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Message from Vice-President, Plasma Science Society of India (PSSI)  
A warm welcome to all participants of the 40th National Symposium on Plasma 
Science and Technology (PLASMA 2025) with the theme “SUSTAINABLE 
FUTURE”. This year, this national annual event is being organized at the holy 
land of Tirupati and hosted by the Indian Institute of Technology Tirupati along 
with, Indian Institute of Science Education and Research, Tirupati, and in 
association with the Plasma Science Society of India (PSSI) from December 27-
29, 2025. PSSI has been conducting this National conference, for the past few 
decades on a regular basis, with the primary objective to promote Plasma Science 
and Technology by providing a platform for young researchers and scientists 
working in various Universities / Institutions / Research Labs across India to present their work and get an 
opportunity to interact with their contemporaries and peers. Through these initiatives, PSSI has always 
made efforts to take these conferences across India in an effort to create an awareness of the ongoing plasma 
research and development nationwide. 

This year, efforts have been made to take the National Symposium global wherein renowned international 
plasma experts have been invited to give lectures on their respective research activities. This also gives an 
excellent opportunity for the young national researchers a platform to not only present their research to an 
august audience of experts both at national and international level but be able to discuss their works in detail 
with them. It is hoped that this will help foster stronger collaborations in the near future. 

In India there has been a major emphasis on astrophysical and space plasmas along with nuclear fusion 
during the last century. However, over the years, plasma research in India has grown to widen it R&D 
efforts to various sectors of plasma applications of national and societal applications, including energy & 
environment, space, health & medicine, agriculture, to name a few thematic areas. Recently, plasmas have 
found its feet in the area of quantum computing and AI/ML as well. To keep pace with this rapid growth 
and allow researchers from all sectors, especially the students in the nascence of their professional careers, 
to have an opportunity to present their recent research activities, it has been decided to have two parallel 
sessions in PLASMA2025 this year. Further, this wide range of sectors wherein plasma has been able to 
penetrate through, it is important that there is a platform for the industry and academia to come together 
and plan a path for collaborative research that would be beneficial for the society at large. Hence, 
PLASMA2025 has an entire session for presentations by Industry representatives.  

I would like to conclude by thanking the administration of Indian Institute of Technology Tirupati along 
with, Indian Institute of Science Education and Research, Tirupati, for coming forward to host this 
symposium and providing all logistics in ensuring that the same can be conducted. I also would like to 
thank the National and Scientific Advisory Committees for providing their valuable advice and taking out 
time for evaluating all submissions. I would like to also appreciate the local organizing committee for their 
unwavering efforts in undertaking all the background works needed to ensure this symposium can be held 
during the last week of December 2025. I extend my best wishes to the local organizers of PLASMA 2025 
for being able to make this symposium a grand success. I wish all the participants to be able to go back 
after this symposium with enhanced knowledge and having made new friends for a lifetime along with nice 
memories of their stay in Tirupati. 

 

(Ramesh Narayanan) 
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�4�'�%�*�/�0�-�0�)�9�����'�/�6�+�2�0�/�. �'�/�4�#�-���#�/�&���'�#�2�4�*���3�%�+�'�/�%�'�3�����*�'�#�-�4�*�����#�)�2�+�%�5�-�4�5�2�'�����#�/�&
�+�/�4�'�2�&�+�3�%�+�1�-�+�/�#�2�9���#�2�'�#�3�������4���#�+�. �3���4�0���3�4�2�'�/�)�4�*�'�/���2�'�3�'�#�2�%�*���#�/�&���&�'�6�'�-�0�1�. �'�/�4
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�3�&�4�&�"�3�$�)�����. �*�$�3�0�#�*�0�-�0�(�:�����"�/�%���*�/���7�*�5�3�0���%�*�"�(�/�0�4�5�*�$�4����

�K�W�W�S�V�������Z�Z�Z���V�L�P�F�R�J�O�R�E�D�O���F�R�P

�K�W�W�S�V�������Z�Z�Z���E�U�X�N�H�U���F�R�P���H�Q���S�U�R�G�X�F�W�V���D�Q�G���V�R�O�X�W�L�R�Q�V



�� �9�@�2�0�5���� �;�4�6�;�2�2�>�?���$�B�@�	��� �@�1�	���=�>�<�A�1�9�E���?�5�<�C�0�.�?�2�?���6�@�?
� �<�C���$�>�2�?�?�A�>�2���.�;�1���� �@�: �<�?�=�5�2�>�6�0���$�9�.�?�: �.���&�E�?�@�2�: �?�	
�* �6�@�5�������� ���E�2�.�>�?���<�3���2�D�=�2�>�@�6�?�2������ �9�@�2�0�5���1�2�9�6�B�2�>�?���! �.�1�2��
�6�;�����;�1�6�.���?�<�9�A�@�6�<�;�?���3�<�>���%�� �� ���.�;�1���6�;�1�A�?�@�>�E���2�;�.�/�9�6�;�4
�.�1�B�.�;�0�2�1�� �?�A�>�3�.�0�2�� �: �<�1�6�3�6�0�.�@�6�<�;���� �;�.�;�<�@�2�0�5�;�<�9�<�4�E��
�.�1�5�2�?�6�<�;�����0�<�.�@�6�;�4�����.�;�1���/�6�<�: �2�1�6�0�.�9���.�=�=�9�6�0�.�@�6�<�;�?�	��

�K�W�W�S�V�������Z�Z�Z���H�O�W�H�F�K���L�Q��

�' �5�2���$�9�.�?�: �.���&�0�6�2�;�0�2���&�<�0�6�2�@�E���<�3�����;�1�6�.�����$�&�&�������C�.�?
�2�?�@�.�/�9�6�?�5�2�1���6�;�������������C�6�@�5���@�5�2���: �.�;�1�.�@�2���<�3���=�>�<�B�6�1�6�;�4
�.�� �;�.�@�6�<�;�.�9�� �=�9�.�@�3�<�>�: �� �3�<�>�� �6�;�@�2�>�.�0�@�6�<�;�� �.�: �<�;�4
�.�0�.�1�2�: �6�0�6�.�;�?���� �?�0�6�2�;�@�6�?�@�?���� �2�;�4�6�;�2�2�>�?���� �.�;�1�� �6�;�1�A�?�@�>�E
�=�>�<�3�2�?�?�6�<�;�.�9�?�� �C�<�>�8�6�;�4�� �6�;�� �@�5�2�� �3�6�2�9�1�?�� �<�3�� �=�9�.�?�: �.
�?�0�6�2�;�0�2���� �@�2�0�5�;�<�9�<�4�E���� �.�;�1�� �.�9�9�6�2�1�� �.�>�2�.�?�	�� ���@�� �6�?�� �@�5�2
�9�.�>�4�2�?�@���;�.�@�6�<�;�.�9���/�<�1�E���?�A�=�=�<�>�@�6�;�4���.���C�6�1�2���>�.�;�4�2���<�3
�.�0�@�6�B�6�@�6�2�?���6�;���@�5�6�?���1�<�: �.�6�;�	���' �<���9�2�.�>�;���: �<�>�2���.�/�<�A�@���$�&�&��
�.�;�1���/�2�0�<�: �2���.���: �2�: �/�2�>���<�3���@�5�2���?�<�0�6�2�@�E�����=�9�2�.�?�2���B�6�?�6�@��

�K�W�W�S�V�������Z�Z�Z���S�V�V�L���L�Q��

�� �4�;�6�>�.���&�.�;�9�.�E�.�;���$�B�@�	��� �@�1�	������ �&�$� ���� �A�?�6�<�;�����.�6�: �?���@�<
�.�1�B�.�;�0�2�� ���;�1�6�.�G�?�� �2�;�2�>�4�E�� �6�;�1�2�=�2�;�1�2�;�0�2�� �@�5�>�<�A�4�5
�0�9�2�.�;���3�A�?�6�<�;���=�<�C�2�>���C�5�6�9�2���.�1�1�>�2�?�?�6�;�4���@�5�2���;�.�@�6�<�;�G�?
�>�2�9�6�.�;�0�2�� �<�;�� �6�: �=�<�>�@�2�1�� �: �2�1�6�0�.�9�� �>�.�1�6�<�6�?�<�@�<�=�2�?�	�� ���@�?
�3�6�>�?�@���=�5�.�?�2���3�<�0�A�?�2�?���<�;���1�<�: �2�?�@�6�0���6�?�<�@�<�=�2���=�>�<�1�A�0�@�6�<�;
�A�?�6�;�4���;�2�A�@�>�<�;���4�2�;�2�>�.�@�<�>�?���.�;�1���.�0�0�2�9�2�>�.�@�<�>���?�E�?�@�2�: �?��
�3�<�>�: �6�;�4���@�5�2���3�<�A�;�1�.�@�6�<�;���3�<�>���9�<�;�4���@�2�>�: ���3�A�?�6�<�;���%�� �� �	
�� �A�6�1�2�1���/�E���2�D�=�2�>�@�?���9�6�8�2���$�>�<�3�	���$�>�.�/�5�.�@���%�.�;�7�.�;�����! �>�	
�� �/�5�.�E���� �	�����5�.�����.�;�1���! �>�	���� �/�5�6�;�.�B�����5�.������ �&�$� ���� �A�?�6�<�;
�6�;�@�2�4�>�.�@�2�?���5�2�.�9�@�5�0�.�>�2���� �0�9�2�.�;�� �2�;�2�>�4�E���� �.�;�1���;�.�@�6�<�;�.�9
�?�2�9�3���>�2�9�6�.�;�0�2�	

�K�W�W�S�V�������D�V�S�O�I�X�V�L�R�Q���F�R�P��

�� �#� �� ���&�$�#�" �&�#�%�&

�&�&�� �� �2�2�=�.�: �� �� �6�<�@�2�8�� �$�B�@�	�� � �@�1�	�� �6�?�� �0�<�: �: �6�@�@�2�1�� �@�<
�@�>�.�;�?�3�<�>�: �6�;�4�����;�1�6�.�;���.�4�>�6�0�A�9�@�A�>�2���@�5�>�<�A�4�5���6�;�;�<�B�.�@�6�B�2
�.�;�1�� �2�0�<���3�>�6�2�;�1�9�E�� �?�<�9�A�@�6�<�;�?�	�� �� �<�0�A�?�2�1�� �<�;
�?�A�?�@�.�6�;�.�/�6�9�6�@�E�����@�5�2���0�<�: �=�.�;�E���=�>�<�: �<�@�2�?���<�>�4�.�;�6�0���.�;�1
�/�6�<���/�.�?�2�1���6�;�=�A�@�?���@�5�.�@���6�: �=�>�<�B�2���?�<�6�9���5�2�.�9�@�5�����2�;�5�.�;�0�2
�0�>�<�=�� �=�>�<�1�A�0�@�6�B�6�@�E���� �.�;�1�� �>�2�1�A�0�2�� �1�2�=�2�;�1�2�;�0�2�� �<�;
�0�5�2�: �6�0�.�9�� �3�2�>�@�6�9�6�F�2�>�?�� �.�;�1�� �=�2�?�@�6�0�6�1�2�?�	�� �� �<�: �/�6�;�6�;�4
�?�0�6�2�;�@�6�3�6�0���>�2�?�2�.�>�0�5���C�6�@�5���3�6�2�9�1���@�2�?�@�2�1���=�>�.�0�@�6�0�2�?�	

�K�W�W�S�V�������Z�Z�Z���L�Q�G�L�D�I�L�O�L�Q�J�V���F�R�P���V�H�D�U�F�K���V�V�G�H�H�S�D�P���E�L�R�W�H�N��
�S�U�L�Y�D�W�H���O�L�P�L�W�H�G���F�L�Q���8�����������. �$���������3�7�&������������



�� �4���� �!�3�%�2���� �#�)�%�.�#�%�����7�%���$�%�,�)�6�%�2���#�5�3�4�/�- �)�:�%�$���,�!�3�%�2
�3�/�,�5�4�)�/�.�3�� �4�!�)�,�/�2�%�$�� �4�/�� �9�/�5�2�� �%�8�!�#�4�� �2�%�1�5�)�2�%�- �%�.�4�3��
�� �)�4�(���%�8�0�%�2�4�)�3�%���)�.���0�2�%�#�)�3�)�/�.�����0�/�7�%�2�����!�.�$���5�.�)�1�5�%
�7�!�6�%�,�%�.�' �4�(�3�����7�%���%�.�3�5�2�%���9�/�5�2���0�2�/�*�%�#�4���!�$�6�!�.�#�%�3
�7�)�4�(�/�5�4���#�/�- �0�2�/�- �)�3�%�����%�- �0�/�7�%�2�)�.�' ���9�/�5���4�/���!�#�(�)�%�6�%
�9�/�5�2�� �6�)�3�)�/�.�� �!�.�$�� �0�5�3�(�� �4�(�%�� �"�/�5�.�$�!�2�)�%�3�� �/�&
�)�.�.�/�6�!�4�)�/�.��

�K�W�W�S�V�������O�D�V�H�U�V�F�L�H�Q�F�H���F�R���L�Q��

�� ������ �� �� ���� �� �� �� �� �� �� ��

�� �� �� �� �� �� �	 ���� �� �� ���� ���	 ���� �!�.�� �/�&�&�3�(�/�/�4�� �/�&�� �� �� �� ��
�� �� �� ���� �� �� �� �� �� ���� �� ���� �� ���������� �
 �������7�)�4�(���/�6�%�2���4�(�2�%�%
�$�%�#�!�$�%�3�;�� �%�8�0�%�2�4�)�3�%���� �0�2�/�6�)�$�%�3�� �7�/�2�,�$���#�,�!�3�3
�3�#�)�%�.�4�)�&�)�#���)�.�3�4�2�5�- �%�.�4�3���!�.�$���3�/�,�5�4�)�/�.�3���4�/���!�#�!�$�%�- �)�#
�)�.�3�4�)�4�5�4�)�/�.�3��

�K�W�W�S�V�������Z�Z�Z���V�Z�D�Q�V�F�L�H�Q�W�L�I�L�F���L�Q��

�K�W�W�S�V�������Z�Z�Z���S�I�H�L�I�I�H�U��
�Y�D�F�X�X�P���F�R�P���J�O�R�E�D�O���H�Q��

�� �� �� �� � �� ���� �� �� �� �� �� �� ��

�K�W�W�S�V�������Z�Z�Z���S�H�U�N�L�Q�H�O�P�H�U���F�R�P�� �K�W�W�S�V�������G�U�G�R���J�R�Y���L�Q���G�U�G�R��



�K�W�W�S�V�������Z�Z�Z���F�R�P�V�R�O���F�R�P��

�K�W�W�S�V�������L�Q�G�L�D�Q�V�F�L�H�Q�W�L�I�L�F���F�R�P��

�K�W�W�S�V�������Z�Z�Z���S�H�U�L�G�R�W���W�H�F�K���F�R�P��

�� �� �� �� �	 ���� �� �� �� �� �� �� ��

�K�W�W�S�V�������L�R�S�S�X�E�O�L�V�K�L�Q�J���R�U�J�� �K�W�W�S�V�������Z�Z�Z���S�R�Z�H�U�E�H�D�P�V�R�F�L�H�W�\���L�Q��

�� �� �
 �
 �� ���� �� �� �� �� �� �� ��

�K�W�W�S�V�������E�U�L�W�W�R�Q���F�R���L�Q���K�W�W�S�V�������Z�Z�Z���H�G�P�X�Q�G�R�S�W�L�F�V���L�Q��

�K�W�W�S�V�������Z�Z�Z���F�R�P�W�H�N�V�F�L�H�Q�W�L�I�L�F���F�R�P

https://www.comtekscientific.com/


�6�S�H�F�L�D�O���L�V�V�X�H

�' �L�J�L�W�D�O���2�E�M�H�F�W���,�G�H�Q�W�L�Þ�H�U���������������������7�3�6��������������������������

�,�Q�Y�L�W�H�G���W�D�O�N�V���Z�L�O�O���E�H���U�H�F�R�U�G�H�G���D�Q�G���P�D�G�H���D�Y�D�L�O�D�E�O�H���R�Q���W�K�H���1�D�W�L�R�Q�D�O
�6�: �$�<�$�0���3�U�D�E�K�D���3�R�U�W�D�O���X�Q�G�H�U���W�K�H���O�H�F�W�X�U�H���V�H�U�L�H�V���q�5�H�F�H�Q�W���$�G�Y�D�Q�F�H�V
�L�Q���3�O�D�V�P�D���6�F�L�H�Q�F�H���D�Q�G���7�H�F�K�Q�R�O�R�J�\���r



40th PSSI National Symposium on Plasma Science and Technology (PLASMA 2025), 27th - 29th Dec, 2025 
 

_______________________________________________________________________________________________________________________________________________________________________________ 

A new type of divertor for tokamak  
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E-mail: Khareavinash82@gmail.com 

 
Abstract 

 
 

 
We propose thermionic emission and conversion as a viable technique to cool divertor plates in a 

tokamak and remove excessive heat flux from the tokamak scrape off layer (SOL), recycling nearly 

half of it into electrical power with good efficiency (~55% of the corresponding Carnot efficiency). 

The thermionic divertor, for this purpose consists of divertor plate which is directly heated by the 

concentrated high heat flux from the SOL to a high temperature ( ) and a collector plate 

maintained at lower temperature. The outer side of the divertor plate is fabricated with 

micro-hemispherical tips and is coated with low-work function material to enhance the thermionic 

emission losses and the consequent cooling of the divertor plate. The electrical circuit is completed 

via an external load connected to divertor and collector plates, which gives electrical power output. 

In fusion reactor producing  of fusion power, the thermionic divertor removes  

from SOL and recycles approximately of it into electrical power via direct conversion. 

The challenges to this proposal include the design and installation of an efficient 3-d experimental 

setup of thermionic converters in fusion devices with a small uniform thermionic gap, appropriate 

material processing which can efficiently function in high temperature (> 2500 K) regime, 

significant cooling techniques to keep collector plate at reasonable temperature and the interaction 

and interplay of thermionic electrons with fusion neutrons; these are briefly discussed in the letter. 
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​Advancing Non-Thermal Plasma Technologies for Sustainable Wastewater and Food​
​Treatment​

​Shihabudheen M. Maliyekkal and Reetesh Gangwar​

​Department of Civil and Environmental Engineering, IIT Tirupati, Tirupati-517619, India​

​E-mail:​​shihab@iittp.ac.in​​;​​reetesh@iittp.ac.in​

​Abstract​

​Non-thermal​​atmospheric​​plasma​​(NAP)​​generates​​a​​highly​​oxidative​​environment​​rich​​in​​reactive​

​oxygen​ ​and​ ​nitrogen​ ​species​ ​capable​ ​of​ ​degrading​ ​emerging​ ​and​ ​recalcitrant​ ​organic​ ​pollutants​

​across​ ​various​ ​matrices,​ ​including​ ​air,​ ​water,​ ​wastewater,​ ​and​ ​food.​ ​However,​ ​the​ ​standalone​

​application​ ​of​ ​NAP​ ​faces​ ​significant​ ​challenges,​ ​including​ ​high​ ​energy​ ​consumption,​ ​limited​

​scalability,​ ​radical​ ​quenching​ ​due​ ​to​ ​matrix​ ​effects,​ ​poor​ ​diffusion​ ​of​ ​reactive​ ​species​ ​within​

​solutions,​ ​and​ ​radical​ ​recombination,​ ​which​ ​hinder​ ​its​ ​practical​ ​implementation.​ ​To​ ​overcome​

​these​ ​limitations,​ ​our​ ​research​ ​group​ ​has​ ​focused​ ​on​ ​hybridizing​ ​NAP​ ​with​ ​complementary​

​treatment​​methods​​to​​enhance​​efficiency​​and​​practicality.​​Notably,​​we​​integrated​​surface​​dielectric​

​barrier​ ​discharge​ ​(SDBD)​ ​and​ ​a​ ​falling​ ​film​ ​plasma​ ​reactor​ ​with​ ​a​ ​UV-C​ ​photon​ ​source.​ ​The​

​hybrid​ ​system​ ​exhibits​ ​a​ ​significantly​ ​improved​ ​energy​ ​yield​ ​(up​ ​to​ ​15​ ​times)​ ​due​ ​to​ ​reduced​

​radical​ ​recombination​ ​and​ ​quenching​ ​effects,​ ​enhanced​ ​production​ ​of​ ​reactive​ ​species,​ ​and/or​

​expanded​ ​plasma​ ​exposure​ ​areas.​ ​Further​ ​enhancements​​were​​realized​​by​​adding​​catalysts​​to​​the​

​photo-plasma​ ​reactor,​ ​enabling​ ​ultra-fast​ ​degradation​ ​of​ ​pharmaceuticals​ ​and​ ​dyes,​ ​with​ ​energy​

​yields​​improved​​by​​up​​to​​22​​times.​​The​​treated​​water​​also​​found​​applications​​as​​a​​liquid​​fertilizer​

​and​ ​biocide,​ ​supporting​ ​sustainable​ ​agriculture.​​Beyond​​water​​treatment,​​our​​group​​has​​explored​

​the​​use​​of​​NTP​​for​​degrading​​mycotoxins​​in​​food,​​such​​as​​peanuts,​​successfully​​eliminating​​toxins​

​without affecting food quality.​

​Overall,​ ​these​ ​hybrid​ ​NAP​ ​systems​ ​offer​ ​a​ ​scalable,​ ​energy-efficient,​ ​and​ ​environmentally​

​sustainable​ ​platform​ ​for​ ​advanced​ ​wastewater​ ​and​ ​food​ ​safety​ ​applications.​ ​Our​​work​​paves​​the​

​way​ ​for​ ​transforming​ ​plasma​ ​technology​ ​into​ ​a​ ​practical​ ​solution​ ​for​ ​addressing​ ​pressing​

​environmental challenges and transforming waste into wealth.​

​Additional readings:​

​1.​ ​S. M. Allabakshi et al., 2022.​​Sep. Purif. Technol.​​,​​vol. 296, p. 121344,​
​2.​ ​S. M. Allabakshi et al., 2023.​​J. Hazard. Mater.​​,​​vol. 446, p. 130639.​
​3.​ ​T. P. Gandhi, et al., 2025.​​J. Environ. Chem. Eng.​​, vol. 13, no. 5, p. 119160.​
​4.​ ​T. P. Gandhi, et al., 2025.​​Innov. Food Sci. Emerg.​​Technol.​​, vol. 105, p. 104203.​
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​New directions of research in Laser Plasma Interaction​

​Amita Das​

​Affiliation : Department of Physics, IIT Delhi, Hauz Khas, New Delhi 110016​

​E-mail : amita@iitd.ac.in​

​Abstract​

​Recent​​technological​​advances​​in​​lasers​​and​​related​​fields​​have​​opened​​up​​exciting​​new​​directions​​for​
​research​ ​in​ ​laser–plasma​ ​interaction​ ​studies.​ ​This​ ​talk​​will​​highlight​​some​​of​​these​​emerging​​areas,​
​with​ ​a​ ​particular​ ​focus​ ​on​ ​the​ ​interaction​ ​of​ ​lasers​ ​with​​shaped​​and​​magnetized​​plasma​​targets​​[1].​
​Novel​ ​mechanisms​ ​of​ ​laser​ ​energy​ ​absorption​ ​in​ ​this​ ​regime​ ​will​ ​be​ ​discussed.​ ​Additionally,​ ​the​
​potential​ ​of​ ​plasma-based​ ​optical​ ​elements​ ​to​ ​manipulate​ ​and​ ​enhance​ ​laser​​pulse​​intensity​​will​​be​
​and generate energetic electrons will also be illustrated [2].​

​References :​

​[1]​ ​Efficient​ ​electron​ ​heating​ ​by​ ​laser​ ​in​ ​finite​ ​sized​ ​plasma​ ​micro-globular​ ​targets​ ​by​ ​repeated​
​collisions​ ​of​ ​surface​ ​and​ ​bulk​ ​waves,​ ​arXiv:2412.10788,​ ​Animesh​ ​Sharma,​ ​Amita​ ​Das​ ​and​ ​G.​
​Ravindra  Kumar.​
​[2]​ ​Laser​ ​pulse​ ​focusing​ ​and​ ​energetic​ ​electron​ ​generation​ ​by​ ​magnetized​ ​plasma​ ​lens.​
​arXiv:2503.15401, Trishul Dhalia, Rohit Juneja and Amita Das.​
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Negative Ion Source Plasma and Its Extracted Beam:  

Research Activities and Opportunities at IPR 
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Abstract 
 

Negative ion sources are important in fusion devices and particle accelerators because their charge 

state can be easily manipulated, allowing for high-energy acceleration and efficient beam injection. 

For fusion, high-energy (>100keV) negative hydrogen ion beams have excellent neutralization 

efficiency, enabling powerful neutral beam injectors (NBI) essential for heating, fueling, and current 

drive of the fusion plasma. In tandem particle accelerators, the negative hydrogen ion becomes a proton 

through double electron stripping at a high-voltage terminal, effectively doubling the voltage and 

allowing for two-stage acceleration.  

 

The Institute for Plasma Research (IPR) in India is an ITER member and has a commitment to deliver 

the negative ion-based Diagnostic Neutral Beam (DNB) system to measure He ash after the deuterium-

tritium fusion reaction in ITER plasma. To fulfill this commitment, IPR has a robust R&D program 

for developing negative ion sources and beams. The program follows a three-step scale-up process 

from a prototype ion source to the size required for ITER. The ROBIN (Rf Operated Beam source in 

India for Negative ions) is a single-RF driver-based inductively coupled ion source setup, developed 

in collaboration with IPP, Garching, Germany. It successfully demonstrated plasma production and 

negative ion beam extraction, initially in volume mode and later in the more efficient cesiated surface 

mode, and achieved the ITER-required negative ion current density (> 30mA/cm2) and coextracted 

electron-to-ion ratio (<1). In another test setup, TWIN (TWo driver-based Indigenous Negative ion 

source) is successfully demonstrated plasma production by igniting two RF drivers simultaneously 

using a single 180kW RF generator and a specially designed impedance matching network. The final 

step is to operate an eight-driver-based large-sized ion source to characterize the full-scale ITER-DNB 

in INTF (INdian Test Facility).  

 

In the negative ion source R&D program, IPR is not only engaged in Fusion technology development 

but also involved in physics understanding of the plasma and beam dynamics through developing 

various diagnostic systems (probes, spectroscopy, imaging, and laser-based) and modeling activities. 

It has also initiated a thought process and has performed some piecewise work about a virtual platform 

system by developing artificial intelligence (AI) models, which are supposed to simulate the 

experiments in a virtual space, mapping the status of experimental operations of the ion source and its 

other auxiliary systems, and providing real-time feedback on the outcomes of the experiments, by 

utilizing the available ROBIN experimental data for training the AI models. The outcomes may 

enhance control over ion source and NBI operations, making it suitable for future reactor-class long-

pulse experiments. The invited talk presentation will discuss some of the scientific contributions 

performed by the Negative Ion Neutral Beam System Development (NNBSD) division at IPR, 

highlighting some futuristic research opportunities.  
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​Gyrotrons for Plasma Heating and Other Applications​

​M.V. Kartikeyan​

​Indian Institute of Information Technology, Design and Manufacturing (IIITDM)-Kancheepuram,​
​Chennai 600127, India​

​E-mail : kartik@iiitdm.ac.in​

​Abstract​

​Gyrotrons​ ​represent​ ​a​ ​class​ ​of​ ​high-power​ ​millimeter-​ ​and​ ​sub-THz​ ​wave​ ​sources,​ ​capable​ ​of​
​generating​ ​hundreds​ ​of​ ​kilowatts​ ​of​ ​power​ ​(from​ ​long-pulse​ ​to​ ​continuous-wave​ ​operation)​ ​at​
​frequencies​ ​ranging​ ​from​ ​30–300​ ​GHz​ ​and​ ​extending​​beyond​​1​​THz.​​These​​sources​​power​​diverse​
​technological,​ ​scientific,​ ​medical,​ ​and​ ​industrial​ ​applications.​ ​From​ ​their​​inception​​as​​oscillators​​in​
​the​ ​late​ ​1950s​ ​to​ ​their​ ​mature​ ​development​ ​for​ ​practical​ ​use,​ ​gyrotrons​​have​​evolved​​dramatically,​
​leaving​​an​​indelible​​mark​​on​​both​​users​​and​​developers.​​The​​applications​​of​​high-power​​millimeter-​
​and sub-THz waves from gyrotrons and related gyro-devices span a broad spectrum of technologies.​

​The​ ​plasma​ ​physics​ ​community​ ​has​ ​already​ ​taken​ ​advantage​ ​of​ ​the​ ​advances​ ​of​ ​gyrotrons​ ​in​ ​the​
​areas​​of​​RF​​plasma​​production,​​heating,​​non-inductive​​current​​drive,​​plasma​​stabilization,​​and​​active​
​diagnostics in magnetic confinement fusion research. Key applications also include:​

​- Industrial materials processing​
​- Plasma diagnostics​
​- Medical spectroscopy​
​- Detection of concealed radioactive materials​
​- Strategic applications (e.g., active denial systems)​
​- Orbital angular momentum (OAM) beams for advanced communications​
​- Space-power grids (SPG) for wireless power transfer​

​Emerging​​opportunities​​await​​novel​​high-power​​gyro-amplifiers​​and​​devices,​​such​​as​​high-resolution​
​radar​ ​for​ ​atmospheric​ ​and​ ​planetary​ ​science,​ ​deep-space/satellite​ ​communications,​ ​RF​ ​drivers​ ​for​
​next-generation​ ​high-gradient​ ​linear​ ​accelerators​ ​(supercolliders),​ ​Doppler​ ​radars,​ ​and​ ​nonlinear​
​spectroscopy .​

​In​​this​​talk,​​I​​will​​present​​major​​applications​​of​​high-power​​gyrotrons,​​alongside​​our​​latest​​modelling​
​and​ ​simulation​ ​tools​ ​for​ ​these​ ​devices​ ​and​ ​some​ ​compelling​​results​​from​​sub-THz​​gyrotron​​design​
​experiments.​

​References :​

​[1]​​M.​​V.​​Kartikeyan,​​E.​​Borie,​​M.​​K.​​Thumm,​​“Gyrotrons–High​​Power​​Microwave​​and​​Millimeter​
​Wave Technology," Springer–Verlag: Berlin-Heidelberg, Germany, 2004.​
​[2]​​Manfred​​Thumm,​​“State-of-the-Art​​of​​High-Power​​Gyro-Devices:​​2025​​Update​​of​​Experimental​
​Results,” J Infrared Milli Terahz Waves 46, 35, 2025 (​​https://doi.org/10.1007/s10762-025-01042-y​​).​
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​What is in the choice of a many-body method​

​B.K. Sahoo​

​PRL Ahmedabad​

​Abstract​

​Atomic​​spectroscopic​​data​​are​​of​​fundamental​​importance​​across​​nearly​​all​​fields​​of​​physical​
​and​ ​chemical​ ​sciences.​ ​In​ ​particular,​ ​detailed​​knowledge​​of​​atomic​​data​​for​​a​​wide​​range​​of​
​atomic​ ​systems—atoms​​and​​ions​​embedded​​in​​plasma—is​​crucial​​for​​the​​analysis​​of​​plasma​
​diagnostic​ ​processes.​ ​While​ ​various​ ​many-body​ ​methods​​can​​be​​employed​​to​​obtain​​atomic​
​data,​​it​​is​​often​​challenging​​to​​determine​​which​​approaches​​yield​​the​​most​​reliable​​results.​​In​
​this​ ​presentation,​ ​I​ ​will​ ​discuss​ ​different​ ​types​ ​of​ ​atomic​ ​many-body​ ​methods​ ​and​ ​their​
​effectiveness in accurately producing spectroscopic properties.​
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​TOWARD STEADY-STATE FUSION: TURBULENCE AND CONFINEMENT​
​IN STELLARATORS​

​Animesh Kuley​
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​E-mail :​​akuley@iisc.ac.in​

​Abstract​

​In​​May​​2025,​​the​​Wendelstein​​7-X​​(W7-X)​​stellarator​​set​​a​​new​​world​​record​​for​​the​​triple​​product​​in​
​long-duration​ ​plasma​ ​discharges,​ ​sustaining​ ​high-performance​ ​plasma​ ​for​ ​43​ ​seconds​ ​[1].​ ​This​
​achievement​ ​surpasses​ ​previous​ ​long-pulse​ ​records​ ​held​ ​by​ ​tokamaks​ ​and​ ​marks​ ​a​ ​significant​
​milestone​ ​in​ ​demonstrating​ ​the​ ​steady-state​ ​capabilities​ ​of​ ​stellarators.​ ​As​ ​a​ ​result,​ ​stellarators​ ​are​
​emerging​ ​as​ ​promising​ ​candidates​ ​for​ ​future​ ​fusion​ ​reactors​ ​due​ ​to​ ​their​ ​inherent​ ​stability​ ​and​
​potential​ ​for​ ​continuous​ ​operation.​ ​Despite​ ​this​ ​progress,​ ​several​ ​critical​ ​challenges​ ​remain.​ ​These​
​include:​​(i)​​controlling​​turbulent​​transport,​​(ii)​​mitigating​​impurity​​accumulation,​​and​​(iii)​​advancing​
​the​ ​development​ ​of​​high-temperature​​superconducting​​(HTS)​​magnets​​for​​complex​​coil​​geometries.​
​In​ ​this​ ​presentation,​ ​we​ ​will​ ​focus​ ​on​ ​the​ ​physics​ ​of​ ​turbulence​ ​control​ ​and​ ​the​ ​pursuit​ ​of​
​reactor-level​​confinement​​times—an​​area​​that​​remains​​an​​open​​challenge​​in​​fusion​​research.​​We​​will​
​also​ ​highlight​ ​recent​ ​advancements​ ​aimed​​at​​addressing​​these​​issues,​​offering​​insights​​into​​the​​path​
​forward for stellarator-based fusion energy [2-4].​
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​Santanu Karmakar​
​Gyrotron and Its Application for Plasma Heating​

​Abstract:​
​Gyrotron​ ​is​ ​a​ ​modern​ ​vacuum​ ​electronic​ ​devce​ ​with​ ​its​ ​unique​ ​capabilities.​
​This​ ​is​ ​the​ ​only​ ​availabe​ ​device​ ​which​ ​can​ ​generate​​very​​high​​power​​ranging​
​from​ ​few​ ​hundreds​ ​of​ ​kW​ ​to​ ​few​ ​MW​ ​of​ ​CW​ ​at​ ​frequencies​ ​ranging​ ​from​
​millimeter wave to Terahertz regime (Fig 1).​

