement of the total 

radiation loss from the tokamak. The metal foil bolometer plays a vital role in 

establishing the local energy balance and study of plasma-wall interaction in the 

tokamak. The bolometer is composed of three layers, a platinumabsorber foil, kapton 

dielectric, and a 50 Ω meander resistor made of platinum. 

 

A prototype metal foil bolometer is calibrated in the lab and the calibration 

constantsviz. thermal resistance, cooling time, and heat capacity are determined.To 

determine the temperature coefficient of resistance of the bolometer a RTD and IR 

thermography are used. ANSYS analysis on prototype bolometer is performed to 

validate the experimental data. The prototype metal foil bolometer has been tested for 

different incident powers. 
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Laser produced plasma (LPP) is a very promising field due to its enormous applications 

in thin film deposition, X-ray production, ion production, identification of materials 

etc1. It exhibits an interesting feature of double and triple peak in its time-of-flight 

signals2,3. The slow component is attributed to maximum radiation absorption during 

the laser pulse. Whereas, the fast components appear at the end of the laser pulse and 

contains information about plasma dynamics. The analysis of these peaks can provide 
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in depth knowledge about LPP behaviour which in turn governs all the applications. To 

study these dynamics in detail, we have selected two entirely different compositions 

first one is carbon-nitrogen system and another is alumina doped with chromium 

(Ruby). Double peak and triple peak features were observed in both the cases.  

 

In case of carbon plasma, time-resolved imaging and spectroscopy techniques were 

used to study this peculiarity4. It has been observed that the expanding plume splits 

into two parts (at 0.05μs) forming a slower component, close to the target and a faster 

component, away from the target. The slower component contains atomic and ionic 

emission that vanishes earlier inferring a relatively lower lifetime of primarily ejected 

atoms and ions. The faster component is the result of collisions between the particles 

(ions and atoms) in the plume and the ambient N2 gas. Further, at ~0.3 μs, a third 

component of the plasma emission appears on the back of the leading component of the 

expanding plume. It arises due to formation of C2 and CN molecules in the plasma 

having comparatively longer lifetime. A fluctuation in temporal variation of velocity of 

the C2 molecule is also observed at ∼0.35 μs which actually corresponds to triple 

peaks in TOF signal and confirms re-splitting at later stage.  

 

In spite of having very different composition, interestingly, Ruby plasma also showed 

the double and triple peak behavior in Langmuir probe diagnostic5. It confirms two 

velocity components for the constituent species at early stage. The first peak is very 

sharp (~ 0.5 μs) and slow peak is relatively broad (~ 5 μs). The triple peak was 

observed at 50 mm away from the target due to further re-splitting of plume. The 

physics of plume splitting in LPP of carbon and ruby, shall be compared and discussed 

in details.  
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Near-infrared (NIR) spectroscopic studies of tokamak plasma has become currently 

important as the UV-Visible spectroscopy faces many issues emerging in the harsh 

environments of tokamaks, like ITER, producing burning plasma [1]. These issues are, 

as suggested from the results obtained from the DT operation phases on the TFTR and 

JET tokamaks, related to the performance degradation of optical components, e.g., 

windows and fibers, under high neutron, plasma particle and γ-ray fluxes [2, 3, 4]. It 

has been observed that even in harsh environmental conditions, optical material and 

component properties are not much degraded in the NIR range, having its diagnostics 

concept almost similarto aUV-Visible spectroscopic system. Therefore, NIR 

spectroscopy is an effective technique which can be used to carry out plasma control 

and performance measurements in fusion grade plasmas [5, 6]. 

 

Considering that, a near-infrared spectroscopic system has been developed on 

ADITYA-U tokamak [7] having capability of producing shaped plasma in the divertor 

configuration. It consists of a 0.5 m spectrometer with image sensor PyLon-IR: 1024-

1.7, a linear InGaAs photodiode array. The sensor is having 1024 × 1 pixels with each 

pixel with size 25 µm × 500 µm. The spectrometer is equipped with three gratings, 300 

grooves/mm blazed at 1700 nm, 600 grooves/mm blazed at 1000 nm, and 1200 

grooves/mm blazed at 750 nm. To carry out initial measurements from the tokamak, 

radiation is collected using an optical fiber with 1 mm core diameter and 0.22 

numerical aperture. A collimating beam probe having a lens with 19 mm focal length 

and 11 mm diameter is connected at the front end of the fiber and views the edge 

plasma radially. For the first time, a survey spectrum in the NIR wavelength range has 

been obtained from ADITYA-U plasma using this diagnostic system. The spectral lines 

such as C I, C II, N I, Li I, He I, and Hαhave been clearly observed in the survey 

spectrum. By using the ionization per photon (S/XB) factors available in the ADAS 

system [8] for these observed lines, particle influx measurements have been estimated 

and compared with influx measurements done using a visible spectroscopic system. 

The details of the newly installed NIR spectroscopic diagnostic system, initial survey 

spectrum, and influx measurements are presented.  
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The measurement of the stored energy of a tokamak plasma resolves many gaps 

between the energy input and its utilisation during plasma discharges and so it plays a 

crucial role for the diagnosis of the plasma [1]. One of simple techniques for the 

measurement of the stored energy of tokamak plasma is diamagnetic loop measurement 

method. A diamagnetic loop is a single turn conducting wire, encircling the plasma ring 

poloidally and it essentially measures the toroidal magnetic field both at the presence 

and absence of plasma [2]. A processing of the acquired data gives the estimation of 

stored energy inside the plasma. New diamagnetic loops, along with diamagnetic 

compensation loops, are designed, fabricated and installed in Aditya-U tokamak, which 

is a medium size machine with major and minor radii 75 cm and 25 cm respectively. 

The corresponding data of the diamagnetic and compensation loops during plasma 

discharge is acquired and found to contain several noise pick-ups. The noise is then 

substantially reduced by the use of proper electronics and hence a cleaner data is 

acquired using a dedicated data acquisition system. This work summarises an entire 

idea of designing a magnetic diagnostics – starting from basic considerations to the 

final data acquisition. As a consequence, several interesting and impactful conclusions 

are achieved.  
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Impurity gas seeding, i.e., injection of non-fuel gases in tokamak plasmas, has several 

applications. One of the important applications is to reduce heat load on plasma facing 

components during disruptions. Further, optimized seeding also leads to improved 

confinement like radiative improved (RI) and detached H-mode. Neon, Argon, Lithium 

and Nitrogen are most common candidate for gas seeding into tokamak plasmas. The 

impurity transport, i.e., how the particles of these injected gases behave in the hot 

tokamak plasma, becomes important to study when exploring different plasma 

phenomenon happening due to impurity seeding. To simulate the radial transport of 

these above-mentioned species, an indigenous code has been developed. The main crux 

of this code resides in the semi-implicit numerical method for solving the transport 

equation while producing the simulated radial profiles of different impurity ions [1]. 

The current version of the code is capable of producing radial emissivity profiles of 

Oxygen (Z=8), Carbon (Z=6) and Neon (Z=10) impurity ions. The results will be than 

compared with experimentally obtained emissivity profiles. In the current paper, the 

detailed code development and analysis for Neon will be presented. Along with that, 

the estimated emissivity of Ne
1+

 is compared with experimentally observed visible 

spectral line of Ne
1+

 at 377.7 nm.  
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Over the past few years, the technique of plasma discharge inside liquids has been 

immensely engaged in the fabrication of nanomaterials due to their growing demand in 

our day-to-day life. The main advantage of the technique is the flexibility in controlling 

both the physical (plasma parameters) and chemical (liquid parameters) properties, 

which provides fine-tuning required for the shape and composition of nanomaterials. 

Previous studies reveal the behavior of plasma becomes quite complicated when 

interacting with liquid as it involves dissociation, electrochemical reactions, heating, 

local evaporation, ion bombardment etc. [1,2]. However, to understand the fabrication 

mechanism using this process, it is essential to investigate the role of different plasma 

parameters.  

 

A plasma – liquid reactor is developed to generate a plasma between two vertically 

pointed copper electrodes inside deionized water and an ionic liquid (HAuCl4, which 

acts as a precursor for Au nanoparticles). When the discharge is generated in deionized 

water, CuO nanospindles are formed due to the evaporation of Cu atoms from the 

electrodes. While, in HAuCl4 solution, Au/CuO nanocomposites are formed. The 

colour of the plasma appears green, which indicates the emission of copper atoms. 

