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Researchers at the Institute for Plasma Research have made the first experimental observation of a new type of 

nonlinear wave, known as multidimensional pinned solitons, in a laboratory dusty plasma. The findings provide 

insights into the fascinating behaviour of waves in plasmas and may contribute to future space science and      

plasma technologies. A soliton is a special kind of wave that can travel over long distances without losing its  

identity. Unlike ordinary waves that gradually spread out and weaken, solitons maintain their identity because two 

opposing effectsðnonlinearity and wave dispersionðremain in perfect balance. Such waves are found in many 

areas of physics, including fluids, optical fibers, and plasmas. 

When an object moves through a medium faster than the speed 

at which waves normally travel, it can generate unusual wave 

patterns. One such pattern is a precursor soliton, which forms 

ahead of the moving object. At even higher speeds, another    

remarkable phenomenon can occur: instead of moving away, the 

wave remains attached to the object, forming a stationary    

structure known as a pinned soliton. These structures have    

attracted significant scientific interest because they may help   

improve techniques for detecting fast-moving objects, such as 

orbital debris in Earth's ionosphere. 

In this study, researchers recreated these conditions in a       

controlled laboratory using a dusty plasmaða plasma containing 

tiny charged dust particles that make plasma behaviour directly 

visible. By allowing the dust cloud to flow at supersonic speeds 

around specially designed cylindrical and spherical charged obstacles, the team observed stationary wave    

structures forming in front of the objects. These pinned solitons consisted of multiple peaks, and interestingly, the 

number of peaks decreased as the flow speed increased, revealing how the wave structure evolves with changing 

conditions. To confirm the experimental observations, the team performed detailed molecular dynamics            

simulations and solved numerically the forced KadomtsevïPetviashvili (f-KP) equation for experimental           

conditions. Both approaches successfully reproduced the experimentally observed stationary, multi-peaked wave 

structures. The excellent agreement between experiments, simulations, and theory provides compelling evidence 

for the existence of multidimensional pinned solitons. 

This work represents an important advance in the study of nonlinear wave phenomena in complex plasmas.     

Beyond improving our understanding of fundamental plasma physics, the results may inspire future research on 

wave dynamics in laboratory and space plasmas and could ultimately contribute to technologies for monitoring 

and detecting space debris in Earth's near-space environment. 

 

 

 

 

 

 

Typical experimental images showing cylindrical pinned solitons with (a) three, (b) two, and (c) one hump, observed at Mach 

numbers M å 2.5, 2.7, and 2.93, respectively. As the flow velocity increases, the stationary pinned soliton evolves from a  

multi-humped to a single-humped structure.  

This work is featured in the list of selected papers by the Editorial Board for recognition and inclusion in the annual          

Physics of Plasmas Early Career Collection 2025.  

The published work titled ñExperimental, simulation, and theoretical studies of nonplanar pinned solitons in a dusty 

plasmaò is authored by Prasanta Amat, Pintu Bandyopadhyay, Krishan Kumar, Ajaz Mir, and Abhijit Sen, published in Phys. 

Plasmas 32, 073701 (2025). https://doi.org/10.1063/5.0272749   

Unveiling Multidimensional Pinned Solitons in a Dusty Plasma 

Schematic diagram of the dusty plasma             

experimental (DPEx) device  

https://pubs.aip.org/aip/pop/article/33/6/060201/3395680/Announcement-Physics-of-Plasmas-Early-Career
https://doi.org/10.1063/5.0272749
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Large Volume Plasma Device ï Upgrade (LVPD-U) is a fundamental Plasma Physics device dedicated to mimick-

ing waves of ionosphere in a laboratory device attaining near boundaryless plasma wave studies apart from some 

specific fusion relevant studies due to a simpler geometry with greater accessibility and range of available inva-

sive and non-invasive probing diagnostics.  

Recently Embedded Master Control System (EMCS) for synchronized operation of multiple power supplies in 

LVPD has been designed, implemented and installed inside EMI/RFI shielded control room for an enhanced 

pulsed plasma operation timing having plasma period stretchable between 10ms to 50ms as per the experimental 

needs.  

