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Inertial Confinement Fusion (ICF), NIF and neutron capture
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Can we measure (n,y) cross sections of excited state nuclei on the NIF?
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T. Rauscher et al, Astrophysical Journal 738:143 (2011) 2
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ICF experiments on the NIF laser
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Indirect Drive: hohlraum converts laser energy to x-rays
which drive implosion of DT fuel capsule.

H Abu-Shawareb et al (2024) Phys. Rev. Lett. 132, 065102




ICF experiments on the NIF laser
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ICF experiments on the NIF laser
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Thermonuclear burn phase:
Duration ~100 — 400 ps
Temperature ~10 keV

Density ~10°! m-3

Neutron yield ~10'8 neut
Neutron flux ~103* neut m2 s-!

H Abu-Shawareb et al (2024) Phys. Rev. Lett. 132, 065102
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D Increased coupling with larger capsules.
Symmetry controlled via CBET & hohlraum geometry.

D Improved implosion and hohiraum design,
ablator quality, mitigate mode1.

. Improved implosion design and more laser energy.

[ ] First CH ablator.
D Mitigate high-Z mix.

E] First HDC ablators. Increased
efficiency via reduced LPI.



Capsule doping

CH shell

Sample layer

\

] " Tm  1e15 atoms
DDgas '/ %Y 1e16 atoms
(~7.5atm) (D 3e20 atoms)

X-ray image of HDC capsule doped with
Y89, Tm169, Eul52 for N230702

VORCAN: Vacuum Optimized Radionuclide-
to-Capsule Administer for NIF

Trace amounts of stable and radioactive isotopes can be added to interior of fuel capsules




Solid Radiochemistry diagnostics on the NIF

' N230328(29)-001 H'_Burn_Sym_Radchem_so4(505) Results co Recent measurement of
e o . ' ll Y89(n,2n) cross section on
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Neutron time-of-flight detectors can measure plasma temperature The plasma conditions are inhomogenous and
change rapidly with time

Measurements (spectra, imaging, intensity vs time, etc) of neutron, gamma & x-ray
emission can be used to infer plasma temperature, density, size, duration, etc

C.B. Yeamans et al 2021 Nucl. Fusion 61 046031



Isotopic abundances in the Universe
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Can we measure (n,y) cross sections of excited state nuclei?
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Can we measure (n,y) cross sections of excited state nuclei?
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Can we measure (n,y) cross sections of excited state nuclei?
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Excitation of Mo93 by NEEC and photon absorption

s
G. Gosselin and P. Morel 2004 Phys. Rev. C 70 064603 12



Can we measure (n,y) cross sections of excited state nuclei?

Isotope | ¢x GS [mb] | cx L1 [mb] | Ex Ener [MeV]| cx ratio “Eu,, First 25 levels
Eul5l | 3028 34.40 0.022 1.136 o
7188 39.04 28.52 1.057 0.730 T sseor
NDb93 6.01 5.35 0.031 0.890 e T e
La139 | 525 4.25 0.166 0.809 W ; ‘*ﬁ" -
Scds 1.35 1.14 0.012 0.842
Crs0 2.64 3.68 0.783 1.391 " T ==
Co57 5.84 4.38 1.224 0.750 i f‘éf pocsiain
Co59 2.54 2.15 1.099 0.847 R R
Zn64 10.33 8.88 0.992 0.860 N A
Mo98 3.52 217 0.735 0.616 :33_10;] — oo
Cs133 | 19.35 16.72 0.081 0.864 |
Candidate isotopes for measuring ny cross section of excited states
i ‘ =g

* Experiments in late 2027
*  FEul51(n,y)Eul52 at neutron energy of 2.45 MeV Energy levels of Eul51 nucleus
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Can we measure (n,y) cross sections of excited state nuclei?
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Can we measure (n,y) cross sections of excited state nuclei?
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