​Fig 1. Schematic of  Gyrotron with (a) Axial output, and (b) with radial output​

​This​​device​​works​​in​​the​​principle​​of​​Cyclotron​​Resonance​​Interaction.​​Here,​​a​
​hollow​​electron​​beam​​gyrating​​in​​cyclotron​​frequency​​under​​the​​influence​​of​​a​
​very​ ​high​ ​axial​​magnetic​​field​​is​​placed​​inside​​an​​open-ended​​cavity​​structure​
​supporting​ ​millimeter​ ​waves​ ​of​ ​high​ ​order​ ​mode​​with​​an​​azimutal​​component​
​of​​electric​​field.​​When​​the​​Cyclotron​​frequency​​of​​rotation​​of​​the​​electrons​​are​
​synchronized​ ​with​ ​the​ ​millimeter​ ​wave​ ​frequency,​ ​a​ ​beam-wave​ ​interaction​
​phenomena​​takes​​place​​and​​the​​azimuthal​​component​​of​​the​​kinetic​​energy​​of​
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​the​ ​electron​ ​is​ ​converted​ ​to​ ​electromagnetic​ ​energy.​ ​This​ ​phenomenon​ ​is​
​known as the Bremsstrahlung radiation phenomena.​

​Under​​this​​phenomena,​​due​​to​​the​​presence​​of​​the​​electric​​field​​inside​​the​
​cavity,​​the​​azimuthal​​velocity​​of​​the​​electrons​​changes.​​And​​due​​to​​the​​change​
​in​ ​azimuthal​ ​velocity,​ ​the​ ​relativistic​ ​mass​ ​of​ ​the​ ​electrons​ ​changes.​ ​This​
​causes​ ​the​ ​azimuthal​ ​phase​ ​bunching​ ​of​ ​electrons.​ ​Finally​ ​these​ ​phase​
​bunched electrons transfer their kinetic energy to the electromagnetic energy.​

​The​​high​​power​​millimeter​​wave​​of​​few​​MW​​of​​CW​​generated​​by​​a​​Gyrotron​
​has​ ​been​ ​found​ ​to​​be​​the​​most​​suitable​​power​​source​​for​​heating​​plasma​​in​​a​
​Tokamac.​

​In​ ​this​ ​talk,​ ​the​​basic​​concept​​of​​the​​Gyro-devices​​and​​Bremsstrahlung​
​radiation​ ​phenomena​ ​are​ ​explained.​ ​Subsequently,​ ​the​ ​advantages​ ​of​
​Gyro-devices​ ​over​ ​the​ ​conventional​ ​slow-wave​ ​devices​ ​are​ ​discussed.​ ​Then,​
​the​ ​basic​ ​theory​ ​of​ ​Gyrotron​ ​operation​ ​and​ ​the​ ​Cyclotron-Resonance​
​Interaction​ ​phenomena​ ​is​ ​presented.​​Then,​​the​​present​​worldwide​​scenario​​of​
​the​​State-of-the-Art​​Gyrotron​​is​​discussed.​​Finally,​​the​​application​​of​​Gyrotron​
​for​​the​​Thermoneuclear​​Fusion​​reactors​​is​​discussed​​in​​detail​​with​​the​​special​
​emphasis​ ​on​ ​electron-cyclotron​ ​resonance​ ​heating​ ​(ECRH)​ ​and​ ​electron​
​cyclotron​​current​​drive​​(ECCD),​​along​​with​​the​​detailed​​discussion​​on​​some​​of​
​the​ ​Gyrotron​ ​based​ ​fusion​ ​reactor​ ​systems,​ ​such​ ​as​ ​ITER​ ​and​ ​Stellarator​
​System.​
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​Experimental Study of Laser-Plasma Interaction Using Sub-nanosecond​
​Kilo-Joule Class Laser​

​S. Singh​​1, 2, 3​​, S. Jelinek​​1, 3, 4​​, S. Agarwal​​3, 4​​, P. Devi​​3, 4​​, M. Cervenak​​1​​, M. Krupka​​1, 3, 5​​, J.​

​Krasa​​3​​, R. Dudzak​​1, 3​​, O. Renner​​1,3,7​​, P. Gajdos​​1,5​​, J. Cikhardt​​1,2​​, B. Cikhardtova​​2​​, V. Juras​​5​​, D.​

​Ettel​​3​​,  L. Hudec​​5,7​​, R. Liska​​5​​, T. Chodukowski​​6​​, Z. Rusiniak​​6​​, M. Rosinski​​6​​, O. Byrka​​6​​, J.​

​Chalupsky​​3​​, T. Pisarczyk​​6​​, V. Tikhonchuk​​7, 8​​, L. Juha​​3​​, A. Morace​​1, 3 ,9​

​1) Institute of Plasma Physics, Czech Academy of Sciences, Prague, Czech Republic​

​2) Faculty of Electrical Engineering, Czech Technical University, Prague, Czech Republic​

​3) Institute of Physics, Czech Academy of Sciences, Prague, Czech Republic​

​4) Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic​

​5) Faculty of Nuclear Science and Physical Engineering, Czech Technical University in​

​Prague, Prague, Czech Republic​

​6) Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland​

​7) ELI Beamlines Facility, The Extreme Light Infrastructure ERIC, Dolni Brezany, Czech​

​Republic​

​8) Centre Lasers Intenses et Applications, University of Bordeaux-CNRS-CEA, Talence,​

​France​

​9) Institute of Laser Engineering, Osaka University, 2-6 Yamadaoka, Suita, Japan​

​In​ ​this​ ​presentation,​ ​a​ ​comparative​ ​investigation​ ​of​ ​laser-plasma​ ​interaction​ ​between​

​sub-relativistic​​and​​relativistic​​intensities​​were​​carried​​out​​at​​the​​Prague​​Asterix​​Laser​​System​

​(PALS).​ ​The​​iodine​​laser​​at​​PALS​​(wavelength​​1.315​​μm,​​pulse​​duration​​~​​350​​ps)​​delivers​

​energy​ ​up​ ​to​ ​600​ ​J​ ​to​ ​produce​ ​plasma​ ​using​ ​10​ ​μm​ ​thick​ ​copper​​and​​tantalum​​targets.​​The​

​focal​​spot​​of​​the​​focused​​beam​​interacting​​with​​the​​target​​was​​characterized​​with​​and​​without​

​random​ ​phase​ ​plate​ ​(RPP).​ ​The​ ​peak​ ​laser​ ​intensity​​is​​~10​​16​ ​W/cm​​2​​using​​RPP​​and​​exceeds​

​10​​18​ ​W/cm​​2​ ​without​ ​RPP.​ ​The​ ​plasma​ ​and​ ​secondary​ ​emissions​ ​are​ ​characterized​ ​using​

​different​ ​diagnostics​ ​in​ ​both​ ​configurations.​ ​The​ ​hot​ ​electron​ ​energy​ ​distribution​ ​was​

​measured​ ​by​ ​multi-channel​ ​electron​ ​spectrometer​ ​at​ ​different​ ​angular​ ​directions,​ ​x-ray​

​emission​ ​spectrum​ ​by​ ​bremsstrahlung​ ​spectrometers​ ​and​ ​hot​ ​electron​ ​distribution​ ​by​ ​Cu​

​K-alpha​ ​diagnostic.​ ​In​ ​addition,​ ​the​ ​measured​ ​signal​ ​from​ ​target​ ​current​ ​probe​ ​is​

​complemented​​with​​energy​​carried​​out​​by​​hot​​electrons.​​Thomson​​parabola​​spectrometer​​was​
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​implemented​ ​to​ ​measure​ ​accelerated​ ​proton​ ​and​ ​ion​ ​energy​ ​spectra.​ ​The​ ​maximum​ ​proton​

​energy​ ​of​ ​4.4​ ​MeV​ ​was​ ​observed​ ​at​ ​the​ ​highest​ ​laser​ ​intensity.​ ​The​ ​electron​ ​density​

​distributions​ ​in​ ​plasma​ ​plume​ ​at​ ​different​ ​time​ ​delays​ ​were​ ​measured​ ​by​ ​three-frame​

​interferometry​​using​​probe​​beam​​provided​​by​​the​​femtosecond​​Ti:Sa​​laser.​​The​​experimental​

​study​​of​​pre-plasma​​generation​​and​​its​​interaction​​with​​the​​main​​pulse​​is​​complemented​​with​

​numerical​ ​simulations​ ​using​ ​hydrodynamic​ ​codes​ ​PALE​ ​and​ ​FLASH.​​The​​preliminary​​data​

​from​ ​the​ ​experiment​ ​reveals​ ​insightful​ ​information​ ​about​ ​the​ ​characteristics​ ​of​ ​energetic​

​particles,​​radiation,​​plasma​​dynamics​​and​​relevant​​physics​​associated​​with​​sub-relativistic​​and​

​relativistic​ ​intensities​ ​using​ ​kilo-Joule​ ​nanosecond​ ​class​ ​laser.​ ​The​ ​outcome​ ​from​ ​this​

​experiment​ ​has​ ​various​ ​applications​ ​in​ ​inertial​ ​confinement​ ​fusion​ ​research,​​charge​​particle​

​acceleration,​ ​laboratory​ ​astrophysics,​ ​electromagnetic​ ​pulse​ ​generation,​ ​and​ ​high​ ​energy​

​density physics.​

​_____________________________________________________________________________________________________​
​_​

​2025​
​IIT Tirupati and IISER Tirupati, 517619​





​40​​th​ ​PSSI National Symposium on Plasma Science and​​Technology (PLASMA 2025), 27​​th​ ​- 29​​th​​Dec, 2025​

​_______________________________________________________________________________________________________________________________________________________________________________​

​Dynamics of nanosecond pulsed discharges close to a liquid surface​

​Ahmad Hamdan​

​Département de physique, Université de Montréal, Montréal , Québec, Canada​

​E-mail : ahmad.hamdan@umontreal.ca​

​Abstract​

​The​​application​​of​​a​​high​​E-field​​to​​a​​dielectric​​medium​​can​​induce​​ionization.​​The​​breakdown​​field​
​of​ ​air​ ​at​ ​atmospheric​ ​pressure​ ​is​ ​around​ ​30​ ​kV/cm.​ ​If​ ​the​ ​electron​ ​avalanches​ ​produce​ ​more​ ​than​
​~10​​8​​ charged​​species​​(Meek's​​criterium),​​an​​avalanche​​may​​transition​​to​​a​​streamer.​​The​​space​​charge​
​field​​produced​​at​​the​​streamer​​head​​may​​exceed​​the​​breakdown​​field​​and​​supports​​its​​propagation​​in​
​the​ ​medium.​ ​While​ ​the​ ​propagation​ ​of​ ​streamer​ ​in​ ​air​ ​is​ ​relatively​ ​well-understood,​ ​its​ ​interaction​
​with​ ​solid​ ​or​ ​liquid​ ​surfaces​ ​complicates​ ​our​ ​understanding​ ​of​ ​the​ ​propagation​ ​mechanisms.​​More​
​specifically,​​the​​properties​​of​​the​​material​​in​​front​​of​​the​​discharge,​​such​​as​​dielectric​​permittivity​​(ɛ​​r​​)​
​and​ ​electrical​ ​conductivity​ ​(σ),​ ​strongly​ ​influence​ ​the​ ​discharge​ ​dynamics.​ ​To​ ​investigate​ ​the​
​influence​ ​of​ ​ɛ​​r​ ​and​ ​σ​ ​on​ ​the​ ​discharge​ ​dynamics,​ ​we​ ​utilized​ ​liquids​ ​with​ ​varying​ ​permittivity​
​(ranging​ ​from​ ​32​ ​to​ ​80)​ ​and​ ​conductivity​ ​(ranging​ ​from​ ​2​ ​to​ ​1000​ ​μS/cm).​ ​The​ ​discharges​ ​were​
​generated​ ​using​ ​single-shot​ ​nanosecond​ ​high​ ​voltage​​pulses​​and​​characterized​​both​​electrically​​and​
​optically​ ​using​ ​ICCD​ ​images.​ ​Streamer​ ​propagation​ ​across​ ​the​ ​surface​ ​is​ ​primarily​ ​sustained​ ​by​
​surface​​charging​​and​​charge​​accumulation.​​Accordingly,​​a​​decrease​​in​​ɛ​​r​ ​accelerates​​surface​​charging,​
​leading​ ​to​ ​more​ ​significant​ ​radial​ ​propagation,​ ​while​ ​an​ ​increase​ ​in​ ​σ​ ​results​ ​in​ ​the​ ​dissipation​ ​of​
​surface​ ​charge​ ​accumulation​ ​in​ ​air​ ​from​ ​the​ ​ions​ ​present​ ​in​ ​the​ ​liquids,​ ​leading​ ​to​ ​reduced​ ​radial​
​propagation.​ ​On​ ​the​ ​other​ ​hand,​ ​a​ ​2D​ ​axisymmetric​ ​cylindrical​ ​fluid​ ​model​ ​is​ ​developed​ ​[1].​ ​The​
​model​​consists​​of​​solving​​the​​fluid​​equations​​for​​the​​density​​of​​electrons,​​positive​​ions,​​and​​negative​
​ions.​ ​The​ ​model​​is​​adapted​​to​​simulate​​the​​various​​conditions​​of​​ɛ​​r​​ and​​σ​​of​​the​​material​​in​​front​​of​
​the​ ​discharge.​ ​The​ ​emission​ ​of​ ​the​ ​discharge​ ​acquired​ ​during​ ​its​ ​propagation​ ​is​ ​compared​ ​to​ ​the​
​source​ ​term​ ​of​ ​electronic​ ​impact​ ​avalanches.​ ​Such​ ​a​ ​simulation​ ​allows​ ​the​ ​determination​ ​of​ ​some​
​fundamental​ ​properties​ ​that​ ​are​ ​hardly​ ​accessible​ ​experimentally​ ​such​ ​as​ ​the​ ​spatio-temporal​
​evolution​ ​of​ ​the​ ​species​ ​density,​ ​the​ ​space​ ​charge​ ​density,​ ​and​ ​the​ ​E-field.​ ​The​ ​results​ ​are​ ​further​
​processed to discuss the evolution of the pattern, particularly the disc-to-ring-to-dots transitions [2].​
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​A Unique Non-Divergent Plasma Beam for Plasma Material Interaction Under​
​Fusion Relevant Conditions: A BARC Development​

​Srikumar Ghorui​​1,2*​

​1​​Bhabha Atomic Research Centre, Trombay, Mumbai-400085​
​2​​Homi Bhabha National Institute, Anushaktinagar, Mumbai-400094​

​*​​sghorui@barc.gov.in​

​Abstract​

​Fusion​ ​has​ ​potential​ ​to​ ​provide​ ​a​ ​nearly​ ​limitless,​ ​clean​ ​source​ ​of​ ​energy​ ​with​ ​minimal​
​environmental​ ​impact.​ ​Understanding​ ​plasma-material​ ​interactions​ ​(PMI)​ ​under​ ​fusion-relevant​
​conditions​ ​is​ ​a​ ​critical​ ​area​ ​forthe​ ​development​ ​of​ ​durable​ ​first-wall​ ​and​ ​divertor​ ​components​ ​in​
​fusion​ ​reactors​ ​[1].​ ​PMImechanisms​ ​such​ ​as​ ​melting,​ ​evaporation,​ ​diffusion,​ ​mixing,​ ​saturation,​
​grain​ ​formation,​ ​grain​ ​growth,crystallization,​ ​void​ ​formation,​ ​dislocation,​ ​defect​ ​formation,​ ​phase​
​change,​​sputtering,​​deposition,implantation​​and​​formation​​of​​meta-stable​​states​​are​​crucial​​for​​fusion​
​reactors.​ ​They​ ​directly​ ​decide​ ​the​ ​efficiency​ ​and​ ​lifespan​ ​ofreactor​ ​materials​ ​[2].​ ​As​ ​a​ ​primary​
​pre-requisite,​​necessary​​investigation​​requires​​development​​of​​a​​suitable​​plasma​​source,​​a​​key​​thrust​
​area​​in​​fusion​​research,​​around​​the​​world.​​Insights​​gained​​maycritically​​guide​​the​​material​​design​​and​
​selection, ensuring reactorintegrity and safety.​
​Beginning​​with​​a​​review​​of​​the​​majorinitiatives​​around​​the​​globe,​​the​​study​​presents​​development​​of​
​anabsolutely​​non-divergent​​highly​​stable​​uniquethermal​​plasma​​source​​at​​BARC​​for​​PMI.​​The​​most​
​interesting​ ​aspect​ ​of​ ​the​ ​development​ ​is​ ​that​ ​it​ ​requiresno​ ​external​ ​magnetic​ ​field​ ​forshaping​ ​the​
​plasma​​beam.​​Characterization​​of​​the​​developed​​plasma​​source,​​underlying​​physics,​​its​​qualification​
​to​ ​offer​ ​fusion​ ​relevant​ ​conditions​ ​and​ ​itsinherent​ ​limits​ ​are​ ​presented.​ ​Design​ ​optimization​ ​of​​the​
​plasma​ ​source​ ​through​ ​CFD​ ​modelling,​ ​source​ ​characterization​ ​through​ ​optical​ ​emission​
​spectroscopy​ ​and​ ​in-situ​ ​thermal​ ​imaging,​ ​material​ ​selection,​ ​and​ ​method​ ​of​ ​preparation​ ​of​ ​high​
​entropy​ ​target​ ​alloys​ ​are​ ​some​ ​of​ ​the​ ​other​ ​interesting​ ​aspects​ ​covered.​ ​Typical​ ​morphology,​​grain​
​structure,​ ​and​ ​damage​ ​features​ ​of​ ​plasma​ ​facing​ ​components​ ​via​ ​SEM,​ ​TEM,​ ​XRD​ ​and​ ​AFM​
​analysis​ ​are​ ​reviewed.Fuel​ ​retention​ ​and​ ​permeation,​ ​changes​ ​in​ ​thermal​ ​conductivity,​ ​hardness,​
​andmechanical​ ​strength​ ​after​ ​plasma​ ​loading​ ​along​ ​with​ ​key​​degradation​​mechanisms​​and​​possible​
​optimum material compositions for improvedperformanceare discussed.​
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​Plasma Research at BARC: Present and Future​

​J. Padma Nilaya​
​Head, L &PTD, BARC​

​Trombay, Mumbai-400085​
​jpnilaya@barc.gov.in​

​ABSTRACT​

​Controlled​​generation​​and​​utilization​​of​​Plasma​​have​​opened​​transformative​​pathways​​across​
​multiple​ ​scientific​ ​and​ ​technological​ ​domains​ ​expanding​ ​the​ ​interdisciplinary​ ​frontiers​ ​of​
​physics,​​chemistry,​​and​​biology.​ ​It​​is​​emerging​​as​​an​​important​​tool​​for​​providing​​solutions​​to​
​many​​industrial,​​technological​​and​​scientific​​problems.​​Ongoing​​research​​in​​plasma​​science​​is​
​directed​ ​towards​ ​advancing​​fusion​​energy,​​plasma​​medicine,​​environmental​​remediation​​and​
​plasma-assisted​ ​materials​ ​processing​ ​through​ ​deeper​ ​understanding​ ​of​ ​plasma-matter​
​interactions.​

​Plasma​ ​activity​ ​in​ ​Laser​​&​​Plasma​​Technology​​Division​​of​​Beam​​Technology​​Development​
​Group​ ​of​ ​BARC​ ​is​ ​driven​ ​by​ ​the​ ​mandate​ ​of​ ​the​ ​department​ ​where​ ​it​ ​is​ ​contributing​
​significantly​ ​to​ ​the​ ​front​ ​as​ ​well​ ​as​ ​back​ ​end​ ​of​ ​the​ ​nuclear​ ​fuel​ ​cycle.​ ​Corrosion​ ​resistant​
​thermal​ ​barrier​ ​plasma​ ​spray​ ​coatings​ ​of​ ​ceramics​ ​like​ ​yttria​ ​on​ ​molybdenum​ ​trays​ ​and​
​graphite​ ​crucibles​ ​are​ ​unavoidable​ ​for​ ​sintering​ ​the​ ​fuel​ ​pellets​ ​or​ ​melting​ ​of​ ​corrosive​
​elements.​ ​Advanced​ ​novel​ ​coatings​ ​like​ ​yttrium​ ​phosphates​ ​are​ ​being​ ​developed​ ​to​
​improve​ ​their​ ​efficacy.​ ​Development​ ​of​ ​a​​variety​​of​​thermal​​plasma​​torches​ ​e.g.,​ ​15​​kW,​
​25kW,​ ​and​ ​100kW,​ ​capable​ ​of​ ​generating​ ​plasma​ ​plume​ ​of​ ​high​ ​temperature,​ ​provide​ ​high​
​thermal​​efficiency​​and​​deliver​​high​​enthalpy​​in​​a​​controlled​​manner​​and​​capable​​of​​mitigating​
​low​​level​​nuclear​​waste​​are​​an​​integral​​part​​of​​our​​R&D​​effort.​ ​Compact​​portable​​catalytic​
​nitrogen​ ​fixation​ ​systems,​​thermal​​plasma-based​​aerosol​​generation​​system​​for​​experimental​
​simulation​ ​of​ ​nuclear​ ​accident​ ​scenario,​ ​non-divergent​ ​thermal​ ​plasma​ ​beam​ ​for​ ​plasma​
​material​ ​interaction​ ​studies​ ​under​ ​extreme​ ​conditions​ ​are​ ​some​ ​of​ ​the​ ​many​ ​applications​
​being​ ​explored.​ ​Non-thermal​ ​plasma​ ​technologies​ ​are​ ​being​ ​harnessed​ ​in​ ​the​ ​areas​ ​of​
​biomedical​ ​applications​ ​like​ ​cancer​ ​studies,​ ​2D​ ​material​ ​synthesis,​ ​functional​ ​thin​ ​film​
​deposition,​ ​neutron​ ​and​ ​alpha​ ​dosimetry,​ ​NOx​ ​generation​ ​etc.​ ​This​​talk​​will​​be​​aimed​​at​
​giving​ ​a​ ​glimpse​ ​of​ ​the​ ​work​ ​being​ ​carried​ ​out​ ​and​ ​being​ ​planned​ ​for​ ​future​ ​at​ ​Laser​ ​and​
​Plasma Technology Division in BARC in the area of thermal and non-thermal plasmas.​
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​Modelling and Simulation of Thermal plasmas​

​Kandasmay Ramachandran​

​Department of Physics, Bharathiar University, Coimbatore – 641046​

​E-mail : rams@buc,edu,in​

​Abstract​

​Thermal​ ​plasmas​ ​have​ ​been​ ​used​ ​widely​ ​for​ ​various​ ​material​ ​processing​ ​applications.​ ​The​ ​plasma​
​process​ ​efficiency​ ​hangs​ ​on​ ​the​ ​characteristics​ ​of​ ​the​ ​plasma​ ​and​ ​plasma-material​ ​interaction.​ ​The​
​production​ ​of​ ​plasma​ ​and​ ​plasma​ ​material​ ​processing​ ​are​ ​complex​ ​processes​ ​that​ ​involve​
​multi-physics.​ ​Both​ ​the​ ​production​ ​method​ ​and​ ​process​ ​parameters​ ​strongly​ ​influence​ ​the​
​characteristics​​of​​the​​plasma.​​Measurements​​in​​the​​thermal​​plasma​​are​​challenging​​task​​and​​complete​
​understanding​ ​of​ ​the​ ​plasma​ ​behavior​ ​and​ ​process​ ​through​ ​experimental​ ​results​ ​is​ ​not​ ​simple.​
​Computational​​fluid​​dynamics​​(CFD)​​modelling​​has​​been​​performed​​to​​understand​​the​​multi-physics​
​involved in the plasma production and processes.​

​This​​talk​​begins​​with​​highlighting​​the​​importance​​of​​the​​modelling​​and​​simulation​​in​​thermal​​plasma.​
​In​​the​​first​​part​​of​​the​​talk,​​the​​simulated​​characteristics​​of​​the​​non-transferred​​arcs​​and​​DC​​as​​well​​as​
​RF​​plasma​​jets​​and​​behavior​​of​​transferred​​arcs​​in​​different​​situations​​are​​discussed.​​The​​second​​part​
​of​ ​the​ ​talk​ ​explains​ ​how​ ​simulations​ ​help​ ​to​ ​understand​ ​the​ ​plasma​ ​spray,​ ​spheroidization​ ​and​ ​arc​
​evaporation​ ​processes.​ ​The​ ​talk​ ​finally​ ​summarizes​ ​what​ ​is​ ​achieved​ ​and​ ​what​ ​is​ ​required​ ​in​
​modelling and simulation of thermal plasma.​

​Broad Area:​ ​Modelling and Simulation​
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​Plasma Thrusters for Space Science and Technology Applications​

​K. M. Shanbhogue​

​Plasma​ ​thrusters​ ​constitute​​a​​critical​​class​​of​​advanced​​propulsion​​systems​​that​​enable​​efficient,​
​long-duration​ ​space​ ​missions​​through​​the​​controlled​​acceleration​​of​​ionized​​gases​​using​​electric​
​and​​magnetic​​fields.​​Unlike​​conventional​​chemical​​propulsion,​​plasma-based​​propulsion​​systems​
​offer​ ​significantly​ ​higher​ ​specific​ ​impulse,​ ​precise​ ​thrust​ ​control,​​and​​reduced​​propellant​​mass,​
​making​ ​them​ ​particularly​ ​suitable​ ​for​ ​space​ ​science​ ​missions​ ​such​ ​as​ ​deep-space​ ​exploration,​
​planetary orbiters, station-keeping, and formation flying.​

​Plasma​ ​thrusters​ ​operate​ ​by​ ​generating​ ​a​ ​quasi-neutral​ ​plasma​ ​from​ ​a​ ​neutral​
​propellant—commonly​ ​noble​ ​gases​ ​such​ ​as​ ​xenon​ ​or​ ​krypton—followed​ ​by​ ​acceleration​ ​of​
​charged​ ​particles​ ​via​ ​electrostatic,​ ​electromagnetic,​ ​or​ ​magnetohydrodynamic​ ​mechanisms.​
​Major​ ​plasma​ ​thruster​ ​categories​ ​include​ ​electrostatic​ ​thrusters​ ​(gridded​ ​ion​ ​thrusters),​
​electromagnetic​ ​thrusters​ ​(Hall​ ​effect​ ​thrusters​ ​and​ ​magnetoplasmadynamic​ ​thrusters),​ ​and​
​emerging​ ​concepts​ ​such​ ​as​ ​helicon,​ ​pulsed​ ​plasma,​​and​​radio-frequency​​plasma​​thrusters.​​Each​
​class​​presents​​distinct​​trade-offs​​in​​thrust​​density,​​efficiency,​​power​​requirements,​​and​​operational​
​lifetime.​

​From​ ​a​ ​plasma​ ​physics​ ​perspective,​ ​plasma​ ​thrusters​ ​provide​ ​a​ ​unique​ ​platform​ ​to​ ​study​
​low-temperature,​ ​partially​ ​magnetized​ ​plasmas​ ​under​ ​strong​ ​electric​ ​and​ ​magnetic​ ​fields.​ ​Key​
​phenomena​ ​such​ ​as​ ​plasma​ ​generation,​ ​sheath​ ​formation,​ ​anomalous​ ​electron​ ​transport,​ ​ion​
​acceleration,​​discharge​​oscillations,​​and​​plasma–wall​​interactions​​play​​a​​decisive​​role​​in​​thruster​
​efficiency​ ​and​ ​lifetime.​ ​Advances​ ​in​ ​experimental​ ​diagnostics,​ ​numerical​ ​modeling,​ ​and​
​materials​​engineering​​have​​enabled​​improved​​magnetic​​confinement,​​reduced​​erosion​​rates,​​and​
​enhanced operational stability.​

​The​ ​technological​ ​maturity​ ​of​​plasma​​thrusters​​is​​strongly​​evidenced​​by​​their​​extensive​​in-orbit​
​heritage.​ ​Notable​ ​electric​ ​propulsion​ ​missions​ ​include NASA's​ ​Deep​ ​Space-1,​ ​which​ ​validated​
​ion​ ​propulsion​​for​​primary​​deep-space​​navigation; Dawn,​​which​​employed​​ion​​thrusters​​to​​orbit​
​both​ ​Vesta​ ​and​ ​Ceres; ESA's​ ​SMART-1,​ ​demonstrating​ ​solar​ ​electric​ ​propulsion​ ​for​ ​lunar​
​exploration;​ ​and BepiColombo,​ ​utilizing​ ​solar​ ​electric​ ​propulsion​ ​for​ ​interplanetary​ ​cruise​ ​to​
​Mercury.​​Hall​​effect​​thrusters​​have​​been​​widely​​adopted​​on​​scientific​​and​​commercial​​spacecraft,​
​including ESA's​ ​GOCE for​ ​drag​ ​compensation, AEHF​ ​and​ ​Eurostar​ ​platforms for​ ​station​
​keeping,​ ​and​ ​deep-space​ ​missions​ ​such​ ​as Psyche.​ ​More​ ​recently,​ ​missions​ ​like​ ​artemis​ ​lunar​
​gate​ ​way​ ​and​ ​Chinese​ ​space​ ​stations​ ​and​ ​several​ ​asteroid​ ​and​ ​lunar​ ​exploration​ ​concepts​
​incorporate​ ​electric​ ​propulsion​ ​for​ ​cruise,​ ​trajectory​ ​correction,​ ​and​ ​orbit​ ​maintenance.​ ​In​ ​the​
​Indian​​context,​​electric​​propulsion​​systems​​were​ ​adopted​​for​​satellite​​station​​keeping​​in​​GSAT-9​
​spacecraft  and electric orbit raising in TDS-01 Spacecraft.​
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​Looking​ ​forward,​ ​plasma​ ​thrusters​ ​are​ ​central​ ​to​ ​future​ ​space​ ​science​ ​architectures​ ​involving​
​high-power​ ​solar​ ​and​ ​nuclear​ ​electric​ ​propulsion.​ ​Research​ ​efforts​ ​are​ ​focused​ ​on​ ​power​
​scalability,​ ​lifetime​ ​extension,​ ​alternative​ ​propellants,​ ​and​ ​integrated​ ​plasma–system​
​optimization.​ ​As​ ​mission​ ​complexity​ ​and​ ​endurance​ ​requirements​ ​continue​ ​to​ ​grow,​ ​plasma​
​thrusters​ ​remain​ ​a​ ​cornerstone​ ​technology,​ ​tightly​ ​coupling​ ​fundamental​ ​plasma​ ​science​ ​with​
​advanced space system engine​
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​Compact, femtosecond laser driven plasma accelerators​

​Sourabh Singh, Ravishankar Sugumar, Tamanna, Mukesh Kumar, S. Sree Harsha, Ram Gopal,      M.​
​Krishnamurthy, and Prashant Kumar Singh​

​Tata Institute of Fundamental Research - Hyderabad, India, 500046​

​E-mail : pks@tifrh.res.in​

​Abstract​

​Intense​​laser-driven​​compact​​particle​​acceleration​​have​​shown​​enormous​​progress​​for​​GeV​​electrons​
​[1]​​and​​100’s​​MeV​​proton​​beam​​[2].​​However,​​these​​experiments​​require​​100​​TW​​to​​Petawatt​​class​
​lasers,​ ​operating​ ​mostly​ ​in​ ​single​ ​shot​ ​or​ ​at​ ​few​ ​Hz​ ​repetition​ ​rate​ ​[1,​ ​2].​ ​Thanks​ ​to​ ​the​ ​recent​
​advancements​​in​​femtosecond​​laser​​technologies,​​now​​it​​is​​possible​​to​​excite​​relativistic​​laser-plasma​
​interactions​​at​​kHz​​repetition​​rates​​[3].​​From​​fundamental​​science​​perspective​​having​​access​​to​​signal​
​with​ ​minimum​ ​shot-to-shot​ ​fluctuations​ ​will​ ​help​ ​in​ ​establishing​ ​the​ ​trends​ ​predicted​ ​by​ ​existing​
​theoretical and numerical models.​

​Scaling​​up​​of​​the​​average​​laser-plasma​​interaction​​rates​​requires​​upgrading​​the​​lasers​
​and​​target​​to​​be​​compatible​​with​​multi-kHz​​or​​higher​​repetition​​rates.​​From​​the​​target​​perspective,​​to​
​avoid​ ​rastering​ ​the​ ​irradiated​ ​surface​ ​on​ ​a​ ​shot-by-shot​ ​basis,​ ​continuously​ ​flowing​ ​high-density​
​gases​​or​​liquid​​targets​​are​​preferred​​over​​solids.​​Moreover,​​with​​electron​​density​​orders​​of​​magnitude​
​higher​​than​​gas-based​​targets,​​the​​liquid​​targets​​can​​readily​​be​​adopted​​for​​scaling​​up​​the​​interactions​
​to multi-kHz repetition rates.​

​In​​this​​talk,​​we​​will​​discuss​​our​​development​​of​​the​​1-d​​(Sheet),​​2-d​​(Jet)​​and​​3-d​
​(Droplet)​​liquid​​targets,​​which​​can​​offer​​compatibility​​with​​high-repetition​​rate​​interaction​​going​​up​
​to​ ​10-kHz.​ ​Among​ ​these,​ ​the​ ​1-d​ ​liquid​ ​Sheet​ ​target​ ​intrinsically​ ​offers​ ​a​ ​possibility​ ​of​ ​target​
​thickness​​variation​​ranging​​from​​10’s​​µm​​down​​to​​100’s​​of​​nanometers​​and​​therefore​​can​​be​​an​​ideal​
​candidate​ ​for​​ion​​acceleration​​which​​depends​​strongly​​on​​thickness​​dependent​​sheath​​field​​strength.​
​On​ ​the​ ​laser​ ​intensity​ ​contrast​ ​improvement​ ​front,​ ​our​ ​preliminary​ ​plasma​ ​mirror​ ​characterization​
​results​ ​from​ ​these​ ​liquid​ ​sheets​ ​will​ ​be​ ​discussed.​ ​The​ ​talk​ ​will​ ​be​ ​concluded​ ​by​ ​discussing​
​acceleration​​of​​stable,​​low-divergent​​MeV​​electron​​beam​​from​​liquid​​jet.​​These​​will​​also​​accompany​
​some​ ​of​ ​the​ ​radiographic​ ​application​ ​carried​ ​out​ ​with​ ​the​ ​laser-driven​ ​MeV​ ​electron​ ​and​ ​x-ray​
​source.​

