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Motivation of the present research
work

SUBSYSTEM CANDIDATE
MATERIAL

Plasma Facing Cu-Cr-Zr, Be,
Component SS316 LN

Ti v
015%  0.004 % e Mn

17.50 % 1.80 %

Shielding SS316LN & H,0

Main Element 0% in SS

I Blanket

Cr 16-18%
Fe 65-72%
Ni 10-14 %
Mo 2-3 %

Vacuum Vessel SS304, Borated
steel

Cryostat SS304




» Neutron induced cross-section for long-lived activation products
produced in fusion reactor are very important since they could pose a
serious radiation damage & waste disposal problem.

These radionuclides are
dominant inside the Fusion
Reactor for a long decay time

In present research gn of hydrogen and

work, we try to fullfill a in the reactor at
1 ations.
gap in nuclear data

library, for various
radionuclides present in
A~50-60.

displacements and
smutations, etc., can

Produce structural defects in
the material.

Microstructure and property
changes over long time.




In the first generation fusion reactor thousands
of tons stainless steel will be wused for
different components (structural materials) of
a fusion reactor. Iron , nickel and chromium
are the main constituents of stainless steel.

Natural Nickel (Ni)
[28Ni(68.077%),5°Ni(26.223%),51Ni(1.140%),
2Ni (3.635%),%4Ni(0.926%)].

QO >°Ni (t ,, = 7.6x10* years) is one of the radio-
nuclide which is produced in large quantities
inside the fusion reactor during its operation.
[Wallner et al. , 2011 R.A. Forrest, 2006].

O Neutron induced reaction on the generated >°Ni
is required for design of a fusion reactor
components.

0 No experimental data in IAEA-EXFOR
database.

O No evaluated data in major ENDF libraries.

seNi (n,y)

Abundance of *3Ni
in"tNj = 68.077%

T,2=7.6 x 10* year

GONi

Abundance of °Ni
in"tNij = 26.223%

Fig: Different Pathways of Production of
%N in fusion reactor environment




Surrogate technique

Desired reaction

Surrogate reactlon

ta rget

transfer reactlon

Experiment
possible

v

The surrogate method is an indirect method to measure reaction cross-section.

Central assumption: Both reactions form the same compound nucleus




Condition for using the surrogate technique

» The Surrogate method is limited to Compound nuclear reactions.

» Same Compound Nucleus should be formed through Desired and Surrogate

reaction channels.

» Compound Nucleus Excitation Energy should be same in both desired

reaction and surrogate reaction.

» Excitation energy fous
Importannce of Surrogate

. = K.E. of the i Technique : With a fixed
beam energy, the surrogate
method allows us to detemine
the cross-sectio n over a wide
range of neutron energies.

)e particle in
d nucleus

E




Cross-section, differential and double differential cross-section of the
stable and unstable nuclides of Ni, Fe, Cr, Mn for fusion applications
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Fig. The excitation function of °Ni(n,xp), °Ni(n,xp)
reaction in the neutron energy range from 1-25
MeV along with different reaction mechanisms
(direct+pre-equilibrium+compound) calculated
from TALYS-1.8.

« the reaction mainly goes through
compound nuclear process. Its
cross-section can be found by
surrogate technique.
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Fig. Theoretical variations in DDXs with angle of
emission for 7-11 MeV protons emitted through
Ni(n,xp) reaction at 14 MeV neutron energy.

«the angular distribution of %°Ni(n,xp)
reaction is isotropic in nature for 7-11 MeV
protons emitted through reaction at 14 MeV
neutron energy.




Selection of Li-6 beam energy

Desired reaction: °>°Ni( n, xp) , E, = 11.9-15.8 MeV

Surrogate Reaction : °°Fe( °Li, d)°°Ni *, E,; = 33-40 MeV

> Excitation Energy of ( ®NI*) in the Desired Reaction

n+%Ni > (°Ni)* > p+%co.
at neutron energy 14 MeV ~ E*(25) MeV.

> Excitation Energy of ( 6ONi"‘) In the Surrogate Reaction
6Li+ 56Fe = d + (SONi)*
at lithium energy 35.89 MeV ~ E*(25) MeV.

Similarly, we have done calculation for our reference reaction.




Beam Requirments ---
Beam and it’s energy ---  Lithium -6
35.89 and 40MeV
Targets and Detectors used
Targets- “5Fe(~700ug/cm?),°Co(~600ug/cm?)
using thermal evaporation method.
Detector

Two AE-E telescope detectors for PLFs,
evaporated particle.

Two Large Area Solid State (16 Strip
Detector) for Decay particle from compounda
nucleus detectors

» Both are SSB ( Silicon Surface Barrier )
Detector, Used for Charged particle
detection .