Optical emission spectra (OES) indicate the presence of atomic oxygen, hydrogen (Hα 

and Hβ), Cu I and Cu II lines. The intensity of the Hα line is observed to increase more 

than tenfold for discharge in HAuCl4 solution compared to that in deionized water. The 

electron/excitation temperature (Te) of the plasma is determined from the relative line 

intensities of the Cu I lines, as reported in our previous work [3]. In both conditions, the 

value of Te goes beyond 8000 K. Therefore, high energy electrons can easily vaporize 

the electrode materials as their energy exceeds the boiling point of copper (2835 K). 

For the discharge in ionic liquid, Te is higher than deionized water. The electron density 

(Ne) also goes beyond 10
19

 m
-3

. The electron/excitation temperature and density provide 

an idea of the formation process of the nanocomposites.   
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Langmuir probes are one of the basic diagnostic to understand the properties of plasma 

because of its simple circuitry and also due to the advantage of localized measurement 

with good spatial and temporal resolution. Different configurations of Langmuir probes 

under a spectrum of experimental parameters are employed to study interested plasma 

domains.Overcoming the limitations of a big device like tokamak, a disc Langmuir 

probe system is designed and developed to study of the Scrape off Layer (SOL) plasma. 

The probes estimates the temporal evolution of not only the local electric fields but also 

aids in understanding edge behaviour during fuel gas and impurity injection.  

 

Radially movable disc probes made of Graphite having 6 mm diameter wereoperated in 

the SOL region of ADITYA-U tokamak and biased at1 kHz frequency, thereby having 

optimum measurements of plasma parameters in typical plasma shot of ~300 ms. 

Experiments were carried out in hydrogen plasma and deuterium plasma in two sets at 

fix radial location. First, to measure radial profiles of potential in the edge plasma 

region of ADITYA-U tokamak, that will give the radial electric fields and second to 

estimate the localized plasma temperature and density.Temperature and density 

recorded from disc probes at r = 26 cm are 2.3 eV and 1 - 3
17

 m
-3

 respectively. In this 

paper we present the studies of the temporal profiles of electric field in SOL region as 

well as the correlation of plasma temperature (and density) with respect to other plasma 

events.  
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This paper describes the experimental observation of Pitch angle scattering events 

through the Anomalous Doppler Resonance (ADR) of relativistically high energy 

electrons in the Aditya-Upgrade tokamak. These observations are investigated 

primarily using the ECE signals. However, correlative understanding of the events is 

obtained from the HXR diagnostics while ―PREDICT‖ code is used to simulate and 

investigate these events. A steep jump with 20 – 40% rise in the ECE amplitude is 

observed during the occurrence of the pitch angle scattering (PAS) event along with 

oscillatory behaviour in the HXR signals. The occurrence of the instability in its 

different forms and the possibilities of its occurence are discussed in the paper. 
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Plasma position (Rc,Zc) can be expressed in terms of poloidal field of plasma current. 

Poloidal field is measured by discrete magnetic probes arranged along the poloidal 

boundary of plasma. Function parameterization method is employed to determine 

plasma position for SST-1 discharges. FP method obtains mapping between   physical 

parameters (Rc, Zc) and measurements from a model or experiments [1-3]. Database  

of simulated  measurements is formed.Collinearity among the measurements  is 

removed and its dimension  is reduced by principal component analysis (PCA). 

Functions for the physical parameters are obtained from the simulated measurements 

(Regression Analysis). Physical parameters (Rc, Zc) are determined from the 

experimental measurements and obtained function. 
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In this neoteric analysis, we study the nonlinear interaction of Gaussian laser beam with 

the array of vertically aligned carbon nanotubes (VA-CNTs) for the terahertz (THz) 

generation. The VA-CNTs are gown over the dielectric substrate. The Gaussian laser 

beam propagates through the array of VA-CNTs to exert a nonlinear ponderomotive 

force on the electrons of CNTs. The laser beam provides a nonlinear resonant velocity 

to the electrons of CNTs, at the modulation frequencyωm.  As a result, nonlinear current 

density is produced in the system. This is responsible for the THz generation. The 

impact of dimensions of CNTs, on the normalized THz amplitude has also been 

observed in this analysis. 

 

Keywords: VA-CNTs, THz radiation, dielectric surface, Gaussian laser, and nonlinear 

ponderomotive force.  
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An analytic formalism is developed to study electron Bernstein wave excitation by two 

copropagating high power super-Gaussian laser beams in a collisional nanocluster 

plasma.The medium is assumed to contain spherical plasma plume ball of nanocluster. 

As the electric field of two laser beams interact with nanoclustered plasma, it would 

cause the beat wave frequency. The laser beat wave exerts a nonlinear ponderomotive 

force on electron cloud of clustered plasma that in turns lead to excite the electron 

Bernstein wave in the laser field polarizations direction.The effective finite  
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y-component of the beat wave experiences group velocity and it might cause 

convective losses. The spatial shape of electron Bernstein wave normalized potential 

and power profile promises better excitation mechanism in nanoclustered plasma as 

compared to only plasma medium.It is observed that excitation is much enhanced when 

the laser beat frequency lies near the effective plasmons frequency of nanoclustered 

plasma. The excitation is detuned by varying the laser mode index, clustered radius, 

collisional frequency, parameter b.  

 

Keywords: Electron Bernstein wave, Plasmon frequency, Nanocluster plasma, 

Ponderomotive force, Beat wave, Supper-Gaussian laser beam, Collisional, Excitation 
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In this present study, a theoretical model has been investigated for excitation of electron 

Bernstein wave in collisional plasma with dc magnetic field by nonlinear interactionsof 

two cosh-Gaussian laser beams. The beat wave has frequency and wave vector exerted 

a nonlinear ponderomotive force on electrons. This nonlinear force has potential to 

drive electron Bernstein wave in collisional plasma with dc magnetic field.An 

analytical formalism is developed for power going into the electron Bernstein wave 

with respect to total laser power. The variation of normalized potential and power 

distribution profile as a function of beam direction, normalized beat wave frequency, 

and normalized collisional frequency is demonstrated to excite electron Bernstein wave 

under resonance conditions. The spatial shape of laser beam, optimum laser beam width 

parameter, decentred parameter, extreme value of electron thermal velocity, and 

cyclotron frequency is proposed for much more excitation. This proposed theory of 

electron Bernstein wave excitation may be relevant applicable for plasma heating. 

 

Keywords: Electron Bernstein wave, cosh-Gaussian laser beams, Beat wave, 

Ponderomotive force, Collisional plasma, decentred parameter 
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We examine the electron acceleration by tightly focused radially polarized laser beam 

in a preformed ion channel. The tight focusing and polarization of laser beam takes the 

advantage of extremely intense and asymmetric fields. The longitudinal electric field 

component at the beam center helps in trapping of electrons. For effective acceleration, 

the preformed ion plasma channel behaves as an applied external magnetic field. The 

electrostatic space charge field of this preformed ion channel helps in trapping of 

electrons and confined them to the accelerating phase. The gain in the energy of the 

electron is due to the fact that the radial component of electric field become zero on the 

propagation axis and only longitudinal component survives which accelerates the 

electrons in the longitudinal direction to high energy. The electrostatic space charge 

field assists in confining the motion of electrons from transverse oscillation and inject 

them to accelerating field which causes a resonance between electric field of laser and 

electrons. Because of combined role of tightly focused radially polarized laser and ion 

channel the electrons can gain energy of the order of GeV.  

 

Keywords: Tightly focused laser beam, Radially Polarized laser beam, Ion channel, 

Electron acceleration. 
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In present study the efficiency of second harmonic generation (SHG) for oblique 

incident intense laserin plasma medium has been investigated for optimum values of 

different laser parameters. Earlier studies shows that the efficiency of the second 

harmonic pulse depends upon the angle of incidence and vanishes at normal incidence. 

Using paraxial approximation, the expression for amplitude of SHG has been 

derivedand solved mathematically. Wiggler magnetic field is applied to provide 

additional momentum to the photons of second harmonic pulse, to satisfy the phase 

matching conditions. Variation of normalized efficiency, for SHG, with normalized 

intensity of fundamental laser, with normalized plasma frequency and normalized 

wiggler magnetic field has been studied. Optimizing the values of angle of incidence 

and other laser parameters results anappreciable gain in the efficiency of second 

harmonic pulse. 