​References :​

​[1] Gonsalves, A. et al. Phys. Rev. Lett. 122, 084801 (2019).​
​[2] Higginson, A., Gray, R.J., King, M. et al. Nat Commun 9, 724 (2018).​
​[3] Mondal, A., Sabui, R., Tata, S. et al. Commun Phys 7, 85 (2024).​

​Broad Area :​ ​Intense laser matter interactions, Particle acceleration. Plasma dynamics.​
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​Revisiting plasma crystal and structural transition phenomena​
​Name(s) of the author: Surabhi Jaiswal​

​Affiliation: Indian Institute of Science Education and Research Pune India 411008​

​E-mail: surabhi@iiserpune.ac.in​

​Abstract​

​Since​ ​the​ ​discovery​ ​of​ ​plasma​ ​crystal​ ​by​ ​Lin​ ​I​ ​[1]​ ​and​ ​Thomas​ ​et​ ​al​ ​[2]​ ​there​ ​was​​a​​great​​deal​​of​
​interest​ ​has​ ​been​ ​developed​ ​in​​studying​​coulomb​​crystal​​and​​its​​associated​​behavior​​using​​complex​
​plasmas.​​This​​makes​​complex​​plasma​​an​​interdisciplinary​​field​​and​​develop​​the​​connection​​with​​soft​
​matter​​and​​colloidal​​physics.​​In​​this​​talk​​the​​generation​​mechanism​​of​​plasma​​crystal​​and​​its​​melting​
​dynamics​ ​in​ ​different​ ​plasma​ ​systems​ ​will​ ​be​ ​discussed​ ​in​ ​detail.​ ​The​ ​first-time​ ​measurement​ ​of​
​plasma​ ​crystal​ ​in​ ​a​ ​DC​ ​glow​ ​discharge​ ​and​ ​its​ ​melting​ ​and​ ​phase​ ​coexistence​ ​were​ ​explored​ ​by​
​changing​ ​confinement​ ​potential​ ​while​ ​keeping​ ​the​ ​global​ ​discharge​ ​and​ ​plasma​ ​parameters​
​stationary.​ ​The​​phase​​coexistence​​state​​is​​quantified​​by​​investigating​​the​​global​​and​​local​​properties​
​of​​both​​phases​​of​​the​​system​​during​​its​​transition.​​This​​method​​of​​controlling​​the​​coulomb​​crystal​​via​
​confining​ ​potential​ ​provides​ ​the​ ​unique​ ​feature​ ​to​ ​study​ ​physics​ ​of​ ​structural​ ​transformation​ ​of​
​plasma​ ​crystal​ ​without​ ​affecting​ ​the​ ​background​ ​plasma​​parameter​​which​​makes​​the​​problem​​more​
​simplified.​ ​The​ ​analysis​ ​shows​ ​the​ ​enhanced​ ​particle​​and​​inter​​layer​​interactions​​below​​a​​threshold​
​confining​​voltage.​​The​​combined​​effect​​of​​MCI​​and​​wake​​induced​​particle​​interaction​​provide​​a​​more​
​complete picture of the melting transition in a bilayer dusty plasma. [3]​

​References:​

​[1] J H Chu and Lin I, Phys. Rev. Lett.​​72​​4009 (1994)​
​[2]​ ​H​ ​M​ ​Thomas,​ ​G​​E​​Morfill,​​V​​Demmel,​​J​​Goree,​​B​​Feuerbacher​​and​​D​​Möhlmann​ ​Phys.​​Rev.​
​Lett.​​73​​652 (1994)​
​[3] S Jaiswal, C Belt, A Kananovich, EM Aguirre Physical Review Research 6 (1), 013119 (2024)​

​Broad Area​​: Pulsed, Laser, Dusty & Exotic Plasmas​
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​Dusty plasma turbulence in DC discharge plasma​

​Sanat Tiwari​​1​​, Sachin Sharma​​1​​, Prabhakar Srivastav​​2​​,​​Meenakshee Sharma​​3​​, and Yogesh Saxena​​2​

​Indian Institute of Technology Jammu, Jammu, Jammu & Kashmir, 181221​
​2​​Institute for Plasma Research, Bhat, Gandhinagar,​​Gujarat, 382428​

​3​​Independent Researcher, Gujarat, India​

​E-mail : sanat.tiwari@iitjammu.ac.in​

​Abstract​

​Turbulence​ ​is​ ​a​ ​nonlinear​ ​cascade​ ​of​ ​energy​ ​across​ ​different​ ​modes​ ​in​​a​​multiscale​​flow​​and​​often​
​manifests​​through​​power-law​​distributions.​​In​​three-dimensional​​(3D)​​hydrodynamic​​turbulence,​​the​
​kinetic​ ​energy​ ​spectrum​ ​typically​ ​follows​ ​the​ ​-5/3​ ​power-law​ ​scaling.​ ​The​ ​characteristics​ ​of​
​turbulence,​ ​however,​ ​are​ ​strongly​​influenced​​by​​factors​​such​​as​​compressibility,​​viscoelasticity,​​and​
​buoyancy,​​which​​can​​steepen​​or​​flatten​​the​​spectral​​scaling​​and,​​in​​some​​cases,​​disrupt​​it​​entirely.​​In​
​plasmas, being charged fluids, turbulence is further modified by electromagnetic forces.​

​In​​this​​work,​​we​​demonstrate​​features​​of​​Kolmogorov​​turbulence​​in​​a​​dusty​​plasma​​using​​a​​DC​​glow​
​discharge​ ​experiment​ ​[1].​ ​Turbulent​ ​mixing​ ​emerges​ ​spontaneously​ ​from​ ​self-excited​ ​vortices​ ​of​
​different​​sizes​​within​​a​​three-dimensional​​dust​​cloud.​​Flow​​velocities​​of​​these​​vortices​​are​​extracted​
​using​ ​particle​ ​image​ ​velocimetry​ ​(PIV)​ ​and​ ​employed​ ​to​ ​evaluate​ ​diagnostics​ ​such​ ​as​ ​the​ ​kinetic​
​energy​​spectrum,​​second-order​​structure​​function,​​and​​probability​​distribution​​of​​velocity​​increments.​
​The​ ​analysis​ ​reveals​ ​the​ ​expected​ ​-5/3​ ​scaling​ ​in​ ​both​​spatial​​and​​temporal​​domains,​​together​​with​
​the​ ​2/3​ ​scaling​ ​in​ ​the​ ​second-order​ ​structure​ ​function,​ ​hallmarks​ ​of​ ​steady-state​ ​3D​​hydrodynamic​
​turbulence.​ ​The​ ​probability​ ​distribution​ ​of​ ​velocity​ ​gradients​ ​shows​ ​deviation​ ​from​ ​Gaussian​
​behavior in the tails, reflecting the presence of intermittency.​

​Interestingly,​ ​these​ ​turbulence​​signatures​​appear​​in​​dusty​​plasma​​flows​​at​​low​​Reynolds​​numbers,​​a​
​regime​ ​usually​ ​associated​ ​with​ ​laminar​ ​fluid​ ​dynamics.​ ​At​ ​the​ ​same​ ​time,​ ​dusty​ ​plasmas​ ​exhibit​
​viscoelastic​​properties​​due​​to​​strong​​inter-dust​​Coulomb​​interactions.​​These​​counterintuitive​​features,​
​turbulence​ ​at​ ​low​ ​Reynolds​ ​numbers​ ​and​ ​signatures​ ​akin​ ​to​ ​elastic​ ​turbulence​ ​[2],​ ​make​ ​dusty​
​plasmas​ ​a​ ​unique​ ​medium​ ​for​ ​exploring​ ​fundamental​ ​questions​ ​of​ ​turbulence.​ ​We​ ​will​ ​discuss​
​agreements​​and​​discrepancies​​between​​our​​experimental​​observations​​and​​the​​broader​​understanding​
​of hydrodynamic and elastic turbulence.​

​References :​

​[1] Sachin et al.  Phys. Plasmas 31, 123704 (2024).​
​[2] A. Groisman & V. Steinberg, Nature, Vol. 404 (2000).​

​Acknowledgments​​:​​ST​​acknowledges​​suggestions​​from​​Dr​​Sayak​​Bose,​​Princeton​​Plasma​​Physics​
​Laboratory.​

​Broad Area :​ ​Dusty plasma; Strongly coupled plasma​
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​Quantum algorithms and computation​

​Dr. Srinivasa Prasannaa V​

​TCG CREST-CQuERE, Kolkata​

​E-mail : srinivasa.prasannaa@tcgcrest.org​

​Abstract​

​In​ ​this​ ​talk,​ ​we​ ​will​ ​discuss​ ​our​ ​results​ ​from​ ​some​ ​of​ ​the​ ​near-term​

​(variational​ ​quantum​ ​eigensolver​ ​and​ ​quantum​ ​annealer​ ​eigensolver)​ ​and​

​fault-tolerant​ ​era​ ​quantum​​algorithms​ ​(Harrow-Hassidim-Lloyd​ ​algorithm)​

​used in atomic and molecular physics calculations.​
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Normal Acoustic Modes In Degenerate Quantum Plasmas 
 

Pralay Kumar Karmakar 
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Abstract 
 

 

 

The excitation and propagation dynamics of normal acoustic modes in degenerate quantum plasmas 

on the astrocosmic spatiotemporal scales are sensibly different than the corresponding non-degenerate 

classical counterparts. The former is highly relevant to exist in compact (extreme) astrophysical objects 

(stellar death remnants [1-2]), such as the white dwarf family stars, unlike the latter in ordinary 

classical stars (non-extreme). This contribution offers a systematic overview of normal acoustic mode 

analyses in degenerate quantum stellar plasmas. It especially highlights the recent developments in 

such model quantum plasma formalisms to analyze the bulk acoustic modes inside these compact 

structures. The considered realistic model consists of classically treated non-degenerate light nuclear 

species, heavy nuclear species, and quantum-mechanically treated degenerate lighter electronic 

species. The hydrodynamic model closure is ensured herein with the help of gravito-electrostatic 

(Poisson) coupling progressions amid realistic sophistications [1-2]. A modified spherical mode 

analysis derives a generalized linear dispersion law governing the acoustic modes (degree-6). It 

portrays the nucleus-originated modal multiparametric dependency with no quasi-classic 

approximation against traditional analyses [3-5]. It is seen that the relative nuclear charge-mass 

coupling parameter plays a destabilizing factor in the model stellar interior. The ratio of the charge 

density of heavy-to-light nuclear species acts as a stabilizing agent in both the non-relativistic (NR) 

and ultra-relativistic (UR) regimes. The rotational force introduces a destabilizing influence in both 

cases. A comparative analysis is performed in the light of different existing astronomic investigations 

[1-2]. The asteroseismic applicability of this acoustic modal description, together with quantum 

mechanical corrections in realistic astronomical environments, is lastly outlined.   
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​Data-Integrated Physical Simulation and Machine Learning Analysis:​
​The Case of Plasma Processing of SiO​​x​​/Cu Memristive​​Devices​
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​Abstract​

​The​​field​​of​​machine​​learning​​in​​plasma​​science​​has​​recently​​experienced​​an​​immense​​development​
​[1],​ ​advancing​ ​low-temperature​ ​plasma​ ​modeling​ ​and​ ​simulation,​ ​as​ ​well​ ​as​ ​experiments​ ​and​
​diagnostics​ ​[2,3].​ ​Part​ ​of​ ​this​ ​development​ ​relates​ ​to​​plasma-processing,​​enabling​​fine​​control​​over​
​tailored​ ​material​ ​properties​ ​at​ ​the​ ​nanoscale.​ ​In​ ​this​ ​study,​ ​plasma​ ​processing​ ​of​ ​SiO​​x​​/Cu​ ​resistive​
​switching​ ​devices​ ​[4]​ ​is​ ​investigated​ ​for​ ​reactive​ ​magnetron​​sputter​​deposition​​with​​Ar/O​​2​ ​plasmas​
​through​ ​machine​ ​learning​ ​(ML)​ ​surrogate​ ​modeling,​ ​data-integrated​ ​physical​ ​simulations,​ ​and​ ​a​
​data-driven​ ​classification​ ​of​ ​corresponding​ ​wafer-level​ ​measurements.​ ​Initially,​ ​Tridyn​ ​simulations​
​[5]​ ​of​ ​the​ ​reactive​ ​plasma-surface​ ​interaction​​(PSI)​​during​​Ar​​and​​O​​2​ ​ion​​impingement​​on​​SiO​​x​ ​are​
​conducted​​to​​establish​​an​​extensive​​data​​set.​​This​​is​​leveraged​​to​​devise​​a​​ML​​PSI​​surrogate​​model.​
​The​​latter​​is​​subsequently​​utilized​​in​​an​​axially​​symmetric​​2D​​particle-in-cell/Monte​​Carlo​​collision​
​simulation​ ​with​ ​dynamic​ ​chemical​ ​surface​ ​coverage​ ​for​ ​the​​comprehensive​​prediction​​of​​discharge​
​and​ ​surface​ ​conditions​ ​during​ ​reactive​ ​sputter​ ​deposition.​ ​Insights​ ​from​ ​this​ ​simulation​ ​study​ ​are​
​finally​​correlated​​with​​a​​data-driven​​classification​​of​​measured​​device-level​​electrical​​characteristics.​
​A​ ​statistical​ ​analysis​ ​over​ ​the​ ​wafer​ ​is​ ​applied​ ​to​ ​over​ ​50,000​ ​devices​ ​to​ ​identify​ ​how​ ​processing​
​conditions​ ​influence​ ​performance​ ​behavior.​ ​The​ ​analysis​ ​reveals​ ​distinct​​device​​types​​linked​​to​​the​
​process​ ​parameters​ ​during​ ​deposition,​ ​highlighting​ ​the​ ​importance​ ​of​ ​plasma​ ​process​ ​control​ ​in​
​determining functional outcomes in nanoscale electronic devices.​
​Funded by the Deutsche Forschungsgemeinschaft – Project-ID 434434223 (SFB 1461).​
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​Kinetic And Fluid Descriptions of Jeans Instability In Collisionless​
​Kappa-Distributed Suprathermal Plasmas​

​Ram Prasad Prajapati and Pooja Dalal​
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​Abstract​

​The​ ​Jeans​ ​gravitational​ ​instability​ ​remains​ ​a​​cornerstone​​of​​structure​​formation​​in​​astrophysics,​​yet​
​most​​classical​​treatments​​assume​​Maxwellian​​equilibrium​​and​​collisional​​fluid​​behaviour.​​However,​
​many​​space​​and​​astrophysical​​plasmas​​from​​the​​circumgalactic​​medium​​(CGM)​​to​​the​​solar​​wind​​are​
​weakly​ ​collisional​ ​and​ ​host​ ​suprathermal​ ​particle​ ​populations​ ​described​ ​by​ ​κ-distributions.​ ​In​ ​the​
​previous​ ​works,​ ​authors​ ​have​ ​investigated​ ​the​ ​Jeans​ ​instability​ ​using​ ​kinetic​ ​theory​ ​within​ ​the​
​nonextensive​ ​framework​ ​[1]​ ​and​ ​including​ ​the​ ​effects​ ​of​ ​collisions​ ​[2].​ ​In​ ​this​ ​talk,​ ​a​ ​unified​
​kinetic-fluid​ ​framework​ ​is​​presented​​to​​investigate​​how​​such​​non-Maxwellian​​velocity​​distributions​
​fundamentally​ ​modify​ ​the​ ​Jeans​ ​gravitational​ ​instability.​ ​Using​ ​the​ ​Boltzmann-Vlasov-Poisson​
​system,​​we​​derive​​a​​generalized​​kinetic​​dispersion​​relation​​incorporating​​the​​κ-dependent​​equilibrium​
​distribution​ ​and​ ​observed​ ​that​ ​the​ ​suprathermal​ ​corrections​ ​significantly​ ​modify​ ​the​ ​critical​ ​Jeans​
​wavenumber and instability growth rates.​

​In​ ​addition,​ ​a​ ​complementary​ ​fluid​ ​description​ ​is​ ​developed​​using​​a​​κ-dependent​​equation​​of​​state,​
​yielding​​modified​​sound​​speeds​​and​​an​​analytically​​dispersion​​relation.​​Comparison​​between​​the​​two​
​approaches​ ​reveals​​that​​kinetic​​theory​​predicts​​systematically​​smaller​​Jeans​​length​​scales​​relative​​to​
​fluid​ ​theory,​ ​owing​ ​to​ ​incomplete​ ​pressure​ ​isotropization​ ​in​ ​collisionless​ ​regimes.​ ​Our​ ​numerical​
​results​ ​demonstrate​ ​that​ ​strong​ ​suprathermal​ ​populations​ ​(low​ ​κ)​ ​suppress​ ​growth​ ​rates,​ ​shift​ ​the​
​most​ ​unstable​​modes​​to​​longer​​wavelengths,​​and​​raise​​the​​effective​​gravitational​​stability​​threshold.​
​Applications​ ​to​ ​the​ ​CGM​ ​show​ ​that​ ​κ-dependent​ ​corrections​ ​can​ ​significantly​ ​alter​ ​gravitational​
​fragmentation scales in realistic astrophysical environments.​
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​Solar magnetic fields and their effects on the surface gravity mode​
​Nishant K. Singh​
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​Abstract​

​The​ ​Sun​ ​offers​ ​to​ ​be​ ​a​ ​unique​ ​laboratory​ ​where​ ​various​ ​predictions​ ​of​ ​the​
​mechanisms​ ​responsible​ ​for​ ​the​ ​generation​ ​of​ ​the​ ​magnetic​ ​fields​ ​can​ ​be​
​observationally​​tested.​​It​​has​​proved​​to​​be​​challenging​​to​​understand​​the​​origins​​of​
​solar​​magnetism​​at​​large,​​viz,​​the​​global​​fields​​revealing​​a​​butterfly​​pattern,​​and​​at​
​small​ ​scales,​ ​e.g.,​ ​the​ ​appearance​ ​of​ ​sunspots​ ​and​ ​active​ ​regions.​​We​​will​​discuss​
​some​ ​latest​ ​developments​ ​on​ ​these​ ​topics​ ​based​ ​on​ ​numerical​ ​and​ ​observational​
​studies.​​It​​is​​likely​​that​​gaps​​in​​our​​understanding​​of​​stellar​​convection​​is​​the​​reason​
​that​ ​the​ ​problem​ ​of​ ​solar/stellar​ ​magnetism​ ​has​​proved​​so​​challenging.​​Feasibility​
​and potentials of magnetically induced perturbations on the solar surface gravity or​
​the f-mode will also be discussed.​
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​Wave modes and intermittency in plasma turbulence of the solar wind​
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​Abstract​

​Plasma​ ​turbulence​ ​is​ ​characterized​ ​by​​energy​​spreading​​and​​cascading​​over​​a​​wide​​range​​of​​scales.​
​Solar​​wind​​is​​an​​ideal​​laboratory​​for​​studying​​plasma​​turbulence.​​These​​different​​scales​​are​​governed​
​by​​different​​physics​​with​​large​​scales​​showing​​magnetohydrodynamic​​(MHD)​​behaviour​​and​​sub-ion​
​gyro-radius​​scales​​showing​​kinetic​​behaviour.​​MHD​​simulations​​show​​the​​presence​​of​​different​​wave​
​modes​ ​that​ ​are​ ​also​ ​observed​ ​in​ ​the​ ​solar​ ​wind.​ ​In​ ​this​ ​range,​ ​we​ ​find​ ​presence​ ​of​ ​both​​weak​​and​
​strong regimes of turbulence with a dominance of Alfvén modes [1].​

​Particle-in-cell​​(PIC)​​simulations​​of​​both​​decaying​​and​​forced​​turbulence​​show​​relative​​abundance​​of​
​kinetic​ ​Alfvén​ ​waves​ ​(KAWs)​ ​at​ ​sub-ion​ ​scales​ ​over​ ​whistler​ ​waves​ ​[2,3].​ ​We​ ​find​ ​strong​
​intermittency​​at​​these​​kinetic​​scales​​manifested​​in​​the​​form​​of​​thin​​current​​sheets.​​We​​use​​clustering​
​techniques​ ​to​ ​identify​ ​these​​current​​sheets​​in​​our​​simulations​​and​​measure​​their​​thickness​​[4].​​They​
​mostly​​seem​​to​​have​​electron​​skin​​depth​​size​​thickness.​​We​​also​​measure​​intermittency​​in​​solar​​wind​
​data​ ​obtained​ ​from​ ​the​ ​NASA​ ​-​ ​Magnetosphere​ ​Multiscale​ ​Mission​ ​(MMS)​ ​magnetometer.​ ​These​
​data​ ​also​ ​show​ ​current​ ​sheets​ ​that​ ​are​ ​thinner​ ​than​ ​the​ ​ion​ ​scale.​ ​These​ ​results​ ​have​ ​important​
​implications for understanding the turbulent dissipation and heating of the solar wind.​
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​Bringing Plasma from Lab-to-Market: Perspective on AI-driven research to​
​accelerate the process​
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​Abstract​

​Non-thermal​ ​plasma​ ​(NTP)​ ​has​ ​emerged​ ​as​ ​a​ ​promising​ ​technology​ ​for​ ​sustainable​ ​chemical​
​synthesis​ ​under​ ​atmospheric​ ​conditions,​ ​enabling​ ​energy-efficient​ ​reactions​ ​without​ ​high​
​temperatures.​ ​Recent​ ​developments​ ​include​ ​plasma-liquid​ ​systems​ ​for​ ​converting​ ​CO​​2​ ​to​ ​organic​
​acids,​​tandem​​NTP-electrochemical​​processes​​for​​ammonia​​production​​from​​air,​​and​​plasma-assisted​
​dry​ ​reforming​ ​of​ ​methane​ ​to​ ​enhance​ ​syngas​ ​yields.​ ​These​ ​advancements​ ​leverage​ ​energetic​
​electrons​​to​​activate​​inert​​molecules​​like​​Nitrogen​​and​​may​​surpass​​limitation​​s​​of​​thermos-catalytic​
​methods.​ ​The​ ​plasma-based​ ​novel​ ​electron​ ​driven​ ​chemical​ ​pathway​ ​may​ ​help​ ​in​ ​developing​ ​new​
​methods for chemical synthesis compatible with intermittent renewable energy sources.​

​However,​ ​scaling​​NTP​​to​​industrial​​levels​​faces​​significant​​challenges,​​such​​as​​non-uniform​​plasma​
​distribution​ ​constraining​ ​reactor​ ​volumes​ ​and​ ​throughput,​ ​low​ ​overall​ ​energy​ ​efficiencies​ ​often​
​below​ ​20%​ ​due​ ​to​ ​inefficient​ ​energy​ ​coupling​ ​in​ ​plasma​ ​discharges,​ ​and​ ​compatibility​​issues​​with​
​high-voltage​​systems.​​Furthermore,​​while​​plasma​​can​​synergistically​​integrate​​with​​catalysts​​to​​boost​
​reaction​ ​selectivity​ ​and​ ​yields,​ ​issues​ ​like​ ​catalyst​ ​deactivation​ ​under​ ​plasma​ ​exposure​ ​complicate​
​scaling​ ​efforts.​ ​Developing​ ​specialized​ ​power​ ​supplies,​ ​such​ ​as​ ​pulsed​ ​high-frequency​ ​units,​ ​is​
​crucial​​to​​improve​​efficiency​​and​​reduce​​costs,​​but​​integration​​with​​existing​​infrastructure​​remains​​a​
​hurdle.​
​Artificial​ ​intelligence​ ​(AI)​ ​offers​ ​transformative​ ​potential​ ​to​ ​accelerate​ ​this​ ​transition.​ ​In​ ​plasma​
​science,​ ​AI-driven​ ​simulations​ ​optimize​ ​reactor​ ​designs​ ​via​ ​machine​ ​learning​ ​(ML)​ ​for​ ​predictive​
​modeling​​and​​performance​​optimization​​using​​minimal​​data.​​In​​chemistry​​and​​physics,​​AI​​enhances​
​diagnostics​​by​​rapidly​​analyzing​​sensor​​data​​to​​estimate​​plasma​​properties.​​Additionally,​​AI,​​through​
​techniques​ ​like​ ​physics-informed​ ​neural​ ​networks,​ ​supports​​multiphysics-chemistry​​simulations​​for​
​deeper​ ​insights​ ​into​ ​chemical​ ​kinetics​ ​in​ ​plasma​ ​systems.​ ​For​ ​materials​ ​science,​ ​AI-accelerated​
​multiscale​ ​atomistic​ ​modeling​ ​aids​ ​in​ ​understanding​ ​plasma-material​ ​interactions.​ ​In​​power​​supply​
​engineering,​ ​AI​ ​facilitates​ ​generative​ ​design​ ​and​ ​topology​ ​optimization​ ​for​ ​creating​ ​compact,​
​efficient​ ​high-voltage​ ​systems​ ​tailored​ ​to​ ​plasma​ ​applications.​ ​Overall,​ ​AI​ ​integrates​ ​data​ ​from​
​experiments​​and​​simulations​​to​​reduce​​development​​time,​​bridging​​lab-scale​​innovations​​to​​industrial​
​deployment​ ​for​ ​sustainable​ ​chemical​ ​processes.​​This​​work​​will​​possibly​​throw​​light​​on​​ongoing​​AI​
​activities and their untapped potential for advancing plasma applications.​
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​Abstract​

​Cold​ ​Atmospheric​ ​Plasma​ ​(CAP)​ ​is​ ​a​ ​non-thermal​ ​atmospheric​ ​pressure​ ​plasma​ ​that​ ​operates​ ​at​
​near-room​​temperatures​​while​​maintaining​​high​​electron​​energies.​​Unlike​​thermal​​plasmas,​​CAP​​can​
​be​ ​safely​ ​applied​ ​to​ ​heat-sensitive​ ​surfaces​ ​and​ ​living​ ​tissues,​ ​making​ ​it​ ​suitable​ ​for​ ​diverse​
​applications​ ​such​ ​as​ ​sterilization,​ ​wound​ ​healing,​ ​cancer​ ​therapy,​ ​and​ ​environmental​ ​remediation​
​[1][2].​ ​Its​ ​operation​ ​at​ ​atmospheric​ ​pressure​ ​further​ ​enhances​​its​​practicality​​by​​removing​​the​​need​
​for​​complex​​vacuum​​infrastructure,​​thus​​allowing​​for​​portable​​and​​scalable​​plasma​​devices​​[3][4].​​In​
​this​ ​presentation,​ ​I​ ​shall​ ​briefly​ ​talk​ ​about​ ​the​ ​generation​ ​mechanism​ ​of​ ​CAP,​ ​which​ ​makes​ ​it​
​different​​from​​low​​pressure​​plasma.​​The​​plasma​​diagnostics​​at​​atmospheric​​pressure​​has​​often​​eluded​
​researchers.​ ​I​ ​shall​ ​be​ ​presenting​ ​the​ ​work​ ​done​ ​from​ ​our​ ​group​ ​in​ ​this​ ​domain.​ ​Also,​ ​some​
​interesting​ ​applications​ ​of​ ​CAPs​ ​will​ ​be​ ​discussed,​ ​which​ ​demonstrate​ ​significant​ ​promise​ ​in​
​medicine,​ ​agriculture,​ ​and​ ​materials​ ​processing,​ ​positioning​ ​it​ ​as​ ​a​ ​key​ ​technology​ ​for​ ​sustainable​
​and non-invasive solutions in the 21st century..​
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​TAILORING AND CONTROLLING PLASMA PROPERTIES IN RADIO​
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​Abstract​

​Plasma​​processes,​​such​​as​​etching​​and​​depositions,​​are​​key​​steps​​in​​semiconductor​​device​​fabrication​
​and​​frequently​​utilize​​radio​​frequency​​(​​RF​​)​​discharges.​​Tailoring​​and​​controlling​​plasma​​properties​​in​
​these​​devices​​is​​crucial​​for​​enhancing​​plasma​​processing​​rates​​while​​avoiding​​substrate​​damage.​​This​
​is​​often​​challenging​​due​​to​​non-linear​​electron​​sheath​​interaction,​​which​​is​​primarily​​responsible​​for​
​the​​power​​deposition​​from​​RF​​field​​to​​plasma​​discharge.​​Thus,​​a​​primary​​understanding​​and​​control​
​over​ ​electron​ ​dynamics​ ​and​ ​heating​ ​mechanisms​​in​​RF​​discharges​​are​​vital​​for​​designing​​advanced​
​plasma​ ​processing​ ​reactors.​ ​In​ ​this​ ​talk,​ ​experimental​ ​and​ ​simulation​ ​studies​ ​for​ ​tailoring​ ​plasma​
​properties​ ​and​ ​asymmetry​ ​using​ ​an​ ​external​ ​magnetic​ ​field​ ​and​ ​discharge​ ​excitation​ ​by​ ​a​
​non-sinusoidal waveform respectively will be presented.​
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​waveform driven capacitively coupled plasma discharge,​​Physics of Plasmas​​,​​31​​,​​123507 (2024)​
​[3]​ ​Spatial​ ​flux​ ​and​ ​energy​ ​asymmetry​ ​in​ ​a​ ​low​ ​pressure​ ​capacitively​ ​coupled​ ​plasma​ ​discharge​
​excited by sawtooth waveform: A harmonic study​​, Physics​​of Plasmas,​​30​​,​​073506 (2023)​
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​Plasma Catalysis for CO​​2​​Conversion to Value Added​​Products​
​C. Subrahmanyam​

​Department of Chemistry, IIT Hyderabad, Kandi-502284, Telangana, India​
​E-mail : csubbu@iith.ac.in​

​A​​bstract​
​The​ ​dissociation​ ​of​ ​CO​​2​ ​into​​CO​​and​​O2​​is​​industrially​​important,​​as​​CO​​serves​​as​​a​​key​​feedstock​
​for​ ​the​ ​preparation​ ​of​ ​several​ ​petrochemical​ ​products.​ ​Thermal​ ​catalysis​ ​requires​ ​very​ ​high​
​temperatures​ ​to​ ​achieve​ ​an​ ​appreciable​ ​conversion.​ ​In​ ​this​ ​context,​ ​non-thermal​ ​plasma​ ​(NTP)​
​catalysis​ ​is​ ​an​ ​alternative,​ ​as​ ​NTP​ ​operates​ ​under​ ​ambient​ ​conditions.​ ​NTP​ ​generates​ ​energetic​
​electrons​​and​​reactive​​species​​that​​are​​capable​​of​​promoting​​CO​​2​ ​dissociation​​under​​mild​​conditions.​
​Various​ ​NTP​ ​configurations​ ​like​ ​DBD,​ ​corona,​ ​glow,​ ​microwave,​ ​and​ ​gliding​ ​arc​ ​discharges​ ​were​
​tested,​ ​among​ ​them,​ ​DBD​ ​plasma​ ​offers​ ​a​ ​stable,​ ​uniform​ ​discharge,​ ​making​ ​it​ ​suitable​ ​for​
​large-scale CO​​2​ ​conversion.​

​This presentation will provide the insights on the following:​
​⮚​ ​To​​understand​​the​​effect​​of​​non-catalytic​​glass​​packing​​materials​​integration​​to​​DBD​​on​​CO​​2​

​conversion and CO selectivity.​
​⮚​ ​To​ ​understand​​the​​role​​of​​metal​​oxides​​catalysts​​in​​enhancing​​CO​​2​ ​conversion​​and​​CO​​yield​

​under​ ​non-thermal​ ​plasma​ ​conditions,​ ​and​ ​to​ ​understand​ ​the​ ​synergistic​ ​effect​ ​between​
​plasma and catalyst.​

​⮚​ ​To​ ​understand​​the​​influence​​of​​basic​​metal​​oxides​​integration​​to​​DBD​​reactor​​for​​promoting​
​CO​​2​ ​decomposition and to identify optimal catalyst​​for​​in-plasma​​performance.​

​⮚​ ​To understand plasma catalysis for dry reforming of methane​
​⮚​ ​To​​understand​​the​​influence​​of​​H​​2​​S​​on​​the​​biogas​​(CH​​4​ ​and​​CO​​2​​)​​reforming​​and​​to​​assess​​the​

​role of dielectric packing materials​
​⮚​ ​To​ ​understand​ ​the​ ​H​​2​​S​ ​impact​ ​on​ ​plasma-assisted​ ​DRM,​ ​focusing​ ​on​ ​the​ ​catalyst​

​performance, reaction pathways, and syngas composition.​

​References :​
​[1] M. Umamaheswara Rao et al., Chem. Eng. Sci. 267, 118376, 2023​
​[2] M. Umamaheswara Rao et al., Ind. Eng. Chem. Res. 63, 9336, 2024​
​[3] M. Umamaheswara Rao et al, Chem. Eng. J. 468, 143671, 2023​
​[4] M. Umamaheswara Rao, et al., Biomass Bioenergy 173, 106781, 2023​
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​Critical Aspects on Thermal Management of TWTs for Space Applications​

​Vishant Gahlaut​
​Depaertment of Physical Sciences​

​Banasthali Vidyapith, Rajasthan - 304022​

​Traveling‐wave​ ​tubes​ ​(TWTs)​ ​are​ ​widely​ ​used​ ​in​ ​spaceborne​​high‐power​​RF​​amplification,​
​where​ ​efficient​ ​thermal​ ​management​ ​is​ ​crucial​ ​to​ ​maintain​ ​performance,​ ​reliability,​ ​and​
​lifetime​ ​under​ ​strict​ ​mass,​ ​volume,​ ​and​ ​power​ ​constraints.​ ​In​ ​the​ ​vacuum​ ​of​ ​space,​ ​heat​
​dissipation​ ​is​ ​limited​ ​to​ ​conduction​ ​through​​structural​​supports​​and​​radiation​​to​​deep​​space;​
​there​ ​is​ ​no​ ​convective​ ​cooling.​ ​The​ ​primary​ ​thermal​ ​challenges​ ​of​ ​TWTs—including​ ​heat​
​generation​​from​​electron​​beams,​​RF​​losses​​in​​slow-wave​​structures,​​collector​​dissipation,​​and​
​thermal​ ​cycling​ ​due​ ​to​ ​orbital​ ​and​ ​operational​ ​variations.​ ​We​ ​review​ ​recent​ ​advances​ ​in​
​thermal​ ​control​ ​technologies​ ​relevant​ ​for​ ​TWTs:​ ​high‐conductivity​ ​materials​ ​and​ ​thermal​
​interfaces;​ ​integration​ ​of​ ​passive​ ​and​ ​hybrid​ ​heat​ ​pipes;​ ​radiator​ ​panel​ ​designs​ ​tailored​ ​to​
​maximize​ ​emissivity​ ​while​ ​minimizing​ ​mass.​ ​Numerical​ ​modelling​ ​and​ ​experimental​
​techniques​​(e.g.,​​thermal​​vacuum​​testing,​​transient​​performance​​analyses)​​are​​emphasized​​as​
​essential​ ​for​ ​design​ ​validation.​ ​Trade‐offs​ ​among​ ​heat​ ​rejection​ ​capability,​ ​mass,​ ​and​
​reliability​ ​are​ ​quantified.​​The​​abstracted​​findings​​suggest​​that​​novel​​heat​​pipe​​radiator​​units,​
​with​​carefully​​engineered​​wick​​structures​​and​​optimized​​surfaces,​​are​​effective​​for​​waste​​heat​
​rejection in space environments.​
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​Role of cold plasma in improvement of technofuctional properties of plant​
​proteins​