» Detectors are useful for measuring the

energy deposition of passing charged
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and Surface Engineerin particles , I.e. dE/ax.

7(1): 909-912 ISSN %Online)g- » AE - Particle identification by mass

2348-8956:  10.jmsse/2348- E - Particle will go further and WI.||,

8956/7-1.1 (2020). co_mp!etely stop_there and convert it’s
Kinetic Energy into Current Energy

Schematic diagram of experimental setup
inside scattering chamber




Measurement of >°Ni(n,xp) cross-section by surrogate technique

coin

N =
PCN ( Eex ) _ ejec—decay (Eex )

surrodecay
single

coin

: N
Py (Ea) = — =2 (En)

surrodecay
d

Detection of deuteron singles using
single AE-E telescope [( E*)]

Detection of deuteron and decay particle
(proton) in coincidence by using16 strip
AE-E telescope [ ( E*)]

Similarly, we have done measurement for our reference reaction.




Experimental results of °*Ni(n,xp) reaction

PI (arb. unit)

30 40

Energy (MeV)
Fig. A typical plot of particle identification (PI) versus
total energy (E,,) Of the PLFs produced in SLi+%Fe
reaction at E,;,=35.89 MeV.
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Fig. A typical PLF-proton TAC versus deuteron (PLF) energy
plot in the SLi+%Fe reactions at E,,, = 35.89 MeV.

AE (arb. unit)

E__(MeV)

total

Fig. A two dimensional AE versus E spectrum obtained from one
of the 32 AE-E strip combinations placed at backward angles, for
6Li+%Fe reaction at E,,, =35.89 MeV.
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Fig. Measured proton energy spectra in coincidence with
deuteron PLFs for the ®Li+%Fe reaction at 35.89 MeV
corresponding to a compound nucleus excitation energy of ~
25 MeV. The statistical model prediction iby PACE4
normalised to the data is shown as a continuous line.




Eo PLF (d-p) (a) 6Li + 56Fe [ © PLF (a—p) (b) 6Li + 9o ~
60N 61N;j* E ]
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Excitation energy (MeV)

) ) L Fig. Ratio of proton counts in coincidence to singles as a function of excitation energy of
20 30 40 20 30 the composite nucleus 60Ni* obtained using the gate of the PLF telescope (a) T1 and (b)
Excitation energy (MeV) T2. Data of both T1 and T2 provide same results.

PRI 1.0 .,

Fig. Excitation energy spectra of the target-like fragments produced
in SLi+%6Fe and 6Li+>Co reaction corresponding to PLF deuteron
and  alpha respectively with [(a),(b)] and without [(c),(d)] ARl
coincidence with evaporated protons. Grimes et al.
A  Allanetal.

Rondio et al.
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Fig. Angular distributions of proton induced in SLi+5%6Fe system as a measured
by strip telesope in coincidence with PLFs detected by (a) T1 (b)T2. Isotropic
distribution of proton emission implies dominance of compound nuclear
process.

Fig. Comparison of the °Ni(n,xp) experiemental data available in EXFOR with the
values obtained from JENDL-4.0 library (Reference surrogate reaction used in
surrogate ratio method).




Hence, the ratio of the proton
evaporation cross section of
compound nuclei Ni* to that of
6INi* can be obtained by
employing following expression:

o Nilnxp)(E*) ) g‘jﬁ.qm{ﬁ*} r:ﬁNi{E*;.

ES

(2)
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o NnapXEY g (E) T N(E?)

Physical Review C
99, 014611 (2019).
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Fig. The °Ni(n,xp) cross-section as a
function of equivalent neutron energy along
with the ones from nuclear data libraries and
TALYS-1.8 nuclear model calculations for the
cases of enriched and natural targets.




Summary & Conclusions

O We have mainly focussed on the study of nuclear data for various radionuclides (A~50-60)

a

Q

relevant for fusion nuclear technology.

First time >°Ni(n,xp) reaction cross-section have been measured in the energy range 11.9-15.8
MeV by surrogate ratio method.>*Ni(n,xp) reaction experimental study (outgoing proton energy
spectra) and nuclear model calculations with TALY S-1.8 code indicate that the reactions is
predominantly goes through compound nuclear process (Maxwellian distribution).

In %*Ni(n,xp) reaction the protons of energy 3-5 MeV are emitted with maximum probability

The present measurement of >°Ni(n,xp) cross-section is in good agreement with our TALY'S-
1.8 calculations.

The present measurement will be useful to improve and update the different data libraries and

opens up the possibility of measuring the compound nuclear reaction involving unstable
targets with the relevance to fusion technology.

The cross section and activation study have been done using TALYS-1.8, EASY and ACTYS
for various nuclides of fusion reactor.
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