 

Key words: Second harmonic generation, oblique incident laser, wiggler magnetic 

field, plasma frequency.  
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The propagation dynamics of single and laterally colliding laser produced aluminium 

plasmas were investigated using fast imaging and spectroscopic techniques. The 

collision of two laser produced plasmas resulted in the formation of stagnation region 

in between the collision front. Time gated Intensified Charge Coupled Device (ICCD) 

imaging was used to study the temporal evolution of plasma. Time resolved 

spectroscopy was used to obtain information about the distribution of neutral as well as 

the ionic species in collision process of laterally colliding plasmas and single plasmas. 
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Greater concentrations of ionic species were found in stagnation region than single 

plasma. Electron density and temperature were also calculated from the emission 

spectra. Colliding plasma plumes have higher temperature and increased electron 

density. Time resolved fast imaging clearly depicted the greater lifetime and plume 

front velocity of colliding plasmas compared to that of single plasmas.  
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Today, THz generating radiation sources can be realized using short and intense laser 

pulses propagating through magnetised and un-magnetised plasmas under appropriate 

conditions. Significant research has been done in generating linearly polarized THz 

radiation using short laser pulses in axially and perpendicularly magnetised plasma. It 

is shown that when a short and intense circularly polarised laser pulse is propagated 

along x-direction, through the homogenous plasma in presence of an arbitrarily oriented 

static magnetic field in y-z plane, both elliptically and linearly polarized THz radiation 

are generated under appropriate conditions. Generation of such THz radiation may be 

attributed to the coupling of arbitrarily oriented magnetic fields with transverse and 

axial components of quiver velocity of plasma electrons. Intensity of elliptically 

polarized THz radiation obtained analytically (6.18 x 1010 W/cm2) has been validated 

using 3-D particle in cell simulation (1.66 × 1011W/cm2) and found to be of the same 

order.  
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In this present theoretical study, we investigate the evolution of electron heating by 

interaction of high intense ultra-short laser pulses in nanoparticles. The interaction of 

laser electric field profile with electronic clouds of nanoparticles causes the oscillatory 

velocity to the electrons. This oscillatory velocity might be produced the heating. The 

pulse parameters evolution such as normalized energy of the pulse, pulse width, 

position of the pulse center and reflectivity coefficient of the medium is investigated 

theoretically on plasma generation. The graphical discussions were promised to achieve 

extreme heating rate at resonance condition surface plasmon frequency. 
 

Keywords: Ultra-short laser pulse, Nanoparticles, Oscillatory velocity, Surface 

plasmon frequency, Heating 
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The recent advances in laser technology has made possible the interaction of highly 

intense short laser pulses with matter [1]. Such interactions can generate high-order 

harmonics which has been an active field of research due to its potential applications 

towards the production of extreme ultraviolet (XUV) pulses [2-4]. The shape of the 

laser pulse can play an important role in laser-plasma interactions which might have a 

significant effect on the generation of high-order harmonics [5]. Here, I have 

numerically studied the high-order harmonic generation in the interaction of intense 

strongly overdense plasmas with intense short temporally asymmetric laser pulses 

having an unequal rise and fall time.  
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Interaction of short and intense laser pulse (~TW) with plasma, leads to transverse and 

longitudinal wakefield generation in plasma. These wakefields oscillate at plasma 

frequency. A constant axial magnetic field has been applied to enhance the laser-

plasma interaction time. At the same time plasma channel helps in controlling the pulse 

diffraction beyond Rayleigh length within plasma. The transverse wakefield has been 

compared for homogeneous and inhomogeneous plasma (plasma channel). We report 

the enhancement of electric and magnetic wakefield by ~77% in the inhomogeneous 

plasma as compared to homogeneous case. 
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The research and technologies employing Linear Induction motor (LIM) are gaining 

popularity in several applications including transportation, conveyor systems, liquid 

metal pumping, electromagnetic launching. These applications need higher linear trust 

in a controlled manner to satisfy the operational requirements. As part of a sanctioned 

project at IPR, a LIM based electromagnetic launching system of 8 kN force is being 

developed. To meet the requirement, a double-sided vertical LIM based 

electromagnetic launching system has been designed.  

 

In a LIM, the stator consists of a three-phase winding of copper coils placed linearly in 

the slots of a core, made up of stacked and laminated CRNGO (cold–rolled non-grain 
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oriented) sheets. The rotor of a single-sided LIM is a metallic carriage plate placed 

above the core with a small air gap. The rotor is electromagnetically coupled to the 

stator and experiences the thrust force when the three-phase winding is energized. Due 

to the mechanical coupling of the rotor to the payload, the thrust is transferred to the 

payload. The double-sided LIM arrangement is more efficient as the flux utilization is 

better and the undesirable vertical component of the thrust is nullified.  

 

In the present work, a 3D conceptual model of double-sided LIM in vertical 

configuration along with a carriage plate placed in the air-gap between two LIMs is 

prepared. In the slotted structure of the core domain, double layer winding of the coils 

is modelled. Finite element based (FEA) simulations are carried out with different 

stator currents of 50 Hz frequency to estimate the linear thrust on the carriage plate. 

Based on the outcome of the simulation, the design of the carriage and its support 

structure are optimized for the application. The stator coils are connected as per the 

three-phase winding in the simulation and other coil parameters like the number of 

turns in each coil, conductor cross-section etc. are used as inputs to the simulation.  

 

This poster presents the details of the 3D simulation (COMSOL) adopted for the 

estimation of the magnetic flux density, induced current density and the linear thrust 

experienced by the carriage plate placed in the air gap of a double-sided LIM in vertical 

configuration. The effect of the variation of stator current on the thrust force on the 

carriage plate, for a fixed air gap, is also studied in this work. 
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Surface modification of the knitted cotton fabric with chemicals, acids which are 

hazardous to the environment is a big issue today. Before dyeing, the knitted fabric was 

scoured and bleached using sodium hydroxide, surfactants, soaps, hydrogen peroxide, 

sodium silicate and organic stabilizers. Thus the fabric preparation involves wet 

processing with chemical and liquor baths, several washing and rinsing techniques that 

generates waste water effluents [1- 3]. Plasma method is a green, dry process, eco-

friendly, single step process without the usage of chemicals that can alter the surface 

properties without major change in bulk performance of textile materials. In addition to 

that huge variety of chemically active functional groups can be incorporated into the 
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surface [4]. The present work is to modify the surface of the knitted cotton fabric by  air 

plasma treatment with operating parameters such as exposure time, discharge potential 

and  base pressure are kept constant as 10mins, 200 V and 18 Pa respectively. The 

change in the chemical and morphological properties have been investigated by ATR-

FTIR, SEM analyses and reported. 
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The influence of an external axial magnetic field on plasma stream in a pulsed plasma 

accelerator (PPA) is studied in this work. Generally, the pulsed coaxial plasma 

accelerator produces high density plasma stream by utilizing self-generated J×B thrust 

to accelerate plasma inside of annulus of a coaxial electrode assembly [1,2]. On 

application of external magnetic field, the characteristics of the plasma stream in PPA 

changes. In this work, a pulsed magnetic field is applied parallel to the plasma stream 

flow to study its effect on emission processes of different ionized and neutral argon 

species by OES under different discharge conditions such as pressure and discharge 

voltage. The plasma density, temperature and intensity variation of transitions from 

different energy states are estimated and analyzed under different experimental 

conditions. Intensity distribution profiles of spectral lines shows significant 

enhancement in emission from neutral atoms as compared to those from ionized 
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species.  A time evolution study is also carried out to gather information regarding the 

variation of the plasma stream at different times of its evolution by using delay 

triggering of the optical spectrometer. The delay triggering is carried out in a time span 

of 50 – 300 µs in steps of 50 µs. The temporal evolution study shows a decrease in 

plasma density from 1.96×10
21

 m
-3

 at 50 µs to 1.23×10
20

 m
-3

 at 300 µs and excitation 

temperature from 0.86 to 0.77 eV [3]. The energy density of the plasma stream shows a 

time-dependent decreasing nature during the observed time span.  
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Investigating intense, ultrashort laser foil interaction through fast electron generation is 

important for fundamental understanding of laser coupling in extreme condition as well 

as for various potential future applications. When an ultrashort (tens of fs) intense (peak 

intensity >10
19

 W/cm
2
) laser interacts with sharp density gradient plasma, it generates 

stream of high current (peak current ~MA) highly energetic (keV to MeV) fast 

electrons which propagate through dense matter. Use of thin foil target allows one to 

detect the escaped fast electrons for investigating the transport of fast electrons through 

dense matter. Fast electron transport and their escape from target surface is affected by 

different complex processes including refluxing and reacceleration. As the electrons 

reach the target rear surface, they setup a strong quasistatic sheath field (strength 

~TV/m) which restricts the escape of further electrons and are reflected back into the 

target. Similar sheath fields are also generated at target front surface. Therefore the 

electrons will travel back and forth within the target known as ‗refluxing‘ which is most 

prominent in thinner foils. Further, this process can result in relatively higher electron 

energy through re-acceleration if the laser pulse duration is larger than twice the 

electron traverse time through the target foil and the recirculating electrons remain 

within the dimension of laser focus. Role of refluxing and reacceleration in fast electron 

transport is investigated by measuring electron angular and spectral distribution as a 

function of pulse duration, focal spot and target thickness. 