EMCS offers a Unified monitoring and control panel for operation of 8 different CW and pulse power supplies 

ranging from 70V up to 25 kV and current ranging from ~ 100ôs A to 10kA having specific functionalities that are            

essentially needed to be operated together in a predefined and precisely timed manner considering every failure 

condition for safer operation. EMCS facilitates user to manually operate and command CW power supplies 

through manual operations while it takes vital control of the pulsed power supplies through Microcontroller based 

control while  ensuring sequential operation along with current amplitude controls and also ensuring any transient 

fault that needs to be handled in real time.  

An Arduino-UNO based microcontroller board is used for precise timing of 3 heterogeneous power supplies that 

are directly operated in pulsed mode apart from generating Master trigger for Data Acquisition, Signal              

Conditioning rack and Peripheral Trigger Control systems which also further operates Helmholtz Power Supply 

(120V-1000A) and Exciter Power Supply Thyratron switched PFN (25kV-200A on 50Ý Loop Antenna).  

Embedded Master Control System (EMCS) for LVPD  

Figure: Schematic of LVPD with Embedded Master Control System (EMCS) functionalities 
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EMCS microcontroller board controls 

Discharge Power supply (DPS), Sole-

noid Power Supply (SPS) by generating 

unique TTL timing pulses for their Turn 

ON and Turn OFF along with their     

capacitor banks charging voltage moni-

toring &   controls along with a handling 

a complex TTL handshaking of an old 

DPS/SPS which is a redundant facility 

that is kept working alongside for man-

aging immediate replacement to either 

DPS or SPS failure situations. 

Following picture shows unified EMCS control panel installed and functioning in LVPD-U. This system has been 

designed for a rugged operation by incorporating Optical and Galvanic isolations in place utilized in every control 

and monitoring interface and has till now produced more than 5000 plasma shots that are acquired for different 

experimental campaigns without any failure. 

The biggest merit of adopting this system using the most widely available and with basic microcontroller board 

v.i.z., Arduino-UNO with Microchip ATmega328P running at 16MHz. It is affordable and better digital timing accu-

racies are now achievable in comparison to the previous timing generator ICs like 74LS121. Previously the multi-

turn potentiometers for RC control were only able to reach just around 1% while EMCS is able to achieve better 

than 0.01% for plasma duration. Pulse width jitters of 0.012% is now achievable instead of about 1% that could be 

attained at the best in past. Timing pulse width generation with Arduino-UNO board for 50ms (50000Õs) pulsing 

deviates for just < 20Õs while itôs jitter is less than 6Õs even for 50ms plasma operation which is an excellent   

scenario for controlled plasma production. EMCS is a standalone system that allows user to change Plasma 

Pulse width in steps of 1ms with a joystick without the need of any PC control. It is instantly ready for single shot 

and multiple burst operations with complete safety. 

Embedded Master Control System (EMCS) for LVPD  

Photo: EMCS controlled plasma operation in LVPD 

Photo: SPS and DPS 
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Indian Patent Granted for invention on an apparatus to measure thermal 

conductivity 

Indian Patent no. 585688 titled ñA modular apparatus to measure 

thermal conductivity of electrically non-conductive pebble beds     

under compressive stressò by Harsh Patel, Maulik Panchal,        

Paritosh Chaudhuri  was granted on 30 March 2026. 

About the Invention: Understanding heat transfer in granular      

materials (pebble beds) is critical for the design of tritium breeder units of 

fusion reactor blankets. The present invention relates to the measure-

ment of the effective thermal conductivity (keff) of ceramic pebble beds. 

The apparatus comprises a sample holder carrying pebbles with a hot-

wire assembly (acting as a thermal conductivity measurement sensor) 

embedded inside it. This sample holder, with a top block (securing the 

pebbles), is placed between two pistons for mechanical compression of 

the pebble bed. The four wires extending out of the sample holder are 

attached to an insulation assembly connected to the bottom of the lower 

piston, ensuring electrical isolation and leak-tight sealing of these wires. 

