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Title: Magnetized Laser—Plasma Interactions: From Fundamental
Electrodynamics to Advanced Laser and Particle Applications
Author: Prof. Amita Das, IIT Delhi

Abstract

Magnetized laser—plasma interaction has recently emerged as an experimentally
feasible and scientifically rich frontier area of plasma physics. Over the past
several years, rapid advances in high-field laser systems and laboratory
magnetic-field generation techniques have transformed this subject from a
largely theoretical possibility into a realistic experimental regime with
significant applications in laser propagation, particle acceleration, and high-
energy-density physics. Over nearly eight years, our research efforts in this
direction have contributed to establishing this area as a distinctive niche in
laser—plasma science.

In this talk, I will discuss selected aspects of magnetized laser—plasma
interactions that connect fundamental electrodynamics with modern research
problems. I will first highlight how externally magnetized plasmas provide
elegant and pedagogically interesting examples for undergraduate and graduate
teaching in electromagnetism and wave propagation. In particular, I will discuss
how magnetized plasma media can exhibit unconventional optical properties,
including effective refractive indices exceeding unity, thereby opening novel
possibilities for laser amplification and manipulation beyond conventional
glass-based systems.

The second part of the talk will focus on particle acceleration in magnetized
plasmas, specifically the generation of monoenergetic electron beams through
the excitation of electron Bernstein waves. The underlying physical mechanisms,
along with their implications for compact plasma-based accelerator concepts,
will be outlined.

The talk aims to provide both a conceptual introduction and a research
perspective on this rapidly developing area, emphasizing its physical richness,
experimental accessibility, and future potential.



Title: Analytic Models for Tokamak Edge Thermal Equilibrium and Stability:
MARFE and Deviations from Corona Equilibrium
Author: Prof. Shishir Deshpande, Former Senior Scientist, IPR

Abstract

The early attempts to increase plasma density in tokamaks had revealed the
existence of a density limit, beyond which the plasma discharge always
terminated by a disruption. The phenomenon was understood as the radiative
collapse of the thermal equilibrium—and thereby the intimately connected
MHD equilibrium. In some tokamaks, where the density was increased very
gradually, a toroidally symmetric but poloidally localized (on the inboard side)
band of radiation was observed, dubbed as the MARFE (Multifaceted
Asymmetric Radiation From the Edge). With further increase of density, the
MARFE transforms into a poloidally symmetric ring, still localized in the
edge, but with an overall reduced minor radius creating ‘detached plasma’ held
entirely by a radiative layer away from the wall, eventually causing disruption.
The MARFE is considered as a manifestation of the radiative condensation
instability, quite familiar to astrophysical studies of solar corona. The talk
attempts to provide the historical picture of the underlying thermal instability,
exacerbated by condensation in certain cases. More importantly, it provides
insights into the atomic physics of the coronal equilibrium and the peculiar
radiative loss-function that causes the instability. Finally, the two-ion-model is
used to generalize the radiative loss model to treat cases that deviate from
coronal equilibrium.



Title: Breaking of Plasma Waves: Experimental Demonstration and Theoretical
Modelling
Author: Prof. Sudip Sengupta, Senior Professor, IPR

Abstract

One of the fundamental electrostatic modes of oscillation in an
unmagnetized plasma is the plasma wave. Study of large amplitude plasma
waves has been an active area of research for more than five decades. A well-
known result associated with the nonlinear behaviour of these waves is that,
beyond a critical amplitude, the plasma cannot sustain coherent wave motion
and the wave breaks. Some experimental evidence of breaking of plasma
waves has been reported for both non-relativistic and relativistic cases.

In this talk, delivered in the memory of Prof. Predhiman K. Kaw, I will
review one of our works that provided the first clinching evidence of wave
breaking. In addition to the technical discussion, I will also share some
personal anecdotes from my interactions with Prof. Kaw while we were
working on this problem



Title: Aisotropy-induced Inhomogeneous Melting in Finite Dust Clusters
Author: Sushree Monalisha Sahu, Research Scholar, IPR

