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Project Details (The research problem must clearly indicate the need for an interdisciplinary approach)

Development of a digital twin for an Electron Cyclotron Resonance based large area ion beam extraction
Project Title system for auxiliary heating in fusion devices

Ion beam extraction from a large volume hydrogen plasma (~ 100 — 1000 m?) for neutral beam injectors
(NBI) for fusion application is a challenging task. The plasma needs to meet certain attributes like high
plasma number density (n ~10'® — 10'® m™), good plasma uniformity (An / n ~ 1-5 %), and high system
efficiencies to ensure uniform ion beam profile for efficient fusion plasma heating. Fusion devices
currently use rf-based technologies. However, ECR based sources have also become an alternate scheme.

Plasma Lab, IIT Delhi has been associated in developing a prototype ECR-based large area plasma source
(mini-ELNIBS) and its characterization for the past few years. The lab has recently obtained a relatively
large area uniform (40-60 cm diameter), high density (n ~10'7 m) hydrogen plasma in mini-ELNIBS.
Recent experiments have measured relative concentrations of HY, Hy", Hs", H™ at strategic locations. Apart
from the design of the extraction grid, the spatial variation of the different ions and its behaviour in the
presence of magnetic fields are important in determining the beam characteristics. However, exploring all
the experimental space to identify the optimal configuration and operational parameters for the most
efficient beam current is very difficult and expensive task.

Project Summary

(Minimum 500 and
maximum 2000
characters)

However, the development of a digital twin would help to go a long way in identifying the critical
challenges of how magnetic fields would affect the beam acceleration stages. This effort will require data
generation through experiments and AI/ML tools working with a set of plasma rate reactions in multi-
dimensional analysis and correlate with available experimental database

Ph.D. Supervisors®
(Supervisor 1 and Supervisor 2 cannot be from the same department of IITD)

Role Name of Date of Academic Unit in Email ID (Official)
Faculty Superannuation® | lITD/Institute/Universit & Contact Number
y
Supervisor 1* | Prof. RAMESH | 30/04/2040 Department of Energy | rams@dese.iitd.ac.in
NARAYANAN Science and Engineering,
Indian Institute of
Technology Delhi
Supervisor 2 Prof. MAINAK | 28/02/2030 (Professor in Homi Bhabha | Email:
BANDYOPADHY National Institute [HBNI], | mainak@ipr.res.in
AY DAE) mainakband@gmail.com
Scientific Officer- H, mainak@iter-india.org
DNB Group, ITER-India, mainak.bandyopadhyay@iter-
Institute for Plasma | india.org
Research (IPR),
Bhat, Gandhinagar, India,
PIN 382428.

*Supervisor 1 must be from IIT, Delhi.
+All cells in this table are mandatory fields that need to be filled by faculty for consideration of proposal.
$The date of superannuation of supervisors should be at least three years from the date of registration of selected candidates.

Project requirements (Student qualifications, experience required, etc)
*The candidate will be shortlisted based on common shortlisting criteria decided by ScRC (SIRe)

e B, Tech, / M. Tech. in Electrical and Electronics Engineering or M. Tech. Electronics and Instrumentation Engineering or M. Tech. in
Electrical Engineering or Chemical Engineering or Computer Science Engineering may be considered
e B. Tech. in Engineering Physics or M. Sc. (Physics) students may also be considered, if found suitable.

An exposure to high power supplies and / or vacuum systems may be preferable.
Some knowledge of design and fabrication of electrical and electronic circuits is preferable.

Source of fellowship/funding and project number
(CSIR/UGC/DBT/ICMR/ICAR/NEET-PG/DST-INSPIRE/IRD/FITT Project details, if any)

CSIR/UGC/DBT/ICMR/ICAR/NEET-PG/DST-INSPIRE or any other scholarship holder students can apply (preferable) If not, then
Institute Fellowship (FIA) can be considered (if available).

Role of Faculty Members involved:

Supervisor-1 Prof. Ramesh Narayanan will mentor the student in planning the beam plasma experiments and their
characterization for optimal H-ion extraction in the experimental system already available at IIT Delhi.

Supervisor-2 Prof. Mainak Bandyopadhyay has experience working on the beam extraction grid in the Institute for Plasma
Research (IPR), Gandhinagar. The development and integration of this grid will be the most crucial part of this
research proposal. Hence, Prof. Bandyopadhyay will mentor the student for the same. The visit of the student to
IPR, Gandhinagar, to obtain exposure and training may be needed, or a visit of Prof. Bandyopadhyay may be
needed from time-to-time.

Note :-
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. Approval from the respective DRC/CRC/ScRC of your Department/Centre/School will be required for
using the "Full-time Institute Assistantship (Category-wise) (FIA)" for selecting the students in SIRe.

Declaration:- Faculty members, please ensure that you have at least 3 years of service left before
superannuation along with adequate sitting space & lab facilities for the SIRe student.

Pl/s are also encouraged to submit joint proposals with AlIIMS, Nil, JNU and institutes with which IITD
has an existing MoU. If the Co-PIl (Supervisor 2) is from outside IITD, kindly share his/her detailed CV.

If a research scholar is to be considered for selection under the project fellowship, then the project
should have a minimum of two-year duration remaining.

. A candidate applying with a valid JRF/INSPIRE/any national level fellowship should have at least
two-year validity from the date of joining the Ph.D. program.

. The third supervisor’s name (if required) can be added only after the formation of Student Research
Committee (SRC) subject to a strong recommendation of SRC and subsequent approval from the
competent authority.

If institute fellowship is being sought then the DRC approval of the parent departments of both
supervisors is required at the time of selection.
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