​Dr. Trivikram Reddy Nallamilli​

​Department of Chemical Engineering, I.I.T. Tirupati​

​Abstract:​

​Techno​ ​functional​ ​properties​ ​of​ ​plant​ ​proteins​ ​are​ ​crucial​ ​in​ ​the​​food​​industry​​because​​they​
​determine​ ​how​ ​proteins​ ​behave​ ​during​​food​​processing,​​preparation,​​and​​storage.​​Properties​
​such​ ​as​ ​solubility,​ ​emulsification,​ ​foaming,​ ​gelation,​ ​and​ ​water-​ ​and​ ​oil-holding​ ​capacity​
​influence​ ​the​ ​texture,​ ​stability,​ ​appearance,​ ​and​ ​sensory​ ​quality​ ​of​ ​food​ ​products.​ ​Good​
​techno​​functional​​performance​​allows​​plant​​proteins​​to​​effectively​​replace​​animal​​proteins​​in​
​products​ ​like​ ​meat​ ​analogues,​ ​dairy​ ​alternatives,​ ​baked​ ​goods,​ ​and​ ​beverages.​ ​Therefore,​
​optimizing​ ​these​ ​properties​ ​is​ ​essential​ ​for​ ​developing​ ​appealing,​ ​stable,​ ​and​
​consumer-acceptable plant-based foods.​

​Plant​ ​proteins​ ​generally​ ​exhibit​ ​poorer​ ​techno​ ​functional​ ​properties​ ​compared​ ​to​ ​animal​
​proteins​ ​due​ ​to​ ​their​ ​compact​ ​molecular​ ​structure,​ ​lower​ ​solubility,​ ​and​ ​presence​ ​of​
​antinutritional​​factors​​such​​as​​polyphenols​​and​​phytates.​​These​​characteristics​​often​​limit​​their​
​emulsifying,​​foaming,​​and​​gelation​​abilities,​​resulting​​in​​weaker​​texture​​and​​reduced​​stability​
​in​​food​​systems.​​In​​addition,​​plant​​proteins​​may​​show​​inconsistent​​performance​​under​​varying​
​pH,​ ​temperature,​ ​and​ ​ionic​ ​conditions​ ​during​ ​processing.​ ​Such​ ​shortcomings​ ​make​ ​it​
​challenging​​to​​fully​​replicate​​the​​functional​​performance​​of​​animal​​proteins​​in​​food​​products​
​without additional modification or processing.​

​Cold​​plasma​​treatment​​is​​an​​emerging,​​non-thermal​​technology​​that​​plays​​an​​important​​role​​in​
​improving​ ​the​ ​techno​​functional​​properties​​of​​plant​​proteins.​​By​​inducing​​controlled​​surface​
​modification,​ ​oxidation,​ ​and​ ​partial​ ​unfolding​ ​of​ ​protein​ ​structures,​ ​cold​ ​plasma​ ​enhances​
​properties​ ​such​ ​as​ ​solubility,​ ​emulsifying​ ​capacity,​ ​foaming​ ​ability,​ ​and​ ​water-​ ​and​
​oil-holding​​capacities.​​These​​modifications​​occur​​without​​significant​​heat​​damage,​​preserving​
​nutritional​ ​quality​​while​​improving​​functionality.​​As​​a​​result,​​cold​​plasma​​treatment​​offers​​a​
​sustainable​ ​and​ ​efficient​ ​approach​ ​to​ ​tailoring​ ​plant​ ​proteins​ ​for​ ​use​ ​in​ ​diverse​ ​food​
​applications, supporting the development of high-quality plant-based products.​

​In​ ​my​ ​talk,​ ​I​ ​will​ ​discuss​ ​about​ ​our​​recent​​work​​on​​modification​​of​​pea​​proteins​​using​​cold​
​plasma.​​The​​effect​​of​​cold​​plasma​​treatment​​on​​structural​​changes​​of​​pea​​proteins​​and​​how​​it​
​affects​​the​​protein​​interaction​​with​​other​​polysaccharides​​i.e.​​coacervation​​behaviour.​​Further,​
​the​​role​​of​​cold​​plasma​​treatment​​on​​electrospinning​​characteristics​​of​​pea​​protein​​fibers​​and​
​its​ ​effects​ ​on​ ​structural,​ ​thermal,​ ​mechanical​ ​and​ ​bioactive​ ​release​ ​characteristics​ ​will​ ​be​
​discussed.​

​References:​

​[1]​​Kumar,​​Prashant,​​et​​al.​​"Effect​​of​​atmospheric​​pressure​​cold​​plasma​​treatment​​on​​charge,​
​structure,​ ​thermal​ ​properties​ ​and​ ​coacervation​ ​behavior​ ​of​ ​Pea​ ​protein​ ​isolate​ ​with​
​Alginate." ​​Innovative Food Science & Emerging Technologies​​ 101 (2025):​​103948.​
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​Cold Plasma for Solid Radioactive Waste Treatment​

​Rajib Kar​​1,2​​, Vishakha Bende​​1,2​​, Vanita Sekar​​1​​, R.L.​​Bhardwaj​​1​​, J.P. Nilaya​​1,2​ ​M.L. Mascarenhas​​3​

​1​​Laser & Plasma Technology Division, Bhabha Atomic​​Research Centre, Mumbai-400085​
​2​​Homi Bhabha National Institute, Mumbai- 400094​

​3​​Beam Technology Development Group, Bhabha Atomic​​Research Centre, Mumbai-400085​

​E-mail:​​rajibkar@barc.gov.in​

​Abstract​

​Plasma​ ​remains​ ​an​ ​underexplored​ ​tool​ ​in​ ​nuclear​ ​waste​ ​management.​ ​To​ ​evaluate​ ​its​ ​potential,​ ​a​
​non-thermal​​atmospheric​​pressure​​plasma​​jet​​(APPJ)​​operating​​at​​2.45​​GHz​​was​​first​​developed​​and​
​spectroscopically​ ​characterized​ ​to​ ​define​ ​its​ ​operational​ ​regime.​ ​Its​ ​efficacy​ ​was​​validated​​through​
​etching​ ​experiments​ ​on​ ​tantalum​ ​(Ta),​ ​a​ ​surrogate​ ​for​ ​plutonium​ ​(Pu),​ ​before​ ​deployment​ ​inside​​a​
​radioactive​ ​glove​ ​box​ ​for​ ​the​ ​removal​ ​of​ ​Pu-based​ ​synthetic​ ​wastes.​ ​A​ ​scaled-up​ ​multi-electrode​
​version​​of​​this​​APPJ​​achieved​​comparable​​waste​​removal​​(~92%)​​while​​reducing​​treatment​​time​​by​
​50%.​ ​To​ ​extend​ ​decontamination​ ​to​ ​larger​ ​surface​ ​areas,​ ​a​ ​13.56​ ​MHz​ ​radio-frequency​ ​hollow​
​cathode​ ​(HC)​ ​plasma​ ​device​ ​with​ ​a​ ​50​ ​cm²​ ​active​ ​area​ ​was​ ​subsequently​ ​designed.​ ​Parametric​
​optimization​​identified​​an​​optimal​​feed​​gas​​mixture​​of​​6​​LPM​​He,​​2​​LPM​​Ar,​​20​​SCCM​​CF₄,​​and​​10​
​SCCM​ ​O₂,​​enabling​​stable​​long-duration​​operation​​and​​maximum​​etching​​rates.​​Characterization​​of​
​etched​ ​Ta​ ​by​ ​weight​ ​loss,​ ​SEM,​ ​XRD,​ ​and​ ​XPS​ ​confirmed​ ​conversion​ ​to​ ​volatile​ ​TaF₃,​ ​with​ ​O₂​
​addition​ ​producing​ ​a​ ​thin​ ​oxide​ ​layer​ ​that​ ​did​ ​not​ ​impede​ ​etching.​ ​Chemical​ ​etching​​studies​​using​
​this​ ​optimized​ ​plasma​ ​composition​ ​on​ ​synthetic​ ​radioactive​​samples​​further​​demonstrated​​effective​
​uranium​ ​(U)​ ​decontamination,​ ​reflected​ ​in​ ​reduced​ ​alpha​ ​activity.​ ​These​ ​results​ ​establish​ ​cold​
​plasma–based​ ​methods​ ​as​ ​promising​ ​candidates​ ​for​ ​scalable​ ​solid​ ​radioactive​ ​waste​ ​treatment​
​technologies.​

​References:​

​[1]​​Kar,​​R.,​​Bhattacharyya,​​K.,​​Phatak,​​R.​​A.,​​Shafeeq,​​M.,​​Keskar,​​N.,​​Sekar,​​V.,​​...​​&​​Mascarenhas,​
​M.​ ​L.​ ​(2025).​ ​Development​ ​of​ ​a​ ​large-area​ ​atmospheric​ ​cold​ ​plasma​ ​device​ ​for​ ​radioactive​ ​waste​
​decontamination:​ ​Parametric​ ​optimization​ ​studies​ ​with​ ​Ta​ ​&​ ​U.​ ​Journal​ ​of​ ​Nuclear​ ​Materials,​
​156039.​
​[2]​ ​Kar,​ ​R.,​ ​Bute,​ ​A.,​ ​Chand,​ ​N.,​ ​Chandra,​ ​R.,​ ​Patil,​ ​D.​ ​S.,​ ​Jagasia,​ ​P.,​ ​...​ ​&​ ​Sinha,​ ​S.​ ​(2018).​
​Feasibility​​of​​using​​non-thermal​​microwave​​plasma​​for​​nuclear​​waste​​management:​​A​​detailed​​study​
​backed by plasma spectroscopy. Environmental Technology & Innovation, 12, 219-229.​
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Conclusion 

Cold plasma technology presents a powerful opportunity for sustainable, resilient, and productive 

organic farming, particularly for smallholder farmers. By improving seed health, strengthening plant 

growth, reducing disease risks, and minimizing dependency on external inputs, cold plasma supports 

eco-friendly agriculture and enhances farmer livelihoods. With increasing research, accessibility, and 

field validation, cold plasma is emerging as a transformative tool for the future of organic agriculture 

and horticulture. 
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Magnetic Reconnection at Hyperbolic Flux Tube Associated with a Confined 

Flare in NOAA Active Region 12268 
 

Name(s) of the author : Sanjay Kumar, Sadashiv, Pawan Kumar, Sushree S. Nayak , and R. 

Bhattacharyya 
 

Affiliation : Department of Physics, Patna University, Patna -800005 
 

E-mail : sanjay-phy@pup.ac.in 
 

 

 

Abstract 
 

 

 

In this work, we identify the magnetic reconnections at the hyperbolic flux tube (HFT), aided by 

slipping reconnection at quasi separatrix layers (QSLs), central to the occurrence of a confined M2.1 

class flare in NOAA active region 12268. Magnetic field topology prior to the onset of the flare is 

obtained using a non-force-free field extrapolation scheme, which supports non-zero Lorentz force. 

Important is the presence of a HFT in the extrapolated volume above the flaring region, along with 

two QSLs at the bottom boundary. Interestingly, the HFT translates into a series of X-shaped field line 

geometry when projected in planes. To simulate the active region's dynamics, we perform a data-

constrained magnetohydrodynamics (MHD) simulation of the active region initiated by the 

extrapolated field. The simulated dynamics documents the development of current sheets in the X-

shaped geometry of the HFT --- leading to the magnetic reconnection at the HFT. In addition to that, 

slipping motion of the footpoints of the magnetic field lines in the QSLs is observed, which is an 

indication of the slipping reconnection. Importantly, the reconnections at the HFT and the QSLs are 

found to contribute in giving rise the pre-flare brightenings as well as the formation of the complex 

flare ribbons.   
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ENERGY TRANSFER BETWEEN TWO CROSSED LASER BEAMS IN NON-

ISOTHERMAL PLASMA 

 
Deepak Tripathi 

 

Department of physics, USBS, USAR, GGSIP University, East Campus, Delhi- 110092, India 

 
E-mail: deepakkrt@gmail.com 

 

 
 

Abstract 

 

 
The modeling of energy transfer between two laser beams for finite spot size crossing in plasma is 

presented. A high frequency and high amplitude pump wave transfer its energy to a low frequency low 

amplitude probe beam through the coupling with a difference frequency electrostatic mode/ quasimode 

in a plasma. The pump and probe beams driven by the ponderomotive force. The laser imparts an 

oscillatory velocity to electrons associated with electron density perturbation with the electrostatic 

mode due to the lasers produce nonlinear current densities.  For solving the wave equations facilitating 

the energy transfer from the high frequency laser to the low frequency probe beam. Significant amount 

of energy transfer when the phase matching conditions are satisfied. 
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Development of the TRADE System Code for Tokamak Reactor Design 

Prachi jain1,2,* , Amit K. Singh1,2,3 , Indranil Bandyopadhyay1,2,3 

 Institute for Plasma Research, Bhat, Gandhinagar, 382428, Gujarat (India) 
Homi Bhabha National Institute (HBNI), Anushaktinagar, Mumbai 400094, Maharashtra, India 

ITER-India, Institute for Plasma Research, Bhat, Gandhinagar 382428, Gujarat, India 
E-mail : prachi.jain@ipr.res.in 

Abstract 

We report here the indigenous  development of an advanced system design code called - TRADE 
(Tokamak Reactor Analysis and Design Evolution)  to be used - for design, analysis and 
optimization of tokamak based fusion power reactors. The code combines physics-based models, 
engineering scaling laws, and empirical correlations to capture key aspects of plasma performance 
and reactor operation. It systematically studies how core tokamak parameters - such as plasma aspect 
ratio, magnetic field, edge safety factor , elongation,  triangularity etc.  affect reactor outputs. Key 
performance indicators evaluated include output fusion power, fusion power gain (Q), bootstrap 
current fraction, energy confinement time, neutron wall loading etc. The code is being extensively 
benchmarked with the PROCESS code developed by UKAEA [1] , which is widely used by the 
fusion community for reactor studies. We present results of these benchmarking in this paper . 

A major enhancement of the code is the integration of a new equilibrium solver capable of 
generating both forward and inverse equilibria in a fully self-consistent manner. This capability 
allows systematic exploration of plasma shaping, including negative triangularity, by optimizing coil 
positions to achieve improved stability. Using this approach, TRADE generates robust equilibria for 
both negative and positive triangularity plasmas. The code is being used for the design of SST-
Bharat [2], demonstrating consistent equilibrium solutions across a wide range of shapes and 
operating scenarios. With ongoing development, including the incorporation of additional physics 
and engineering factors, TRADE provides a powerful and flexible platform for reactor design 
optimization and future operational studies. 

References : 
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 Comparison of System Codes for Fusion Power Plant Design: SARAS and 

PROCESS 
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Abstract 
  

 

 

There exists a number of computer tools for scoping studies for defining the parameters for fusion 

power plant with different approaches [1,2,3,4,5]. In this talk we examine the key physics and 

engineering drivers that set boundaries on various parameters such as major radius, aspect ratio, 

elongation, magnetic field, plasma current, pulse length, fusion power and fusion gain by two different 

system codes SARAS and PROCESS. SARAS code with SciLab based workflows [2] and PROCESS, 

a well-known code from UKAEA based on Fortran and Python languages [1]. We present the recent 

results of analysis using two codes and the uncertainties in the underlying assumptions specifically on 

the models of bootstrap current fraction, current drive efficiency, operational current limits of TF 

magnets and their impact on power plant design and engineering [6]. 

 

 

A critical requirement for economic viability is the long pulse operation, that requires efficient current 

drive. This factor can strongly determine the fusion gain and hence ability to generate net electricity. 

We show the insights into the calculations and 3D modeling capabilities for an ST power plant of 3.5 

m major radius and 1200 MW fusion power [6] and a gross electricity producing fusion pilot plant of 

similar size and 1/3rd of fusion power [7]. The insights from these studies will be discussed in the 

context of extrapolating towards high-field, high power, HTS-based compact machines.  
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Abstract 
 
 
Theoretical studies of short laser pulse (L<λp; L: laser pulse length, λp: plasma wavelength) 
self-guiding inside underdense plasma has been disregarded over the years. It was first proposed by 
Lu et al., [1] that short laser pulses could be guided and later, an analytical formulation was put 
forward by Gorbunov et al., [2], considering the non-linear wakefield effects. We have reported for 
the first time numerical optimization studies on guiding of short Gaussian laser pulses and further its 
effect of upward density ramp profiles [3]. However, in practical cases, laser pulse deviate from the 
ideal Gaussian profile and was found to match with q-Gaussian profile making it the important 
recent consideration for theoretical investigations with the aim to make theoretical estimations more 
realistic. 
 
In this paper, we present a numerical study of q-Gaussian short (L<λp) laser pulse self-guiding inside 
under dense plasma. Second order differential equations of laser spot size evolution along the 
propagation length for a q-Gaussian profile considering effect of wakefield non-linearity was derived 
and solved numerically. Compared to Gaussian, a q-Gaussian laser profile could be self-guided for 
comparatively lower laser intensity (a0~0.8), laser and plasma parameters remaining same. Most 
interestingly, inclusion of an optimum upward density ramp showed stable guiding with a lesser 
steep density ramp (d=12) and at comparatively lower minimum intensity of a0~0.2. Such numerical 
studies of short (L<λp) laser pulse propagation considering q-Gaussian laser profile has not been 
reported till date. 
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Abstract 
 

 

Atmospheric pressure air plasma is used extensively in various fields, including material processing, 

agriculture, waste treatment, and plasma-assisted combustion, among others [1]. The intricacy of the 

physics and chemistry of non-equilibrium atmospheric pressure plasmas makes it difficult to develop 

effective techniques for employing optical emission spectroscopy (OES). This study integrates 

machine learning (ML) with collisional radiative (CR) modelling of nitrogen plasma to facilitate rapid 

and accurate real-time plasma diagnostics. Here, two machine learning techniques: the Random Forest 

(RF) model and the Deep Neural Network (DNN) are used to predict the electron density (ne) of 

atmospheric pressure air plasma [2]. A labelled data set was created where line intensities are mapped 

to ne using the outputs from the vibrationally resolved nitrogen CR model to develop ML models which 

can mimic the physics of the CR model. The present CR-coupled ML models were applied to 

characterise a pin-to-plate discharge system. The OES measurements obtained from these experiments 

were used to estimate the ne independently from both the CR model and ML methods and found to be 

in good agreement. Compared to the conventional OES+CR model technique, this novel method of 

combining ML with CR models offers both the speed and accuracy of plasma diagnostics under various 

operating parameter regimes. More detailed results will be presented during the symposium. 
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Abstract 
 

 

The study of thermodynamics has proliferated in the realm of plasma research, encompassing 

fundamental investigations such as magneto-fluid coupling, equations of state, and the self-

organization of particles, to numerous applications, including plasma heat pumps and engines, and 

space thrusters.  Of particular importance are magnetically confined plasmas, where the magnetic field 

regulates the thermodynamic properties and the energy content of the plasma locally. Consequently, 

investigating thermodynamic properties in such systems remains a subject of continued interest.  

 

The polytropic index is an important parameter that characterizes compression and expansion in a 

thermodynamic system and is intricately related with the equation of state of the plasma. Macroscopic 

study of the polytropic index enhances our understanding of the heating mechanisms and energy 

exchange processes. In the present study, the polytropic index of electrons in a magnetized plasma is 

experimentally investigated under conditions of heating, change in internal energy, and anisotropic 

work done [1-2] in the presence of a dipole magnetic field, by modifying the kinetic degrees of freedom 

and effective dimensionality [3] in the anisotropic plasma. The measurements reveal localized regions 

of superadiabatic electrons [4] for the first time in a laboratory setting. They arise from particle 

acceleration and energization through non-resonant gradient and curvature heating [5] in both 

perpendicular and parallel directions to the dipole field, respectively. 

 

The details of the observation of superadiabaticity and associated plasma thermodynamics will be 

presented at the conference.  
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Abstract 
 
 
 
We present a study of solar filament eruption that is associated with a flare of GOES B8.9 class on 
13 July 2015. A Pre-flare activity ≈ 20 min before the flare makes the filament unstable; however, it 
does not erupt. The filament starts to rise when the B8.9 flare occurs. After the filament eruption, it 
produces a coronal mass ejection. We have used the data from the Atmospheric Imaging Assembly 
and the Helioseismic and Magnetic Imager onboard the Solar Dynamics Observatory, and from the 
Large Angle and Spectrometric Coronagraph onboard the Solar and Heliospheric Observatory. An 
interesting feature of this event is the presence of a large circular brightening formed around the 
erupting region. This brightening is produced due to the partial reconnection of the erupting 
magnetic configuration with the overlying field at a magnetic null point. The spatial and temporal 
evolution of the photospheric magnetic field shows the continuous cancellation at the PIL first 
building up the filament configuration and second pushing it to instability. A PFSS extrapolation 
reveals the fan-spine topology with the footpoints of the field lines in the vicinity of the fan at the 
location of the large circular brightening. The computed height of the null point from observations 
and extrapolation agree to be ≈ 50 Mm. During the eruption, the nearby EUV loops contract and then 
expansd, which is explained in light of the observed evolution and a proposed scenario. 
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Abstract 
 
 
 

The kind of interaction between solar wind and terrestrial magnetosphere depends up on the plasma 
structures present in the solar wind. This interaction builds a chain of activities on the geo- magnetic 
environment. However, the intensity of these activities depends up on the orientation and the strength 
of IMF Bz embedded within the solar wind. One such plasma structure is a magnetic cloud identified 
by its unique and measurable features. It is a kind of large scale interplanetary solar wind plasma 
structure resulted as a transient ejection of the solar plasma in the solar wind. Its characteristics were 
first time reported by a group of scientists, who have studied the solar wind ejection with the help of 
several satellites data simultaneously. Present study deals with the behaviour of these interplanetary 
magnetic clouds and the behavior of ground level enhancement events (GLEs) as well as studying 
the Forbush decrease events simultaneously. We studied these events during the phase of highly 
intense or ultra-intense geomagnetic field perturbations. We have utilized the IMF and Solar data 
provided by Omniweb-NASA and the geomagnetic data obtained through magnetometers, measured 
and provided by WDC Kyoto. Events are further investigated using the data of SIS/ Ulysses to find 
He and HeO concentrations. Our results indicate that energetic particles coming from deep surface 
interact with these abnormal solar and IP conditions (Magnetic clouds) and suffer modulation effects. 
It is found that AP and AE indices show rise before the forward turnings of IMF, while the Dst index 
depicts a classic storm time decrease. The analysis indicates that the magnitude of all the responses 
depends on BZ component of IMF being well correlated with solar maximum and minimum periods.  
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Abstract 
 
 
 
Utilizing a chronology of geomagnetic storm occurrences between 2019 and 2025 during solar cycle 
25, we have studied 81 event. One of the most prominent events was in May 2024, when a strong 
geomagnetic storm was caused by a string of strong coronal mass ejections (CMEs) and solar flares. 
The association among SW characteristics and geomagnetic field's indications during major 
geomagnetic storms in the solar cycles 25 is investigated using empirical approaches and statistical 
correlation. During the several major stages of geomagnetic activity occured. The relationship of 
disturbance in space weather is defined by the correlation (Cr) between SW features with varying 
values for Dst, Kp, and Ap indices. The interplanetary magnetic field (IMF) B was shown to be 
strongly positively correlated (Cr > 0.70) with Kp, SW speed, and solar wind (SW) pressure. The 
ascending phase of Solar Cycle 25 marks a notable transformation in storm dynamics, with only 81 
storms reported, and ICME events emerge as the most frequent type. ICMEs and their accompanying 
structures predominantly caused intense geomagnetic storms, whereas CIRs were responsible for 
moderate storms.  
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Abstract 
 
 
 

It is well known that the size of outer radiation belt is much larger than the inner radiation belt. The 
flux of highly energetic particles like electrons can be increased and decreased as a consequence of 
geomagnetic storms. Certainly it may cause the working of artificial satellites, spaceships etc. This is 
because of acceleration and injection of energetic particle from the tail of the magnetosphere. Here 
the wave particle interaction is studied between the whistler mode waves in the frequency range of 
extreme low frequency (ELF) and very low frequency (VLF) and counter streaming energetic 
electrons beam. This paper discusses the decrease of electron flux considering cyclotron resonance 
and pitch angle diffusion at L=4, 5 and 6 in outer radiation belt. 
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Abstract 
 
 

 
Electron-acoustic solitary waves (EASWs) in quantum plasma comprising stationary ions, cold 
electrons, hot electrons, and kappa-distributed electrons have been investigated. The generalized 
Kappa-Fermi distribution has been modified to include electrostatic energy contribution and the 
number density of Kappa electrons has been obtained using this modified distribution. Utilizing the 
quantum hydrodynamic (QHD) model, a dispersion relation has been derived for linear EAWs. 
Employing the standard reductive perturbation technique, a Korteweg–de Vries (KdV) equation 
governing the dynamics of EAWs have been derived. The quantum mechanical effects of different 
parameters like kappa index, Mach number and equilibrium kappa electron density have been 
examined on the profiles of EASWs. It is found that the presence of kappa electrons in quantum 
plasma leads to new results, including steeper dispersion curves, sharper and more localized solitary 
waves with lower value of kappa index and stronger plasma interactions with increased kappa 
electrons density in dense astrophysical environment.  
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Abstract 
 
 
Alfvén waves represent one of the most fundamental collective oscillations in magnetized plasmas, 
playing a critical role in energy transport, wave–particle interactions, and plasma heating in both 
laboratory and astrophysical systems. In multi-ion plasmas, such as those found in the solar wind, 
planetary magnetospheres, and fusion devices, the propagation characteristics of Alfvén waves 
become significantly modified due to the presence of multiple ion species with distinct masses, 
charges, and gyro frequencies [1]. This study develops a mathematical model for Alfvén wave 
dynamics in a multi-ion plasma using a particle aspect approach, wherein the motion of individual 
charged particles is analyzed within a self-consistent electromagnetic field framework. By deriving 
the governing equations from the Vlasov–Maxwell system and incorporating species-specific 
responses, the model captures key nonlinear effects including dispersion, resonance, and mode 
coupling [1]. Analytical expressions for the wave frequency and damping rate are obtained, 
highlighting the dependence of wave dispersion onion composition and density ratios. The 
particle-based formulation further enables a detailed examination of ion cyclotron resonance and its 
role in wave-particle energy exchange. This work provides a theoretical basis for understanding 
multi-ion effects on Alfvén wave propagation in space and astrophysical plasmas, with implications 
for solar coronal heating, magnetosphere dynamics, and plasma confinement in fusion devices. 
Alfvén waves are fundamental low-frequency modes in magnetized plasmas, governing energy 
transport, plasma heating, and wave–particle interactions in both laboratory and astrophysical 
environments. In multi-ion plasmas, such as those present in the solar wind, planetary 
magnetospheres, and astrophysical jets, the propagation of Alfvén waves is significantly modified 
due to the simultaneous presence of multiple ion species with different charge-to-mass ratios [2]. In 
this work, a mathematical model is developed for Alfvén waves in multi-ion plasmas using a particle 
aspect approach, where particle dynamics are treated self-consistently with the electromagnetic 
fields. The particle aspect approach further reveals nonlinear resonant effects, including 
ion–cyclotron resonance, which facilitates energy transfer between waves and particles. Analytical 
estimates of damping rates demonstrate that multi-ion composition strongly influences wave 
propagation and stability, especially near ion cyclotron harmonics [3].  
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Abstract 
 
 
 

Geomagnetic storms, triggered by solar wind plasma streams or Coronal Mass Ejections (CMEs) 
coupling with the interplanetary magnetic field, are major drivers of plasma disturbances in the 
ionosphere. These events are tracked using geomagnetic indices such as Dst and Kp, and their 
D-region plasma effects are classified as “primary storm effects” during the main phase and “after 
effects” during recovery [1]. The present study investigates the low-latitude ionospheric plasma 
responses using Very Low Frequency (VLF) signals and GPS-derived Total Electron Contents 
(TEC). LWPC modeling of narrowband VLF data shows storm-time compression of the D-region 
plasma layer, with reflection height (H′) reduced by up to ~5 km and sharpness factor (β) increasing 
during disturbed conditions. Studies demonstrated storm-related increases in H′ and decreases in β, 
indicating significant storm-time changes in D-region plasma density [2]. These changes reflect 
enhanced plasma density and long-lived ionization in the D-region. For the F-region, plasma density 
variations derived from GPS-TEC exhibited strong storm-associated modulation. The results 
indicated contributions from penetration of plasma convection electric fields and modifications of the 
equatorial plasma fountain effect [3]. Overall, geomagnetic storms strongly modulate plasma density 
in both D- and F-regions of the low-latitude ionosphere. These findings have important implications 
for ionospheric plasma dynamics, space weather monitoring, satellite navigation, and 
trans-ionospheric communication systems. 
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Abstract 
 

 
 
The ionospheric irregularities are disruptions or anomalies that can affect the variations in the density 
and composition of the ionosphere is directed as ionospheric irregularities. It is crucial to understand 
these irregularities because they can influence radio signal propagation, satellite communication, and 
GPS accuracy. Scintillation is caused by rapid fluctuation in radio signals as it pass through 
irregularities in the ionosphere. Ionospheric irregularities are responsible for producing scintillation 
by degrading the radio signals. Scintillation is affecting GPS and satellite communication systems as 
they rely on satellite signals. In the present study, the occurrence of amplitude scintillations is studied 
during the ascending phase of 25th solar cycle, covering the period from 2021 to 2024, using the 
amplitude scintillation index S4. The S4 index is derived from the multi-frequency GNSS receiver 
Septentrio PolaRx5s, installed at Banaras Hindu University, Varanasi (latitude: 25.3176, longitude: 
82.9739). The study has been performed to examine the diurnal, monthly, and seasonal occurrence 
characteristic of ionospheric irregularities. To study the seasonal variation of S4, three seasons are 
considered i.e., Winter (January, February, November and December), Equinox (March, April, 
September and october) and Summer (May, June July and August). Two solar indices Sun Spot 
Number (SSN) and F10.7 flux are compared with S4 index to study the solar activity dependence on 
S4. 
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Abstract 
 
 

 
The Ionosphere is defined as the ionized content of the upper atmosphere. The D-region extending 
from 60 km to 90 km in altitude is the lowest most region of the Ionosphere. The electron density 
here vary substantially over the course of a day and measuring it accurately is of interest to the 
development of reliable models, radio wave propagation and assessment of Space Weather affects. 
 
The D-region presents formidable experimental difficulties in probing as it is too low for satellite 
measurements and too high for balloon measurements. The Earth’s surface and the D-region of the 
Ionosphere form a waveguide for the propagation of Extremely Low Frequency (ELF) and Very Low 
Frequency (VLF) radio signals. The variation in the propagation characteristics of ELF and VLF 
signals can be used to study the D region and its variation over time. Lightning discharges from 
thunderstorms act as a natural source of VLF signals. The thunderstorm radiated signals exhibit 
dispersion near the cut-off frequency of the Earth-Ionosphere waveguide and are known as tweeks. 
The dispersion of tweeks can be used to infer D region electron densities and heights. The tweeks are 
mostly observed in the local night time and are used for analysing the night time D-region. 
 
An in-house developed VLF receiver which operates in the frequency range of 1kHz to 40kHz is 
used for the first time to study the D-region at dip equatorial latitude. This study reports the first of 
its kind observations of night time D-region electron density and D-region altitude for the Vernal 
Equinox period of the year 2025. The D-region electron densities are found to vary from 20 
electrons/c.c. to 35 electrons/c.c. whereas the D-region altitude varied from 65 km to 95 km during 
night time. 
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Abstract 
 
 

In the present study, we investigate the gravitational instability in dense quantum plasmas while 
accounting for electron exchange-correlation effects. The quantum contributions primarily arise in 
the inertialess electron dynamics whereas the ions are considered to be strongly coupled. The 
electron momentum equation incorporates quantum effects through the electron degeneracy pressure 
and the Bohm potential, while the ion dynamics are described using the generalized viscoelastic 
momentum and continuity equations. The inclusion of electron exchange-correlation and quantum 
effects leads to significant modifications in the dispersion relation. The dispersion relation is further 
analyzed in the longitudinal and transverse mode. We have studied the effects of electron exchange 
potential on the Jeans instability. These findings are further applied to the plasma environment of 
white dwarfs, providing insights into the mechanisms that stabilizes the star against gravitational 
collapse. 

References : 
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[3] Haas F. , 2011, Quantum Plasmas: An Hydrodynamic Approach. Springer Series on Atomic,          
Optical, and Plasma Physics, Springer New York 
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Abstract 
 
 

In this study, we present a kinetic analysis of the Jeans instability in a suprathermal gas characterized 
by a Lorentzian kappa distribution function [1]. Using the Vlasov and Poisson equations [2], we 
derive and analyze the dispersion relation governing the Jeans instability. It is found that the 
dispersion relation has been modified due to the presence of kappa index which shows its 
applicability in non-thermal energy regime. We demonstrate that in the limit κ approaches to infinity, 
the Lorentzian kappa distribution reduces to the classical Maxwellian distribution, recovering the 
standard Jeans wavelength. By setting ω=0 in the dispersion relation, we derive an expression for the 
critical Jeans wavenumber, thereby revealing how suprathermal particles influence the threshold of 
gravitational instability. Furthermore, the growth rate of the Jeans instability is examined as a 
function of the kappa index, highlighting the transition from Maxwellian to increasingly 
suprathermal regimes. These findings provide insights into the role of suprathermal populations in 
astrophysical environments, such as Active Galactic Nuclei (AGN), where non-Maxwellian particle 
distributions are prevalent. 

