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Wiedeking & Goriely, Phil. Trans. R. Soc. A 382, 20230125 (2024).

What are we trying to achieve? 

Direct 𝜎(𝑛,𝛾) measurements away from stability generally not possible.

Apply indirect techniques: 

Surrogate Method

Quasi-continuum data (PSF/NLD), e.g. 66Ni(n,γ)

𝜎(𝑛,𝛾) data

Figure from https://www.nndc.bnl.gov 
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Si E-E 

telescopebeam

Target nucleus



• Photonuclear Reactions (>Sn)

• Primaries from n-capture (>Sn)

• Nuclear Resonance Fluorescence (<Sn)

• Two-step cascade, n/p capture (<Sn)

• Inelastic p scattering with polarized beam (<Sn

and >Sn)

• Primaries from p-capture (>Sp and <Sn)

• Primaries from charged particle reactions (<Sn)

o Oslo, beta-Oslo, inverse Oslo Methods

o Ratio/Shape Methods

Measuring the PSF and/or NLD
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Oslo Methods
Beta-Oslo method

First for NLDs and PSFs to be 

measured away from stability.

Picture from: 

https://groups.nscl.msu.edu

/SuN/SuN_photos.php

Inverse-Oslo method

NLDs and PSFs from inverse-

kinematic reactions. Applicable 

to stable and RIB facilities.

Ingeberg et al., Phys. Rev. C 106 054315 (2022).  
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PSF and NLD from Inverse Kinematics at CERN HIE-ISOLDE

• d(66Ni,p)67Ni with 4.5 MeV/u

• CD target 0.7mg/cm2

• 3.5x106 pps for 140 hours

• Miniball + LaBr + C-REX

• LaBr: ~320k p-γ, Miniball: ~1.1m p-γ
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67Ni: PSF and NLD

V. Ingeberg et al, Phys. Rev. C 111, 015803 (2025).
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66Ni(n,γ)

V. Ingeberg et al, Phys. Rev. C 111, 015803 (2025).
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66Ni(n,γ) i-process nucleosynthesis (one-zone)

One zone model:

“The 66Ni(n,γ) reaction is found to behave as a major bottleneck for the i-process 

nucleosynthesis.” 
McKay et al., MNRAS 491, 5179 (2020).

Low-metallicity, low-mass stars during the early thermally pulsating Asymptotic Giant Branch phase. 

V. Ingeberg et al, Phys. Rev. C 111, 015803 (2025).
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66Ni(n,γ) i-process nucleosynthesis (multi-zone)

Impact is marginal in multi-zone low-mass, low-metallicity AGB stellar models 

experiencing i-process nucleosynthesis.
V. Ingeberg et al, Phys. Rev. C 111, 015803 (2025).

Low-metallicity, low-mass stars during the early thermally pulsating Asymptotic Giant Branch phase. 

V. Ingeberg et al, Phys. Rev. C 111, 015803 (2025).
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Summary

• Quasi-continuum Nuclear Data provide a tool to indirectly obtain 

(n,γ) cross sections away from stability.

• Majority of tools (experimental, analytical, detection) available

- Many novel measurements now possible.

• i-process nucleosynthesis: (n,γ) cross sections for 66Ni(n,γ)

- Impact in one-zone calculations.

- Negligible in multi-zone calculations.



Constraining i-process nucleosynthesis with quasi-continuum nuclear data | BERKELEY LAB

Thank you!
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