Abstract

Symmetry plays a fundamental role in determining the structural
organization, collective dynamics, and phase transitions of many-body
systems. Breaking of symmetry can significantly alter these properties,
leading to new dynamical behaviors and nonequilibrium pathways. In this
work, inhomogeneous melting of finite dusty plasma crystals confined in
anisotropic potential wells is investigated experimentally and through
Molecular Dynamics simulations. By systematically tuning the confinement
anisotropy and applying controlled laser heating, distinct melting pathways
and localized structural transformations are observed. Singular Value
Decomposition (SVD) analysis of particle trajectories reveals that increasing
laser power redistributes energy into specific collective modes, triggering
spatially nonuniform melting. The simulations reproduce the experimental
observations and show that confinement-induced mode coupling, together
with external heating, governs the melting dynamics. These findings highlight
the crucial role of symmetry breaking in finite strongly coupled systems and
establish confinement anisotropy as an effective control parameter for
melting dynamics in mesoscopic systems such as trapped ions, charged
colloids, and Wigner crystals.



Title: Absorption of Elliptically Polarized Light in Inhomogeneous Plasmas: A
Particle-in-cell Simulation approach
Author: Shakti Kushwaha, Research Scholar, IPR

Abstract

Absorption of light in inhomogeneous plasmas is governed by both
collisional and collision-less mechanisms. In this work, we investigate the
collision-less absorption of elliptically polarized light incident obliquely on
an inhomogeneous plasma with a long density gradient (L= A), where L is
the plasma density scale length at the critical layer and A is the wavelength of
the incident laser. The study is carried out, in the non-relativistic intensity
regime using self- consistent particle-in-cell (PIC) simulations codes LPIC++
(1D-3V) [1] and SMILEI (2D-3V) [2]. Detailed spatial profiles of the relevant
field components are obtained from the simulations, and the dependence of
fractional absorption on the plasma scale length and angle of incidence is
systematically obtained. It is found that the absorption curve follows the
well-known Denisov profile [3]: trends obtained from both LPIC++ and
SMILEI simulations are in good agreement. To gain physical insight into the
simulation results, we solve the corresponding wave equation in
inhomogeneous plasmas using a Runge-Kutta solver [4]. Results obtained
from the numerical solution of the wave equation agree well with the
simulation results.
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Absorption of Electromagnetic Waves in Inhomogeneous Plasmas: A Path
Integral Approach
Author: Shakti Kushwaha, Research Scholar, IPR

Abstract

In a recent publication [1], an analytical formulation for the complex reflection
amplitude for a normally incident electromagnetic wave in inhomogeneous
plasmas was developed, by summing the reflection amplitudes over all
possible reflection paths. Motivated by this approach, we extend this
formulation to the case of obliquely incident s- and p-polarized light waves in
inhomogeneous plasmas, where for both the cases chosen density profile is
linear and the collision frequency is assumed to be proportional to density. By
systematically including higher-order reflection paths, the fractional
absorption obtained for s-polarized light shows excellent agreement with
previously reported analytical result [2], while the corresponding p- polarized
result follows the well-known Denisov absorption profile [3]. Furthermore, the
path- integral based analytical formulation is also validated against the
numerical solution of the corresponding Helmholtz wave equation [4] in
inhomogeneous plasmas using the Runge—Kutta solver (see Figs. 1, 2).
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Revisiting Electron Heating in Low-Pressure Capacitive Discharges: A
Nonlinear Dynamics Perspective
Author: Rishabh Singh, Research Scholar, IPR

Abstract

Heating mechanisms in low-pressure, high-voltage capacitively coupled plasma
(CCP) discharges remain an open question. While it is generally assumed that
electron heating under these conditions is dominated by stochastic processes,
the underlying physics is still only partially understood due to the inherently
nonlinear dynamics of oscillating RF plasmas. These nonlinear interactions
drive stochastic heating, a mechanism considered crucial for energy transfer in
CCPs, yet its quantitative impact on plasma parameters remains insufficiently
explored [1-5]. In the present work, we investigate electron dynamics under
steady-state discharge conditions and show that bulk plasma oscillations
exhibit intrinsically chaotic behavior. This is evidenced through Poincaré
sections, and the computation of Lyapunov exponents [6]. To further quantify
this behavior, we map the spatial distribution of the Lyapunov exponent—
normalized by the electron—neutral collision frequency—across the plasma bulk
for different pressures and RF voltages. Our results demonstrate that
normalized Lyapunov exponents increase with decreasing pressure (at constant
voltage) and increasing applied voltage (at constant pressure), revealing
stronger stochasticity and enhanced sensitivity to initial conditions in these
regimes. Such insights are not only fundamental for advancing the theoretical
understanding of plasma heating but also hold practical significance for
semiconductor manufacturing, where precise control of plasma behavior is
critical for next-generation device fabrication [7]

