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Neutron Capture in a Plasma Environment – 
Towards an Excited State Measurement
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Isotopic abundances in the Universe

M. Lugaro et al, Annu. Rev. Nucl. Part. Sci. 2023. 73:315–40
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The astrophysical s process and stellar (n,γ) rates

C. Guerrero et al, Phys. Rev. Lett. 125 142701 (2020)

An illustration of the s process in the region of the branch point nucleus Tm171
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Stellar (n,γ) rates depend on nuclear excitation rates

Estimated ground-state contributions X to stellar (n,γ) rate at 30 keV 

T. Rauscher et al, Astrophysical Journal 738:143 (2011)

Neutron source reactions:
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Can we measure (n,γ) cross sections of excited state nuclei?

1. Observing nγ reactions 
in NIF implosion

2. Understanding nuclear 
excitation in plasmas

3. Measuring nγ cross 
section of excited state 

nuclei

4. Varying neutron spectra 
in plasma (moderation)
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Tm171 nγ cross section (gs and 1st exs)

SRC detectors on IDD shot

SRCs

N230328(29)-001 H_Burn_Sym_RadChem_S04(S05) Results

NIF Shot Time Photography (Jedlovec) Radchem data

Disassembling target

Capsule and fill tube

Sample layer

CH shell

2mm

171Tm 1e15 atoms
89Y 1e16 atoms

(D  3e20 atoms)

• Experiment in Q4 FY26
• Tm171(n,γ)Tm172 at 

neutron energy of 2.45 MeV
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Excitation of Mo93 by NEEC and photon absorption 

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



8

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

1. Observing nγ reactions 
in NIF implosion

2. Understanding nuclear 
excitation in plasmas

3. Measuring nγ cross 
section of excited state 

nuclei

4. Varying neutron spectra 
in plasma (moderation)

Energy levels of Eu151 nucleus

Candidate isotopes for measuring nγ cross section of 
excited states
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Nick Schwartz, MIT, Poster Tuesday
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