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Application of Intense neutron sources (Neutron flux in order of > 105 N/m?s)

» Radiation damage

» Material Characterization

Fusion Related Application of neutron source (Neutron flux in order of >101° N/m?s )

» Cross section measurement, Neutron Activation Analysis, Nuclear parameter training, benchmark
experiments for Fusion Evaluated Nuclear Data Library (FENDL), neutron spectroscopy
measurements, double differential cross-section measurements, neutron diagnostics lab scale
prototype experiments, characterization of electronic equipment,

In addition, other applications of 14MeV neutrons: (Neutron flux in order of >10!° N/m?s)

» Radio isotopes for Medical applications, explosive detection, Cancer Treatment, contraband
detection, metal cleanliness, neutron radiography, etc

WEA1,ECRIS-2024, Darmstadt

2/14/2025 Sudhirsinh Vala



Type of Neutron Source

Radio-isotopic neutron sources

» Two-component sources based on (a,n) reactions: o decay from 2°Pu, 2*'Am, 2!°Po then
‘Be(a,n)!2C

» Two-component sources based on (y,n) reactions: 2*Na, 124Sb then °Be(y,n)2 “He

» Spontaneous fission sources, e.g. 2>2Cf

Fusion Neutron Source
» 2.4 MeV neutrons D(d,n)3He
» 14-MeV neutrons D(t,n)4He

Spallation neutron sources
In which heavy elements such as W, Pb, U irradiated with high-energy protons or other particles are
spalled into two or more fragments and many neutrons are released

Fission Neutron Source : (mostly used, they allow for determinations using different neutron reactions
reactor neutron spectrum)
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Different Fusion Reaction & Cross Section

Cross-section (barn)
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D+ D —3He+n+3.2MeV
D+ T —>4He+n+17.6MeV
Li+ D — "Be+n+ 3.4MeV
Li+ D — 2¢He +n+ 15.1MeV
TLi+ D — 8Be+n+ 15.0 MeV
Li+ P —>"Be+n+ 1.2 MeV

Different Type of Fusion Neutron
Source

v" Plasma Based Neutron Source
v" Spallation Neutron Source

v' Charge particle-induced Neutron
Source
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Plasma based 14-MeV Neutron Generation

Tokamak

2/14/2025

D-T plasma

B injectors\

it .3 i
%’4“‘ . - B ' Vacuum
- Vessel

Gas Dynamic Trap (GDT) Spherical Torus (ST)

WEAZ1,ECRIS-2024, Darmstadt
Sudhirsinh Vala



Charge particle-induced Neutron Source
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Ref: Stephen M Bennington, November 2004, Journal of

Materials Science 39(22) Ref: J. Knaster et al. Nucl. Fusion 53 (2013) 116001 (18pp)

WEA1,ECRIS-2024, Darmstadt
2/14/2025 Sudhirsinh Vala /


https://www.researchgate.net/journal/Journal-of-Materials-Science-1573-4803
https://www.researchgate.net/journal/Journal-of-Materials-Science-1573-4803

Major Accelerator based 14-MeV Neutron Source facilities worldwide

Target Acce. Tech Concept Current/Energy | Neutron Yield Status
(mA/MeV) (n/s)
HINEG-II, Solid Electro t(d,n) o 500/0.4 1013 Operational
China
Phoenix, USA Solid Electro t(d,n) o 30/0.3 1013 Operational
ENEA, Italy Solid Electro t(d,n) o 1/0.3 101 Operational
IPR, India Solid Electro t(d,n) o 20/0.3 1012 Operational
2/14/2025 WEAZ1,ECRIS-2024, Darmstadt 3
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Schematic of 14-MeV Neutron & lon Irradiation System (NIIS)
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Experimental setup of 14-MeV Neutron & lon Irradiation System (NIIS)

Beam Diagnostic Quadrupole Triplet

Acceleration Tube ~ Beam Diagnostic Quadrupole Triplet
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Tritium Handling and Recovery System(THRS)

Tritium Removal
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Schematic of Tritium Handling and Recovery System
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Beam Diagnostic systems of 14-MeV NG
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Deuterium lon Beam emittance measurement
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Measurement of D+ lon Beam Fraction
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Characterization of deuterium ion beam
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Deuterium lon Beam emittance measurement
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Neutron Diagnostic systems of 14-MeV NG
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Measurement of Neutron Yield using Stationary Target

Neutron yield with time at 150 KeV, 0.75 mA D+ beam
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Measurement of Neutron Yield using Rotating Target

Photograph of 270 Ci TiT target
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Neutron Emission Characterisation of IPR 14 MeV Neutron Generator
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Application of Neutron Generator

Fusion-Related Application of neutron source (Neutron flux in order of >10'" N/m?s )

>
>
>

>

Cross section measurement,

Neutron Activation Analysis,

Nuclear parameter training, benchmark experiments for Fusion Evaluated Nuclear Data
Library (FENDL),

Neutron spectroscopy measurements, double differential cross-section measurements,
neutron diagnostics lab scale prototype experiments, characterization of electronic
equipment, etc.