 

 

210 
 

The experiments were performed at a laser intensity of ~4x10
19

 W/cm
2
 achieved by 

focussing the 25 fs Ti:sapphire laser pulse on 2-7 µm Cu foil to a focal spot of ~5µm. 

The fast electrons were measured using a phosphor screen-CCD combination whereas 

the spectrum was measured using a magnetic spectrograph. The laser intensity was 

varied using three ways viz. by varying laser pulse energy at fixed pulse duration, 

varying the laser pulse duration for fixed laser energy, and varying the laser focal spot 

for fixed laser pulse duration and energy. It was observed that in all methods of 

changing laser intensity, the overall charge, maximum energy and temperature reduces 

with decrease in laser intensity. However, the rates of decrement in three methods are 

different. In case of laser focal spot variation, the decrease rate is slowest whereas for 

pulse duration variation, the decrease rate is in between of laser pulse energy variation 

and focal spot variation. The observation of slow decrease of electron properties with 

laser intensity in case of pulse duration or focal spot variation is due to reacceleration 

of electrons possible at longer pulse duration and larger focal spot. Further, it was seen 

that the electron charge increased for increase in target thickness as the sheath field 

strength is weaker in thicker target and therefore causing less refluxing. Next electron 

spectrum analysis has shown that the temperature for thinner target foil was slightly 

higher than comparatively thicker target (e.g. temperature for Cu 2 µm : ~0.55 MeV 

compared to ~0.43 MeV for Cu 7µm at intensity~ 4x10
19

 W/cm
2
) showing a clear 

demonstration of re-acceleration phenomena. The detailed experimental results and 

understanding of transport processes will be presented. 
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Understanding laser matter coupling in intense, ultrashort laser foil interaction has been 

a topic of active research investigation for decades for unraveling interaction issues as 

well as for many potential future applications. Particularly the interaction at grazing 

incidence (incidence angle 70º) attracts special attention due to generation of strong 

surface fields and interaction of electrons with this field leading to improvement in the 

electron beam parameters. The study is also important to understand the generation and 

transport of fast electron in the context of hollow re-entrant cone target proposed for the 

fast ignition where electrons are generated in cone sidewalls at grazing incidence.  
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The experiment was performed at grazing angle of incidence of ~70° and oblique 

incidence angle of ~45° with 150 TW Ti:sapphire laser (of energy ~2.2 J, pulse 

duration~25 fs) focussed onto thin Cu foil target at a peak intensity of  ~7 x 10
19

 

W/cm
2
. The electrons were detected along front as well as rear direction using 

phosphor screen-CCD combination setup along laser direction. For 45° incidence 

angle, the electrons were emitted along nearly laser direction in the target rear surface. 

However, when the incidence angle was increased to ~70°, the rear fast electrons were 

found to be more inclined towards target surface direction along with improvement in 

flux and divergence. The electron charge (energy >350 keV) increases by ~2X from 

~2±0.2 nC to 4±0.6 nC with increase in incidence angle from ~45° to ~70°. The 

divergence angle also reduced from ~94°±5° to ~65°±5° on increasing the incidence 

angle. Next, for 70º incidence angle, the rear escaped electron charge increased from 4 

± 0.6 nC to 4.9±0.7 nC and 6.4 ± 0.9 nC on increasing the target thickness from 7µm to 

25 µm and 50µm respectively. At grazing incidence interaction, highly collimated 

electrons were also generated along front target surface direction. Divergence of front 

surface electrons was much lower ~7º. 

 

For oblique incidence interaction, JxB was main fast electron generation mechanism 

producing electrons along laser direction. With the increase in incidence angle charge 

of the electrons increased whereas the divergence decreased. Increase in charge is due 

to enhanced JxB acceleration possible at longer laser propagation length in preplasma. 

Reduction in divergence can be explained due to electron collimation effect by self-

generated magnetic field (~MG order) at longer target length experienced by electrons 

due to grazing incidence. Further, at such high incidence angle, surface fields are also 

generated effectively which also adds up in deviating the electrons along surface 

direction. The surface field effect is more pronounced for front surface electrons where 

we observed highly collimated electrons along surface direction. The detailed 

experimental results and understanding of physical processes will be presented. 
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Laser interactions with plasma have been a fascinating area of research due to its 

application in fusion and accelerator technology.  For most of the applications it is 

necessary to preserve the laser properties in plasma. Plasma is a nonlinear optical 

medium, which can excite higher order electric susceptibility during laser propagation. 

These higher order nonlinearities may assist to guide the laser in plasmas. In this work, 
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we study the self-focusing of a laser amplitude modulated filament in a magnetized 

plasma. The laser filament with non-uniform distribution ofintensity exerts a 

ponderomotive force on electrons and sets in an ambi-polar diffusion of the plasma. 

The ambient tmagnetic field, however, strongly inhibits the process, when the electron 

Larmor radius is comparable to or shorterthan the laser spot size. As the plasma density 

is depleted, the laser beam becomes more self-focused. This studyaddresses a 

significant enhancement in the laser self-focusing rate by including the amplitude 

modulation of the laser beam. 
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In the present work, the self-focusing of laser beam having Bessel-Gaussian profile has 

been studied in plasma taking into account the relativistic non-linearity. A non-linear 

second order differential equation determining the evolution of spot size has been 

obtained using the moment theory approach. The differential equation has been solved 

numerically using the Runga-Kutta method and the variation in the spot size of laser 

beam with distance of propagation of laser beam inside plasma has been obtained. The 

variation of spot size has been observed for different parameters of laser and plasma. 
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The concept of electric dipole approximation may be applied in the case of laser-matter 

interaction when the target size is much smaller than the laser wavelength (λ). Atomic 

clusters have the advantages of both gas and solid targets with size on the order of 

nanometer scale, which is very small compared to λ, and the criteria of dipole 

approximation is well satisfied. Dipole approximation assumes that the laser field is 

spatially homogeneous, and thus magnetic field component of the laser is neglected. 

We have performed the study of laser interaction with deuterium cluster for a linearly 

polarized laser by taking the laser magnetic field into account with an additional static 

external magnetic field of tens of kilo-Tesla. Considering the dipole approximation for 

a laser intensity 7.31×10
16

 W/cm
2
 and λ = 800nm (Ti:sapphire laser), we find that the 

laser energy absorption is significantly enhanced (~ MeV range) compared to the 

earlier reported works[1]. Under this situation, the forward excursion (z) of the electron 

along laser propagation quickly achieves the order of λ, and the relation z/λ<<1 

(condition for dipole approximation) weakly holds. Hence, the dynamics of the electron 

is again analyzed without dipole approximation, and amazingly much higher values of 

energy absorption is obtained near the electron-cyclotron resonance as compared to the 

dipole approximation.  
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In the present investigation, the self-focusing of laser beam in the ponderomotive 

plasma has been observed. The laser intensity distribution is taken to be Bessel-

Gaussian profile. The ponderomotive force tends to generate a density gradient in 

plasma which further modifies the refractive index of plasma and lead to laser self-

focusing. The differential equation for spot size of laser beam has been derived by 

using the method of moments and also incorporating WKB approximations. The 

numerical formulation of the differential equation has been done by Runge-Kutta fourth 

order method. The variation of the self-focusing of laser beam with propagation 

distance has been observed for different laser and plasma parameters.  
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When a short laser-pulse interacts with a semiconductor, different electronic 

mechanisms are excited, depending on the sample semiconductor. For narrow band-gap 

semiconductors, free electrons inside the solid can directly absorb laser energy and 

form hot electron-hole plasma. At high energy, the electron-hole plasma created on the 

surface of the solid will induce emission of electromagnetic radiation through the 

nonlinear current generation. We use a simple, two-fluid model for the collective 

electromagnetic response of an electron-hole plasma, which treats the electron and hole 

components as a two-species plasma system. The laser exerts a ponderomotive force on 

electrons and holes. The carriers oscillate with oscillatory velocity at the laser 

frequency. The plasma density perturbation coupled with the oscillatory velocity 

produces a nonlinear transverse current with nonzero curl. This nonlinear current drives 

coherent THz radiation. An analytical expression of the THz fields is obtained by 

solving Maxwell and hydrodynamic equations with appropriate boundary conditions. 