References : 
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Abstract 
 

 
 
The comparable energy density of cosmic rays (CRs) to that of the thermal gas and magnetic field 
results in CRs playing a crucial role in determining the dynamics of the interstellar medium (ISM). 
Cosmic rays (CRs) drive galactic outflows in star-forming galaxies [1], which can induce velocity 
shear between the outflow and the ambient plasma. This motivates the study of the role of CRs in 
triggering or modifying the Kelvin-Helmholtz (KH) instability in such environments.  In the 
boundary region separating the molecular clouds and H II region, KH instability  plays an important 
role in chemical mixing [2]. However, the role of CRs, which results in intense emission of FUV 
rays and dust charging on the KH instability have not been studied yet. 
 
In the present study, we consider a non-uniform low-𝛽 plasma comprising of electrons, ions and 
charged dust grains in the presence of uniform magnetic field B = B . We assume a gradient in the 𝑧

^

equilibrium bulk fluid of the form ρ( )= , where  is the inverse scale length of density 𝑥 ρ
0
𝑒−λ𝑥 λ

gradient. The CR effects are incorporated using CR pressure and CR diffusion along the magnetic 
field lines. A dispersion relation for the K–H instability is derived by applying normal mode analysis 
on the linearized perturbation equations of the system. It is observed that the dispersion relation is 
significantly modified due to presence of CRs.  CR diffusion gives rise to new modes of instability 
and also modifies the critical instability criterion. The results have been discussed in the context of 
the astrophysical outflows. 
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Abstract 
 
 

 
We present a theoretical model of dense dusty plasma including the effects of Coulomb screening, 
magnetic fields, and self-gravity. In our framework, dust charging is treated through the balance of 
electron and ion currents, leading to a Coulomb-screening–induced charge reduction at high dust 
densities. The dust fluid equations are then extended by including Lorentz forces from an external 
magnetic field and the gravitational potential through Poisson’s equation. Linear analysis of the 
coupled system yields a generalized dispersion relation for low-frequency dust acoustic modes. The 
modified dispersion relation for the considered configuration is analytically derived. The effective 
wave speed incorporates contributions from Coulomb interactions, dust thermal pressure, and 
magnetic tension, while self-gravity introduces a Jeans instability term. 
 
These mechanisms strongly influence dust acoustic dynamics and the effective restoring forces in the 
medium. In astrophysical contexts, such as protoplanetary disks and interstellar clouds, gravitational 
attraction competes with electrostatic screening. Perturbation analysis shows that the characteristic 
scale of instability is set by modified Jeans lengths, where Coulomb screening and gravity interplay. 
The model thus provides a unified framework for understanding structure formation and wave 
stability in astrophysical dusty plasmas. 
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[3] The high dust density regime of dusty plasma: Theory and simulations, K. Avinash, S. J. Kalita, 
R. Ganesh, P. Kaur; Phys. Plasmas, 2024, 31 (8), 083702. 
[4] Modified dynamics of dust Coulomb waves due to polarization force in gravitating viscoelastic 
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Abstract 

 
 
  

We report the properties of chromospheric flow channels connecting the leader spot of a decaying 
active region NOAA 12418 with the nearby moat and plage location. The observations were carried 
out on 2015 September 16 with the Interferometric Bidimensional Spectrometer and the Facility 
Infrared Spectropolarimeter at the Dunn Solar Telescope. Our observations consist of IBIS sequential 
scans in two chromospheric spectral lines of Hα at 656 nm and Ca II IR at 854.2 nm in its 
spectroscopic mode with a non-equidistant spectral sampling of 27 and 30 wavelength points, 
respectively.  With FIRS we recorded vector spectropolarimetric data in a wavelength range from 
1081.37 to 1085.28 nm. The ground-based data are complemented with the Milne-Eddington 
inversion results for the photospheric magnetic field derived from observations by the Helioseismic 
and Magnetic Imager on board the Solar Dynamics Observatory. We find that the flow channels 
originate at locations close to the umbral edge and fragmented portion of the sunspot umbra that was 
at one end of the magnetic field polarity inversion line of the active region. They carry the Inverse 
Evershed Flow and the longer filaments permanently exhibiting a strongly reduced intensity and 
flows along a large part of their length. In this paper we shall present details on the internal 
substructure of the temperature, magnetic and flow structure of these different flow channels. Here 
we study the contrast of structures of flow channels of the sunspot in this decayed active region. 
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Abstract 
 
 

 
White dwarf, the final evolutionary state of most stars, is an important astrophysical object, 
containing vital information about the evolution of stars from birth to death [1]. This astrophysical 
object is composed of highly dense and degenerate plasma where quantum effects of the constituent 
electrons play a significant role [2]. As white dwarf provide suitable environment to study matter 
under extreme conditions, it is of immense interest to researchers.  
 
Here, we explore the possibility of the presence of an ion acoustic wave. considering the one 
dimensional Quantum Hydrodynamic model. We consider the full set of equations of this model for 
both degenerate electrons and ions, and study the dispersive behavior of the quantum ion acoustic 
wave (QIAW) in the core of a white dwarf. For a better understanding of the wave dynamics, the 
contribution of the quantum effects on the QIAW is investigated. 
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Abstract 
 
 
 

A black hole is a highly dense astrophysical object of the universe where existence of gravity is so 
intense that particles and electromagnetic wave are confined inside it. Generally, Schwarzschild 
black holes (SBHs) are the simplest kind of black holes that could be explained only in terms of their 
mass. In this present paper, we have calculated both the SBHs photon sphere and event horizon 
radius by taking various plasma parameters i.e. refractive index (n), dielectric constant (ϵ), and 
plasma frequency. Moreover, we have investigated different dispersion models such as Bohm and 
Gross, Gross and Thomson models for the calculation of both photon sphere and event horizon 
radius. Here, we found that for a particular plasma frequency (5.635×1026 s-1) in the electroweak 
cosmic era, photon sphere radius decreases with increase in energy of the plasma particles for all the 
three dispersion models. Similarly, within this environment, we further obtained that for a particular 
energy value of plasma (1010 eV), photon sphere radius increases with increase in plasma frequency. 
However, the variation of photon sphere radius is different for these three dispersion models. 
Furthermore, we examine properly the evolution of SBHs in the presence of plasma and compared 
the obtained results with finding of other cosmological models.  
 
References : 
[1] Van Kampen, N. G. The dispersion equation for plasma waves, Physica, 23, p 641-650, (1957). 
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Phys. Rev., 75, 1851, (1949). 
[3] Chandrasekhar, S. Plasma Physics. University of Chicago Press. (1960). 
[4] Bisnovatyi-Kogan G. S. and Tsupko O. Y. Gravitational lensing in non-uniform plasma, Mon. 
Not. R. Astron. Soc., 404, p 1790-1800, (2010). 
[5] Nayak, B. and Singh L. P. Accretion, primordial black holes and standard cosmology, Pramana, 
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                                                                                    Abstract 

  

 

The Jeans instability and gravitational collapse for a non-ideal, uniformly rotating, 
anisotropic plasma have been studied using the quantum hydrodynamic fluid description, 
considering the influence of Hall parameter, resistivity and viscosity tensor. The normal mode 
technique is employed to obtained the analytical dispersion relation of the Jeans instability. 
The Jeans instability criterion and Jeans wave number depends upon the characteristic wave 
speed of the system, modified due to Hall parameter, viscosity tensor, rotation, resistivity and 
quantum correction. The graphical illustrations shows that the growth rate of Jeans instability 
is significantly reduced due to the prominent role of Hall parameter, viscoelastic effects and 
rotation, while resistivity is found to enhance the growth rate of Jeans instability making the 
system unstable. Understanding the anisotropic instabilities is vital for controlling and 
utilizing the energy generated in fusion research, plasma accelerators, planetary 
magnetospheres etc. 

References: 
1 Zhengwei W., Haijun R. Jintao C & Paul C. 2010, The effect of the Hall term on Jeans instability in quantum 
magnetoplasma with resistive effects, Phys. Plasmas, 17, 064503. 

2 Sangwan V., Bhambhu R. & Prajapati P., 2025, The impact of intrinsic magnetization and Ohmic Diffusion on 
Jeans instability in strongly magnetized anisotropic quantum plasma, J. Plasma Phys., 91. 
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​ ​ ​ ​ ​                Abstract 

 

 

We have investigated the gravitational collapse and modified Jeans instability criterion for an 
anisotropic quantum plasma considering the effects of non-ideal electron inertia. Quantum 
magnetohydrodynamic (QMHD) fluid model is used to describe the dynamical properties of the 
system. The analytical dispersion relation of the Jeans instability has been derived using the normal 
mode technique. The Jeans instability criterion is significantly modified due to rotation, quantum 
correction and electron inertia. The implementation of Routh-Hurwitz criterion on the dispersion 
relation shows that the electron inertial term opposes the stability of the system introduced by the 
magnetic field while quantum correction, rotation supports the stability of the system. The current 
findings are helpful in understanding some of the astrophysical events such as magnetic 
reconnection, solitary waves and vortices characteristics. 

 

References: 
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Abstract 
 
 
 

The study of electron acoustic waves (EAWs) has gained great attention in the past many years 
because of their  presence in various plasma environment ranging from laboratory-generated plasmas 
to numerous astrophysical/space plasmas. These waves are the result of two distinct electron 
components with different temperatures. Depending upon the temperature difference, the cold 
electrons become inertial and  hot electrons provide the necessary pressure to develop the restoring 
force for the propagation of EAWs. On the other hand, the electron trapping (in which some of 
electrons are confined, and bounce back and forth in a finite region of space) is common in both the 
space and the laboratory plasmas. It is noted that electrons may not follow the Maxwellian 
distribution due to the formation of phase space holes caused by the trapping of electrons in the wave 
potential. Trapped electrons in space/astrophysical plasmas fundamentally change wave propagation, 
nonlinearity, and stability, and they provide a mechanism for coherent structures, turbulence, and 
energy transport. In this present investigation, we have considered a plasma with cold electrons as a 
fluid, hot electrons follow vortex like distribution, and uniform stationary ions. A modified  
Zakharov–Kuznetsov equation is derived by using reductive perturbation method to find out the 
instability criterion and  growth rate of EAWs. We have analyzed the effects of different plasma 
parameters (e.g., the obliqueness, the trapping parameter, external magnetic field, etc.) on the 
dynamical properties of EAWs.  The present model can be used to understand the transport of energy 
and momentum between plasma particles and to comprehend magnetic reconnection region.  
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Abstract 
 
 

 
A dust particle experiences a variety of forces in dusty plasmas, including electromagnetic, drag, 
gravitational, thermophoretic, and radiation pressure forces. The study of how polarization force 
affects various nonlinear structures in a dusty plasma has drawn more attention during the past 
several years. The shift in plasma density on the two sides of the dust grains, causes the presence 
of polarization force in dusty plasma. The inhomogeneity in density in plasma causes the 
occurrence of polarization force. This density non-uniformity causes the Debye shield of dust 
grains to lose its spherical shape. Due to a partial charge separation, an electric field is produced. 
This electric field, which in the present investigation is parallel to the external electric field, can 
either counter or strengthen it. The linear and non-linear dynamics of dust kinetic Alfvén (DKA) 
waves in a dusty plasma have attracted a lot of interest during the past several years. Dust 
particles are extremely sensitive to changes in the magnetic field that is provided externally and is 
present naturally in the majority of space as well as laboratory plasmas. Dust kinetic Alfvén 
waves (DKAWs) are produced by the polarization drift of dust fluid in response to magnetic field 
disturbances.   
When the dust is considered as being cold and mobile in a dusty plasma, dust modified kinetic Alf
vén waves appear with a frequency in the range. However, at limited dust temperatures, dust kinet
ic Alfvén waves appear with a frequency that is lower than that of the dust cyclotron. The number 
density and temperature of positively charged ions define the Debye shielding distance for dusty p
lasmas that contain negatively (positively) charged dust grains (electrons). However, the strength 
of polarization force for a plasma containing either positively or negatively charged                  
dust grains remains the same for a certain value of other parameters. The observations of various 
satellite missions have confirmed the omnipresence of non-Maxwellian particles with 
suprathermal tails at higher energies in most of the astrophysical and space plasma environments. 
Such kinds of superthermal particles are naturally found in solar wind, Jupiter, and Saturn 
environments.  
Also to remove the discrepancies between theoretical predictions and experimentally observed 
characteristics of nonlinear waves, many authors have proved the requirement of inclusion of 
higher-order nonlinearity and dispersion effects in studying nonlinear structures in plasma. The 
reductive perturbation method is employed to derive the Korteweg-de Vries (KdV) and KdV- type 
inhomogeneous equations.  From the solution of KdV-type inhomogeneous equation, it is seen 
that a new type of higher order structure named as “dressed soliton” is observed due to higher 
order contributions. The effects of various plasma parameters on the characteristics of different 
kinds of nonlinear structures are analyzed numerically. The investigation may be useful for 
understanding the energy transport phenomenon of nonlinear KAWs in space and laboratory 
plasmas. 

__________________________________________________________________________________________________________
_ 

2025 
IIT Tirupati and IISER Tirupati, 517619 

 

mailto:singla.sunidhi94@gmail.com


40thPSSI National Symposium on Plasma Science and Technology (PLASMA 2025), 27th-29th Dec, 2025 
 

_______________________________________________________________________________________________________________________________________________________________________________ 

The Solar Influence On Earth: Magnetospheric And Atmospheric Coupling 
 

Shriram Lahauriya1 and Sham Singh2 

1Department of Physics, Government P.G. Autonomous College Datia (M.P.) India- 475661 
2Department of Applied Sciences, Chandigarh Engineering College-CGC, Landran, Mohali Punjab 

India -140307  
 

E-mail : srlahauriya@gmail.com 
 
 
 

Abstract 
 
 
 
The Sun–Earth system exhibits complex interactions in which solar variability drives significant 
responses in Earth’s magnetosphere and upper atmosphere. This study investigates the coupling 
processes by analyzing multi-source datasets, including solar wind parameters derived from ACE 
and geomagnetic indices (Dst, Kp, AE) from the World Data Center for Geomagnetism. A 
combination of superposed epoch analysis and statistical correlation methods was employed to 
evaluate the response of geomagnetic and atmospheric parameters to solar drivers such as sunspot 
numbers, F10.7 cm solar radio flux, coronal mass ejections (CMEs) and high-speed solar wind 
streams. Case studies of selected 03 intense geomagnetic storms occurred on May 11, 2024 ,October 
11, 2024 and January 01,2025 with Dst values -412nT,-335nT, -215nT respectively, during Solar 
Cycles 25 have been carried out. These findings contribute to a deeper understanding of solar 
influence on Earth’s near-space environment and support the development of improved predictive 
models for space weather forecasting and mitigation strategies. 
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EXPERIMENTAL STUDY OF PAREMETRIC FLUCTUATIONS WITH 
BETA ( ) SCALING IN LARGE LABORATORY PLASMA OF LVPD-U β
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                                                                         Abstract 
 

Plasma beta ( ) is an important parameter governing the operational regime of plasma β
devices involving study of parametric fluctuations and instabilities. Large volume plasma 
device - Upgrade (LVPD - U) provides a unique experimental platform to control plasma 
beta and perform fluctuation studies relevant to the laboratory plasmas, space and 
astrophysical plasmas. Apart from these, many of the instability studies relevant to the 
tokamak physics in a simple magnetic field geometry can also be addressed. In this work, 
we are presenting a systematic study of plasma parametric electrostatic fluctuations of 

density and potential ( ) along with the parameter radial profiles by varying the 𝑛
~

𝑒
,  ϕ

~

plasma beta by a factor of  in a filamentary plasma of  pulse duration. ∼10−2 ∆𝑡 = 50𝑚𝑠
Plasma beta plays a crucial role in transitions of wave modes, inherent fluctuations and 
governing dynamical regimes of electron-magneto-hydro-dynamics (EMHD) and 
magneto-hydro-dynamics (MHD). The plasma beta variation is achieve by varying the 
axial magnetic field of LVPD from  to . The plasma parameters are 𝐵

𝑧
∼ 6. 2𝐺  100𝐺

measured by using Langmuir probes and the statistics is drawn from the average of  10
identical repeatable plasma shots. The fluctuation analysis is carried out by binning the 
data set to  points. 1024
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      [2] Large Volume Plasma Device; S. K. Mattoo et al; Rev. Sc. Instrum., 72, 3864 (2001). 
      [3] A laboratory produced extremely large beta plasma; Shyama Banerjee et. al; Physics of  
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Abstract 
 
 
 
Understanding the anisotropic nature of magnetohydrodynamic (MHD) turbulence remains a central 
challenge in plasma physics and astrophysics, with direct implications for solar, heliospheric, and 
astrophysical plasmas. Competing phenomenological models—most notably those of 
Iroshnikov–Kraichnan [1] and Goldreich–Sridhar [2]—predict distinct scaling laws for turbulent 
fluctuations, yet their validity in the strong turbulence regime remains debated. 
  
We present results from direct numerical simulations (DNS) of incompressible anisotropic MHD 
turbulence, performed at resolutions up to 15363, with external mean magnetic field spanning B0= 0, 
1, 3, 6 and 10. Our analysis demonstrates that scale-dependent alignment predicted by Mason et al. 
[3], supporting Iroshnikov–Kraichnan [1] like scaling, is absent. Furthermore, the critical balance 
relation of Goldreich–Sridhar [2] is not realized. Although, we observe a robust perpendicular energy 
spectrum   E(k⊥) ~ k⊥

-5/3, for sufficiently high mean external field. The parallel contribution remains 
small, such that the total spectrum is dominated by the energy cascade in perpendicular direction. 
These results provide strong evidence for the presence of Kolmogorov-like perpendicular scaling in 
strong anisotropic MHD turbulence, challenging existing phenomenological frameworks and calling 
for new approaches to anisotropic plasma turbulence. 
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Modeling Solar Storm Impacts: A Comparative MHD Simulation of a CME-Induced 
Magnetospheric Perturbation Using the Solstorm-PY Code 
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Abstract: 

The impact of a coronal mass ejection (CME) on Earth's magnetosphere is a complex 
geoeffective event, characterized by the generation of large-scale plasma shocks and global 
magnetic reconfiguration. This study employs a high-resolution magnetohydrodynamic 
(MHD) simulation to model the interaction of a specific CME-driven solar storm with the 
magnetosphere. The event, which occurred on [Insert Date of Storm], produced significant 
perturbations, providing an ideal case for numerical analysis. We utilize our 
custom-developed numerical tool, Solstorm-PY, to extract data from various space missions 
and also to perform the simulation and subsequent large-volume data analysis. Our approach 
allows for a detailed examination of the shock structures and the dynamic pressure exerted on 
the magnetopause. The results from the MHD simulation are systematically compared against 
predictions from an established analytic model of magnetospheric compression and against 
in-situ observational data from spacecraft such as the DSCOVR and THEMIS missions. The 
tripartite comparison reveals a strong agreement between the simulation and actual 
observations, particularly in tracking the propagation and strength of the induced shocks, 
while also highlighting the limitations of simplified analytic approaches in capturing the 
system's full nonlinear behavior. This work validates the Solstorm-PY code as a robust 
platform for space weather forecasting and underscores the critical role of sophisticated 
numerical models in understanding and predicting the magnetospheric response to extreme 
solar activity. 
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Abstract 
 
 
 

Magnetic reconnection is a fundamental plasma process that facilitates the conversion of 
electromagnetic energy into kinetic and thermal energy. During reconnection, magnetic flux 
conservation breaks down as dissipative effects become dominant. Traditional models based on ideal 
magnetic field line reconnection often struggle to incorporate these non-ideal dissipation 
mechanisms comprehensively. However, the Canonical Vorticity framework developed by Yoon and 
Laishram (2025) provides a novel perspective by accounting for plasma convection, pressure tensor 
effects, and electron inertia in the reconnection process.  

In this study, we utilize high-resolution observations from NASA’s Magnetospheric Multi-Scale 
(MMS) mission to examine the applicability of the Canonical Vorticity model to real reconnection 
events. Specifically, we investigate a well-defined magnetic reconnection event that occurred on 11 
July 2017, analyzing the contributions of different dissipation terms within the framework. The 
observational results provide insight into the physical mechanisms captured by the Canonical 
Vorticity model and offer a broader understanding of the non-ideal processes involved in magnetic 
reconnection. These will be discussed along with other aspects of magnetic reconnection.  
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Abstract 
 

 
 
The plasma environment affects the structure and dynamics of atoms and ions [1]. The intrinsic 
atomic potential gets modified due to the plasma screening [1]. To mimic the plasma environment, 
the atomic state dependent screening potential can be introduced. Here multiconfiguration 
Dirac-Hartree-Fock (MCDHF) [2] approximation is used for simulating atoms or ions in hot dense 
plasma conditions;  GRASP-2018[3] suit of codes is modified used for implementing the suitable 
potentias. Enhancements in photoionization cross sections due to plasma screening, especially at 
high electron densities and temperatures is anticipated. The electron dynamics changes due to the 
high electron density and the temperature of the plasma environment. The Debye-Huckel [4]and 
Ion-Sphere models [5] offer insight into the ionization potential depression [6] which can be directly 
found out from the results. These findings advance the understanding of atomic processes in plasma 
environments, impacting astrophysical opacity models and fusion plasma diagnostics. 
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Abstract 
 
 

 
In the present paper, we have studied the condition of interplanetary magnetic field, which is a part 
of Sun’s magnetic field. It is carried into inter-planetary space by the solar wind. The IMF originates 
in region on the sun where the magnetic field is open which is the field lines emerging from one 
region to a conjugate region, It extends virtually indefinitely into space, such as solar flares, X-ray 
flares, Coronal holes, CMEs which have large influence on space weather and can affect in a variety 
of ways. Here we have analyzed solar interplanetary and geomagnetic parameters  which enables the 
identification of disturbances and their impact on space weather interaction in the interplanetary 
magnetic field. 
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Abstract 
 
 
 

Whistler waves propagating obliquely with respect to external magnetic fields (B₀) have been studied 
in laboratory experiments [1]. This study investigates quasi-longitudinal whistler wave propagation 
in the presence of finite ion response through electromagnetic two-fluid simulations in a 
one-dimensional setup [2,3]. 
Our simulation study shows that quasi-longitudinal whistlers propagating near the resonance cone 
angle produce self-consistent excitation of significant ion density perturbations. These perturbations 
grow until their associated electric fields couple with those of the quasi-longitudinal whistler, 
producing ion excitations at higher wavenumbers. This coupling occurs despite the dissimilar 
amplitudes of the individual density perturbations. 
The ion density structures excited in our computational analysis approach the lower hybrid resonance 
frequency in high-density regimes. We present a detailed analysis of how whistler wave dynamics 
influence electrostatic ion fluctuation, revealing the complex interplay between electromagnetic 
whistler modes and ion responses in oblique propagation geometries. 
The detailed mechanisms driving whistler-ion coupling in laboratory and space plasma relevant 
parameter regimes are presented in this conference.  
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Abstract 
 
 

The Retarding Potential Analyzer (RPA-V) is a key scientific payload onboard the upcoming Venus 
Orbiter mission. It builds on the proven ARIS-101F/201F heritage and will deliver the first Indian 
in-situ plasma measurements at Venus, spanning from the outer exosphere (~60,000 km) down to the 
lower ionosphere (~200 km). This broad coverage will allow simultaneous exploration of solar wind 
coupling at high altitudes and ionospheric processes at low altitudes. The indigenously designed 
RPA-V aims to study ionospheric variability, plasma boundaries, night-side persistence, and solar 
wind driven ion escape, thereby offering vital insights into the long-term atmospheric evolution of 
Venus. 

 
Technically, RPA-V, the first dual-mode instrument covering 0 to 40 V for ions and –75 to 0 V for 
electrons. It can resolve densities from 10 to 10⁶ cm⁻³, measure electron and ion temperatures ranging 
from 100 K to 5×10⁵ K, and identify ion composition, all with high sensitivity. Compact and 
resource-efficient it is optimized for both low-altitude and highly elliptical orbits. The use of 
micromachined grids instead of wire meshes in our RPA enables high resolution, stable plasma 
measurements across its full dynamic range. The sensor simultaneously measures electron and ion 
current densities including the ion compositions of major ions like H+ and He+. The data will span 
bow shock and ionopause measurements, extracts energies of both thermal and solar wind ion 
populations, also providing ion drift velocities which helps to quantify escape rates. 

 
RPA-V continues a long tradition of such instruments, from the Pioneer Venus Orbiter (1978) to 
India’s ARIS-101F flown on PSLV-C45 in 2019, while advancing capability with greater sensitivity 
and coverage tailored for Venus’s unique plasma environment. Importantly, it represents the first 
dedicated RPA measurements at Venus in over four decades, filling a critical observational gap of 
international significance. 
 
References:​
​
[1] Nair, S. B., Sreekantan, A. C., Kaarthik, S., Kadhane, U. R., & Sooraj, V. S. (2025). 
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Abstract 
 
 

 
This paper presents a unified investigation of kinetic instabilities in counterstreaming electron-ion 
plasmas, exploring a four-regime parameter space defined by non-relativistic/relativistic dynamics 
and single/multi-species configurations. Our analysis, based on derived dispersion relations, reveals 
that relativistic effects universally suppress instability growth rates for both the Weibel and 
two-stream instabilities, compressing the unstable wavenumber space. Furthermore, we demonstrate 
that the inclusion of realistic ion dynamics introduces critical modifications: while mobile ions can 
open additional growth channels for the Weibel instability, increasing the ion-to-electron mass ratio 
toward realistic values provides a distinct suppression mechanism for the two-stream instability. This 
integrated framework clarifies the complex interplay between relativistic suppression and ion 
contributions, offering new scaling laws that are essential for accurately modeling high-energy 
plasma environments. Our findings have direct implications for understanding magnetic field 
generation in astrophysical shocks, controlling beam transport in plasma-based accelerators, and 
managing laser-plasma interactions in high-energy-density laboratory experiments.  
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Abstract 

 
 
 
The interaction of energetic cosmic rays (CRs) and suprathermal kappa gas in astrophysical systems 
exhibits unique features of low frequency magnetohydrodynamics (MHD) waves and instabilities. 
This study investigates the effect of suprathermal correction and rotation on CR driven MHD waves 
and gravitational instability using the kappa distribution. The equation of state for a kappa gas 
including spectral k-index, is applied through a hydrodynamics fluid-fluid approach. Results show 
that the suprathermal corrections enhance the phase speed of fast MHD modes. Rotation significantly 
modifies the dispersion relation, while rotation introduces a stabilizing influence by reducing the 
growth rate of gravitational perturbations. In the absence of CR diffusion, both suprathermal and 
rotational effects modify the jeans instability criterion, whereas with diffusion, only suprathermal 
effects dominate. Overall the combined influence of suprathermal correction, CR diffusion and 
rotation significantly alters. The stability conditions and supports the complex dynamics of 
non-thermal gases in rotating astrophysics systems.. 
 
References : 

 
[1] P. Boro and R. P. Prajapati, Phys. Fluids 36, 114113 (2024). 
 
 
Broad Area :   
 
Broad Area  Astrophysical and Space Plasmas 
Oral / Poster Poster 
 
 

 
 

  
 
 

_____________________________________________________________________________________________________________
_ 

  2025 
IIT Tirupati and IISER Tirupati, 517619 



40th PSSI National Symposium on Plasma Science and Technology (PLASMA 2025), 27th - 29th Dec, 2025 

 
_______________________________________________________________________________________________________________________________________________________________________________ 

_____________________________________________________________________________________________________________

_ 

  2025 
IIT Tirupati and IISER Tirupati, 517619 

Influence Of Suprathermal Corrections On Radiation Pressure-Driven 

Gravitational Instability In Rotating Magnetized Plasmas 
 

Mehak Mahajan 
 

Department of Mathematics & Statistics, Himachal Pradesh University, Shimla-171005 (India) 
 

E-mail : mahajanm826@gmail.com  

 

 

 

Abstract 
 

 

 

 

Suprathermal particles play a crucial role in the heating and ionization of the interstellar gas and 

subsequently affect the gravitational collapse of the molecular clouds[1]. The influence of 

suprathermal corrections on the radiation pressure-driven gravitational instability in a uniformly 

rotating homogeneous gas cloud is investigated. The modified equation of state for kappa-distributed 

suprathermal particles is coupled with the dynamics of gas particles with radiation pressure [2]. The 

dispersion relation of the gravitational instability is obtained using the normal mode analysis, which is 

significantly modified due to suprathermal corrections, radiative effects, and uniform rotation. A new 

condition for gravitational instability in radiative plasma is obtained in terms of the suprathermal 

corrections, which sets the criterion for the onset of gravitational collapse. It is observed that the growth 

rate of gravitational instability is stabilized due to the suprathermal corrections, radiative mechanism 

and uniform rotation. The region of instability is found to be larger for the Maxwellian gas than the 

suprathermal kappa gas. The results are useful for understanding the combined influence of radiative 

effects and suprathermal corrections on the gravitational collapse and star formation in hot interstellar 

kappa gas..  
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Abstract 
 
 
 

The influence of Braginskii’s viscosity tensor on the rotating, self-gravitating modes of anisotropic 
plasma is investigated within the Chew–Goldberger–Low (CGL) framework of 
magnetohydrodynamics. Using normal-mode analysis, a general dispersion relation is derived and 
examined for rotation aligned parallel and perpendicular to the magnetic field. The roles of 
compressional, shear, and drift viscosities are analyzed in shaping longitudinal and transverse 
propagation modes, as well as their effect on gravitational, firehose, and mirror instabilities. 
Analytical and numerical results demonstrate that viscosity introduces significant modifications to 
the stability thresholds depending on propagation geometry and rotation direction. These results 
obtained show the relevance in particularly astrophysical systems such as molecular clouds, white 
dwarfs, neutron stars, and magnetars. 
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Abstract 

 

Solar Filaments  are cool plasma material  suspended in million degree corona and their dynamics are 

still not understood. In this talk, we present the imaging and spectral observations quiet solar filament 

of 29 September 2023. The filament was well observed by  Solar Dynamics Observatory, THEMIS 

and IRIS instruments. We  detect counter streaming flows in blue and red wings observed in H-alpha 

and Mg II k lines. H-alpha spectral profiles with large widths are interpreted as formed by multi-strands 

with opposite velocity directions. The absorption in the core of Mg II k line is also broader than in the 

chromosphere. This corresponds also to counter-streaming velocities. Our analysis indicates that a 

portion of the filament plasma is moving at supersonic speeds, on the order of 20 km/s, assuming the 

filament is optically thick. 
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Abstract 
 

 

Dusty plasmas are an important area of research in plasma physics as they are ubiquitous in various 

cosmic as well as terrestrial environments, including laboratory environments. Dusty plasmas consist 

of massive charged dust grains (positive, negative, or both), in addition to the usual electrons, ions, 

etc. The presence of charged dust grains allows the plasma to sustain several waves, one such important 

wave being the low frequency dust acoustic wave (DAW), the existence of which was first established 

theoretically by Rao et. al [1] in 1990. 
 

In this present work, we study the spatio-temporal evolution of DAWs in opposite polarity dusty 

plasmas, containing Maxwell-Boltzmann distributed electrons and ions, and positively as well as 

negatively charged dust grains. Our investigation reveals that DAWs in such plasmas suffer a gradual 

loss in their coherency through the process of phase-mixing, causing them to break at arbitrary 

amplitudes [2]. Phase-mixing can be physically attributed to the characteristic frequency of the excited 

DAWs acquiring a spatial dependency, causing plasma particles at different locations to oscillate with 

their respective local frequencies. This leads to a secular increase in the phase-difference of the 

neighbouring plasma particles with time, and soon their trajectories overlap, causing the excited DAWs 

to lose phase-coherence. We have employed the simple perturbative expansion technique as outlined 

in Ref. [3] to study the phase-mixing of DAWs.   
 

The analysis leads us to conclude that the competing dynamics of the opposite polarity dust grains is 

what causes the DAWs to phase-mix. An estimate of the phase-mixing time has also been provided 

which has been found to be profoundly influenced by values of the various plasma parameters, such 

as the equilibrium densities of the plasma species, the masses of the opposite polarity dust grains, etc. 

We have also studied the phase-mixing of DAWs in electron-depleted dusty plasmas. The findings of 

this study are expected to have relevance in various astrophysical and laboratory plasma environments. 
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Abstract 
 

 

 

Complex plasma, also known as dusty plasma, consists of micron-sized particles suspended in an 

ionized gas. These particles acquire charge and interact through Coulomb forces. Such systems allow 

direct optical observation of individual particle dynamics, structural ordering and study of strongly 

coupled phenomena. In this work, experimental data is analyzed to investigate particle motion, 

spatial correlations, and ordering within plasma crystals which help understand phase transition in 

dusty plasma. The analysis involves image-based diagnostics to track particles, evaluate pair 

correlation function, bond order parameter, and analyze the time evolution of particle distribution 

and collective rotation [1], [2]. These tools help identify structural transitions, melting behavior, and 

lattice rearrangements in the system. Preliminary observations indicate the confinement parameters 

significantly influence the ordering of dust layers and inter-particle interactions. Ongoing analysis 

aims to quantify these effects and understand how they govern the transition between ordered and 

disordered states, along with the rotation of the plasma crystal under the influence of magnetic fields 

[3]. The study provides insights into the mechanisms of rotation of the dusty plasma crystal. 
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Abstract 

 

 

A new control mechanism using an Arduino MEGA2560 has been developed for a Coaxial Plasma 

Gun1 (CPG), to manage gas injection and generate synchronous trigger pulses for an ignitron switch. 

CPG produces high velocity plasma jets2. This system addresses the need for precise control over 

external settings, which significantly impact the plasma gun's performance. The methodology 

involves using the Arduino board for pulse-width variation to control an electromagnetic gas 

injection valve and to produce a synchronous output trigger pulse for the ignitron switch. Key 

findings demonstrate the successful control of pressure within the vacuum vessel of the Applied 

Plasma Physics Experiments in Linear (APPEL3) device, as well as the remote operation of the 20kV 

power supply. The system also offers expandability for additional analog and digital channels based 

on experimental requirements. This work enables the creation of high-density plasma scenarios for 

various applications, including plasma refuelling, plasma start-up experiments in Tokamaks, and 

fundamental plasma physics studies. 
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Abstract  

 

Coaxial plasma guns (CPGs), initially developed by Marshall and colloquially termed the "Marshall 

gun," operate on the principle of J×B acceleration to generate hypervelocity plasma jets, which ejects 

from the device at speeds, typically 105 m/s over a duration of few 100 microseconds. The apparatus 

has been widely utilized for space propulsion, high-energy-density plasma research, plasma start-up 

and fuelling in tokamaks, and other basic investigations including simulation experiments of 

astrophysical phenomena in lab environments.  