Reference
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Investigation of plasma response to radial He Gas Puffing for Gas puff Imaging
Diagnostic in ADITYA — U Tokamak
Author: Ruchi Varshney, Research Scholar, IPR

Abstract

Neutral gas puffing is widely used in tokamak experiments for plasma fueling
and density regulation [1, 2]. In most devices, neutral gas is introduced using
fast piezoelectric valves located on the outer vessel wall, and only a limited
portion of the injected gas reaches the plasma edge where ionization occurs.
Despite its routine use, the localization of neutral gas sources and their
influence on edge plasma dynamics are still not well quantified [3]. In the
ADITYA -U [2] tokomak, neutral gas injection has been implemented for the
first time from the lowfield-side mid-plane. For this purpose we have
developed a special shower like, T-shaped gas puff nozzle to locally perturb the
edge region of the plasma. This injection geometry is specifically tailored for
application with the newly commissioned Gas Puff Imaging diagnostic on
ADITYA-U [3]. This work presents the design parameters for this special gas
puff system and examines the corresponding edge plasma response. The
mechanism of gas ionization are investigated and a comparative study with
and without gas puff is carried out to assess their respective effects on edge
plasma behavior.

Reference
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edge plasmas. Phys. Plasmas 1 December 2001; 8 (12): 5214-5220.
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Effect of Collisions on Breaking of Relativistically Intense Plasma Waves
Author: Ardhendu Sekhar Mishra, Research Scholar, IPR

Abstract

Breaking of relativistic plasma waves in a collisionless plasma via phase mixing process has
been extensively studied[1-3], whereas the effect of collisions on the breaking of relativistic
waves has not been investigated in detail, except for the recent work by Frolov et. al. [4]. In
the present work, we have studied the effect of collision on the breaking of relativistic
oscillations and waves (Akhiezer-Polovin wave) in a cold homogeneous plasma using a 1-D
sheet code which is based on the Dawson sheet model [3]. Our simulations show that for a
fixed collision frequency, there exists a critical value of A (amplitude of density perturbation),
below which the wave does not break; it damps through collisional mechanism. Above this
critical value the wave breaks via phase mixing and the measured phase mixing time (breaking
time) is found to vary linearly with collision frequency. Our theoretical analysis show that in

the regime v /w,, <« A « 1, the phase mixing time is givenby w, . ~ 7°

1+1° L] where
Wpe

70 o = which predicts a linear variation of phase mixing time with collision frequency in
agreement with our simulation results (see Fig. 1 (a), (b) ).
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Absorption of a short laser pulse in a homogeneous plasma

Author: Varsha M. Sharma, Research Scholar, IPR

Abstract

Collision-less laser energy absorption in plasmas is of considerable importance
in the context of plasma-based charged-particle acceleration schemes [1]. The
efficiency of this energy absorption is strongly influenced by choice of the
plasma density, shape of the plasma density profile, laser intensity, angle of
incidence of the laser and laser polarization [2]. While an intense p-polarized
laser light, interacting obliquely with an inhomogeneous density ramp in front
of a over-dense plasma-shelf generates well-known Denisov absorption profile
via the process of linear resonance[3], very little is known for the nature of
absorption for a homogeneous step-density (slab-like) plasma. In this work,
hence, the dependence of laser energy absorption and electron acceleration on
the angle of laser incidence is investigated for homogeneous plasma profiles
over a range of plasma densities and laser intensities by numerical simulations.
Both s-polarized and p-polarized laser pulses are considered to examine the
role of polarization in the absorption process. Simulations are performed
using an in-house developed one-dimensional, three-velocity (1D3V) Particle-
in-Cell (PIC) code [4,5,6]. The results reveal that the angle of incidence, laser
intensity, plasma density and laser polarization significantly influence the
absorption efficiency and the resulting electron energization within the
plasma. Distinct absorption characteristics are observed for s- and p-polarized
laser irradiation, highlighting the importance of polarization effects in laser—
plasma coupling as well.