The systematic analysis of this mechanism shows an efficient and tunable source of 
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THz radiation, which varies with various parameters such as the density modulation, 

laser intensity and other laser parameters. 
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In pulsed power systems, plasma opening switches (POS) plays a major role in 

designing compact inductiveenergy storage systems for generation of high voltage and 

high current with fast rising pulses for the applications like flash radiography, high 

energy plasma physics, X-ray generation, Z-pinch, X- pinch and fusionresearch [1]. In 

the POS, the plasma source plays an important role to form a short circuit path during 

conduction phase for which plasma should have sufficient density, charge, mass, 

velocity and spatial distribution. This is to attain large bipolar current needed before the 

POS begin to open [2]-[3]. In this paper, the POS conduction and opening phases with 

different models like bipolar model, magnetic pressure model, snow plough model and 

erosion model will be discussed [1], [4]-[5]. The design criteria and simulations of 

density, velocity variations along the axial length of plasma source inside the designed 

POS will be reported. The sufficient conditions and necessary criterion for the design of 

plasma opening switch, the electric field and voltage variations inside the POS with 

plasma source simulations will be reported.     
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A substantial enhancement in electron energy upto GeV order is realized in a 

performed ion channel by using chirped circularly polarized laser pulse. The presence 

of chirp parameter as well as the spaced charge field induced by the propagation of 

chirped CP laser pulse play a crucial role in enhancing the electron energy. The 

electron energy gain appears to be more sensitive to changes in the chirp parameter 

from linear to quadratic to least sensitive to the CP laser pulse's limited transformed 

frequency. To improve electron acceleration, the chirp parameter is tuned with the 

subcritical density in performed ion channel. 

 

In a recent work, the combined involvement of a tightly focused radially polarized laser 

and an ion channel for electron energy increase on the order of GeV was examined [1]. 

The effect of linear and nonlinear chirp types of laser pulses on electron acceleration is 

discussed [2]. 
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The pseudospark switches have the extraordinary capabilities of high power handling 

with fast current rise, making them ideal for many fast pulse power applications [1-2]. 

However, the commutation losses increase at very high power which limits its 

performance and life. In the present work, efforts have made to reduce the commutation 

losses by introducing a saturable inductor in series with the anode of the multi gap 

multi aperture pseudospark switch (MGMA-PSS). Electrical modelling has been 

carried out to investigate the switching characteristics of the MGMA-PSS with and 

without the saturable inductor. Also, saturable inductor offers a high impedance (~up to 

few of ohm) during the commutation process of the PSS before saturation [3-5]. 

Further, the effect of the saturable inductor is analyzed by using MATLAB simulation 

software and results have been found satisfactory. It is observed that the use of 

saturable inductor in the circuit can delay the rate of current rise. The operational 

behavior of a PSS with saturable inductor shows the change in the impedance and 

reduces the switching loss during its breakdown [3]. Experimental studies have also 

been carried out at different operating conditions which confirmed the improvement in 

the switching losses using saturable inductor in the test circuit. Such quantitative 

investigation would be very much useful in design and development of efficient PSS 

for high pulsed power application. 

 

References: 

[1] K. Frank et al. IEEE Trans. Plasma Sci., vol. 17, no. 5, pp. 748–753, 1989. 

[2] U. N. Pal et al. IEEE Trans. Electron Devices, vol. 67, no. 12, pp. 5600–5604, 

2020. 

[3] W. Ding et al. IEEE Trans. Plasma Sci., vol. 47, no. 10, pp. 4572–4578, 2019. 

[4] H. Yin et al. J. Appl. Phys., vol. 90, no. 7, pp. 3212–3218, 2001. 

[5] R. P. Lamba et al. Plasma Sources Sci. Technol., vol. 27, no. 3, 2018. 

 

 

  



 

 

218 
 

LPP-P-24 

ENERGETIC PROTONS FROM A LASER EXPLODED MICROSPHERE 

WITH DENSITY GRADIENTS  

 
Ankita Bhagawati, Nilakshi Das 

 Dept. of Physics, Tezpur University, Napaam, Tezpur-784028, Assam (India).  

E-mail : ankita8@tezu.ernet.in 

 

The up-and-coming laser-plasma-based ion-accelerators have captivated significant 

interest owing to their compact size and cost-effectiveness. Some applications like fast-

ignition of fusion fuel, hadron therapy of tumors, etc. require further development in 

the quality of ion beams in terms of maximum energy and beam flux. A tunable ion 

source with improved beam properties can be made possible by identifying and 

controlling the inherent ion acceleration mechanisms. It is evident from previous 

literature that a deviation from the well-studied and robust Target Normal Sheath 

Acceleration (TNSA) mechanism is essential for the production of ion beams with 

narrow band-width energies and low divergence. The suppression of the sheath field 

can be realized by using targets having a decreasing density gradient in the rear side 

[1]. 

 

Utilizing this information, we have adopted a model with a non-uniform density 

spherical target with the density peaked at the centre and dropping isotropically towards 

the periphery. Such a target may be produced by availing the inevitable presence of the 

pre-pulse, which readily ionizes the solid target and explodes it to create density 

gradients inside it [2]. In the present work, we have used 3D PIC simulation to analyze 

the underlying proton dynamics when an intense femtosecond pulsed circularly 

polarized laser is incident on a pre-exploded hydrogen microsphere. Two types of 

density profiles- a linear and a Gaussian profile are compared with the homogeneous 

target. The Gaussian profile is more effective in terms of the suppression of the sheath 

electric field [3]. We also saw crucial dependence of the steepness of the density profile 

on the acceleration processes involved. A smaller density gradient leads to a near-

isotropic expansion of the target, whereas a steeper density gradient favours the 

formation of shocks in the decreasing density profile. Well-collimated proton bunches 

of energies exceeding 100 MeV are obtained, which show energy scaling better than 

the TNSA protons. 
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Radiation pressure hole boring ion acceleration is studied with Gold-Carbon-Hydrogen 

(GCH) foil. Laser quickly converts the foil into an overdense plasma which then is 

accelerated to high velocity. The generated quartet sheets of electrons, protons, carbon 

and gold ions are variably accelerated owing to their different charge-to-mass ratio by 

the strong laser and electrostatic fields. Gold ions facilitates the dragging due to inertia 

and further elongates the space charge field. In the foil‘s frame, the fast-moving ultra-

intense space charge field reflects the upstream background plasma protons. The 

protons of the plasma are imparted with approximately double the momentum 

depending upon the density profile of the background plasma. The field structure 

elongation is studied vis-à-vis the laser normalized amplitude.  Ions in the range of 

hundreds of MeV can be generated by employing the scheme. The parabolic profile is 

found to be the most suitable under the practical parameters. 
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Germanium is a promising material for high speed metal–oxide–semiconductor 

transistors and silicon-based optoelectronics as it provides a much higher carrier 

mobility than Si. But heat dissipation remains a bottleneck for next-generation 

optoelectronic devices. Thus, technologies enabling faster heat dissipation are 

necessary for performance improvement. In order to understand the heat dissipation in 

Ge, we deposit heat at the surface of the sample using an ultrashort (~50fs) optical 

pump (800nm/400nm) pulse and track its dissipation in real-time using time-resolved 

x-ray diffraction (TXRD) technique, by recording XRD patterns at different delays 

(~5ps). Here, the Cu Kα laser plasma x-ray probe is generated by the interaction of 

ultrashort laser with Cu wire[1]. It has ultrashort pulse duration (~100fs), narrow 

bandwidth (~7eV @ 8.047keV) and high peak brilliance (~10
17

photons/(s-0.1%BW-
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mm
2
-mrad

2
)). TXRD is advantageous as it provides a nondestructive way to probe heat 

dissipation by directly monitoring optical pump-induced thermal strain[2].  

 

In this paper, the simulation results on thermal strain propagation by laser heating in Ge 

[111] crystal and its comparison with experimental results is presented. The changes in 

the XRD pattern of a pumped sample can be correlated with the evolution of thermal 

strain in the sample. The experimentally observed XRD patterns from strained sample 

are simulated using Takagi-Taupin (TT) equations. The strained crystal is modeled by 

assuming three crystalline layers of different thicknesses and ‗d‘ spacing on top of 

pristine crystal. Top strained layer is formed by the laser absorption which has largest 

strain and smallest thickness. Bottom strained layer has smallest strain and largest 

thickness. This layer is generated by propagation of strain. Middle layer is the transition 

layer. The point spread function (PSF) of experimental setup is calculated by 

convolving it with the simulated XRD pattern for pristine sample to match with 

experimentally observed XRD pattern. The XRD pattern for the strained crystal is 

simulated by taking appropriate thicknesses, strain values of different crystalline layers 

in our model and by convolving with PSF to obtain the best possible fit of the diffracted 

signal. In the case of 400nm pump, smaller absorption depth (15nm vs 100nm) results 

in larger strain (4×10
-3

 vs 1×10
-3

) at initial time compared to 800nm pump even at the 

same pump fluence (6.5 mJ/cm
2
). The thermal strain propagation velocity is calculated 

to be ~3×10
5
cm/s in both the pump cases which is comparable to longitudinal acoustic 

velocity (5.5×10
5
cm/s). The present study paves the way for an improved 

understanding of heat transport in Ge induced by ultrafast laser pulses which will assist 

in the design of optoelectronic devices. The detailed experimental and simulation 

results will be presented. 
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Electron acceleration with low order mode of Hermit-cosh-Gaussian (HChG) laser 

beam is investigated theoretically in vacuum. HChG laser beam possesses more power 

and have a capability to focus earlier than the Gaussian laser beam. Even, at low power 

such laser beam produces a high energetic electron beam. This is the beauty of HChG 

laser beam. The decentered parameter ―b‖ associated with this beam plays a key role on 

electron acceleration. It is observed that by changing decentered parameter for a fixed 

intensity parameter a0 = 20and laser spot-size r0 = 75, Hermite function order s =

1,can result in electron energy gains of the order of GeV. 