 

This paper presents a maiden coaxial plasma gun, designed at IPR to study the physics of hypervelocity 

plasma interaction with the background plasma confined by axisymmetric magnetic field in APPEL-

Device. A pair of coaxial cylinders, an electromagnetic gas injection valve and an optimized 

synchronization supply of pulsed power from a capacitor has been used to form an intense discharge 

that exits the nozzle at great speeds.  

 

This paper reports on the optimization of coaxial plasma gun and plasma characterization using Triple 

Langmuir probe. Electrical analysis of the discharge circuit have been performed to reveal the dynamic 

impedance and energy transfer mechanism in the plasma system. Finite element method (FEM) 

simulations have been performed to model the magnetic field configurations essential for the formation 

and stable ejection of a compact toroid (CT).   
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Abstract 
 

 

 

People are interested in investigating the phenomenon of rapidly expanding plasma colliding with 

another plasma. It is instructive to discuss the evolution of the colliding plasmas density and velocity 

fields and the conversion of the initial streaming energy into heat [1]. In our laboratory the two plasma 

sources are developed in order to produce static glow discharge (GD) plasma and pulsed washer gun 

plasma inside a curved vacuum chamber. The static glow discharge plasma is produced by the parallel 

plate type electrode system and the pulsed plasma produced from the washer gun is injected 

transversely into the static plasma hence, the interaction region is formed. At the interaction region the 

fundamental plasma parameters such as the electron temperature Te and the electron density ne are 

measured. Plasma spectroscopy and Langmuir probe diagnostics techniques are used to measure 

plasma parameters. The results obtained at the interaction region is compared with the results obtained 

from both individual plasma sources. It is observed that at the interaction region the electron 

temperature as well as the electron density are increased. The temperature may be increased due to the 

transfer of energy from the particles of gun plasma to the particles of static GD plasma [2].  
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Abstract 
 

 

 

Measuring of fundamental plasma parameters like electron temperature, electron/ion density of pulsed 

plasma remains always a challenge. In this work, the ion density ni of pulsed argon plasma generated 

by a washer gun is determined using Faraday Cup [1-2] diagnostics technique. In the Faraday Cup 

diagnostic technique, one can measure the ion density of plasma from a single shot of ion signal data. 

The Faraday Cup with its appropriate circuit is designed and fabricated in our laboratory and 

successfully installed inside the vacuum chamber. The ion current signal from the pulsed plasma is 

collected by the Faraday cup at a distance of 0.05 m from the gun and recorded in a digital storage 

oscilloscope. The variation of ion densities with different base pressures and with different gun 

discharging potentials are also studied in this presentation. It is observed that the ion densities increases 

with increasing the gun discharging potentials. 
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Abstract 
 

 

Small scale spherical tokamak is a low cost and a small size tokamak and designed for the data 

generation [1]. For the operation of tokamak, basic plasma parameters such as plasma current, loop 

voltage, plasma position and poloidal mode were needed. For the measurements of these parameters,   

Rogowski coils, flux loops, magnetic probes and Mirnov coils were developed.  Total area of each coil 

except flux loops are determined from the calibration experiment.  Total area of  each Mirnov coil  are 

obtained between 0.040 and 0.055 m2. Total area of each magnetic probe for position measurements 

are  between 0.038 and 0.053 m2. Measured area of two Rogowski coils for plasma current 

measurements are obtained 0.019 m2 and 0.02 m2 respectively. The output of coils must be linear up 

to the frequency of field or current to be measured.   Linearity test   of coil and Rogowski coil   are 

performed in separate experiment, in which their outputs were obtained with different frequencies.  

The linear outputs for Rogowski coil and Mirnov coil are obtained up to 10 kHz, and 150 kHz.  

Magnetic probes are identical to Mirnov coils therefore have linear output up to 150 kHz. 
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Abstract 

 

One of the key objectives in present-day fusion research is to prevent damage to the plasma-facing 

components of the magnetic device due to the energy losses within the plasma. The total power 

radiation loss, being the largest part of these energy losses, aids in monitoring and improving the 

overall plasma performance. The ADITYA-U, a medium-sized tokamak [1], employs two kinds of 

bolometer diagnostics for the total power radiation loss studies: an AXUV bolometer system [2] and 

an Infrared Imaging Video Bolometer (IRVB) [3] system. The IRVB diagnostics system is installed at 

the radial port in the tangential viewing configuration with a 2D array of 9 x 9 bolometer pixels. It 

utilizes a free-standing Platinum foil (dimensions of 63 mm x 63 mm x 2.5 µm) as a broad band 

energy absorber in the energy range of 4 eV to 8 keV. The foil is configured behind a 7 mm x 7 mm 

aperture and thus forming a pinhole camera geometry. During the discharge, the plasma radiation 

absorbed by the foil alters the temperature distribution of the foil, measured by an Infrared Camera 

located outside the vacuum vessel with a temporal resolution of 6 ms to 8 ms. Hence, the diagnostic 

system provides spatially and temporally resolved 2D radiation images.  

In this paper, we report a parametric study conducted for the radiated power loss measurements using 

IRVB as a function of plasma parameters such as plasma current, plasma density, temperature, and 

other diagnostic signals, such as the concentration of carbon, oxygen, injection of gas pulse, etc., 

during the plasma discharges. The analysis has investigated the behaviour of radiation power as it 

varies with these parameters. These results provide new insights relevant to the IRVB signal 

processing and radiation power loss dynamics in the ADITYA-U tokamak. 
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Abstract 
   

 

Dissociation of H2 molecules in a partially ionized hydrogen plasma is crucial for various applications, 

including plasma-based material processing and the development of ion sources. The dissociated 

hydrogen atoms and ions are responsible for surface mode H- ion generation, surface passivation, and 

other related processes [1]. Therefore, understanding the dissociation process is essential to control its 

reaction rate according to the application's requirements. Furthermore, the addition of an atomic gas, 

such as argon, to the Hydrogen plasma discharge can alter the electron energy distribution function 

(EEDF), thereby affecting the dissociation and other key reaction rates through various collisional 

processes.  

This work investigates hydrogen dissociation and its impact on hydrogen plasma dynamics in 

an electron cyclotron resonance (ECR) plasma system at different volumetric ratios of Argon and 

Hydrogen. The ECR source, namely Compact ECR Plasma Source (CEPS), developed at Plasma Lab 

IIT Delhi, has been designed for various applications [2][3]. The determination of dissociation was 

carried out using the Balmer line intensity ratio method [4], which had been modified to incorporate 

the contribution of the warm electron population generated in the CEPS. This study was coupled with 

the plasma characterization using a Langmuir probe at various mixing ratios, powers, and pressures. 

The preliminary results indicate that the addition of argon affects the bulk and warm electron 

populations differently, which in turn affects the degree of dissociation of the H2 molecules.   
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Abstract

Langmuir probes remain one of the most widely used tools for plasma diagnostics, providing direct
access to key parameters such as electron temperature, plasma density, and plasma potential. Among
these, the triple Langmuir probe (TLP) offers a significant advantage in RF plasma environments since
it does not require voltage sweeping and can provide real-time measurements even in fluctuating dis-
charges [1][2]. In this work, a TLP has been designed and fabricated for diagnosing argon plasma
produced by a 13.56 MHz helicon antenna in a cylindrical chamber (3.5 m × 0.3 m). The probe,
consisting of three tungsten tips (5 mm exposed length, 0.5 mm diameter, 3 mm spacing), was also
modeled in COMSOL Multiphysics to evaluate probe–plasma interaction and optimize geometry. To
address RF contamination issues typically reported in RF discharges [3][4], a dedicated DC biasing
circuit was developed using isolated Traco Power AC–DC converters, RF chokes, and low-pass filters
to minimize 13.56 MHz interference. Initial testing has been performed at pressures of 2–10 mTorr
with RF input powers up to 1 kW, demonstrating reliable suppression of RF noise and stable I–V data
acquisition. The design phase confirms that the system is capable of measuring plasma parameters—
electron temperature (2–5 eV) and density (1018–1019 m−3)—once fully implemented. This combined
simulation and prototype development establishes a foundation for cost-effective, real-time RF plasma
diagnostics. Future work will focus on full experimental validation and direct comparison with
COMSOL simulation results.
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Abstract 
 

 

To study dispersive plasma waves and wave modulation, nonlinear Schrodinger Equation (NLSE) 

which is derived be a Modified Reductive Perturbation Technique (MRPT).  Due to the effect of ion 

temperature and pressure term, result we obtained used to observe in our study.Here, coefficient of 

the nonlinear and the dispersive terms in the derived equation of NLSE gives the stability and 

evolution of the modulated nonlinear plasma waves. NLSE derivation in our work describes the 

nonlinearity of the modulated plasma waves which shows the higher order nonlinearity which can be 

shown by another evolution equation and pressure term equation.  
Keywords: NLSE, MRPT, nonlinearity, stability, instability, ion acoustic wave.  
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Abstract 

 

Laser-produced plasmas (LPPs) are transient and spatially inhomogeneous, posing significant 

diagnostic challenges. Accurate estimation of key plasma parameters, such as electron temperature and 

density, relies on collisional-radiative (CR) models, which account for the interplay of collisional and 

radiative processes governing atomic and ionic populations. These models, particularly when 

combined with optical emission spectroscopy (OES), enable parameter extraction but are often limited 

by the scarcity of reliable electron impact excitation (EIE) cross-section data. The present work 

addresses these gaps by focusing on LPPs of Tin (Sn) [1], Molybdenum (Mo) [2], and Gallium (Ga) 

[3, 4], elements relevant to applications in extreme ultraviolet generation, fusion, and semiconductor 

technology. Using the relativistic distorted wave (RDW) approximation and the multi-configurational 

Dirac-Fock structure, fine-structure-resolved EIE cross-sections were calculated for Sn I, Sn II, Mo I, 

Ga I, and Ga II, with many reported for the first time. The results were validated against available data 

and incorporated into detailed CR models, which, when coupled with time-resolved OES, enabled 

reliable plasma diagnostics. To meet the need for real-time diagnostics and reduce the computational 

cost of CR modelling, machine learning (ML) techniques such as random forest and gradient boosting 

regression were developed and integrated with CR simulations and OES data. Trained on large CR 

model-generated datasets, the ML models achieved high accuracy (R2> 0.99) and were successfully 

validated with experimental measurements, offering fast and precise diagnostics [5]. Overall, this work 

delivers new EIE cross-section data, advances CR models, and demonstrates ML-assisted frameworks 

for real-time characterization of LPPs, providing versatile tools for both scientific research and 

industrial plasma applications. 
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Abstract 

 

 
The modeling of energy transfer between two laser beams for finite spot size crossing in plasma is 

presented. A high frequency and high amplitude pump wave transfer its energy to a low frequency low 

amplitude probe beam through the coupling with a difference frequency electrostatic mode/ quasimode 

in a plasma. The pump and probe beams driven by the ponderomotive force. The laser imparts an 

oscillatory velocity to electrons associated with electron density perturbation with the electrostatic 

mode due to the lasers produce nonlinear current densities.  For solving the wave equations facilitating 

the energy transfer from the high frequency laser to the low frequency probe beam. Significant amount 

of energy transfer when the phase matching conditions are satisfied. 

 
 

 

References : 

 

[1] B. I. Cohen, B. F. Lasinski, A. B. Langdon, E. A. Williams, K. B.Wharton, R. K. Kirkwood, and 

K. G. Estabrook, Phys. Plasmas 5, 3408 (1998). 

[2] E. A. Williams, B. I. Cohen, L. Divol, M. R. Dorr, J. A. Hittinger, D. E. Hinkel, A. B. Langdon, R. 

K. Kirkwood, D. H. Froula, and S. H. Glenzer, Phys. Plasmas 11, 231 (2004). 

 

 

 
Broad Area :   

 

Broad Area  Pulsed and Laser Plasma 

Oral / Poster Oral 

 

 
 

 

 
  

 

 

mailto:deepakkrt@gmail.com


40th PSSI National Symposium on Plasma Science and Technology (PLASMA 2025), 27th - 29th Dec, 2025 
 

_______________________________________________________________________________________________________________________________________________________________________________ 

____________________________________________________________________________________________________________ 

  2025 
IIT, Tirupati | IISER Tirupati 

Conceptual Design Of A Thermoelectric Beam Diagnostic For Rf Operated Beam 

Source in India For Negative Ions (ROBIN) At IPR 
  

Kaushal Pandya 1, Mainak Bandyopadhyay 1, 3, Vikas Prajapati 1, Manas Bhuyan2, M.J.Singh2, 3 

 
1Institute for Plasma Research, Near Indira Bridge, Bhat, Gandhinagar 382428, Gujarat India 

2ITER India, Institute for Plasma Research, Koteshwar, Ahmedabad 380005, Gujarat India 
3Homi Bhabha National Institute (HBNI), Training School Complex, Anushaktinagar, Mumbai, 

maharastra 400094, India. 
 

E-mail: kpandya@ipr.res.in 
 

 

Abstract 
 

 

Negative hydrogen ion (H-) beams have been routinely extracted and accelerated up to 46 kV using a 

three-electrostatic multi-aperture grid system in ROBIN, which is a 1/8th scale ITER prototype 

source at IPR. The facility has now been upgraded for negative ion-based neutral beam experiments. 

One of the diagnostics used in ROBIN to measure the properties of negative ions or neutral beams is 

a thermal differential beam dump. It measures the temperature profiles in only two directions, 

vertical and horizontal directions of the beam, and studies beam properties in terms of beam-

deposited power profile in two orthogonal directions. Total beam-deposited power is estimated by 

the integration method, through Gaussian fit of the beam profiles. It cannot give the real information 

of the entire beam, which is non-uniform in reality. A non-uniform beam is observed in an optical 

diagnostic.  

  

A new thermoelectric beam diagnostic design has been proposed to enhance diagnostic capabilities 

and obtain more precise information about the beam. This design is intended for short-pulse 

operations and, therefore, is uncooled, which simplifies fabrication and allows for in-house 

fabrication. The new system enables measurements across the entire beam dump surface rather than 

being limited to just vertical and horizontal arrays. The overall size of the thermoelectric beam dump 

will be 750 mm × 600 mm, divided into 36 physically isolated blocks arranged in a 6 x 6 grid for 

measurement purposes. The number of isolated blocks will determine the resolution of the 

measurement. The present design is based on some constraints in the ROBIN facility.  Both electrical 

and thermal (using thermocouples and infrared methods) measurements will be conducted in various 

phases for the beam diagnostics. The electrical and thermal measurements of each block are to be 

performed simultaneously.  Additionally, the calorimeter is designed to be movable along the beam 

axis, facilitating the monitoring of beam evolution throughout the beam transport line. 

A new design will facilitate the estimation of electrical and thermal power distribution, total power, 

beam asymmetry, and beam divergence. The reported work will include details on the conceptual 

design, technical assessment, and other relevant considerations. 
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       Abstract 
The Radial Control Coil (RCC) power supply, rated for 130 V and ±12 kA, plays a critical role 

in controlling plasma during initial experiments in the SST-1 machine. The RCC is composed 

of resistive single-turn copper coils configured in either saddle or parallel arrangements, 

depending on experimental needs. The system is designed to achieve a current rise rate of 1 

MA/s, with a peak current of ±12 kA. The power supply includes IGBT-based 72 H-bridge 

inverter modules, an L-C filter, a 12-pulse SCR rectifier circuit, a water cooling system, and a 

transformer. 

During operation, it was observed that 40 IGBT modules were non-functional due to faulty 

driver cards and the system's performance was compromised due to faulty IGBT driver cards 

and over-current (O/C) fault cards, which reduced the power supply's current rating to ±6 kA 

from the intended ±12 kA. To restore full functionality, two driver cards and one over-current 

(O/C) fault card were replaced for each IGBT module. The process involved the successful 

mounting, wiring, and testing of the new driver cards. The system was then tested under a 

dummy load with two modules connected in parallel, and current sharing between the modules 

was verified. Performance of the O/C fault cards was assessed both in a table top setup and 

within the mounted power supply. 

Additionally, the gate pulses of both the existing and newly refurbished IGBT modules were 

checked using an oscilloscope, pulses was synchronized, confirming compatibility. After this 

validation, both refurbished (02 modules) and old modules were tested successfully under load 

conditions with modules connected in parallel. To date, two modules have been refurbished 

and successfully tested, with work ongoing for the remaining modules. 

This paper presents a detailed overview of the diagnostics, fault identification, system 

assembly, and testing of the new driver and O/C fault cards. It also provides performance 

results, demonstrating the power supply's restored full operational capacity and stability. 

 

Key word: Power supply, driver, IGBT, H bridge Inverter. 
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Abstract 

 

 

 

This paper presents a comprehensive enhancement to the Ion Cyclotron Resonance Heating (ICRH) 

Data Acquisition Control system through the implementation of an enhanced Windows-based Python 

client application. While maintaining the robust VME-based server infrastructure, the client system 

has been completely redesigned using Python with Tkinter for user interface development, replacing 

the previous Linux-based TCL/TK implementation. Key innovations include native Python-based data 

acquisition and real-time plotting capabilities replacing MDSPlus integration, automatic logbook 

generation with comprehensive shot documentation, online calibration configuration updates and 

enhanced development features for rapid prototyping and testing. The new architecture maintains full 

compatibility with the existing VxWorks RTOS server while providing improved user experience, 

enhanced data visualization and streamlined operational workflows. Extensive testing shows 

significant improvements in operational efficiency, system maintainability and experimental data 

management capabilities. The successful implementation demonstrates significant operational 

improvements including 73% faster startup times, 67% better GUI responsiveness and complete 

elimination of data loss events while maintaining the proven VME server architecture. 
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Abstract 
 

 

 

The energy lost from the tokamak plasma via radiation is measured by the bolometer diagnostics. In 

ADITYA-U tokamak, the bolometer diagnostics comprises three AXUV-100G detectors and two 

AXUV-20ELG arrays, mounted on radial and top port respectively.   Signal conditioning electronics 

for bolometer diagnostic consisting of 56 channels are designed, developed, installed and 

commissioned in ADITYA-U tokamak. Absolute extreme UltraViolet (AXUV) photodiode  

generates current during plasma operation is received by the front end of the signal conditioning, pre-

amplified by variable gain current to voltage convertor, post amplified with programmable gain 

amplifier ,filtered with 4th order sallen key butterworth filter , optically isolated and differentially 

drived to the DAQ. The circuit is capable of measuring a wide range of current from 1µA  to 1mA . 

All the signals are acquired with time resolution of 10 µsec. 

 

The signal conditioning electronics is designed for compact and high channel density with the use of 

advanced components. It has remote setting facility to set parameters of individual channel. 

Electronics has in-built power section which generates dc power from 230 Vac input .Controller card 

is designed with STM, 32 bit microcontroller based on Cortex M processor. A user friendly graphical 

user interface (GUI) software is developed using Lab View to provide remote operation. All 

bolometer electronics are centralized in one rack with indigenous data acquisition system. The 

electronics is commissioned and producing consistent results for all channels of Bolometer 

diagnostics. The poster will present design, development and the status of signal conditioning 

electronics for bolometer diagnostic, their specifications, inherent features, architecture and results 

obtained during plasma experiment.  
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Abstract 

 

 

 

The traditional Industrial Control Systems are typically implemented using proprietary software and 

hardware platforms, which often involve high licensing costs and limited customization required for 

different control system of tokamak operation e.g. capacitor charging system, vessel baking control 

system etc. To provide a more flexible and cost-effective alternative, this prototype leverages Python 

3 along with various open-source libraries developed a fully functional control interface using entirely 

open-source tools. 

 

This prototype examines how Python's extensive libraries (tkinter, pymodbus, threading) and 

simplicity can be utilized to facilitate communication with the Siemens S7-1200 PLC. The abstract 

also provides an overview of integrating Python with PLCs using Modbus TCP/IP standard in 

industrial settings. This integration involves configuring the PLC to act as a Modbus server, defining 

data blocks for communication, and implementing Python scripts to read/write coil and register. The 

integration offers a flexible and cost-effective approach for tokamak control system to build custom 

interfaces, data logging systems, and supervisory control application without relying solely on 

proprietary software. Prototype Experimental results validate the reliability and performance of 

Python-based communication with the S7-1200 PLC over Modbus TCP/IP, showcasing its potential 

for enhancing industrial automation workflows. The detailed software design, development and testing 

results will be discussed in the paper. 
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Abstract 

 

 

 

RF ICRH generator is installed and commissioned as an auxiliary heating system for Aditya and steady 

state super-conducting tokamak (SST-1) plasma machine. Cascaded amplifiers are connected to get 

the desired RF power output at the various frequencies range 20-40MHz. It is tuned at particular 

frequency e.g. 24.8MHz for RF experiment, wall conditioning, pre-ionization and heating experiments. 

  

Data Acquisition & control (DAC) System controls the RF source from the signal generator (5mw) 

sinusoidal wave at 24.8MHz to Cascaded RF amplifier of the stage LPA (50W), 2kW, 20kW, 200kW 

and 1.5MW. Tube based RF source needs High voltage DC power supplies like filament, control grid, 

screen grid and plate power supply for the RF signal amplification. DAC need to set the operating 

parameters of each Auxiliary power supplies and HVDC voltage for every stage of RF amplifiers. 

Hence DAC system installed to operate RF source for desired RF output power for experiment on 

Aditya and SST-1 tokomak. Signal conditioning system is required to isolate all signals for low power 

systems from high power HVDC supplies systems signals to avoide damage of low power data 

acquisition and control system to operate and control RF chain safe mode. 

 

This poster presents description of Upgraded signal conditioning system developed by various 

techniques of isolation of signals using electronic circuits for RF source 200KW & 1.5MW, 24.8 MHZ 

stage system for Aditya tokamak and SST-1.  
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Abstract 
 

Plasma-facing components (PFCs) play a critical role in divertor systems by facilitating the removal 

of impurities and helium ash, thereby ensuring the sustainable operation of tokamaks. These multi-

layered material components are typically fabricated from multi-layered materials, such as tungsten 

(W), copper (Cu), CuCrZr alloys and structural steel (SS) materials. These joints are developed by 

casting, vacuum brazing route or diffusion bonding route. The performance of plasma-facing 

components (PFCs) depend on the integrity of their multilayer joints. These joints are prone to various 

flaws such as crack, delamination during high heat flux testing or operation or handling the PFC 

component. Checking the health of these joints is essential for predicting the lifespan of PFCs. It is 

therefore require monitoring and health check the component periodically. To evaluate the integrity 

and performance of the brazed joints within these assemblies, electrical resistance was measured using 

the four-probe technique. Mock-ups of tungsten (W) mono-blocks, W macro-brushes, and graphite-

based PFCs were selected for the study. The objective of these measurements is to assess the quality 

of the brazed joints through a non-destructive approach. This study employs four-probe resistivity 

measurements to study the effect of introduced defects (cracks and deformations) on the bulk and joint 

sample. By correlating changes in resistance with defect presence, this method can be helpful for 

evaluating condition of the PFC. The paper presents the experimental methodology along with the 

results of the four-probe resistance measurements. 
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Abstract 

 

The SST-1 Cryogenic System comprises several auxiliary subsystems, including the Integrated 

Flow Distribution and Control System (IFDCS), Current Feeder System (CFS), and Warm Gas 

Management System (WGM) [1]. These subsystems operate continuously on a 24/7 basis, where 

system safety, reliability, and availability are of supreme importance. Among them, the WGM plays a 

vital role in handling high and medium pressure Helium gas. The associated instrumentation 

comprising pressure, and temperature transmitters, control valves, and ON/OFF isolation valves is 

often installed in exposed environments and thus prone to degradation and faults. 

To ensure accuracy and reliability, systematic preventive maintenance and validation activities 

were carried out. Temperature sensors (Pt-100) were calibrated and validated across the full 

operational range in conjunction with their transmitters. Pressure transmitter signals were cross-

verified with calibrated local gauges to ensure consistency. The local pressure and temperature 

indicators for medium-pressure (MP) tanks were replaced with newly procured high-accuracy units. 

Signal duplicators were thoroughly tested, with faulty modules replaced. All acquired signals were 

subsequently verified within the IFDCS PLC to confirm correct acquisition and integration into the 

control system. 

The implementation of these preventive maintenance practices significantly improved the 

reliability, accuracy, and availability of the cryogenic instrumentation, thereby ensuring safe and 

uninterrupted operation of the WGM. This paper presents the methodology and outcomes of these 

preventive maintenance activities performed on the WGM instrumentation as part of the SST-1 

Cryogenic System. 
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Abstract 

 

Thomson Scattering diagnostic [1] is one of the standard diagnostic technique to determine 

the electron temperature and density inside the Tokamak plasma. The diagnostic system consist of 

multiple of tens detector system consist of number of filter polychromator for scattered photon 

detection [1]. It is required to carry out the calibration of detectors employed in filter polychromator 

in regular time intervals considering the effect of variation of gain, transmission and reception of 

photon detection with temperature and vibration [2].  

The existing Thomson Scattering system employs a manual inter channel calibration 

arrangement. Arduino based automated inter channel calibration setup design and developed by 

remote operation of the system, which could improve the accuracy of electron temperature and 

density. The developed calibration setup placed in-between the Tokamak vessel and collection optics 

assembly. The poster present the design and development of calibration setup along with initial 

calibration result by remotely operated the system and its effect on the detector signal. The 

developed calibrator would reduce human error and conveniently allow us to perform inter channel 

calibration even in between plasma discharge interval.       
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Abstract 

 

The Neutral Beam Injector (NBI) system at IPR is developed for about 1.7MW Neutral beam 

power (55keV, 90A) for heating of SST-1 tokomak plasma. It employs 24 nos. of thermionic cathode 

filaments and 24 nos. of Discharge power supplies to generate required plasma discharge current for 

ion beam production. Each Filament power supply uses for heating of three nos of filaments and each 

filament is connected with individual Discharge power supply with center tapped transformer. 

 

Parallel operation of Discharge power supplies with filament transformer provides promising 

solution for the demand to meet the higher discharge current while ensuring redundancy and flexibility 

of operation. However, such configuration introduces technical challenges such as circulation current, 

load sharing imbalance and potential instability due to unequal filament impedances, if any.     

 

This works investigates practical issues and operational difficulties associated with parallel 

operation of discharge power supplies with filament heating system. Experimental and simulation 

based results are analyzed to validate the feasibility of parallel operation. 
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Abstract 

 

Runaway electrons (RE) are one of the undesired features for any given tokamak device. The RE in 

the tokamak plasma belong to the tail part of the electron velocity distribution function. These tail 

electrons, by nature, carry a huge amount of energy. The RE energy can be as high as 100 MeV in the 

case of the ITER [1]. These electrons with such high energies leave the magnetic confinement and 

escapes to the wall, depositing the energy mainly on the various fist wall components. This high-energy 

deposition poses a health hazard to the plasma facing components, vessel wall and sometimes 

subsystems outside the vessel as well. The energy deposition brings sputtering of the material, melting, 

softening, X-ray generation, etc [2]. Hence, a clear strategy is required for runaway electron mitigation 

and avoidance. The RE simulation is one of the tools to understand and design such complex strategies. 
 

The abstract presents the simulation results, considering the Dreicer RE generation mechanism, for the 

RE flux estimated for different tokamak plasma configurations. The major domains in the tokamak 

plasma, where the RE are reported to be affected substantially, are the plasma start-up, impurity 

seeding, and the presence of plasma instabilities.  In this work, the key thrust is given to understand 

how the RE flux is evolving temporally and spatially and effecting the plasma properties. RE flux 

sensitivities towards the plasma and machine parameters are explored for the realization of RE flux 

[3]. The plasma profile modifications are also considered for this study. The results indicate that the 

RE profile modifies with the prevailing plasma conditions.  
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Abstract 

 

 

Interferometer is widely used for the line integrated density measurement of tokamak plasma. 

Depending upon the plasma frequency, the frequency of interferometer is decided i.e. microwave, laser 

or far infrared. There are two heterodyne systems at Aditya-U. These both systems are entirely 

different in terms of operating frequency, their schematic and also the phase measurement scheme. 

One system operating at 140GHz while other one is at 100GHz. The main difference is, one system is 

phase locked loop (PLL) while another system is free running, the PLL system measures the phase by 

ZERO CROSS method while the another measures the phase by the ARCTAN method. These both 

systems are installed at center port of the Aditya-U tokamak at different toroidal location. The both the 

systems measured real time density signal. The density obtained by both systems are analyzed for with 

and without gas puff at Aditya-U plasma discharges. The density obtained by both the systems are 

compared for number of plasma discharges. Though the PLL systems are more preferable due to their 

higher frequency stability, the comparison shows that density measured by both the systems are 

similar. This shows that the phase stability of the free running systems are as comparable as PLL 

system. 
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Abstract 

 

The periodic relaxation of the core temperature and the density is referred to as the Sawtooth crash 

(SWC)[1]. This event is termed after the sawtooth-like temporal emission pattern, reported mainly by 

Soft  X-rays. The SWC is a result of the growth on the m/n = 1/1 island and the related reconnection, 

which initiates the reordering of the magnetic field and plasma profiles. Under SWC, a huge amount 

of particles and energy is thrown out of the plasma to the wall, triggering neoclassical tearing modes 

(NTMs), which is an undesired feature. Considering an ITER-like fusion plasma, the integrity of the 

plasma-facing components is under threat. Therefore, the correct identification of the SWC and 

possible mitigation is paramount. 
 

The ongoing efforts in timely identifying and possible mitigating strategies are one of the key projects 

at IPR. The abstract is addressed to the identification of the discharges having SWC from a large 

ADITYA tokamak Soft X-ray database[2]. The identification procedure includes a formal Machine 

learning (ML) enabled platform where almost near to real time results can be produced. One of the key 

challenges is to handle the multi-frequency data, especially with the lower X-ray emission output 

measured by the detector. Major emphasis is given to the data preparation and pre-processing. The 

results exhibit the important features of the data, which clearly restrict the existing rule-based method 

SWC detectors (RSD). Moreover, the RSD with the data pre-preparation the accuracy has improved 

from 26 % to  ~75 % whereas  the ML-based procedure offers the accuracy of 90 %.  
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Abstract 
 

High-density plasma with a centrally peaked profile is essential for the success of nuclear 

fusion machines. Efficient refueling of the plasma is crucial to effectively manage particle loss, and 

pellet injection stands out as the most established and effective technique for this purpose [1-2]. This 

method involves the injection of frozen solid fuel pellets into the plasma at speeds between 100 and 

1000 m/s. To investigate the pellet-plasma interaction in the Aditya-U tokamak, a single-barrel pellet 

injector has been developed at IPR. This injector features a cryocooler that freezes hydrogen gas at 

temperatures of around 4-8 K. The pellets are propelled into the plasma by a burst of high-pressure 

helium propellant gas.  

It is necessary to prevent helium from entering the tokamak chamber to maintain plasma purity. 

To achieve this, a robust three-stage differential pumping system (DF1, DF2, and DF3) has been 

designed and integrated into the injector to restrict the flow of the propellant gas alongside the pellet. 

Comprehensive experiments were conducted for various propellant gas pressures, revealing a sharp 

transient pressure rise in DF1 (from 10-5 to ~1 mbar) during pellet injection, followed by significantly 

reduced pressure in DF2 (from 10-7 to 10-4 mbar) and DF3 (from 10-7 to 10-6 mbar) vacuum chambers. 

These results explicitly confirm the effectiveness of the differential system to prevent the gas flow 

with the pellet. Moreover, theoretical simulations based on Euler integration of particle balance 

equations demonstrate a strong quantitative match with the experimental values. This comprehensive 

study decisively validates the efficiency of the designed differential pumping system in maintaining 

vacuum integrity in the downstream region and ensures effective fueling of the tokamak. Furthermore, 

hydrogen pellets of size ~0.8 mm (diameter and length) have been successfully frozen and injected at 

a speed of 200-250 m/s during test bench operation. The parameters obtained are in line with the 

injector design for the ADITYA-U. 
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Abstract 
 
 

In ROBIN-[1], the input power to the high voltage power supplies (HVPS) - namely the Extraction 
Power Supply (rated -11 kV, 35 A) and the Acceleration Power Supply (rated -35 kV, 15 A) - is 
derived from a 2 MVA, 11/0.433 kV transformer. The HVPS have been successfully operated for 
more than ten years, achieving a combined output voltage of -43 kV. Considering both the extensive 
usage of the transformer in experiments and its prolonged service life, a complete overhauling was 
undertaken in order to enhance its operational reliability. The overhauling process included a series 
of activities such as pre-overhauling tests, disassembly and reassembly of the core and windings, 
inspection for possible damages, hot-oil blasting, and post-overhauling tests.  
 
This paper presents the details of the overhauling work, the results of pre and post-overhauling 
testing, and the current operational status of the transformer after its successful re-commissioning.  
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Abstract 

 

 

Spherical Tokamaks (STs), characterized by their low aspect ratio geometry, are emerging as 

promising candidates for future fusion power plants. Recognizing their potential, IPR is also building 

a Small-Scale Spherical Tokamak (SS-ST) to explore the operational challenges and plant system 

requirements associated with this configuration. Despite its compact size, the SS-ST demands the 

complete suite of central control capabilities typically employed in conventional tokamaks.  