Reference

[1] T. Tajima and J. M. Dawson; Laser Electron Accelerator, Physical Review
Letters, 23 July 1979
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solid interactions, Chinese Phys. B, 24 015201

[3] W. L. Kruer, The Physics of Laser Plasma Interactions, Westview Press,
Boulder, Colorado, 2003

[4] C. K. Birdsall and A. B. Langdon, Plasma Physics via Computer
Simulation, McGraw-Hill, 1985

[5] Dennis M. Sullivan, Electromagnetic simulation using the FDTD method,
IEEE Press, Second edition

[6] M Kundu; Beyond the conventional collisional absorption of laser light in
under-dense plasma:A particle-in-cell simulation study, Pramana Journal of
Physics, 92 0050



Interaction of co-propagating precursor solitons in a flowing complex plasma
Author: Prasanta Amat, Research Scholar, IPR

Abstract

We present experimental investigations on the interaction and propagation
dynamics of two sets of co-propagating precursor solitons generated upstream
of two charged obstacles in a supersonic dusty plasma flow [1] . The
experiments are conducted in the inverted [l-shaped Dusty Plasma
Experimental (DPEx) device, where the dusty plasma is created by introducing
micron-sized kaolin particles into a DC glow discharge Argon plasma
background [2] . A single gas-injection technique is employed to produce
dustfluid flows ranging from subsonic to supersonic regimes [3] . When the
dust fluid flows at supersonic speeds over two charged obstacles transversely
(perpendicular to the flow direction) separated by a distance greater than a
certain threshold, two identical trains of solitons are excited in the upstream
direction and propagate faster than the obstacle speed relative to the dust fluid
frame, so-called precursor solitons. Over time, these wave structures interact,
forming transient spatial modulation patterns and eventually merging to
generate a single, higher-amplitude soliton. However, when the separation
between the two obstacles is kept below the threshold distance, single
precursor wavefronts are generated, resembling earlier observations [4,5,6,7 ].
Additionally, distinct dynamical features are observed when the objects are
axially separated (along the flow direction), indicating that the relative
positioning  significantly influences the excitation and interaction
characteristics of the solitons. The experimental results are compared with the
numerical solutions of the forced—-Kadomtsev—Petviashvili (f-KP) model
equation, showing qualitative agreement.

Reference
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Experimental Study of Active Janus Particle in a DC Glow Discharge Plasma
Author: Mayank Kumar, Research Scholar, [PR

Abstract

The activity of metal coated Janus particle (JP) is investigated experimentally
in DC glow discharge Argon Plasmas. The experiments are carried out in the
Dusty Plasma Experimental (DPEx-II) device [1]. The plasma is formed in an
asymmetric electrode configuration at a neutral gas pressure of 0.060 — 0.080
mbar and discharge voltage of 280 — 300 V. The JP are then in - troduced in
the plasma which are found to levitate at the sheath-plasma boundary in a
confined harmonic potential by balancing the gravitational and electrostatic
forces. These particles are illuminated by green laser sheet of thickness ~200
um whose power is varied between 100 mW to 300 mW. The dynamics of the
dust particles are recorded with high speed CMOS camera, which is analysed
by Python based TrackPy algorithm [2]. The activity of a Janus particle (JP),
measured via its mean kinetic energy and trajectory, increases with applied
laser power. Through a laser-driven self-propulsion mechanism, JP converts
environmental energy directly into directed non-thermal motion [3].
Conversely, increasing the background neutral pressure suppresses this
directional movement. Overall, this system provides an excellent model for
exploring fundamental non-equilibrium physics and the effects of
environmental damping on active systems.

Reference
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Effect of DC-Biased 1D Periodic Substrate on Structure and Dynamics of a 2D
Dusty Plasma
Author: Neha Tripathi, Research Scholar, IPR