 

In a recent work, the electron acceleration and energy gain investigated theoretically by 

using cosh Gaussian laser beam in vacuum [1]. The distinct TEM mode indices 

dependent electron acceleration using Hermite Gaussian laser was explained [2]. 
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Sulphar hexafluoride (SF6) gas is a potent greenhouse gas, and there has been research 

into more environmentally friendly alternative gas as a replacement to SF6 in HV 

equipment. The research into alternative gases has shown that SF6 admix have a 

promising dielectric property as comparable to pure SF6. In this work, power frequency 

breakdown characteristics ofvarious SF6 admix (SF6/N2, SF6/dry air and SF6/Ar) is 

tested using HV co-axial sparkgap switch with different % by vol of SF6 under non-

uniform field background (Point-Plane configuration). The experimental work is 
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performed with 5%, 10%, 25% and 50% by vol of SF6 for pressure levels between 5 psi 

to 30 psi in gap length of 4 mm. The breakdown voltage of the SF6/N2 and SF6/dry air 

mixture with 5% SF6 is found to be ~50% of pure SF6 under the same experimental 

conditions. Furthermore, SF6/N2 and SF6/dry air mixture shows a saturated growth 

trends with increase in %SF6. In case of SF6/Ar admix the growth rate of breakdown 

voltage is greatly reduced at higher pressure with low % by vol of SF6. A 

comprehensive experimental and theoretical investigations reported herein presents the 

application feasibility of these admix as a replacement to SF6. 
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In this present theoretical study, we investigate the evolution of electron heating by 

interaction of high intense ultra-short laser pulses in nanoparticles. The interaction of 

laser electric field profile with electronic clouds of nanoparticles causes the oscillatory 

velocity to the electrons. This oscillatory velocity might be produced the heating. The 

pulse parameters evolution such as normalized energy of the pulse, pulse width, 

position of the pulse center and reflectivity coefficient of the medium is investigated 

theoretically on plasma generation. The graphical discussions were promised to achieve 

extreme heating rate at resonance condition surface plasmon frequency. 
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Equatorial plasma bubbles (EPBs) are plasma density depletions and accompanying 

plumes of irregularities that give rise to severe radio signal disruptions [1-2]. These 

EPBs are mostly observed in the pre-midnight period [3]. They are generally connected 

with tropical spread F (ESF) or tuft structures. They are principally seen in the F-region 

of the ionosphere at lower scope areas and it is a direct result of the wavering 

phenomena occurring in the ionosphere.  

 

In this study, we have attempted to present the structures and construction of EPBs and 

their specific qualities for the low solar activity period of 2017, over India. To study the 

characteristic of plasma bubbles in the topside ionosphere, we have analyzed a large 

database of post-sunset plasma density measurements acquired by the Defense 

Meteorological Satellite Program (DMSP) during a low solar activity period of 2017. 

The observed results are discussed according to the other reported results. 

 

Key words: Ionosphere, Spread-F, Plasma bubble, solar activity, R-T instability. 
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We study the kinetic scale density fluctuations for understanding the solar coronal 

heating, when the background plasma density is modified by parallel ponderomotive 

force and Joule heating. The Kinetic Alfven wave plays a prominent role for solar 

coronal hearing and particle acceleration in space plasma. Numerical method has been 

used to analyse the evolution of KAW in solar corona [1]. The kinetic scale density 

fluctuation spectrum follows Kolmogorov scaling in inertial range [2]. Steepened 

spectrum has been achieved in the dispersive range, which is continues in the 

dissipation range. Our obtained results reveal that the kinetic scale density fluctuations 

plays an important results for transferring the energy from larger length scales to 

smaller length scales in solar coronal plasma, which is responsible for solar coronal 

heating.  
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The Solar and geomagnetic activity modulates atmosphere-ionosphere coupling 

processes from top and lower atmospheric processes from below. The vertically 

propagating atmospheric waves play an important role in the coupling of atmosphere 

ionosphere system through wave saturation-dissipation processes as they carry 

energyand momentum. We have examined the day-to-day variability of temperature in 

the mesosphere-thermosphere-ionosphere system using TIMED SABER satellite data. 

TIMED satellite, which can measure the temperature profile from lower stratosphere to 

lower thermosphere daily and globally. The TIMED SABER data for the month of 
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December atvarious altitude levels in the stratosphere-mesosphere-thermosphere, reveal 

that their exits large spatial and temporal variation in temperature. The spatial variation, 

inparticular with altitude, in temperature is found to be as large as ~ 40 to 50 degree 

K.In order to examine the variability in temperature in terms of wave propagation, 

aregion around the equatorial region is selected and various modes of 

wavespropagation have been examined therein. Quasi 2.5, 8 and 13 days of 

periodicities areprominently seen in the data with significant vertical propagation 

through altitude.These waves and the changes in temperatures have been analysed vis-

a-vis wind andother upper atmospheric processes. The outcome of this analyses will be 

presentedduring the conference. 
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Ionospheric irregularities are referred to as plasma density irregularity which causes 

fluctuation in phase and amplitude of radio signals passing through them and 

phenomena is known as scintillation [1]. Fluctuation in phase and amplitude of radio 

wave due to presence of ionospheric irregularities/ plasma bubbles causes failure of 

radio technological navigation system and hence affect human life [2-3]. Phase 

scintillation is always accompanied by amplitude scintillation but not vice-versa. Our 

aim is to study plasma bubbles, produced mainly at the post sunset time of a day will be 

studied since November 2020 to October 2021 over Varanasi using multi-frequency 

GNSS receiver Septentrio PolarX5S installed on the terrace of the Department of 

Physics, BHU. We have chosen solar minimum period of 25
th

 solar cycle to see the 

dependence of ionospheric scintillation occurrences on solar activity over equatorial 

anomaly region Varanasi. To study the solar activity dependence, we have taken solar 

indices of Sun Spot Number (SSN) and F10.7 (solar radio flux at 10.7 cm)over Varanasi 

and observe the variation of amplitude scintillation index S4 with these indices 

individually. Year is divided into three seasons namely Summer (May, June, July, 

August), Winter (November, December, January, February) and Equinox (March, 

April, September, October) to observe the seasonal variation of occurrences of 

scintillation. Highest scintillation activity is observed during the equinox season. 

Diurnal analysis shows that scintillation activity is more prominent during the 
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nighttime hour. Further, to observe the effect of geomagnetic storm on scintillation, we 

have chosen quiet days (KP < 4) and disturbed days of this duration and observed the 

difference between two. Various geomagnetic indices like KP, DST, BZ, EY have been 

used. 

 

Keywords: Ionospheric irregularities, GPS, Scintillation 
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A solar eclipse provides an opportunity to study the behavioral changes of properties of 

the ionosphere in the day time like as night time‘s conditions for a short time. During 

the Solar eclipse the radio communication and satellite navigation‘s are disturbed [1, 2]. 

Each eclipse has its different property due to occurrence time of the year, the solar disk 

occultation degree, time of the day, atmospheric weather, and location (latitude and 

longitude) of the observations on the Earth [3]. 