Other applications of 14MeV neutrons: (Neutron flux in order of >10'" N/m?s)

>

YV V. V

A\

Radiation hardness testing of Electronics related to space application

Radiation shielding for space equipment

Radiation detections for space application

Applications of neutron imaging include quality assurance, materials research, prototyping,
failure analysis, and many other areas of manufacturing.

Ion irradiation damage studies of space grade materials

WEA1,ECRIS-2024, Darmstadt
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D-T Neutron Irradiation Experiments

Experimental Setup of different sample
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Results of Experiment

Results of Experiment
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E 1.00E+03
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Loogsco I l Specific activity
ws? Ta-t82 Te-99m Mo-99 e (KBq/gm) 14.54 0.95 30.33 0.28
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D-T Neutron Irradiation Experiments

HTS
Tape titanate

Experimental Setup of different sample




D* ion irradiation impact on the current-carrying capacity of

DI-BSCCO superconducting tape

» The DI-BSCCO (bismuth-strontium-calcium-copper oxide), YBCO (yttrium barium copper oxide)
and REBCO (rare-earth barium-copper oxide) superconducting tapes have the potential to be used

in the fusion reactor magnets.
» In the present work, we have irradiated the DI-BSCCO superconducting tapes with the 100 keV

deuterium ions to investigate the effect of ion irradiation on their critical current (Ic).
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in the DI-BSCCO tape.
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D-T Neutron Irradiation Experiments Plan for 24-25

> Investigate the effects of neutron irradiation on ceramic materials regarding its insulation
properties relevant to fusion reactors
» Select ceramic samples (e.g., alumina-based ceramics) and expose them to neutron flux.
* Investigate dielectric breakdown, charge transport, and trapping.
» Radiation Hardness of Electronic Components: Expose electronic components (e.g.,
integrated circuits, sensors) to neutron flux.
* Measure changes in performance, noise, and signal spikes.
» Assess the impact on accuracy and functionality.
» Measurement of Tritium production rate in Lithium titanate Powder, Lithium titanate
Pellets, and Lithium titanate Pebbles
» Benchmarking Medical Isotope Production Using Fast Neutrons
» Multipurpose Moderator for Neutron Irradiation Experiments:
* Design a versatile moderator for neutron irradiation experiments.
» Consider materials (e.g. graphite, HDPE, BPE etc) that can moderate neutrons effectively.
* Optimize geometry and placement to achieve desired neutron energy spectrum.
« Ensure compatibility with various experimental setups.
* Measure the neutron yield experimentally and compare with the simulation results.

WEAZ1,ECRIS-2024, Darmstadt
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2.45 GHz ECRIS for Space Plasma Interaction eXperiment (SPIX)

SPIX vacuum
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Upgradation Neutron generator using Gaseous Tritium

Target for 10"° n/s

eeeeeeeeeee
cccccc

Animation Accelerator and
Gas target based 14- MeV
neutron source

Deliverables with roadmap
Phase-1

» Development of all critical component
of neutron source such as 100 mA
ECR ion source, High current
Acceleration system, Gas based
tritium target, Differential vacuum
system etc.

 Neutron Production(10'3 n/s.) using
single beamline in existing building

Neutron Yield as Function
of Beam Energy at
different gas pressure

W

Input Parameters
for Calculation
D+ lon flux: 1.23E17

ooooooooooo

Tritium atoms for 40
mbar:

8.34E20 atoms
Tritium atoms for
four beam target:
3.3E21 atoms

ions/cm?/s — Y
D-T Avg. Cross = T
section: 2.47 barns @%@ﬁ#

Schematic of the neutron
source of ~ 10 to 1075 n/s

Deliverables with roadmap

Phase-2

 Laboratory building for intense
neutron source with multibeam line

« Setup intense neutron source facility
to generate 10" to 10'° n/s

 Set up facility for material testing,
neutron radiography, medical isotope
production facility inside laboratory

EAbiﬁ@ir@Zf, Darmstadt

Deliverables with
roadmap

Phase-3

» Operation of neutron
source for design yield

» Characterization of
intense neutron source

» Start Experiment

i HY PPN AN PN
U ST vaira
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SUMMARY

»> An accelerator-based 14-MeV neutron generator has been successfully commissioned at IPR

» Arobust 14 mA ion beam, containing all species, was successfully extracted from the ion source.
Specifically, an 11 mA D+ (deuterium) beam was obtained after passage through the analyzing
magnet.

» 14-MeV neutron generator facility has been successfully developed at IPR for neutron yield of
10e12 n/s.

» IPR has capability to do the Neutron Radiography for the Space and aerospace application.

» Neutron Generator facility is being used for radiation hardness testing of electronic component

used space as well as testing of shielding material for space application.

WEA1,ECRIS-2024, Darmstadt
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