Abstract

We experimentally investigate the effect of a biased one-dimensional (1D)
periodic substrate on the structural and dynamical properties of a two-
dimensional (2D) dusty plasma in a capacitively coupled RF discharge
(CCPDx) device [1]. A capacitively coupled RF plasma is generated in the
Argon environment at a neutral gas pressure of 1.25 Pa and RF power of 2
Watt. Micron-sized dust particles are injected into the plasma, which levitate
at the sheath-plasma boundary by balancing the electrostatic and gravitational
forces. The particles are illuminated by using a laser sheet and their dynamics
are recorded by a high-speed camera for subsequent analysis. The substrate is
kept electrically isolated from the RF electrodes and biased independently at
this given discharge condition. Particle-tracking analysis using the Python
package Trackpy reveals the transitions from quasi-chain like pinned states to
crystalline arrangements as the DC bias is decreased. Structural diagnostics,
including Voronoi analysis, the pair correlation function, and mean-squared
displacement measurements, provide quantitative measures of ordering and
transport. From the phonon spectra, it is found that the distribution of energy
among collective modes depends on the applied bias, revealing clear shifts in
the dispersion relations and a redistribution of spectral energies. The
experimental findings qualitatively agree well with the past simulation studies
[2-5]. These experimental results demonstrate that DC biasing of the substrate
serves as a flexible and independent tool for tuning structural ordering, energy
transport, and collective dynamics in complex plasmas.
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Controlled excitation of zonal flows, mean-flow interaction, and transport
regulation in a linear magnetized plasma
Author: Tanmay Karmakar, Research Scholar, IPR

Abstract

Controlled excitation of zonal flows (ZFs), their interaction with the mean flow, and
modulation of mean-flow-driven fluctuations, have been investigated in the cylindrical
magnetized plasma device named IMPED. The experiments are carried out at a fixed
magnetic field of 550 G, while systematically varying the magnetic field ratio R,, =
B,/ B, and the neutral gas pressure. At low neutral pressure (2 x 10-3 mbar), where mean
flow is negligibly small, radial localization of Low-Frequency ZFs (0.2 1 kHz), density
and temperature gradients shifts towards the edge when R, is decreased. Drift-wave
{(DW) (5 10 kHz) and electron-temperature-gradient (ETG) (400 500 kHz) turbulence
are observed, which follows the peak ZF power, peak density and temperature gradients.
Power fraction analysis indicates that ZFs are dominantly driven by DW turbulence
through asymmetric Reynold stress and partially by ETG turbulence. At higher neutral
pressure (1 x 104 mbar), mean flow develops. The mean flow shear peaks around 4
cm and drives a conventional Kelvin Helmholtz instability (KHI) of 5.6 kHz. This mode
coexists with a ZF (~700 Hz) and envelope analysis shows that KHI is strongly modulated
by the ZFs. At peak ZF location (around 2 e¢m), another KHI mode of 2.4 kHz mode is
observed. This is also modulated by the ZF and the ZF phase consistently leads that of
KIHI phase indicating energy transfer from the ZF to the KIII. This suggests the observed
KHI is of a tertiary-type KHI driven by ZF shear. Thus, there exists conventional type
KHI mode driven by mean-flow shear, and tertiary type KHI driven by ZF shear in the
system. Time-averaged particle flux measurements reveal nearly zero net transport at
the ZF peak, while the region of peak mean-flow shear exhibit inward particle transport.
This is supported by near-zero skewness at the ZF peak (no net transport), negative
skewness at the peak mean flow shear (hole-dominated inward transport), and positive
skewness at the plasma edge (blob-like outward transport) in the measured PDF of density
fluctuations. These ohservations indicate that mean flow plays a more crucial role than
ZFs in suppressing outward particle transport.



Impact of MHD activity on energetic electrons dynamics in ADITYA-U
Tokamak
Author: Komal, Research Scholar, IPR