This entire assembly is enclosed by a quartz tube, which forms a leak-

proof gas environment with two water-cooled flanges at its ends. The 

entire assembly is surrounded by a radiation furnace, which provides the 

necessary heat for high-temperature measurements.  

Capabilities: The apparatus is capable of measuring keff of pebble 

beds under fusion blanket operating conditions, i.e., cyclic thermo-

mechanical loading in a helium gas environment. The keff of Li2TiO3 

pebble beds has been measured under constant and cyclic mechanical 

stress up to 6 MPa (16.4 kN) in helium and air environments over the 

temperature range from room temperature to 800ÁC. However, the setup 

is capable of independent control of the operating parameters: maximum 

temperature up to 1000ÁC, maximum load of 50 kN, and maximum heli-

um pressure of 4 bar. 

Key Innovation: The patented apparatus introduces a novel imple-

mentation of the 4-wire resistance temperature detection technique  

within a transient hot-wire system operating under compressive loading. 

A specially designed modular insulation and sealing arrangement       

enables complete electrical isolation of the sensing wires while         

maintaining a leak-proof vacuum or controlled gas environment during 

mechanical compression at high temperatures. Unlike conventional   

systems that employ thermocouples attached to the hot wire, the present 

apparatus directly determines the hot-wire temperature from its electrical            

resistance. This approach provides several important advantages:           

(1) direct and instantaneous temperature measurement of the heating 

wire; (2) average temperature measurement over the active hot-wire 

length; (3) elimination of thermocouple-related measurement errors; (4) ability to use a fine bare hot wire,          

improving the approximation to an ideal line heat source; and (5) improved measurement accuracy (Ñ1%), repeat-

ability (standard deviation <1%), and reduced experimental uncertainty (<3%).  

Industrial applicability: Originally developed for the characterization of ceramic breeder pebble beds for 

fusion reactor blankets, the apparatus serves as a versatile thermo-mechanical characterization platform for     

ceramic and refractory materials, packed-bed thermal energy storage systems, packed-bed heat exchangers,  

hydrogen storage and gas separation materials, powder metallurgy, thermal insulation materials, porous ceram-

ics, granular catalyst beds, and advanced composite and porous materials. 

Schematic of the system 
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Summer School Program 2026 (SSP2026) at IPR 

The Summer School Program (SSP) provides a motivating opportunity for young students (B.E./ B.Tech./ M.Sc.) 

with diverse technical backgrounds by introducing them to the Institute for Plasma Research (IPRôs) innovative 

R&D activities. This year the six weeks SSP2026 was conducted from 25th May, 2026 to 03rd July, 2026. A Total 

of 41 students from various universities across the country participated in this programme.  

The SSP-2026 started with a       

welcome note by Dr. Devendra 

Sharma (Chairperson, SSP2026) 

and an introductory session by     

Dr. Daniel Raju (Dean Academic) 

on R&D    activities at IPR, followed 

by the  library orientation to the stu-

dent and the physical tour of the 

library. Students were provided an 

insight into the plasma physics and 

associated technologies through 

various lectures on theoretical & 

experimental plasma physics,   

plasma diagnostics, heating and current drives, plasma simulations, numerical methods for Tokamak, fusion  

technologies (such as superconducting magnets and cryogenics, fuelling, automation & remote handling, AI-ML   

applications & digital twin, data acquisition and signal conditioning, etc.) along with the visits to various             

laboratories (BETA, ITER-IN, New R&D, etc.) and Aditya-U & SST-1 Tokamaks. 

A visit to IPRôs Facilitation 

Centre for Industrial Plasma 

Technologies (FCIPT) was 

organized to familiarize the 

students with industrial    ap-

plications of plasma technol-

ogies. To provide research 

exposure, the program also 

included a visit to the Space 

Applications Centre (SAC), 

Ahmedabad, where students 

were introduced to various 

activities related to space  

science and technology.  

A study tour to the       

Physical Research Labora-

tory (PRL) Solar Observa-

tory Mount Abu, provided 

the students an exposure 

to the solar  observations 

and  the  astronomical   

research.  