 

This paper presents an overview of Central Control System (CCS), which serves as the core 

supervisory layer for coordinated SS-ST operations. The CCS manages control, monitoring, and data 

acquisition across all plant systems, ensuring synchronized execution of complex sequences such as 

plasma initiation, discharge, and shutdown. It integrates heterogeneous hardware through 

standardized protocols and provides a unified interface for real-time control and monitoring. It 

supports both fast and slow data acquisition systems while meeting stringent timing requirements 

critical to SS-ST tokamak experiments. The paper also highlights the current status of CCS 

development and integration of plant systems in details. 
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Abstract 
 

 

 

Small Scale Spherical Tokamak (SS-ST) is designed, fabricated and installed at Institute for Plasma 

Research (IPR), Gandhinagar, India. It is a low aspect ratio Spherical Tokamak. Its aspect ratio (R/a) 

is 1.75. Plasma is produced inside the Vacuum Vessel (VV) of SS-ST tokamak. SS-ST Vacuum 

Vessel is cylindrical in shape with a center bore to accommodate the Ohmic coil. SS-ST Vacuum 

Vessel consists of six numbers of radial ports, 6 nos. of top and bottom ports each. Plasma Facing 

Components (PFC) is one of the sub-systems of SS-ST tokamak. Plasma Facing Components consist 

of two poloidal limiters diagonally opposite to each other. Graphite material has been chosen as the 

plasma facing armour material in SS-ST tokamak, because of its high thermal shock resistance and 

low atomic number of carbon. Graphite in the form of shaped tiles is mechanically bolted to SS 

limiter frames. It is essential to bake the graphite tiles at high temperature of about 1000 oC, before 

installing them into the SS-ST vacuum vessel. Vacuum conditioning process will remove water 

vapour and other adsorbed gases from the surface and from the bulk of the graphite tiles. Residual 

Gas Analyser (RGA) is used to measure the outgassing at various temperatures during the entire 

vacuum baking process. This paper will discuss about the vacuum baking procedure and residual gas 

analysis of SS-ST graphite tiles in high temperature vacuum baking process. 
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Abstract 
 

 

 

Small Scale Spherical Tokamak (SS-ST) is a small sized spherical tokamak. SS-ST tokamak is 

designed, fabricated and installed at Institute for Plasma Research (IPR), Gandhinagar, India. It is a 

low aspect ratio spherical tokamak. Its aspect ratio (R/a) is 1.75. SS-ST Vacuum Vessel is cylindrical 

in shape with a centre bore to accommodate the Ohmic coil. Plasma Facing Components consist of 

two poloidal limiters placed diagonally opposite to each other. Graphite material has been chosen as 

the plasma facing armour material in SS-ST, due to is high thermal shock resistance and low atomic 

number of carbon. Shaped graphite tiles are mechanically bolted to SS limiter frames. In order to 

achieve UHV inside the vacuum vessel, it is essential to bake the vacuum vessel and in-vessel 

components, so that water vapour and other adsorbed gases could be removed from the vessel 

surface and from the bulk of the material of all in-vessel components. It is important to measure the 

temperature of vacuum vessel and PFCs during baking and plasma operations to ensure the safety of 

these components and vacuum vessel. K-type thermocouples are mounted at several locations for 

temperature measurements of vacuum vessel and PFCs. Masibus make 85XX+ multichannel 

universal scanners were used to monitor and acquire thermocouple temperature data from SS-ST 

vacuum vessel. m-Scan+ software is used to monitor, log and display SS-ST temperature. Baking of 

SS-ST vacuum vessel and its experimental results will be presented in this paper. 
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Abstract 
 
An advanced thermal neutron radiography imaging facility has been planned for installation and 

commissioning at IPR to enhance diagnostic capabilities in materials research and nuclear 

applications. For this facility, with dimensions of 4010 mm (L) × 2950 mm (W) × 3410 mm (H), a 

support structure has been designed in two assemblies: The base support structure and the cage 

support structure. 

 

The base support structure assembly would be fabricated from Structural Steel. The cage support 

structure assembly is composed of multiple material layers with Structural Steel, Borated 

Polyethylene (BPE), Lead and Graphite. The cage structure is mounted on castor wheels for smooth 

movement on the base structure manually during final commissioning with the tungsten target. The 

cage structure along with the graphite block assembly weighs approximately 2500 kg. 

 

Radiation shielding is designed  layereddesigned layered materials in the sequence: Graphite blocks 

(150 mm thick), Lead bricks (38 mm thick, interlocking type), and BPE sheets (70 mm thick) to 

contain the radiation within it. The imaging system allows a manual sliding stroke of 400 mm, 

designed for smooth, jerk-free motion during both forward and backward travel. 

 

Engineering design, structural analysis, and 3D CAD modeling have been successfully completed. 

Presentation will highlight the design approach, analysis, and fabrication methodology that brought 

the Neutron Radiography Imaging facility. 
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Abstract 

 

 

Metallic first mirrors (FMs) are critical for ITER diagnostics, but they undergo erosion, impurity 

deposition, and optical degradation under plasma-facing conditions [1]. In laboratory experiments 

designed to simulate those intended for ITER, these mirrors are contaminated with aluminum and 

boron, followed by cleaning using radio-frequency (RF) plasma for varying durations. Additionally, 

these mirrors are cleaned using ion beams with precisely controlled energy, angle, and fluence. Both 

cleaning methods partially restored reflectivity but resulted in the formation of self-organized 

nanoscale features, leading to shifts in the refractive index (n) and extinction coefficient (k). The focus 

of our study is to deliberately contaminate mirrors and compare RF-plasma and ion-beam cleaning 

methods by evaluating the reflectivity of the mirrors. These experiments aim to provide a reliable, low-

damage cleaning method for fusion diagnostics [2]. 
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Abstract 
 

 

 

In fusion reactor environment, neutrons react with the materials present inside the machine, leading to 

radiation damage and gas build-up due to transmutation processes. Neutron interaction with reactor 

materials results in prompt as well delayed high energy gamma fields which in turn produces high 

radiation doses even when machine goes in shut down mode. For full cycle of operation of machine, 

estimates of these shutdown dose rate values is very much required for performing maintenance 

operations as well for estimating methods for handling rad waste. OpenMC is a neutronics code written 

in C++ added with python api functionality and available as open source code developed by MIT, 

which has neutron-photon transport as well depletion modelling implemented.  

 

In this work, FNG shield benchmark [1] is modelled in OpenMC to compare the calculated reaction 

rates in various foils with the measured reaction rates. Another benchmark problem knows as ITER 

calculation benchmark for SDDR is modelled and results from other transport codes will be compared 

with the OpenMC results. OpenMC ensures good confidence with future full scale neutronics 

modelling in indigenous tokamak machine as well present a cross check with other neutronics codes 

being a freely available alternative. 
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Abstract 
 

 

A new lab building space at Institute for Plasma Research (IPR)  requires an infrastructure for 

distribution of Liquid Nitrogen (LN2) and Gaseous Nitrogen (GN2) for experimental setups like  

superconducting magnets,  Exhaust and Fueling Technology Development (EFTD), plasma facing 

components, high power particle beams,  development of  high pumping speed cryopumps  and  

indigenously developed Liquid helium refrigerator cum liquefier. All these experimental setups 

requires approximately 125g/s flow of LN2 and 225 g/s of GN2. In order to cater the requirements of 

LN2 and GN2 for the above mentioned experimental activities, a Centralized LN2 and GN2 distribution 

is designed and optimized with respect to techno-commercial constraints and subsequently a detailed 

thermo-hydraulics of distribution network is performed to estimate the size of the lines for different 

operational scenarios. This paper presents the study of different options and selection of optimum 

solution to cater the requirement LN2, GN2 and vent lines, heat load estimation as well as sizing 

calculation with respect to acceptable pressure drop under different operational scenarios.  
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Abstract 

 

 

Neutral Beam (NB) systems are one of the most critical systems for providing required heating power 

to plasma in a tokamak.  In order to operate NB systems, several diagnostics are needed in order to 

assess the working healthiness/efficiency of these systems. One of the simplest embedded diagnostic 

used in a Thermocouple (TC).  TCs are embedded on almost all of the mechanical systems within a 

NB facility. TCs on mechanical structures provide vital information regarding the working efficiency 

of a NB system and provide input to protection functions as well.   

TCs are located in Beam source and Beam line components comprising of Neutralizer, RID and 

Calorimeter. Due to challenging operational conditions such as HV transients and high RF field, it is 

challenging to interface TCs to the Data acquisition and Control System (DACS). In addition, a mature 

NB system has over hundreds of TCs and interfacing them with DACS includes a lot of cabling and 

maintenance. Hence dedicated efforts are required to develop specialized signal conditioning for TC 

interfacing. 

In view of these challenges, new front end signal conditioning boards have been designed which can 

handle multiple (presently upto 8) signals at a time and transmit/receive the signals over a single optical 

fibre. Such type of signal conditioning boards perform filtering, amplification and Voltage to 

Frequency conversion of a TC signal for optical transmission thereby providing better isolation. In 

order to multiplex and later de-multiplex the signals, FPGA ICs have been included on the boards. 

Apart from this on-board FPGA perform tasks related to serialization and clock recovery. 

These boards have been designed for upcoming Indian Test Facility (INTF), which is a test facility for 

ITER DNB system. INTF has around 400 TCs and need innovative solutions for handling large volume 

of signals. These boards have been tested for signal quality and reliability in order to validate the 

design. Experimental results and their impact on future systems have been analysed and discussed. 

The developed electronics can support other low bandwidth signals other than TCs serving wider 

purpose. The poster presents details of the design, development and testing of the signal conditioning 

boards.  
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Abstract

A single-channel metal foil infrared (IR) bolometer has been developed for measuring plasma radiation
in the Aditya-U tokamak. The diagnostic consists of a Platinum (Pt) foil, graphite-blackened for
enhanced absorption, placed behind an aperture. Thermal emission from the heated foil is detected by
an IR photo detector with a wavelength sensitivity range of 3–5 μm.

This paper presents the conceptual design and development of the bolometer, including considerations
of size and geometry based on port availability and the intended physics studies. A model equation is
derived for detector temperature calibration, and experimental calibration data are fitted to this model.
The Platinum foil is characterized to determine the calibration parameters and cooling time constant,
which are then used to evaluate the incident power.

In disruption mitigation experiments, high-Z impurities or pellets are injected into the plasma to
convert thermal energy into radiation, thereby reducing localized heat loads on in-situ components[1].
However, simulations for ITER-scale devices indicate that localized radiation peaks during disruption
mitigation may still be intense enough to damage plasma-facing components[2]. Hence, measuring
toroidal radiation distribution is essential for understanding and optimizing mitigation strategies.
The single-channel IR bolometer offers a practical solution for such studies, as multiple units can be
installed at different toroidal locations on the tokamak vessel. This paper reports the development,
calibration, and bolometer performance such as sensitivity, noise equivalent power (NEP), signal to
noise ratio (SNR), time resolution during disruption mitigation experiment scenarios in ADITYA-U
tokamak.
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Abstract 
 

 

The Primary Heat Transfer Systems (PHTS) at ITER provides cooling water to client systems such as 

Vacuum Vessels, First Wall/Blanket for removal of heat during plasma operations and to integrated 

Blanket / Divertor serving, NBI systems during post-first plasma operations for decay heat removal 

following plasma operations [1].  

 

ITER PHTS penetrations (18 Nos.) to be manufactured in factory and further positioned and welded 

with Embedded plates (EP) of ITER tokamak building [2]. During assembly welding activities for the 

first five PHTSs, significant deformation was observed at EP locations after the completion of several 

layers of welding between PHTS Penetrations and EPs which resulted in damage of EP anchors. 

Following root cause analysis, it was decided to design and perform welding and concrete mockups to 

aim for minimal deformation on EP and defining limit of deformation tolerance to prevent damage on 

anchors.  

 

This poster presents the outcomes of steel mockups including selection of welding process and welding 

parameters, defining root gap tolerances and further validation of the same into concrete mockups with 

representative configuration of penetrations similar to the site assembly. Learnings on introduction of 

quality verification stages such as metrology by laser tracker, ultrasonic testing of EP and frequent 

temperature measurement during welding are also described in the poster. This poster also highlights 

successful implementation of mockup learnings for welding of remaining PHTS penetrations to EPs 

in building with the deformations not exceeding the defined limit and no damage occurred to the 

anchors. 
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The existing Inductive Pellet Injector (IPI) system of ADITYA-U Tokamak has several 

limitations towards its cartridge insertion mechanism. For removing the used cartridge and 

reloading a new cartridge, the existing system needs to be manually pushed back and sideways, 

requiring hard physical labour and a lot of time. Furthermore, carrying out the cartridge 

replacement in between the discharges at the constricted space near the tokamak port with other 

installed diagnostics on the adjacent ports, is challenging and involves safety hazards. To 

remove these limitations, the mechanical design of the system has been modified to 

mechanized the movement of system for easy cartridge replacement which is both time-

efficient and safe.  

The new mechanical system contains a novel linear drive system to translate rotary motion into 

linear displacement through mechanical linkage arrangement, capable of moving a payload 

approximately 300 kg over a stroke distance about of 350 mm. In the updated arrangement, IPI 

is positioned at approximately 1.6 m away from injection port. In order to guide the cartridge 

over this distance a metal barrel has been introduced which runs co-axially with coil and 

injection port. A secondary chamber with concentric alignment blocks fitted inside has been 

introduced between tokomak port and injector coil. The alignment blocks ensure alignment and 

provide mechanical support for thin metal guiding barrel within a tolerance of 200 microns. 

Additionally, a coupler is fixed inside the secondary chamber for attaching the cartridge 

stopper. The upgraded mechanical design is based on optimized space utilization near the 

tokamak port. The CATIA model of the new design is integrated to CATIA model of the 

ADITYA-U to ensure no fouling with other diagnostics installed on adjacent ports. The new 

mechanical design of the upgraded Inductive Pellet Injector (IPI) system of ADITYA-U 

Tokamak will be presented in this paper.  
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Abstract 

 
 

Institute for Plasma Research (IPR) is developing LIM based electromagnetic launching (EML) system 
capable of generating 8 kN of thrust to accelerate a 100 kg payload to 20 m/s. While the motor design 

defines performance targets, its successful realization depends critically on fabrication quality, precise 
assembly, and accurate installation. 
 

This work presents the key methodologies adopted for the fabrication and installation of the LIM 
developed at IPR. Major processes include fabrication of diamond-shaped winding, inter-coil 

connection schemes, and vacuum pressure impregnation (VPI) of the windings to improve thermo -
mechanical strength and electrical reliability. Precise alignment and assembly procedures have been 
adopted to maintain uniform air gaps between the primary LIM modules and the moving secondary 

carriage, as thrust efficiency is highly sensitive to this parameter (air gap). Practical challenges such 
as handling large modules, meeting tight tolerances, and ensuring structural stability for high thrust 

condition will also be addressed, along with the adopted solutions for reliable system integration. 
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Abstract 
 

 

 

Ion flow induced phase behaviour of plasma crystal [1] is reported in presence of external magnetic 

field and asymmetric ion flow near the plasma sheath. The interaction potentials between dust 

particles [2] are modified near the plasma sheath due to asymmetric ion flow and magnetic field. 

This modification results in the tuning in coupling strength between the charged dusts as a 

characteristic of ion flow speed and the strength of external magnetic field. An equilibrium 

Molecular Dynamic (MD) simulation [3] is performed based on the interaction potentials. The 

simulation results are used to study the thermodynamic properties of plasma crystal in both subsonic 

and supersonic flow regime. The study shows a repulsive Yukawa dominating phase in supersonic 

regime and a mixed phase of attractive Wake and repulsive Yukawa in subsonic regime of ion flow 

[4]. The simulation results show an anomaly in phase behaviour of plasma crystal in subsonic flow 

limit. The thermodynamic study confirms the ion flow induced anomaly in phase behaviour and 

opens up new possibilities in dusty plasma experiment in near future. 
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Abstract 
 

 

 

The Shivalik Plasma Device-I (SPD-I) [1] possesses a unique maneuver capability where charged dust 

cloud can be controlled and repositioned through adjustment of a single parameter, the discharge 

voltage. In SPD-I, the dust cloud forms in the spatial afterglow [2] regime, away from the bulk plasma, 

with up to two orders of plasma density variation. This unconventional formation of dust cloud over 

the glass surface is due to an effective potential well formation over the glass while a spontaneous void 

over the cathode resists its presence in between the electrodes. Under appropriate discharge conditions, 

the cloud can be manipulated to move from the spatial afterglow plasma to the bulk plasma as the 

cathode void suppresses.  

 

The expulsion of contaminating particles by creating a dust-free void and then systematically 

repositioning them to desired locations through voltage modulation might prove to be a novel 

mechanism to remove dust impurities from material surfaces. The existing plasma cleaning methods 

that rely on ion bombardment and chemical etching may alter sensitive surfaces and are limited to thin-

layer cleaning. By understanding and utilizing this unique ability of SPD-I, an optimized methodology 

can be developed for industrial plasma cleaning applications. 

 

The poster will highlight these points: 1) Dynamics of void and dust cloud by changing the discharge 

voltage, 2) The effect of DC discharge in the formation of void over the electrode, and 3) a possible 

application in substrate cleaning.  
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Abstract 
  

  

 

For practical applications of laser-driven ion beams, achieving higher proton energies together with 

improved collimation and mono-energetic features is highly desirable. A critical factor in this regard 

is the efficient absorption of laser energy by electrons and ions, which directly influences the energy 

transferred to the accelerated protons. Spherical targets with sizes comparable to the laser spot are 

known to significantly enhance absorption efficiency, leading to improved ion acceleration. In this 

work, we investigate proton acceleration from spherical targets irradiated by high-intensity laser pulses 

having intensity above 1021 W/cm2. The curved geometry of these targets enhances laser absorption, 

resulting in stronger fields for proton acceleration compared to conventional flat foils. Our findings 

show that spherical targets not only provide a practical and reproducible alternative to ultra-thin foils 

but also yield higher-energy proton beams. These results highlight the potential of spherical targets as 

promising candidates for efficient laser-driven ion acceleration and may open new directions for their 

use in applications such as medical therapy and materials research. 
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Abstract 
 

 

 

Complex plasmas are weakly ionized gases containing micron-sized microparticles. Such systems 

serve as an excellent model to study phenomena occurring in classical solids and fluids, which include 

melting, diffusion, plastic deformations, etc. The microparticles are levitated against gravity under the 

action of an externally applied electric field, causing a vertical plasma flow. The flowing plasma is 

focused downstream to each microparticle, which forms the plasma wake, rendering the interaction 

between the microparticles nonreciprocal.  

 

Thermoacoustic instability provides an efficient mechanism for transferring chemical energy to 

acoustic oscillation energy in chemical systems, which is important from a fundamental point of view. 

In complex plasma, the thermoacoustic instability was studied experimentally, and such an instability 

was triggered due to the nonreciprocal interaction between the microparticles [1,2]. This work explores 

the nonlinear nature of the thermoacoustic waves in a two-dimensional complex plasma system. Using 

the standard reductive perturbation analysis, we theoretically explore the occurrence, formation and 

saturation amplitudes of the thermoacoustic instability. 
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Abstract 
 

 

Warm dense matter (WDM) is a state of matter characterized by densities ranging from solid density 

to a few orders higher than solid density and temperatures ranging from a few eV to a few keV. 

Modelling warm dense matter is relevant for various applications including the interior of gas giants 

and exoplanets, inertial confinement fusion, and ablation of metals. Ongoing and upcoming 

experimental campaigns in photon sources around the globe rely on numerical simulations which are 

accurate on the level of electronic structures. In that regard, density functional theory-molecular 

dynamics (DFT-MD) simulations [1] have been widely used to compute dynamical and 

thermodynamical properties of warm dense matter. However, two challenges impede further 

progress: (1) DFT-MD becomes computational infeasible with increasing temperature (2) finite-size 

effects render many computational observables inaccurate, because DFT-MD is limited to a few 

hundred atoms on current HPC platforms. Recently, molecular dynamics (MD) simulations using 

machine learning-based interatomic potentials (ML-IAPs) could overcome these computational 

limitations [2]. In this talk, I will present a study on the transport and materials properties of 

beryllium spanning from ambient to warm dense matter conditions using a machine-learned 

interatomic potential (ML-IAP). 
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Abstract  

 

Surface Plasmon Polaritons (SPPs) electromagnetic waves tightly confined at metal-dielectric 

interfaces, offer unique capabilities for manipulating light beyond the diffraction limit. When 

integrated with planar metasurface planar, sub-wavelength structured materials designed to engineer 

wave fronts SPPs enable unprecedented control over light-matter interactions at the nanoscale. This 

work explores the excitation, propagation, and manipulation of SPPs using engineered metasurface 

composed of conductive and dielectric materials. Combining experimentally developed composite 

polyamide-based materials with copper-dielectric metasurface, absorption and sensing can be 

enhances compared to regular materials. Tailoring the geometry, periodicity, and material composition 

of metasurface, it is possible to modulate SPP dispersion, directionality, and coupling efficiency. 

Applications of such systems include, SPP-based sensors, surface-enhanced spectroscopy, and on-chip 

optical communication platforms. In this work a combined approach for metasurface has been 

discussed for enhanced frequency selective reflectance applications.  
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Abstract 
 
 
 

Low-temperature plasmas appear in technologies such as semiconductor manufacturing, space 
physics and fusion devices. Their behavior is described by Vlasov-Poisson equation. However, the 
high dimensionality of this system makes direct solution computationally challenging. Classical 
approaches typically rely on linearization and numerical solvers, but the rapidly increasing 
complexity motivates the exploration of quantum algorithms. 
 
In this work, we explore two interesting quantum computational methods for simulating plasma 
dynamics. The first is Quantum Singular Value Transformation, which enables the application of 
polynomial functions to the matrices by block-encoding. The second is the Trotter and 
Trotter-Suzuki decomposition, which breaks the complicated time evolution Hamiltonian into many 
small and simpler steps. Our goal here is to use the two methods for solving the plasma system and 
make a comparison in terms of accuracy and computational size.  
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quantum singular-value transformation: Complexity analysis and application to the linearized 
Vlasov-Poisson equation." Physical Review A 109, 012430 (2024) 
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​Abstract​

​Generally,​​our​​traditional​​emergency​​lighting​​systems​​depend​​entirely​​on​​electrically​​powered​​LEDs,​
​mostly​ ​driven​ ​by​ ​batteries​ ​and​ ​generators.​ ​However,​ ​this​ ​conventional​ ​setup​ ​has​ ​several​ ​serious​
​drawbacks:​ ​the​ ​batteries​ ​require​ ​periodic​ ​replacement,​ ​regular​ ​maintenance,​ ​and​ ​they​ ​are​
​energy-dependent.​​Lithium-ion​​batteries​​are​​also​​difficult​​to​​manufacture​​and​​cause​​pollution​​during​
​their​​manufacturing​​process.​​Therefore,​​it​​is​​necessary​​to​​overcome​​these​​boundaries​​so​​that​​we​​can​
​fight​​better​​against​​the​​disaster​​situations.​​This​​research​​proposal​​gives​​a​​detailed​​insight​​into​​how​​we​
​can​ ​create​ ​an​ ​energy-independent,​ ​maintenance-free,​ ​pollution-free,​ ​and​ ​cost-effective​ ​approach​ ​to​
​revolutionize​ ​the​ ​concept​ ​of​ ​emergency​ ​lighting​ ​systems.​ ​There​ ​are​ ​some​ ​materials,​ ​that​ ​can​​store​
​energy​ ​as​ ​a​ ​battery​ ​and​ ​begin​ ​emitting​ ​light​ ​in​ ​the​ ​absence​ ​of​ ​illumination​ ​immediately​ ​after​ ​the​
​removal​ ​of​ ​the​ ​energy​ ​source​ ​(sunlight,​ ​indoor​ ​light,​​etc.,).​​What​​actually​​happens​​is​​that​​electrons​
​become​​excited​​from​​their​​ground​​state​​and​​get​​trapped​​for​​some​​time​​in​​metastable​​states​​within​​the​
​crystal​​structure​​and​​move​​back​​to​​their​​ground​​state​​slowly​​over​​time,​​releasing​​energy​​in​​the​​form​
​of​​visible​​luminance.​​This​​process​​is​​known​​as​​delayed​​de-excitation.​​These​​materials​​are​​generally​
​referred​ ​to​ ​as​ ​phosphorescent​ ​materials.​ ​In​ ​this​ ​work,​ ​we​ ​explore​ ​highly​ ​efficient​ ​and​ ​powerful​
​phosphorescent​​materials​​to​​be​​used​​in​​bulb-like​​structures​​made​​primarily​​from​​strontium​​aluminate​
​doped​ ​with​ ​Europium​ ​(Eu²⁺)​ ​and​ ​Dysprosium​ ​(Dy³⁺).​ ​These​ ​materials​ ​exhibit​ ​several​ ​important​
​characteristics:​ ​high​ ​luminous​ ​intensity,​ ​non-toxicity,​ ​and​ ​a​ ​persistent​ ​afterglow​ ​in​ ​the​ ​absence​ ​of​
​illumination.​​Experimental​​testing​​showed​​that​​an​​exposure​​of​​ten​​seconds​​can​​produce​​an​​afterglow​
​lasting​ ​sixteen​ ​seconds,​ ​measured​ ​using​ ​photometric​ ​devices​ ​in​ ​a​ ​completely​ ​dark​ ​environment.​
​These​ ​materials​ ​can​ ​be​ ​applied​ ​in​ ​home​ ​paints,​ ​pathway​ ​strips​ ​on​ ​highways​ ​and​ ​airport​ ​runways.​
​Once​ ​installed,​ ​they​ ​require​ ​no​ ​maintenance​ ​or​ ​cable​ ​connections,​ ​as​ ​they​ ​are​ ​completely​
​self-operated​ ​-​ ​making​ ​them​ ​ideal​ ​for​ ​remote​ ​locations,​ ​low-resource​ ​settings,​ ​and​ ​emergency​
​shelters.​ ​Additionally,​ ​they​ ​help​ ​reduce​ ​overall​ ​energy​ ​consumption.​ ​Beyond​ ​these​ ​benefits,​ ​such​
​materials also have promising potential in the field of home aesthetics and interior design.​
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Abstract 

 

 

According to the World Health Organization (WHO), bacterial infections accounted for approximately 

7.7 million deaths in 2019 and are projected to cause nearly 10 million deaths by 2050 [1]. Biofilm 

formation on medical implants leads to persistent infections, delayed healing and implant failure, 

underscoring the urgent need for effective antibacterial strategies. Polymer nanocomposites have 

recently emerged as promising candidates; however, their surfaces often promote bacterial adhesion, 

biofilm growth and poor tissue integration, which compromise implant performance and long-term 

clinical success. Therefore, surface modification is crucial to enhance biocompatibility, hydrophilicity 

and impart antibacterial properties without altering the bulk characteristics of the material, with non-

thermal plasma treatment standing out as a chemical-free, safe, dry and environmentally friendly 

method [2]. In this work, Co3O4 and Fe3O4 nanoparticles were synthesized using a transferred arc 

plasma system. The surface properties of EVA polymer films were modified by Dielectric Barrier 

Discharge (DBD) plasma at 30 kV with argon as the discharge gas.  Plasma-treated films were 

subsequently dip-coated in Co3O4 and Fe3O4 nanoparticle solutions. The synthesized nanoparticles 

were characterized by UV-Vis spectroscopy, XRD, SEM, TEM and EDAX analysis, whereas the 

changes in hydrophilicity, chemical structure and surface textures of the polymer films before and after 

Co3O4 and Fe3O4 incorporation were analyzed by Goniometer, ATR-FTIR, XPS, SEM and AFM 

analysis. In addition, the electron temperature and electron density of argon plasma operated at 30 kV 

are calculated to be 0.8 eV and 1.6x1016 cm-3 respectively. Finally, the antibacterial studies have been 

carried out against Escherichia coli and Staphylococcus aureus bacteria. The combined effect of 

plasma treatment and nanoparticle incorporation significantly enhanced the antibacterial activities of 

the films, highlighting their potential for biomedical applications. 
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Abstract 

Microplasma jets operating at atmospheric pressure have attracted significant attention due to their 

ability to generate reactive species in confined regions, enabling precise, low-temperature material 

processing. In this work, we present the design and fabrication of a novel atmospheric pressure 

microplasma jet (APMPJ) system specifically tailored for nanomaterial synthesis. The APMPJ 

assembly was constructed using a dielectric quartz tube and copper electrodes in a compact 

configuration, ensuring stable plasma operation at low power inputs. Electrical and optical diagnostics 

confirmed the formation of a non-thermal plasma with a uniform discharge profile. Furthermore, 

improved versions of the system were developed, including a six-jet configuration and a microplasma 

jet shower. 

The fabricated device was successfully employed for the synthesis of nanomaterials. Preliminary 

results demonstrate controlled growth, high purity, and tunable morphology of the nanomaterials, 

highlighting the capability of the APMPJ system as a versatile platform for nanomaterial processing. 

The simplicity of the design, combined with cost-effective fabrication, makes this system a promising 

tool for applications in advanced sustainable material synthesis. 
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Abstract 

 

 

Cold plasma has been a potent energy-efficient and eco-friendly advanced oxidation 

technology which has gained attention in recent decades as a non-thermal approach in diverse forms 

of applications. Application of CAP in the field of wastewater treatment to resolve certain issues 

regarding the degradation of numerous aqueous pollutants and water-borne pathogenic 

microorganism. BOD and COD are important measurements to determine the extent of water pollution. 

The ratio of BOD: COD indicates the biodegradability of wastewater, When the ratio of BOD:COD is 

less than 0.1, which means the presence of high organic matter and is it difficult to biodegrade, and it 

can be toxic2. The lowest ratio of BOD:COD for water to be easily biodegradable is 0.4 and that the 

best value is greater than 0.5. 

 This work addresses generation of DBD cold atmospheric plasma using different inert gases 

or mixture of gases, mechanism of plasma generation and variation of BOD:COD values of waste 

water after treatment by cold atmospheric plasma. The initial concentration of COD measured in 

industrial waste water is 3600ppm. After CAP treatment of 100ml industrial waste water for 15 min., 

the COD levels are found as 1600ppm. Observed significant reduction of COD values in industrial 

waste water after CAP treatment. Various factors like input power, pollutant concentration, pH & 

conductivity of water, composition of feed gas etc.  can affect the efficiency of waste water treatment3. 

Further experiments are planning to monitor the BOD values. 
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Abstract 

 

 

The cold plasmas produced at atmospheric-pressure are playing a crucial role for societal applications 

such as biomedicine, water/air purification, pollution-control, displays, lightening, 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. Presently, DBD based Plasma Jets are becoming very popular for societal 

applications and gaining progressive attention for research and development.  

 

In our experiments, the plasma jet is produced in Argon and Helium Gases at atmospheric pressure by 

applying sinusoidal voltage (~2-4 kV) at ~40 kHz frequency between a rod and ring electrode. The 

electrodes were separated by a dielectric insulation using quartz tube. The characterization of plasma 

jet was done by measuring the discharge voltage and current waveforms. Further plasma jet length, jet 

shape and discharge intensity etc. were measured as a function of applied voltage and gas flow rate 

through image analysis. In this exercise we obtained optimized operating parameters to produce intense 

and extended jet length. It is observed that the longer and unform Plasma jet can be produced in helium 

gas as compared to Argon gas. We have also measured the ambient temperature close to plasma jet 

using a K-type thermocouple. We observed that on ignition of jet discharge, the temperature rises near 

plasma plume. The temperature variation was recorded at different locations and at different operating 

parameters. On comparing, it is observed that the ambient temperature decreases as we move away 

from plasma jet tip for Argon Plasma, however the temperature first decreases and then increases for 

Helium plasma for some cases. A detailed comparison of Argon and Helium Plasma Jet characteristics 

is presented. The inputs provided in this work may be very valuable for development of efficient 

plasma jets applicable for Societal Plasma applications.  
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Abstract 

 

Atmospheric Pressure Plasma Jet (APPJ) are localized and focused non-thermal plasmas that are 

extensively proposed for industrial and societal applications. To generate plasma jet, dielectric barrier 

discharge (DBD) configuration is gaining tremendous attention among scientists working on plasma 

applications. The dielectric barrier between two electrodes plays an important role in limiting the 

discharge current through memory effect of electrical charges accumulated on dielectric surfaces and 

prevents glow-to-arc transition.  During Plasma Jet applications, it interacts with several processing 

materials or external dielectric surfaces. Hence it is becoming crucial to understand the outcomes and 

processes of plasma-dielectric interactions.   

In this work, we present the observations and results of experiments performed to study interaction of 

plasma jet plume on different dielectric surfaces. The plasma jet is produced in helium and argon gases 

by applying high voltage AC source at ~40 KHz frequency between a rod and ring electrodes. 

Electrodes are kept separated by a thin quartz tube to maintain DBD configuration. We exposed three 

dielectric surfaces (Glass, Teflon, PVC) to plasma jet plume and observed the surface temperature 

variation, discharge spreading, surface damage and roughness. The experiments were performed by 

varying the applied voltage and gas flow rate both for helium and argon gas.  It is observed that the 

dielectric surface temperature increases instantly on discharge impact. Temperature decreases as we 

move away from argon plasma jet, however for most cases, temperature first decreases and then 

increases as we move away from helium plasma jet. The helium plasma spreads on dielectric surface 

more uniformly as compared to Argon Plasma. Further, the dielectric erosion is observed in argon 

plasma, but non-noticeable erosion is seen in helium plasma jet. Optical microscopy is in progress to 

visualize the dielectric surface damage under plasma jet exposure. Result and Analysis of plasma-

dielectric interaction in different dielectric materials is presented in view of societal plasma 

applications.       
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Abstract 

 
 

The effective delivery of natural bioactives through food systems remains a critical challenge because 

of their poor stability and limited gastrointestinal absorption. In this study, cinnamon was encapsulated 

within pea protein isolate (PPI)-alginate (AG) complexes, with and without cold plasma modification, 

to assess their potential as delivery systems for bioactive compounds. Initially, the optimal PPI:AG 

ratio was established, followed by optimization of the plasma treatment conditions (power, time, and 

pressure). The resulting complexes were analyzed for encapsulation efficiency, physicochemical 

stability, particle size, zeta potential, and structural interaction. Simulated gastrointestinal digestion 

(INFOGEST model) was applied to evaluate the release behavior and intestinal solubilization of 

cinnamon. The digested fractions were further characterized for colloidal stability, and their biological 

performance was assessed using Caco-2 cells through uptake studies, MTT assay, and cellular 

antioxidant activity. The cold plasma-treated complexes exhibited markedly higher encapsulation 

yields and improved colloidal stability than the untreated systems. During digestion, plasma-modified 

carriers provided superior protection to cinnamon, leading to enhanced solubilization and greater 

intestinal accessibility compared to unmodified carriers. Moreover, they demonstrated strong cellular 

antioxidant responses and high uptake efficiency without inducing cytotoxic effects. Overall, cold 

plasma-assisted PPI-AG complexes represent an effective non-thermal strategy for improving the 

stabilization, intestinal accessibility, and cellular functionality of cinnamon, highlighting their 

potential for application in functional foods and nutraceutical formulations. 
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Abstract 
 

 

 

Broad beam ion sources play a critical role in applications such as neutral beam injectors (NBIs) for 

fusion research, plasma diagnostics, spacecraft electric propulsion, and material surface modification. 