 

In this study, we have used VLF wave‘s observation and its emissions during the solar 

eclipse of 21
th

 June 2020. As the Sun was eclipsed, the night time‘s condition is 

generated in the day time and VLF Tweeks and whistlers are observed. The analysis of 

the Tweeks shows the variation in the ionospheric reflection heights (~ 8-11 km) and 

electron density (~ 3-2 el/cm
-3

). The eclipse- imposed modifications in the VLF 

transmitter‘s signal HWU (18.3 kHz) and NWC (19.8 kHz) display an average growth 

of 2.8 dB and 0.8 dB respectively in the signal strength during the solar eclipse period. 
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A theoretical framework has been developed using three fluid theory to study the 

Jeansinstability in magnetized collisional dusty plasma accounting for superthermal 

effects ofelectrons and nonthermal effects of ions. The dynamics of the dust is 

described by dustpolarization force, dust charge gradient force, dust thermal speed and 

the dust neutral collisions.The general dispersion relation for the Jeans instability has 

been derived considering theperturbation to propagate in form of plane wave. The new 

expression for the modified Debyelength resulting from the nonthermal behavior of 

electrons and ions and the dust charge gradientforce is found to be appeared in the 

dispersion relation. The expression for Jeans instabilitycondition and critical wave 

number is presented to establish the dominance of nonthermalparameters as well as 

dust polarization and charge gradient force. The analytical and numericalestimation of 

the instability growth rate is done in both the parallel and perpendicular directionof 

propagation. The importance of our study to the formation of planetesimals and 

collapse ofinterstellar clouds in star forming regions is discussed. We discuss the 

implication of our results. 

 

Keywords: Charge gradient force, non-thermal ion distribution, polarization force, 

selfgravitationalJeans instability, magnetized dusty plasma. 
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There has been a large interest in studying the electron acoustic waves in plasmas due 

to its confirmation by satellite observations in theauroral and other regions of the 

magnetosphere.Electron-acoustic waves may exist in plasmas consisting of two distinct 

temperature (cold and hot) electrons in which the cold electrons provide the inertia and 

the restoring forcecomes from the pressure of the hot electrons. Along with two 
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electron population, presence of magnetic field-aligneddrifting electrons in the upper 

region of magnetosphere can be considered as source ofenergy for the excitation of 

electron acoustic waves.In this investigation, we have analysed the electron acoustic 

(EA) shocks in a plasma composed of cold inertial electrons, cool electron beam, hot 

electrons modeled by non-Maxwellian distribution and stationary background of 

positive ions penetrated by an electron beam. To the best of our knowledge, the 

characteristics of shock waves governed by deriving nonlinear Burgers equation by 

employing the reductive perturbation method. By taking into account the effect of 

electron beam and other plasma parameters on the characteristics of electron acoustic 

waves, shock structures are analyzed.It is shown that the combined effects of electron 

beam, hot to cold electron number density ratio, temperature ratio and viscosity 

significantly modify the propagation properties of the EA shock waves. The work 

presented in this investigation may be useful to studying the salient features of EA 

shocks dynamics in various plasma environments such as astrophysical/spaceplasma 

and earth‘s magnetosphere. 
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The parameters defining the Solar wind are SW Plasma Temperature (K), SW Proton 

density (N/cm
3
), SW plasma speed (km/s), Flow pressure, Plasma beta. There are 

mainly three primary forms of solar wind plasma: coronal-hole plasma, streamer-belt 

plasma, and ejecta [1]. Coronal-hole plasma, also known as rapid solar wind, is 

produced by the interaction of open field lines with low-lying closed loops on the floor 

of a coronal hole [2]. Plasma from the streamer belt is frequently referred to as the slow 

solar wind and solar transients like coronal mass ejections are related with ejecta. But, 

streamer-belt plasma is further subdivided into two groups: (a) streamer -belt, (b) sector 

reversal regions [3]. In the data time series, streamer belt plasma intervals are classified 

as helmet streamers or pseudostreamers. Helmet streamers emerge on the Sun when a 

loop arcade separates two coronal holes with opposing magnetic polarities. There is a 

period of plasma surrounding the sector reversal of a helmet streamer that has 

extremely low proton-specific entropy, high-number densities, either no electron strahl 

or a very intermittent electron strahl, a low alpha-to-proton density ratio, and often a 

very low velocity [4]. Sector reversal regions will be used to describe these periods of 

different plasma. 
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In dusty plasmas, various kinds of forces act on a dust particles, such as 

electromagnetic force, drag force, gravitational force, thermophoretic force and 

radiation pressure force. Over the last many years, there has been an increasing interest 

in the study of influence of polarization force on different kinds of nonlinear structures 

in a dusty plasma. The polarization force in dusty plasmas arises due to the change in 

plasma density on two sides of the dust grains. This can be caused by finite dust 

pressure. As a result of this density non-uniformity, the Debye shield of dust grains no 

longer remains spherical. This leads to a partial charge separation, thus creating an 

electric field. This electric field can oppose or enhance the external electric field, which 

is parallel electric field in the present investigation. For the last many years, a great deal 

of attention has been focused to study the linear and non-linear dynamics of dust kinetic 

Alfven (DKA) waves in a dusty plasma. Dust grains are very sensitive to the 

perturbations in the external applied magnetic field which is naturally available in most 

of the space plasmas and in laboratory plasmas. The perturbations in the magnetic field 

generate the dust kinetic Alfven waves (DKAWs) via polarization drift of dust fluid. 

Dust dynamics modifies the dispersion relation for the kinetic Alfven waves. In a dusty 

plasma, when the dust is considered as cold and stationary, dust modified kinetic 

Alfven waves arise with frequency in the range. But, for finite dust temperature, dust 

kinetic Alfven waves arise with frequency less than the dust cyclotron frequency. For 

dusty plasmas, comprising of negatively (positively) charged dust grains, the Debye 

shielding distance is determined by the number density and temperature of positively 

charged ions (electrons). However, for a fixed value of other parameters, the strength of 

polarization force remains the same for a plasma, containing either positively or 

negatively charged dust grains, and is always directed opposite to the electric field. The 

observations of various satellite missions have confirmed the omnipresence of non-
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Maxwellian particles with suprathermal tails at higher energies in most of the 

astrophysical and space environments. Such kinds of nonthermal particles are naturally 

found in solar wind, Jupiter, and Saturn environments. The non-Maxwellian hybrid 

distributions involving two commonly adopted distribution functions for describing the 

plasmas are the kappa distribution, (first time introduced by Vasyliunas for modelling 

the OGO 1 and OGO 2 solar data), and the highly non-Maxwellian distribution profile 

with bump on the tail proposed by Cairns et al. The contribution of higher-order 

nonlinearity and dissipation effects to form dust acoustic kinetic Alfven dressed 

solitons is investigated by using the reductive perturbation technique from the solutions 

of higher order KdV-type equation in a polarised plasma. The findings of this 

investigation might be useful to understand the propagation of dust kinetic Alfven 

nonlinear structures in different space and astrophysical environments. 
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Dense quantum plasmas have emerged as an active field of research due to their great 

pertinence in different areas of practical importance and in dense astrophysical plasmas 

such as white dwarfs [1]. In dense quantum plasmas, at extremely high number 

densities, the de-Broglie wavelength associated with the charge particle becomes 

comparable to the inter-particle distance. The spin effects are considered as one of 

quantum plasma‘s most important properties due to great significance of highly 

magnetized quantum plasmas. The interaction of solitons is a phenomenon that usually 

occurs in various plasma environments. The way of interaction of two solitons can be 

assorted as head-on collision, overtaking and one of the noticeable attributes of solitons 

is that it conserves the shape and size still after collision. After head-on collision, if pre 

(post)-collision part of soliton moves in front of the initial trajectory then phase shift is 

called as negative (positive) phase shift. The nonlinear waves exchange some energy 

between each other to preserve their shapes and sizes during head-on collision. The 

present work focuses on the study of head-on collision between nonlinear waves 

propagating in opposite directions in a magnetized spin quantum plasma having inertial 

ions and degenerate electrons with spin-up and spin-down states [2]. The separated spin 

evolution quantum hydrodynamic model is considered and the extended Poincare -

Lighthill-Kuo (PLK) method is adopted to derive two Korteweg-de Vries (KdV) 

equations. Further, the Hirota bilinear method is employed to determine the multi-

solitons solutions of two KdV equations i.e., for single-soliton, double-soliton and 
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triple-soliton cases. The analytical expressions of phase shift after head-on collision of 

nonlinear waves in different cases have also been derived. The combined effects of 

different physical parameters such as spin density polarisation, magnetic field and other 

physical parameters on the characteristics of nonlinear waves, time evolution and phase 

shift due to head-on collision between nonlinear waves have been numerically 

described.  
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Generation of large scale magnetic field in cosmos and astrophysical bodies are one of 

the long standing unsolved problems in astroplasma physics. A possible mechanism 

behind this is explained via dynamo action i.e. generation of magnetic energy at the 

cost of kinetic energy [1]. Amongst different dynamo models Induction dynamo model 

[2] is one of the celebrated models. In this model a given chaotic plasma flow stretches 

and folds back the magnetic field lines giving rise to an exponential growth of large 

scale magnetic field [Fig.1] in the limit of low plasma resistivity or large magnetic 