Dr. Devendra Sharma (SSP2026, Chairperson) welcoming and giving introduction  

SSP2026 studentsô visit to FCIPT, Gandhinagar  

SSP2026 students with IPR 

staff at Mount Abu Lunar   

Observatory  
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On 15 Jun 2026, SSP2026 students had an interactive session with Director IPR, Dr. Tapas Ganguli. He briefed 

the students about the scientific activities at IPR. In the lively discussion he motivated the students to take up   

scientific challenges and answered many curious queries of the students. 

Students undertook short term projects of 03 weeks duration under the guidance of IPR scientists and engineers 

and presented their work on 01st & 02nd July, 2026. The program concluded with the award distribution           

ceremony on 03rd July 2026 for top-performing SSP students. 

Summer School Program 2026 

Farewell photo of SSP2026 students with IPR SSP2026 Organizing Committee 

Group Photo of  the students with IPR Director, Dr. Tapas Ganguli and the IPR SSP2026 Organizing team  

SSP2026 students poster presentation outside IPR Seminar Hall  
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Colloquium at IPR 

Dean (R&D), Dr. Paritosh Chaudhuri 

introducing the guest speaker 

Dr. Rajaraman Ganesh introducing the speaker (L). Audience attending the talk (R) 

Director IPR, Dr. Tapas Ganguli 

felicitating Prof. Murty 

Colloquium #353 was organized on 09 July 2026 at IPR. The colloquium talk was delivered by Prof. B S 

Murty, Director, IIT Hyderabad. The title of the talk was ñHigh Entropy Alloyò   

Read the abstract: https://www.ipr.res.in/documents/colloquium353.html 

Colloquium #354 was organized on 17 July 2026 at IPR. The collo-

quium talk was  delivered by Dr. Manoj Warrier, Head, Computational 

Analysis Division, Visakhapatnam, BARC. The title of the talk was 

ñSimulating Reactor Material Degradation: From Multi-Scale   

Physics to the "Pathli Gali" Approachò   

Abstract and About the speaker: https://www.ipr.res.in/documents/
colloquium354.html  

Prof. B. S. Murty delivering his talk 

Director IPR giving a token of       

appreciation to Prof. Murty 
Audience attending the colloquium talk at IPR Seminar Hall 

Dr. Manoj Warrier delivering his talk 

https://www.ipr.res.in/documents/colloquium351.html
https://www.ipr.res.in/documents/colloquium352.html
https://www.ipr.res.in/documents/colloquium352.html
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Indian Youth Nuclear Society (IYNS) Research Foundation internship was carried out at IPR for six numbers   

students of class 10th to 12th selected from all over India. 

IYNS internship student visit program was coordinated by Outreach Division of IPR from 1-5 June 2026 followed 

by their two-week visit to the ITER Organization in France. 

On their first day at IPR, three lectures were delivered to them on basics of plasma, fusion science and technolo-

gy and career opportunities at IPR followed by demonstration of outreach plasma exhibits. 

During their IPR visit, they have visited almost all labs of IPR including Aditya-U & SST-1 Tokamak, SSST       

system, Beta Lab, Cryo Lab, Remote Handling & Robotics Lab, Plasma Thruster, Neutronics and Ceramic Labs. 

The interns also  visited the IPR scientific library. 

They have also visit Facilitation Centre for Industrial Plasma Technologies (FCIPT) campus. 

IYNS Internship at IPR 

On 2nd June 2026, the Institute for Plasma Research (IPR) welcomed 50 students and their mentors from the IIM 

Ahmedabad (IIMA) Ventures cohort for an immersive academic visit. The half-day program, held from 10:00 a.m. 

to 1:00 p.m., was designed to introduce the visitors to the forefront of deeptech research and its real-world        

applications. 