Abstract

In tokamaks, the energetic electrons are predominately generated during the
LHCD and ECRH-assisted scenarios contributing to the non-inductive
current drive and heating of the plasma, respectively. However, In the presence
of an external electric field, the energetic electrons in plasma can be
accelerated to very high energy, becoming “runaway” electrons. If left
unchecked, these electrons could severely damage the plasma-facing
components on any tokamak as large as ITER. Hence, studying the dynamics
of energetic particles is crucial for the safe operation of large-scale fusion
devices like ITER. In the ADITYA-U tokamak, the low energy hard X-ray
(LHXR) having an energy range of ~20-200 keV is primarily produced by the
suprathermal electrons generated largely during lower hybrid waves injection.
In contrast, the high energy hard X-ray (HHXR) having an energy range of
~1-3 MeV produced by the runaway electrons (REs) are always present in the
plasma discharges and are modulated by the Magnetohydrodynamic (MHD)
activity. The modulation of hard X-ray (HHXR, ~1-3 MeV) by the MHD
instabilities such as sawtooth oscillations and drift tearing modes has been
extensively studied in the ADITYA-U tokamak as well as other tokamaks [1]
[2][3][4]. We observe MHD-activity-driven periodic modulation in both low-
and high-energy hard Xray (LHXR and HHXR) signals in LHCD-assisted
plasma discharges on the ADITYA-U tokamak, with a clear phase difference
between the two. The threshold magnetic field perturbation required to induce
this periodic modulation is found to differ for LHXR and HHXR, indicating a
distinct response of different electron populations to MHD activity. In this
work, we aim to identify the underlying physical mechanisms responsible for
these observations, thereby improving our understanding of the interaction
between MHD modes and energetic as well as suprathermal electrons in
tokamak plasmas. In addition, MHD activity is observed to influence
impurity radiation signals (e.g., C III, O II), and a detailed analysis of these
effects in ADITYA-U discharges will also be presented.
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Resonantly Driven Electron Bernstein Waves in Magnetized Low-Pressure
Capacitive Discharges
Author: Deepak Gautam, Research Scholar, CBS, Mumbai

Abstract

Electron Bernstein Waves (EBWs) are electrostatic plasma waves capable of
propagating in overdense plasmas without density cutoffs, making them
attractive for plasma heating and energy transport. In this work, we
demonstrate the resonant excitation of EBWs in low-pressure magnetized
capacitively coupled plasma (CCP) discharges using self-consistent Particle-in-
Cell Monte Carlo Collision (PIC-MCC) simulations. The study focuses on a
regime where the -electroncyclotron frequency becomes comparable to
harmonics of the applied RF frequency. Spatio-temporal electric field analysis
and two-dimensional Fourier transforms reveal propagating electrostatic
modes whose dispersion characteristics agree closely with the theoretical
Electron Bernstein Wave dispersion relation. Unlike the conventional O-X-B
mode conversion mechanism employed in fusion plasmas, the observed EBWs
are generated intrinsically through nonlinear RF sheath dynamics. The
oscillating sheath produces strong second-harmonic current components that
resonantly drive the fundamental EBW mode within the plasma bulk. The
excited waves propagate along plasma density gradients and provide an
additional channel for bulk electron heating under low-collisionality
conditions. These results demonstrate a previously unexplored mechanism of
wave-driven power deposition in magnetized CCP discharges and suggest new

possibilities for controlling plasma properties in advanced plasma processing
applications.



Role of Intermittent Transport Events on Heat Flux Scrape-off Layer

(SOL) Width in ADITYA-U tokamak

Author: SK Injamul Hoque, Research Scholar, IPR

Abstract

Effective control of plasma exhaust is essential for protecting plasma-facing
components (PFCs) and ensuring sustained tokamak operation. The heat-flux
scrape-off layer (SOL) width (A,) governs the radial decay of parallel heat flux
and strongly determines divertor and limiter heat loads, with narrow A,
producing highly localized power deposition. Plasma detachment via impurity
seeding is an effective heat-load mitigation strategy, but it often leads to
significant degradation of core plasma confinement [1].

Achieving the integration of a detached edge plasma with improved core
performance remains an urgent challenge, and has been explored in the TCYV,
ASDEX, and DIII-D tokamaks using advanced divertor configurations [2]
and feedback-controlled impurity seeding techniques [3,4]. This work presents
results demonstrating that enhanced intermittent transport due to short gas-
pulse injection in the ADITYA-U tokamak broaden the heat-flux SOL width,
reduces edge heat load without degrading core plasma confinement.
Comparative analysis indicates that pulsed fuelling is more effective in
mitigating heat flux with sustained core confinement than continuous gas
feeding. The measured global cross-field diffusion coefficient also increases
and closely matching the Bohm diffusion coefficient during gas pulse injection.
Numerical simulations performed with the UEDGE code confirm that
enhanced cross-field diffusion is required to replicate the experimentally
observed broadening of the heat-flux SOL width. These findings provide
insights into efficient SOL heat flux control strategies for future fusion devices.
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Identification and Characterization of a New Disruption Regime in ADITYA-U
Tokamak
Author: Soumitra Banerjee, Research Scholar, IPR

