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Gamma-induced reactions may help explain the production 
of rare, stable, proton-rich nuclei in astrophysical 
environments
 
The so-called p nuclei can’t be explained solely by neutron capture processes
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Predicting the abundances of p nuclei depends on many 
different inputs, including γ-induced reaction cross sections

L. Roberti et al, A&A 677, A22 (2023)

Variation in predicted abundance vs 

observed abundance

(note log scale!)
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H.Y. Lan et al, 

Phys Rev C 98, 

054601 (2018)

x100

uncertainties 

between 

model 

predictions!
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Poorly constrained gamma-induced reaction cross sections 
are preventing scale-up of production of medical isotopes

67Cu is interesting for cancer treatment as a theranostic

Targeting of non-Hodgkins lymphoma

immediately (A), 3 days (B), and 6 days (C) after infusion

O’Donnell et al, J. Nucl. Medicine 40, 2014-2020 (1999) 
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Measuring γ-induced reactions is clearly important. 
So how do we do it?

Monoenergetic γ beams 

between 10-19 MeV 

produced at HiγS (TUNL)
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A new idea is needed to address a gap in traditional 
particle ID techniques

�E     E

reaction ejectile 

(like protons)

20 MeV gamma – 8 MeV Q value

      = 12 MeV particles (�E and E) 
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A new idea is needed to address a gap in traditional 
particle ID techniques

�E     E

reaction ejectile 

(like protons)

20 MeV gamma – 8 MeV Q value

      = 12 MeV particles (�E and E) 

10 MeV gamma – 8 MeV Q value

      = 2 MeV particles
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Traditional particle ID
(protons and alphas)

�E     E

reaction ejectile

(p or α)
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(γ,p) on Cu

Our alternative algorithm for particle ID relies on 
electrons not stopping in the dE detector – and it works
(protons and alphas)

�E     E

reaction ejectile

(p or α)
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Masters thesis of Gianmarco Restifo

Calculating absolute cross sections from raw yields 
can be done with multiple methods to ensure fidelity
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Cross sections – proton emission

Chipps et al, submitted to PRC 
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Cross sections – alpha emission
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Alpha-nucleus optical model (6)

Level density model (2)

Photon strength function model (1)

All phenomenological

Alpha-nucleus optical model (3)

Level density model (4)

Photon strength function model (8)

All microscopic
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68Zn(γ,p)67Cu!

Chipps et al,

submitted to ARI
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Lessons learned: our analysis is robust, and shows that the 
standard theoretical predictions might be close, but it may 
simply be luck

Future measurements across isotopic chains will help to better inform 

and refine theory
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The ORNL Physics Division is uniquely poised to pursue 
this effort

We want to be 
as responsive as 
possible to the 
next FOA

Expertise in the 
techniques and 
equipment

Access to the experts 
in Isotopes and astro 
modeling (OLCF) to 
help identify priority 
cases and develop 
new targets

World’s brightest 
monoenergetic 
gamma beam right 
down the street (HIgS 
Facility, Duke)

SEED

funding
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Thanks to my collaborators
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