Reynolds number (Rm). In the present work, we consider a given helical plasma flow, 

namely the chaotic Arnold-Beltrami-Childress (ABC) flow in the opposite limit of low 

magnetic Reynolds number Rm. In particular, we numerically investigate a possible 

correlation between onset of dynamo action as a function of increasing Rm and 

formation of a 3D magnetic ``Cigar-like'' [Fig.2] iso-magnetic structures [3, 4]. A 

strong localization of current density structures [Fig.3] co-existing with magnetic 

``Cigars'', possibly due to magnetic reconnection, is also shown. We have performed 

the above said studies using an in-house developed, multi-node, multi-card GPU based 

3D MagnetoHydroDynamic solver (GMHD3D). Details of this study will be presented 

along with possible future directions.  
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Fig.1: Growth of Magnetic Energy Fig.2: Cigar Formation Fig.3: Localized currentdensity 

(Y-Z plane) 
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Electromagnetic Ion Cyclotron (EMIC) rising tone emissions are important in 

understanding the nonlinear wave evolution and magnetospheric dynamics. These 

emissions often appear as a series of repetitive structures (known as subpackets) with 

increasing frequencies, known as rising tones. These rising tone emissions are believed 

to be generated near the geomagnetic equator by the anisotropic distribution of 

energetic ions (T_perp/T_par>1). Previous simulations and theory investigated the 

movement of the source regions of these rising tone emissions along the magnetic field 

lines; but, direct observational evidence was missing. Our findings provide a case study 

where these emissions are observed simultaneously by NASA's three THEMIS probes 

(THEMIS A, D, and E) in the outer magnetosphere during the time interval 14:20 UT 

to 14:30 UT on 09 September 2010. These left-handed polarized waves have wave 

normal angles less than 30°. THEMIS A was closest to the equator and was in a higher 

L-shell than THEMIS E and D. The smallest radial separation is ~2000 km between 
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THEMIS E and D spacecraft. This configuration of THEMIS probes allows us to 

explore the evolution of rising tone subpackets. These emissions are self-sustaining 

after the primary linear growth of the triggering wave at lower frequencies. Hilbert 

Huang Transformation (HHT) is applied to show the variations of the instantaneous 

frequency and the observed wave amplitude. The direction of energy flow is 

determined from the analysis of the Poynting flux. There is a rapid nonlinear growth of 

the EMIC subpackets within one wavelength. Adopting a multipoint observation 

technique, we show there are scattered source regions with an extent greater than the 

EMIC wavelength, and the subpacket structure changes nonlinearly within one wave 

period. These observations are matched very well with the existing nonlinear wave 

growth theory. Observed ion energies and pitch angle spectra of the ion fluxes are 

consistent with the energy associated with the Landau and cyclotron resonance 

conditions. This analysis provides pivotal information about the dynamical evolution of 

the fine structures of rising emissions and gives an idea about the 3D extent of 

subpackets. 
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The  low  frequency  ion  acoustic  waves,  analogous  to  sound  waves,  are generated  

due  to  the  interaction  of  solar  wind,  and  magnetosphere  of  the  planet.  The ion 

acoustic mode  in  magnetosphere  is  derived,  in  collision  less, unmagnetised  

plasma,  in  which  vibrations  are  transmitted  through  charge,  not  by collision.  It  is  

assumed  that  ions  and  electrons  both  are  distributed  according  to  the Kappa  

function.  Equations for the assumed character of both species are linearized. The  

perturbed  equations  are  obtained  by  neglecting  second  order  perturbed  quantities. 

From  the  perturbed  equations,  the  dispersion  relation  for  the  ion  acoustic  wave,  

using Kappa  function,  is  derived [1,2,3]. The  dispersion  relation  and  group  

velocity is  compared, with  usual  ion  acoustic  dispersion  relation  and  group  

velocity  then  effects  of  various variables  of  kappa  distribution  function  on  the  

ion  acoustic  mode  are  discussed.  

 

Keywords: Ion acoustic mode, Kappa distribution function, Magnetosphere.  
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Neutron stars (NS) are remnants of supernova explosions with a mass approximately 

equal to the sun compacted to a radius of about 10 km. Amongst the many that are 

known (about 2000), a special class of NS called accretion-powered pulsars (AXP) 

have been observed to emit sudden bursts of X-ray radiation, thought to be due to 

nuclear fusion reactions in a rather thin (~ 100 cm) hydrogen atmosphere. The 

incredible gravity (g ~ 10
11

 and the magnetic field B ~ 10
12

 G) and particle densities of 

the order 10
30

 cm
-3

make thissystem complex and rich with plasma phenomena. 

 

In this paper, we summarize the state of understanding of the observed phenomena and 

an overview of the physical models that have been proposed. We also present 

preliminary results on the plasma waves in such systems.  
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Over the last many years, there has been a great deal of interest in studying the various 

kinds of nonlinear solitary structures in different plasma environments such as 

laboratory experiments, space, and astrophysical environments. When an electron-ion 

plasma consists of additional charged particles, such as two species of electrons (hot-

cold), two species of ions (positive-negative), or positrons etc., it is referred to as 

multicomponent plasma. The characteristics of wave propagation in multicomponent 

plasma is entirely different. It can also be induced in the laboratory by the positron 

injection into the electron ion system, ultra-intense laser matter interaction and by the 

mechanism of relativistic heavy-ion collisions. It also occurs in many astrophysical 

environments like the inner region of accretion disks, solar flares, magnetosphere of 

neutron stars, in the vicinity of black holes, in active galactic cores etc. The Alfvén 

waves are pure magnetohydrodynamics (MHD) waves and propagate in a plasma when 

ion inertial force is balance by the magnetic pressure gradient force. Alfvén waves are 

the low frequency non-dispersive waves which are formed when ions oscillate in an 

oscillating magnetic field. The existence of these nonlinear structures has also been 

confirmed by various laboratory experiments and space observations. Among the 

variety of nonlinear solitary structures, kinetic Alfvén waves (KAWs) and inertial 

Alfvén waves (IAWs) are one of the modes that has been studied to understand the 

formation of coherent nonlinear soliton structures in multicomponent plasmas (e.g., in 

planetary rings, cometary tails, and magnetosphere of Jupiter). Inertial Alfvén waves 

(IAWs) are also a class of dispersive Alfvén waves which are formed when the 

perpendicular scale length is approximately equal to the electron inertial. In the case of 

IAWs, the plasma beta lies in the range β me/mi 1. The nonlinear Korteweg-de Vries 

(KdV) equation describing the evolution of IAWs is derived by using the standard 

reductive perturbation method and low-amplitude KdV and dressed solitons are 

obtained. The quasiperiodicity and chaos are also investigated numerically in the 

presence external periodic force in the multicomponent plasma. The influence of 

different plasma parameters on the dynamical evolution of the IAWs has been 

observed. The findings of present investigation may be helpful to provide a new insight 

to understand the evolution of IAW and in the formation of various nonlinear structures 

in different space plasma regions. 
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The present study investigates the role of gravity wave induced seed perturbations in 

the day to day variability of ESF, under the influence of the post sunset background 

conditions modulated by prevailing electrodynamics and neutral wind. Ionospheric 

foF2 data over geomagnetic equatorial station Trivandrum (8.5⁰N, 77⁰ E) corresponding 

to vernal equinoctial period encompassing high, low and moderate solar activity years, 

are used for the study. Meridional wind data for low and moderate solar activity years 

is obtained from ESA‘s sun synchronous satellite GOCE (Gravity field and steady-state 

Ocean Circulation Explorer) for the selected longitude bin close to Trivandrum location 

in the post sunset hours. Because of the non-availability of satellite data for high solar 

year, meridional wind was derived (Krishna Murthy et al., 1990) using ionosonde h‘F 

(Base height of ionosphere at 2.5 MHz) data from Trivandrum (TVM- 8.5⁰N, 77⁰ E) 

and Sriharikota (SHAR -13.7⁰ N, 80.2⁰ E). The gravity wave induced TIDs in the post 

sunset ionosphere are extracted using wavelet analysis technique applied on the 

temporal variations of foF2. Ionospheric base height (h'F) at 1900hr is also scaled for 

same days which are used as a proxy for electrodynamical contribution. This particular 

study is carried out for geomagnetically quiet days (AP<=18) of ve season which is the 

most favoured season for ESF occurrence over Indian longitudes. By considering 

thermospheric wind and electric field effects in association with gravity wave seed, an 

exponential threshold curve is generated which could clearly demarcate ESF and NSF 

(Non spread F) days. Previous studies have addressed ESF variability in 

electrodynamical domain (wherein the layer height is above a threshold level). The 

present study, for first time succeeds in demarcating ESF and NSF days by 

incorporating effects of electric field, neutral wind and gravity waves seed 

perturbations simultaneously. The details of the analysis will be presented and 

discussed. 
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