These ion sources generate ion beams by accelerating ions through multi-aperture, multi-grid systems 

using applied electric fields. The positive space charge of the extracted ion beams is neutralized by 

supplying electrons via charge exchange processes or thermionic emission of electrons from hot 

cathodes. Beam divergence, which measures the spread of ions in radial direction and impacts the 

beam quality and transport efficiency, is influenced by factors such as plasma meniscus curvature, 

beam perveance, and space charge effects [1]. Heavier ions, such as xenon, are less susceptible to 

space charge-induced divergence as compared to the lighter ions like argon or helium. In this study, 

the radial profiles of argon and xenon ion current densities from a ring cusp ion source were 

experimentally measured using an eleven-channel Faraday cup array. The resulting beam profiles were 

analyzed to estimate the beam divergence. The estimated beam divergences are benchmarked against 

self-consistent beam extraction and transport simulations using the AXCEL-INP code [2]. The 

comparative analysis highlights the influence of ion mass and space charge on beam divergence.  
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Abstract 
 

 

 

This study investigated the effect of cold RF plasma treatment on seed germination and growth. The 

effects of different RF plasma power and treatment time on the germination of treated tomato seeds 

were studied. We found that the treatment of 90 W with 30 s could significantly improve seed 

germination rate compared to the control. Atmospheric air plasma treatment on seeds etches the surface 

of the seed and creates pores on it. Water absorptivity test of the plasma treated seeds have high 

absorption compared to that of control seed due to more number of pores on the surface after plasma 

treatment. FESEM images also shows that surface roughness is high for plasma treated samples. The 

results will contribute to the development of sustainable agricultural practices and the potential scaling 

for commercial seed treatment applications. 
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Abstract 

 

Textiles and apparel manufacturing is water-intensive and responsible for around 17-20% of industrial 

water pollution. Managing textile wastewater is challenging due to complex aromatic and heterocyclic 

dyes and high concentrations of salts and other toxic chemicals. Most conventional wastewater 

treatment processes are ineffective in treating textile dye wastewater. Studies show that advanced 

oxidation processes (AOPs) that rely on the in-situ generation of reactive chemical species (RCS) show 

promise for textile wastewater treatment. However, not enough studies have established its potential 

under mixed dye conditions at variable environmental factors. This study investigates a nonthermal 

plasma-based AOP for the treatment of mixed dye wastewater containing three representative dye 

groups: brilliant red (C19H10Cl2N6Na2O7S2), direct yellow 44 (C27H20N6Na2O8S), and turquoise blue 

(C41H25ClCuN14Na4O14S5). The system was evaluated under diverse environmental conditions and in 

the presence of typical textile dyeing salts to assess its applicability for real-world scenarios. A surface 

dielectric barrier discharge (SDBD) was used to generate nonthermal plasma, considering its 

compatibility with various gases and ease of scale-up and operation, unlike other plasma 

configurations. The plasma's electron temperature and electron density measurements were done to 

assess the suitability of the SDBD reactor in wastewater treatment. The SDBD reactor exhibits a 

remarkable improvement in mixed dye treatment over individual dye treatment. Analysis reveals a 

significant generation of RCS and its effective utilization in the system, leading to efficient treatment 

of mixed dyes. However, factors such as solution pH and background salts (Na2CO3, Na2SO4, and 

NaCl) influence the degradation efficiency. These findings offer the potential for a more efficient and 

environmentally friendly advanced treatment system to remove complex organic pollutants, addressing 

industry needs. 

 

Keywords: Wastewater treatment; Degradation; dyes; Hybrid plasma systems; Reactive chemical 

species  

 

 

Broad Area:   

 

Broad Area  Plasma Technology and Applications 

Oral / Poster Poster 

 

mailto:ce19d005@iittp.ac.in
mailto:ph19d503@iittp.ac.in








mailto:ce24d001@iittp.ac.in
mailto:reetesh@iittp.ac.in
mailto:shihab@iittp.ac.in


40th PSSI National Symposium on Plasma Science and Technology (PLASMA 2025), 27th - 29th Dec, 2025 

 
_______________________________________________________________________________________________________________________________________________________________________________ 

_____________________________________________________________________________________________________________

_ 

  2025 
IIT Tirupati and IISER Tirupati, 517619 

Dormancy Breaking and Improved Seed Vigour in Endangered Traditional Rice 

Variety Kala Jeera Through Non-Thermal Plasma Treatment by DBD Reactor   
 

S. Das,1 S. K. Dwibedi,2 D. Mishra,3 S. Samantaray,4 S. K. Mahapatra,5 and G. Sahoo6, a) 
 

1Department of Chemistry, Ravenshaw University, Cuttack-753003, Odisha, India 
2Department of Agronomy, Odisha University of Agriculture and Technology, Bhubaneswar-751003, 

Odisha, India 
3Department of Physics, Indian Institute of Technology, Jodhpur-342030, Rajasthan, India 

4Department of Physics, Christ College, Cuttack-753008, Odisha, India  
5Department of Physics, Central University of Punjab, Bathinda-151401, Punjab, India 

6Department of Nano Science and Materials, Central University of Himachal Pradesh, Shahpur-

176206, HP, India 

 
a) E-mail: gourishankar.sahoo@gmail.com 

 

 

 

Abstract 

 

 Half of the world population is dependent on rice (Oryza sativa), as a staple food crop and traditional 

variety of rice, although are usually of low yield but are popular among people for its aroma and 

quality. Kala Jeera is such a fragrant rice due to its aromatic traits equivalent or superior to the common 

and widely used fragrant rice variety Basmati with poor yield. In the last two decades, controlled non-

thermal plasma treatment has emerged as a promising route to break the seed dormancy thereby 

enhancing rate of germination, plant growth with improved seedling growth and seed vigour. In this 

work, cold plasma generated from the Dielectric Barrier Discharge argon plasma (DBD) reactor was 

used for direct plasma treatment on Kala Jeera variety of seed, collected from farmers of Daspalla 

area of the state Odisha, and the results are presented in this communication. The electron temperature 

during the treatment process is estimated from OES and is around 1-2 eV for input power range 3.5 

watt to 5 watt. In the control seed sample, 50% - 60% seeds germinated, but in optimal conditions with 

plasma treatment, seeds showed 98% germination. Out of 40% physical dormancy in the 100% viable 

seeds 38% dormancy was broken through cold plasma treatment in optimal conditions i.e. i.e. input 

power to DBD reactor at 4.5 watt and plasma exposure time to seed surface for 15 min. The 

germination and seedling growth of control and plasma-treated seed samples were observed for 14 

days on top of the paper method. Several indices were used to estimate seed quality and vigour 

parameters such as dormancy percentage, germination index, coefficient of velocity, and seed vigour 

index. In plasma-treated Kala Jeera seeds, the higher dormancy breaking, greater germination index, 

rapid germination, and improved seed vigour were clearly noticed compared to that of untreated or 

control seed samples at input power 4.5 watts and under different plasma treatment times of 5, 10, 15, 

and 20 minutes. Physical dormancy breaking in treated seeds could be attributed to the surface 

modification in Kala Jeera that resulted in improved seed vigour. Direct non-thermal plasma treatment 

over Kala Jeera seeds in the said DBD reactor resulted in delayed germination compared to that of the 

control sample, but recorded an increase in germination index with an increase in treatment time which 

could be attributed to heat stress from plasma during the treatment.    
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Abstract 

 

 

Cold atmospheric plasma (CAP) has emerged as a promising novel therapeutic strategy for cancer 

treatment due to its unique ability to generate reactive oxygen and nitrogen species (RONS) that 

selectively induce cytotoxicity in malignant cells [1,2]. In this study, we evaluated the pre-clinical 

safety and efficacy of CAP generated by an indigenously developed dielectric barrier discharged setup. 

Electrical and optical characterization of the DBD-CAP device confirmed stable plasma discharge and 

consistent production of reactive oxygen and nitrogen species. Safety assessments were performed on 

mice peritoneal cells (ex-vivo study) and skin of the Wistar rat (in-vivo study). Mice peritoneal cells 

are the primary cells used to assess the safety study in ex-vivo. The safety study on wistar rat were 

performed at 18 kV with a treatment time of 15-45 s and different blood parameters, histology of the 

treated skin tissue was analyzed. In contrast, treatment of human melanoma skin cancer cells (G-361) 

resulted in substantial reduction in the growth, driven by ROS-mediated apoptosis. Together, these 

findings demonstrate the selective profile of the DBD-CAP device, safety in normal skin cells and 

strong anti-cancer efficacy in melanoma, supporting its translational potential as a minimally invasive 

therapeutic option for skin malignancies. 
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YBa2Cu3O7-x (YBCO) is a prototypical high-temperature superconductor, but its practical application 
is often limited by inadequate flux pinning, leading to suboptimal critical current density (Jc) under 
strong magnetic fields. In this study, YBCO was synthesized through the conventional solid-state 
reaction method and subjected to plasma treatments at both low and atmospheric pressures to induce 
controlled defects within its crystal lattice. These plasma-induced defects act as artificially engineered 
pinning centers, enhancing vortex immobilization and suppressing flux creep, thereby improving the 
material’s effective flux pinning capability [1]. Comprehensive structural analysis, performed using 
X-ray diffraction (XRD), confirmed the preservation of the orthorhombic phase in both pristine and 
plasma-treated samples, with no observable transition to the orthorhombic phase. Low-temperature 
resistivity measurements, conducted via the four-probe method, revealed that the superconducting 
critical temperature (Tc) remained virtually unchanged between the pristine and plasma-treated 
samples, indicating that plasma treatment did not compromise the crystal structure or oxygen 
stoichiometry. Magnetic characterizations, performed using a Quantum Design MPMS (Magnetic 
Property Measurement System) with applied fields ranging from -7 T to +7T, demonstrated that plasma 
treatment—particularly at atmospheric pressures—significantly enhanced flux pinning. This was 
evident from the increased irreversibility fields and the improved in-field Jc values. These results align 
with defect-engineering studies, where nanoscale pinning centers, such as those induced by BaZrO3 or 
similar inclusions, significantly enhance flux pinning efficiency without degrading Tc [2]. Collectively, 
these findings position plasma treatment as a scalable and effective method for defect engineering in 
YBCO, capable of substantially improving flux pinning while preserving its crystallographic and 
superconducting integrity. This approach offers a promising pathway for advancing high-Jc YBCO for 
use in applications such as power devices and magnet technology [3]. 
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Abstract 

 

 

Institute for Plasma Research has developed 5 Ton per day capacity plasma pyrolysis system to take 

care of hospital waste that comes out from 10,000 beds. In this system high temperature plasma arc is 

used to decompose waste. Unlike incinerators, this plasma technology is environment friendly and do 

not generate toxic molecules.  The high temperature produced in the process disintegrate biomedical 

waste into hydrogen, carbon monoxide and light hydrocarbons in an oxygen-starved environment. 

These gases are combusted in the secondary chamber at 1100 degree C by keeping 2 second residence 

time.  The system includes two feeder chamber that are mounted along with 4 numbers of damper 

valves.  

 

The high temperature damper valve (02 Nos), with its specified size, weight is mounted in a cantilever 

configuration for which a support structure is designed and analyzed to withstand the dead load of the 

valves. The work presents the mechanical design and structural analysis of the support structure along 

with analytical validation. The FEM analysis was performed using the ANSYS software. 
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Abstract 
 

 

Accelerating gradients over 100 MV/m are possible with laser wakefield acceleration (LWFA) driven 

by ultra-intense laser pulses, which is significantly higher than traditional accelerators [1-2]. Short 

laser pulses with an intensity of about 1022 W/m2 are used as the driver, which causes the carrier phase 

envelope to shift. The wavelength of the wakefield was modulated by this shift, leading to a reversal 

in the polarity of the wakefield structure. An externally injected electron beam is accelerated to high 

energies over a very short plasma length. In this work our aim is to investigate the beam dynamics of 

the externally injected accelerated electrons in laser driven plasma wakefield by using particle in cell 

code EPOCH [3]. Simulations are performed considering high intensity laser pulses with a wavelength 

of 0.8 µm and pulse duration of tens of femtosecond (fs). The main focus of the study the behavior of 

accelerated electron beam emittance growth under the condition where beam matches with the wake. 
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Abstract 
 
 
A plasma closing switch (PCS) is a type of low-pressure discharge device that is widely used in 
pulsed power applications such as particle accelerators, pulsed lasers, pulsed electric field, high-
power microwave generation, etc. [1]. These switches are presently being imported for the different 
pulsed power applications, which utilizes plasma formation to rapidly close an electrical circuit and 
handle high voltages and currents within very short (µs) time scales. When discussing plasma closing 
switches, two important devices often come into consideration  the pseudospark switch (PSS) and 
the thyratron switch [2-4]. Both operate on left side gas discharge principles of the Paschen curve 
and have been developed to provide fast switching, high current carrying capability, and reliable 
performance in pulsed power systems [5-6]. In a pulsed power system, the inductance and 
capacitance of the discharge circuit on the load side play a crucial role in determining the overall 
performance of the device. These parameters directly influence the pulse shape, rise time, peak 
current, and energy transfer efficiency to the load. Improper matching of inductance or capacitance 
can result in pulse distortion, reduced power delivery, and even device stress or failure [7]. 
With these promising characteristics, this paper is structured to focus on optimizing the working 
performance of the indigenous PCS under different operating conditions. In particular, attention has 
been given to reducing commutation losses up to ~95 % in the PSS with saturable inductor and 
minimizing the reverse current up to ~ 50 % in the thyratron switch with coaxial load. Further, to 
achieve the desired pulse characteristics in various pulsed applications such as plasma generation, 
particle acceleration, or pulsed electric field treatment, some electrical circuit modelling has been 
done. By addressing these critical aspects, the overall efficiency, reliability, and operational 
effectiveness of these plasma-based switching devices has been significantly improved, leading to 
better performance in pulsed power applications. Apart from experimental characterization, some 
simulation analysis have also been performed to understand and optimize the electrode 
configuration, spacing of gaps, gas pressure and applied voltage for high voltage and current 
operations of the PSS. Further, the developed PCS with optimized parameters has been tested 
rigorously at laboratory environment. These investigations would be helpful for the indigenous 
development of high-power plasma closing switches of different ratings with improved and efficient 
switching performance for the various strategic and industrial applications. 
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Abstract 

 

  We have performed large scale CIV3 calculations of excitation energies from ground states for 87 

fine-structure levels as well as of oscillator strengths and radiative decay rates for all electric-dipole-

allowed and intercombination transitions among the fine-structure levels of the terms belonging to 

the(1s22s22p6)3s2, 3s3p, 3s3d, 3s4s, 3s4p, 3s4d, 3s4f, 3p2, 3p3d, 3p4s, 3p4p, 3p4d, 3p4f and  of Mg-

like Chromium, using very extensive configuration-interaction (CI) wave functions [1]. The 

important relativistic effects are incorporated through Breit-Pauli Hamiltonian [2]. Small adjustments 

to the diagonal elements of the Hamiltonian matrices have been made. These adjustments improve 

the accuracy of the mixing coefficients which depends in part on the accuracy of the eigenvalues. 

This is a justifiable [3] fine-tuning technique and is particularly useful for the calculation of 

intercombination lines [4]. Our adjusted excitation energies, including their ordering, are in excellent agreement 

(better than 0.5%) with the available experimental results [5].  
 

In this calculation the mixing among several fine-structure levels is found to be very strong. These 

levels are identified by their dominant eigenvector [6]. From our transition probabilities, we have 

also calculated radiative lifetimes of the fine-structure levels. Our calculated data on oscillator 

strengths, radiative decay rates and the lifetimes are found to be in good agreement with the 

experimental and other theoretical results (wherever available). We predict new data for several 

levels where no other theoretical and/or experimental results are available. 
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Abstract 
 

With the ever-growing demand for more powerful simulations to investigate collision-less plasma 

phenomena, we have developed Modular Object-Oriented Vlasov Solver (MOOVS). The code is built 

on an object-oriented architecture, which enhances modularity, readability and user accessibility, 

allowing one to easily extend and customise the framework for specific problems. Parallelisation 

through the Message Passing Interface (MPI) enables MOOVS to efficiently scale across high-

performance computing clusters, making it possible to carry out large-scale simulations with high 

spatial and temporal resolution. This capability is particularly important for accurately capturing 

nonlinear processes, fine phase-space structures, etc. in plasma dynamics.  

 

In this work, using MOOVS, we present some well known results in linear and nonlinear regime for 

Vlasov-Poisson system in 1D1V along with detailed comparison with a well-established code namely 

VPPM [1, 2], with particular emphasis on streaming instabilities [3]. 
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Abstract 

 

 

 

Target Normal Sheath Acceleration (TNSA) is one of the most widely studied mechanisms for proton 

acceleration from solid-density targets. In this process, when a high-intensity laser pulse irradiates a 

solid target, it generates a population of hot electrons that rapidly propagate through the target and set 

up a strong sheath field at the rear surface. This quasi-static electric field, arising from the charge 

separation between escaping electrons and immobile ions, accelerates surface protons to high energies. 

In the present work, we investigate the interaction of an ultra-intense laser pulse with a solid plasma 

target using two-dimensional particle-in-cell (PIC) simulations. Unlike conventional planar targets, 

the use of a structured target can significantly influence laser absorption, electron heating, and 

subsequent sheath field formation. Our simulations reveal that structured targets enhance the coupling 

between the laser and plasma, leading to more efficient generation of hot electrons and stronger sheath 

fields at the target rear. As a result, the cutoff proton energy obtained from structured targets is found 

to be substantially higher compared to that from normal flat targets under similar laser conditions. This 

enhancement is attributed to improved laser energy absorption and focusing effects inherent to the 

target geometry, which collectively lead to stronger acceleration fields. 

 

 

 

References: 
 

[1] Wilks, S. C., et al,  Energetic proton generation in ultra-intense laser-solid interactions, Physics of 

Plasma, 8, pp. 542-549, (2001) 

[2] Andrea Macchi, et al,  Ion acceleration by super intense laser-plasma interaction, Rev. Mod Phys., 

85, pp. 751-793, (2013) 

[3] A. Andreev et al., Target Characteristics Used in Laser-Plasma Acceleration of Protons Based on 

the TNSA Mechanism, Front. Phys., 10, (2022). 

 

 

Broad Area:   

 

Broad Area Laser-plasma Interaction 

Oral / Poster Poster 

 

 

  

 



mailto:pawarkamni.15@gmail.com


mailto:komal.sharma@ipr.res.in


mailto:yash.2023a@vitstudent.ac.in
mailto:vishwa.bandhu@vit.ac.in


40th PSSI National Symposium on Plasma Science and Technology (PLASMA 2025), 27th - 29th Dec, 2025 

 
_____________________________________________________________________________________________________________________________ __________________________________________________ 

_____________________________________________________________________________________________________________
_ 

  2025 

IIT Tirupati and IISER Tirupati, 517619 

Numerical Calculation of the Concentration of Active Ionic Species in Plasma 

Discharge at Elevated Temperatures and Pressure 
 

Sunil Bassi1,3, Venkata Ramana Ikkurthi2,3 
 

1Institute for Plasma Research, Gandhinagar, Gujarat, 382428 
2Computational Analysis Division, BARC Facilities, Visakhapatnam, Andhra Pradesh, 531011 

3Homi Bhabha National Institute, Mumbai, Maharashtra-400094 
 

E-mail : sunil.bassi@ipr.res.in 
 

 

Abstract 
 

Plasma discharge in ambient air produces many active ionic species which find applications in 

combustion related phenomenon such as flame stabilization, ignition, deflagration to detonation 

transition and mitigation of combustion related instabilities. The number of species in even simplest 

of mixtures is high and the interactions between each of the species makes the understanding of 

physical process extremely difficult. These interactions involve electron impact ionization, 

dissociative recombination, electron attachment, ion-ion recombination and other ionization processes 

involving neutrals. Hence numerical simulations are required to capture the details of physical 

processes during the discharge. In present study, the discharge of ambient mixture of N2-O2 involving 

these processes is simulated. The chemical reaction mechanism used in the simulation involves 14 

species and 38 chemical reactions [1]. The species involved in the reactions consist of electrons, N2, 

N2(vibration excitation), N2
+, N4

+, O2, O, O(1D), O2
+, O4

+, O-, O2
-, O2

+N2.  The set of chemical reactions 

forms coupled ordinary differential equations which are stiff due to multiple orders of reaction rate 

coefficients. The reactions set is solved using built in ODE solver of ZDPlaskin[2]. For electron impact 

reactions, the reaction rates are calculated from the electron energy distribution function calculated 

using bolsig+ [3] boltzman equation solver. The amount of various active species as per applied electric 

field is calculated and the results are validated for a reference case. As the combustion/detonation 

scenarios have temperature is range of 2000K-3000K and pressure as high as 20 bar, the concentration 

of active species for multiple scenarios is calculated. The composition of air with plasma discharge 

will be further used for combustion/detonation modelling for understanding the effect of amount of 

these species on detonation propagation.  
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Abstract 
 

 

Compact, coherent, high-power, high-efficiency, wide-bandwidth sub-THz (0.1-1.0THz) backward-

wave oscillators (BWOs) are being investigated for their many scientific and industrial applications 

including medical imaging, plasma diagnostics, etc. Major components of a BWO are an electron gun 

for forming a high-current density electron beam, a magnetic focusing circuit for beam focusing, an 

RF slow-wave structure (SWS) [1] for efficient generation of RF power with energy extraction from 

the high-energy electron beam, an RF coupler for coupling out of the generated RF power and collector 

for spent beam collection. At sub-THz frequencies, the cylindrical beam of required beam current has 

a high current density because of the small beam tunnel diameter (fraction of a mm) of the RF-SWS, 

causing both dc and ac space charge fields to be very high. A very high magnetic field is required for 

beam focusing and it has reduced electronic efficiency. Therefore, instead of using a cylindrical beam, 

a sheet beam of the same or higher beam current is preferred as it leads to larger surface area, leading 

to much reduced space-charge fields. It provides better interaction of the sheet beam with the rf circuit 

field as well as requires less magnetic focusing field. Plasma-filled BWO with a pseudo-spark (PS) 

electron beam is capable of handling much higher beam current with a reduced space charge field. 

This further improves the RF performance of a plasma-filled BWO with much increased RF output 

power and may require a very low magnetic field for focusing of the sheet beam. 
 

An in-house developed SUNRAY large-signal model with appropriate modifications [2] was explored 

for simulation of the plasma-filled high power 0.34THz BWO, instead of using particle-in-cell (PIC) 

3-D CST simulator. This is because CST-3D code, although highly accurate, is very time-consuming 

as it requires many hours for simulation even on a very fast machine. On the other hand, the analytical 

SUNRAY large-signal model is very fast in simulation, and it can interactively be used for the initial 

design of a BWO. Simulation results using the modified SUNRAY large-signal model for a plasma-

filled high power wide bandwidth (0.34THz-0.38THz) BWO will be presented in this paper.  
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Abstract 
 

 

This study explores third harmonic generation (THG) of a laser beam in anharmonic nanoclustered 

plasma using a plasma channel. When an intense laser interacts with Argon gas clusters, the 

electrons in the medium are displaced, generating a restoring force that exhibits a nonlinear 

relationship with the electron displacement. This nonlinear behaviour leads to an anharmonic 

response of the electron clouds within the clusters. Using perturbation theory, the nonlinear current at 

the third harmonic frequency responsible for driving THG is analyzed. The plasma channel acts as a 

pathway for the laser pulse, helping it to propagate over larger distances while maintaining the laser 

intensity and interacting more efficiently. This channel-guided configuration leads to a considerable 

increase in third harmonic amplitude. Numerical simulations are conducted to investigate how 

different laser and cluster parameters effect the efficiency of the generated third harmonics. 

Additionally, it is found that the anharmonic cluster structures possess significant optical 

nonlinearities, broadening the surface plasmon resonance. 

 

 

 

Broad Area :   

 

Broad Area  Theoretical Modelling and Simulation 

Oral / Poster Poster 

 

 

 

 

 

 

 

 

 

  



mailto:yashanshi@rrcat.gov.in




mailto:esz238379@iitd.ac.in
mailto:Ramesh.Narayanan@dese.iitd.ac.in








_______________________________________________________________________________________________________________________________________________________________________________

Role of atomic and molecular processes in tokamak plasma

Ritu Dey1, Reetesh Kumar Gangwar1, Deepti Sharma2, Rajesh Srivastava3, Malay B. Chowdhuri2 and
Joydeep Ghosh2,4

1Department of Physics, Indian Institute of Technology Tirupati, Yerpedu 517619
2Institute for Plasma Research, Gandhinagar 382428

  3Department of Physics, Indian Institute of Technology Roorkee, Roorkee 247667
    4Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Mumbai 400094,

E-mail : ritu.dey@iittp.ac.in

Abstract

Atomic and molecular processes have been acknowledged as fundamental to magnetic confinement
fusion  research  since  its  very  beginnings  [1].  The  strong gradients  in  electron  temperature  and
density from the edge to the core of a tokamak plasma drive diverse atomic and molecular processes.
Species  in  a  tokamak  plasma,  from fuel  neutrals  to  impurity  atoms  or  ions,  can  participate  in
dissociation,  ionization,  excitation,  recombination,  and charge-exchange processes.  Radiation and
transport characteristics of these species, covering wavelengths from X-ray to visible, are employed
in  diagnostics  to  measure  plasma  parameters.  The  collisional-radiative  model  provides  a
comprehensive framework for predicting atomic populations,  radiative power losses, and spectral
line intensities in tokamak plasmas, enabling accurate diagnostics and impurity transport modelling.
In these studies, the kinetic and fluid transport codes such as DEGAS2, & UEDGE and an atomic
structure calculation code, flexible atomic code (FAC) [3] are employed to interpret experimental
observations  from  the  ADITYA-U  tokamak  plasmas.  Firstly,  after  acquiring  the  atomic  and
molecular  data  from ADAS along with other  necessary  inputs,  the  DEGAS2 code subsequently
calculated neutral hydrogen (H) density, which yields H-alpha emissivity. The experimental H-alpha
emissivity is eventually  modeled to determine the neutral  H density of the ADITYA-U tokamak
plasma, which is of the order of 1010 cm-3. Thereafter, plasma fluid transport code, UEDGE  is used
to predict the plasma parameter profiles in the edge and SOL regions of ADITYA-U using various
atomic processes such as, ionization, recombination, and charge-exchange. It is found that an inward
convective  velocity,  1.5  m/s,  is  required  in  addition  to  the  constant  perpendicular  diffusion
coefficient,  D  ⊥  0.2 m∼ 2/s,  to adequately match the measured electron density profile in typical
discharges of ADITYA-U. Recently, the FAC is used to generate electron impact excitation cross
sections of oxygen impurity ions. Moreover, the OV line ratio is estimated using collisional-radiative
data generated from FAC. The estimated line ratio matched well with the experimental line ratio
when the electron density was greater than 1011 cm-3.
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Abstract 
 

 

The propagation of electromagnetic waves inside plasma in the radio and microwave frequency range 

is crucial for numerous plasma applications, e.g., heating and current drive, wall conditioning etc. 

While analytical and ray-tracing methods based on geometrical optics are useful for simpler 

configurations, their applicability is limited in complex geometries and magnetic field environments 

[1]. Therefore, a full-wave solution is necessary to fully understand and analyze the plasma-wave 

interactions. Full wave treatment can accurately handle wave interference, diffraction, and scattering. 

As this method doesn't rely on WKB approximation, it can be applied in all frequency and wavelength 

ranges. A new numerical code is being developed using the Finite Difference Time Domain (FDTD) 

method to study wave propagation and reflection in plasmas with specific density profiles, both with 

and without a DC magnetic field [2, 3]. Initial simulation studies of microwave propagation at 

frequency of 2.45 GHz in a slab geometry show wave cut-off at the critical density layer in the absence 

of a magnetic field and propagation beyond the critical layer when a magnetic field is present.  The 

code results will be benchmarked with other available numerical tools. 
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Abstract 
 

 

Modeling and diagnostics of laboratory and astrophysical plasmas require reliable and accurate atomic 

data, such as electron induced collision cross sections and transition probabilities (Aij). In the present 

work the electron impact excitation (EIE) cross sections have been calculated for fine-structure-

resolved transitions of neutral aluminum (Al I) using the Relativistic Distorted Wave (RDW) 

approximation. The atomic structure, including wavefunctions, energy levels, oscillator strengths (f ij), 

and Aij values is obtained from multi-configurational Dirac-Fock calculations. The study considers 

transitions from the 3s23p manifold (2P1/2, 2P3/2) to the higher excited manifolds 3s2ns (2S1/2), 3s2np 

(2P1/2, 2P3/2) with n = 4-6, 3s2nd (2D3/2, 2D5/2) with n = 3-4, and 3s24f (2F5/2, 2F7/2), over a projectile 

electron energy range of 0-2000 eV. Computed energies, fij and Aij values have been compared with 

available literature [1,2], validating the reliability of the wavefunctions subsequently employed in the 

cross section calculations. The calculated EIE cross sections are compared with previous calculations 

and measurements [1]. A correction scheme has been applied in the low-energy regime to compensate 

for the known overestimation of the RDW method. Maxwellian-averaged rate coefficients have also 

been obtained from the calculated cross sections, providing input for collisional-radiative models to 

estimate plasma parameters such as electron density (ne) and electron temperature (Te). These results 

are of particular importance for the diagnostics of laser-produced aluminum plasmas. The work is 

ongoing and will be presented at the symposium.       
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Abstract

The filament model has long been a reliable tool for investigating plasma startup and control in  
tokamaks [1-3],  as it  simplifies complex conducting structures into filaments of current-carrying 
loops. By calculating mutual inductance matrices between active and passive elements, the model 
enables estimation of induced currents and voltages, which are crucial for understanding plasma 
initiation and stability. In SST-1, where toroidally continuous passive structures such as the vacuum 
vessel  and cryostat  strongly  influence  magnetic  field  penetration,  accurate  modeling  of  induced 
voltages is essential. The INDUCT code [4], which is based on the filament model, calculates eddy 
currents in passive structures such as the vacuum vessel and cryostat, as well as the resulting induced 
voltages in the PF coils and at diagnostic flux loop locations. This approach captures the effects of  
magnetic shielding and the dynamic coupling between the Ohmic transformer (OT), poloidal field 
(PF) coils, and flux loops, enabling systematic analysis of different startup scenarios.

In this work, the INDUCT code has been applied to study the impact of different OT current profiles 
on the loop voltage and reflected voltages in PF coils of SST-1. The analysis explores how variations 
in the initial OT current magnitude and the slope during its discharge phase affect induced voltages  
across flux loops and PF coils. Such studies provide insights into optimizing startup conditions by 
ensuring adequate loop voltage for plasma breakdown while minimizing unwanted voltage stresses 
on  PF  coils.  The  results  demonstrate  the  sensitivity  of  induced  voltages  to  OT  waveform 
characteristics, emphasizing the importance of tailoring startup profiles for reliable plasma initiation 
and control.
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Abstract 

 

Additive Manufacturing (AM) has emerged as a transformative manufacturing approach for 

producing complex, high-performance, and application-critical components using a variety of 

advanced processing routes. Among these, laser-based AM techniques have demonstrated 

significant potential for the rapid prototyping and serial production of geometrically intricate 

and structurally demanding parts. In the context of fusion reactor manufacturing, numerous 

subsystems such as vacuum vessel joints, plasma-facing divertor units, and multifunctional 

blanket modules require the integration of components with complex geometries, tight 

tolerances, and superior material performance. 

In the present work, the Selective Laser Melting (SLM) process was employed to fabricate a 

stainless steel (SS316L) impeller component with a unidirectional build orientation. Advanced 

simulation tools, specifically ANSYS Additive Print integrated with finite element method 

(FEM)-based predictive modeling, were used to evaluate the thermo-mechanical response 

during the build process and to predict distortion and residual stresses before experimental 

validation. Experimental characterization revealed that the maximum residual stresses occurred 

in the upper vane region of the impeller, with measured values reaching 163 MPa. Simulation 

predicted a maximum residual stress of 188 MPa, illustrating a 20% variance attributable to 

process assumptions and boundary conditions. The results confirm that these residual stress 

levels remain well below the yield strength of SS316L, ensuring structural integrity with a 

calculated safety factor of 1.13. This demonstrates that the SLM process not only meets the 

stringent mechanical requirements of fusion reactor subsystems but also provides an efficient 

and reliable pathway for the development of functionally optimized and performance-critical 

metallic components. 
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Abstract

This work presents the study of design and characterization of an Electron Cyclotron Resonance
plasma source using COMSOL. Emphasis has been placed on the integrated microwave delivery and
plasma generating subsystem. The model includes the waveguide section, which consists of a 45 dB
directional coupler, a TE10 rectangular waveguide to TE11 circular waveguide mode converter, and
an ECR discharge chamber configured to operate at 2.45 GHz. These RF components model power
transport from a magnetron source into the ECR chamber while allowing in-line wave diagnostics.
Full-wave electromagnetic simulations allow for the solution of field distributions, excited modes, and
S-parameters. Therefore, coupling efficiency into the plasma chamber can be evaluated and operating
conditions identified which minimize reflected power and parasitic mode content.

The transition from the rectangular TE10 mode to the circular TE11 mode in the plasma chamber is
a critical subsystem, realized by a dedicated mode converter. RF simulations of this converter predict
a mode-conversion efficiency greater than 95%, ensuring propagation of the TE11 mode propagation
and field uniformity within the ECR chamber. In the RF analysis, first the single components and
then the fully integrated microwave line are considered, confirming an effective TE11 mode excitation
and validating the layout for high-efficiency microwave power deposition.

A coupled plasma model is then used in COMSOL to estimate steady-state plasma parameters
for the calculated microwave fields. The predicted electron density reaches a maximum value of
the order of 1016 m−3 and an electron temperature of about 5 eV, compatible with low-to moderate
power 2.45 GHz ECR plasma sources, suitable for micro-propulsion oriented applications. These
results allow for the optimization of the waveguide geometry, of the matching network, and of the
magnetic configuration before hardware realization and set up a modeling framework for the successive
development of ECR-based propulsion concepts.
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