The session began with two engaging lectures from the subject experts at IPR. Ms. Manika Sharma presented an 

overview of ongoing DeepTech activities, highlighting artificial intelligence and image processing algorithms. She 

demonstrated applications such as AI-driven 3D visualization for Tokamak systems, surrogate modeling for fusion 

technology, and innovative tools like DeepCXR and Library Chatbot. Following this, Dr. Ramesh Joshi delivered a 

technical talk on plasma disruption prediction using deep learning. He explained how the solution, integrated into 

the ADITYA-U system, enables real-time disruption prediction and mitigation, with predictions generated at a    

frequency of 1 kHz to trigger the Disruption Mitigation System. 

IIMA Ventures Students Explore DeepTech at IPR 

IPR ORD Team with the IYNS Interns 

Dean (R&D) Dr. Paritosh Chaudhuri interacting with the IYNS interns ORD team member Ms. Harsha Machchhar 

introducing the interns to the world of Plasma 
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IIMA Ventures Students Explore DeepTech at IPR 

Students experiencing live plasma exhibits at IPR ORD Hall  

After the lectures, students experienced live plasma 

exhibits in the IPR Outreach Hall. This interactive 

session helped them grasp the underlying science 

and engineering aspects of plasma research,       

bridging theory with      tangible demonstrations. The 

visit concluded with guided tours of advanced          

laboratories, including SST, RF, SSST, Remote  

Handling & Robotics, and Plasma Thruster labs,   

offering a comprehensive view of IPRôs pioneering 

research ecosystem. 

The visit not only enriched the studentsô understanding of plasma science and deep learning applications but also 

inspired them to explore the vast potential of deeptech innovations in shaping the future. 

Conference Presentations 

Ms. Manika Sharma (L) and Dr. Ramesh Joshi (R) presenting IPR DeepTech activities 

Dr. Mukesh Ranjan gave the Keynote lecture 

title ñPlasma Surface Engineering for 

Sensing and Wettability applicationò at the 

3rd Global Forum and International Confer-

ence on Industrial Plasma Processes and 

Diagnostics 2025 (IPPD 2025), held during 

July 01-03, 2026 at IIT Delhi. 

IPR PhD Students attended a two-week specialised school on fusion energy at the Joint ICTP-IAEA Fusion       

Energy School 2026, Trieste, Italy during 11-22 May 2026. The aim of the school was to broaden the 

knowledge of postgraduate and postdoctoral researchers in fusion science and technology, while providing         

valuable networking opportunities with world-class researchers. The school covered wide range of topics in plas-

ma and fusion physics from fundamentals like Introduction to Fusion and Confinement, Magneto Hydrodynamics 

(MHD), Introduction to Gyrokinetics, fusion and climate change, innovations in materials, highlighting the role of 

different materials and at various location of fusion devices, How to operate a tokamak with Tritium Breeding, 

Plasma heating systems through Neutral Beam Heating, understanding and vision of international fusion collabo-

ration, introduced to Stellarators and recent innovations in Superconducting coils.  

(https://indico.ictp.it/event/11142/overview) 

Dr. Mukesh Ranjan giving the keynote lecture (L). 

Receiving the appreciation (R) 
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Ms. Sheetal Singh (Research 

Scholar) received the Best Post-

er Presentation Award for her 

poster title ñPlasma Cleaning of 

Contaminated Metallic Mirrors 

for Fusion Diagnostic Applica-

tionsò at the 3rd Global Forum 

and International Conference on 

Industrial Plasma Processes and 

Diagnostics 2025 (IPPD 2025), 

held during July 01-03, 2026 at 

IIT Delhi. 

 

Congratulations, Sheetal Singh!! 

Conference Presentations 

Conference Awards 

IPR Research Scholars presenting their posters at the Joint ICTP-IAEA Fusion Energy School 2026 

(L-R) Mr. Soumitra Banerjee, Mr. Aman Gautam, Ms. Sheetal Singh, Mr. Souvik Mondal 

Group photo of the Joint ICTP-IAEA Fusion Energy School 2026 

Photo Source: https://indico.ictp.it/event/11142/material/3/1.jpg  

Ms. Sheetal Singh with her poster (L). The Best Poster Presentation Award (R) 