Abstract

Safe termination of a tokamak plasma discharge remains a challenge due to
the high risk of encountering a magnetohydrodynamic (MHD)-driven
disruption during controlled ramp-down of the plasma current. During the
current ramp-down phase of ADITYA-U discharges, the occurrence of
MHD-driven disruptions cannot be described by the conventional locked-
mode disruption (LMD) mechanism. Analyzing hundreds of ADITYA-U
discharges, it has been observed that when some specific plasma parameters
exceeds a threshold rate, the disruption is always preceded by a steady rise in
MHD mode-rotation frequency, followed by a sudden cessation of mode-
rotation frequency before the current quench. Moreover, it has been found
that the occurrence of this type of disruption depends mainly on the current
decay rate and magnitude and the edge safety factor (gedge). Although the
disruption seems to be predominantly governed only by the m/n=2/1 drift-
tearing modes, the precursor phase in this kind of disruption survives for
relatively much shorter times as compared to the conventional locked mode
disruptions. Further investigation revealed that during the plasma current
decay phase, the core radiation increases significantly, indicating a hollow
temperature profile. This leads to destabilization of the MHD mode, which
seems to be primarily responsible for the plasma disruption.



Electromagnetic filament coalescence as magnetic island merging

Author: Souvik Mondal, Research Scholar, IPR

Abstract

Edge-localized mode (ELM) filaments [1] are coherent current-carrying plasma
structures that govern intermittent cross-field transport in the edge and scrape-off-layer
regions of tokamaks. Their non-linear interaction and merging strongly influence
filament evolution, transport dynamics, and heat-flux spreading[2]. While filament
motion is often described in terms of electrostatic advection, electromagnetic effects
become important when filaments carry finite parallel currents, enabling magnetic
interactions be-tween them.

In this work, we present a unified three-dimensional investigation of the
electromagnetic interaction and merging of unidirectional current-carrying ELM-like
filaments [3] by solving a reduced set of electromagnetic fluid equations using the
BOUT++ framework [4]. We show that, in the absence of pressure gradients, the
coalescence of current-carrying filaments is quantitatively equivalent to magnetic
island merging and is fundamentally governed by magnetic reconnection. The merging
process is characterized by X-point formation, the development of a thin current sheet,
and reconnection rates consistent with classical Sweet-Parker scaling.

We further examine the effect of blob-like density perturbations, which introduce finite
pressure gradi-ents and associated diamagnetic drifts. In contrast to the flat-density
limit, pressure gradients break the symmetry of the current sheet, reduce the
reconnection rate, and substantially alter the merging dynamics. In particular, the
scaling of merging time with resistivity deviates from the classical N~ dependence and
becomes only weakly sensitive to collisionality, indicating a breakdown of resistivity-
controlled reconnection. These results establish a direct link between electromagnetic
filament coalescence and magnetic reconnection in the flat-density limit, while
demonstrating that diamagnetic effects fundamentally modify this equivalence under
realistic blob conditions, thereby providing new insight into electromagnetic and
pressure-driven effects in filament interactions and their implications for edge plasma
transport.
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Kinetic Instability of Electromagnetic Waves Driven by Warm Fast
Electrons
Author: Pooja, Research Scholar, [IPR

Abstract

Kinetic instabilities of Electromagnetic waves driven by warm fast electrons
are investigated using fully kinetic Vlasov-Maxwell simulation. The work
involves analysis of 4D(1X3V) non-thermal electron phase-space
distribution. The study uses the full velocity-space distribution of fast
particles, allowing it to capture wave-particle resonances and fine-scale
phase-space dynamics that are missed by conventional fluid models. Wave-
particle interactions are studied in the simulation using a general form of
distribution allowing anisotropic to beam-plasma like warm electrons
relevant to space and fusion plasmas where fast particles destabilize
electromagnetic waves. The study explores both conventional and anomalous
growth of the waves that result in scattering of the fast particles. The
recovery of growth with finite Larmor radius effects is possible in the special
case where longitudinal component of the wave leads to anomalous growth.
In the low frequency range, Qi < w < Qe the conditions relevant to runway
electron scattering by the wave in the post-disruption scenarios of a tokamak
device can be addressed. The results with phase-space portraits of the
unstable wave will be discussed.
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